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ABSTRACT

A navigation system for the entry phase of a Space Shuttle

mission is evaluated in detail. The navigation system is
anaided-inertial system which uses 2 Kalman filter to mix
IMU data with data derived from external navigaticn aids.

Adrag pseudo-measurement used during radio blackout is-

treated as an additional external aid. The Kalmon filter
has a variable dimension of between 6 and 15 stales. &
comprehensive truth model with 101 states is formulated
and usedto generate detailed error budgets at several sig-
nificant time points -- end-of-blackout, start of final ap-
proach, over runway threshold,and touchdown. Sensitivity
curves illustrating the effect of variations in the size of
individual error sources on navigation accuracy are pre-
sented. In addition, the sensitivity of the navigation sys-
tem performance to filter modifications is analyzed. The
projected overall performance is shown in the form of

time histories of position and velocity error components.

The detailed results are summarized and interpreted, and
suggestions are made concerning possible software im-
provements. - :
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1. _ INTRODUCTION

This document describes the results of the second part of a
study conducted by TASC, involving detailed error models and perform-
ance evaluations of candidate Space Shuttle navigation systems. The re~
sults of the preceding part were reported in Ref. 1. This study is one
element of a general effort led by NASA to establish operational charac-
teristics of the Space Shuttle Orbiter systems. Considerable progress
has been made during the past two years in the portion of this effort re-
lated to navigation. The "baseline systems“ treated herein are the result
of a continuing process of design, evaluatlon and. refmement in which

individuals represenhng a number of orgamzatmns have participated.

1.1 OBJECTIVES AND SCOPE

The general purpose of this study is to aid in the evaluation
and design of the multi-sensor schemes proposed for the Orbiter navi-
gation system. The scope of the effort described herein covers the

entry, energy management and approach and landing phases of the

mission -- from an altitude of 400,000 {t to touchdown. Figure 1.1-1
illustrates the current baseline approach and landing system operation.
A single TACAN station. provides external range and azimuth measure-
ments beginning with the termination of radio blackout,‘ and ending when
the MLS (Microxﬁave Landing System) signals are acquired in the vicin-
ity of the runway. The MLS signals include range, azimuth, and ele-

vation angle measurements. Some key elements not shown in the figure

1-1
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Figure 1. 1-1. Baselme Orb1ter Landlng System

are the onboard IMUs (Inert1a1 Meaourement Umts) altuneters ‘and com-'_:

The latter are programmed to mix together (f11ter) the IMU data

and the externally derived data. The algorlthms used to accomphsh this B

function are based on optimal filtering schemes developed by Kalman
and others (Ref. 24). '

Specific objectives of this effort are:

¢ Define and develop mathematical models describ-
ing all potentially significant sources of error for
each navigation system considered.

e Develop a detailed, quantitative understanding of
the contributions of individual error sources to
overall system performance.

¢ Present results in a form which will_help NASA
choose or specify hardware élements or their
characteristics.

¢ Evaluate software approaches to the navigation
filter design problem.

1-2
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Table 1.1-1 summarizes the main features of six candidate systems

which have been evaluated in detail -- four in the previous part of this

TABLE 1.1-1

CANDIDATE SYSTEMS

EXTERNAL USE OF DRAG
MU AIDS FILTER UPDATING
- PART 1
2 DMEs
Baro Allimeter 24-State _ :
System A KT-70 ILS {3 deg) Multi-Phase Filter . No
Radar Altimeter
2 DMEs
_ Baro Altimeter 6-State. . . :
System B KT-10 ILS (3 deg) SBquare-Root Filier No .
Radar Altimeter - - '
, . .| One-Way Deppler - _
) ‘ 22-State .
System C } KT 70 | Baro Altimeter | p0 "wo co Fiiter No_
Radar Altinieter )
.1DME. TACAN
7 1 VOR .
reri_ ILS (Localizer . | 23-State o ‘ .
SystemD § KT10 | “onty) Multi-Pase Filter | Yo%
Paro Altfmeter I B
| Radar Altimeter o ' R
- - - ;
~ PARTII S o
Drag-Update - ’ . . 13-State _ .
CFilter || ETT0 None Unified Filter
1 DME TACAN"
1VOR S Do
System E || KT-70 | MLS 154 6-State - Yes
Baro Altimeter Unified Filter ‘
" Radar Altimeter
Acronyms: : ‘Y
. IMU -~ Inertial Measurement Unit
OR]G ‘ DME -~ Distance Measuring Equipment {range)
O.F' 'DVAL JILS - Instrument Landing System
POOR PAGE’ . {clevation and azimuth)
Qrr 8 MLS -  Microwave Landing System
ALITP {range, elevation, and azimuth)
. . VOR — VHF Omnidirectional Range {azimuthk)

1-3
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study and two in the current part. The latter correspond to two phases
of the entry and landing trajectory using the current baseline system,
as follows: '
¢ The drag-update phase, covering the time
from entry interface (400,000 {t) to the end

of radio blackout (assumed here to be
130,000 ft). . :

e The ap'proach and landing phase, covering the
time from end-of-blackout to touchdown.

In the first phase, a i3-state dral,g‘-update filter is used to blend in drag

"pseudo-measurements,' as discussed in Chapters 4 and 5 and Appendix

C. In the second phase, a variable-dimensioned System E filter is used
to blend the inertial data with the externally derived data. Both of these
filters are manifestations of a single "unified” {ilter structure whose
maximum state dimension is 15. With the measurement sequence -ahd
groundrules established for this study, the maximum number of active
states used at one time is 15; the minimum is 6 -- during final. ?approach..
~ The principal computational results of the study are the error budget -

tables given in Chapter 5. These tables list separate contributions to
systéem error due to individual error sources, or small groups of error

sources, at four critical trajectory points:

¢ The end of radio blackout (130,000 ft) .
¢ The beginning of the terminal approach (12,000 ft)
¢ The runway threshold, and

¢ The touchdown.

1.2 RELATIONSHIP TO OTHER EFFORTS

Other efforts which relate to the present study fall into three

categories as follows:
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e  Past multi-sensor navigation studies by TASC
. in which the methodology employed herein was
developed.

¢ Past studies by others involving Shuttle filter
design, IMU error propagation, and sensor error
modeling.

e Ongoing and future efforts to establish operational
characteristics of the Shuttle navigation system.

A discussion of thelfirst two ite:rns above may be found in Section 1.2 of
Ref. 1 and in Ref. 2. Highlights involve TASC's work for the Air Force

on the CIRIS (Ref. 3) and CLASS (Ref. 4) programs; filter design studies
by Lear of TRW (Ref. 5) and Kriegsman, Muller, and others of the Charles
Stark Draper Laboratory (Refs 6 through 9); a "one rev' Space Shuttle
mission IMU error study by Clark and Mitchell (Ref. 10); and the
periodically-revised NASA document (Ref 11) descrlbmg various navi-

gation subsystem charactemstms and error models.

The relationship of this study to ongoing and future efforts in-
volves its 1mpact on software and hardware decisions to be made by
NASA and its major contractors. The software decisions mvolve methods
for mixing inertial data with externally-derived data -- such as the choice
of filter states and parameters. The hardware decisions involve the selec-
tion of the onboard and ground-emplaced dévices needed to obtain the ex-
ternal data, as well as the specification of particular hardware |
characteristics, required survey accuracy, ete. The detailed results
'generated in this study provide a sound quantitafive basis for rational de-

cisions.

1.3 APPROACH

The general approach and mathematiecal techniques described
in Sections 1.3 and 2.4 of Ref. 1, were employed in essentially the same

’;

1-5
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way in this part of the study. (Some Important differences in the de-
tailed truth model structure, required for the drag-update evaluation,
are described in Appendix C.) The overall methodology used is briefly
reviewed here with the aid of Fig. 1.3~1. The upper half of the diagram

represents the recursive solution of the filter covariance propagate and

update equations. These are solved once for a given trajectory and meas-

urement schedule. Certain elements of the filter dynamics and measure-
ment matrices are functions of the Shuttle position and veloéity vectors
and the relative geometry between the Shuttle and the ground-navaid
antenna locations. The outputs are the time histories of the filter-

‘ The latter

are stored on tape and called a "gain file." The lower half of the diagra.m

indicated performance and the Kalman filter gain matrices.

represents the recursive solution of the linear system covariance equa-

tions. These are solved repeatedly to produce an error budgét, the same

gain file being used each time. The trajectbryédepez‘ldent matrices de-
scribing the real-world error model are of much higher dimension than

the corresponding filter matrices. In individual error budget runs,'

Figure 1.3-1

FILTER ' ~ R-4238
m-STATE cowamiwcs {OPTIMISTIC)
FILTER DESIGN > ~————3 FILTER- INDICATED
MODEL EQUATIONS PERFORMANCE
(NONLUINEAR) o
TIME- VARYING ERROR BUDGET
FILTER GAINS ;;om, System Errors
. urce .
REALISTICALLY Grovp [eyfeglesle [« [o ]
SENSITIVITY PROJECTED SYSTEM chbidel 0 Y i 1
N l\‘STATE " L - COVAR!ANCE PERFORMANCE N 1
TRUTH MODEL EQUATIONS = s
{nzm} {LINEAR} .
L ]
[ ]
r

Realistic System Performance Projections
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specific elements of input matrices, corresponding to specific error
sources, are set to non-zero values, with all other elements set to zero.
The output time history of the system error covariance matrix is then a
statistical measure of the effect of that particular error source or small
group of error sources, and generates one row of the error budget table.
When the entire fable is filled in, an overall system performance projec-
tion is calculated from the detailed error-source-by-error-source break-

down.

1.4 ORGANIZATION OF THE REPORT

|

Chapter 2 describes the approach.and landing trajectory, and

the measurement schedules used in evaluating the drag-update and the |
System E navigation performance. The trajectory is based on a one-orbit
polar mission beginning and ending at Vandenberg Air Force Base.

Chapter 3 outlines the truth model states and error sources

used in studying the two mission 'phaées. The associated mathematical
details are relegated to Appendices C, D and E. (Appendix D provides
a useful discussion of non-standard atmospheric density and wind mod-

els.) : ,

Chapter 4 defines the filter states, parameters, and algorithms

used to compute filter-indicated performance é.nd to generate the filter
gain sequences, which were filed on magnetic tape. |

Chapter 5 presents the major results of the study. For the

two mission phases treated, the parameters defining error source statis-
tics are listed and error budgets, detailing contributions to system er-

ror at important trajectory times, are given. Overall system pérformance

1-7
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. projections, in the form of rms position and velocity error time histor-
ies, are plofted. (Detailed computer printouts, showing individual con-
tribution time histories are given in Appendices F and G.) Sensitivity
curves showing the effects of variations in the size of major error
sources are presented. For the approach and landing phase, the effect
of alternate filter configurations on overall system performance is also
given. A general discussion of system performance, comparison with

previous results, and filter design is included.

A brief summary of results, conclusions, and recommended

future studies is provided in Chapter 6.
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2. " TRAJECTORY, MEASUREMENT SCHEDULES,
' j AND METHODOLOGY

This Chapter describes the approach and landing trajectory and
the measurement schedules used in evaluating the entry navigation Sys-
tem. Section 2.3 defines the basic terminology and states the linear co-

variance equations used in evaluating candidate systems.

2.1 NOMINAL TRAJECTORY

The reference trajectory was providéd on magnetic tape by JSC._
(Ref. 12). The tape consnsts of the entry portion of the Shuttle reference
”nnssmn 3B. This is a one- _o;-b1t ab;)—;t_ -I’;I_ISSIDII 1n1t1ated mth a Iaunch ,
Irom Vandenberg Air Force Base into a 100 nautical mile c1rcular orblt
with an inclination of 104°. The trajectory from entry interface
(400,000 ft altitude) to touchdown is illustrated in Fig. 2.1-1. The
drag-update phase begins over Greenland and terminates over northern
California. System E operation begins at this point and terminates at

touchdown.

The ground track for the reference trajectory approach and
landing is shown in greater detail in Fig. 2.1-2. The ﬁnal approach be-
gins af an altitude of approximately 12,000 ft. The final approach glide
slope of 24° is maintained until a flare maneuver is initiated at an alti-
tude of 1,360 ft -- approximately 27 sec before touchdown. Touchdown
is 1,000 ft past the runway threshold. '

2-1
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2.2 MEASUREMENT SCHEDULE

The drag-update phase of the entry begins at the time of the

first drag acceleration pseudo-measurement (see Section 3. 1). This

pseudo-measurement occurs at the time at which the deceleration mag-

nitude reaches 0.1g. The drag-update phase ends at the time at which

blackout terminates -~ which is assumed to occur nominally at an altitude
of 130,000 ft. Both times are indicated in Table 2.2-1 for the reference

trajectory.
TABLE 2.2-1
KEY EVENTS FOR DRAG-UPDATE
AND SYSTEM E EVALUATIONS
. | Elapsed Time to ‘Relative
Event . Time | Touchdown - Altitude Velocity
(sec) (sec) (ft) (ft/sec) -
Entry Interface, TO 0. 1946.5 399,989 26059,
First Drag Measurement, TDflAG - 312. | 1634.5 269, 691 26072.
Beginning of Drag-Update ' ‘ o ' : S
Phase _
First TACAN Measurement, TTACAN 1432, 514.5 129,904 6121.
End of Drag-Update Phase - '
Beginning of System E .
First Baro Altimeter Measurement, Ty | 1550. 396.5 99,676 3695.
(No Drag Measurement) . - A : . _
First MLS Azimuth and Elevation 1836. 110.5 20,002 583.
Measurements, Ty - :
(No TACAN Measurement)
(No Baro Altimeter)
First MLS DME Measurement, Tpym 1846. 100.5 15,051 581.
Recuce Filter Dimension, T 1874, 72.5 11,862 569.
' Switch from 2 sec Update Cycle - :
to 0.5 sec Update Cycle
First Radar Altimeter Measurement, Tp 1943.5 3. - 12 317.
(No MLS Measurement) :
Switch from 0.5 sec Update.
Cycle to 0.1 sec Update Cycle
Touchdown 1946.5 0. 0 240,

2-3
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System E operation begins at the termination of the drag~update
phase. The key events for System E are the times at which the first and
last measurement from each sensor are processed, the times at which
the dimension of the System E Kalman filter changes, and the times at
which the measurement update rate changes. These events are indicated
in Table 2.2-1. The MLS and TACAN antenna locations relative to the
touchdown point are indicated in Table 2.2-2.

TABLE 2.2-2

SENSOR LOCATIONS WITH RESPECT
TO TOUCHDOWN POINT

Downrarige Crossrange '
(ft) « (t)
MLS Elevation 7 0 1 250
MLS Azimuth and ‘ '
il 15,000 250
TACAN 6,500 | 250

Above 100,000 ft the System E sensors are TACAN and the drag
pseudo-nieasurement. Between 100,000 ft and MLS acquisition at 20,000 ft
the drag pseudo-measurement is réplaced by the baro altimeter. Both
TACAN and the baro altimeter are terminated at 20, 000 ft.

’

The azimuth angle and the elevation angle ségments of MLS are
acquired at an altitude of 20,000 ft; the DME segment is acquired at
18,000 ft. MLS is the only external aid used between the altitudes of
20,000 ft and 12 ft ~~ at 12 ft the Shuttle is nominally over the runway
threshold. MLS is terminated at the runway threshold and the radar alti-
meter is switched on for the final landing sequence.
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The basic measurement update cycle for the drag-update phase
and for System E is 2 sec -- one measurement from each operating sen-
sor is processed every 2 sec. The interval between updates is reduced to
0.5 sec at the beginning of the final approach. It is further reduced to

0.1 sec at the runway threshold.

2.3 COVARIANCE EQUATIONS

Detailed system error budgets are generated in Chapter 5 by

solving a set of linearized system covariance equations. Solution of

these equations requires that a gain file of the measurement gains used
in the navigation filter be 'generated. The relationship between the
filter model from which the filter gains are computed, and the truth

model from which the error budget is computed, is summarized in
this section. Although covariance equations alone are sufficient to es-

- tablish this 'relationship; the state equations for the two models are also
presented. '

The filter model (Fp, HF) upon which the navigation filter is
defined is a low-order approximation of the navigation system dynamics
and of the real-world environment in which the filter is designed to oper-.
ate, The filter, which may be nonlinear, generates an m-dimensional
state estimate, :_EF, which projaagates between measurements according
to i . |
‘ Rplp) = 85 FQ+O AV, @50

where G is the control matrix, ‘ka is the filter state transition matrix,
and A_Y is the computed velocity change over the interval. If the filter
dynamics matrix, FF(t), is constant between t, and t,_ ., tka is given by

-

S Ve
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¢Fk = exp [FF(tk) (tk+1 - tk)] B | (2f 3-2)

The system measurements, z, are used to update the filter state estimates

by first generating the measurement residual vector |
8zg(t) = z(ty) - Hplt) X(t) - (2.3-3)
and_ then using the fiiter update equation |
-’-ﬁ‘-F(H:)_ = Xt ) + KF“Q 6_:93(%) - (2.3-4)
where KF(tk) is th'e- filter ga in Ihatrix and HF(tk) ié the fiiter measuré- |
ment maftrix.

Generation of a detailed error budget does not require that
Egs. (2.3-1) through (2. 3-4) be solved; all that is necessary is to generate
the filter gain matrices. If the navigation filter is suboptifnal, an algo-
rithm for computing the gains must be provided. If the navigation filter
is a Kalman filter, the gains satisfy |

Kp(t) = PF(t,;)Hk(tk)T[ plb) PL(E) (HJ ‘R k]

oL (2.3-5)

~1

where PF(tk)' is the filter covariance matrix* before the measurement
update and RFk is the measurement noise covariance matrix used in the
filter model. The filter covariance propagates from one measurement to
the next by ' -

- +y o T '
Prliy) = ®p Pplt) o+ 9, (2.3-6)

" *The filter covariance is the filter- -generated estimate of the variance of
Xy ; it is not necessarily the true variance of Xp-

2-6
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_Where QF is the process noise covariance matrix used in the filter model.

The filter covariance after the measurement update is
+ — - - = —
PF(tk) = PF(tk) KF(tk) HF(tk) Pk(tk) (2.3-7)

In order to apply Eqs. (2.3-5) through (2. 3-7); P(0), R , and Qp must
F Fk Fk

be provided for the filter model along with (FF, HF).

The truth model (FS, HS) upon which the error budget is based
is a detailed model of both the navigation system dynamics and the real-
world environment. The truth model includes all 1mportant error sources
Whmh affect the navigation system performance, including those which
were omitted from the filter model. Because the error budget is con-
cerned with navigation errors, the truth model can be linearized about the

' nominal system state. ~ This ylelds a set of linearized -covariance equations

for the system errors.
Figure 2, 3- 1 is a conceptual representation of the mathema.tlcal

structure of all truth models used in this study. An n-dlmensmnal system

 R-8047

8¢,

SAMPLER

VA . Bz,
- —»q "Hy 2 Kg

K= AX, [see text]

REAL WORLD ERROR MODEL {n-dimensionol}

Figure 2.3-1  Truth Model Structure
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.error state vector, GXS, is defined which includes both the filter state

esfimation errors and the navigation error sources. The error state vec-

tor propagates between measurement times according to the linear, time-

varying differential equaticn
BEES(t) = FS(t) ﬁgs(t) + gs(t) (2.3-8)

where Fs(t) is the system error dynamics matrix and __W_S ig a zero

mean, gaussian process noise with
Elwo® wo(t-1)7 | = Qg 8t -7) (2.3-9)
-8V =8 S _ T

The measurement residual vector is the same as in Eq. (2.3-3), but it
can be expressed in terms of the system error state vector and a random

~measurement noise
Bgs(tk). = Hs(tk) 5_§s(tk? + _V_S(tk) (2.3-10)

where H (tk) is the system measurement matrlx and v (tk is a zero mean,

gaussian white measurement noise with

™ .
E[gs(tk) v4lt) ] “Rg (2.3-11)
After the filter update using Eq. (2.3-3), the s‘yétem error state vector is
+ - : _ \
bxglty) = 8xgt, ) + Kqlt) sz4(t) (2.3-12)

where KS(_tk) is a gain matrix with n rows.

A A'KF(H()

Kglt) = ARG = | —| Kp(t) =

0 ) ‘“‘_'6"““ }(n-m rows

of zeros

- {2.3-13)
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A is an n x m matrix linearly relating the m filter states to the n truth

model statés .

The system error budgets presented in Chapter 5 are concerned
with the variance of the error state vector 8xg. Given the initial condi-

tion

P(0) = E [555(0) 5_;58(0)'1"] (2.3-14)

the truth model covariance propagates between measurements by

- ' +, .T
Pt ) = & Pglt) & + st (2. 3-15)
where d‘k is the error state transition matrix. I Fs-(t). is conétant be-
tween t and tk 41 then |

o, = exp_[FS(tk) (tk+1 . tk)] (2.3-16)

The discrete process noise matrix in Eq. (2.3-15) satlsﬁes

tk+1
W, f exp [F {tk+1 T)]Qs [Fs(tmi"’)]T

- (2.3-17)

Truncated matrix exponential series are used in evalua{ting the {ransition
and discrete noise matrices defined above. For update of the system co-
variance matrix at t_ '
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_ - T
Pt)) - [I - Kglt) HS(tk)] P(E) [1 - Kyt HS(tk):l |

T
+Kg(ty) Rsk Kg ()

(2.3-18)

Equations (2. 3-15) and (2. 3-18) are time-varying, linear equa-
tions in the system error covariance, PS(t). This fact allows easy com-
putation of overall system performance by root-sum-squaring separate
contributions and easy development of the sensitivity curves. The results
in Chapter 5 are based upon repeated solution of Eqs. (2-3-13) through
(2.3-18).
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3. TRUTH MODELS

This section describes the "truth models™ used in evaluating
the entry navigation system.* Each truth model description includes a
list of error sources, a detailed mathematical structure, and a data base.
The overall mathematical structure is a set of linear differential and
'ail-gebraic equations describing system error propagation, as in Eqs.
(2.3-18), (2.3-15) and (2. 3-18). Most of the detailed structure is given
in terms of sub~matrices of FS and- Hg, the systém error dynamics
matrix and measurement matrix, defined in Section 2.3. The data base
is the set of numerical values used to represent real-yaorld errbr source

statistics,

The analysis of thé current baseline Space Shuttle entry navi-
gation system is undertaken in two phases: |

®» Drag-update phase
o System E approach and Ianding

The drag-ﬁpdate phase commences at 400,000 ft and terminates af the
end of the bla;:koﬁt — nominally 130,000 ft. The approach and landing is
initiated at 130,000 ft and terminates at touchdown. The only navigation
hardware elements common to both phases are the KT-70 IMU and the
AP-101 éomputer. Detailed error budgets for each phase are generated
in Chapter 5. The truth models used to compute the error budgets are
outlined in this chapter. '

*By "truth model, ™ we mean a mathematical model of all potentially sig- |
nificant sources of error and the way they affect system performance
in the real world. g

- /
31- /
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3.1 DRAG-UPDATE MODEL

The cdmputer navigation program for the drag-update phase is
based upon a 13-state Kalman filter (see Chapter 4). The only "external”
aid operating during the drag-update phase of entry is a.drag "pseudo-
measurement.” The pseudo-measurement is a drag acceleration meas-
urement constructed from the IMU accelerometer outputs. The "meas-
ured" drag acceleration is compared with the exﬁecte'd drag acceleration
computed from a nominal atmospheric density model, a nominal estimate
of the Shuttle drag coefficient, CD’
and velocity. Although drag acceleration is not a state va_riable in the

and the current estimate of position

Kalman filter,* a measurement rnatrix,HF ,18 constructed which relates
. the difference between the measured and expected drag accelerations to -
the error in the position and velocity estimates. The Kalman filter util-
izes this HF to update the position and velocity estinf_lates (Section 4.2).
The corresponding measurement matrix, HS’ for the truth mo_del is def

rived in Appendix C.

3.1.1 States and Error Sources

Incorporation of a drag péeudo-measurement intc the drag-
update filter requires both the pseudo-measurement and a drag acceler-
ation prediction based upon the current filter state estimate. The pseudo-

measurement of drag acceleration is defined in Appendix C as

Ureas® = liygr c(t_)- AV()|/at S (8.1-1)

where i_.VRc(t) is a unit vector in the direction of the computed relative
velocity, and AV(t) is the velocity change over the last At sec as

¥ . .
' The filter does include one "drag correlated error" state designed to
account for non-standard atmosphere and aerodynamics, etc.

e
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. measured by the IMU. The computed drag acceleration based upon the

filter estimates of position and velocity is

ey o 1 A 2 _ )
%yreq® = 7,;_CDC(t) = P ) VRc(t) (3.1-2)
where CDc(t) is the computed drag coefficient for the Space Shuttle, A is
its cross-sectional area, and m is its mass. p.(t) and Vg (t)are the
computed atmospheric density and relative velocity, respectively. "The
difference between q (t and qp d(t) is the residual which the drag-

update filter uses to 1mprove the filter state estimates [see Eq (2.3-4)]:

6260 < Upegs® Gpreg® 6.1 "

The accuracy of the drag-update filter is determined by the
accuracy of the state estimate propagation between updates, and the accu-

racy of q (t) and U d(1:) used in the updates. The error in the

meas
propagation is due to the standard IMU error scurces. The error in

(t) is due to the standard IMU acceleration error sources and to

Ymeas ,
factors which contribute to errors in the computed unit relative velocity

vector, iyp (), such as:
c .

e position errors
s velocity errors
e atmospheric winds

The error in Ure 41) is attributable to these last three error sources,
and in addition to: - |
¢ atmospheric density modeling errors

e drag coefficient modeling errors

The measurement sensitivities to the various error sources are developed
in Appendix C. The truth model states and other error sources used in
evaluatmg the drag-~update filter are hsted in Table 3.1-1, which divides

them into three categories:

3-3
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: S TABLE 3.1-1

DRAG-UPDATE TRUTH MODEL
STATES AND ERROR SOURCES

NUMBER :
ERROR SOURCE NAMES OF NUMBER OF
STATES ] ERROR SOURCES

I. ESTIMATED STATES AND
UNCORRELATED NOISES

Group 1.
Position Errors
. Velocity Errots
-, Platform Misalignments

W oL ot o

Accelerometer 'Biases’ {First-Order
Markovs} -

Correlated Measurement Error (First-
Order Markov)

Drag o s 1 _ ‘ 1
Uncorrelated Measurement Noise .
_ Drag. : - -1
INS Quantization Noise - '

@ e e

I. NON-ESTIMATED, IMU-RELATED STATES

Group 1a, True Platform Misalignments .3 1 -3
Group 2. Accelerometer True Biases -8 '

Group 3. Accelerometer Scale 3 - 3
- Factor Errors C . ’ L

Group 4,  Accelerometer Misilignments _ _
Group 5. Accelerometer Nonlinearities T I R

Group 6. Gravitational Deflections and
: Anomalies

Group 7. Gyro True Bias Drifts - _
Group 8. Gyro Mass Unbalances 6 1 7 8
Group 9. Gyro Anisoelasticities . 3 T ]

0. NON-ESTIMATED, DRAG RELATED STATES

Group 21.- Non-Stapdard Density
1962 Standard Atmosphere Error 1 1
. Tilme-Varying Bias 1 1
ORIG]N First-Order Markov ;
~- ,\:“113 P4 B Group 22, Non-Standard Wind
'LS' ‘Westerly (Time-Varying Bias)
Headwind (First-Order Markov) )

Crosswind (Second-Order Markoy)

Turbulence {First- and Second-
Order Markovs)

Group 23. Non-Standard Aerodynamics .
First-Order Markov 1 1

-t
[ ]

[, I C R
[T I I )

Tolals ) 59 60
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¢ .The 13 estimated states and uncorrelated measure-
ment and process noises.

¢ Non-estimated states related to the inertial system.
o Non-estimated states related to the drag accelera~

tion pseudo-measurement (q eas(t) and a, cl(i:))

Error budget results corresponding to the first category are
generated using a truth model structure (Fs, HS) which is similar to the
filter error model structure -- the principal difference is in the definition
of HF and HS.
generated using a higher-dimensional truth model, which contains the

Resulis corresponding to the other tet;vo categories are

basic 13-state structure plus other states representing time-correlated’

error sources not modeled explicitly in the filter design. For the base-

line navigation system, these additional errer sources are divided into a

total of 23 groups. (The group numbers are consistent W1th those used in

Ref. 1), Only those groups which affect the drag-update phase are sum-
- marized in Table 3,1-1.

The drag-update truth model requires a 13 x 13 filter dynamics
maftrix, FF » and a 59 x 59 system matrix, FS . These matrices, as
well as the transformation matrix A, are defined in Appendix E. The
measurement matrices HS and HF, as defined in Appendlx C and Sec-
tion 4. 2, respectwely, complete the deﬁmtmn of the truth model.

3.1.2 Truth Model Data Base

In this section numerical values are assigned to the drag-update
truth model matrix elements describing error source statistics. Most of
these values are elements of the following matrices:

PS(O) — the initial system (real-world) error
covariance matrix

3-5
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QS — the system process noise matrix

— the pseudo~-measurement noise
variance

Rg

In addition, however, there are elements of FS which must be defined.

Typically, these are diagonal elements of FS which define the correlation

times of markov processes. These elements of FS and corresponding

elements of PS(O), Hg,

markov processes with desired properties. If the markov processes are

and Qs are normally chosen together to define

nonstationary, the appropriate elements of FS, HS, and QS may be
time-varying. The details of these manipulations are found in Appendices

C, D, and E.

Values are not given in this section for the Group 1 (estimated)
first-order markov states. These are the estimated platform misalign-
ments, acceleration errors, and drag correlated error. .The truth model
structure distinguishes between these estimated states and the "true" states
modeled in Groups Ia through 23. The time constants associated with the
Group 1 states are identical to those assigned by the drag-update filter.
(Section 4.2), but the truth model assigns them a zero initial covariance
and no process noise. '

I

The elements of -FS associated with the standard IMU error
sources (Groups Ia through 9) are assigned in Appendix E. The remain- '_
ing task associated with these error sources is to deter'm'ine_ PS(O) at
entry interface. ' '

The 9x9 portion of PS(O) associated with position, velocity,
and true misalignment errors was based upon Table C-Ill-c in Ref, 10,
The 9x9 matrix represents error statistics at entry interface following

a ""one-rev' mission in which pure inertial navigation is used from launch

3-6
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through to entry int'efface. The IMU model used in Ref. 10 is the KT-~70;

_ the assumed prelaunch alignment technique consists of gyrocompassing for
azimuth alignment and accelerometer tilt leveling. The 9x9 error covari-
ance matrix given in Ref. 10 was corrected to reflect the calibration and
alignment errors at launch as given in Ref; 13 -- these errors are sum-
marized in Groups 1 through 4 and 7 through 9 in Table 3.1-2. Reference
10 did not consider accelerometer nonlinearities (Group 5) or gravity de-

flections and anomalies (Group 6).

TABLE 3.1-2

DRAG-UPDATE TRUTH MODEL DATA BASE
FOR IMU-RELATED ERROR SOURCES

Errbr Source Standard Deviation Data Séurce |
Group1.  INS Quantization Error  l.0cm/sec : Ref. 13
Group 2, Acce!eror_neter Blases i 50pg _ Rel. 13
‘Group 3. !I\_cclelerometer Seale Fafztor 40 ppm o ' 1 Ref. 13
Group4.  Accelerometer Misalighments 150 L Ref. 13
Group 5, Accelerohefer Nonlinearities 3.5;.:g)g2 } " Ref, 13
Group 6.  Gravity Der_lections and - 8see - Ref, 14
_ Anomalies® : 67 mgal 7 '

Group 7. .  Gyro Bias Drifts 0.015 deg/hr . A 'Réf.‘ 13
Group 8. Gyro Mass Unbalances N 0.025 deg/hr/g Ref, 13
Groﬁp 9. Gyro Anisoelasticilles 0.025 deg/hr /g2 - Ref. 13

Sea level values are specified here. The truth model data
base uses the sea level values and the model in Ref. 14 to

- provide standard deviations and correlation times-as a
function of altitude.

The truth model states for gravity deflections and anomalies
are considerably more detaiied than they appelar' to be in Table 3.1-2,
The standard deviations specified correspond to the errors at sea level
for a crude on-board gravity model. The model in Ref. 14 provides for

attenuation of the magnitude of the errors as 3 function of altitude, e. .,
z/',

-

3-7 /
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at 250, 000 it the standard deviations have been attenuated by a factor of

three. The model also relates the correlation distance to altitude.

The error sources in Groups 21 thrdugh 23 can be divided into

two categories:

¢ time-varying biases

. stationar‘y or nonstationary markov processes

Models for non- standard atmospherlc den51ty errors (Group 21) and non-
standard wind errors (Group 22} are developed in Appendlx D. For both
time- varymg biases and the nonstahona.ry markov processes, Appendix D
assigns a variance for the 1nd1V1dual error sources as a function of alti-
tude, latitude, and season--in the latter case correlation times are also
expressed as a function of altitude, latitude, ,séason, and flight—path angle.
The parameter ranges for these error -mo_c'léls‘ar'e summarized in rI.‘a.ble
3.1-3.

TABLE 3.1-3

DRAG-UPDATE TRUTH MODEL DATA BASE
FOR DRAG-RELATED ERROR SOURCES

(forrelntion Time Data Source

Error Source Standar'd Doviation {Distance)
Group 21.  Non-Standard Density ; o
1962 Standard Atmosphere Error 0-21% . - " Fig. 3.1-1
"Time-Varying Bias  4-49% - ‘Fig. 3.1-2
First-Order Markov - : 2.6% , {14 - 270 nm) Table D-2
Group 22.  Non-Standard Wind . .
Westerly (Time-Varying Bias) 0 - 295 ft /sec - : Fig. 3.1-3
Headwind (First-Order Markov) © 40 - 110 ﬂ/sef.:_ (270 nm) Fig. D-4
Crosswind (Second-Order Markov) 40 - 110 ft/sec - {270 nm) Fig. D-4
Turbulence (First- and Second- 13 {t/sec (1750 t} Appendix D
Order Markovs) :
Group 23,  Cpy Variations : , 5% 100 sec -
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Only turbulence and Ch (drag coefficient) variations are modeled

" in Table 3.1-1 as stationary markov processes; ' the range of values for the
nonstationary processes is indicated in the table. The correlation time for
the C]j variation has not been documented in the literature. In composing
the drag-update error budget, Cp variations were assumed to be either a
stationary markov process with a correlation time of 100 sec (Group 23) or
a white random sequence (drag measurement noise in Group 1)_. Three of
the error sources are modeled in Table 3.1-1 as time-varying biases
rather than true random processes. These are: |

e errors in the drag-update filter model
of the 1962 Standard Atmosphere

¢ season- and latitude-dependent (time-
varying) density bias

o westerly wind
- The models developed in Appendix D for these error sources are sum-

marized in the remainder of this section.

Alntude profiles for the drag-~update ﬁlter density modeling er-
~ ror are shown in Fig. 3.1-1 for two dlfferent onboard density models --

2-12913

X

TTERM MODEL
ATERM MODEL

PERCENT DENSITY DEVIATION

=20%

30 . .l : L .
100000 IS0.0DO 200000 . 250,000 30,000
ALTITUDE (h)

Figure 3.1-1  Deviation of Navigation Filter DenS1ty Models
: from 1962 Standard Atmosphere
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the models are defined in Section 4.2. The density modeling errors are as
" great as 21% at 145,000 ft for the one-term model and 7% at 250, 000 ft
for the four-term model. Navigation errors due to both models are deter-

mined in Chapter 5.

The time-varying density bias exhibits both latitude- and
season-dependence. Altitude profiles for both summer and winter are shown
in Figs. 3.1-2a and 3.1-2b respectively as percent deviations from the 1962
Standard Atmosphere. Dashed lines on the pfoﬁles denote the mean density
deviations corresponding to the reference mission 3B altifude-latitude pro-
file. In both instances the deviations are greatest when the Shuttle is at high

. a1t1tudes and high latitudes. Both models are analyzed in Ch_a,pter 2.

The mean westerly wind is also both season- and latitude-~
dependent. The season-dependence is shown in Fig. 3.1~3. Figure 3.1-3
was constructed explicitly for the reference mission 3B ti‘ajectory, it is not -
| directly applicable to nonpolar entry trﬁjectories. For reference, the stan-
dard deviation for the westerly wind is also indicated in Fig. 3.1-3. This
is the same standard deviation indicated for the headwinds and crosswinds
in Table'3.1-3. Again, navigation errors resulting from both profiles are
analyzed in Chapter 5.

L

The non-standard atmosphenc density and non-standard wind
models summarized in this section provide a realistic statistical descrip-
tion of the individual drag-related error sources which affect the drag- .
update {filter performance Certain physical correlattons, such as the cor-
relations between wind and short term (first order markov) density devia~
tions, were omitted from the error models; hbwever, it is not expected that
inclusion of these correlations would alter the performance analysis in
Chapter 5 significantly. The coi-relations can be added for applications in
which a more detailed model of atmospheric properties is necessary,

/
e
e
P
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Figure 3.1-2a  Time-Varying Density Bias for June-July
- - Given as Percent Departure from 1962
Standard Atmosphere
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Figure 3.1-2b Time-Varying Density Bias for December-
January Given as Percent Departure from
1962 Standard Atmosphere
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3.2 SYSTEM E MODEL

The external aids used in System E are the drag pseudo-
measurement, TACAN, a baro altimeter, a radar altimeter, and MLS.
With minor exceptions, the measurement sequence defined in Chapter 2
is structured such that one range measuring device, one bearing measur-
ing device, and one altimeter are always operating -~ during MLS, altitude
is derived from elevation angle and range measurements. The computer
navigation program includes a variable—dimeﬁsion Kalman filter with be-
tween 6 and 15 states. A total of 19 different state variables are used in
the filter,

3.2.1 States and Error Sources

The truth model for System E includes the truth model states
and other error sources of the drag-update phase, and also includes states
and error sources required to model the accuracy of the additional exter--
nal navigation aids. The truth model states and other error sources used
in evaluating the System E filter are listed in Table 3.2-1, whlch divides
_them into three categories:
¢ The 19 estimated states and uncorrelated measure-
ment and process noises.
¢ Non-estimated states related to the inertial system.
e Non-estimated states related to the external navi-
gation aids.

Error budget results for System E g,ré generéted similarly to
those for the drag-update phase. The principal difference is that the truth
model structure (Fg, Hg) for Group 1 is variable-dimensioned in a man-
ner similar to that of the navigation system Kalman filter, Results

3-13 /
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TABLE 3.2-1

SYSTEM E TRUTH MODEL STATES
- AND ERROR SOURCES

ERROR SOURCE NAMES

. NUMBER
OF
STATES

NUMBER OF
ERROR
SOURCES

1.

ESTIMATED STATES AND

UNCORRELATED NOISES

Group 1,

Position Errors

_ Velocity Errors

Platform Misalimments

. Accelerometer 'Biases' (First-
Order Markovs)

Correlated Measurement Errors
(Flrst-Order Markovs)

Prag

TACAN

Baro Altimeter

" Radar Altimeter

MLS

Uncorrelated Measurement Noise

Drag

" - TACAN
Baro Altimeter -
Radar Altimeter

MILS

INS Quantization Ndise

NON-ESTIMATED, IMU-

RELATED STATES

Group 1a.

Group 2.
Group 3.

Group 4,
Group 5.
Group 6,

Group 7.
Group 8,
Group 9.

True Platform
Misalignments

Accelerometer True Biases

Accelerometer Scale Fac-
tor Errors

Accelerometer Misalign-
ments

Accelerometer Nonlin-
earities

Gravitational Deflections *°

and Anomalies .
Gyro True Bias Drifts

Gyro Mass Unbalances -
Gyro Anisoelasticities

@ W oW W
.

w 4 m ot e

W o e 8 e B W e e

L I R ]
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TABLE -3.2~1 (Continued)

SYSTEM E TRUTH MODEL STATES
AND ERROR SOURCES

e oo NUMBER
NUMBER OF
ERROR SOURCE NAMES OF ERROR

STATES SOURCES

I. NON-ESTIMATED, EXTERNAL AID
: RELATED STATES

Group 10.  TACAN Range Bias Error ' 1 1
First-Order Markoy .

Grogp 11, TACAN Range Scalé Factor 1 1
Group 12.  Baro Altimeter Errors
Bias
Scale Factor
First-Order Markov
) Static Defect
Group 13,  MLS Time-Varying Biases

]
Lol T

Range Bias 1 1
Range Scale Factor 1 1
: Azimuth 1 1
} . Elevation 1 1
: Group 14.  MLS Second-Order Markov
‘ ' Range o _ 2 1
: _ Aztruth Y
' ‘ Elevation ’ o 2 1
;f Group 15. 'Radar Altimeter Errors
H Bias Error 1 1
f First-Order Markov 1 1
| Group 16. © TACAN Survey Errors 6 6
% Group 17.  MLS Survey Errors _ - [}
i Group 19.  TACAN Bearing Bias Error 1. 1
; ' First-Order Markov
{ Group 20, MLS Timtng Errors
Bilas ) 3 3
Group 21.  Non-Standard Density ‘
1962 Standard Atmosphere Error 1 o
Time~-Varying Blas )
First-Order Markoy b R 1
Group 22. Non-Standard Wind
Westerly (Time-Varying Bias) 1 1
Headwind (First-Order Markov) 1 1
Crosswind (Second-Order Markov) 3 1
Turbulence (First- and Second- S 3

Order Markovs)

Group 23. Kon-Standard Acrodynamics 1 . 1
First-Order Markov

Totals 100 105
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corresponding to Groups 1a through 23 are generated using a higher-

- ﬁimensional truth model, which contains the basic variable-dimensioned
Kalman filter plus other states representing time-correlated ei'ror sources
not modeled explicitly in the filter design. The group numbering system is ‘
consistent with that used in the drag~update phase evaluation.

The System E truth model requires a variable-dimension filter
dynamics matrix, Fo, and a 100 x 100 system matrix, Fy. These '

maltrices, as well as H HS’ and A, are defined in Appendix E..

F’

- 3.2.2 Truth Model Data Base

The general discussion in Section 3.1.2 pertaining to the drag-
update phase data base ~applies to System EF and is not repeated here. The
principal difference is that System E includes truth model states and error
‘sources related to TACAN, a-baro altimeter, a radar altimeter, and MLS
which did not appear in the drag—update phase data. base. The necessary -
additions to the drag-update data base are made in this section.

The initial covariance matrix, Pg(0), for System E is the final
covariance matrix at 130, 000 ft for the drag-update phase analysis. The
error sources for System E Which are not present in the drag-update phase
include measurement noise {(Group 1), and biases and correlated random
errors (Groups 10 through 20) for the new sensors. The numerical values
selected for these error sources are summarized in Table 3.2.2.

The uncorrelated measurement noises in Group 1 are used to

model receiver noise from a variety of sources, For the radar altimeter,
the principal source is a quantization error; for TACAN range, it is the
ability to estimate the return pulse arrival time, etc. The measurement
noise variances for each sensor are constant. e

: S
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TABLE 3.2-2

SYSTEM E TRUTH MODEL DATA BASE

': (WHERE DIFFERENT FROM THE DRAG-UPDATE PHASE) R

STANDARD DEVIATION

ERROR SOURCE TIME CONSTANT DATA SOURCE
Group 1. TACAN Range Measurement Noise 100 ft -t Ref. 11
- TACAN Bearing Measurement Noise 8 mrad - Ref. 11
Baro Altimeler Measurement Noise 5t - Rel. 4
Radar Altimeter Measurement Nolse 1t P Ref. 1
MLS Azimuth Measurement Nolse 0.1 mrad - Ref. 15
MLS Elevation Measurement Noise 0.1 mrad e Ref. 15
© MLS Range Measurement Nolse 17 £t ) - Ref. 15
Group10.  TACAN Range Markov 385 &t 300 sec Ref, 11
Group 11, TACAN Range Scale Factor 100 ppm - Ref, 11
Group 12. Baro Altimeter Errors :
' Bias _ 100 ft - Ref. 4
Scale Factor 3%hofalt o Ref. 1
Statie Defect .1.52x 10°% 1t /12 /sec? - Ref. 1
First-Order Markov. T2 100 see Ref. 4
Group 13, MLS Time-Varying Biases
Azimuth 0.4 mrad - Ref. 15
Elevation 0.4 mrad - Ref, 15
. Range Bias 8t . .. Ref. 15
‘ Range Seale Factor 400 ppm - Ref, 15
Group 14, MLS Second-Order Markov : .
Azimuth ‘0.2 mrad 4 sec | Ref. 15
Elevation 0.2 mrad . 4 gec Ref. 15
Range 17 1t 4 sec Ref. 15
Group 185, Radar Altimeter Errors
Blas 14 - Ref,. 1
First~-Order Markov 1r 1,5 se¢ Ref, 1
Group 16, TACAN Survey Errors Y - Ref, 16
Group 17. MLS Burvey Errora ift L Ref. 18
Group 19,  TACAN Bearlng Markov' 8 mrad 2x10% i Ref. 11
Group 20. MLS Timing Errors 50 muee - Ref. 15

NOILYHOdHOD S3ON3I0S JILATYNY 3HL
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The TACAN range correlated errors are separ;ated into a .

first-order markov, scale factor, and survey errors (Groups 10, 11, and -

16, respectively). The markov process represents the combined errors
in calibrating both the airborne and ground equipment. The scale factor
components represent the inaccuracies in calibrating the indéx of refrac-
tion. Values ranging from 10 parts per million to 100 parts per miilion
have been mentioned in the literature, varying with the extent to which
knowledge of local atmospheric conditions and measurement geometry is
used in the calibration procedure. Survey errors represent inaccuracies
in knowledge of the ground trahsponder locations relative to the rﬂnwa.y.‘
Since, in this case, the devices are nearby, small survey errors are ex-

pected.

The TACAN bearing correlated errors are modeled as first- = |

~ order markov_ and survey errors (Groups 19 and ‘16-, respectwely) The
markov process is due primari-ly to a bending of the radiated constant
 bearing iines due to multipath effects. The time constant for the er’for _
is proportional to the Space Shuttle relative vel_ocity and is somewhat longer
" than that suggested in Ref. 11. The survey errors are treated as distinct -

from the TACAN range errors because different antennae are involved.

Baro altimeter correlated errors (Group 12) are separated into

bias, markov, scale factor, and static defect components. Values for the
bias and markov components are taken from Ref, 4, whiéh treats a baro-
inertial-transponder system involving overflight of a {ransponder. In that
case (the CLASS filter evaluation study) it was found to be important fo in-
“clude the markov state to account for moderately rapid changes in local
weather conditions. Values for the scale factor and static defect compo-
nents are taken from Ref. 1, which discusses them in the context of the
Space Shuttle landing problem,
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Models for the radar altimeter correlated errors (Group 15}

have not been well established. 'The selection of bias and first-order
markov errors was made in order to account for instrument errors and
terrain variations. A scale factor error was not included in the model

because of the low altitude at which the altimeter is to be used.

The basis for the MLS correlated error models {(Groups 13, 14,

and 17) is Ref. 15. The errors for each of the three sensors are separa-
ted into bias and second-order markov errors. In addition, a scale factor
error is modeled for the MLS DME. The biases in the MLS azimuth and
elevation measurements are attributable to errors in the antennae sweep

. angles and to angle pickoff errors; the bias in ’ihe MLS DME measurement
is primarily due to hardware timing delays. The MLS DME scale factor
error is a function of the measurement signal-to-noise ratio. For all
three sensors, the second-«order markov error models mu1t1path effects.

 The four sec "correlatlon tihxﬁ;a_'_'-cixbsen fox: .th(; second—order markov satlsl
ﬁes the ‘model given in Ref 15

Measurements_ from each of the external sensors are subject to
timing errors if the measurements are not accurately time tagged. In
most instances the effect of the timing error can be included in the instru-

ment bias model. A timing delay for MLS is included in the truth model
(Group 20) to provide an indication of the inagnitude of timing-induced

errors relative to other error sources.
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4, | ~ FILTER COVARIANCE AND
GAIN CALCULATIONS

Two of the preliminary sfeps required prior to performing er-
ror budget calculations are the detailed definition of the filter which forms
part of the system and the preparation of a filter covariance program.
This program contains the covafiance update and propagation algorithms
specified by the filter designer and generates a sequence of gain vectors
corresponding to a particular trajectory and measurement schedule.

This sequencé is saved on tape and repéatedly used by the truth model
| covariance program in generating the system error budget. Presented
beldw are the specific algorithms used to represent th;a filter gain cal-

culations corresponding to the navigation system evaluated in this study.

.The detailed strﬁcture of the two phases of the navigation sys-
tem -~ the drag-update phase and System E -- are preseﬁted'separately
in Sections 4.2 and 4. 3, respectively. The genefz;.l structures of the
navigation filter and of the filter covariance program are presented in
Section 4.1, _ ' |

4.1 FILTER STRUCTURE

Figure 4.1-1 is 2 macro flowchart indicating the overall organ-
ization of the filter covariance program. Tﬁe principal inpufs are the
starting time, t, the initial filter covariance matrix, PF(O) , and the
nominal Space Shuttle trajectory. The principal output is the file of gain
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. START k-Mon
1
1
NITIALIZE |
AlD LOCATIONS,
TRANSFORMATIONS,
READ tD '[0}
LooP
>
Y
1]
F—— ]
CALL TRAL - pOS, VEL. AV TRAJECTORY FILE
_ *
YES PUNCH Py

REASSIGN NAV AD

BIAS S1ATES
YES
telgy, REDUCE B, 10 6x6
3
No | o
il
Y
FILTER GAIN : AN
COMPUTATION > G

FILTER COVARIANCE
UPDATE

!

FILTER TRANSITION
MATRIX AND
PROCESS NOISE

FILTER COVARIANCE
PROPAGATION

[LXXY.N]

NO

YES

Flgure 4.1-1 Fllter Covarlance Program Flow Chart
(Drag-Update Phase and System E)
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vectors to be used by the truth model covariance program. At the alti-
tudes of 130,000 ft (t = ThpE) 2nd 12,000 it (t = Tgy)» the current
PF matrices are punched on cards. This gives the capability of re-
starting the program at the end of blackout, and the beginning of the {inal

approach and landing, respectively.

The navigation filter is a variable-dimension Kalman filter with
between 6 and 15 states. A maximum of three of the states are bias states
associated with the operating external navigation aids (TACAN, etc.). As
each new navigation aid is acquir.ed, the filter is restructured and bias
states are associated with that navigation aid. 'The exception is that no
bias states are associated with the radar altimeter.

The navigation filter 1is 1mp1emented usmg the dlscrete time

covariance formulation with exact process noise. The covariance propa-
gation between measurements is- accomplished using the "average G"
numerical integration 'filter_-'(Ref . 17). The covariance matrix is propa-
gated only to the beginning of the final approach -~ which occurs at a _
nominal altitude of 12,000 ft (t = TSW)' Below 12,000 ft, three differ-
ent filter configurations are analyzed. The configuration indicated in
Fig. 4.1-1 computes MLS gains below 12,000 ft based upon a 6 x 6 sub-
matrix of Py, saved from 12,000 ft -- a pre-stored gain schedule is used
for the radar altimeter. There are no covariance reinitializations during

entry.

At each measurement time, a sequence of filter gains are
computed corresponding to a sequence of scalar measurements. For
every measurement except radar altimeter 'measurements, the gain vec-

tor is calculated using

Kp(h) = Pp(t) HL(t) / (HF(tk)PF(tl-() Hp () g + onzl) (4.1-1)

Vi
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" where HF is the appropriate scalar measurement matrix, PF(tI_c) is the

covariance just prior to the measurement, Uog is a scalar measurement

1 * . . .
underweighting factor,” and Unz; is the assumed measurement noise var-

jance.

At altitudes above 12,000 {t, the filter gains are used to se-
quentially updaté the filter covariance in accordance with

Pplty) = Pplty) - Ko ()Ho)PL(E)  (4.1-2)

~ The covariance is then propagated forward td the next measurement tim-
ing using the standard formula presented in Section 2.3:

-\ H g T | |
Prlier) = %p Pr) o+ Q@19

Equations (4.1-2) and (4.1~3) are not executed below 12,000 ft.

4.2 DRAG-UPDATE FILTER

The navigation filter for the drag-update phase is a 13-state
Kalman filter. The general structure of the filter is:

State Numbers - Variables

1-3 Position
4-6 Velocity
-9 Misalignment angles
10 - 12 Acceleration errors
13 Drag correlated error

*The scalar Usq is normally unity, but has the value 1.2 during the
early portion o? the trajectory (see Ref, 5).
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.- The time constants and measurement noise for states 7.- 13 are sum-~

~marized in Table 4.2-1,
TABLE 4.2-1

FILTER STATE AND MEASUREMENT ERROR STATISTICS
FOR DRAG-UPDATE PHASE*

. Measurement
Correlated Error (Filter State) Noise
Standard Correlation Standard
Deviation Time Deviation
(sec)
Misalignment. | 1 mrad © 600 : —
Acceleration 0.0017 ft/sec 60 | —
Drag ' 30% of drag " 80 - -] 5%ofdrag

States 7 - 13 are generalized error states and do not corre'-‘
spond precisely to physical error sources. The misalignment states
‘differ from true IMU misalignment angles in that they do not have an in-
finite time constant; the acceleration states differ from true acceler-
ometer biases because of the time constant and because they are defined
in an inertial coordinate frame (Appendix E). The draig correlé.ted error
state is intended to account in a general manner for all error sources
which directly affect either the drag pseudo-measurement or the pre-
dicted drag computation. The rationale behind selecting the values in
Table 4.2-1 was to yield a filter covariance matrix which is reasonably

consistent with the true navigation errors.

An initial covariance matrix for the entry interface at 400,000 ft
has been provided by CSDL (Ref. 18). The matrix is the filter covariance

*Data from Ref. 7 and personal communication with B. Kriegsman of
CSDL. ' : ‘
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. matrix at entry interface for the Shuttle reference mission 3A abort. This
is a single orbit mission launched from Vandenberg Air Force Base into a
50 by 100 nautical mile orbit with an inclination of 104°. The filter co-

variance matrix was propagated from launch with no reinitializations.

The filter state noise matrix used to propagate the filter co-
variance during the drag~update phase is defined by

N Y At ]
Sv % Sy Tz
0
At ' _
) v 2 Sy : - R
QFk— - : - (4-2"’1)
| 1% 0
iAO | . |
0 1513

where At is the update inte'rval (2 sec), .SV isa 3 x 3 matrix

-, ]
0 0
%q
s. =|o0o & o (4.2-2)
V q .
r ., 2 )
0 0
%q

and sj, j=7...13, are scalars

of '-2At/rj
Sj = o-j 1-e ' - (4.2-3)

The value of ¢ q suggested by CSDL personnel is

0(21 = 0.001 (ft/sec)?
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The values of crj and Tj are the entries in Table 4.2-1 for the appro-

priate filter states.

The only external aid used during the drag-update phase is
the drag acceleration pseudo-measurement defined in Appendix C -- one
pseudo-measurement is processed every 2 sec. The measurement matrix
used in the gain computation and to update the filter covariance was taken
from Ref. 19:

drag correlated

_ 'ig : Zlv'.rR b 1 random variable |-
Hp{t) = g 4t Cot——2= 1o 0 | 1 (4.2-4)
F* ~ “pred he. i Vp®. 17 1 ] ‘ _

where j_Rc(t) and _i_VRC(t) are computed unit vectors along the vertical and
the relative velocity, respectively, Vo (t) is the computed relative velocity,-
“and hsc is a scale height (see below). The predicted drag

| .qplrec-i(t) - %CD ® }% P VR2 t (4.2-5) .
¢ [

is based updn onboard models of the aerodynamic drag coefficient and the
atmospheric density.

The onboard drag coefficient model from whiph CDc(t) is com~
puted was provided in tabular form by JSC (Ref. 20). The model is a func-
tion of Mach number and angle of attack. The values of the cross-sectional
area, A, and the mass, m, used by JSC to generate the reference trajec-
tory were also provided. '

The onboard atmospheric density model for the navigation fil-
ter was assumed to be a simple exponential

‘hft)

. - h
pc(t) = poe 8¢ ) (4-2-6)
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where hc(t) is computed altitude. Two different variations of the model
were considered:
e Single values of hg, and py were chosen
(1-term model). -

¢ Values of hsc and Py were chosen for different
altitude layers (4-term model).

The models were obtained from Refs. 5 and 21 , respectively. The co-
efficient values used are summarized in Table 4.2-2. The resulting er-

rors in modeling the 1962 Standard Atmosphere were illustrated in

Fig. 3.1-1.
TABLE 4.2-2
COEFFICIENT VALUES FOR
ATMOSPHERIC DENSITY MODELS.
Model 1-Term Model 4-Term Model
Altitede | 100,000- | 100,000- | 150,000~ 200,000~ 230,000~
. 270,000 ft | 150,000 ft | 200,000ft | 230,000t { 270000 ft
ﬁm?ﬁ‘;e‘gm 24018, 22104, 26590, 26170. 21206,
§C

Sea Level 0.00215 0.00306 0,00097 0.00110 0.00860
Density . . '_ . ) .0086
Po (slugs/fts) .

The filter covariance program based upon the 13-state filter
outlined above has been exercised over the trajectory and measurement
schedule ocutlined in Chaptér 2. The time history of the filter-indicated
performance is summarized in Table 4.2-3. RMS values of position and
velocity components in the V frame (vertical, downrange, crossrange; see

Appendix A) are given at key times -- at entry interface, just before and

4-8
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TABLE 4.2-3

DRAG-UPDATE PHASE FILTER-INDICATED PERFORMANCE

Event s RMS Position Errors {re) RMS Velocity Errors (ft/sec)
(see Time
Table 2.2-1) {sec) v DR CR v DR CR
Ty 0 5571. 26073, 7774, 27.52 5.40 4.31
312.° 4975, 27447, 8523. 29.48 5.03 1.06
Torac " : e

312. 4123, 26497. B524. 2B.53 4.29 1.05

TTACAN 1432, 4883. 16780. 9034, 18.34 ( 15.70 | 18.51

after the first dfag pséudo—més:éﬁfemeﬁt, ‘and at the end of the drz‘!.‘g.—.t'liﬁdate

phase. The resulis given in Table 4.2-3 represent what the navigation sys-

tem performance would be if the 1'3_—sta_,te filter model were a completely -

accurate representation of real-world dynamics. The results given in
Section 5.1 are a projection of the performance of the 13-state filter in a

59-~-state model of the real world.

4.3 SYSTEME

The navigation filter for System E is a variable-dimension -
Kalman filter with between 6 and 15 states.

filter is:

The general structure of the

Variables

State Numbers

1-3 Position

4-6 Velocity

T-9 Misalignment angles

10 - 12 Acceleration errors
13 Baro altimeter, drag, or elevation
' correlated error

14 Range correlated error
i5 Azimuth correlated error

o
.
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States 1 through 12 are defined precisely as they were for the drag-
update filter. States 13 through 15 are correlated measurement errors.
As a new sensor is acquired, one of the measurement error states is
reinitialized and associated with that sensor -- the exception is that no
bias states are associated with the radar altimeter. The precise filter
state schedule is indicated in Fig. 4.3-1. The correlation times for
states 7 through 15 and the measurement variances are summarized in
Table 4. 3-1.

R-11206a

ALTITUGE 330,000 FT 100,000 FT 20,000 FT © 12000FT  12FT TOUCKDOWN
i t ' I
1-6 e POSITION AND VELOEITY. v
- g At
2-12 1o MISALIGNMENTS AND ACCELERATION '
*
s | DRAG UPDATE | _BARGALYIMETER | . MLS ELEVATION y
fe ‘ e i - |
w Ll - TACAN OME ] L. MLS DME 5
i il I 1
5 le " TACAN VOR . . LP,  MUS AZIMUTH

e e |

Figure 4.3-1  Schedule for System E Filter States

The initial covariance matrix for the Systenﬁ E filter is the
filter covariance matrix at the end of the drag-update phase. The pro-
cess noise matrix, QF , satisfies Eq. (4.2-1) through (4.2-3) with a
maximum of 15 states.” The measurement update interval is 2 sec until

| the beginning of the final approach and landing (t = TSW) at 12,000 ft.
The update interval is then reduced to 0.5 sec. At the radar altimeter
turn-on (t = Tq A)’ the update interval is further reduced to 0.1 sec.

Computer duty cycle constraints require that during‘the
final approach and landing:
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TABLE 4.3-1

FILTER STATE AND MEASUREMENT
ERROR STATISTICS FOR SYSTEM E

Correlated Error (Filter State) )
) Measurement Noise
Correlation
N gariens
Misalignments 1 mrad " 800 : —_—
Acceleration 0.0017 ft/sec2 ' 60 _ —_ _
Drag 30% of drag 60 5% of drag
Baro Altimeter 3% altitude 200 0.03% altitude
Radar Altimeter 14t e 0.11t
" TACAN DME 275 ft - 400 ‘ 90 it -
TACAN VOR 6 mrad 400 6 mrad
MLSDME 85 ft T L un
MLS Azimuth . 0.4 mrad | U 0.2 mrad
MLS Elevation 0.4 mrad _ » © 0.2 mrad '_

¢ The System E filter estimate only position”
and velocity (6 states) .

¢ The filter covariance propagation be eliminated

Elimination of the covariance propagation implies thaf, below 12,000 ft,
the filter gains must be computed from a suboptimal algorithm. A num-
ber of different algorithms have been proposed. The salient features of
the algorithm selected for System E are summarized in Table 4.3-2.
Descriptions are also provided of two alternative algorithms analyzed

in Chapter 5.

Above .12,000 ft, the System E measurement matrices for all

external navigation aids are of the form:

_ i o
HF -[hp:hv:0|0

h ] (4.3-1)
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TABLE 4.3-2

'DESCRIPTION OF GAIN COMPUTATION ALGORITHMS
FOR FINAL APPROACH AND LANDING*

SYSTEM E FILTER - ALTERNATIVE 1  ALTERNATIVE 2

s . § states - * same as SYSTEM E ¢ same as SYSTEM E
* noPp propagation filter except: ‘ filter except:
: s . MILS gains computed - ¢  MLS gains are those

* HF& °°‘;‘p“te§.f°’tMLs _ from Kalman algorithm comiputed at 12,000 ft
and radar altimeter [Eq. (4.1-1)] with 15x 15 . (azimuth and elevation

&  MLS gains computed Pr saved from 12,000 {t gains scaled by range-
from Kalman algo- {only 6 elements of KF ' to-go) '
rithm [Eq. (4.1-1)] - | used) ‘

with 6 x 6 Py, saved
from 12,000 ft

¢ gain schedule for radar
allimeter provided by
CSDL

¢ MLS and IMU bias esti-
mates at 12,000 ft used
to compensate data

where hp is the 1 x 3 partial derivative of the measuremenf with respect
to the nominal position, hv is the partial derivative with respect to the
nominal velocity, and hb is the partial derivative with respect to the bias
states. BeIOW' 12,000 ft, HF is of the fo_rm: ' '

For all external navigation aids except the drag pseudo-measurement,
the first six elements of HF are identical to those of HS‘ in the truth
model. The equations for Hp are developed in Appendix E.

* o '
All three gain computation algorithms were provided by CSDL (Ref. 9).
| e

e
7
.

4-12 ' /
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The pre-stored gain schedule for the radar altimeter (Ref. 21) -
" is used to ﬁpdate vertical position and velocity only. The gains for verti~-

cal position are

) t -T_. <0.2 sec
RA RA (4.3-3)

0.25 | t-TRA>0.2 sec

k.
p

}1. ~3.75 (t - T

and the gains for vertical velocity are

) t-T,, 0.2 sec

k= [-0.1+1.5(t-Tp, - 5
0.20 t-TRA>0.2 sec
The filter gain matrix KF(t) is then .
| i ]
kdp ®
Kp(t) = ¢  (4.3-5)
i c

where ip (t) is the unit vector along vertical. .
c

The filter co-variance program based upbn the System E {filter

" outlined above has been exercised over the trajectory and measurement
s;:hedule outlined in Chapter 2. The time history of the filter-indicated
performance is summarized in Table 4.3-3. RMS values of the position
and velocity components in the V frame (vertical, downrange, cross-
range; see Appendix A) are given at key times -~ before and after the
first measurement from each external navigation aid -- down to 12,000 it.
Below 12,000 ft, Pf, is not computed, and hence, no filter-indicated per-
formance is available. The results given in Table 4.3-3 represent what

the navigation system performance would be-if the System E filter model

4-13
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TABLE 4.3-3

' SYSTEM E FILTER-INDICATED PERFORMANCE :

Event RMS Position Errors {ft) RMS Velocity Errors (ft/sec)
(see Time
Table 2.2-1) (sec) v DR CR \' DR CR
1432, 4885. | 16780. | 9034, | 18.34 | 15.70 | 16.51
Tracan - :
1432, 4684, | 6742. | 6063, [ 15.81 | 14,32 | 14.23
T 1550, |l 4080. | 1013, | 1742, | 13.49 | 8.30 | 10.66
BA 1550.% || 2744, | 790, | 1481. | 9.75 6.98 | 10.27
1836.° ‘589, 311, 264. 2,60 4,18 | 2.80
TMLS + '
1836, 90, 136. | 185, | 2.12 2.37 | 2.78
1846, |- ot. 167, | 168, 1.73 1,98 | 2.76
ToME + ' - '
1846, 25, 35, s2. | 1.29 | 178 | 1.5%
Teor 1874. i8. 3%.-| 19, 0.4.0. 0.51 | 0.46
1943.5" || - — — — — — —
T
RA 1043.5% | — — _ ] - | = —
A :
Tp 1946.5 —_ — — — —_ —_—

(Table 4, 3-1) were a (.:-oml:r)'letely a:c.:cu'rate description of real-world dynam-

ics. The results given in Section 5.2 are a projection of the performance

of the System E filter in a 100-state  model of the real world.
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5. - o RESULTS

This chapter i)resents detailed results for the entry naviga-
tion system. Overall performance curves are given for the drag-update
filter and for Systerﬁ E, showing time histories of position aﬁd velocity
errors due to all sources combined. In each case "Baseline Error Bud-
get" tables are given, showing the contributions of individual errof
sources, or small groups of error sources, at certain times. Smaller
tables of "Alternative Cont_l;ibutions":'are prov-ided, allowing the reader
to see the effects of different truth model as'sumpﬁons Sensitivity curves .
illustrating the effect of varlahons in the rms value of a given major er-
ror source {(or group “of error sources) on overall system performance
are also given. For System E, the effect of alternative filter configura-
tions on overall system performzince is also evaluated. Section 5.3 pra-
vides‘ a gener.allsummary,' including discussions of how particular groups =
of error sources contribute to the errors in each of the mission phases
and of filter states which might be safely delefed or altered.

L

5.1 DRAG-UPDATE FILTER EVALUATION

The navigation error results presénted below are for the drag-
update phase of the reference mission 3B éntry as defiﬁed in Section 2.1.
The drag-update pﬁase ends 1432 sec after entry interface at a nominal
altitude of 130,000 ft. The only external navigationaid during this phase .
" is the drag acceleration pseudo-measurement; the m_easufem_ent schedule

was defined in Section 2.2. A file of gain values, generated using the
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- filter covariance program outlined in Sections 4.1 and 4.2, has been
. used repeatedly to compute detailed error contributions corresponding 7
to the drag-updé.te phase of this particular trajectory and measurement

schedule.

5.1.1 Overall System Perforrnance

Figures 5.1-1 and 5.1-2 present overall performance curves
for the drag-update filter, showing posmon error components and velo-_
city error components, respectively. The curves plotied represent rms
errors due to the combined effects of all error source groups in the base-
line error budget. They were generated by root*sunl—squaring individual
contrlbutlons at two- mmute intervals (tabulated in Appendix F). At
T

DRAG?
square calculation was performed both before and after the update Thus,

when the first drag pseudo-measurement is made the root~sum-

the jumps which occur in certam_ compon_ent errors at this time are ac-
curately shown. Otherwise, the curves are faired-in over the two-

minute intervals between the calculated points.

At the t1me of the first drag pseudo measurements, the verti- -
_ c;I_-and downrange components of both pos1t1on and velocuty errors in- B
crease, The downrange errors remam essentially constant at the new
levels the vertical errors continue to increase for several hundred
- seconds before beginning to decline. Examination of the individual er-
ror contributions (Appendix F) verifies that the jump is primarily due
to the effect of non~standard density errors (Group 21) on the pseudo-

measurement. This suggests that the drag-update filter overweights

the drag acceleration pseudo-measurement during the initial portion of

the trajectory.
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Figures 5.1-1and 5.1-2 indicate the performance of the drag-

. update filter, but they do not indicate the overall effectiveness of the

filter in limiting the growth of navigation errors during entry. This in-

formation is provid'ed in Table 5.1-1 by comparing the total projected

drag-update filter performance at 130,000 ft with the performance of a

pure inertial navigator* at the same altitude. The truth model for the

inertial navigator consists of the important IMU-related states in the

drag-update phase truth model (Groups 1a through 5 and 7 through 9),

plus the INS quantization noise. The performance was obtained by cor-
recting the data in Table D-II~c of Ref. 10 for the truth model data base

given in Table 3.1-2.

TABLE 5.1~1

SUMMARY OF DRAG-UPDATE FILTER PERFORMANCE

ONE o ERRORS AT 130,000 ft

Performance

-16781. 9035.

/
Position (ft) Velocity {ft/sec)
v DR CR vV . DR CR
Total Projected Drag-Update _ , ' '
Filter Performance 8389. 14700 9723, 20.97  6.70  14.51
Pure Inertial Navigator ¢ arr ‘ S :
Performance 14756. 21196, 12184, 42.061  9.75  14.44
Filter Indicated Drag-Update 4885, 8.3 15.70  16.51

The only significant difference between the mechanizations of

the drag-update filter and the pure inertial navigator is that the drag-

update filter uses drag acceleration pseudo-measurements to improve

its state estimates. Table 5.1-1 indicates that the navigation errors for

A pure inertial navigator uses only an initial state estimate and accum-
ulated IMU outputs to obtain a current state estimate.
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the drag-update filter are approximately two-thirds as great as the cor-
responding pure inertial navigator errors. The drag acceleration pseudo-
measurement provides an estimate of instantaneous vertical position only;
-WtheA filter uses correlations and trajectofy é;eometry to achieve the indi-
cated improvemehts in the downrange and crossrange channels. Table

5.1-1 verifies that the drag acceleration pseudo-measurement is a poten-

tially valuable navigation aid and that the candidate drag-update filter ef-

fectiveiy limits the growth of navigation errors during enfry.

| Table 5. 1-1 also contains the filter-indicated drag- update fil-

ter performance at 130,000 ft (see Section 4, 2). Comparlson with the
total projected drag-update filter performance indicates that the filter
is quite optimistic in its estimate of the vertical position _efrors -- the
true errors are nearly twice as large as the filter expects. It is reason-

able to suspect that this optifniStic outlock results in‘ an underweighting

of the pseudo measurements during the final portion of the drag-update
_phase, but more mformatmn than Table 5. 1 1 provides is necessary fo
confirm tlus suspicion. Regardless, it would seem deswable to mod1fy
the filter to bring the filter-indicated performance more in line with the

total projected performance.

The observations made in this section sugg'est that the drag-
update filter can be "tuned” to improve its performance. All the filter
parameters are subjects for optimi_za.tion and sensitivity studies. Sev-

eral prospective modifications are discussed in Section 5. 3.

5.1.2 Baseline Error Budget

System error covariances have been computed for each group

~of error sources over the entire drag-update phase of the reference

yd
.

/
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.trajectory. The total amount of data generated is quite large. In order.
to summarize important results in one table of manageable size, a
"snapshot" view of conditions_at the end of blackout (130,000 £t) is pre~
sented in Table 5.1-2, Table 5.1-2 is the Drag-Update Baseline Error

- Budget showing rms estimation errors in the positio_n and velocity com-

bonents at 130,000 ft, Egch value is the rms contribution of the error
Source or sources indicated in the left-hand column; it comes from a com-
puter run in which the parameters for that error source are set at truth
model values -- angd all others are zero; "I‘he entries in each column are ‘
root-sum-~squared at the bottom of the table to g_enefa.te the total projected

performance of the 13—state drag-update filter, The total projected per-
formance ig compared at the bottom of the table with the filter-indicated

performance ang with the pure inertial navigator pé_rformance. Table

tion and velocity errors at 130,000 ft,

Particular numbers have been circled in Tabie 5, 1~1 to focus
attention on major contributors. The rule followed in de‘cidﬁlg which
numbers to circle Waé to include, in any column, eve'—ry' number whose |
magnitude is greater than 20% of the RMS total for that column, Thus,
eévery circled number contributes at least 2% to the RMS error for the
appropriate column. '

Exarninatibn of Table 3.1-2 reveals th'at the major contributors
to navigation errors at the end of the drag-update phase are-

* accelerometer scale factor error (Group 3)
® gyro bias drift (Group 7)

®* non-standard atmospheric dénsity mbde]iing
errors (Group 21) :
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TABLE

5.1-2

BASELINE ERROR BUDGET FOR DRAG-UPDATE FILTER

ERROR SOURCE

RMS NAVIGATION ERROR AT 130,000 ft

VALUE POSITION (1) VELOCITY (ft/scc)
v DR CR v DR CR
I. Estlmated States
Uncorrelated Noise 5% of drag 1038, 995, 442, 2.97 0.48 0.82
Quantization Error 0.0328 ft/sec 165. 116. 1g7.] o0.20 ©0.23 0.20
II. TMU-Relaled Stales ‘
2. Acceleromeler Biases 50 ug 648. 3.72' '
3. Accelerometer Scale Factor 40 ppm 5.65
Errors : .
4. Accelerometer Misalign- 15 gec 1092, 1536, 1259, 3.34 1.6t 2.57
ments _ )
5. Acceleromeler Nonlinearitles 3. Sﬁg/gz 0. 0. -0.1 . 0,00 0.00  '0.00
6, Gravity Anomalles and 67 mgal - 110, 175, 112, 0.28 0.23 0.25
Deflections ' B.6ec .
7. Gyro Blas Drifts 0,015 deg/hr @ _
8. Gyro Mass Unbalances 0,025 deg/hr/g | 949. 4BO. 559, 1.05 1,14 1.34
9. Gyro Anisoclasticities 0.025 deg/nr/g?| 49, 130, 80, 0.23  0.20  0.41
M. Drag-Related Sources
21. Non-Standard Denslty ‘
1962 Standard Atmosphere . p X
Modeling Error I-term 0.87, 2.0
Time-Varying Bias . Winter @ @ 2.61
First-Order Markov Table D-1 405, 421, 300, 1.10 ‘0,14 0.32
22. Non-Standard Wind
Weslerly Winler 558, 407, 229. .13 0.14 . 0,52
Crosswind TableD-3 | 229. 210, 86.] ©0.68 0.13  0.18
. Headwlind .
23, Non-Standard Aerodynamics 5% of CD 705. BB9. 415, 1.74 0.40 0.55
First-Order Markov '
Tolal Projected Performance B3Ba. 14700. 9723, 20.97 6.70 14,51
Pure Incrlial Navigator 14756, 21196. 12184.| 42,01 9.75  14.44 -
Performance :
Filter-Indicated Performance 4885, 16781, 18.34 15.70 16.51

9035.
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TABLE 5.1-3

DRAG-UPDATE PHASE ALTERNATIVE CONTRIBUTIONS

RMS NAVIGATION ERROR AT 130,000 it

ERROR SOURCE VALUE - POSITION {ft) VELOCITY {ft/sec)

\'J DR CR v DR CR
Group 21.  Non-Standard
Density_
1952 Standard : :
_ Atmosphere 4 term 2530, - 4868. 2540. | 5.35 0.54 1.54
" Error : '
g:;nse-'\farying Summer | 3026. 5320. 2733, 6.71 0,71 1.81
Group 22. Non-Standard
: Wind | .
Westerly ' Summer 443, 321, 197, 1.48 0.10 0.26

The IMU-related contributions are primarily due to iarge initial errors at
400,000 ft -- velocity efrors for Group 3 and misalignments for Group 7.
The atmospheric denéity contributions are primarily due to the error in
modeling the 1962 Standard Atmosphere and the season- and latitude-
dependent (time-varying) bias. The importance of both these density
sources could conceivably be diminished by improving the onboard at-
mospheric density model; but the emphasis should be on including tﬁe

‘time-varying bias.

It is important to note that the IMU-related contributions to all

three position component errors and to vertical velocity errorsg are com-

parable in magnitude to the drag-related contributions. This suggests
that, considering performance at the end of blackout only, the drag-
~ update filter is doing a reasonable job of mixing inertially-derived in-

formation with the drag acceleration pseudo-measurement. However,

the observations made in Section 5.1.1 indicate that improved perform--

ance should be attainable by modifying the filter gains. More detailed
e
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discussion of the important error mechanisms and possible ways to re-

duce some of the contributions is given in Section 5. 3.

Detailed tabulations of the error contribution time histories
are given in Appendix F. For every row in Tables 5.1-2 and 5.1-3,
there is a page in Appendix F, which is a reproduction of 2 computer

printout page summarizing impo_rtant results from one error budget run,

5.1.3 Sensitivity Curves: Drag-Update Phase

This section contains several curves illustrating the sensitivity
of drag-update phase performance to variatipns in e'rro_r' source statis-
tics. These "fixed-filter" sen_sitivify calculations answer the quesﬁon:
"What is the effect of an un}mown variation in the rms value or values of
an error source or group of error sources?" These calculations can be
made easily, given the type of error budget information summarized in
Table 5.1-2, because the appropriate error covariance equations are
linear. |

All of the example curves given in this section correspond to -
major contributors to the system performance S1m1lar sens1t1v1ty
curves may be constructed for any error source group for which error
budget data exists in Table 5.1-2. Sensitivity curves corresponding to
error sources which produce minor co‘ntributioné_ when their nominal -

values are assumed are quite flat and of little interest.

To illustrate the means by which the data points for the sen-

sitivity curves were calculated, an example will be given. The sensi-.
tivity of crossrange position at 130,000 ft to gyro bias drift is shown
in Fig. 5.1-3. The baseline data point for the example is the total
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at 130,000 ft to Gyro Bias Drift

crossrange position error for the drag-update filter (9,723 ft). The total
includes the effect of a 0.015 deg/hr bias drift about each platform axis.
The contribution of these bias drifts is shown in Table 5.1-2 to be
6,3731t. To compute the effect of a 0.03 deg/hr gyro drift, the 0.015
deg/hr bias drift contribution is removed from the total system error
and replaced with an error which is twice as large. Thus, the cross-
range position error is ' ' '

0, = [(9,723)2- (8, 3".:'3)2 + (12,746)2]%
= 14,710 ft

This result is indicated in Fig. 5.1-3 as a boxed~in point. The dashed
line through the origin is the asymptote approached by the total sys-
tem error curve as the gyro bias drift contribution becomes large and
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. dominates all others. The remaining points on the curve are obtained

as illustrated above.

For reference purposes, Fig. 5.1-3 also includes the sensi-
tivity of the pure inertial navigator (see Section 5.1-1) to gyro bias drift.
The two curves intersect at a gyro bias drift error of 0.027 deg/hr, i.e.,
if the gyro bias-drift error is greater than 0,027 deg/hr and all other

IMU-related error sources assume their baseline values, a pure inertial

navigator provides better crossrange position estimates than the candidate
drag-update filter. The drag-update filter has increased the crossrange

- position performance sensitivity to gyro bias drift errors. The following
example provides an mstance for which the drag-update fllter decreases

performance sensitivity to a dommant error source.

.Figure 5.1-4 shows the. sensitivity of vertical position and
velocity errors to variations in the' accelerometer‘scale fa;ctor‘ error.
The major contributors to vertical position error are of roughly com~ -
parable magnitude so that the total projected error is not particularly
sensitive to any given component. Accelerometer scale factor error is .
the dominant contributor to vertical velocify error , however, and an
increase of the scale factor error to 80 ppm increases the vertical vel-
ocity error by 54 %. ‘The pure inertial navigator performance would be
degraded by 70%, however, and Fig. 5.1-4 indicates that the drag-update
filter has decreased vertical channel performance sensitivity to accel-

erometer scale factor errors.

The time-varying density bias is latitude - and season-

- dependent. The contribution of this error source to the total pro;ected
error could be decreased by making the filter onboard den51ty model
both latitude- and season-dependent. Figures 5.1-5 and 5.1-6 illustrate
the sensitivity of vertical jnosition error and downrange position error,

5-11 | /
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respectiveiy, to this error source. The curves were arrived at by scal-
ing the time-varying bias defined in Fig. 3.1-2a by the indicated amount.
‘The figures indicate that a large improvement in the density model ac-
curacy would not result in a significant improvement in navigation ac-

curacy if the filter gains for the pseudo-measurement were not modified.

It should be emphasized that the sensitivity analyses made in
this section are for a "fixed-filter" configuration. The sensitivity curves
would be altered if the filter were modified. As an ‘example, if the fil-
ter were modified to increase the ga-ins for the pseudo-measurement, |
the total projected performance would become much more sensitive to,
the time-varying density bias. For such a filter, an improvement in

_the onboard density model could result in a significant improvement in

periormance.

5.2 SYSTEME

The navigation error results presented in this section are for
the approach and landing phase of the reference mission 3B entry as dé- :
fined in Section 2.1. System E starts at the termination of blackout,
nominally 130,000 ft, and ends at touchdown. The measurement sched-
ule for the external navigation aids is specified in Table 2.2-1. The

filter covariance program defined in Sections 4.1 and 4.2 has been used
to generate gain files for each of the three filter configurationsr sum-
marized in Table 4.2-3. The gain file for the System E filter was used
repeatedly to compute detailed error budgets at three significant time

points:

&

¢ initiation of the final approach and landing
sequence (12,000 altitude; t = TSW)

5-14 /
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¢ the runway threshold (12 ft altitude; t = TRA)
& touchdown (t =Tp)

The gain files for the alternative System E filters were used to estimate
the sensitivily of the projected navigation errors at the runway thresh-
old to filter modifications.

5.2.1 Overall System Performance

Figures 5,2~1 and 5.2-2 present overall perfornlance curves
| for System E, showing position error components and velocity error
components, respectively. The curves plotted r',epreSent-rm_s errors
due to the combined effects of all error source groups in the baseline
error budget. They were generated by root-*snna-squaring individual con-
tributions at one~minute intervals (tabulated in Appendix G). At TT ACAN’
when the first TACAN measurements are made, and at other key times,
such as 'I‘B A MLS’ Ty A’ and TDME’ the root-sum-square calcula~
tion was performed both before and after update. Thus, the large ]nmps
wwhxch occur in certam component errors e{f ‘tnese tlmes*e:re accurately
shown., Otherw1se the curves are faired-in over the one-minute inter- |

vals between the calculated points.

At the time of the first TACAN measurement_s,' Toacan: 21
three position errors decrease significantly -- the greatest improvement
is in downrange position. The only significant velocitp change is a de-
crease in vertical velocity error. Both positien and velocity errors
then decrease rapidly over the approximately two minutes between .'
TACAN acquisitibn and baro altimeter acqui_si'tion. This improvemeni

in all error components is in contrast to fhe performa.nce of three of the
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systems stadied in Ref. 1, It suggests that a filter covariance matrix

propagated through the orbital and drag-update phases of the mission gen-

erates correlations between error sources which are valuable in proces-

sing measurements during the early post-blackout portion of entry.

The System E navigation errors decrease steadily down to the
acquisition of the azimuth and elevation segments of MLS at TMLS -
position errors for the final portion of entry are plotted on an enlarged |

scale in Fig. 5.2-3. At Ty, there is a large decrease in all three
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.poSition error components, most nofably in vertical position. The de-
crease in both downrange and crossrange errors is misleading. The
azimuth and elevation segments of MLS do not deerease the range-to~go

- error, but at TMLS’ the Space Shuttle heading angle (Fig. 2.1-2) is such

- that both the crossrange and the downrange position errors contain a
transverse component (with respect to the runway) which the azimuth
measurement i‘educes_. As the Space Shuttle completes its turning man-
euver, the range-to-go error is transferred from the crossrange to the
downrange channel -- thus accounting for the growth of downrange posi- N
tion error prior to TDME‘ Following the MLS DME acquisition, the range-

to-go error is reduced and the position navigation errors become essen-

tially the navigation accuracy of MLS,

The growth of the Crossrange and -downrange velocity errors
following the initiation of the finai approach and landing sequence at TSW'
indicartes a major difficulty with the System E filter. At TSW; the navi-
gation filter must switch to 3 suboptimal operation mode. The System E

filter computes gains after Tgyy based upon a 6 x 6 submatrix of P
which preserves the correlations between position and velocity errors.
Figure 5.2-2 indicates that this is not sufficient; it is also necessary to
preserve the correlations between the MLS errors and the navigation er- .
rors. The alterna}tive Syste_m’E filters summarized in Table 4,2-3 at-~
tempt to account for these correlations; their performance is summarized

in Section 5.2. 3.

Figure 5.2-2 indicates that the Crossrange and downrange
position errors increase after the radar altimeter ig switched on at TR A
The increase is not due to the radar altimeter gains, but rather to the
fact that MLS is simultaneously switched off. Thus after TR A’ the navi-

gation system has no heading reference and no range reference., The
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Crossrange and downrange position errors would not increase if MLS

N 'remained on until touchdown.

- 5.2.2 Detailed Error Budgets

System error rcovariances_ have been calculated for each
group of error sources over the reference mission 3B trajectory from
130,000 ft (t = 1432 sec) to touchdown (t = 1946, 5 sec). Detailed error
budgets showing rms position and velocity errbrs were generated at tlhree
significant At;une points. Edch ehtry in the error budgets is the rms con-
tribution of the error source or sources indicated in the left—hand column;
it comes from a computer run in which those errors alone are set at truth-
model values ~- and all bthers'are zero. The overall System E perform-
ance at the indicated time is given at the bottom of each table and compared
with the Space Shuttle landing navigation specification given in Ref, 22, *
The filter-indicated performance is also presented for the error budget
at 12,000 ft; the System E filter does not compute. a perforniance measure
below 12,000 ft,

Particular numbers have been circled in the error budgets
to focus attention on major contributors. The rule followed in deciding
which numbers to circle is the same i'ule employed in the drag~update
bhase analysis, In each column, every mimber whose magnitude ié greatef-'
than 20% of the RMS total for that column is circled. Thus, every circled
. humber contributes at least 2% to the RMS error for the appropriate col-
umn.

*These landing specifications are guidelines‘, not inviolable require-
ments. The vertical velocity specification, in particular, may ulti-
mately be relaxed. :
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The initialization of the final approach and landing sequence

- occurs nominally at 12,000 ft, t = TSW' At this time, the navigation

filter is required to switch to a "suboptimal” operating model. Table:
5.2-1 presents a detailed error budget in order to evaluate the System E

performance prior to the configuration change.

The measurement schedule outlined in Table 2.2-1 indicates
that at TSW the navigation filter will have processed 38 sec of MLS azi-
muth and elevation measurements and 28 sec of MLS DME measure-
ments. A general observation from Table 5.2~1 (and from Fig. 5.2-3)
is that this is a sufficient length of time to permit the filter to improve

its navigation accuracy to a desirable level. The position errors at TSW

. are almost entlrely a function of MLS accuracy -~ the major contrlbutors
are the biases and second-order markovs If the filter continued to
operate in an-"optimal"mode, the vertical and crossrange position exr-
rors would decrease nearly linearly as the range to the elevatibn and -

azimuth antennae, respectively, decreased; ‘and it is reasonable to sus-

pect that, if necessary, MLS could saﬁsfy the touchdoWn specifications

in position without requiring a radar altimeter. The velocity errors at

TSW indicate a continuing effect of error sources other than MLS ~-
IMU-related sources and TACAN -- but the downrange and cross-
range velocity errors already satisfy the touchdown spec:1f1cat1ons

The detailed error budget at the runway threshold -- 3 sec-
onds from touchdown -- is preserited in Table 5.2-2. The error budget
was taken prior to processing the first radar altimeter measurement.
The filter configuration used between 12,000 ft and the runway thresh-
old is the suboptimal System E filter (see Table 4. 2- 3). In addition to
using a 6 x 6 covariance matrix to compute MLS gains, the suboptimal
filter uses the MLS bias estimates and IMU misalignment estimates

Y

yd
~
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TABLE 5.2-1
SYSTEM E BASELINE ERROR BUDGET -- 12, 000 ft
] . RMS NAVIGATION ERROR AT 12,000 ft
ERROR SOURCE VALUE POSITION () VELOCITY (It /sec)
V DR CH y DR CR
1. Uncorrelaied Notse - S
TACAN Range 100 ft 0.3 0.8 0.4 0.03 0.06 0.05
TACAN Bearing 6 mrad 0.4 1.0 0.5 0.05 0.05 0.08
MLS Azfnuth 0.1 mrad 0.4 1.4 3.9 0,01 .04 0.13
MLS Elevation 0.1 mrad 2,9 1.1 0.2 0.03 0.14
MLS DME 17 £t D 15 0.40 0.05
Baro Altimeter 5 ) 0.0 0.0 0.0 0.00 0.00 0.00
Quantization Error 0.0328 ft/sec 0,1 - 0.1 0.1 0.03 0.03 0.03
T, IMU-Related States . ‘ . , f
2. Accelerometer Biases S0ug 0.4 0.4 .04 0.09 0.14 @
3. Accelerometer Scale Factor 40 ppm 0.2 0.2 0.1 0.02 0.04 0.09
4. Accelerometer Misalign- 15 sec 0.5 . 0.5 0.4 0.08 0,20 a.eD
. ments ' : :
5. Accelerometer Nonlin- 3.5ug/e? 0.0 0.0 9.0 0.00  0.00 0.00
earities . _ e . ‘ .
B. Gravity Anomalies and . 67 mgal- p : '
Vertical Deflections ) 8 gec 0.2 0.2 0.1 1 0.04 0.03 0.05
7. GyroBlasDrifts 0.015° /hr 0.4 1.2 1.5 Q2D Q5D
8. Gyro Mass Unbalances 0.025°/ar/g | 0.4 06 6.5 ‘ cz2D
9. Gyro Antsoclasticllles 0.02°/mr/g® | 00 0.1 0.1 | 002 o008 004
I, External Aid-Related Sources : o S .
10. TACAN Range Bias Error o sestt 2.4 69 2.3 O
11. TACAN Range Scale Factor 100ppm | 0.0 0.1 o0 0.00 0.02 .00
12. Baro Altimeter Errors ' : ' Co
Bias 100 4t
Scale Factor 7 3% -4 : : . : o - ;
Static Defect - 1.52 x 10 0.3 0.1- 0,1 0.05 0.05 0.08
. : | /R reec? ' . '
. Flrst Order Markovr 20 1t - ]
13. MLS Time-Varying Blases B ! .
Aztmuth 0.4 mrad 0.0 2.8 Qe 0.02 0.07 0.15
Elevation . 0dmmad | 3. 3.3 0.3 . .07  0.03
Range Bias ' ‘Bt . 2.6 7.3 1.0 0.00 0,01 ¢.03 -
Range Scale Factor 400 ppm 2.5 0.07 0.14 0.08
14, MLS Second-Order Markov | L _
Azimuth 0.2 mrad 0.8 2.5 & D 0.02 0.08 .25
Elevatlon 0.2 mrad G LY 0.4 @D 0,05 0.03
Range 171t 3.5 1.2 T3> Q4 0.04
18. TACAN Survey Errors 11t . 0.0 0.0 ¢.0 0.00 0.00 0.00
. 17. MLS Survey Errors 18t 0.8 0.4 1.0 0.00 0.0t 0.00
1. TACAN Bearing Bias | 6 mrad 1.0 s2 23 0.11 0.17
20. MLS Timing Bizs Errors . A
Azimuth 50 msee 0.1 0.7 2.5 | 0.00 0.01
Elevation 80 msec 3.9 0.2 G.2 0,01 0.02 0.00
Range 50 msec 3.5 0,08 . 0,18 0.14
1., 21,-23. Drag-Related Errors 1.8 16 0.6 | @ID 004 030
Total Projected Performance . 20.4 37.3 21.4 --0.53 1.09 0.96
Filter-indicated Performance : 18.5 35.8 1z.2 0.40 .80 0.46
Touchdown Specifications . 3.0 80,0 2.7 0.20 3.00 2,00
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_ | TABLE 5,22
' SYSTEM E BASELINE ERROR BUDGET -- RUNWAY THRESHOLD.

. RMS NAVIGATION ERROR AT RUNWAY THRESHOLD
ERROR SOURCE VALUE TQSITION (1) VELOCITY (it/sec)
, ¥ Nt CR v Dit CR
I. Uncorrelated Nolse ’ .
TACAN Range 300 ft 0.0 0.9 0.2 0.09 0.27 ¢.33
TACAN Bearing 6 mrad 0.0 1.2 . 0,3 0.4 0.19 0.61
MLS Azimuth 0.1 mrad 0.0 1.4 @B 0.0 0.05 0.16
MLS Elevation 0.1 mrad 0.2 0.9 0.1 0.18 0.06 0,13
. MLS DME 174t (I:g} ’Gm 0.2 0.20 0.09 0.18
- Baro Altimeter L (3 0.0 0.0 0.0 .00 0.00 0,00
Quantization Error 0.0328 ftfsec | 0.0 0.2 0.1 0.09 0.09 0.16
II. IMU-Related States , .
2. Accelerometer Biases 50ug 0.1 1.1 0.7 0.50 d.88
3. Accelerometer Scale Factor 40 ppm 0.1 0.2 0.2 0.16  0.24 0.58
4. Accelerometer Misalignments 15 sec 0.1 1.2 0.8 -
5. Accelerometer Nonlinearities | 3,5pg/g2 0.0 0.0 0,0 0.00 0.00 0.00
6. Gravity Anomalies and Verti- 67 mgal-
cal Deflections 8 sec 0.1 0.4 0.1 0.21 6.14 0.33
7. Gyro Bias Drifts 0.015° /hr 3.4 AP '
B. Gyro Mass Unbalances 0,025° /hr /g 0.1 1.4 e.7 @
9. Gyro Anlsoelasticitles 0.025° /e /g2 | 0.0 0.4 6.1 0.12 - 0.42 .30
M. External Atd-Related Sources o .
10. TACAN Range Bias ‘ : >
Error ;| 1t 0.1 @ 0.8 .
11. TACAN Range Scale ‘ ,
Factor . 100 ]?pm 0.0 ‘ 9.3 0.-0- 0,02 0.11 0.04
12, Baro Altimeter Errors
Blas 100 ft i
Scale Factor 3% _ 4 .
Slatic Defect 1.52x 10 G.0 0.2 0.2 0.06 0.35 0,51
1t/t% fsec?
First Order Markoy Too201t
13. MLS Time-Varying Biases ' . )
© Aztmuth . 0.4 mrad 0.0 02 &D. | co2 o.02 0.10
Elevation + 0.4 mrad 0.3 0,2 0.0 0.18 0.03 0.12
Range Blas Bft 0.1 0.1 0,02 0.0} 0.04
Range Scale Factor 400 ppm 0.1 5.1 0.0 C.07 0.02 0.15
14, MLS Second-Order Markov _ '
" Azimuth 0.2 mrad 0.1 2.8 0.05. 0.09 0.33
Elevation 0.2 mrad QD 8 0.3 0.10 0.24
Range - 171 <D 0.2 0.20 0.13 0.18
16. TACAN Survey Errors 11t . 0.0 0.0 0.0 0,60 0.00 0.00
17. MLS Survey Errors in @ 1.2 1.0 ¢.01 0,01 ¢.00
_ 19. TACAN Bearing Bias 8 mrad 0.1 40 03 | @3 o043 @®»
20, MLS Timing Bias Errors )
Azimuth 50 msec 0.0 0.4 0.6 0.02 0.16 . 0.18
Elevation 50 msec .2 0.6 0.1 0,01 0,01 0.13
Range 50 msee 0.3 @ 0.2 0.11 0.65 0.05
1., 21.-23, Drag-Related Errors ' 0.1 2.5 0. 0.30 {37
Total Projected Performance 1.9 28.%7 . 1.58 3.58 5.78
Touchdown Specifications 3.0 80,0 4.7 0.20 3.00 2.00
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. saved from TSW to compensate the MLS measurements and to resolve

the accelerometer oufputs into the proper coordinates.

The position errors at the runway threshold reflect the expec-
ted continuing improvement in vertical and cfossrange errors as the Space '
Shuttle approaches the MLS elevation and azimuth antennae -- the major
contributors to position errors continue to be the MLS biases and second-
order markovs. The vertical and downrange position errors 'satisfy the

touchdown specifications, but the ¢rossrange position error is somewhat

larger than desired. The magnitude of the crossrange error is primarily

due to the .placement of the MLS azimuth antenna 15,000 ft downrange
from the nominal touchdown point. If the antehna were 10,000 ft from
the touchdown point, however, the crossrange position error would be

close to the touchdown specification. .

The disconcerting aspect of Table 5.2-2 is the significant
growth of the velocity errors relative to their magnitude at 12,000 ft
(t = TSW)' The major contributors remain the same as in Table 5. 2-1,
but the contributions due to the IMU-related error sources and TACAN
have increased considerably. In particular, the contribﬁtion of gyro
bias drift alone exceeds the touchdown specification for crossrange er-
rors. The relatively laréer downrange and cross‘range' velocity error
contributions are a consequence of the filter's inability to estimate azi-
muth rhisailignment pfior {o TSW’ but the growth of the velocity errors
is due {0 an inappropriate selection of f.ilter velocity gains after TSW'

The error budget at touchdown is presented in Table 5.2-3.
In order to emphasize vertical channel errors, the table considers only

three general error categories:
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TABLE 5,2-3

SYSTEM E BASELINE ERROR BUDGET -- TOUCHDOWN

RMS NAVIGATION ERROR AT TOUCHDOWN

ERROR SOURCE VALUE| POSITION (ft) VELOCITY (ft/sec)

v DR Cr v DR. CR

L. Uncorrelated Notse : '
Radar Altimeter’ 1# ] 0.4 0.0 0.0 0.00  0.00

RSS for Other External o
Navigation ALis -] o0 2.5 - 0.06 ¢.37 o077

I. IMU-Related States 0.0 @) 0.07 (.23

I0. External Aid- ~Related
States

15. Radar Altimeter States :
Blas L ft 0.0 0.0 | 0.00 0.00 0.0
First-Order Markoy | 1 gt 0.0~ 0.0 0.00  0.00

10.-14, 18.-23. RMS for

Other Exte al N ti 0.0 0.04
Aidgr X I‘ljl avigation @ @

o

Total Projected Performance 1.5 31.5 21.4 0.61 3.73 5.92

" Touchdown Specifications “]13.0 Bo.0o 4.7 0.20  3.00 9.00

¢ radar-related error sources
* IMU-related error sources
¢ other external aid-related error sources

The radar altimeter is switched on at the runway threshold and MLS is
switched off. Thus for the three Seconds remaining until touchdown,

the principal act1v1ty in the downrange and crossrange channels is the
propagation of the velocity errors into the position errors. The princi-‘
pal contributors to the downrange and crossrange channel errors are the
same as at the runway threshold.
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The only significant contributors to the vertical channel er~
rors are the radar altimeter~related error sources. The measurement
noise contributes to both the position and the velocity error; the bias con-

tributes to the position error only. The contribution of the first order

markov alone exceeds the vertical velocity touchdown specification. Any

of the data values in the truth model data base (Table 3.2-2) may change
as hardware selections are made, but the radar altimeter error models
are particularly likely to be revised. It should be noted, however, that the
error model for the radar altimeter reflects instrument errors and ter-
rain~dependent errors so that an accurate instrument would not automati-
cally yield small vertical channel errors. Sensitivity curves relating the
vertical channel errors to the radar altimeter error models are provided

in Section 5.2. 3.

The System E total projected performance is but-of-_-spec in

all velocity components and in crossrange position. The crossrange

position error can be reduced significantly by using MLS down to touch-
down; the vertical velocity specification conceivably could be relaxed
sufficiently enough for the System E performance o be in-spec. The

principal question mark is the acceptability of the large downrange and

crossrange velocity errors. The difficulty appears to be software-

rather than hardware-related. Section 5.2.4 considers filter modifica-

tions for improving the velocity performance.

—

5.2.3 Sensitivity Curves: System E

This section contains several curves illustrating the sensitivity
of System E performance to variations in error source statistics. The
curves for vertical channel errors were produced using the error budget

data at touchdown taken from Table 5.2-3; the curves for downrange and
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crossrange channel errors were produced using the error budget data at
" the runway threshold taken from Table 5.2-2. The method of generating
the data for these curves is discussed in Section 5.1.3.

Similar sensitivity curvesg may be constructed for any error
source group for which error budget data is available in Tables 5.1-2 and
5.1-3. All of the error curves in this section correspond to major con-
tributors to system performance. Sensitivity curves corresponding to er-

ror sources Which produce minor contributions are quite flat.

The vertical position and velocity error sensitivity to radar
altimeter markoy error is shown in Fig. 5.2-4. The relevant touchdown
specifications are included in each of the graphs. Figure 5.2~4a is identi-
cal to the vertical position sensitivity tolradar altimeter bias. It is appar-
ent from Fig. 5.2-4b that the 0.2 ft/sec vertical velocity specification

cannot be met even if the markov error is zero.

The sen31t1v1ty of the crossrange position error at the runway
threshold to MLS azimuth measurement bias is shown in Fig. 5.2-5. The
figure indicates that the tou.chdown specification could be met at the run- .

- way threshold bnly if the bias were reduced to less than 0.2 mrad. An
alternative not considered in Fig. 5.2~5 would be to move the azimuth

antenna closer to the nominal touchdown pomt :

The principal contributors to downrange position errors at the
runway threshold are the MLS DME second-order markoy and the MLS
DME timing bias error. Sensitivity curves for these two error sources
are presented in Figs. 5.2-6 and 5.2-7, respectively. It does not appear
likely that either error source could become large enough to violate the

touchdown specification.

The downrange and crossrange velocity err.ors at the runway
threshold are due primarily to the IMU-related states. Figures 5.2-8
5-26 /
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Figure 5.2-4  Sensitivity of Vertical Position and Velocity Errors
at Touchdown to Radar Altimeter First-Order Markov
Error
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R-14194

C _ 20

RMS CROSSRANGE POSITION ERROR (ft)

0 f 1 ' ' 1
0 02 0.4 as (1] 010
' MLS AZIMUTH BIAS [mrad)

Figure 5.2-5  Sensitivity of Croésrange Position Error at
Runway Threshold to MLS Azimuth Bias
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Figure 5.2-6  Sensitivity of Downrange Position Errof at
Runway Threshold to MLS DME Bias
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cand 9. 2-9 present the velocity error sensitivity curves for gyro bias

drift errors. The curves indicate that the velocity errors may become
quite large if the gyro bias drift error exceeds the baseline value of

0.015 deg/hr by a significant amount. Similar curves can be drawn for
accelerometer bias errors, accelerometer misalignments, and gyro mass

unbalances; except that the curves will be somewhat flatter.

R-14195

2 VA TOUCHDOWN SPECIFICATION

RMS CROSSRANGE VELOCITY ERROR (ft/sec) .

] ' 1 - J- :
0.0 0.02 003 004 005 |
GYROS BIAS DRIFT {deg/hr)

Figure 5.2-8 Sensitivity of Crossrange Velocity Error at
Runway Threshold to Gyro Bias Driit Error

5.2.4 Performance Sensitivity to Filter
Modifications: System E

The overall performance curves in Section 5.2.1 indicate that,

SW? the System E f{il-
ter cannot further improve the velocity estimates. Instead, the down-

after switching to a suboptimal operation mode at T

range and crossrange errors irncrease significantly during the final
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.approach and landing sequence. The study summarized in this section

" was undertaken to determine whether this velocity divergence is a general.
property of all suboptimal Space Shuttle navigation filters, or whether fil-
ter configurations which yield a significant improvement in performance

can be devised.

The particular filter configurations analyzed are the System E
filter and the alternative System E filters as defined in Table 4.2-3. The
three filters are identical 15-state Kalman filters down to initiation of
the final approach and landing sequence at TSW After TSW’ they are
6-state (position and velocity) suboptimal filters. The principal differ-

ences after TSW are the MLS gain computation algorithms:

¢ System E filter - gains are computed from
Kalman algorithm with
6 x 6 covariance saved
. from TSW'

®  Alternative 1 —  gains are computed from
Kalman algorithm with 15 x 15
covariance saved from T
(only six elements of gain
vector are used).

&  Alternative 2 - gains are the optimal gains
, computed at TSW (only six
: . elements of gain vector are
used; azimuth and elevation
gains scaled by range-to-go)

The sensitivity analysis performed in this section is refer-
enced to the System E filter and to the error budget at the runway thresh-
old for that filter (Table 3.2-2). Gain files were generated for each of the
alternative filters using a modified filter covariance program (see Sec-
tion 4.1). The gain file for each alternative System E filter was used to
determine the contribution of a single error source to the total projected

performance for that filter. The error source selected was gyro bias
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- drift (Group 7), which is the dominant contributor to the System E filter
'downrange and crossrange velocity errors. By comparing the effects
of gyro bias drift on the performance of the three filters, it is then pos-
sible to make a general estimate of the performance of the alternative
filters. '

The navigation errors at the runway threshold due to gyro bias
drift are presented in Table 5.2~4 for the System E filter and for the two
alternative filters. The position errors for all three filters are com-
parable; the important differences are in the velocity errors. These are
summarized below. |

TABLE 5.2-4

NAVIGATION ERRORS AT RUNWAY THRESHOLD
DUE TO GYRO BIAS DRIFT ERRORS

POSITION ERRORS | VELOCITY ERRORS
‘ C(ft) - {ft/sec)

\'2 DR | CR | . Vv DR CR

FILTER

System E Filter 0.3 3.4 1.8 1,06 | 2,44 | 4.15
Alternative 1 0.6 3.5 1.3 1.62 | 0.59 | 2,90

Alternative 2 0.3 1.2 i.8 0,27} 0,73 | 0.81

The downrange and crossrange velocity errors for Alternative 1
represent a significant improvement over the performance of the System E
filter, but the vertical velocity performance is worse. It is reasonable to
~suspect that Alternative 1 would yield similar changes in the'velocity er-
rors due to the other major IMU-related error sources. If this occﬁrred,

the total projected performance_ at the runway threshold for Alternative 1

would satisfy the touchdown specifications in downrange velocity, but would

-
/
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still exceed the specifications in crossrange velocity and vertical velo-

city. Since vertical velocity information is provided by the radar alti-
meter once the runway threshold has been passed, the decrease in
vertical velocity accuracy for Alternative 1 may not be important. Thus,
it appears that Alfernative 1 is an improvement over the System E {fil-

ter.

The more interesting aspect of Table 5.2-4 is the i)erformance

of Alternative 2. Alternative 2 vyields a factor of four improvement in the

accuracy of all three velocity components. If similar improvements were

realized in the velocity errors due to the other major IMU-related error

sources, the total projected performance at the runway threshold for Al-

ternative 2 would satisfy all touchdown. spécifications excépt in vertical

velocity -- and the vertical velocity estimates would be better than those

| provided by either of the other filters. Thus, from a navigation accuracy

vantage point, Alternative 2 appears to be superior to both Alternative 1
and to the System E filter.

It is not obvious why Alternative 2 appears to perform bhetter
tha.n' Alternative 1, but it is clear that both should perform better than
the System E filter. At Tow
correlated with the MLS biases. The 15 x 15 covariance at T, reflects

SW
this correlation and the f{ilter gains for the state estimate updateat T

the velocity and position errors are highly

are selected accordingly. Thus, after ,TSW , both Alternative 1 (save?lw
15 x 15 covariance) and Alternative 2 (saved gains) account for MLS
biases. The System E {ilter, however, saves only a GIX 6 covariance
and therefore it cannot account for the correlation between the navigation

errors and the MLS biases. The net result is that the System E filter

‘makes a poor selection of velocity gains.
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It should be emphasized that the sensitivity analysis presented
in this section is based upon navigation errors from a single error sourcé.
The analysis indicates that the alternative filters do not experience the
velocity estimation difficulties which plagued the System E filter, but
this indication must be verified through a detailed error budget before a

final performance determination can be made.

5.3 DISCUSSION'

~ Sections 5.1 and 5.2 presented' a description of the navi-
gation filter performance during the drag-update phase and the ap-
proach and landing phase, respectively.l The results are summarized
in this section. A review is made of the dominant error 'sources for the
-two mission phases and of their effect upon the filter performance. The
manner in which the various filter states contribute to the filter per-
formance is then discussed and possible software modifications to im-

prove. the performance are presented.

5.3.1 Drag-Update Phase

The overall pe'rforrnance of the drag-update filter was evalu-
ated in Section 5.1.1 via comparisbn with the performance of a pure
inertial navigator. The analysis indicated that the drag-update filter,
as presently designed, yields navigation errors approximately two-~
thirds as great as those for the pure inertial navigator. This result

verifies that the drag acceleration pseudo-measurement is a potentiany
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~valuable navigation aid and that the drag-update filter effectively limits

the growth of navigatidn errors during entry. However, a detailed study

of the overall performance indicates that a significant improvement in
performance may be obtainable {hrough filter design changes. Formu-
lation of the most promising design changes is a consequence of the analy-

sis to foliow.

An error budget provides a detailed breakdown of the contri-
butions of individual error sources to the total navigation error at a
particular time -- the error budget presented in Section 5.1.2 corre-
sponds to the end of the drag-update phase. The major contributors to

the navigation error at this ti‘meﬂpointj are:

¢ accelerometer scale fa.ctbr error {Group 3)
¢ gyro bias drift (Group 7) '

¢ non-standard atmospheric density modeling
errors (Group 21} - '

Analysis of the individual errbr contribution time histories given in
Appendix F reveals that the I_MU-reldted contribut_ions are primari_ly'
due to large initial errors at 400,000 ft -~ velocity errors for Groﬁp 3
and misalignments for Group 7. The atmospheric density contributions
are primarily due to errors in modeling the 1962 Standard Atmosphere
and to a season- and latitude-dependent bias. |

The time histories in Appendix F also provide a second
important piece of information: The relative importance of the major
error contributors is time-dependent. The IMU-related error sources
(Groups 1a through 9) are the only contributors to navigation errors - |
prior to the first drag acceleration pseudo-measurement (t = TDRAG) .

In the several minutes following TDR AGY the drag-related error sources =

///
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primarily Group 21 -- are the principal contributors to vertical posi-~
tion errors. During the latter portion of the drag-update phase, the

ponents. This exchange of dominance between IMU-related and drag-
related error sources 1s not necessarily undesirable -- it could be a
function of changes in the trajectory geometry, acceleration profiles,
ete. -~ however, to the extent that it ig dﬁe to a poor selection of filter
.gains, it should be eliminated, - '

The analysig preseﬁted in Section 5.1.1 indicates that the
drag-update filter overweights the drag pseudo-mea.sure_ments for the

first several minutes aftep TDR A The evidence to support this ob-
servation ig that: '
* the vertical position error increases significantly
after the first drag-update at TDR AG '

® drag-related error sources become the principal
contributors to vertical position error for the '
first several minutes after TDR AG*

update filter underweichts the drag Pseudo-measurements during the

last portion of the drag~update phase:

® the accuracy of a single drag pseudo-measurement
increases as altitude decreases, i.e., the rms
magnitude of the drag-related error sources de-
creases as altitude decreases (see Figs. 3.1-1
through 3.1-3) : ‘

* the filter-indicated performance at TDME is
overly optimistic

®  the relative €rror contribution of IMU-related
’ error sources increases over the. final Ininutes

prior to TDMZE‘

5-36



LN

Wy

ONg

THE ANALYTIC SCIENCES CORPORATION

On the basis of these observations, it seems desirable to modify the

filter gain sequence such that the gains in the first portion of the drag-

update phase are decreased , and the gains in the latter portion are in-

creased.

The drag-update filter is a 13-state Kalman filter. The first
six states are navigation states (position and velocity); the last seven
states are error states (platform misaligments (3), acceleration errors
(8), drag-correlated error (1)). The error states are generalized states
which are used to describe the type of error sources to be encountered
and to prevent the filter covariance from becoming unrealistically small,
i.e., to prevent the filter from generating overly optimistic perform-
ance predictions. Asan example, drag-_related error sources are dom-
inant contributors to navigation errorsduring fhe drag -update phase. |
The drag-update filter uses the drag~correlated error state to estimate
the net effect of these errbr sources on the drag acceleration pseudo-
measurement. If the estimate is accurate enough, the fiiter uses it to
diminish the effect of the drag-related error sources on the position
and velocity estimates. Even if the estimate is not accurate, however,
the presence of the error state prevents the filter froni assuming the

pseudo-measurement is more accurate than it actually is.

The most straightforward mechanism for modifying the drag
pseudo-measurement gains is to change the parameters associated with
the drag-correlated error state. Increasing the variarce of the drag-
correlated state has the effect of decreasing the drag pseudo-measurement
gains. The gain modifications suggested in the preceding paragraphs can
therefore be effected by assigning an altitude depehdence to the variance
of the white noise associated with the drag-correlated state, e.g., the
variance could be 40% of drag at high altitudes and 20% of drag at low
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altitudes. Equivalently, the variance could be maintained at 30% for
all altitudes, but the filler measurement matrix [Eq. (4.2-4)] could

be modified to

. T T
R : 2—‘VRC S
H.() = q (t) ! "0' 0! ah) (5.3-1)
F pred h ! VR(t) v -

5C

where a(h) is a decreasing function of altitude. It is possible that
nelther of these modifications will bring the filter-indicated performance
at T into accord with the total projected performance. In this case,

DME
it may also be necessary to increase the process noise for the filter.

A second possibilit_v for improving the pexjfofmance of the

drag-update filter is to improve the accuracy of the onboard atmospheric

density model. The improvement could involve either a more accurate

model of the 1962 Standard Atmosphere, i.e., the four-term model, or
the selection of a season- and latitude- dependent model to minimize the
. importance of the time-varying bias. The Alternative Contributions
Table (Table 5.1-3) indicates that the four-term -model for the 1962
Standard Atmosphére'is not significantly better than the one-term
model; therefore, inclusion of a season- and latitude-dependence in the
onboard density model is recommended. The sensitivity analysis in |

Section 5.1.3 indicates that a significant improvement in navigation ac-

curacy cannot be achieved by improving the filter onboard density model

unless accompanying modifications in the filter gains are made. If the

error in the drag pseudo-measurement is reduced, the gains must be
increased to take advantage of the improvement, etc. The pfevious par-

- agraph outlines several mechanisms for increasing the gains.

The performance of the drag-update filter is a function not

only of the filter gains, but also of the selection of a measurement
e

s
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matrix Hp(t) for the drag acceleration pseudo-measurement. Compari-

" son of Hp(t) as defined in Eq. (4.2-4) or Eq. (5.3-1) with the first 13

components of HS(t) as defined in Eq. (C-42)

velocity
position errors errors
% . P—
T . T ' 9. T e
-i ¥ 2 12 F | 1 i [}
“R_ (<L VR VR FLoiun g
= - fi_x - 0 0 1
fs(®) = a5 - +(q(t5 - VRM )( E ); VRO T qm 0100 L

(5.3-2)

reveals that there are several terms which appear i HS(t) but do not ap-
pear in HF(t). These terms represent dynamic relationships which af-
fect the pseudo-measurement, but which were not included in the filter
model. The additional terms in the position components are due to
minor dynamic effects and can be ignored; however, the two term‘s. in
the velocity components are of the same order of magnitude. The

2_i_£{r / Vr(t) term relates the velocity estimation error to the error
in computing the predicted drag; the _EL/q(t) term relates'_thé velocity
estimation error to the error in computing the drag component of the
accelerometer outputs. If one of these terms is included in HF(t), the
other should be also. ’

The most important terms in HF are the position component
terms; the -ig/hsc term reflects the basic sensitiv_'ity of the pseudo-
measurement to vertical position errors. A tradeoff study was under-
taken to establish the importance of the velocity component terms, Thig
study considered three different definitions of HF(t): |

¢ Hp({t) as defined in Eq. (4.2-4),

*  Hgp(t) as defined in Eq. (4.2-4), but with the
~Fp,/a(t) velocity term added. '

®*  H_(t) as defined in Eq. (4.2-4), but with no
v£0city terms. -
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. The filter covariance program was used to generate a gain firle corre-
sponding to each definition of HF(t), and navigation errors due to at~ |
mospheric density modeling errors (Group 21) were computed for each
gain fiie. There was no discernible difference between the performance

of the three different filters. Thisg suggests that the velocity component

terms of HF(t) are unimportant and could be omitted.

A last comment should be made concerning the definitions of
the error states used in the drag-update 'filter. If the drag-update filter
uses an error state to estimate a correlated error source, or if it re-
quires an error state to develop the proper correlations between naviga-
tion error components ; the Iiresence'of that state-is important for
improving the filter performance. If the filter uses the state only to
prevent itself from becoming overly optimistic in its performance pre-"
dlctlons however the functmn of that state might be performed adequately
by an appropriately defined process noise.* The drag acceleration pseudo- .
measurement is of sufficiently poor quality that the only error state uéed
by the drag-update filter to estimate correlated error soufces is the drag
correliated error state. Thus, if only performance during the drag-update' '

phase is considered, it is possible that a 7-state d'rag—u_pdate filter could

be used. The possibility exists, however, that the misétlignment and ac-
celeration error states establish correlations in the filter covariance
matrix during the drag-update phase which are important in the early
portion of the approach and landing (System E) phase. Th1s possibility

is discussed further in the following section.

The advantage of using process noise in lieu of an error state is a re-
duction in the computational requirements for the filter,
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5.3.2 System E

The overall performance of System E was evaluated in Section
5.2.1. The analysis indicated that, during the initial portion of the ap-
proach and landing, the System E filter effectively ﬁses the drag accel-
eraﬁon pseudo-measurement, TACAN, the baro altimeter, and MLS to
improve navigation accuracy. During the final approach and landing se-
quence, however, the velocity estimates become degraded to the extent
that the System E filter violates the touchdown accuracy specification in
all three velocity components. The degradation appears to be a funcfion
of the particular filter configuration studied, rather than an infrinsic lim-
itation of the TACAN-MLS-fadar altimeter landing system. Suggested
modifications for improving the filter performance are a consequence of

the analysis to follow. _ 7 .

Section 5.2.2 provides detailed error budgets for the Systém E
filter at three significant time points:
¢ initiation of the final approach and landing
sequence (t = Tgy: Table 5.2~1)
o the runway threshold (t =TRya; Table 5.2-2)
» touchdown ( t = Tb; Table 5.2-3)

From the end of blackout (t = TTACAN) until Tgy,, the System E filter
is a 15-state Kalman filter. Thus, the error budget at TSW is represen-
tative of the maximum potential navigation accuracy of a TACAN-MLS
landing system at that pdint. After TSW’ the System E filter is a 6-state
suboptimal filter and this suboptimality contributes significantly to the

- navigation errors. The important difference between the last two error
budgets is in the vertical channel errors. The error budget at the run-
way threshold was made immediately prior to the first radar altimeter
measurement. Comparison of the two error budgets permits an evalua-

tion of the radar altimeter performance to be made. /
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The total projected navigation error at TSW reveals that
the System E filter has already reduced the downrange and cross-

range velocity errors to within the touchdown specifications. The fil-

ter also provides good vertical channel estimates, but this is not
particularly important since the vertical channel errors at touchdown
are expected to be dominated by the radar altimefter error sources.
There are indications that, if the filter continued to operate in an "opti-
mal" mode, the TACAN-MLS landing system could safisfy the touchdewn

specifications in all components except vertical welocity. _

The "suboptimal" System E filter improves the position esti--

mates during the final approach and landing sequence. At the runway

- threshold, both the vertical and downrange positien errors satisfy the

touchdown specifications, but the crossrange position error is some-

what larger than desired. The magnitude of the crossrange error is
yrimarily due to the placement of the MLS azimuth antenna 15,000 ft
downrange from the nominal touchdown point. If the antenna were |
10,000 {t from the touchdown point, the crossrange position at the run-
way threshold would be close to the touchdown specification.

The effect of the switch to a suboptimal filter is evident in
the significant growth of the velocity errors during the final approach
and landing. At the runway threshold, all three velocity components

violate the touchdown specifications. If the IMU-related errors are

greater than the values assumed for the baseline error budget, the sen-
sitivity analysis in Section 5.2.3 implies that the velocity errors at the
runway threshold may be considerably greater than indicated in the
error budget.

The touchdown error budget revealé that the downrange and -

crossrange position errors begin to increase once the runway threshold
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is crossed. 'This increase occurs because the measurement schedule
_ given in Table 2.2-1 requires MLS to be switched off at the runway
threshold. If MLS were used through touchdown and roll-out, this in-

crease in downrange and crossrange posifion errors would not occur.

Comparison of the touchdown error budget with that at the run-

way threshold indicates that the radar altimeter reduces the vertical vel~

ocity error sig"nificantly,‘ but that the error still violates the touchdown

specification. It should be noted that the radar altimeter error model

used to generate the error budget includes both instrument~ and terrain
variation-related errors. If the hardware specifications require a more
accurate altimeter, and if the effect of terrain variations on the radiated
signal are shown to be small, the sensitivity analysis in Section 5.2.3 can
be used {o estimate the verticﬁl channel errors corresponding to the im-

"~ proved error model; howéver, it is not apparent that the rada{r altime’ter will

be accurate enough to meet the vertical velocity touchdown specification.

The major contributors to the total projected navigation errors
are the same for all three error budgets -- the only exception is that the
radar altimeter error sources dominate the vertical channel errors at

touchdown. Otherwise, position errors are dominated by the MLS cor-

related error sources. Some smoothing of the MLS second-order markov
errors is accomplished up to TSW , but essentially the System E

filter is "riding the MLS correlated errors,” e.g., the downrange posi-
tion error in all three error budgets is approximately the rms value of
the MLS DME bias, scale factor, and second-order markov error magni-
tudes, The significant improvement in crossrange and vertical position
errors as the Shuttle nears the runway is a geometric effect -~ the cross-
range position error due to an MLS azimuth bias is a linear function of

- the range to the antenna, etc.
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The velocity errors in the three error budgets indicate a con-

tinuing effect of error sources other than MLS, In addition to the MLS
correlated error sources and the MLS DME measurement noise, the
major error contributors include gyro bias drift, gyro mass ﬁnbalance,
and TACAN bias errors. An important aspect of the error budgets
is that the relative importance of these error sources changes as the
Shuttle nears the runway. At Ty, the MLS-related and non-MLS~
related error sources are of approximately-equal importance. At the
runway thréshold, however, the non-MLS-related error sources are
clearly dominant. As mentioned earlier, the dominant contributors to
vertical velocity errors at touchdown are the radar altimeter error

sources.

The sensitivity analysis undertaken in Section 5.2.4 confirmed
that the velocity estimate degradation during the final approach and land-
ing sequence is a software problem rather than a limitation of the hard-

ware accuracy. The Syste'm E filter does not properly account for stfong

correlations between the navigation errors and the MLS biases. Asa

-‘consequence, it makes a poor selection of the velocity components of the
MLS gains. The Sensitivity analysis indicates that either of the alterna-
tive filters analyzed in Section 5.2.4 would yield significantly better navi-
gation accuracy than the System E filter. Preliminary indications are
that the scaled-gain filter (Alternative 2) is the best of the three filters
studied, but this observation should be verified through a detailed per-

formance analysis.

The System E filter utilizes a total of 13 different error states --
platform misalignments (3), acceleration errors (3), and one bias state
associated with each of the external navigation aids except the radar alti-

meter (7). The filter is not able to generate accurate estimates of any of
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. the navaid biases; however, the filter does attempt to generate bias esti~
mates, In addition, the filter develops correlations between the naviga~
tion errors and the bias states which appear to be extremely important

in computing gams for the measurement updates. It is recommended that

all of these navigation aid biag states be retained in the System E filter.

_ The syéfetﬁ E -filter uses the'three piatforfn misalignment
states to compensate for the effects of IMU-reIated error sources, 'I‘he
vertical error state, which corresponds {o azimuth mlsahgnment
used less than the other two components but all three m1sahgnment

error states appear to perform an 1mportant function for the System E

filter. In contrast, the three acceleration error states are not used by
the filter. Correlated acceleration e€rror sources have less effect than
platform misalignments on the ov_-efall navigation system performance
during entry, and consequently the System E filter is less able to observe
and estimate such error sources. It appears that the three acceleration

error states could be eliminated without degrading the System E perform—

ance, but this p0351b111ty should be verified through simulation.
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6. | : CONCLUSIONS

6.1 SUMMARY OF FINDINGS

A navigation filter for the entry navigation system of the Space
Shuttle Orbiter has been evaluated in detail. The baseline nayigation
system assumed for the study is an aided-inertial system with external
data provided by a drag accelération "pseudo-~measurement, " TAC‘AN a
baro altimeter, MLS, and a radar altimeter. Prior to the final approach,
the navigation filter is a variable-dimension Kalman filter with between
12 and 15 states; during the final approach it is a 6-state subOptlmal
filter. Comprehensive truth models representing all potentially signi-
ficant error sources have been fofmulated and used to generate detailed
error budgets and sensitivity curves. In addition, the effect of several
major filter modifications upon the overall navigation system perform-
ance has been analyzed. A detailed summary of the results is contained

~in Section 5. 3.

The major findings of the study are as follows:

¢ The drag acceleration pseudo-measurement is a
potentially valuable navigation aid during radio
blackout. It is capable of limiting the growth of
navigation errors which would appear in a pure
inertial system. In addition, it establishes cor-
relations in the state estimates which are valuable
for post-blackout navigation.

® The navigation filter utilizes the drag acceleration
pseudo~measurement effectively, but a further
improvement in performance seems possible.
Filter modifications should be undertaken to de~
crease the pseudo-measurement gains during
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the first portion of radio blackout and increase them
during the last portion. :

o Improvement of the onboard atmospheric density
model used for the drag acceleration pseudo-
measurement could result in a significant improve-
ment in navigation accuracy at the end of radio
blackout. Specifically, the model should reflect
seasonal and latitudinal density variations. The
filter gain structure should also be modified to
reflect the model improvement.

¢ The TACAN-MLS-radar altimeter landing systern
appears capable of providing the desired navigation
accuracy at touchdown in all components except verti-
cal velocity. The ability to meet the vertical velocity
specification is dependent upon the accuracy of the
radar altimeter, the amount of radar altimeter data
available for processing, and the effect of terrain

- variations on the radar altimeter signal.

¢ The navigation filter is not capable of meeting the
touchdown specifications for velocity. Prior to the
initiation of the final approach, the filter uses the -
external navigation aids effectively to improve navi-
gation accuracy. During the final approach, however,
the velocity estimates diverge.

® A study of alternate filter configurations during the
final approach suggests that simple modifications of
the navigation system can be made which would per-
~ mit the touchdown accuracy specifications to be met
in all position components and in both downrange and
crossrange velocity.

¢ MLS azimuth should be used through touchdown and
rollout to minimize the importance of crossrange
velocity estimation errors.

A number of comments and suggestions regarding the choice
of filter states and filter design parameters are given in Section 5. 3.
The error states associated with the various external navigation aids
appear to .be' instrumental in permitting the filter to accommodate cor-

related errors in the measurements; however, some of the parameter
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values assonciated with these states should be modified. The misalign-
ment states are used by the filter in compensating for IMU-related error
sources, but the acceleration error states appear to be unnecessary.
These and other suggested {ilter modifications must be verified through

simulation.

6.2 RECOMMENDED FUTURE STUDIES

It is.recommended that, as the design of the Space Shuttle
navigation system is refined, similar detailed error budgéts be gener-
ated to verify that the navigation system satisiies the mission require-
ments. The present study encompasses the entry phase of a ASpace
Shuttle mission from entfy interface at 400,000 ft to touchdown. Sim-
ilar studies related to other Space Shuttle mission phases such as boost

and rendezvous are also desirable.

The study of alternative filter configurations presented in .
Chaptei- 5 illustrates an importarit application of the error budget con-
cept in filter design efforts. Given a detailed error budget for a base-
line filter, the performancé of alternative filters can be analyzed for
a limited set of the most important error sources. Once a "good"
design is approached, its perfdrmance can be verified using the full
set of error states included in the truth model. This design technique
can be used to increase the scope of future error budget analyses.

The System E analysis in Chapter 5 emphasized the sensi-
tivity of vertical channel navigation errors at touchdown to radar alti-
metry errors -- either instrument errors or the effect of terrain
variations upon the radiated signal. Accurate models for radar alti~

metry errors are not presently available. An effort should be made
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to improve these models in order to obiain more accurate navigation

system performance estimates atl touchdown.
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APPENDIX A

COORDINATE FRAMES AND TRANSFORMATIONS

There are several coordinate frames whose relationship to each
other had to be defined as part of the development of the Space Shuttle
evaluation tools. These coordinate systems may be divided into three

distinct groups:

e Systems which remain fixed in inertial space

¢ Systems which are fixed to and rotate with the -
earth '

¢ Systems which are defined by the vehicle's
position and velocity vectors.

It is the purpose of this appendix to define all of the necessary coordinate

systems and their orientation with respect to each other.

The inertially fixed coordinate system group is composed of

two reference frames: the I and the P frames. The I coordinate frame,*
with unit vectors 1 IYI’ and 1 zy is thé gystem in which the naviga~-
tion error analyms is performed and is also the system in which the

~ Space Shuttle trajectory data was furnished. The Xq axis is along the
intersection of the ecliptic and the mean earth equatorial plane (the
equinox) at the beginning of Besselign Year 1950, The Zp axis is along

‘the mean earth rotation axis of the same date.

- *7The I coordinate frame is referred to in Ref, 12 as the Basw Reference
coordinate {rame. :
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The second inertially fixed coordinate system is that of the

" nominal platform axes, the P coordinate frame. This frame has unit
vectors 1p , 1p , and "]:PB (see Fig. E-2). The transformation from
I to P is taken from Ref. 12,

™ N

-0.'70098874 0.39396469 0.59448010

TP/I = 0.71294726 0.40805269 0.57026239 - (A-1)

-0.01791596 0.82358049 -0.56691639
L ' o

The two earth-fixed coordinate frames are given the initials G

and R. The G frame QXG, lYG’
tem with its z axis along the true rotational axis of the earth. The X

lz) is an earth-centered reference sys-

and Vg axes lie in the equa.tonal plane with XG passing through the
Greenwich Meridian. The transformation from the I frame {o the G frame
is
cos gt sin ogt 0] 0.9209857522 0.3895861588 -0.0025121443
= |- ' - . L0011 1
Teh s;n Opt  cos Opt 0 0. 3895865546 ] 9209591768 0.001119209

0 0 11t 0.0027496883  -0,0000520780  0,9999962182

(A-2)

where QE is the earth's spin rate and t is elapsed time (t =0 at
400,000 fit).

The R system (Up, Downrange, Crossrange) is located with
respect to the landing sight and runway and is the system in which navi-
gation aid locations and survey errors are defined. The system has
axes R, D, and C. with R assumed parallel to the. local vertical at the
landing sight. The D axis is pointed down the runway (approximately
southeast; see Fig. 2.1-2) and C is normal to R and D. The transforma-

tion from the I to the R system is
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0 0 1 -sin Ap . . ¢oS 1.1, -0
TR/I = sin 6 cos 8 70 -5in ¢T cos lT A ~gin @ sin )“1‘ oS o, TG/‘I
-cos 8 - sinéd 0 cos @, €08 Ap  €oS @p sin lT sin ¢

(A-3)
1.Where , 7
6 = 136.0° rotation of runway east of north
)LT = 239.4347° longitude of the touchdown point
op = 34.7219° latitude of the touchdown point

There are three vehicle position and velocity rela.fed' coordinate
systems used in the Space Shuttle evaluation programs. The first to be
discussed is a locally level L frame, with one axis pointed towards north.
This system is used to relate westerly winds to the inertial system The
unit vectors which define this system may be written in terms of the
vehicle's position vector @) and the North Pole vector (12) as followsfi

1, = R/|R]| S - (A-9)
1, =L x1./]1 x1 | -  (A-5)

with these unit vectors defined it is easily shown that the transformation

from the L system to the I system may be wrttten as-

| f ”1' 4
11 1 1 :
T = "0 "0 o

R

(A7)

* The quantity a() means the vector a coordinatized in the I frame.

s
g
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The remaining two coordinate systems (U and V) are related
to the vehicle's inertial and earth relative velocity vectors (V and YR)
respectively, as well as position. The U frame is the one in which the
data of Ref. 10 is defined and that data must be rotated to the I system.
The V_frame is used to output position and velocity errors and platform
misalignments in a physically meaningful coordmate system and to re-
late gramty errors and headwinds and crosswinds to the inertial system -
The U system has unit vectors 1U’ lv, and —I-W which may be evaluated

using the expressions below.

Iy = RB/R] - S - (a-8)
1y =RX V/|R X, Y_l - (A-9)
1. =1, x 1. | (A-10)

vy Taw Xy

The transformation fromlU to I is given by the follbwing equation;
t TI/U == _ _U(I) | -V(I)l »- -W(I) | (A-11) .

The V system's unit vectors L, 1 1) are defined in the
same manner as the U systems except that earth reIatwe rather than
inerfial velocity is used. That is:

R/|R| o (A-12)

.j;w = Rx KR/IB" '—Rﬁ (A-13)

1,=1,x1, | (A-14)

in like manner T} N is given by Eq. (A-15) below.
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This Completes the definition of the Coordinate frameg used in the Space
Shuttle Programs, Figure A-1 shows pictorially the way in which all these
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APPENDIX B

COMPUTATION OF SPECIAL QUTPUT QUANTITIES

In addition to the output that is obtained from a typical naviga-
tion error analysis program, such as position, velocity, and platform
alignment errors in the navigation coordinaté system, several special
quantities were requested for the Space Shuttle stxxdy. These included
position, velocity, and platform alignment errors in the runway coordin-

“ate system (R) and the coordinate system (V) which is referenced to the
position and earth relative velo'city' vector.- The .rms values of the error -
in computing altitude rate (bh),' velocity magnitudt_a (!SVR), flight path
angle (8 y), and track angle (8¥%) were also desired. These quantities
are tabulated at the end of each error analysis run for specific output .
times, and the tables are included in Appendix C; ‘The equations re- |
quired to calculate these errors and their statistics are derived in this
appendix. |

The rotation of the posmon velocity, and platform alignment

E _errors from the merhal (I) to elther the R orV coordmate systems
is comphcated only by the fact that the ma]or mterest here is in earth

relative rather than inertial velocity errors. The error analysis pro-
gram determines the error in computing inertial velocity. This difference
is easily adjusted' for by the application of Eq. (B-1) which relates inertial

to earth relative velocity errors.

"Q_VR =§.Y"QEXQ§ | (I??l)
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. Thus, the errors in position, earth relative velocity, and platform align-~
ment may be related to the inertial errors using Eq. {B-2).

] 3
S | SR R T N A 8 ROl
¢ 8, 0. E
| ;
i | L
6v = -0 0 o I | o ov = M, [|&v
o L Fol F TR
e b o N [ I R A
1 []
1 ]
Semy) | ° PO T e | *2(p)
(B-2)

If the covariance matrix associated with &r (1)’ dvp 1 and 8¢(p) is

)’
defined to be PI (the output of the navigation error analysis program),
then a similar matrix Py may be evaluated using Eq. (B-3),

P = M P M~ (B-3)

E E"1ITE - '

‘The coordinate rotations TI /R? TIN’ and TI /P defined in Appendix A,
may now be used to obtain the desired errors and/or error statistics in
the R and V coordinate frames. This is done using Eqs. (B-4) through

B-7).
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=. MRPEMRT ~ (B-5)

L) v/ i o) )
———————————— il'-------g----------— e > TR ———
sv - 0 IT,, 1 0 bv - sv

Fw) G TRyl TR
____________
52y) 01 0 Ty Typ| Oep) be(p) |

S e Ty

= M, Py MVT | (B-17)

The derivation of the equations used to evaluate altitude rate,
velocity magnitude, flight path angle, and track angle errors are some-
what more dlfﬁcult and are derwed one at a t1me below The error m

each of the fOur quantxtles is the d1fference between the actual value and
the value which would be computed usmg the navigator's estlmate of posi-

tion and earth relatwe velomty O U

Altitude rate (h) is de_fined as

i '=_—IE‘—|IR “ | - (B9
and the calculated value (h ) is evaluated using Eq (B -9) below.
S . Ec -YR o

"e T TR,] (5=
-However:

r =R-B, (10
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-V (B-11)

On
=
I
=
1
=

he (B-12)

If Eqs. (B-10) through (B-12) are inserted into Eq. (B-9), the following
équation resulis:

h-8h = - (B-13)

R - or) . (!R- BXR)
)

[®-80) - R - 8p)]

Equation (B-12) may ﬁow be expanded and only first~order terms main-

tained. The result is an equation relating 8h to 6_1: and B;V_R. '

o T T o -ﬁl‘_m ] -53(1)
. P | Bl
| B U V2] O I e B
. : 121} 1 )
&h = ' 1 0 6v =M. |6v
IRI® 1 IRI ol F| o
e 6‘f’(l:.)“. L80py ]

| (B-_14)
~ The variance of 8h (o bﬁ) may be calculated using Eq. (B-14) ‘belo'w,
all the terms of which have been defined in other places in this appendix.

I 24 =| 2 |then@g)x) 2la; 0 -2y
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'The velocity magnitude error equations are derived using the
same logic as that which was employed to obtain the altitude rate error
equation. Equstions (B-15) and (B-16) show the definition of velocity
magnitude and the means of computing it. |

<
!

R = Wp - VoE  (B-16)

Ve =@ ¥R ) =V tw G0

With the aid of Eqs. (B-11) and (B-17) as well as the definition of Eq. (B~16)
the following equation for G'VR may be written: '

- 61y ] 62y
[ iv TE -1 """"" [ St
] ¥

Sv., = 0 E j@ E 0 6VR = Mv oy : (B-IB)
TR T To -

N R a0 sttt [N lhanininh

| 52(p) | _G'Q(P)
In add.ition,"tkt-lé- -“v'a:r_i'a'h'éé .df‘ 8 ER may be calculated using Eq (B-19)

below. S ]

S YRRV ®-19)

The equations which define flight path angle (y) and track angle

($) are given below.

<
I=

giny = 49— - (B-20)
R ,
@FPOOR PAGEIS tan $ = VR e I (B-ZI)

s

A

B-5 | /
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where the unit vector along the earth's axis, 1 » 1S needed to define

R —=Z
1 xu :
€= Txa (B-23)
-.z g,
R =uxe (B-24)

€rrors in computing -YR and errors in computing R, which result in er-

rors in the computation of u, e, n. Before expressions for 87y and &y
are evaluated, it ig required that 62, é_é_, and bix_ be evaluated. The_'

below.

o e N

"0 = TR [I “Ym i ]65(1) = My 8z (B-25)

"m* [I “2m S(J)T] d; %) ugy = M, gy (B-26)

[1, x u]
0™ B ve - g 0 o

Lo

(D = MV 6_{(1) . (B-27)

With Eqs. (B-25) through (B-27) defined, it is quite straight-
forward to derive €xpressions for 8y and 8§ . The equation used to
compute Yo is: )

B-6
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ERC =C _
sin ¥, = T_ - (B-28).
c
' Howevef, the definitions
By = ¥~ Yo B-29)
du = u-u ~ (B-30)

along with (B-11) and (B-25) may be substituted into (B-28) to obtain the

followmg expresswn for 6 7

e e T e —- - Te e e - L e g '. . br
o ' ) . E T o - Y‘ e - -—(I)
o . | - _ . o na
BEC ! 1 :
8= []EI [(E{I) X)(!R x) -(1)] i -v-g- [( )x)(gm x}¥ (I}] i 0 GVR(I)
- 6E(P)_

7| "R -
e _ 8 T
e i L 9'(P) ,-/,/’.' - .
B (B-31)

The variance for 5y is also easily shown to be:

. - - o
“ =M P.M , (B-3
%8 y By (B-32)

Finally, the expression for &y and 061 may be shown, with
some effort, to be given by Eqs. (B-33) and (B-34).

B-7
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Sy |
S TR e
g, ] ()
-Mgl ngm
”i(P-)-: (B-33)
e

This completes the development of the equations used to evaluate ,
the special output quantities for the Space Shuttle landing system evalua~- .

tion. 7 _ .

e — =
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APPENDIX C

TRUTH MODEL MEASUREMENT MATRIX
FOR DRAG ACCELERATION PSEUDO-MEASUREMENT

“The drag update filter used in 1 the Space Shuttle entry nav1gahon
system during blackout employs an atmospheric drag pseudo-measure-
ment in order to improve the on-board estimate of position and vel-
ocity. The Kalman filter used in the compﬁter navigation program |
requires the definition ofa measﬁrement matrix H for the pseudo-
measurement. If the performance of the drag update filter is to he
evaluated using a "truth model" the measurement matrix HS for the

- truth model must also be defined. The measurement matrix associated
with a truth model similar to that defined in Appendix E is derived in
this appendix. o “

The atmosphei-ic drag pseudo-measurement is defined to
be a drag acceleration measurement cortstructed from the IMU accel-
erometer outputs ‘The measured drag acceleration q (t) is
related to the state vector of the truth model by the matrlx of first
partial derivatives H__

meas red(t)
is computed from a nominal atmospheric density medel, estnnates of

. The expected drag acceleration g

- the shuttle's aerodynamic coefficients, ‘and the current estimate of
position and velocity. Ure d-(t) is related to the stafe estimate vector
generated by the truth model by the matrix of first partial deriva~
tives Hpre d- It is shown in this appendix that HS ¢an be defmed in

terms o.f. Hmeas and Hpre d
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The drag acceleration pseudo-measurement extracted from
the accelerometer outputs is

Ipeas = Ilyp(t) - AYWI/AL= liyr® - 101 (c-1)
where ‘VR (t) is a unit vector in the direction of the computed relative

velocity and 1 (t) is the measured specific force. The expected drag
acceleration is '

.
'qpred‘t)% (t) PV )

(; .

where CD (£) is the computed drag coeff1c1ent for the Space Shuttle, A
is its cross-sectional area, and m is its mass. p,(t) and VR (t) are the
computed atmospherlc densﬂ:y and relatwe velocity, respectwely The

. difference between q (t) and q_p d(t) is the residual

BZS(t) meas( ) - qpred | -. _ | ., (C—#)

‘which appears in the update 'equation for the truth model error state
vector '

zf:_‘is(t*) = 8xg(t) = Kqlt) 824(t) - (0"4._)_

-where 5xS(t ) is the estimation error prior to the update and 86X (t )
. is the estimation error after the update

A linear covariance analysis requires that qS(t) be expressed
as a linear functlon of 8X S(t ). The drag accelerations q. (t) and

qpre d(t) in Eq. (C-~3) can first be referenced to the true drag accelera-
tion q(t) - ‘

Cc-2
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(t) = q(b) ®

qmeas . queas

It

(t}) q(t) - 86q

qpred

where q(t) is the solution to either Eq. (C-1) or Eq. (C-2) in the special

cage of perfect measurements, perfect state estimates, and precise at-

mospheric and drag coefficient models. The perturbations 6qmeas(t)
and bqp (t) are then related to Gx (€) by the first partial derivative
matrices Hmeas(t) and Hpre 1), respectwely

© = H_ _®85 )+ a0

6qmeas meas = meas

prea® = Fprea 6xS(t) - “prea(“ 9

where "ﬁleas(t) and np d(t) -are zero mean white Qaussi_an'sequenc.:es

with variances

T
§ E[n meas(t) nmeas(t) ] = Rsm cas
E[ﬁpred(t) "pred(t) 1 = Rsﬁred' 7' (C-ﬂ.

These Gaussian sequences are used to model accelerometer quantization
errors, uncorrelated errors in the estimates of atmospheric density and -
the drag coefficient, etc. ‘

The measurement matrix Hs(t) for the truth model can be
defined by ' |

CH = g ® - (t) (C-8)

meas
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. With the composite zero mean white Gaussian sequence "s-(t) defined

M50 & Mingag® ~ Mg
Eingomg®™1 8 Rg (c-9)
the remdualbzs m (C-3) t_henia_ejgomes
RO S St
ROy (©10)

The update in Eq. (C-4) can then be expressed in the desired form

»

B () = bR ()= KO Hy) 830 - K ng) (-1

This formulation of the update equatlon requires an explimt computatmn
of H (t) from Eq. (C-8).

'I‘he perturbation ﬁq (t) in the measured drag accelera-
tion can be determined by consuiermg small perturbatlons about the
nominal values in Eq. (C-1). These perturbations are depicted graphlc—
ally in Fig. C-1. 1(t) is the resul__tant of the lift and drag accelerations
on the Space Shuitle

L(t)

g (10 ip®)

(0 - (g )i e

Clearly 1VR(t) . f(t) must always be negative. Hence, the absolute value
in Eq. (C-1) can be ignored in defining the perturbation



THE ANALYTIC SCIENCES CORPDRATION

R-12038

- -8_i\fn

Figure C-1 Definition of Perfurbations in Unit Relative
Velocity Vector and Specific Force Vector

0 = Byp® 10 + Lp® - 810 (c-13)

mea.s
where S R
b e = Ll - iyp ©
' e

i

55(t) = () - L0 - (C-14)

The error 8f(t) in measured acceleration can be attributed to
the standard IMU acceleration error sources defined in the drag-update
phase truth model (Table 3.1-1) |

s platform misalignments (Group 1a)

¢ accelerometer errors (Groups 2
through 5)

. e quantization errors (Group 1)

. Since the drag acceleration péeudo-measurement is formed directlj* from
the accelerometer output, 8£(t) in Fig. C-1 is the same acceleration er-
ror which drives the velocity components of 8 i&s(t) in the truth model
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. (see Appendix E). The perturbation ﬁiVR(t) is defined in Fig. C-1 to
be perpendicular to iVR(t). Thus the principal effect of using the com-
puted normalized relative velocity vector iVR (t) in the drag accelera~-
tion pseudo-measurement is that a fraction of © the Space Shuttle lift accel-.
eration is resolved into the pseudo-measurement. .

The relative velocity of the Space Shuttle with respect to the

atmosphere is _
_YR(t) = V() - 95 x R(t) - Yy (0 (C-15)

where QE is earth rate and V (t) is the atmospheric wmd The unit
vector i R(t) is then '

| () - 8 x RO - Yy
r® = FO TR X EOCT. (m . (ce)

E

-The computed relative velocity is a functlon of computed inertial posmon
‘and velocity only

R

Yp ® = E
c
and the unit vector is _ _
V (t) - X R (t) R
(t) = - = (C-18)
R [zc(t) fp X B O] o
R (t) and V (t) are related to the position and velocity components of
6x (t) by ;
Sv(t) = V(t) -_Yc(t)
or(®) = RM) - R ()  (c-19)
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The relationship of LVR (t) to 1VR(t can be determmed by
substltutlng Eq. (C-19} into Eq. (C 16):

V0 + 8yt - 9p x (RM + brt) - Yt
e T 0 ox® - gy x (RO + 6z0) - VO]

' (C-20)

With the definition

Byp) = dy(t) - @

E X 6£(t) =

Ve (t) {C-21)

it can be shown that a first-order expansion of Eq. (C-20) yields

. ' ' 5vR(t) 'vac(ﬂ bY o (t) «
i -‘-VR‘” {VR W+ v w-o,*R (t)| "R ® [v.@-a, xB®]/ (C-22)

With Eq. (C-14), the above can be solved for 61'VR ,

ey ) -Hm (t) 8z (t) .-
R (C-23) -

by = VO -6 x B ® ] ‘VR ®) (|v W - QE x R (t) [

The second term in Eq. (C 23) is minus the component of the flI‘St term
along IVR (t). It follows that 61 R(t) has no component along iy, (t) and
therefore 1s perpendlcular to 1VRc(t By the small angle approxxmatlon
implied by the first-order expans;on 6 J_.VR(t) is also approximately
perpendicular to i‘VR-(t)‘ as was noted in Fig. C-1,

Equation {C-23) and the standard IMU acceleration error sources
defined in Table 3.1-1 permit Hmeas(t) in Eq. (C-6) to be written. The
partitions indicated below correspond to similar partitions of the error



THE ANALYTIC sSCIENCES CORPORATION

_ state vector Gés(t) in Appendix E. To simplify the notation, it is as-

sumed in Eq. (C-24) that the non-standard wind components have been
transformed to inertial coordinates.

position velocity  true platform accelerometer -

errors - errors misalignments biases
Freas® = “Er@p ) | £y 1% R TypFp ilyg Typ ;
: ‘ , 3 6 13 - 18 19
acceleromete—r VactA:eIerometer' .acce.lerometer ‘
Bcale factor errors misalignments nonlinearities © winds
4 T 1 T t .T- ] ' t
iR TypFs | dyr Typ T, iR Typ¥s {0 -Fy 0f0 "
22 A 81 49 58 59
(C-24)
where -
F () = G |
L V.00, x E_@]
| T LT (C-25)
. —f' iVRc © l-V}R(.'.(t)
[V .0 -8 x Bo0]
-0
QE = 0 (C-26)
'TI /p = transformation matrix from platform to

inertial reference coordinates B
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- -
..fz f1 0
L -l
3 : 7
\ | g 0 0
= . o ' C"2
F, 0 f, 0 (C-28)
0 0 f3
L. -
fz f3 0 0 0 0
F4 = fl f3_ 0 70 - (C-29)
0 0 0 0 fl .f2
.2
2
_ : -30
Fo = |0 f, 0 | (C-30}
. ‘ 3
0 0 f3

The elements of F F3, F 4 and F5 are the compdnents of the speclhc
force f(t) coordmatlzed in platform coordinates.

The computation of H (t) requtres that both Hm ea S(t) and

Hpr e d(t) be determmed therefore 1t is necessary to determme
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: 6qpr9 d(t) by considering small perfurbations about the nominal val-
2 * .
ues in Eq. (C-2)

8 (t) =3 6C (t) —p(t)V () + C (t) bp(t)V (t)
d
qpre R _(C-31)
+ CD(t)—n;p(t)Y (t). 8% (t)
where
sp) = pl0 - p (0 .‘
acpt = Cp - .ch(t)* | :
syp®) = VR - vnc(t) o
- bv(t)- X oxl) - Yy® (C-32)

The expression for bqpre d(t) can be simplified by writing it in terms of |
the true drag alt) |

B T

o sC. () op(t) " “v - s'é”(t_)
. . _ D . R =R

(C~33)

t

- Relating 6§ p(t) and 6CD(t) to bés (t7) requires that both the comptitational
models for the atmospheric density and drag coefficient be known and
also that their true values be known.

Assume that the atmospheric density model from which Py (t)
is computed is a simple exponential functwn of computed altitude h (t)

*

The perturbation 6CD(t) is assumed to include perturbations in A
A

and M. A more precise notation would be b (C (t M ) .

Cc-10
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- --_.._hc(t) .
h
pc(hc) = p e ¢ : - (C-35)

and that the true atmospheric density satisfies

)

h .
PR) = pe 5 4p(R) | (C-36)

where h{t) is true altitude.

In the above Pyand h__
F'f(R) is the difference betwee

are constants and. |
density and the atmog-
A first-order expansion for §p(t)

n the true atmosgpheric
Pheric density predicted by the model,

similar to that used for GiVR(t-) yvields

o U 6;(.t) | |
PR~ -p ) S + p () - C-5)
: _— 8C . :

where ip(t) is the unit vector along R(t).

One possible choice of the computational model of the drag co-
_efficient is a quadratic function of the computed angle of attack Eac(t)
C, (@) = Ch+C,o +C. a2 (C-$8)
Dc c 0 1%¢ 2°¢c
where CO’ _Cl,. and 02 are constants. The trye drag coefficient can then
be referenced to the model ' ‘

Cple, M) = Cp (@) +CDf'(a,M,t) ~ (C-~39)

where oft) is the true angle of attack and M(t)
error in ozc(t) is a negligible contributor to the
first-order expansion of GCD(t) is

is the Mach number. It the

er.ror in CDC(%)’ then a

6CD(t) = CDf(C!, M, t) (C-}40)

_ o c-11
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If this assumption is not true, GCD(t) must be derived based upon the

computational algorithm for occ(t) and Eqs. (C~38) and (C-39).

Equatlons (C-32) through (C-40) permit H d(t) to be ert-
ten. The partltlons indicated below correspond to sxrmhar partitions of
the error state vector sl‘s(t ) coordinatized in an inertial reference co-

~ordinate system. Two of the non-zero partitions below (for density and
drag coefficient errors) correspond to partitions of H in Eq. | (C-34)

meas
which were zero, H d(1:) as given in (C- 41) assumes that the drag cor-

related error (GrAOuppl) non-standard density errors (Group 21), and
non~-standard aerodynamics errors (Group 23) are defined as percent
deviations from their nominal values. It is also assumed that the non-
standard wind components have been transformed.intb inertial coordinates.

position - velocity I drag

o errors ‘ errors ‘ correlated error
e ' . ' ' o
T T oy | T i . H o
a® = a) (R 2R @) f2yp f 1 i oo
' ‘L 3 6 12 ' ' 13 48
- non-standard - . __ : non-standard | S
. density error nonw;srtl;zndard aerodynamies
v model , . errors
1 i T !
{1 1 1 | -oNR g 1
L [ VRtti C t
- 49 . - 58 S - b9
(C-41)

This completes the derivation of the truth model measurement
matrix H (t) which is obtained by substituting Eqs. (C-24) and (C 41)

into

WO -H (c-4z)'

S(t) pred meas

Cc-12 /
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_This definition of HS(t) properly relates the error in the drag accelera-
tion pseudo-measurement to the error sources included in'the truth
model. If additional error sources not considered in this appendix are
included in the truth model, and if these error sources affect the pseudo-
measurement, the corresponding additional non-zero partitions of Hs(t)

can be computed using the approach presented above.

C-13
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APPENDIX D

NON-STANDARD ATMOSPHERE MODEL
FOR SHUTTLE ENTRY NAVIGATION

system during blackout requires an atmospheric density model in order
to compare accelerometer Ooutputs

with predicted drag acceleration,
This comparison is used to improve the onboard estimate of position

and velocity. The accuracy of the drag-update filter ig degraded by

both atmospheric winds and the difference between the true atmospheric
density at a given altitude and the density predicted by the atmospheric
density mode]. These error sources are i'e_ferfed to as non-standard

atmosphere errors — by definition, the standard atmosphere is the

nominal atmosphere model used in the drag-update filter. In order to
statistically evahiate the performance of the drdg-update filter, a reas-
onable statistica] description of the atmosphere in the 100,000 £ to-
270,000 £t altitude range is required. The non-standard atmosphere
model developed in this appendix ig consistent with the limited amount
of data available in the open literature. '

D.1 NON-STANDARD DENSITY MODEIL,

The atmospheric density model used ip the drag update filter
mechanization is some function of altitude pc( h c)' As an example, it

may be a simple exponential mode]
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X0

| h
p(h) = p e 5C (-1

where hc(t) is computed altitude. If the true atmogpheric density p(R)
is a function of latitude and longitude as well as altitude, then thedifference

8p(R) = p(R) - p(h ) - (D-2)

is the non-standard atniospheric density error. The non-standard atmos-

pheric density model developed in this appendix is comprised of three

components

pR) = P ®) + g® + py®)  (D-3

*

, pB(R) is a position--
dependent bias, and pM(R) is a first-order nia,fkov process. The three

where p., (R) is a standard reference model

components of p(R) in Eq. (D-3) are defined such that the statistical
~ properties of 6p(R) are similar to those that can be expected from an
_actual flight test. | '

The most commonly used reference for atmospheric Vdensity
models is the 1962 Standard Atmosphere (Ref. 36). The model consists
of a single density versus altitude table with data points at 500 ft inter-

vals. The component pGZ(R) in Eq. (D-3) is defined to be a linear inter-
polation of the 1962 Standard Atmosphere.

The true atmosphere density may differ from p62(R) for a
variety of reasons. The most significant density variations in the alti-

tude range of interest are:

s Long-term deviations due to season changes
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¢ Diurnal deviations due to thermal heating
and tidal interactions, and

® Short term deviations due to weather patterns.

Each of these effects has a correlation time ckbnsidere.bly longer than the
entry flight time lof the Space Shuttle; therefore, the principal time-
dependent deviations from pGZ(R) during reentry are a function of ithe
spatial distributions of the density deviations. The long-term deviations
af different altitudes and latitudes have a strong spatial correlation and
can be modeled by the position-dependent bias pB(i:l). Diurnal and short
term density deviations do not exhibit strong spatial correlations and are
best modeled in Eq. (D-3) by the markov process PM(R).

Models of the long-term density deviations are contained in
U.S. Standard Atmosphere Supplements, 1966 (Ref. 37). This reference

defines separate density versus altitude profiles for each season at sev-

eral different latitudes. As a rule, the most significant differences

from the 1962 Standard Atmosphere are in the winter and summer pro-
files. From experimental data, Cole (Ref. 29) has determined probab111ty"
distributions for percent departure from the 1962 Standard Atmosphere as
a function of latitude for both the December-January and the June-July
time periods. The median departures determined by Cole are presented
in Fig. D-1. The data in Fig. D-1 corresponds well with the supple~
mentary atmospheres of Ref. 37. - |

Durmg entry, the Space Shuttle will not f)ass through black-
out at a constant latitude except for near-equatorlal orbits. In modehng
the effect of long-term density deviations on the drag-update filter per-
formance, therefore, it is necessary to consider the particular altitude-
latitude profile being flown. This can be done by scribing that pro'file
onto Fig. D-1. This procedure is illustrated by the dashed lines in

D-3
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30°N 45°N 80°N BO°N

g

" ALTITUDE (thousands of fert}

g

- = = RECOMMENDED SUMMER
PROFILE £0R p,, (R) FOR
- REFERENCE MISSION 38

(] J
o % 50
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Figure D-1a  Median Densities Given as Percent Departure
from U.S, Standard Atmosphere, 1962 During
June-July at 80°N, 60°N, 45°N, and 30°N
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Figure D-1b Median Densities Given as Percent Departure
S from U.S. Standard Atmosphere, 1962 During
December-January at 80°N, 60°N, 45°N, and 30°N
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Fig. D-1 for the reference mission 3B entry from a 104° inclina-
tion orbit with a landing at Vandenberg AFB. This trajectory crosses _
269,000 ft at 74°N and ends blackout at 130,000 ft and 37.3°N. For the
indicated seasons, the two dashed lines in Fig. D-1 provide a reasonable
model of the Iong-térm density deviations to be encountered on the ref-

erence trajectory.

The position-dependent bias pB(R) is defined to be one of

. two altitude-density profiles — a summer profile corresponding to the
dashed line in Fig. D-1a and a winter profile corresponding to the dashed
line in Fig. D-1b.* This choice of pB(R) is conservative in that the

- long-term density deviation expected along this trajectory for a spring
or fall mission would be smaller than p4(R). The model is preferable
to treatment of the long-term density deviation as a Gaussian random
bias, however, because for four to six months of every yéar, the long-
term density deviations can be expected fo have the amplitudes shown.
Guassian statistics are not satisfactory for describing phenomena in
which large positive or negatwe values are more hkely (or nearly as
likely) as small values. '

Data on the cumulative magnitude of the diurnal and short-
term density deviations from pBZ(R) is available from two sources —
the distribution functions computed by Cole (Ref. 29) and spatial corre~
lation functions computed by Justus and Woodrum (Ref. 33 and 34). In
addition, Cole (Ref. 30) and Daniels (Ref, 32) provide estimates of spa-
tial correlation distances. Although there is a latitude dependence cited
in the literature, it is not of major importance and can be ignored.

Table D-1 summarizes the relevant information.

* , :
For a different reference trajectory, pB(R) should be defined for the
appropriate altitude-latitude profile.
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TABLE D-1

CORRELATION FUNCTION COEFFICIENTS FOR SUM OF
DIURNAL AND SHORT-TERM DENSITY DEVIATIONS
FROM LONG-TERM (SEASONAL) AVERAGE

Source Justus and Woodrum ' Cole : Daniels

Altitude 115,000~ | 210,000~ 113,000 ft | 210,000 £t | 230,000 ft {all altitudes
210,000 £t | 280,000 £t

Standard deviation | 2% 8% 2.75% 6% 8% -
(% of average ' ;
density)

Vertical displace- - lom | ilam I4nm | 14nmm 14 nm —
ment correlation . : ' :
distance

-Horizontal displace~{| 54 nin S4nm | - _270nm* -270nm | 270nm 270 nm

ment correlation ‘ ' ] . -
distance

-;;)ata wag inferred from statements that denéity deviation.s for
horizontal displacements greater than 600 nm are uncorrelated.

The entries in Table D-1 are reasonably consistent except
for the horizontal displacement correlation distances. Little informa-
tion on this parameter is availablé and the different authors admit to
uncertainty in their estimates.- The estimates attributed to Daniels and
to Cole are made from macro-scale cbservations and are consistent
| with wind horizontal correlation distances computed by Buell (Ref. 28).
The recommended design pé.rameters for pM(R) are summarized in
Table D-2, '

With the standard deviation 0,,, and the correlation distances
Ty and X determined from Table D-2, definition of le(R) requires
that the form of its correlation function be established. If the change
in py,(R) resulting from an altitude displacement AZ'is independent
of the change from a horizontal displacement AX, -the correct choice
. for the cbrrelation function is

D-6
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" TABLE D-9

Altitude 130,000 1t | 210,000 #t | 230,000 £t 280, 000 £t
Standard deviation, o, [ 2% | g% 6% &%

(% of standard ref-
erence plus biag)

Vertical displacement 14 nm 14m 14 nm 14 nm
- correlation distance, : o
Th
Horizontal displacement. 270 nm 270 nm 270 nm 270 nm
correlation distance, ' D
™x
' pu(R) | Py (R + Ah + AX) '
CM(Ah’ #X) = E _[psz(R) + pB(ﬁT ’ pﬁz(R +Ah +AX) + pB(R +Ah + AX)

- 9 9 SRR

2 (1'2 72 ) S
orRle V'iZ X . T T (D-4)
Since only density variations along the shuttie flight path are of concern,

AX and Ah are related by

Ah = AR sin y
AX

AR cos y - (D-5)

where ¥ is the flight path angle and AR is the net position displace-
‘ment. The exponent in (D-4) can therefore be simplified

D-7
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(D-6)

With TR 28 defined in Eq. (D-6), the two-dimensional correlation fune-
tion CM(Ah, AX) can then be replaced by the one-dimensional correla~
tion function '

i | AR.

- e

Cp(AR) = ol\i(R) e '_(D—'f)

Eq. (D-7) implies that pM(R) satisfies the first-order dif-

ferential equation

B® = - ,}—R p(®) + 1y ®) (D-8)

where nM(R) is & zero mean white Gaussian noise with a variance of
E 2.2 o @ 9)
R 2 — ' -
[ (R)"] g @
This equation can be expressed in discrete form, but it is important to
remember that the independent variable by which ;SM(R) is defined in
Eq. (D-8) is position rather than time, The state transition matrix for
pM(R) is therefore
¢(AR) = e (D-10)
This completes the development of the non-standard‘ atmos-
pheric density model. The model is defined as a sum of three terms

D-8
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_in Eq. (D-3). The first term pﬁZ(R) is the standard atmospheric density
reference model and defines the density as a function of altitude only. The
second term pB(R) adds the necessary latitude and season dependence to
the model; recommended profiles are given in Fig. D—l. The last term
pM(R) adds the diurnal and short-term dependence to the model; a2 recom-
mended model for this term is defined by Eq. (D-8) and the values given
in Table D-2. |

D.2 WIND MODEL

The second item required for the non-standard atmosphere
model is a non-standard wind model. The drag-update filter mechaniza-

tion may not include a wind model, although 1t may account for turbu-
lence by increasing the estimate of the pseudﬁo-measurement variance,

With this possible exception, the non-standard wind error is equal to

the non-~standard wind model. Because wind is a vector quantity, the
model must describe both the wind direction and its velocity. This re-
sults in a model which is more complicated than the non-standard atmos-
pheric density model. A second complication is that the wind at a given
location is analyzed in East-West and North-South coordinates in the
literature, but the spatial correlation of the wind encountered by a re-
entry vehicle is- analyzed in terms of headwinds and crosswinds. This
implies that much of the data must be transformed into trajectory-
oriented coordinates before it can be used to define the non-standard

wind model. -

The non-standard wind model defined in this appendix is com-
posed of four components

VR, ) = Voo (R) + Vo) + Vo®) +Y 0 (0-1D

where
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YZW(R’t) = awesterly (zonal) wind, modeled as an
‘ ' altitude-dependent bias
: YH(R) = 2 headwind along the relative velocity

vector of the Space Shuttle, modeled as a
first-order markov process

Vo@R) = a €rosswind in the horizontal plane and per-
pendicular to the relative velocity vector of
the Space Shuttle, modeled as a second-order
markov process, and -

YT (t) = turbulence along the longitudinal, lateral and

vertical axes of the Space Shuttle; modeleg
as first~ and second-order markov processes,

The characteristics of the non-standard wind which most greatly affect the h
performance of the drag update filter can be accounted for by developing
stochastic models for the magnitudes of these four components,

Average winds are generally modeled ag East-West @@)
and North-South (m‘eridi.onal)- components. The zonal wind is the only
component with sufficient spatial correlation to warrant treatment as |
a bias in the non-standard wind model. Groves (Ref. 31) has tabulateq ‘_
monthly means for the zonal wind in the northern hemisphere as a func-
tion of altitude and latitude. A Sample hiétograni corresponding to |

200,000 £t and 40°N is given in Fig. D-2. From the skeweq distribution

44+ . R-12039
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250 150 =50 -0 150 ‘2'50 350
MEAN ZONAL WIND (feet per second) ’
Figure D-2  Histogram of Monthly Mean Zona] (Westerly)
. Wind Components (fps) for 40°N and an Altitude
of 200,000 ft
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" in Fig. D-2 it is clear that the averége zonal wind cannot adequately be
‘modeled as a Gaussian random bias. A more reasonable approach is
that previously adopted for the long-term density deviations, i.e., to
define VZW(R) deterministically using the January and July zonal wind
profiles. This approach corresponds roughly with a worst-case average
zonal wind model. Figure D-3 presents the July and January proflles
for VZW(R) based upon the 104° inclination orbit and a landmg at
Vandenberg A¥B. For different tra;ectorxes, the necessary profiles
for VZW(R) can be taken from Tables 7a and 10 of Groves (Ref. 31).

The zonal wind component encountered during reentry can
differ from the appropriate monthly mean by a significant amount. The
available data on the standard deviation is summarized in Tables 15 and
17 of Ref. .31 as a function of altitude, latitude, and month. The latitude

w10 BOUNDS FROM : g o . ouN
; . ‘ = = = 10 BOUNDS FROM
FIGURE D4 _ ‘ o — FIGURE D~

g

ALTITUDE (thoveamds of fent h

150 ¢

-300 ~200 100 [ 00 | -500 °
VELOCITY [ft/s0c) : : VELOCITY (h/uc)

Figure D-3a Mean Zonal (Westerly) . Figure D-3b Mean Zonal (Westerly)

Wind in July for Ref- Wind in January for
erence mission 3B , Reference Mission 3B

Entry | Entry

D-11



THE ANALYTIC SCIENCES CORPORATION

- dependence is not significant and can be ignored. Figure D-4 presents
the season-averaged standard deviations as a function of altitude only —
this is in contrast to the season and trajectory depepdence of .VZW(R)'
As an indication of the likely range in magnitude of the zonal wind com-

ponent, 1o bounds derived from Fig. D-4 are shown in Fig. D-3.

R-12037
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Figure D-4 Seasbn—averaged Standard Deviation of
Zonal Wind Component as a Function
of Altitude

The data in Fig. D-4 must be used to define the standard dev-
jation of the trajectory-oriented wind components V4 (R) and VC(R). .
Before this definition can be made, however, it is necessary to deter-
mine the standard deviation of the meridional wind component. The

meridional wind is characterized at a given Iatitudé, longitude, and

D-12



Fig. D-4, : _ '

In order to complete the definition of the _spétial correlation
functions of VH(R) and VC(R), it is nece‘sséiry_ to determiqe the spatia]
correlation ceefficients. Justus and Woodrum (Res, 34) have experi-

clent for the full wing SPectrum, but at an altityge of 20,000 ft. Botp
sets of resuyits are Summarized in Taple D-3. 11 Buell's results are

~ extended to the appropriate a'lfitudes, it is possible to show that the
two sets of daty are consisltent ~ arandom procegg defined by .B,uell's

D-13



_Tl-iE ANALYTIC SCIENCES CORPORATION

TABLE D-3

SPATIAL CORRELATION DISTANCES AND
STANDARD DEVIATIONS FOR ISOTROPIC WINDS
(V(R) AND V(R) IN NON-STANDARD WIND MODEL)

Source Justus and Woodrum Buell

Altitude _ 150,000~ 210,000-
| 210,000 ft | 280,000 ft

all altitudes

Horizontal displacement 27 nm 55 nm 270 nm
correlation distance 'rx . .

Standard deviation for 20 ft/sec | 50 ft/sec Fig. D-4
horizontal correlation . _
function % Yo

Vertical displacement 3.4 nm . 5.5mm —
correlation distance ) : :
Standard deviation for 6.5 ft/sec 16 ft/sec —_—
vertical correlation ] L )

function

The horizontal displacement coefficient Tx Cchosen for Vy(R)
and VC(R) is the 270 nm value from Buell. The small standar.d.devia-
tion which Justus and Woodrum associated with the vertical displacement
coefficient indicates that the horizontal winds at different altitudes are
sfrongly correlated. Compounded with the fact that Space Shuttle re-
entry trajectories have small flight path angles, this_implies that the
vertical displacement variation in Vy®R) and Vo(R) can be ignored.

Given that the spatial correlation functions for VH(R) and
VC(R) are functions of horizontal displacement only, they can be
expressed in terms of Fig. D-4 and the chosen value for Tx - Buell
makes an important distinction between the two correlation functions,
The headwind VH(R) is modeled as a first~order random process with

the correlation function _ . ~

D-14
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AX

CH(AX) = cge TX | (D-12)

but the crosswind is modeled as a second-order random process with the

correlation function
- 27 L X )
CC(AX) = O (1 TX AX) e ) | (D-13)

The standard deviations %y and 0o are the appropriate entries from
Fig. D~4. These two functions are illustrated in Fig, D-5. The negative
value for CC( AX) for a displacement greater than 600 nm is a consequence
of the cyclonic nature of weather patterns — a reentry vehicle crossing a
low pressure region in the northern hemisphere will éxperience Cross-

winds first from port and then from starboard.

R-12040
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Figure D-5  Correlation Functions for Headwind V ,(R)

and Crosswind V~(R) as Defined by Eqs.
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Equation (D- 12) implies that VH(R) satisfies the first- order

differential equatlon

Tp®) = -5V +ng (0-14)

On the other hand, VC(R) is the output of a second-order differential

equation
WC<R) = FCWC(R)+GCT}C(R)
VeR) = HW (R) o (D-15) .
where i T
-2 4
‘l'x ‘
Fo = 1
-5 0
T
X
1
G =
c 0

Hy =[1 0 ]

c (D-16)

The inputs in Eqs. (D-14) and (D-15) are zero mean white Gaussian noises

with variances of
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)
=]
eelr XY

2
E[ny®R)] T

>

1.9
Q
Qo

2 R
E[n.(R)] - (D-17)

N‘-\

In all the above equations the independent variable is horizontal digplace-

ment. In the discrete case, the state transition matrices are

| T-
= X
QH(AX) e

H
4]

8.(4X) - (D-18)

" The last component of the non~standard étmospheric wind model
is the turbulence component VT(t). Turbulghée in the free atmosphere
can be modeled by the Dryden spectrum (Ref . 32). f'I_‘he Dryden spectrum
for turbulence along the relative velocity vector 1s T

L02

O o(s) = ok — - ~19)
Ty VRO 1,122 o (D |

1

and the spectrum for tu;'bulence perpendicular to the i‘elative velocity

vector is

Z.oqz, - 1+3 szLZ/'VR(t)2
v, = = —

T. = WO
o ( [1 . ssz/VR(t)?‘]

5 | '(Df20);

rs
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.where VR(t) is relative velocity and L and Op are demgn parameters.

The suggested values of T and O during blackout are

L = 1750 feet

op = 13ft/sec (D-21)

These are the values used in the definition of VT(t) ‘.

Random processes with the spectra given by Eqs. (D-19) and
(D-20) can be defined by passing white noise through the appropriate
linear system. The turbulénce along the relative veloéity vector is
defined by the first-order system '

Ve
Wpy® = =3 Wpy® + npp()

RN _ -
Vpy® = - w) o)

and the turbulence perpendicular to the relative velocity vector is defined
by the second-order system

W’r;.(t)_ = Fp, W, ) + Gp 0y @)
Vo ® = Hp W0 o
3
where
N o {
F = Vz(t) - Vo (t)
Ts _'R o R
— i
L
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The inputs to Egs. (D-22) ang (D-23) are Zero mean white Gaussian noisesg
with varianceg

®Quations is time. Tp;g Is in contrast to the models developeq for
VH(R) and VC(R). The discreterversions of Eq. (D-22) ang Eq. (D-24)
respectively, are ) | e

: *"‘%—- At
°TV(At) = e (D'-26)
and _
F‘T At
@Tl(At) = g *4 (D-27)

model. The mode] is defined a3 5 Sum of four termg i, Eq. (D-11),
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- and weather patterns; recommended models and values are given in
Egs. (D-14) and (D~15) and Table D-3, respectively. The last term
VT(t)" is a function of time only and adds tl}é high frequency wind com-
ponents. VT(t) is expressed in vehicle coordinates and is modeled by
a longitudinal component VTV (t) and a transverse component VTL(t);
recommended models and values are given by Eqs. (D-22), (D-23)
and {D-24), respectively.

!
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APPENDIX E

TRUTH MODEL STRUCTURE FOR SHUTTLE ENTRY
AND LANDING NAVIGATION STUDIES

The basic truth model structure is shown in Fig. 2.3~1. The
truth model (FS , HS) is related to the filter model (FF, HF) by a trans-
formation matrix A. Equations for HS and HF during the drag-update
phase were developed in Appendix D and Section 4.2, respectively; FS,'
FF, and A for the drag-update phase are developed in this appendix.

In addition, all five matrices are developed for System.E.

E.1 DRAG-UPDATE PHASE =

The drag-update phase truth model requires a 13 x 13 filter
dynamics matrix, FF’ and a 59 x 59 system dynamics matrix FS. The
only external navigation aid is the drag acceleration pseudo-measurement.

Figure E.1-1 presents the overall struci:uré of the FS matrix

for the drag-update phase. The upper-left partition of FS is the 13 x 13
| matrix Fl, 1 whose elements define the dynamic interaction between
the Group 1 error states. This sub-matrix of FS corresponds* to the

filter matrix, FF - The horizontal row of sub-matrices, F1 1a through
‘ , :

* Fy { and Fy are identical except that states 7 through 12 are expressed
in the I frame in Fy and in the P frame for F{ 1 - The definition of A
in Eq. (E.1-21) provides the necessary transférmation between the two
representations.
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‘R+14198

- ' NON-ESTIMATED
ESTIMATED NON- ESTIMATED EXTERNAL-AID

STATES IMU-RELATED STATES RELATED STATES
l_____\‘ 3 l‘h—-—h—‘_‘ﬁ
3t - : 0
Froc]Fr o Fla | o Fr0
oF Fl,l
13 0 07
Flc,lo Flo,? Fk|‘3 e F?u,?
F2,2 0
F3,3
ORIG .'o
L py
o POOR QUAEE IS o Foo
Faa
R & Fa2,22
: e 0 IF32
591_ . e : : ) S
S e T

i f —— e .

. Figure E,1-1 Drag-Update Phase Truth Model
System Matrix Structure

FI g» defines the effects of the non—estimatéd, TMU-reIated €rror sources
’

(Groups 1a through 9) on the velocity errorg (states 4 through 6). The sub-

mafrices along the main diagonal, Fla, 1a through Fg g and le, 21 through

For a group of random-constant error S0urces, this Submatrix jg Zero,

The submatriceg Fi j Aaredefined in detgi] below, using the
, .
group-numbper designationg given in Table 3. 1-1,

23 93> define the dynamicg of all non-estimated, correlated eryor sources.
2
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Group 1 — Estimated States (See also, Section 4.2)

8 o
0 0 M 8y 0 0
0 8 e Y
. . (E.1-1)
' 510 0 |
Fia= | 0 - 0 o . 11 0
0 Ny
| 3 6 9 12 13 —
where
S R -l. . i 3 7 e w 13
i T

and Tq *** Tyg are the drag-update filter time constants assigned in
Table 4.2-1. Also - e

G, ="‘-'""“§[“-3-§B_RT] @y
Bl IR| »
7] =- éra..vita:tim(_)—l-l:]." cons;i;;;t E
I = 3 x 3identity matrix
R = position vector (in I frame;

see Appendix A)

E-3
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0 - f3 fz

i

f2 = specific force vector in the

‘ P frame ‘ -

1]
e T = 3 X 3 matrix which transforms
g?fgmﬁ PAGE ig /P vector in the P (platform) frame
OOR QUALITY to the I (navigation error analysis)

.frame; see Appendix A. See also,
the discussion of the A matrix, at
“the end of this section.

Group la — True Platform Misalignments (3 states)

Frta = [Tye Fp) axs 5 Fraza = 015, (©.1-5)

Group 2 — Accelerometer True Biases, (3 sensors, 1 state each)

Fi,2 = [TI/P]3'x3; Fla,2 = Fo,2 = [0l3¢5 E.1-6)

Group 3 ~ Accelerometer Scale Factor Errors
(3 sensors, 1 stateeach)

Fy3 = [T Fglsys i Fla,3 = F3.3 =[03,5
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where
f1 0 0
F3 = | 0 fz 0 _ (E.1-8)
_ 0 0 f3_

Group 4 — Accelerometer Misalignments
(3 sensors, 2 states each)

F = |T F ; F = {0] : F = [0]
1,4 [ 1/P 4]3x6 _1a,4 3% 6 4.4 6 x 6
(E.1-9)
where
f2 f3 0 0 0 0
‘f-‘4 = 0 0 fl f3 0 0 | (E.1-10)
0 0 0 0 fl f2
Group 5 — Acceierometer Nonlinearities
(3 sensors, 1 state each)
F = |T F 3 F = F = [0] (E.1~-11)
1,5 [ I/P 5]3x3 1a,5 5,5 “3x 3
where
- 5 -
fl 0 0
o £ o
F5 = 2 - (B.1-12)
2
i 0 0 f3 |

E-5
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Group 6 — Gravity Deflections and Anomaly
(in the vehicle relative velocity coordinate system {V frame))

o _‘ "1y | ° 0
6 " [TI/V]s;cs; Fia,s ° 0]y xa® T8 7 0 ko
. - _, 0 L .__.l',“i/fw.]
, (E..1-113)-
where |
= 4/

gRIgggAL PAGE I§ Ta
R QUALITY -
Tv dV/VR :

d_ /VR

Tw

and du’ dv’ dW are correlation distances which are expressed in {abular
form as a function of altitude (Ref. 14).

Group 7 — Gyro Bias Drifts (3 sensors, 1 state each)

© Frayr =gy Fg = Fy g = (00543 (E.1-14)

E A

Group 8 — Gyro Mass Unbalances (3 sensors, 2 states each)

1 2
Fia.,8= 0 0 £, 1 o o 1,8 =[0]3,63 F aa [O]e X6
6 0o o 0 fs f

({E.1-15)

E-6
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The elements of F1 8 and F1 9 below, are determined by the gyro in-
] J

put and spin axis directions shown in Fig. E.1-2.

VERTICAL I o 1-s084
AT LAUNCH : _ , o _
f :
L _ © b - INPYT ANIS
T, ' © 8« SPINAKIS
C o = OUTPUT AXIS
Soh
. GYRO1
: /r-t-—ol
) . A l
o - DOWNRANGE |
- GYRO3 p. e AT LAUNCH
oy ) /{ i 3 ’ (SOUTH} -
| GYRO2 ) % o : UL

Figure E..1-2' Orientation of Gyro Axes-

Group 9 — Gyro Anisoelasticity, (3 sensors, 1 state each)

B ha
Flog= | © £, 1, 0 | 3 Fyg =Tyg =[0]g,3
L 0 0 f2f3

3x 3
' 7 (E.1-18)
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Group 21 — Non-Standard Density (3 error sources, 3 states)

0 0 0 1962 Standard Atmosphere

modeling error
F21,21 = 0 0 0 time-varying b}as
_ v
0 0 R markov
| R

— - . - {E.1-17)

where TR is determined as a function of altitude and flight paf.h angle in

Appendix D.

Group 22 — Non-Standard Wind (4 error sources, 9 states)

*

0 o o oo ] westery
0 - — 0 0 .| . headwind
3 ] ; . ]
S -2V Ty,
0 0 . R —R 0
, R Tx Tx
. erosswind
Fgo = _
: 0 0 R 0
Tx
' ’ ) FT turbulence
(E.1-18)

where 7_ is given in Table 3.1-3. Equations for turbulence dynamics
are defined in Appendix D, but the time constants are so short and the
magnitude of the disturbance is so small that they are not used in the
truth model. Instead, the assignment '

E-8
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Fpoo=[0), , & | (E.1-19)

is made and turbulence is included as a portion of the 5% drag accelera-

tion measurement noise iu Group 1.

Group 23 — Non-Standard Aerodynamics (1 error source, 1 state)

1
F = | ~—
23,23 [ Tch

where Top 18 gixfen Am Table 3. 1.-3.

] markov - (E.1~20)

A Matrix

The 59 x 13 matrix relating the drag-update filter states to the
truth model states his the form -

E A = ['—A—'] | (E.1-21)
where A’ isa 13 x 13 submatrix

6 9 12 13

- ‘ -
ORIGINAL pAGy I 0 0 0
I8 6«6 :
OF POOR QuALITY '
] 0 0 | le 1
K .J

The filter states 7 through 12 (misalignménts and accelerations) are de¥
fined in the inertial (I) frame. The corresponding truth model states in

E-9
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Grout) 1 are defined in the platiorm (P) frame in order to relate them
more readily to Groups la and 2. Thus, the transformation I to P ap-
pears in the A matrix. The drag-update filter system matrix is related
to Fl, ;1 in Eq. (E.1-1) by
Fp = A'Fy 4 7O (E.1-23)

The markov processes in Groups 1a through 23 in the drag-
update phase truth model require that the eiements of the system pro-
cess noise matrix st associated with those states be non- zero. If
all the non-zero markov processes are stationary, then the continuous -
process noise matrix QS defined in Eq; (2.3-9) is related to FS and
P.(0) by |

.QS = - FS PS(O) - PS(O) FS E (E.1-24)

The discreté'process noise is then related to QS by

b b ' I
st f exp[ S(tk+1—T)] exp[ S“’k-}-i .,-)] dr (E 1- 25)

To {llustrate the apphcatmn of Eqs. (E 1 24) a,nd (E 1~ 25), if

th truth model state is a statlonary first-order markov process, a

the i

correlation time, T;» for the state is assigned in one of Egs. (E.1-1)

through (E.1-20) and a variance, 012 , is.defined in either Table 3.1-2

or 3.1-3. The corresponding elements of PS(O), FS’ and st are
2 _
PS _(0) = 03 (E.1-26)
i _
1 .
F T e (E.1-27)
Syt Ti

E-10
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Q = —t (E.1-28)

Similar results are obtained for stationary second-order markov proces-~

~ ses, although the expression for QS depends upon the precise structure
of the 2 X 2 submatrices of PS(O) and FS associated with the markov
processes. )

Constant error sources can be considered a special case of
Eqs. (E, 1-26) through (E.1-28) with L= and FS = st = 0,
Nonstationary markov processes with slowly varying parameters can

be modeled by recomputing Qs as r, and 012 change. For time-
varying biases which have no assoc1ated dynamics, such as the time-
varying density bias (Group 21) or the mean westerly wind (Group 22), thé‘
corresponding components of FS and QS are set equal to zero and the
corresponding elements of Ps(t) are obtained directly from the appro-
priate profiles in Appendix D.

E.2 SYSTEME

The System E truth model requires a variable-dimensioned
navigation system Kalman filter dynamics matrix, Fp, and a truth model
system dynamics matrix, FS The maximum possible dimensions are
assumed in this appendix, i.e., FF and FS are 15 x 15 and 100 x 100,
respectively. The discussion in Section 4.3 indicates which states of FF
should be removed when the Kalman filter has fewer than 15 states. The
relationship developed below between FF and FS then indicates which

states should be removed from FS‘

E-11
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Figure E,2-1 presents the overall structure of the FS and HS
matrices for System E. The structure of FS is similar to that of FS
for the drag-update phase. The eight system measurement matrices
(row vectors) are outlined in the lower half of Fig. E.2-1. For all but
the drag pseudo-'measurement (HSB)’ the first 15 elements are the same
as those of the corresponding filter measurement matrix. Other non-
zero submatrices, H RE , define the effects of the _correlated error sources

(Group j) in question on the measurement residual, &z, i? in question.

The only submatrices of FS which have changed from the
drag-update phase are F1 1 and the new block diagonal matrices.

Fi0,10 """ 20,20

These submatrices and H i3 are defined below us-
ing the group number designations given in Table 3.2~1. In addition, the

filter measurement matrices H +H are also defmed H is de-
Fy ' Ty Fg

fined in Section 4.2.

Group 1 — Estimated States (see also Section 4. 3)

Two possibilities exist:

o [Fjp 1 isthe upper left 6 x 6 submatrix of F1 1'
as defined in Eq. (E.1-1).

® Fy ¢ isasdefined in Eq. (E.1-1I), except that
states 14, and perhaps 15, may be added. The
only non-zero elements of F1 1 associated with.
these states are the diagonal élements 814 and
815, respectively. ~

Group 10 — TACAN Range Bias Error
(1 station, 1 state)

Fi0,10 ~ [0.]1 % 1 (E.2-1)

}
=

Hl, 10 - '/.- _(E-z—z)

E-12
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Groﬁp 11 — TACAN Range Scale Factor (1 station, 1 state)

Fr,11 = FVrsely o (E.2-3)

H

It

1, i1 |/ : (E.2-4)

where 7_. is defined in Table 3.2-1 and | 91[ is the range to the TACAN
station. |

Group 12 - Baro Aitimeter Errors (4 error sources, 4 states)

(0 0 0o o] bias
0 o 70 0 scale factor | :
F12’12 i 0 0 —I/Ta 0 markoy (5.2-9)
0 0 0 0 ] static defect
r | ‘
Hygp = |1 b 1 vﬁ] - (E.2-6)

where 7 is defined in Table 3.2-2, h is altitude, and Vg is the Shuttle

relative velocity with respect to earth.

- Group 13 - MILS Time-Varyine Biages
(azimuth bias, elevation biag, range bias,
range scale factor; 4 states)

F13,13-= [0]4 4 | (€221
Hygq=[1 00 0] (E.2-8)
Hg 43 =[0 1 0 0] (E.2-9)
Hy g3 =[0 0 1 [p,1] (E.2-10)
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. where |p,| is the range to the MLS DME antenna.

Group 14 — MLS Second-Order Markovs (3 error sources; 6 states)

2 1 -
fa Ta 0 -0 azimuth
= 0 '
' -2 1
Te Te o o
' ~ 0 ' 0 , elevation
Fig,8 ~ _ "}!; ¢ ' '
' 2 1
TPME  TDME _
0 ' 0 - range
| 3 0 .
5 TDME
ORIGINAL-PAGE 15— % L §
OF POOR QUALITY -
H4,1i4' = [ 1 | 0 ] 0 I c ] (E.Z"IIZ)
H6,14 = [ 0 I 1 0 I 0 ] (E-.2-13)
Hygq = | 0 | o | 1 o ] (E.2-14)

_where Tar Te and TpME 2Ye assigned in Table 3.2-2.

Group 15 — Radar Altimeter (2 error sources, 2 states)

0 0

Fis,;5= | , .1 | o (E.2-15)
_ EL P
Hggs = [ 1 1] (E.2-16)

where Tfé is defined in Table 3.2-2.

E-15
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Group 16 — TACAN Survey Errors
(2 antennae, 3 components each)

Fi6,16 = [Olgy g (E.2-17)
[ -py Py Py |
1p D c
I 0 0 0 | (£.2-18)
f,16 | Tegl Tegl Tegl ;
i u, -u “u, |
2 2 2
- R o
H =1 0 0 0 (E.2-19)
2,16 - les 1 Teg)  Tegl
_ I _ 1 -1 1

where le', piD’ pIC are the_components in the R frame of the vector _
py (see Fig. E.2-2); py is the relative position vector from TACAN to the
Shuttle. Ugn, uzc ; Ugp are the .components of the unit vector Uy, p:er-
pendicular to pq and lying in the horizontal plane (see Fig. E.2-2).

‘The vector Ps 1 is the projection of 31 onto horizontal plane.

SHUTTLE

. ) et V‘ R’l42 2 :
 FOSITION f\y R

Ay - PR
—
i
e T—— — ——
— i .

RUNWAY

Figure E.2-2  TACAN-Shuttle Geometry
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Group 17 — MLS Survey Errors
(3 antennae; 3 components each)

Frr,17 = Oy g (E.2-20)
He17 ® [ -t oy ~dap | e o N ]‘.(E.Z-ZI)
Her= [0 | -bgy -ty -sh | 0 ] (E.2-22) .
' ' . Pag PAp TPag -
P, - [ °© ° o Vil Tml g ] (E.2-23)

where .GaR, 5OED, and ﬂac- are the components in the R frame of the
vector 8a (see Fig. E.2-3) defined by |
| () ¥ )

8o =
. 2
los * ¢l

- (E.2-24)

8 Bg> 8 Bp: and § Bo are the cox_nponenté in the R frame of the vector
88 (see Fig. E.2-4) defined by

--EE X a

) (E.2-25)
leg x2 |

88 =

and pAR, -pAD’ pAC are the components in the R frame of p A

Group 18 — Not Used for System E

Group 19 — TACAN Bearing Bias Error (1 error source; 1 state)

r— |
F19,19 = | ~20,000{1x1 (E.2-26)
=[ 1 ] (E.2-27)

H

2719
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 SHUTTLE - . R-14201
. POSITION : , .

AND DME

— RUNWAY |

Figure £.2-3  MLS Azimuth-Shuttle and
MLS DME -Shuttle Geometries

@EIé_m
or p OOQLQII)&?JET?W

o MLS

POSITION

Figure E.2-4  MLS Elevation-Shuttle Geometry
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Group 20 - MLS Timing Errors (3 error sources; 3 states)

Fa0,20 = [0]3 43 | (B.2-28)
Hy 50 = [o B 0] (E.2-29)
H = [0 0 |p,1] (E.2-30)

7,20

where & , B, IpAl are the azimuth rate, elevation rate, and range rate, -
respectively, of the Shuttle relative to the appropfiate MLS antenna.

" The only elements of Fgand Hg which have not been defined

are the filter measurement matrices Hp --¢ Hg

1 7

HF1 = [ “Hj g | ¢ | o jo 1 0] ‘(E23)
HF2 = [ -Hye | O oo 0 1] (@23
H, = [i | 0 |. 0 | 1.0 0] (E.2-39)
Fs R’ R, _iﬂa

HF4 = [ By 4y f 0 | 0 0o 0 1] (E.2-35
H, = [ '. | o ] | (E.2-36)
Py~ 'Ry R, Ry | ~

HF6 = [ “Hgqyy L O ] 0 |1 0 0] (B2
HF7 = “Hy 1 | 0 | o J o 1 0] (E.2-38)

- where iRy, iRy, and ip, are the components in the I frame of the unit
vector in the vertical direction. |
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A Matrix

The A matrix for System E is a 100 x 15 matrix relating the
Kalman filter states to the truth model states. A has the form

A = [%-'] (E.2-39)

where A’ isa 15 x 15 matrix which differs from A’ as defined in
Eq. (E.1-22) only in that the L submatrix is replaced by a Io, 3 Sub-
matrix. '

E-20
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APPENDIX F

DRAG-UPDATE ERROR CONTRIBUTION
TIME HISTORIES

This appendix presents the time ﬁistorieg associated with the
error budget results summarized in Section 5.1. The data is presented in
tabular form with each table indicating the rms errors in positibn and
velocity, and the rms values of the platform alignment esfimates, in both
the R (runway)* and V (relativeAveloci'ty)' coordinate fra_mes (see Appendix A),
which result from a specific error source or gfoup of errors. The rms |
errors in altitude, velocity magnitude, flight path angle (), and track
angle (¥) are also presented. In addition, the rms value of each of states
10 through 13 is given at 130,000 ft.

The time points in each table correspond to entry interface at
400,000 ft (t =0 sec), just before and after the first drag acceleration
~ pseudo-measurement (t = 312 sec), and every 60 seconds thereafter until
just before the first TACAN measurement (t = 1432 sec). The magnitudes
and mathematical description 6f the error sources are given in Chapter 3.
Units are in feet, feet/sec, radians, and radians/sec.

Note that the order of the runway coordinate printout is (Vertical, Cross-
range, Downrange) in Appendix F and (Vertical, Downrange, Crossrange)
in Appendlx G.
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11%2,00  L,598Ze02 1,34CE402 |, 2526403 2,3Q7E=01 2,0)4Ee()
1212,00 L bB2F+02 §,USOE402 1,3270402 2,29%E-01 2,094F«3)
12712,0 1 0T4Ee02 1 SPUEeD2 1,39B8E40p 2,143Ee0f JF,191Fs0d
£332,00 100T9E#02 L, T00L402 §,4T0E402 2,022E=01 2,294Fe}i
1392.00 L OTTE402 L, TTLE#02 §,%377¢02 1,939F-01 2,39T7Fedi
132,00 LobTUES02  1,0120402 §.57T97402 1,91B8E=01 2.470f=01
TINE u v w u v
0,00 1,000F«10 {,000F=18 1,000Fe1p 1.006Zald 4,000F=10
312,00 R 190F+01 2.403Ee01 2,100€48y §,240Esnf 1,.158Eeay
512,00 3, 798E401  9,033Ee0)  2,100F¢0) §,026F=0% 1,17TEe0t
312,08 2,ABTE+0Y 4, B54Es01 2,717E+0) 1,199Ebt §,23GFed%
432,00  2,TTTE401  85,223E¢Q) 3, 3THFe0y $,31%Ee0! 1.316Fest
492,00  3,90%F+05 5,826EeQy &,071F¢g) 1,043Ee0y §,)329f=p%
552,00 4, JUSE+NL 8, 169Fe0) 4, TO6Fsb) 1, STiFe0{ §, 453F«0i
S1Z,00 B ATUFA0L 6, LTTED] S S0UEsG) L, T0LEs0)  §.512Z-pt
$72,00 &, Jugkenl 7,288F¢01 A, V1AFe0Y L BUBE~G] 3,565Eepf
TI2,80 T USEESDL T 831L401 T, 09TEe0y 1, 98TEeB! 1, biSEen}
02,60 M eufBes) B H)1Ee01 T AATEe4) B LB2Ew0t L,083Fep)
852,00 T B92Ee0L  9,092E401 B, 6B5E40{ 2,250E-0f 1.709Fe0f -
912,00 1 L18E402 9, MLIIEe0L 9. 490E+01 2,308FE=d1 3. TSaEeql
972,00 1.239E+82 1,0T08+02 1,0332+0p 2,01%F=0¢ 1,404Ew0Y
1032.00 $,3817402 L 1%UEsDF §,120Te02 2. UB2Fw0tf §,848Fwgy
1692,00 1,U728402 1,239F402 1 ,214F¢02 2,513800 1, 888FE=01
1132,60 1.509C+02 {.327F402 1,330F403 2,U25Ew01 §,909F«01
1212,00 1,619E+02 1 ,388E¢02 1, 834Eef2 2,399%Ewpl  1,9008«01
1272.00 Lob3Eed2 | UubEs0) 1,803€+02 2,228E«fy §,894E-pt
1332,00 148366402 | S26E402 {.4693E+407 2,09T7Ewgyl  1,896F«p%
- 13%2,00 D.002E402 1,08TERG2 4, 0892402 |,999Fe0y 2,1t28=0}
1432,00 1,0062002 1.TS9E40F L, bb5E402 1,%b0Ea8] - 2,299E=0)
ADDITIONAL STATE ESTIMATES AT 130,000 ¢t (50 T NF)
: T.8{8Ew1Y 4,311E=10 3.107E=09 T.325E~03

{.000E=L?
1,167E=01
1,1838=91
1y 2UdE=Q
1,331E=9018
1,409E=01
[P RAL LB

T 4.593E-01
1,602E=01,

f.654E~01
1,493E=014
{+T38Ew0]
{.TTLIESDL
1,739E=0
La805E=DY
L 81UERDY
1,808EmD]
1|BUQE'01

1eTO5EmOY

1.787E=01
1, 784801
1, TESE~]Y

L
1,000E=10

1, 155E=~01
1215TE=0Y

1,2U8E=d]

Le330E#014
{.800E=01
1,060E~01
1i5128=01
1.556E=01
1.5%2E=01
L h2ZEnby
LibGaE-f]

fbs5Empy -

1, 882E=01
1 Te1E=0Y
1, TI2E-01
14793E01
1,889E=01
2,052E-01
20134E=01
2.056E=01
1.,95358=01

PLATFORM TILT EFT!MAT!
-] .

1|°°°E'l°

C1,000E"10

2,923E-07
1, 145E=07
1,0T0E=0T7
1. 040EedT
L.079E=07
1,181E=07
f.632E~07

TTUSE=QT |

$.953E=07
2,243E=-07
2.5B2E=07
J,201E=07
J,609E=07
3.956E=0T
4,3G0E-0T
4,367E=07
4,201E=07
J.8{5E=07
I.511E=07
2,582E=p7

Y

1,000E=t0
$.000E8wW10

3.537!'0?

1, 2G3E=p8

1,89 Enp

1,727E~08
1,%15E=08
ifllif'ﬂﬂ
2,835E=08
2,357€=08
R.H9BEeQR
. 008E~0B
3, 94TE=08
$,291E=08
TebUSE~QB
{1,053Ee07
1.335%8«0T
{0BLEmOT
{,838E~07
1. 9usSEmpY
1,825E07
1, 622E=(Y

14Q00E=10
1,000EwiD
O, UGLEeDS
I HEZE=DB
3,025E-08
2,693E~08
2,363En08
2, 4TBE=0S
b,083E=08
7.373E-05
1,032E«37
l'uab£'°1
2,077E=07
SQIHEE”OY
d,001E=07
S,0318E=07

5,328E=07

6, FUIE=QT7
Te332E=0T7
4,966E=-07
S,48LE=37
4,351Ee07

Y

§,000Ee10

1.000E=10

1.TULEQT -

&, FUdTERDS
&,45TE=QB
T.00FE=0DS
8,2068E=08
1.,0B7E~07
14975E~QT
2,321Em-gT
2.955E Q7
3.,855E07
S,130E=07
THST2E~0T
G,998E=47
§.29dE=06
1.730E~06
2,029E=06
2.415E=(S
2,639E=06
2,560E=08
2.255E=04

D

1,000E=10
1,000E=10Q
5, 979Ee07
2.280E~07
2,126E=97
2,127E=0T7
2.23TE=QY
2,48UE=Q7
3,50T7E=0OY
3,T61E~07
4,279E=07
5.,087TE=07
5,380FE=0T
8,188E=07
1.031E=08
1,259E=08
1,628E=04
1,67SEw=Db
2 E2TUE=DS
2.525Em08
2,539E=0b
2,657E=D&

W

1,000E=ip
1.000Emi0
&, GF1E~0T
2,U5LE=pT
2.,298E=07
2.,279E=4T
2,348E-07
2,530E-07
Y,371E=97
3 H0TE=QY
M. 811E~07
4,256E=07
4,T65E=0QY
5.7T3SE=0T7
5,F44E=07
S S5L0EL07
4,0U3E=0T7
2,065E=07
{.,d436E=QY
S,6ULE=QB
8,908E-0Y?
1,488EmQb

ALTITUBRE

RATE ERRCR

1,000E=10
$.263Ee0t
LeJpbE=nY
1, 4S3E=01
1,6063E=014
LW TS2E=CY
1.900E=01
2,048E=p1
2,196Ee0}
24341E=(!
2,481En(Y
24613E=0)
2.TI1E=-0Y
2,803E=01
208555'01
2, 862E=01
2+750E=D1
S b51Eed!
2.UgTE=)]
2.2%2E=01
2,176E«0Q8
Z.IHNEOOE

GAMMA ERRCR

3.538E-[5
4,85uf=06
S.024E=(b
S,631Ew0b
b.SOOE—OQ
T O[kEROB
T«T772E=00
B.575E=06
9, 413E=gb
1003%En05
11135ER0S5
1,244E=03
1,364E=}S
11”37E'05
1.,638En05
1,805E~0S
1,947E=0C9
2|1”7E'°5
2,275Ew0S
24s537E=0S
3,025Ew0%
SIQIBEIOS

VELOCITY
MAG ERRCR

1,000E=10
1,155E=0}
1,180E=0¢
11233E~01L
14316E»g
1.,389E~01
1,453E=31
1,512E=¢1
14565E=01
1,015Ea0
1,683E-0
1,710E=-01
1,75BE-9}
1,8078=GY
1.851E'0’
1 ,8%0E-0L
1,983E-01
3.9055'0i
$.082E8a0}
{,912E=01
2,128E=04
2,335E=01

P31 ERRDR

3,038E9
b,560Ex0b
{(49CE=0QS
1,025E=08
1,077E«03
1,008E=03
8,730E-08
ToUbTEQSH
b,08%EaDs
4, 000E=00
S,T05EnDS
5.607E«pd
S,065E=0h
6,375E=06
Te236Ends
B, 631En0b
LeG32E=0%
JLU415Ea}S
1,909E-25
2,395E~0%
2,814E=)"
J.0b5En(S

NOILvHOdHOO S3ON3I10S JLAIYNY 3HL



ALI'TVND 900d J0
ST U4DVd TVYNIDIHO

y-d

TimMe

- 0,00
32,00
312,00
372,90
032,00
4%2,00
952,00
612,00
aT2,00
Ti2,00
192,00
852,00
#12,00
872,00

1032,00

1092,00

152,00

1212,09
1212,00
132,00
1392,0¢0
432,00

TIME

0,00
312,00
312,00
312,00
aiz, 60
892.00
552,00
612,08
472,00
732,60
792,08
832,60
912,00
$72,00

1032,00
1092,00
1152,00

112,00

$272,00
1352,0%
1392,80
1432,00

GROUP 3 ACCELEROMEITER D1AD

POBITION FATIMATE ERROR
R c D

B.340240)
3.170E+03
5,059E03
S,E1BE403
5,100F40%
B,T6TE+0S
4,419E+0)
4,0618+03
3,695E+03
3,.324E+03
2.9910+p1}
2,5T9E+03
2.,213E+03
1.096E+03
1.915E+0Y
1.200E+03
9, 238F¢02
T.095E002
$.680Fe02
5,140E+02
5,210E+02
$.558E+02

v

8,2028+02
B8,998E+02
S5.Ti1uE+02
S.488BF02
S.58uE+p2
S.bu4gLen2
S.OBUE+DD
5.705!00!
5, 7130E402
S, 713TE+02
8, 129E+02
S.TOUEG2
5. 65900+02
S,50TF+p2
S, Gusf+p
S, IULE+D2
5,238E+¢02
5.,30BE¢02
S U002
8,698F+02
b,124Ee0?
&, 4T8EvQ2

1,079F403
2,082800%
3.S31E+03

3,942E40) .

4,249E+0)
4,527E+03
4,772E+03
4,985E+03
5|15250°;
S I0TE+0Y
G4419E407
S, UBF403
5.538E+0)
S.5%56E+03
5.52}!40!
S,UUSE«n)
S337E0)
S.lBDEoDS
4,9922+03
G,76%E+03
4,5T71E+03
Q,3403E403

v

b, 494K+0)Y
S,834E+0)3
b, 650E+(3
b HTHESDY
G, b612E+0)
&,S49E+0Y
b, 4B2E+0D
b,B11E+0Y
b,333E«03
&,2UBE+03
b,152E+01%
6‘GSB:¢OS
5.,891E+40)
S.TOOBE+0)
S.400L403
8,96LE«D3
4, 5T1EeDY
3,618E%03
S TUREHG)
2,TaS5E+03
3.52551°!
3,951E+03

$,203840%

‘Q,U25E+02

3.521F«02
2,18LE*D?
2., 36F+02
3,39TE+02
4, B26E+02
5,3T2E%02
T.9649E+02
9.,9250+82
1,108€E+0%
1a261E+0%
l-u03E003
1.351E+03%
1.603E+0%
1.00uEeDy
1,508€+40%
1.99TE+03
R, 066E+0%
2,120€+03%
2.18065403
2,231E¢0%

W

2, 016E402
2.439E+02
2.,651F402
2,722E402
2.,892E+02
I U55E+02
GL400F*02
S.651E¢02
T 024E+D2
8,659EHS?
1,098E+03
1.293E+01
1,589F+%
1.979E40%
2 UB3ECYY
J.0T5F003
3 6BHE+0)
4,235L40)
§,055E¢0%
4,820E¢0)
J.626E0Y
3.000E+03

ADDEITIONAL STATE ESYIMATES AT 130,000 ft

4,945E-09

2.,439E=09

3,2618=08

YELOCITY ESTIMATE ERROR
R C D

2,7900000 &,565E400
O,026E00 U, 6b0E4+00
B,079E+00 S, 4vbE+0D
S,230E400 S, 1uTFeDD
S,51TE«00 4,6B28400
5.755E0°D n-’°§E‘°°
5,95LE000 J3,697E+Q0
S,108E000 3, 1QBE+00
6,213Ee00 2,T0TE+00
b,2T6Ee00  2,2028+00
&, 29TE#00 1,B27E+00
&, 2TSEe0d 1 ,503Fend
6,205E400 1,3)15Esp0
§.10480+00 1,384E400
$,925E+00 | ,57bFe00
5.,883E¢00 1,881E+00
5,380E400 2,212E+0¢
S,012E+00 2,54SE+00
0,590E+00 2Z2,B41Fe+00
A 1TTE400  3,0T8E+00
J,91aEeQ0  3,293E+0Q
3.T5GE#00 I 43LE+Q0
v ¥
TLUILE400 4,298re00
6,952E400 ], 125E400
TeB20E400 8,3108=0]
T.832E«00 7,9808=01
ToTR2E400 B8,199E=04
‘Teb0DEe0D B,883Ewpt -
Tedbbtle00 9,30ufed)
ToI25E400  1,0258+00
TLATSEsDD  1,128F+00 -
T 020E200 3,335E400
&,860E400 1,350E+00
By AF1Ee0] L1 uUbTEepy
b6,508Ee00 1,579E¢00
6,324E000 1,670E400
6, 079E+00 1 ,73784p0
S.,7T92F+00 1,TWBE+0D
5,0335400 1,TOLE+00
CSL0N3EL00 1 ,023Es00
H,59SE400 L,b01Ee00
B,150L+400 1,005E+09
J387TTE+00  §,692E+00
I,722E400 1.934E«9D
(10 TO NF)
2.'10[‘53

2,49B2E400
2,5T2E+00

_BLBUbESQD

2,8820400
2,87uE+400
240576400
2,831E08
?.TQTEOOG
2eTSEE40D
2,T13E+ 00
2.602E000
2.00b6E0Q0
2,544E+09
2,87SE+DQ
2,392Ee00
2.300E200
201955’00
2QOQOE’D°
1,901E+00
1,890E+09

1, B23E+00

1,792E400
N

I, 0106E=0]
4,458E=08
d,521E=01
5,06T7E=Q!
S.68St=01
b 3T3E=01
Tel25Ee0]

T+9u5E=0]

B,8u2E=0}
9,8unEft
1,09TE«00
1422BE400
1 385E400
f1.580E+00
20206000
2.0206E¢00
2L Ub1E+QC
2,T792E+00
3,083E400
3,2T1E=(D
3.40TEeRD
3, 388E400

PLATFORK TILY E?TIHATE
"R .

0,0008+00
0.000E+00
2,6U1EnQb
2,597F-00b

TRJUBVE~QS

2,312E~08
2,161E=00
2,030E=006
1,912Ew00

1,7996-06

{1 uB94EmDD
1 .993E=0S
1,492E=08
{1,52u8"0b
{,452E=06
1., 4Q2Em0b
{.d2hEwtil
1,366E-00
14337EnQH
{,203E=pDS
1,011E=06

9, 14818=07

v

0,0C80E00
9,000E%00
3,195€+68
1 ,484E+=0T

2,320E-07

30011E'°7
3,59GE=97
4,091E=07
4, 565607
U, 998E=07
S,395£.07
5,157E=07
b,077E=07

b,bU3E-07
5,971E=07
Ta200E-0T
TobUduE=QT
T4851E=07
8,%38E=0"

‘8,86TE=Q7Y

P, 172E=07

0.0C0E#00
0,000E+0Q
8,532E=407
8,540E=C7
TQSSGE'Q7
b, T47E=0Y

5,848E=07.

4,910E~07
4,187E=07
3,984E-07
ﬂ.TOOE-CT
6,319E=]7
B,593L=07

- 14230E=06

1,588t=06
1,99%L=08
2,53%E=06

2491 2E=00

5,169k e08b
J,00LE=00b
2,38 te0b
1,6080E=0b

Y

0.000E400
0.000E+00
1,533E-08
1,5B2Ew0b
1.516E=Q8
1.494Ee (b
1+501E=08
1eS60Em08
Lo§62E-08
Ly657E=06
LyTTTE=CS
L 960E-0b

- @4R23E-DS
6,284E=37 .

2,979Er b
3,b609E=06
U, G9TEMDS
&,0U0EnDS
7,424E=0b
G, 36BE0b
1,151E=05
1,230E~09
1,167E=05

o

e, 000800
0,00GE+00
SH02E~06
DeuT72E-06
S.050Em08

R,690E=08

4,3THE06
G,}14E=06
3,BULEeDb
31 618E-06
J,N1E~DS
},353E=08
3.128En0S
I u98E-08
3,680Em08
4, ITEEmDS
S GGdE=Db
6, TGbERDS
8,308E~00
1.,112E=05
1,233E=05
1,275E=0S

W

0,000E+20
0.000E+890

5,87TE=0s .

5,951E=06

"5 LBYE«Db

5,047E=00
H,b69E=Ch
N,333E=0b
3,991E=00
3,0T3E=08
LI T 1
3.057E~08
2,727EmDb
2,604E=0b
2,1T1E-0s

f,0d3E-0b -

1,050E«08b
Q,6Q00E=07
1,6T0E=08

1,165E=00

2.504E=08
5,396E=06

ALTITURE
RATE ERRQR

HylTIEwOY
b, 113E~01
b 330Ewd
5,97%E-01
"V U90E-GY
B,026E=)}
8,605E=01
9,235E-01
FaFe2E=0}
1.,071E400
talsbE+QD
f.284Ee00
11436E4G0Q
1,639L+00
§2909E+00
2,235E+09
RyS86E+GD
2,914EQ0
I,156E460
2,929L400
2,6U3L+900
2,569E400

GAMEA ERROR

{,555E=05
2,310E=0Q8
24455E«08
2-7335'05
24985E~05
Y.261E=05
3,5731Em0S
3,924E=05
R-SEB&-OS
4,812E«0%
S5,U16En0S
b,202E=05
Te2bPE=05
B,789E=05
1,101E=04
L,tnbE=0g
1|802E'0a
2,2826=04
2.812EwQ4
3,37TTE=0G
J4520E=00
4,0BBE=QY

YELOCITY
MAG ERROR

{o16TE+00
1.031E+00
Te315E=01
Tedd2EwQY
8,012E~01
8§,597E-01
9,332E-0}
1,021E+00
14121E400
1,230E+00
1,364E+00
1,458F8+00
15662400
12661E400
1,728E+«00Q
1 TUOESQQ
{,696E400
1,028£400
1.62UE+00
1,04TE+QQ
1.095E4(0
1,905E+00

P31 ERROR

Cy0T3IE=04
8,018E=04
9. 586E=-04a
1,171E403
1,22b6E=03
1,091E~CS
8§, TLIE=04
byhT5Ewld
5,133E-04
4,047Ewdb
3,302E=-04
e,B801E=04
e4hBIE=QU
2,311E-04
2,278E~04
2,373Ex0y
R,509E04
24965E=04
3.817E=04
4, 037E=04
5,031E=Q4
5, 7TLBEw04

NOILLYHOdHOD S3oONITS DILATYNY 3HL



I0
v 8004
& apva TONIOTO

G-d

Tine

0,00
312,00

N S T

312,00
832,00
492,00
552.00
612,00
bT2,0¢
732,00
792,00
852,00
12,00
972.00
1032,00
1092,00
1152,00
1212.00
1272,00
1332,090
1392.00
§6832,00

TIME

Q.00
312,80
312,00
312,00
432,00
ez 00
552400

12,00,

672,00
732:00
192,00
852,00
%12,00
#72,40

1032,00

109200
152,00
1212,00
1272,00
1332,00
1392,00
1832,00

ADDITIONAL STATE EBTINATES 2T

18002404
$2243E408
11760408
1s130E404
1+042Er00
,6720+93
B.8610403
7-993E'03
70758403
b,199T4p3
S,099E+03%
G,0%2E+0)

- R,9TU4ED}

1.6T9F+p1
T.028E+02
2, T14C4+2
1.241E+83
Cel220993
2.812E+0)
3.3u%8403
38590403
A,182E+03

v

1,0108+03
1:584E0p3
T.3%4Fe02
0, 2Uu3Ee g2
$.596E+92
5.143ee02
4, 96FERD2
Sit20Eep2
S,0520402
b, 4218452
B,069E482
Q.99TE+p2
1.2528+03
1.550E+03
$.9237403
2.33%0E403
2. TAUE«0Y
J.259E+0)
3,649F403
3.9T46E+03%
4,303F+p3
q,5152+23

2.894E-08

GROUP 3 ACCZLERONETER SCALE FACTOR
POSITION ESTIMATE
R c

FRAQR YELOCITY ESTIMATE
D R ' C
SeTUTES0Y (536003 2,0208000 ¢, 0080401
140330404 1,9TNE+02  1,009E+01 1,801E8+901
9,52UE40} &, 2378401 B, TUSFa00 1,245F+01
00218004 3, 4%uZeg; 14000E¢0f 1,2018+01
1092408 H,763E402 §,199%40% 1,11%F401
LetSTE+Qd 1, 006E003 §,Y02Eep1 f140204p}
L0214Ee00 L, 334E40Y  §,30TEeDL  9,173F400
142636400 1,850E403 4,48%E+p) 8,pTbEeps
19308Ew04 |, 9782¢03 |,5¢50401 &,928F490
Le343Espl  2,291E003 1,638C40% 5.73%2+00
1,369E+04  2,59SEe03 {,7028403 G,509F400
1.385E490a 2,836E+py 1. 733601 3,201F400
1,3908400  3,1997403 §,804FeGl 2,011F+00
143776008 3,39764031 1,833Ee0] B8,235E=p|
$o351E408 3, 801£40% {1, BS0Ee0) 7T,086F~01
12309E+08 3,7S3E+03 1.849E401 §,.78{E+00
Lo2u2E+0Q 3,01GE+0X {,809E+0t1 2,808F+40
10108Ev0d  3,830F40y §,763E40% 3,.T28Z+qp
L1a0T1E404 3, 735E403 1, 688E#0] &, 401E¢00
. TISE4Y 3, 605E403 | SuBEepl 4,B95Etgp
B,934E%03  3,530f£003 |,06TE+3) 9,3%8Feqp0
8,4G5E+03  3,507E¢03 §,42BEeqg S,T09E+00
v W V- Y
145528408 4 3SPEe07 1, 699E401 9, 186Fw01
§e0250400 143265402 {,B18E¢0] 2,8u8Ewgy
ToSUIE#0d  §,302€002 §,099E4d4 1,u93pa01
1o50TE®OL  fudbgEvep 1,707Eepy A 02001
L1iS10Ee04  2,987E+82 '§,T724Eepy - blbEwpg
1,509E+08 5 _3b0Fe02 L,T3% ! T, 1%uUgeny
1.508E+94 B,1338+02 {,7SuEegy 9,627Fep1
$0300€00d 1.116E49% LaTe% et 1,.f{838+03
$2A92E004 1L UUBECOT  {,TO6E401 §,37bEe40
Lo &BIE+0G L BZ1Ev0Y $4B80SEent 1,990E¢00
$oUBSELO4  2,255F 0% {.B2UEsl] 1,B23Es00
§oUUE008 2. 7817403 1.8UdE+g) R QUbEYHY
$0809€+08 J UatEeny 1.9062€40) 2,20uF490
Le330€408 4,283Ev08 1,8T0Eepy 2.38uf+0p
1,279F¢04 3 3T9F403 1, BTUESG] 2,0{3Fe00
101678004 6, 8180403 1,863Ee8y 2,293E+08
1,000E004 " T 7826403 §,817F4p1 1.821E+00
B,222E403 B,79pE¢03  3,T6SEe01 1,095F+qQ -
3,998E¢03 9,3G3Fe0)y Tobb3Ee0) 2,b85E~08
S.903E«03 B, 285F+0Y  |,545Fe0) 2,84TE=0Q
ToduSEeDd S5,.7THTE403  §,85TE€Q] § . bGLE+00
B,119E+03 3,8G8E+03 1,419E¢q} 289204090
130,000t (10 T0 N&)
[502EwD8 2,009kw01

1.9058=07

ERROR
D

4,982E+00
5,816E+00
B,409E400
S,uR1EeQ0
$5.511E«00
S.500k+00
S,Ub2E400
S,u0iEeDD
53218400
5,220E400
5,09%9E+00
Be95bE«00
4, 789E+0)
&,5T1EeGO
&, 32TE+D0
4, 0U0E+Q9
1,670E400
3.315E+00
2,914E400
(2553800
2.333E¢ﬁ0
R RUTESQQ

L]

$,028E400
fof3UE«DD
fe0uSCa0n
1e0U0EedD
1.038E400
9,803Ew0]
B.628E=pY
Te220E=91
5,3628~08
!.aﬂ?ilﬁi

$4158E«0

d,132E=01
8,733E=04
L.4uBEeQD
T2 LTUESOD
J.02%9E+00
3,708Ee90
U, TT8E+0Q
5. 3b64Ee00
S TURE+DQ
S.898E«00
"ELHLIE400

0.000E+00
0,000Eep0
3,59u5=86
J,u60E=08
JilOkE~0b
E.81BE-QS
2,001E=06
2 4TIENDD
2,6 1TE=0b
2.500E=Qb
2.TT0E=08

C3.R31E=QE

3, 894E04h
S,06TEmS
b, 21 LE~DD
T 4iTEDS
B,7TTIE=GS
Q,401Ew-0é
G,UBIE~HS
§,431E=00
®,229E~0b
4,493Em0b

v

B.000E400
¢s000€00
§,347E=08
L,070Em07
3,291E=07
§,253E007
4,92TEmQ7

S.IB3E-0T .

%, 730E=07
5,952Em07
&, 182E=07

6,039Ew0T

7.037E=07
F4E09E~QT
1,852E=08
"722E'°b
2.218E=n¢d
2,061E=06
1, 111E=0b
249LBE=DY
2,319E=08
J4U99T el

PLATFORM TILT ESTIMATE
.. n C

0,000E00
0.000E+00
{2 161EmDS
L.0bTEmDS
9,213E=07
8,113E=07
T7,077L=07
5,ToRE=QT
4,028Ew(Y
1+UTSE=DT
4,094EnmDY
1, 146E=(b
2,24Ew(b
d,212E=08
b,U89E~-00
9.322E08
1:345E=QS
1,5B8%9E=(0S
1,7T86E=DS
14 T43ERDS
103265
8,695E=04

¥

0000E+00
040005400
2,14bE=Q0
2,0bUEwpe
llaqlﬂ'ﬂﬁ
l.TBlE-Gé

1,722E=06
1,767£«08

1,923E~06
2,344En06
3,172E=086
U,595E=08
4,857E=08
1,125E=05
1,69dE«05
2,48%E=(5
3,713E~05
W,8T0E=§S
&,3408=95
T459TE=0Q5
TeSTHER(QS
6,552L=0%

D

0,000F+00

0. C00E+00

7,350Ce08

b, FULE=Q S
b,143Ew0b
Be0U2E=0Y
5,094Em04
4,836E=Ch
U, T24ERSH
U, 9d0EmQ 8
S,.605E=00
4,8T4E"Q}
8,929E«04
1,301Ew0S
1,792E=0%
2.452E =08
3,528E-0S
4,553E=05S
b,021E=05
TeJbIE=0S
8,038E=0%

- B,247E«D5

W

¢,000E+00
0.,000Ee00
T.980EwQa
T.552E=08

b bTRE=OG

S,997E~06
S UTTE=DS
S 140Ew0H
4,929E=6
§,966E=08
$,367Em0b
6,119En08
T.23dE=DG
Qu2ILE=DS
1,066Ea05
1.,420E=03
1,053Em05
S,B27E=04
2,207E=0b
J.61TExOS
3, 049E=05
4,956EmlS

ALTITUDE
RATE EHROR

2,020E+Q0
1:875E+00
167100
L4GQ1E+QD)
F,99%E=0]
§4222EmGY
2!1125'01
Te278E=01
1.409E400
2 185%E+00
I, 0ubEeQpD
4, 0T6E* 0D
5.243E+80
bySTRE+GD
8,155E+50
9.855E+08
1.1408+01
1 2AGE+0]
1,363E01
1,292E408
1,204E490)
11816403

GAMMA ERRQOR

7,835E=09
Te217E=0S
b,dgbE=0S
S,440Ew(S
3.921E-05
2,088E«0%
8,65E8E-04
3,05E-(S
b,060E=05
9,473E0%
JoU94Eegd
1,943E-04d
2,623E=04
3,U93Ew04
H,bB2Ew(d
b,225Ew(d
B,07TE=Q4
1,0u41E=913
1,289Enm03
14450E-(3
1,68TEwD}
$.%29Ew03

VELOCITY
MAG ERROR

$,206E¢00
4, 6B81Emfy
1. THUERDY
d,423E-01
Sy01TE=Y
Te501E=0)
Ru27E-0%
LelUnEsGO
12355E+C0
1o57LEwQ0

§.78BE#00 .

1,591E¢00
2,172E+00
2,2725+00
2,335E400
2¢I59E+G0
14733E00
9,812E=p]
5,587E=01
quETGE*Gl
1,398E+00
ReI50Ee00

PS1 ERROR

4,880E-04
2,30TE-03
2,14bE=03
2,515E«03
2,749E~03
2,491E=03
2,005Ew03
L 546E=03
Ly [90EmDS
9,367E=04
7.599E-04
b, I3LERQL
5,5B1E~04
5,091E-04
4,93 EnDd
5, 060E=04
S,Hb4EEmQA
b, 189E=04d
T 027E~04
8,113E=04
9,6565=04

1eQUOE~03

NOILYHOGHO0D S3ONII0S JILATYNY OHL



0d W

10
SI dOvd "IVNIDIEO

|

XLITvad

|

TINE

0,00
312,00
312.00
372,00
32,00
492,0¢
552,00
$12.00
872,404
132,90
192,00
852,00
912,00
272.00

1832,0¢
1092.0¢0
§152,00
1212400
1272,489
1332,480
1392,00
132,60

TIimE

0,00
312.00
312,040
3172.00
432,00
4%2.00
552,00
b12,00
6T2,00
T3&, 00
T92,00
452,00
9,00
M2a0

1032,00

1992,00
1152,00
1212,00
{272,090
1332,60
1392,00

1432,00
ADDITIONAL BTATE ESTIMATES AT

POSITION ESTIMATE ERROR
R c D

G,622F403
3, 296E+03
G, 45TE+H)
4,233E+0)
3.956E+03
Jub2dE+g3
Y,28uf403
2.918E403
2,5B9E+03
2+239E4038
1.690E403
1.526E4p)
1-2‘1E+°3
B.9T8E+p2
b, 3216402
U, 7S1E+02
4 BRIESD2
b,21uE+py2
T.022E¢02
8.8pb6E+pe2
9. F04E+02
14056E+03

u

2,297F+03
e:§23E+0)
1,354E403
1.228E+03
1.1T3E+03
1+102E403
1.021E+03
Q. 2%6E4p 2
8,282F¢02
ToIBTE#DR
6,035Ee02
4.0BTE+p2
J.BB3Ee02

‘3.305E+p2

3.5T2E+02
4,5M9E+02
S.F01E+02
T.34b6E+p2
B.537E+02
Q,U97Er02
1-039E#05
1,092E+0)

T.360E=0Y

GROUP ¢ ACCELEROMETER NISALIGNMENTS

1224TE+0% 2,043E+0% 3,.765Ee00
$o052E%03  1,517E4Q3 4,4T70E+00
1,98TE+03 1 ,393E+08 9,0065E00
2, 365E#0Y  1,2ToEe0y S,333E+00
2+55UE*0Y  L,1TLEe0Y S,UTuEeQy
2.T25E403 1, 07THE+03 S.829E+00
2,867E+03 9,837E+02 S,T72RE40D
2.961E+03 E,.983E+p2 S5,T79S5E+n0
1,069E+403 8, 218Ee02 S,033E400
3,128E403  7,5568E¢02 S,R85E+00
3.157E+0% T, 083E+072 S5,832E+00
3.155E¢03  8.727E¢0 5,797Leg0
B.L19E403 6,570E+02 S, T3ITEL00
3.053E+03  6,590E+402 S,.b58E+qpn
2,942E+03 6, 73ITE402 5,528E+00
2+79SE#03  &4,9T0E+0p 5.352E+00
2,507E+03  7,261E4D2 §,000€+00
2.407E+pY T, 685E+02 4,T99E+0p
2+104E+03  8,155E+02 4,402E+00
12972E403  8,B3uEvHp 3,%u2f+qp
1,809E003 9,721F403 3,551€400
1+T1TEDY 1,03TE+0y 35,359E¢0p

v

W

v

U,u27€+03 |, Q88BF+0Y S5,035E400
2.807E40) 1,373E40%  a,83bEeQ0
4,7T04Ee0S 1, 373E¢03 &, UTTE+GD
Q,720E+03 §,332E+0% &,5%dE+00Q
Q,528E403 1,29u4F+0%  &,08uEeQp
4,36BE+0Y  1,260E+03 6,.388E+qp
4,1TIE+0Y §,230E+403 6,295E+00
4, 002E*03  1,203E401 &,20B8E4pp
3,BY6Es0Y 1,182E408 6,12uE+00
30072E+03 1,3 T0FE+03 S,.0u3Eeps
J.508E03 1, 1TUF+0) S,902E400
343356403 1,202E+03 5,870Es00
Jo143E+03 |,26uE+0y 8,T38E+00
2.920E¢03  1.3TUE403  S,88bE+00
2,0GBE+D3 1 ,SIBE40Y 5,543E+00
2,3028E+0) :-7?6[‘0! 5,3158E+90
L 903E+03 | ,896F«0) S,008E400
1.673E+03  2,015E+03 &,789E+00
1.083E403 2,03%E¢03 4,38%E400
$4093E+03 1,830F+03 3,918E400
1,389E+03 1, 4B0E+03 3,S3TE+p¢
1,536E¢03  1,259E+03 3, 339E+00

3.900F=0%

130,000 1t (18 To NF)

4,295E+090
1,030Fs00
3, 009E+00
3,577E+00
3.125E+00
2.686E+00
2.2%9FE+00
1.8U9E+y)
1,463E+00
1.107€E+00
T.963F=01

5.753E~py-

5,291E=01
b, bb1E=0}
B, 656E=01
1a114E*00
1. 319E+00
1.093E+99
14623600
1,718E+30
1,833E+40
1.%12E+00

v

2, TTLE* DD
2.5T1E*0D
1,852E+00
1+T23E+00

L OTSE4D0

1.632E+89
$.58TE+00
1.539E+40
[ 640BESQ0
L1.43384+00
1,377€+00
$e521E¢00
1,2T4E+09
1.200E400
1,25UE+00
1.356F200
1,574F+00
1.8%1E+80
2. 240E*Q0
2,235E%00
$.6859E+00
Fatt2Ev00

&,840E=08 Q,883Fep2

VELDCITY ESTIMATE ERKOR
R c 0

2,152E+00
$4833E400

2:390E+00

2:427E+00
2,398E+00
2.37SE+QQ
2,354E00
2:337E00
2324800
243136400
2,305E400
2e29TESQD
2e290Le00

C2+2B87L400

2,291E400
2,512E%00
2,349E+00
2:810E+00
2.,475E+00
2.048E+Q0
2,300E400
2/320E+00

=

1,720E=01
b,4%1E=01
T019E=0%
8,167E=01
0.2365‘01
$2029E400
Lot YTESDO
1., 207E+00
1. 389%E+00
1i472Ew00
1,5808L+400
fo700E+00
{1, 8209L+00
$952E400
2.0T2Ee00
2ylbdEeDD
2,i91E+CO
2 l3UEGO
1.9Y1L+0G
2,0u3Ee00
2.183E+00
2572600

PLATEORM TILT ESTIMATE
R C

0,000E+00

0,000E400
b,1BTE=08
6,238EmDb
5,678Ex0b

S,i8%E~0d

4,720E=06
4,2BUEnDS
3,B44E-06
3,383E=08
2,890k=0b
2,335E«08
1 ET3E~0b
{,49BEvQS
1,231E=06
1,2L4E=08
1,540E=04
1,733E=00

1 T99E=Db .

12593E=0b
1.140E=0b
8,302E-07

U

0, 800E+00
0.000E400
Y, UB3E=08
J.5ULE=nT
5,600E~07
7.313E007
8,757E=07
9.982E-07
{;i01E~DS
$,1BUE=DY
1,24%E~06
1, 217E-08
1,272E=06
1,221E=00
1-13°E-Gb
1,001E=08
8,TH0E=QY
T, 63TE=0T

C b, 9TBE=DTY

8,4B5E=07
5,443E=07
b,67LE~0T

-

0.000E+0Q
0,000E+00
1,999E=06
1,942E=08
1.7T12E=Q8
1,5138=08
1,333E-08
1.i81E=04
1,076E=06
1,06}EmDb
1o110Em0S
1,307E=08
1,65SEm0b
2,129E=0n
2,845E~08
3. 086Em08
H,681E=Qk
S,385E=04
S,802E=00
S4575E=08
Q U408Ewb
1,219E=084

)
CoQOO0E+00

0.000E+00 .

3.590Em08
3, 654000
3,465E=0b
3.337E=00
3,212En06
3,000Ew00
2aBH5E~08
2,550¢E~08
2;'5‘E"°6

1,660En0Y

1 U0bE=Db

2 491E=06

3.B819E~08
6., 20TE=08
F.562E=0b
1,26T7E=0S
1,622E=45
1,999EnCS
2,073E-05
$4902Ew0S

0.000E+00
0,000E400
1,265E=05
1,261E=05
1, 140E~05
1,036E=25
F.381E~Gb
B, 445E=06
T.920E=Q6
6,551E=08
5,501E=06
4,353E=08
3,173E=00
2,b20E=0b
L.212Em00
9.,205E~0b
8, 3G3Em0b
1,1043E=09
1,54pE=0S
1,8BTE~0S
2,05%E=0S
2,107E=QS

W

0,C00E+00
0.Q00E+00
1,37TE=45
1.371E=g5
1.23TE=QS

"1,117E-08
L 1,005E-08

8,9B83E~08
T 9C5E=DS
6,092E=08
5.805E~0b
4,584dE=04
3.967E=04
2,T11E=08
2,013E=00
1,656E=08
1,297€=06
1,2326~08
1,252E=06
2,358E~00
31,813E=08
B,1USE=0b

ALTITUDE

RATE EHROR

liqﬁlE'Qt
1e106E#00
7.883Ex01

" 9,231E=0)

1,122E400
1.,338E400
1 S59E+00
1+765E400
1.962E400
2,201E400
2,426E400
2,061E400
2,911E+00
J.iglke00
3,470E«00
J,T4IE+0D
J,930E+00
4, 054E¢00
J.999E+00
3,632E400
T,2utEe00
3,063E400

GAMMA ERHOR

B,F73EmOS
4,456Le0S
3, 172E=08
3,082L=05
4,493E=05
5:431Em(S
b, L40L=05
T.S0%LE =05
B,651E~95
9.892E=(5
1,127E=0Q0Q
14285608
1,d74E=0G
1,708E=DA
24001Ew0DY
2.355E=04
2y TuSE=04
3177604
3,56%E=04
3, 837E=Q4
4,321E=04
4,870Ew04

YELOCITY
HAG ERROR

246TIE+QD
2,506E40Q0
1e752E490
1e664E400
L,653E+00
1.621E400
1,584E+00
Le235E+CD
1,681E«00
1, 62dE+0]
1,365E+00
1 30SE+G0
1.250E+00
1,211E+00
1,237E+00
1aJU2E+Q0
1,560E400
1,887E+00
2,2806E+Q0
2.,232E400
1.,8535400
1,564E200

P31 ERRCR

1,562E=04
3,803E-04
5,59uEm04
B.IbOE-Oﬂ

B U2TERDY

Ted9T7E=Dd
b, 04 E=04
4,715E=04
d,725E<04
3, 030E-04
2,559€m04
&,2LSE~04
2,0u5E=-04a
1,937E~06
1,900E~04
L 935E~04
1.991E=04
2,057E~04
2,086E=04
2,382E~04
3.266E=04
4,083E-04

NOILLYHOdHOO S3ON3II0S JILAYNY 3HL



A1rivad ¥ood J0
SI HDVd "TVNIDIYO

L-d

TiME

Q.00
352.00
312,00
3rz,.00
432,00
492,00
552.00
412.00
672.00
T32.00
792,00
852.00
912400
972.00

1032,40
1092.00
11%2,00
1212.,00
1272,090
132,00
1392.00
:432y00

TIME

Qo000
J12.00
312,00
§T2.00
432,09
a92.00
52,00
612.00
672,00
732,00
792.00
852,00
912,00

1032.00
1092,00
11%2.00
1212.00
1272,00
$1332.00
$£392.00
1432400

]

¢, 000E400
soszE'Ul
70509E'°3
1,0aTE~02
1.320E=02
teb27F=02
1.968E=02
2.J08E=p2
2. T6TE=02
3.237E=02
3,75%F-02

‘4.333E=g2

4, 951E-p2
S.4595E=-92
5,2358=02
b, BudkE=g2
V.320E=02
T.T59E-02
T.951E=p2
B,0THE=02
8,1931E~02
3.2615-02
u
0.000E*00
S 4y 8E=p3
304205'“3
S.lqaf'OS
T.6b0E=DS
l-UﬁiE'oz
1, u0bE=02
t.PouE=p2
2.26BE=02
2,78dEmp 2
Y.351E=p?
3, Fb06E=92
4,62 F-02
S,203FE=-02
S.,928E-02
6.561E*02
TeGuUE=g2
T.501F=p2
T.690E=Q2
T.82TE=p2
T.98%E-p2
B.100E-02

CADUP 3 ACCELEROMETER NONL!NélﬂITY'

0.000E+00
Se36UE~SS
G,315E=0%
S,R28L=03
TeT758E=0}
1.012E=02

1.290E=02

1.00BE=-p2
1+90tE=n2
2:35A5=p2
2,79TE=02
3.281E=p2
3.A13Ean?
d.u2SEep2
5,003Ea02
S.,B00E=y2
b, bulEe02
Tial%Ewp2
8,29UE=52
9,00RE=02
Qe b49E=-02
2.995Ew02

¥

0.000E*00
$5:218E=0)
B,112Ew=0)
1on%0E=g2
1,300E=02
1,583E=02
1.BuTE=02
2419%E=02
2.U7BEupp
2,B3TERD2
3.237E=C2
J.u81g-02
d,171E=p2
4,753E~p?
S5.515%E-02
5.032E-°2
&, 540E=-32
T.059E=¢2
T.518E=-02
8,1T6E~D2
Q.3ulE-02
Q. 7T7S5E=02

PUSITION ESTIMATE ERACR
c D

ADDITIONAL STATE ESTIMATES ar,lsd,ooo ft

4y10T7E=13

2e202E=13

0.000E+08 "0.000E400 0.000E+00
5.259E=0%  3,3T0E=05 3, uTuF=9S
S.027E=QY 3,258E=085 3, 105E=gS
Toll0E=0% 3 ,840E-0% 3, 724E=DS
F.567C-05 4, u35Le0% W, 380E-05
1,237€=02 S.043E=¢5 S5,002E~05
1.992E~02 5,8T4Ee0S S5,0u2F=0%
1,899E=0p &,342E=0% b,272E=05
2.20nFe02 7.071t=)5 b.B9iF=05
2.6R9E=0p T.8unE~0S T.4BbE=gS
J, 120802 DB, OUSE={S B, 0uSF=05%
J,59B8TE=02 9,4T70k=0S B,545t=pS
Uy 069E=02 1,030E-00 9,043E~D5
Gy580Em02 1.088k=04 9,8T2E=95
S,071E=02 1,153t-04 % BT2E-0%
S,590E=Dp {.20bk=04 1.025F=0d
6,127F=02 1,200E=04 §,068E=04
6, 6B9Fan? - 1. 22300 §,10BE=84
T,253E=0p f.ibbbt=gu §,10T7E=qu
T037F=02 3,1176=04 {,227¢=04
S, UI0E=~Dp 1,091E=-04  {,286F=0y
B.703E=02 1,093E=04 §,326E=Q4
L} U v
Q.000E*0n 0.000E+*00 O0.000Ee0D
S,252E=03 3.557t=05% 3,}17E=p5
5.232E«03 3,007EwDS 3.4S7E~QS
TLH00E~0Y 3.58bk=0S  3,9u2E-(%
9,920E=03 &6,271EaQS 4 Y12F=98
1.27BE=0p 4,999E=p5 S,0b4E=gS
1,.597E«02 S, TT7E=0S S,5%0F=0%
l-'NTE‘OP 6.59[\[-05 6.110F=25%
2,3P6E=02 T,4R0E=05 &,606E=05
2,733E=0p B, 413£=05 T7,089F=¢5
3,165E=0p 9,304E=-05 V,540E-95"
J b24E«D2 1,020t=-04 B,023F-35
4,100Ea02 J,110E=04 D 4T7YE=05
by b2%E=02 1,172E=04 B, 93pE-gh-
5,179E=02 1,235E~04 ®,3506E«05
5,794UFE=02 {,282E=08 9,729E=05
0,530Ea0p 1.268FEe04 |,001E=04
T,337E=02 1.2b3E=0Q  |,009E~Q4
8,304Em0? 3,219E=00 9 ,922F~0S
8,979E=-02 1.16T7E=04 1e622E=00
G, 0 E=02 1,133E=04 {1,150E=04
9.17T1E~02 1.128E-pa  1,25%E=04
(10 TO w~F)
2.TOuE=12 3.007E=gb

VELOCITY E3TIMATE ERHONM
R . € D

Q0006400
3,349E=-05
3, 245L«0%
3.883L=05
L, uTbE~05
5,0%5t=0%
S.618E=05
B i03E=05
b.6%1E=05
T.193L~05
7. 664E=0%
B,099E=05
Bh.ugub=0%
8,80%9E~0S
9,095E=05
9.326L=95
9,687E~QS
9,574E=05
9.600kE"05
@, 60uE=05
9,576La05

SeSuBE=QS

L]

0.,000E+00
3.314k=95
3, 314ERDS
3,940E=0S
0,406E=05
Ee037E-05

5,501E=05

b.0546E~05
5,51 TE=Q5

6,%43E=05

7,333E-05

7.,683L=05

T 996E=(5
8,27RE=Q5
8,5u9=05
B, BH2E-0%
.285t=05

9,885E=05

1,082E=04
14127k=04
10076E=04
1.609E~04

“PLATFORM TILT ESTIMATE ALTITUQE
R (&

D RATE ERROR

0,000E+00 Q. 000E+0Q 0.000E+00 0.0C0E+00
0,000E€400 O, 000E+00 0,000E+00 3,606E=QS
1,0959E=1]l 5,3usE={2 3,3B5E=}} 3,79lE=(S
1.,91¢E=11 & ,308En12 4, Qd1E~1 4,523E~05
2,020E=11 #&,066E~12 4,457€~11 5,370E-0S
2,252E~11 &.I60E~12 S5,073E~13 6,255E-0%
CebUBE=1Y A4, ,uBuE~{2 bH,01BE~1) T.L7SE-05
J.398E~11  1,S5T8E=12 T,U496E~}] 8,129E-09
4,132E=11 7,7o02k~i2 9,06dEm1)] F,112E=05
Se270E=11 1,920E=11 1,14BE=10 1,012E=D&

b TR5E=11  3,625te11 §,498E=10 {,113E~084

4,9590E=11 5,9uBE=f1 1.9b8E=19 1,232E~Q4
1.05%E=~t10 B8,897E~1] 2,56b6E=10 14307E£=04
1,37T8E=1¢ {,402E=}0 3,b6b62E=1¢ 1,382E~Qd
1,006E=«30 1.,8063E«10 a,0886E=~10 1,4u7t=04
1+603E~=10 2,302E={0 5,8%4E~1g {,486L=-94
€,013E=10. 3,014E=10 T,T03E=10 1,4K5E=04
2,051E=10 3,3%3Eeip 9,067Ewid §,443Ee04
2 008E=10 3,575E-10 $.115E-09 1,3u2k-04
1,B00E=1D 3, U40dEe}Q §,255E~D9 §,282£-04
1,437E=10 2,735E=10 §,428E=09 {.265E=94
1,155 E=10 2,031Em~10 1,346E=09 t,261E~04

Y] Yy L GAMKa ERROR

G O00E+00 O0LC0CE400 O,000E+00 0.000E400
GLO000E*D0 0L,000E+00 O,000E*00 1.,386E=39
24002E=13 9,882E=12 3,67SEw~{] .,424E=09
6,919E=13 1,121E=11 4, 375E=11 1.753E=09
8,028E=13 1,20B8E~-11 4, 7B8E-11 2,113E-0%
TeO6UE«L3 - 1,475k=11 '5,379E=f1 2,505E«09
B,ULCE=tS 2,071E~11 6,25%E=11 2,935E«09
8,005 =13 3,207ée31 T,963E~i1 3,4¢3E-(09
1,110E=12 4,602E~11 4,B16E~{) 3,?15E~99
1,069E212 &,588twi) 1,070E={0 4,475E=(9
R.960F=12 1,063E~10 31,322E=1¢ S,091E=09
5,753E~12 1.,522E=10 1,62TE=10 S.772E=0Q9
1,071E=11  2,161E=10 1,95&4E~10 6,532E~0%9
1.7S2E=11  3,332E=10 @2,478E-10 7,352k=99
2,922E~11 4,%u3E=10 2,643E=1¢ B,295E-0Q9
U,354E=11 &,028E=10 2,562Em1Q0 9,37bE-09
5,724E~11 B,20BE=1D 2,186E«10 {,03T7E-Q8
T¢3B6E~11l  9,805tm10 ¥,920E=~11 1,189E=QB
B,I47E=11 §,1H3E~09 6,702E«1) 1,269E=08
8,5925F=11 1.3I0E-09 2,004FE~11 1,d444E=08

To75%~11 1.282E~09 W, ST1E=10 " 1,758E~08

byS37E~1Y 1 131609 T,8645Eei0 2,007E=Q8 -

YELDCITY
MAG ERRDR

DuQ00E+0Q
3,3108E=05
3.,357E~0S
I PULE-0S
GySL1E=0Y
9,064E=05
SST6E=0S

b, 1 11E=DS

6,637E~0%
T.093E=05
T.552E«04%
B.026E=~05
B8 UELE~DS
B,9G9Ex0S
9.3T2E~05
%,753E=~05
1.0035'0“
1.012E04
9. 5TLE=DS
1,034E-04
lelb1Ew(U
1,282E=04

P3I ERROR

0.000E200
1,82%E=09
2.032E~D9
2,991E=09
2,B99£~09
2,853E~09
2.%4b6E=07
2.220E=39
1,913E£=09
1,693E=0%
1,5735E=-09
1.55°E“Uq
1.bbRE=0®
1,963E-09
2, d50Em)9
4,586E=09
G, diyt-09

Y 219E-Q9

1,077E=08
1.354E=08

1 US0E=08

NOILYHO4dHOD S3TNSIO0S SILATYNY 3HL



-
28

o}
Z
o

s
S
=
2 g
o
LR
oo
26

8-

Tiug
0,00
312,00
312,00
372,00  9,11084py B,258E008 T, 0a884py 3.295E01 3,859E=py
€32, 00 Lai6TE+Q2 5,7168491 1.014E002 3,852F-01 4,087F=01
492,00 1.3B4E9p2  7,290E494 1.265E402 4,927Ewpy Q,4TpEwgg
552,00 1.b64uEesz Fe29SEelt 15540003 b,765E=01  5,412F-gy-
612,00 $,993F902 1, 1UBFEen2 T1.%02€002  9,309F.q) b,265F=01
872,00  2,495Fep2 led2bEspz  2,333E4p 14279E400  7,220fepy
Ti2.00 3, 212802 1oT88Eeg2 2.91%Eep; 1.6%8E+y 8,382F=py .
792,00  4,218F+p2 2.202E402  3,058E40) 2,198E400 9,77pF=04
852,00 5.568F402 2.T8ug402 U,8138402 2.794Fep0 1, 162000
12,08 T.31TEs02 3.,61TE402 5,825F402 3,510E400 3,409Fe00
. RY2,00 ?.52uE4p; 4y956Ev02 TeJuS5€egy 4,353E+9¢ 1.728F+py
1632,08 1.208E+03 7,05S€+02 9.26LE¢02 5,3bufepp 2.117E¢00
1092,00 1.300E40% - 1, 005E40) 1.189E403  6,uBbEwpg 2,500€+02
1152,00 1.803E403 1,u38E493 1.4TUE+03  7,515Eegy 2,818FE+3p
1212,00 21226903 1,910E403 1.,B8UBE«OS B,%78F400 I, 000F+00
1272,80  2,395E+p3 24499E001 2.291F40% 9.239E900 3,237F+p0
1332,00 245255483 Y, 0908403 2.T82E40%  8,620E+00 Y. uQuFeg0
1392,00 2,82TE+03  3,563E403 3.206E903  7,572Eepp 4,197F+00
1432,00 2,%40E403  3,B43E+gy J.53TEe03 T, 160E+00 U, T36E+0y
TIHE u V- w v ¥
¢, 00
312,00
312,00 . )
372,00 §,269E+q) 8,200E40¢ 8.320f+0¢ 3,883fmpg 2,95958-91
432,00  7,088F4p) 1.0U2E402 1,081K405 B,425E%01 3,382Fw0y
U92,00  9,560F+p) Lal79e02  1,321E40) S.8T0E=01 U,097Eeq)y
552,00 1,257€402 1,338g402 L.610E202 7,139cmpy 5,329 =01
612,00 L,buuEs02 1,580E402 1.942E402 9,u53Eapg TolUSEnpy
872,00 .2,182Ee02 1y902E402 2,335Fe02 1,241E400 9, 536Fwp
732,00 " 2.880E4p2 2,402E902  2,800Ee0p 1ob12Ee00 §,252E400
792,00  3,833E442 34588002 3,3Fep3 2.0008000 {,818E40p,
852,00  S,8838402 4,232E402 4,0356+07 2,015E400 2,082E4pp
¥f2.08 b,893F4p2 SeT25E402 4,793549; 3,294€+00 2,818E+gp
¢ 972,00  BLLATE+g2 TeBOUESG2 5 60BEsgp Q,110E+00 3,320Feqp
1032,00 1,1010+03 1,077E+03 b bLUESD2 S 106FEe0p 4,225F¢00
1092,00 1.372F+03  1,uuufens3 0.181E402 6,2337499 5,260E+90
1152,00 14653403 1,.884F401 1.098E+03 7,301F+gp b,3%5uE4pp
{212,00 1.963E+03 2,398E403 1.558E+0 8,372E+3¢ TeMa2Esp0
1272,00  2,224E+03  2,863E403 2,2T%E9DY  9,0b2E4p9 8,173F490
1332,00 2, 48TEeD3  3,242E+403 2.TT2E+03  B,uT0E+00 TL9S1E+00
1392,00  2,870F¢¢3 4,000E4p3 2,T88E+0y  T,4b0Eenp bo4TIE4q0
432,00 2,80B8E+0) 4, 469E+03 2.8U0E40Y  T,078Es00 $,0258+0¢
ADDITIONAL STATZ ESTIMATES At 130,000t ¢30 1o NF}
. G.,85TE=05 &,015E-0% b,111B=p5 3.,2%4Em02

GROUP & GRAVITY aNDMALY

POSITION ESTIMATE ERROR
R ' c D

YELOCITY ESTIMATE ERRQR
R b c D

THIS SEGMENT OF TABLE NOT PRINTED

Q,up5E=01
4,993ka01
Se8p8kw01
T0udk=gy
8,8088=01
T1etl2E400
14399E+00
107U8E+0D
2,164E+00
2.4672E+00
3,lp2k+(0
d,152E+00

Se0b0E¢00

6,083E400
TO0S9E+Q0
Te396Ee00
T+ 98SE+00
Td12L+00
To13TE+ 00

L

2,0581E~07
2,071E=08
2.79bE=pg
3, 2T1E~04
I, B1UE=py
1,872E-04
4,0T2E~0y
HIEEBE.OH
4,352E=04
LFER LTI
4e5351Ewpu
R,535E=04
"L 536F=04
4,538E-04
4,537E=py4
4,537E-04
4, 530Fpy
4,538F=0y
4,530Ewp4

Y]

THIS SEGMENT OF TABLE NOT PRINTED

4,372E~01
$,051Em01
S4759E=0}
&,733kw01
B, 00TEwGYL
9,7156=01
LefTebed
1,402€+400
16%8E+ DD
14935L+00
2e21%E 400
2,43BE+00D
2.71%E+00
2.881E400
3,05tEs00D
3.294E+00
3.914E400
5s450E400
&,373E+00

B,432Ewp9
1.783E=0u
Ry S02FE=py
3, 029Em0u
3, 43% =04
3, Te5E=0n
4,02%Eaty
d,23uE=Qy
U I9TEwOY
4,521E=¢04
4,b612E=04
d,51KFE=3y
4, 604E=pg
4,590E~p4y
H,5TEE=pl
G,560E~04
4,550FE«04
G,5USE=0y

o 543E=04

AND YERTICAL OEFLECTIONY (MULTIPLY BY 0.0330) )
"PLATFORM TILY ESTIMATE
‘R c

4,693Em)B
b,UTBL=DY
8,498L=p5
1s033Em04
Lo11SEwpy
1.189E=04
1.2U6E=ps
1+288Em0y
1,321L-04
1,348E=y
i.3b5&-0ﬂ
10361E=04
1,35TE=04

‘1e353kwoy

1,350Ew0a
1.3488a04
Ly3dbkegy
1,380E=0y
$4344E=QA

v

1,203L~07

1.463L=04
1.838E~QY
2.052E~04
2,152E=0y
£r2i3kmog
d.275kwgy

241362E=04

2.51!&‘0“
2,Ta8E=04
3.110E=04
3.584Empy
4,178Ew0u
R,83TEw(g
S,4b63E=04
SeTUE=Qu
5.990Em04
5,335Ewty
Q,60dEwy

b

§,2968=07
2,72%E=0y
J46TUERDG
4,299Eapy
8,751E=0u
5,092E=04
S A5T7E=Qu
5, 568E=py
5,755E=04
5,873C=04
5,9%2E~04
b,024ER0y
4,000E=Qy
G,110En0y
6,15TEmQyY
b, 21TEwpY
5,259Empy
b,279E=04
b, 2THE=GY

]

4,653Em0T
2,810E=04
3.516E=gy
4,10%E=34
4,5228-04
H.ﬁ?ﬁf'ﬂ“
S.048E~84
S, 1T8E~04
S, 286E=04
S.304ERgy
5.231E-04
4,958E=04
U,526Euptl
J,F09E~0y
3, 090E~04
2, 136E=04
2,200Em04
3,562E=04
4,862En04

ALTITUDE
RATE ERRDR

4,502Emp1
5,1¢8La0y
b,251Ew(y
T.9B4UE=D]
1,024E400
1,315E400
1,728Eep0
2.21Q5¢00
2,828ke00
3,546E400
44517E¢q0
S.6GSE+Q
6,950kE400
B,0T4L400
¢ 138Ee00
TR Ta9k4e00
942156400
B,508E+90
8,081E+04

GAMMA ERROR

L, T42E=pS
2, 0URE«0S
2.494Ew-Q5
3;22“5-05
4,248Enp5
S T38Ew0s
Tebubtags
'1|°15E'°5
"JQTE'QQ
Lo 794EmD4
E-QOIE'OQ
SDZQEE!D“
Q¢3blEmae
S,T26Ea04
T 422E~04
9.231E=04
1,0u0TE~Q]}
1:182E=03
1e32dEwD]

YELCCITY
HAG ERROR

Be957Caqy
5,383!-3!
4,097E=-04
5,329E-0}
T lUsEany
FaS3S5Emat

1,851E+0¢

11615Ee0p
2,06CE+00
2,61LE400
3,311E+00
Uy2iT7E+QQ
5.250E+400
b l24E4t0
Te32GEr0g
8,157E4+09
T 919Een0
6,63TE+00Q
5,733E+90

F31 ERROR

2,469F=05
2,694F-05
2, 68UE=pS
2,728E-08
S USHE~QS
3,633200%
4,422E=05
S,418E=gS
6,63C0E-0S
4,097E~05
9,818EA05
1,192E=04
1,u128-04
lcbblE'Qq
2,03dE«Q4
2,8085Ea04
3, 864E=(g
b,902E-04
S 560Ew0y

NOI LvHOdH0D S3ONI3S DILANIVYNY 3HL



6-d

Time

. 0400
312,00
312,00
172,08
32,00
492,00
S32. 00
b12,00
672,00
T3z, 00
792,00
852,00
012,00

972,00

102,00
10%2,00
1152440
§212.0¢
1272,0%

1332.00 -

1302,00

LR3I 2. 00

TIME

pa00
$12.:00
312,00
372,00
432,00
492,49
552,400
412,00
72,00
732,00
792,00
852,00

°12.°°'

972,00
§032,09
052,00
1152,00
1212,00
1272,00
1332,00
1392,00

432,00
ADDITIONAL BTATE EATIMATES AT

POAITION
L

3,863T483
q,098E+93
J,028E¢p)
3.39%0Fep3
2.954E+0)
ZQSlJE‘°3
2,008F+p)
1,57¢0403
1.109E+03
6,815E+02
4, 811F02
T.SudEeH2
f,2312+03
1.75TE*p)
242916403
2,013€+03
J.2728¢0)
3.085E¢93
3.962E+03
4,1a7E+p3
4,301%+03
G,3081F+p3

U

LTI LT H]
b,0250+02
3 Tubkep2
J.1828402
2,950FEe02
€.9208+02
3, 149802
3.,06750+02
q,573E+02
S, 0828002
T.594E+p2
9. 818F 402
1,258403
1,573E+)
1,9610403
2,389EC+03
2.807L+03
3. 24TE+03
3. .578E+2}
5,840F+03
G.,089E5403
G.1918403

2,470C-08

GROUP T GYRO BIAZ pRIFT . . .o ’ ’ '
E3TIMATE TRROR YELOCITY ESTIMATE ERRDR . PLATFORM TILT ESTIMATE g ALTITUDE VELOCITY

ol D R C D 3 C. D RATE ERRQR HAG ERROR
$.,20TEe08 2,528E408 A8,250E#00 1,155E+01 3,B88Z+400 0,000Z+400 Q,000E+00 $,0005¢00 1,407Ee0D 1.6410Es00
[ JUBOEE0S 2,226F408 G,F12E400 £,223T400 1,30&E401 0, 0002400 Q,000E+00 0,000E400 1. 0B9EeQQ J,859E«0Q
(LUUBE+0G 2,234E40a &, TTBE400 S,739%400 {,490E401 §,832E=0b 5,917Ew(T 3,7d4E=08 9,990E~0) 2,003E+80
$odTTESDG 2,1408+40a T,108L400 W, U56E400 1,b650E401 1,77Ti1Ew06 5, ub68E«0T 3,557E=06 T,Te0E-0) Z,162Eec0
$.500E008 2,037E40Q T UI1E400 2,99BE00 (. TI9E401 1,S98Ew0b 4, TH3E~DT 3, 1TOEeds  4,46TEe0] 2,359E400
$,513E+00 §,9278+00 T 5652400 1,294E+00 1.389E401 1,473E-06 4,218E-07 2,924E-06 3,272E-01 Z.ST1Es(Q
EoSISE400 1,8112+408 T.0B3E400 &,81bF<01 {,978E¢01 1, L05E-06 3,590E~07 2,795E=06 T,471E-Q) 2,791EeQ0
$.S0SE408 1.0907+0a B,070Ee00 2,20QE400 2. 046E¢Q1 1, 420F=06 2,529E«0T7 2,844E=Q6 | ,327E£400 3,017Ee«0D
§LUBSE«DE  1,.%66Fe05 B, 241E400 3,97BE+400 2,092E¢01 1, SCHE=0b  9,432E~08 3, 015E~06 1 ,992€400 3,248E+00
{LHSUEeDl §, 441E+0q B, UODE400 S,056F+00 2,115E«0) 1, T36Empb  2,22BE«QT 3,919E«06 2,742E+00 3. udele0p
$o411Ee0a  1,.315E404 B,559£400 7,354F¢00 2,109E€Q1 2,i3TEe06 T,252E«07 4,077E=06 3,S9LE4Q0 3,738E+00
{¢35SE400 L 19{E+0n B,T29FE+00 9,081E¢00 2,8TIE+Q1 2,730E~04 1,512E=Qb & ,D42EmQ& 4,560E+00 &,00BE+00
1,287E+08 1,072E+0a 8,925E400 },080F#0)] 1,993E+0l 3,513E-06 2,65TE~06 B,382Ew0b 3,072E+00 4,315E400
$14199E408 9, 025E903 9,100B¢00 1,258Ee0] 1,864E+Ql U4,T79IE~0b G4,090E~06 1,275E-09 b6,920E8+00 & 461E40Q0
1,098F40a O,658E4¢03 9,393FE¢00 &, 433E+01 L, 659E+0) &, ,005Ew06 6,9F1E-06 1, TOSE«QS . 8,35TE+00 5,13BE+0Q0Q
9.8008+03%  V,B830C493 9,TI3Ee00° 4,532E¢0)] 1,828E+01 T,R4JE~0b 9,800ExQb 2,062E~0S 9,812E¢00 5,040E400
BD,U39E40% V.337F40% G,8UTE+Q0 1,6T1E+0Y |,}bdE+QLl 8,583Eebbh, {,352E«05 3,510Ee05 1,090E+Q) &,15585Q0
To0TAES0S  T,0T9E+0Y 1, 000F401 1,08%E601 9,304E400 9,162Ee0b6  1,605Ea05 4, 4T2E=05 1,186E40) 6,668E40Q
8, TS0E+03  T,082F403 9,880E+Q0 L,.b0TE+p) T,B800E+00 9,201Ee0s 1,77T7E~Q5 5,822E-05 1,200E+40)] T,083E+400
GobTAE+Y  T,259E¢03 B,BS0E+QQ L, upB8Eegpy T BQIE400 B,212Em0b 1,T22Em0Y9 &,991E=0% 1,083E+01 b,92%E+4Q0Q
3,9960003  T,302E¢03 T, 488F¢00 1,128E*p1 B,659Ee00 6,20%E-0b §,345EeQ5 T, GTEE=DS F.299E400 5.,9&9E400
S, TRTE#0Y  T.265F40% 7T,225E¢00 9,308C+00 9,{TSE+00 4,TTUE=Qb 9,567E=Q06 T,S99E=DS 8,55d¢EeQQ 4,936E+Q0

R i v B W v ¥ ] GAMAA ERROR P31 ERROR
1o1S8E40Q 2,613C+0a 1,2TREe¢0t $,.030F¢0p B,93CE«QY O0,000E+00 &,000E+00 - Q.Q000E+400 3,312E=05 §,339E=L]
102306004 2,415€40a §,0110001 2,069C¢00 1,0u48E¢0) OQ, 0008400 O,000E+00 O,000E¢Q0 4,070E«0S 3,577E=Gd
$o189E008 2, UlGE+00 1.302E+0% 2.210E400 1,050E+«0] 2,216E~0B 1,094E«06 &,007E=0b6 3,718E=05 2,375E~D4
$.1T8E®00  2,342E¢08 §,308700% 2.283E490 Q.228E¢01 140S6E«37 1,0%6E-046 3,868E«06 2,929E-05 1,%80E-03
1,153E¢04 2,2T1E+00 §,349E001 2, U00E400 1,38TE«01 §,061E«07 9,738Ex0T 3,450EwQ6 1,725E=05 2,938E-03
111362004 R,398F%00  $,312Ee0)  2,59GE+00  §.538E¢0) 2,10TE=07 9,347E~QT 3,159€=06 1,3p9E~05 I, THUE-D]
1,085E404 2,116F408 1,28S5E+01 2,80bE+00 1,07SE401 2,39RE~07 9,S42Eed7 2,991Ewdb 3,063Em0S J,ET0E=0]
1401UEeoU  2,029E908 . §4253E00L I, 030E+00 1,797E¢01 2,518E-07 1,093E~06 2,96BEe08 5,555E=05 3,529E=03
F.50UFe03 L, 93BE#04 1 ,2220401 I, 261E400 1,901Ee0! 2,031Ee07 {,34Q0FEe0& 3,0B8CEw0b6 B8,569E%0S 3,270E=03
B,909E+03 1 BU3E+00 1, t92E481  3,503E+00 $,9B8Ee0L 2,693E~0T7 |,891EeQb 3,d15Ee08 1,215E~04 2,92)E-gl
B ITBE4QY 1, TUBE2Q8 1 L103E#01 3,TGYEeg0 2,056E#Q1 2,BSUERDT 2,860E=086 4,]08Em=06 1,bdbEw04 2,02BE-(3
ToIO1E+03 1,6U0Fed0 1,434E¢8Y UG,030E+80 2,104E+00 J3,343E~0T7 U, LU}E«06 5, 39E-06 2,175E-04 2,385EA(D
6 ,237E+03  1,5S54E+0Q 1,10QF+Q) 4, 352pe00 2,128E+01 A4, 4S4E=QT &,86TE=Q6 &,SC4E-06 2,840E~04 2,201E-03
B.BBBE+DY - 1,450E+0a J.00BE+0L 4,712E¢00 2,12TE«0! 6,2B0Ee(T §,1d4E«05 B8,725Er086 3,683E~04 2,357E=03
3,26TE+03 1, 585F+00 1,038E«01 5,169E200 2,092E+01 9,930E~CT 1,7R2u¢E=05 1,026E=03 4,802E-Q4 |,961E-03
1, 7846403 3,2%54E+08 §,016E¢01 S,672E¢00 2,033Ee0Y 1,500Ew06 2,520E£~05 ), 085E«05 6,203€=04 {,903E-03
2,26TE+03  3,100F000 9,86b6F000 &,1830F400 L, ,FUCE+DLl 2Z,03U4E=Q6 3, T1TE=0% 1,012Ew05 T,T7UE=~Q4 ,080Ee03
B, 4SE+03 9,290F+0% 9,798F¢d0 b, 6TIEHG  1,B821E+04  2,T20E~0b 4, B02E=05 5,3328=06 9,432E«04 , §,892E-93
6,001E+03 T, O050F+03 9,431E¢00 . 7T,108E+00 1,865E¢0% 5,027E~086 6,144En0S 2,624E-06 1,138E=03 {,920E={3 |
6,u25F403 S,9TYE+03 B,U93F+00 &,9T1Ce00 1,073E+0) I, 04dEegb T,104E«05 2,724Ee0h 1,230E«D3 1,9LTEeD}
T,7630403 b, 167F+01 7,528E400 5,990E40Q 1,29FEeQ1 2,b10E«db T,i0B8Ew0S Z,THLE~OS 1,30TE-03 2,061EmD)
S2bBE403 b ITIE403 T L149E400 S,.045Ee0s  1,209E01 2,051EmQb - 4,242En08 4, 458Ee05 {,401Ew03 2,139E=03

130,000 £t . {10 7O nF) ' R : :

1.,305E=00 ‘cﬁ!b[fﬂ? 1,062F=0Y

NOILLYHOG-HOD S3ION3IIOS DILAIYNY 3HL



o1-Jd

Tine

0,00
312,00
312,04
312,00
832,00
482,00
£52,80
612,80
672,00
132,00
792,00
852,00
912,00
eY2,00

1032,00
1092,00
1152,00
1212.00

1272,00 -

1332,00
13%2,00
1432,00

TIHE

0,00
Jt2,00
312,00
372,00
432,40
492,00
552,00
612,00
at2,00
732,90
792,00
852,80
912,00
9r2,00

1032,00
10%2,00
115200
$212,00
1272,00

o 1332,09
T 4392,00

1432,00

2,5032+02
1,091F2+02
b,028E02
b {82E+02
5,522E¢02
U, 986E492
4,529F+02
G,1b63E¢02
3.,902E+02
S.784Een2
3, T6TEep2
3,92dE002
U, 2440402
4, T23F+02
S.3URE+Q2
6, 088E002
6,84pE402
T.850E402
B, 2T4E+02
B,80BE4p2
Q. E6BEHH2
9,531E¢02

Y

1.,518EF+01
1,382040)
8,672E402
T.848Eep2
T.533Ea02
T.1B8E+p2
6,85TE+D2
6, 551E002
6,29UEe02
&, 0808002
§,9u5F«82
S,091Fe02
5. 0U7TE+02
b, 08602
6,.399E+902
6,85TE+02
T.35GEep2
T.962Fe02
B,421E402
B,837”+02
9.237Ev02
Q. 4878+02

CROUF 8 GYRD MaASS yNBALANCE
POAITION EATIMATE ERROR
L C D

1,843E403
1.TI0E«0Y
6,075E+02
S.UduEen2
5,522E402
S, SEUEMD2
5. 078F«02
5, TI8Eep2

S.9ulge02 .

&, 089E+02
b,218E+02
b, 311E+02
&, JuBE+D2
6,137E02
5,92TE+02
5,5B1E+02
U, 99uE+02
Q,000E002
U 385E+02
8,63BE+82
So1b2Es02
S591E402

L]

2.9500F002

f,102FEe08%
2, TI6E02
2,851E%02
2,297E+p2
2.113E4902
2,2T0E+02
2,648E402
3.1318402
J.b22Ce02
G, 0TUED2
4,457E02
G, Tuis%E+02
4,750E002
4,702E+02
4, 4TSE02
Q,016E402
3,8B58¢p2
3,U7SEe02
3,859E+02
G,U3TEe02

8,B801E402 -

T.5512402
b,953E+02
3,927F+02
S.580E402
$,.3408402
T.089C902
4,8a3E400
R,0050+02
4, 3B0Fe02
B ITUE»D2
3, 99)1E+07
3,837F+072
3, 11T6+0
3, b0bFe02
3.543E+02
3,507F¢02
3,450E+02
3,500E02
3. 608E¢D2
J.932Ee02
4,373E+02
U, T10E+02

W

9,882E+02
5,537E+02
S.541E4+02
5.395F+02
S.202E«02
3,07 «02
4, 901Ee02
U, T08E+02
4, 507E4+02
U,302¢8+02
G L0UESD?
3,9235402
3,778E+02

3, 657E+02

Y, 629Fe02
3, 688F 402
J.693E+2
J.887E+02
4,190Ee02
4,605E4p02
S.183E402
S.509E+02

ADDITIONAL STATE PSTINATES AT -130,000 {t

3,306Fe0%

2,8U8En09

1,3922E-08

VELOCITY ESTINATE £RROA
R c D

1,356+ 00
T.T0%E=01
fa101E000
1,110E+00
9. 913E=901
B,668TE=Q1
7,418E=01
&, 20%E~D8
S.23TEwD]
G,82UEmp!
5,25TE=p}
Glsle!Pl
8,334E)1
1,050€+00
1.31BE+00
T4005E+0D
1.,8UBE+Q0
2. 116E+00
2,282E+00
24160E400
1,9B88E¢00
1,97T%E+00

v

2.Thblad
T 13TE=01
TodiTEDY
TB1TE=0Y
b,688E=0}
%6220
4,455E=01
3.,936k=01
3.6955'01
ﬂ-il!t-ol
5,200E=9)
b, TULEw(QL
8,6835-04%
1.,07T68+08
14362E+00
1,629E+00
1,871E+00
Fal3bEedD
2,29UE00
2,160E400
$1,965E¢00
Lo 954E+ 00

{10 T0 NF)

8,006E=01
1.3728+00
1,274E=0]
1.,022E=01
1.712E=04
2ab19€=41
J,419E=01
U,0368=01
R HbbF=YY
4,698E=01
4, TusE=py
4 BUYF=p]
U U29E=¢L
4,177e=01)
3. STLE~0L
I, FLLE=01)
S|97B£'Ol
4,80UE=0
4,618F+01
S.eTiE-04
8,065Ce04

PLTEIE=DE

Sy

1,819E+00
1,426E¢00
9.833E-01
8,597E=a}
B,01uE=01
T uTSE=01
6,9362«01
5,389E=01
S,0u2E=0}
5,300E01
d,T82E=01Y
U,325€E=01}
I, 9T6F~-01
3, E55F~01
Goi15E=01
S,001E~01
b,096E=0]
9.178F=p}
1.2238¢00
1.,315F+00
1,209E«00

1.144E400

4,224E=02

3.375!'0‘
3,813E=01
4. 071E=04
&, 206E=01
4,149E=01
ﬂ.lSSE-Ol
4,238E=01
4,371E~01
a,%23E=01
4,6T0ERQY
4,795E=01
4,899E-01
§,000E=0)
S lulE=0y
4, 565E=0Y
b, 69SE=DY
8,044t~

1.030E+00.

1.,292E+00
1o JBHE+Q0Q
1,390E+400
14 0YGE+QD

N

7.728E=02
2,U24En01
2.269E=01
2.687E=0}
3.076E~01
3,078E=D1

3,800E-01

G, 19BEm01
4,u18E=01
B,887E=01

“B8,821E=01

H,BE2E~DL
U,878r-01
Q,84TE=DtL
4,835E=01
4,956Ex0]
S.198E=0]
5.,558E=0}
S.780E=0Y
T.23TE={
L, 09YEr00
1+339E+30

PLATFORM TILT E?TIMATE
R .

0,000E«00
G,000E4090
3,977E=0d
4,009E=00
3,650E=0b
J¢JUSE=Be
3.0T9EnGE
2,B850Ewhb
2,637Fw06
R, 456E=0b
2,3006E=00
2,191E=086
2,119E=0b
2,219E=00H
2,265E=08
2,350Em0b
2,513E=00b
Ey33eEmpe
2,481E=00
2,222E~0%
L. TO2E=0S
1,410E=08

u

0,000E+00
D,000E+0G0
4,811E=08
2.,277E=07
3,597EetT

4,8T3E=pT

5,552E=07
b, ZbTE=OT
6,883E-07
T.JBEE-OT
T+609E-07
8,178E=0T

8,532Ene7

8,832E=07
9, 46UE=)T
1,023E«06
1,091E=08
14192E=Q0
1,204E=08
1,162€=00
1.0155'05

8,550€=07 "

0.000E+00
0,000E+00
1,285E6~06
L, 24BE=00
1,101E=Q6
9,739E=07
8,523E07
7,297E=07
b, 1E2EwOT
4,?74E=07
3,019E-07
2,926E-07

3,1806E=07

b,359E=]7
t,038E=0Q8
1.554EaQs

‘2.3102-05

2,821E~08
3.,219E06
3, L4TE=08
2,U406E=04
LebIBE=OS

¥

0. 0C0Ev0D
0,000E+00
2,308t=04
2.355E-Ob
2,228Emu08
2,156E=08
2,107E-08
2,088E=08
20080000
2,088Ea08

2,162Ex06 |

2,32TE=00
2,632E~08
3.57SE0Y
445T3E=08
6,013Em0S
B,4D9ES06
1,042E«09
1,31 1E=0S
1.S30Em)S
1,5T4E=08
1.“72E‘°5

D

0,000E400
U.DOOEOOO
B,135E=06
B,102E=08
T.332E=0b
b bFLE~DS
b,129E«04
S5,0U5Eede
S,197E~06
G, 820E=00
L,525Em00
4,330E=006
4,2b6E=086
4, 826E=06
S JC4E=0b
&,205E=0s
8,154E=06
9,03TE=08
1,258Ew0S
1,487E=DS
1,999Ex{S
1,62BE=05

W

0.000E+00
0 000E+00
8,8U9E=04
3,014E=0H
7.950E=06
7.214E=06
6,559Eulb
5,982F~0h
5,439Emq8
4,961E=08
Y ,50bE=D4
4,199E-06
3,8B4E=D¢&

"3 ,878E=04

3,%99E=06
J.latEs0n

2, UFTEwQE

1,072E=08
1.2°3E‘°b
TélS3EQT
3,096E=dd
T.22TEwlS

ALTITUDE

RATE ERROR

2,380
Ta229E=01
Se179E=qY
Se290E~04
SelbbEn0L
5¢256En01
Se034Ew0]
4,752E=01
4,481E=01
u.SSEE-DI
44565E=DY
5,330E-01
b, T59E=01
8,T9eE=0]
1alnbEe i
JadrdEesg
1476TE+QQ
24066E+Q0
2,24BE+00
2,137TE2+00
$.975E000
1+983E+C0

GAMMA ERKQOR

1.040E=0%
2,9p0E=DS
2:073E-0S
21106E»05
2y 1GQE=DS
2elutEnOS
2.993E=S
2,023E«08
1.9585«(%
L 958E=(S
2,123E-09
2.:576E~05
3L U22E=95
G,715E=95
b,bb“E-oS
$.269E=05
1,231E«04
Leb{TE=0QG
2y004EnQG
2.2%4EmQd
2:635Ee(q
3+16TERQU

YELOCITY
MAG ERROR

l.bteE400
Led34E400
9,522E=04
8,530E01
T.993E-01
T ubbEDY
5,931E~01
b, 38:Eepy
5,8UGE=01
S5,299Em04
4,78LE=01
4,32ute01
3.973E-0}
3 36uE-Q}
Hy103E-QL
4,999Ea01
b,693Em0}
F,189%+9])
1.,220E400
1. 319E+00
1,202E«00
1al12Ew00

P31 ERRQOR

3,153E=09
1.550E=04
2,787Ex05
4, 298E=05
S$,862E-05
F.655Em05
8,283E~05
8, 015808
T,J83Ea05

b, 69208

BySAIE=DS
5,527E-05
3,092E-35
4,735E=¢5
4,512E=05
Hy42LEnDS
4,G59Em)S
4,728En0S

S4114E.0T |

6, 9746005

4 ,330Ew04

$49b4ERY
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d .
AOVd TYNIOIEO

ALITVAD 900
ST

-4

TIng

0.00
312,00
32,00
372,00
432,00
492,00
552,00
412,00
72,00
T2, 00
182,00
452,00
yi2.,00
872,00

1032,00
1692.00
1132,00
1212,00
t2r2,00
1332,00
1392,00
1432,00

TIME

.00
312,00
312,00
3r2,00
432,00
482,00
552,00
&i2,00
ar2,00
732,00
792,00
852,00
912,00
912,00

1032, 00
to%2.00
1152,8¢0
1212,00
1272,.00
1332,00
1392,00
1432,00

ADDITIONAL BTATF ESTIMAYES 4T

POSITION ESE}HIT! FRROR

S,002E«01
4,0UTE+D
8,788F«00
ToT14E#5D
B,5u8E+00
9.060E4D0
9,2TuE+00
9, 168E400
8. 7618400
8,153Fe0¢
T.S510E+00
T.266E8400
0,019E+00
1.025%E+01t
1,4L2E012
1.970E¢p}
2, b60E0
3. a53Cep1
B, 159F+01
Q,485E401
5,035E001
S, 209€+01

u

8,UB0E*D]}
T.32{e+008
U,5BLE+p]
A.,161E+01
3, 935E401
3,b86E40)

"3, U38EA01

3190601
2,953F+9)
2.Te9E 0L
2.527E401
2.355E+0
2,232E01%
2,1b686E401
2.230F¢0}
2.468FE+01
2., BTHEst]
3.476E+08
B,QudEe0y
4,48T9FE0 1
4, TEOE*YY
W, SdLE+D]

3, 759E=12

GROUP 9 GYAD ANISOELASTICITY

D D
94258E+401 A, 2017401 T,414F=02 ,039C«02 8,23TEe(3
1.200E402 4, 18dEe0)  ,200Fa02 1,103E~0] 2,008E=02
S.Qu0E+01  3,673E€a01 3,300F<02 3, T700Fw02 |, bD2E~D2
Seb6TE+01 X, 551Ee01 2,785€w0? 3,605E=02 |, B22EwQ2
SeHIRE401 I, LS59E407 2,042E~02 3,B93Fe02 2,021E~(2
G6,133E+01 3,365Ev0)] 1,333€e02 4, 039E~02 2,210E=02
by 34%E+01 3, 2TUE+0L T,00GE=03 4,081£-02 2.370k=02
b SOUE4QL 3, 1BTFe0) B, UBTE=03 &4,027EwD2 2,492be02
by TTISE+01 3.,108E+0) 1,4u5Ee02 3,393Fm=02 2,50)Ewp2
6,FTIE+01 I, CU0E+0L "2,182E=02 3,703E=02 .2,57SEmD2
T.152E40% 2,984F¢01 2,98%Ew02 3, 495Em=02 2,5)4E=02
TV3OSE+0| 2,951Fe0f 3,899E=02 3,338F=02 2,378Ew-02
T U2UEeQL 2,962EeDy S,018E=03 3,355Fe02 2,230E=~02
T.U28E401 2,981E90y b,UbBE-)? 3,705Fep2 2.U09E=(2
ToUIFEQL 3, 0CeEs0y B,79TEw02 4, 816Fw«02 3,991€-02
To3U4€401 3,241Ev0] 1,208Ew0)] S,960E=02 T,b9UE-02
T4207€+01 3, 644E0) 1 ,56TEaD)  ¥,3790£-02 1,37BE=Dt
To25TE+0L W4, 450Ee01 | ,B7TEwD] B,594Fmd2 2,236E«D}
To55TE«01 5, 847E401 |, 98TEe0l 9,171{EeD2 3,2T2E~0}
B.,302E401 T7,880FE+401 1,883Fa0l §,287Fwp] 3,608Ew01
.U99E+01 9,994E+0f 2,035E001 2,083F=py 3,S48E-01
@ 930E+01  1,LH0EC02 2,3UTEe0y 2,6%7E=01 3,438Ew~()

v N v ¥ ¥
Se403Ee01 I, TSUES0) O,X3SEe02 B,TTUEe02 9,5998e03
1,090€402 3,562F¢01 O8,%B8bE=02 T,U052»02 1,4)6E=02
J.OT9E4QL 3,S551E#0y 1,5S52Em02 4.B48E=p2 §,401E=02
8,012E+01 3 UTI1E+dy |, 4T2E=02 G, 3B4Ewp2 §,6)TEmC2
4,568Ce0%1 3 3ITSE+0) {,7V1Ewf2 &,093F=82 §,858E-02
Se087E401  3,271Te01 2,119E=02 3, 7T2E~42 2,08SE=32
S,UBSE#0Y 3,163€¢0) 2,06HE-02 I, UNEEed2 2,234Fe02
S.881E+DY 3.059!00; 2,823E=02 3,100F«02 2,380Ew02
G,238E+0)  2,950Fe0) - 3,1935«02 2,770Ee02 2.439E=02
6,550E401 2.0MC0E+0Y1 J,5088Em02 2,4TBE=DR 2,4bTEm02
b, B13Ee01  2,798F001 &,03TE=02 2,2B6E~p2 24438E=D2
T022E+0)  2,7BuE+q) 4,599E~02 2,303Fe02 2,355E-02
Tol65E401  2,845F+0) 5,39UEw)2 2,687E«02 2,256E-02
TalbtEeQL 3,003E¢0) 6,548L+02 3,609E=02 2,339E=02
Te092E«01 F.324FE+0) B, b637E«0? S,UTHE~22 3,1069E=02
G6,92RE+01 I TTZEA0) $,177TE=0] B, 678E=02 8,15UE=02
6, 7S1E+0)  4,290F90) $,533Ee01 1,37SE=01 B,i37E-42
8,815€40] S,0B85€401 {,B845Ee0) 2,125€=0) 1,145E~01
To243E+01  8,307Fe01 1,Q49E=01 3,138F01 [,360E=0}
9,263E401  5,BS0E40] 1,TI0Eely 3,2T2E=0] 2,0ubEeDY
1a4185E402 &,81TFe0y 1,90uEwd] 2,428E=0) 3,376EeD1
$.299E402 7,954E901 2,202Ee0%1 1,993Felt G, 08bE~01

130,000 £t €10 TO HWF)
2.065E10 2.501Eep9 2.207E=03

YELDCITY ESTIMATE ERROR
R c

PLATFORM TILT ESTIMATE
R c

0,00CE+0C
Q. 00CE+00
2.19%E-07
2,156En0T
1,95TE=~07
f.T80E=07
14031E=Q7
1,49F=07
1,39BE=07
1,234E-07
1,420E~07
1, 0t7E=0T
§.292E(8
G,16%E=08
%,000E=08
9, 335Emp8
1,031E=07
1, 039E=DT
1,095E«07
9,830E=~08
B,2LUE-DB
7.91%E=08

U

‘0, 000E+80

0,000E+30
2,84508-09
fJRURE~0OB
1,961E=98
2,552E=06
3,03VE~08
’|“laE'°H
Y, ToHE~(S
4,030E=02
4,228E-08
4,368E=D08
4,45%E=08
4,470E=08
4,560E=08
4,660E=-08
4,72%E=08
U,95uE=08
4,959c-08
5,1%6E~08
5,838E=08

by BT1E=08

D4000E+00
D.,O00E40QD
7.105E=08B
6,4695E=08
S.881E~DE
S, {94E=DS
4,568E08
J,994Ew(8
3,503E=08
J.090E~08
2,722E~(8
2,UFRE=GB
2.34BE~08
2,233&=08
J.bt1E=08
b,27TE=DD
1.07CE~DT
1,476E~07
1,786E~07
1.779E=07
14339E=07
1,043En0T

¥

G,000E400
Gs000E*DD
1.313E~07
1128307
,q19!£'97
1.,120E=07
14074ERCT
$e0206En07
§.700E=08
G,2TYEmOS
8,B5%9E-08
B8,599E=08
8,742E=Q8
1,129E~07
1,482E=Q7
2,189E«07
S,095Ew0)7?
T,099E=07
517565'07
8,665E=07
Te555E=07

D

0. 000E+00
0,000E+00
4, 49007
4, 34FE=07
3,519E=4a7
},55%E~07
3,22BE=0Y
2,932E=07
2,655E=07
2,I9TE=07
R, 460E=0D7
1, 94TE=0T
1.778Em07
1,845En07
{.9806E"07
R,420E=07
3,535EwgT
4,870E=07
L,807E=97
B,559E=07
F.3I19E=07
9, 4BLE=DT

W

0,000E+00
0,000E+00
4,883E=07
G, T27E~Q7
4,252E=07
3, 8U42E=07
JUTOE=DY
3. 132En0T
2,81dE=07
2,518E=07
2,2L3E=07
1,990E=07
1, 763E=07
1,678E=0T
1,550E=07
1, 662E~07
1,3TEE~DT
P, 362Em(B
2,830E~08
b, T42E=48
3,728E-07
5 ,854E=(T

ALTITUDE
RATE ERRQR

2.31bE=02
L,99{E~02
3.732Em02
3,.860E=p2
4,018E~C2
4,08%E~02
U,083E=02
H,014E~02
3,875E=02
3,671Enp2
3,428Ee02
3,245E-G2
3, U29E=-02
4,518E=(2
TeOb0E~QR
1.’05{’0}
14565L=0])
1,958Em0}
2,118EmD}
2,055E=01]
2.3095.01
2,627Ex0Y

GAMMA ERROR

9-502E'°7
1,958E«04
1,460E=06
1:511Ee0Qd
1.584EnDH
1,638E=06
1|b7IE'D°
1.,68)E=0¢8
TebbbEnQs
1,625E=08
1,570E-08
{ SUSE=Ob
YuT18E=(b
2!407E'°P
4,05%E=06
b4,992E~05
1,110E=05
1e590Ewgs
240086E~0S
2.3SBE={S
3.276E~QS
B,345EabS

YELOCITY
HAG ERROR

8,848E-02
T5%3E=02
H,8563E=02
d,391Eat2
4,097TE=(2
3,715E-02
I d4dE-p2
J.02E-02

@y TT3E-02

R yU82E-02
2,291E=02
2.307E=02
2,568pf=02
J,596E=02
S5.460E=02
8,65%E=(2
1,373E=01
A, 23E=01
J,135E=D
J,283EADY
2y400E=p
1.91“5-01

PSI ERROR

Z2.795E«06
1,554EnG5
S,b82EmDS
&,B35E-08
B,377EmGb
9,028Em06
B,261E=D
Te2b3E=00
(LI L1-T
S,273E~08
4,S39E=08

JL963E=06 -
3.536E«0b

3,27¢Er00

1,429E=048

4,3U9E=06
6,3U0E=6
VeI2biegh

1,229E~08%

2,165Em05
4,51TE~55

6,389E=05

NOILYHOGHOD SIONIIDS JLATYNY IHL



¢1-d

TIME

0,00
312,90
312,00
372.00
432,00
492,00
552,00
612,00
472,008
732,00
192,400
852,00
912,00
72,400

1032,00
1092.00
$152,00
t212,00
1272.00
1332.00
1392,00
1432,00

TIHE

Q.00
312,00
312,00
372,00
432,90
492,00
S52.00
ai2.00
872,40
732,900
792,00
852,00
912,99
972,50

1432,00
1092.00
152,00
1212,090
1272.00
1332,00
1392,00

21“52.00

Gague 24

POIITION ESTIMATE
R c

0.000E=00
2.595€+¢3
2.894E+0)
2,31 7E+n3
2.,006E¢0)
2., 470E403
2.299E+03
1.,95%9E+03
14033E+03
1.257E+03

B ua0Een

5,822E+462
1.111E¢02
b,279E%02
Pa15uE+y3
}.bUUE+YD
2,093F+02
2JUISE+)S
2.0TUE+g3
2,918E+03
3.051E+)3

v

0,00CE+00
1.685E+0)%
1.,913E+03
1.929E+03
1.9uSE*01
10°5°E+ﬁ$
1,957E+0)
1.,953E+03
1.950F 0%
1.90uE"p3
2.000E¢05
2. 0bUECQ])
2.199E %43
2,289E+03
2.ubtEeql
2,036E403
2,83%9€+403
2.,%9%E+93
3,104E*03
3.22%E+013
3. 28u4E+03

0.,000E¢00
3, AUIE*03
4, T82E+03
5,252E+03
SeT2uE+03
b,15606E405%
b.59AE+03
&,975E+0)
T.301E+03
T.H0NE+03
T.8b2E+0%
5.0705903
B,20uErDY
8,239E+0%
8,186E+p3
T.951E+03
T,650E+03
To19T7E+0)
b T01E+0)
b,310E+03
b,005E403

¥

OUOODEQOO
B,361840%
S.I11E03
SeT10E+QY
6,107E+03
b,UbTEeD]

ETLIRIAT B

T.10RE+0%
ToT90E+DY
7.577E003
T.75TE+03
7.865E+0)
T4BLSE+Q)Y
TLOU9E+0]
T20TCE+0%
6,4l2E+03
S,3L5E40
34975C+03
3.,970E+03
S.131E+03
S.6815403

1962 STANDARD ATMOSPHERE MODELING ERRCR 1-TERM MODEL

Ennén
D

0.0008¢00
S.913F20p
roqan’O?
9,298E+02
1,07T0E+03
1,215E+43
Lo3bhE+0%
1.514E+03
1.,606E¢0)
1,.8{PE+0Y
$«9TUE+DY
2,128E+0)
2:27T9E+(Y
2,U03F+0)
2.90%E+01
2,555E+0
2,568F403
2.508E*D3
2.U11E+03
2,353E+03
2315E403

w

G.000E+00
°.32[Evoa
2.215E¢01
B, TAPE+G)
1.99pE+02
$.39pE+02
S5,0%3E+0p
6.933E+02
9,082E+02
1.170E+403
1.4986+0%
$.919E+03
2., LTTE+DY
3, 20%E+D)
4,0T9E+p3
4,93%E+03
S,T33E+43%
b,2565E5+07
S5,099F40%
4,151E+03
2,998E40%

ADDITIONAL STATE ESTIMATES aT 130,000 ft
9.813E=09 1.189E=07  2,82%F=@2

‘u’alE'Db

YELUCITY ESTIMATE ERKOR
R c

0,000E+00

1.31TE* 00
2,008E00
2,T2RE+(0
3,394k 009
4,0T75E+00
d,7T2E+20
S,455L+00
b 1108400
6,757F«00
7.333£f0°
T.%a5Le0D
B,uT5E+00
B,8b7F4+00
Q.1b60E+00
9,157E+90
9,0035400
B, HUDE+QQ
8,04 1EL*00
T TOLE+0D0
T.4BbEs QD

v

0, 000FE00
4,605L400
5.592E+00
S920E+00
b.287E+00
bebITR4GY
T-QOOEtOO
To340Een)
T.nol€eg0
B,004E+Q0
8.3551000
B,Tout+00
9,015E+00
9,RUBE4D0
9.,4iSEepQ
G, 321FE+00
F.197E+50
B.679E+Y
B,039E+30
T.084E+q0
TabIE+00Q

(10 T0 ~F)

0.000E+00
S UBOE+DD
S.1TOE+00
S,226Fe00
S5,201E+00
5,075E+00
4,8TQE+02
4, 9508E+00
d,156E%00
3. 8% +00
3.159E+Q8
2,57T0F+00
1.%32E*00
1,2656+00
S.920bk=py
3, 200802
5,991F=01
1.032E+00
te3uBfenp

f,6B8E400

128826400
v

0,000E¢00
1.57TE400
1, 776E400
14Te0E*0g
1, 719F+00
LabL3E+he
LS49Er0Q
1,399+ 00
$.220F Q0
1.030E%00
8,260E~01
b, =01
YaoluE=01
1,851€=01
3.,88pE-02
3,d6TE=03
TedibEap2
2+970E=01
Z.ItSE-Ol
3,8R%E=py

B, TO04E=D]

D

DW000E+00
L, 4iUE*DOQ
1o 708L+00
1,B9TE+00
2‘035E’°o
2,194E+00
2.207E+00
2,3%2L+39
2e410E+00
2,u52k+00
2,UT4E+00
2,8pTE+00
2.“2“&?00
Z.3531k4Q0
2.199Ei00
1,983E+00
1,751E+40
1,474E+00
102205400
10625400
9,835E~01

»

0,0D0E+DD
3,4t TE=0}
4,123E~D1
4,500k=01
§,85%1E=01
5:050E=01
Be0bibag]

3-53"5'01

4,37:1L=01
3,5308t-01
2.591E=01
1,173E=0%
b,u2E=02
3,090L-01
6.191E=01
9,49tE=01
1+30CL400
1575E+00
1.818E400
2061000
2,023E+00

PLATFORM TILT ESTIMATE
L C

0,000E400
1,355E=0%
1,432E=09
1,352E205
1,29LE=0%
1,257E=0%
1.253E=05
1,258Em05
1,196L=-05
1, 15%E=05
1,306E=0S
1,087E=09
9,423E=06
B.1B8L0b
b,91TE=Ds

S, 338E«08 .

4,i30E~0e
3,203E~00
3.05ﬁ5'05
3,001E=0b
4,294k=080

v

0,000E+00
1,63YE=Q7
b, ¥H8E=07
1.,099E=06
1,u0%E=0b
1.660E~00
1, HT4E(D
2. 1b4E=0b
2L 3VE~{b
2, B97E=00
3,281E=0s
J.bT9E=00
4,DbSL=0b
4,380E-0b
4,599E=006
4,725E=06

"4 bTUE=Cb

4,637E~0b
4y THIL=0B
4,97TYE+0b
5,330t =08

0,000E+00
4,378k=08
d,560E=0b
H-El?h-cb
3480204
3,205k=08
2.,3%1E=04
1 U4s5BE=08
b.85uk=07
G.G?Ot-oﬁ
Ted23t=07
1,125E=08
1.077E=08
u,211£=-97
5.847E=Q7
2,548E=08
4,360k=0%
S.87TE=04
S.975E=06
3,931E=06
t.128E=04

¥

0.000E+00
B,08%L=04
8,86 1L=08
d,1e9k=04
A,259E-Gb

CHLTOUE~DS

RebToEnll
{oe0obtaQs
1.130E=05
1,21 0E=~0%
1.286L-05
1.328E=05
ioBO?t'US
1.170E=0Q%
9,.,262E=08
3.199L =08
3,.643E~00
1.,356E=0%5
2.365E=05
2.6bbE=05
24415E=05

0.,000E+00

2, TTIE=0S
2,943E-0%
2.8C2E-05
2. 703E=05
2,52%E-0%
¢, 612E-0%
€, 5bsE=05
2,47T0E~0Y
2,4B9E=0%
2.299E-0%
2,164E=05
1,952E-05
1,619E=0%
1,d00E=05
4,862E=00
2,036E=08
1,288E=05
2,322E~05
2,910E~45
S.EIUE-OS

W
Dy 00E+GD

J.008E=0S
3,194E =05

3 030E-05

2,902E-05
2.794L=0Y
2, T34EnDS
2,038E0%
2,48bE=05%
2,444L=05
2,180€~05
1,968E~05
1,484E=05
1,516E=05
9,312E=006
Y, 156E~08
2,TS50E=0&
2.436Em00
H,128E=07
1,182E~05
2,093E=05

ALTITUOE
RATE ERROR

0,000E+(Q
T4 T59E=01
Q.515E=04
F,729E=01
9,436E=01}
8,591E=01
Teloil=0y
S, 0LUE=Q] .
24223E=01
1,501E=-¢1
b,295EnG]
1,235k+00
1,249E+00
2.91BE¢00
3.,99TE+ 00
S,022E+00
b,020E+00
b,6BUE+Q0
by 37LE+Q0
S.941E400
S+ TITECQD

GarMa ERRCR

0. 000E+Q(
3.,073E=05
J.Tu3E=0S
I,845E=05
3,T4FE=-09
3.521E=-09
3|°cut‘°g
2,178L=05
9,16E~Lh
b, 7T1E=08
2.9BHE=DS
b,156Em{S
1,054E=CY
14.673E=04
2,522t=G4
3,556E=04
G,8B4ERQY
b4322E=04
To193E=04
B.31TE~GHY
9, 434E=QY

VELOCITY
MAG ERROR

P.000E+Q0
Lebd7E400Q
1,825E+00
1,700E+00
1.730E*°0
1,651E+00
1,568E+00
1,40T7TEDR
1.239E400
1.052€+00
8,512E-04
&,590E=01
U, 3THE=Q)
2,202E=01
B,751E-02
4.30uE=02
1.55b£‘0i

3,942E-01

1,95%E.01
R,542E~01
6,055E=01

P81 ERROR

0,00QE+00

5, 1%8EwQ4

9,207TE=04
Jo0USE~DS
1,003E=03
BySUYEnwDy
b,95TE«04
S,5TLE~04
H,527E-04
3, 705E-04
J,213E=04d
2,81TE=bL
EeSUSE=QuU
zcleiE‘Gﬂ
2,34%E=04
2,397E-94
2,988E=-04
2,B2SE-04
3,204EmpR
3,900E-Qu
K,230E=Q0

i

NOILYHOJ-EHOD S3ONIOS JILATYNY IHL



792,00
852,00

. 912,00

£1-d

972.00
1032,00
1092,00
1152,00
1212,00

i272,00

1332,00
1392,00
1432,.00

TINME

0.00
32,00
352,00
372,00
432,00
492,00
552,00
412,00
672,00
132,00

192,00

852,00

2.00

972.00
1032,00
1092.00
1152,00
1212,00
1272.00
1332,00
1392,00
1432,90

1562 STANDARD ATMOSPHERE MODELING ERROR

GROUP 2%
POMITION EATINATE ERROR YELOCITY ESTIMATE ERRQOW
R C D R c : D
D.000F+00 0,0038E%00 0.000E400 0.000E+00 0,000E+00 0,000E+00
2,341E¢03 N, ub6E+0Y 5.333F+902 121886400 a,0ulEeno 1.275E«00
2,TA0E+03  U.531E+03 T.e80Evg2 1,976E+04 G B99E+py  1,658E900
Z.85FE403  4,980Fep3 B8.T80E+02 2,5B83E+00 4, 950E+00 . 1{,798E+01
2,546E¢03 5,432E+03  1,01%Eeq) 3,219€+00  4,935F¢00 1,915E400
2. 36TE+D3  S,.855E43%3 1. ISHE*DY 3, 865E+00 - U, 819F+00 2,04TL+00
2.1U2E+08 L, 269E93 |, 290E407 4.530E%00 4,028Ee0p 2,15UECQ -
1,845E+03 &,478E+03 L ULIEe0X S, 0718400 4,228E+00 2.178E+TQ
. l.S!SE'OS Q.TQOE‘OS 1.5535‘03 5-690E0Do S.ES°E‘OO 2.235LE+00
. L, PEAFe0Y T, 0RNE40T J.09TE+03 6, 304Ew00 3, 429F400 2,279E400
TF1TE402  T,3137E+p2 1.045E¢03 &,905E+90 2.93dE4 00  2,305E+00
3,703E¢02 T.Su7E+p3 12992E+63% T 4T0E4+00p. 2,391E400 . 2,308L4+00
9.303E¢01  T.7Q1€+03 2,1)5Fepy T,990Ee00 |, 798E400 2.28lL+00
S.B2ofss2 T7,755E+03% Ro262E40%  B,394EeC0 |, 169E400. 2.205E+00
1.0RbE+QY  7,733E403  2.370E+93 BuT19Ee0D 5,318Ewpy  2,090E+00
Vo550E+03  7,530E403  2,423E403 B,THLE400 0,428F%02 1,901E+40
2,001E+03 7,2T2E+03 2,4U0Ee03 B,728E¢00 &, 113z=0} 1.692E400
2,302E403 &,858E+03 T.I98E¢03  A,383E490 10305400 L. U436E+00
20093403 5,719E403 2,018£403 5,867E+q0 TitadEsgy 9,b15E=01
2,252F+03 5.42BE+03 L.909E403  S,585F400 . J,100F+00 8,224E=01
2.330E403 5,2352€e03 1.935E+03  5,35%E+gp 1.287E¢pD  Y?,529E-0]
v ¥ W [} Y L]
G.000E+D0 O,000F+00 0,800F400 0,000E+00 0,000E¢00 O0,000E00
1.519€+03  ¥,933E40) BaU0TESD0 4e153Ee00 §.422Eep0 3,002E=01
1.814E*0s S5.031E+03% ‘2.108E+01 S, 359FE400 1.685E400 3,907te01
1.831E403 S.u16E+03 8.393E¢p) S,b128+09 1.671E400 0,2¢8E=01 -
1.808FE+93 5,793E+0} 1.902Ev02 S,9suEegn 1oB3UE+GD  O,803E-01
{ebSUE+Q3  6,13REepd 3.229F02 b, 2998+ 1,563E¢09 4, 79LE=(1
1.862F403 6,47(E+03 4, B1uFepp b, b5UBE4D0  (,umeFepD  4,B05EwQY
1.BOTE+03  &,K{2E+03 b, 3436402 b, 8148400 12916400 4,557aw0{
1.802€403 B,850E+93 8,36BE402 7,128fenp 101325000 @, y105E=01
. 1.81BF403  T,0b4E403 1,003E¢03 "T,46tEeqp F4530E~0t 3, u14E=0)
1.B5SE403  7,245543% 1.393E+07  7.810E+00 To565Ew01  2,u21E-01
14918F+03  7,300E+03 1.792E8+035  B,156E%80 S,484E~q 1.0865k01
2.016E+83  T7,377E~03 2.323E¢0%  B.4%uE4qp 3.385E=0y T,S58%E-p2
2,140F403 -T,202E+03 3.021€+03 8,750E+00 1,521F=01 3.087E=01
2.I21E+03  b,BO9E+0Y- 3,853Ee03  B,982k+g0 1.531E-02 4,12%E-01
2.S01E+03 o,076E+0% 4,6TRE+GY . A, 9{6E400 2, 004502 2, 37T3E-01
2.7L1E+03  S,084E+03 S.UUTE+SY B,81SE+0( b,009Ewp2 1,2%4E+00
2.,8Y0F+p3 1.792€+03 S.F68E+ny B,400E+g0 2:+86TEvny  1,5%65400
2,458E+03  3,363540% 4,800F¢03 S,.B79E+00 2,788E=01 1,142E900
2.515E¢03  4,ITTE+03  3,595E+93 5.550E400 {,T14E=Q] {,401F+¢Q
2.530E¢03 Q4.B6BE403 2,540E+D3 S.340E400 9,462E=0) L u3TE4Q0
ADDITIONAL STATE £STImATLS AT 130,000t t10 7o wFy
1.0“SE'°5 1.1705'07

8,439E=p9

S.9076=03

4-TERM MODEL

PLATFCHM TILT £STIMATE
R C

8. 000E0Q
1.222E=35
1.357€E~05

"1,282E=05

1,229E=0%
1,196E=0Y
1,194E=05
1.097E-DS
1, 07T3E=-05
1,05iE=05
1.021E=05
S TIGE=DR
G, 0UUE=~]n
B,OGYE=Q®
6,%20E=006
5. 491E=0d
4,377E~00
3479k
J,QTQE-Ob
4,227E=0b
4,092E=0b

u

0.,000E+00
JJuTBE=DO?
b, 505F=07
1.028E=06
1,41 7TEwdn
1 ¢558E=0n

L TSEE-Dy

2, 1UQE=0b

, 2,402E=08

R, 687E=08
3.009F=0s
3.3b5h-0b
3.126E~08
4,06b6k=06
4,317E=%0
G,500E=006
4,507E=D8
4,53bE=36
6,81 TE=Qb
8,105E«00
B,IHIE=(d

0.000E+00

3,9¢TE=08

4,330E=00
Qy009E=0b
l.bibhnob
3,0645E=06
2,223E-34
1,679 =08

B BOL~0T

2.322E~08
Telsdk=g?
1.20UE=Qb
1.507E=08
1.079E«0b
3.351E=07
1.48ik=00
3, 008E=08
Y.465E=0b

- SeT8TE=06

Q,206E£=00
1,935E=006

¥

0.000ED0O
T.298Em08
B,009E=06
TeTUOE=DB
7|B“l£'°ﬁ
B,2485ke0n
T LI
B 073E=Ds
F,005E=08
1.0%iE=05
f.192E~05
1,267k 0S
1.311E-05
t,232e-05%
1,063Lm=05
S5,381E=08
b, SUTE=QT
Q¢F00E=DS
3,734E~0DS
3.b4GE=(QS
3.183Em05

D

G,000E+00
2,499E~05
2,793E=05
2,b662E=05
2,972E=0S
2,505E=05
24896E-0T
2, ¢40ER0Y
2,206EupS
2,168E=05
2,124E=Q5
2,0349L=0%
1,910E=05
1.6”GE-05
1.310E=05
&, T20E=~0b
b, bEYE=(8
9,48 LE=08
3,T50E=05
4, CHSE=DS
4,184E=95

W

0.000E+0¢
2,T13E=95
3,030E=0Y
2,878E=05
2yT6EmQ5
2,862Em05
2,609E=05
2,339E-05
2,233E=05
2, 132E=05
2,012E~08
1.84uEm0sS
1.622E=05
1,294Em=0S

9,39%E~0b

S.319E~08
2,728E=08
1,829E-0¢
H.808En06
1,743E=05
2,b94En05

ALTITUDE
RATE EWROR

Do tQOE+0Y
ﬁ.qquwﬂl
F.01SE-0]
F.226E=0)
8,956E=0
8.160E-0)
b,BobE~pY
4,808E=01
ao:ﬂb&'ol
1.369E~0%
5,910L-01
14167E+50
I E-LLTRY.1A
2.790L+Q0
3,839L00
4,841E+00Q
S.A37E400
LLU9TE+OD
A, 66S5E400
LB.069L400
3.9L9E+00

GAHMA ERRQOR

0.000E+00
2y TTIE=DS
3,547E=0%
3.6QbE-G5
3.595{'05
3i3uHEngY
2,855E=05
2,0972ER05
FeS6TE=0
b, 17UE=(S
"24.802L=05
5:8({7E~0S
1.00SE=Dy -
[+000L-04
2edo2t0y
J.028E-0u
4.731E=-04
b,195t=04
S,038E-Qu
Sy694dE~Qq
by ITHESNY

YELOCITY

MAG ERROR

0.000E¢00
l-UGSEOOO
La731E+ 04
1.690£4090
1+64LE+DD
14570E+00
144735499
1:2%95#00
1,343E+00
F,6B0E~DY
TeT96Ew01
5,803E=03
3.B99Ep1
1,691E=01
64.140Em02
2,0u%E-92
1rELBE-0£
J BCHE-DL

(44135801

T,U31E=02
3,565E-01

PS1 ERRDR

D4DOBE+0D

S,590E-04"

B,721En0Y
F2906E~04
FibI4E=LH
B,112Ea04
6,590E-04
5,17T3E-04
4,205E=04
3,500E=04
Z.QWTE*OQ
24835En04
2,3935u0a
2,253 w0y
2.233E-0C4
€ 2FEELY

2,499E-0u

2,TuRE=0u
242815-04

2.BTQE-04
3,163Em04

NOILLVHOGH0D S30N3I0s JILATIVNY 3L




Fi-d

TINE

0,00
3N2.00
312,00
372,00
432,90
492,00
532,00

b12.00

672,00
Ti2.00
192,00
52,00
912,00
972,00
1032,00
1092.00
1152,99

1212,00.

1272,00
1332,00
1392,00
1632, 00

TIME

6.00
312,00
312,00
¥r2,00
432,00

492,00

552,00
612,08
872,04
T32.e0
192,89
852,04
912.00
972,00
1032,09
1092.00
1152,00
1212,00
§212,00
332,00
1392,00
; 1432,00

PUSITION E3ITIMATE ERROR YELOCITY ESTIMATE ERROR
R C D A c 9]
L [ ]

0.000E+00 0,000E+00 O0.000E%00 0.000Ee00 0,000E+00 0.,000E+20
4,005E+03  b,B20E003 1,0U9E+03 2,338E+00 T,950E+400 2.5¢9E+00
S.35TE+03  B,920E«03  1,4TSE+Q0Y - 3,B852E400 9,63TE+QQ 3,248L+00
S, 2L0F¢0) 9,839Ee03 1,TISEe0Y 5,008F¢00 9,T88E+0Q 3,582Ee00
G, 960E+03 1.000E¢Dd  1,960E40% 6,26TE+00 9,83%E+08 3,T0S5E400
4, 589F+03  1,134Ee00  2,200C+40% V,681E+00 9.330E400 3. 95900
8,135E+03 1.203E+08 2,502E¢03 A, T03Ee00 B,BIYE+0p 4,12TE400
3,594E¢0) 1,2b6uEe00  2,T63Fe03 9, 0BB0Ce00 8,25TEv00 45,248E+00
2.973E+03  1.315E+0d 3, 024E#03 1, 099E¢0)  T,4T7BE+Q0  4,312E400
"2 2R{E+03 L, 35a8404 3, 2B2F+03  §,202Ee01 b,97BE+00 4,325be00
1,5216¢035  1,383E+04° 3,526E+03 1.28BEe01 5,564E400 4,201Ee00
T.100E402 1,388Ee04 3, 730E03 1, 3uuFe01 4, 455F400 4,0B0E400
§.075€+02 1,)53E+04 3,04dB8Ee03 1,34TE+01 3,304E+00 3,716E+00
B,654E+02 1,301E404 3,0854£40% 1,318€+001 2,209E40¢0 3,273Ee00
1.571F403  1.252E¢04 3,9t5E403 1,295E+01 1,186E¢00 2,872Ls00
2,1B0E403 1,191E+08 3,86RF+03 §,248E¢01 2,72bE=0)1 2,43TE#QO
2,725E+0% 141356308 3.80BE+0% 1,211E+01 5,T2UE~01 2.,002E+00
3,07T6E+DY  1,095E+04 3,630E+03 1,11¢E«01 §,181E400 1,82B8E300
3,306E03° 9,800E008% I, 000F+0% 1,0056¢01 . {,b6REE€0) 1,2612400
3,602E403 9, 30RE+Q3 3, 3uTE+03  ©,528Ee00 2,3308400 1.002E+00
3,781E¢03  8,996E403  3,295E+03 9,270Ee00 2,733Ee00 9,329E-01

1] ¥ L] 8] v W
0,000E+G0 0,000E+00 0.000F400 0,000E+00 ¢€,000E+08 - 0,000E+00
2.985C4g3  T,7ME+03) 1,.654E407 B, 1TIE+00 2,798E400 4,0060E-0L
3,593E403 9,876E+D3  S5,00(Ee0; 1,032Ee01 3, Sulfe0n T, 694E-01
I 6U0E*03  1.00RE408  §1,T72T7E€0) 1,106k+01 3,327Ee0C¢ 3,431En01
I.615E403 1, 130E«00 3,TI4E+02 1,163E+01 3, 201E¢00 &,991E€-01
3,58TE+03 L, §89E+0a &,180E+02 1,219Ee01 3.027E+p0  9,305£-01
I.SHIE#GY  S.2uube0u P, 0TIEe03 1,27b6E40)  2.800Ev00 9,2008«01
3,526E403  1.290E+08 1,23uEe03  1,330Ee0f 2.526EvQ0 B,880E-0}
3,U9TF 403 1,327E¢08 |, 5046408 1,3T8be01 2,204E+00 B,076k=01
1,482E403 |, 3545608 2,044E¢03 1.423Ee04 1,847E¥00 6,857E-01
3,493E003 . 1,34BE¢04 2,570E+0% 1,4S5RE+01  1,.480E¢00 S,228E~01
3,9(8E+03 1,356E¢04 3,224Ee¢03 1L.669E+p1l 1,088E000 3,274E~01
3.5(2E+03  1,302E+04° 3,994E001 | 436Ee01  T,364Te0)] 1,281E=01
3,517E40) 1.,21TE+04 "4 _ 9BQE+0y {,375E«0l 4, 200E=-01 1,075E«D1
3,590E+03 |, 112Ee04 &,175E+03 1,.331te01 1,309E=p1 &,623En01
3,67TE+03 S, 685E+03 T,367E+03 1,209E+01 2,Bk8F=02 B8,820t-01
3,83156403 T,979E+03 8,503E403 1,222b+0] 4, 954fw-02 1,d22E400
3.8955403 - 5, 831Eeg3 9,206E403 1,117E¢Q1 4. S5BTE=01 1,B16E+00
3,930E03 S5,74T7E+03 B, 3T3IE40%  1,003Es01 o, ,553E~03 2,202E+C0
4,051€+03 T.495E+0Y b, 182E+0%  9,481Ee00 B,376E=01 2,590E+00-
G 122E+03 B,35TE+D3  4,390F¢03 9,222E+00 1.950E+480 R,607E+00

ADDITIONAL STATE ESTIMATES 4t 130,000t (10 T w~F)
2.330E~08 1,207E=08

GROUP 21 TIME«VARYING DENSITY OFVIATIONS=« WINTER PROFILE.

1,521E=07

1.337E=018

_PLATFORM TILT ESTIMATE
R . c

0, 000E+D0
2,404E~DS
2.,66TE=05
2,9524E=DS
2,370€E=0%
2,854Em0S
2,175E=05%
2,076E=45
1,923E=05
1 +T3EE=0S
1,4B8E=0%
1,123E=65
6, 0TZE~Db
fo321E~00

1.732E=008.

4,029E~08
S,102E=08
§5,599E~06
4,BY8E=f0
3,415E~00
2+1T0E~00

u

0,000E+00
2,908E=0T
1,097E=Qb
1,670E=408
2.5UsE=00
3.1°5E'°b
3,589E=00
4,1 3BE=0d
4,762E~0DS
S,I59E-00
S,FLTE=DS
5,377E=08
b,56TE=CB
b,100E=0s
4,9%8E=00
3,695E«06
2.268E=06
1, 433E=Db
9,750E~07
6,56bE=07
9,112E=07

0,000E+00
T TobE=06
8,670k=05
BoUb“E‘Ob
T.207E~00
6,§7TE=DS
L,914EmQ8
3.699E=06
2,%93E~08
2,6L0E=0b
3,277E=086
S, TO0bk=0b
1,094E-05
1,6TUERDS
2.075E=05
2 44SE=05
2+b1SE=DS

2,721E=05.

2,581E~05
2,156Em035
1, TI2E=0S

¥
0.000E¢00

{2 U3ISE=0S
{1 +565E=05

1.5156=05 "

1,499E=0%
{,531E=05
‘lblbﬁ-os
1,683E=05
1,865E05
L4ST5E=05
1,325E=03
T.2%9E=0s
4,851E=0¢6
1,934EL=05
J,13TE=05
G, 4TTE=CS
S.U451E-45
b.?TOt-OS

T .F00E~0S

T.TT0E=DS
b5,934E~DS

D

0,000F00
4,54 TE=0S
S.548E~05
S5,312E~05
4,997E=05
&,TUIE=~}5
4,553E=05
4,320E=09
3,979E«05
3,98TEw05
2,9BbE=D5
2,0UQE~DS
S, 0bbERQD
1,1485E=09
2,4L1E=0S
3,756E=05
H,THTE~GS
b, 265E=0S
T,6463E~(S
T.TTTIE=DS
T.B35En05

W

0.,000E+G0
5,338E=-05
b, 033E=05
5,7T36E=05
S5.366E-0S
S.052E~0%
4,792K=05
4, 4B4E=)S
4,077E=05
3,0(2E=05
3,022E=03
2,198E=05
1.075E~05
{,362E=00
2. UB2E=0b
2.,034E~Db
2, U3TE=0b
1,053E=08
4,06b6E~Db
2,20LE~D5
4, 042E=05

ALTITUBE
RATE ERROR

0,000E*(0
14377E400
FeTTIEXGD
{,B2UEHLD
1,763E+00
1.5B88E+50
$.322E+00
9,8t TE0}
ﬂ.“EUE-O!
1.901E=Q1
Q-Sb?E-Ol
1,822E+09

T RLbBYEF0Q

3-5525000
U,948E400
by192E4DY)
T.563E+00
8,2ubE400
TebodbE+0
b,¥IGE+DD
b TTLERQD

GAMMA ERRQR

0.0H0E+DD
B d52E=05
6,976E05
Te208t«95
7,040E=05
4,50BE~QS
5,50SE=0%
L H D58E=0DS
1,972E-05
8,524E=0b
4,533E=09
9,0861E=05
1,426E=04
2,110E=04d
3.12!&‘0“
d,385E~04
5,119E=04
T+8c2E=04
8,591E=04
9.71BE»Q4
1,105E=43

vELOCITY
MAG ERROR

0,000E+00
2,922E+00
J.432E+09
J,363E09
J,221E0¢C
J,0ULE#SD
2,820E+00
2,544E00
2,22uE*00
1.,875E+00
1,501E+00
1, 446E+0Q

B.23 Ea01

4,7581Ex01
2,053E=01
3,485Em0R
3,518E.02
2,84396=04
2,363Ea01L
6,T7{BE=0}
1,232E+00

PS] ERRDR

G,000E+DD
1,100E=03
1,712E=03
1.,953E=03
1,856E=03
1,570E~33
1,265F=03
1y00YE=33
8, 128E~04
b,577E~04
5, SB9E=04
4,738L=04

4,021€Ew0d
3,502E-04

3, 2U9E-04
3,188E-04
3,611E=04

I,681E.08

4,tBBE=0Q

5, 658E=04

I3
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G1-d

TIing

0,00
312,00
312,00
312,00
432,00
u92,00
552,00
612,00
4T2,00
732,00
792,00
852,00
912,00
972,09

1032.00
1992,40
1152,0¢
1212,00
i272,40
1332,00
1392490
1452,00

TIME

0.00
312.00
312,00
It2.00
432,400
492,90
$52,00
bi2,00
472,00
T32.00
192.00
852,00
2,00
er2,00
1032,00
1092,00
1152.00
t212,00
272,00

“1332,00
C1392,00

432,00

ADDITIONAL STATE EFATIMATES aT

POALITION ESTIMATE
] ) c

0.000E+00
2.3uTF 0}
2abh2Ee03
2.011E+03
2,49TE+03
2 32UEwQS
2,106F+03
1.850E¢0)3
1.523E+40)
1.1T1E+p)}
T.187E+02
3, ULUTEeD2
1.269E+02
6.252E+02
LetdiErpY
1,609F«03
2,052E+03
2.1312E403
2.531E+03
2.T18E+43
2.008E+03

T

0.,000E+DQ
1,524E+9)
1.TT4E+D}
1.,808F+03
1.832E+03
1,8uuED)Y
14656F+03
1,5576+03
$1.859E403
1.B77EQY
1.918E+03
1.989E+0)
2,07T9E+0}
2 21TE+03
24026403
2,561E¢03
2, TTIE+03
2.B6UE*p}
2.937€+p3
3,00TE¢03
3,026E403

1.,932g-08

GROUP 21
ERRQR
D
G+ 000E+00 O,000F¢00
3.GTHE+03  5,349E+D2
G ULTE®QS: T,301E+02
4,B95Ee03 B,630E+02
5,35TE+03 1,000E+03
S,7T8RE+GY  1,139E+p3
6,209E+03 1,2R2E403
b4STTE+QS 1,8235E+0y
4,898E+0F  1,SKTE+01
T2202€493  1,T1SE+03
T.479E+03  1,B6AF+0}
TeT1TE40Y 2,023E¢0%
ToB3GEe)3  2,152E+0%
To®11E+0Y  2,297E+03
Te910E«QY  2,414¥4D)
TobuTE+03 2,450E+03
TeIB2ELQY  2,473E+03
b, AUBELDY 2. 3TRE401
b,INBEP03 2,271E+0)
$+951E+03  2.200E+Dy -
S5.693E¢03 2,[53E+0y
v W
0.000E+00 0,000E+00
3, qu5E+0) B,u3zEe0p
Q4AT7E+03  2,2TuE*0y
Se316E«03 B,5Z6E+0y
S.7puE+gl 1,912€+07
6,098Ee03 3, 230k¢02
8, A09E403 0, 222840
b, L0E+0T b, bIJE+D2
6,939E403 B,671E+0p
Te109E+8%  §,119%9E%g1
T.368L403 | ,430F«0)
TaSO0%E*QY  1,BUvYEepy
ToUB9Ee03  2,3715F+03
ToIIIE40Y  3,092E+93
5,952E¢03 I, PU9E+0D
6, 150E+0% 4, TYSE+Q%
S5,1%0E403  5,534F«03
T, 772E+03 5,9063F+0%
3,750E+03 S, up2Eeps
Q,R21E+DY 5,919E+0)
S,320€E403 2,T3I3E+03
130,000 1t
1,062E-08

TIME«YARYING DEMAITY DEY1aTIONS=~ SUMMER PROFILE

VELOCLTITY ESTIMATE “EAHNR
R c D

0.000E*DD
1o192E+00
1. 91TE*Dd
2.52bE+00
3,159k ¢00
3, A00E*00
4, LbE+00
5.122E+00
S.TH5E0¢
b,390E+00
T.019E+0Q
T.b29E%00

L8, 0%6Erg0

B.,54uk+gp
B,RLuE+gD

6, B20E+00 -

A, T93E+90
B.126E+00
TodtRE+0D
Tag26E+00

b,T728E+400

v

0s000E0D
4,165E400
S.119E*00

5.5086Ee00

S.BTYE+0Q
b RYUERCO
bH5TAE00
6, 900E+00
T.230E%00
T.579k+0n
T.95uE400
8,542E+DD
8,619 +00
8,916E400
9, 16%E+00
B8,991E¢090
B BATEQO
B, 167E+q0
T«dTtE*QD
T.0L0E+00
4, TI0E+Q0

{10 T0 NF)

0.,000E+D0
4, 0536400
B TTUERND
4,875E+00
N, 8045400
d,TooE+00
a4,98BE+«00
4,505E+09
3,95pF 400

" 3,500Ee00

3,014E.D0
2yu03Er0
1.,85uE%D0
1:217Ev00
S,6%8E=5)
2,ib7E=-02
S,752k=n
9. 223E=D)
1,.190L+0Q
1,uTdErpo
1«031E%00

v

0.000E+00
1,u26E400

TebUBE+QD

$ob92F 200
1,622E+00
1 85TE400
LouboEepd
1,330E400
1177800
9,902E-01

8,002F01"

$,890E ¢4
3,823¢01
1,903E=01
4,87bF~02

2uRB2E~02

S,0B2E~D2
3. 201E=01
2,3198E=01
2.911E=01
T 008F=(]

1,288E=07 2,514FE=02

0.000E+00
1.279E400
1o611E400
{1+ T6UE+DD
1.901E+00
2,021L#00
2,132E400
2.21BE*C0
2,281E+00
2.332E+00
2., 36BL#00
2e3U83L00
2:335L+00
2e2b9E400
2+107E+00
1,938E+00
1.725L+00
1, 916E400
1.166E¢ (0
1o005L*G0
F,.313E=01

]
D.000E+00

3.091t=01
1,809E~01

Uyt 9SE~01"

4:53TE=01
g,733L=014

Ly Fudbepd

4,535k014
ﬂ|ﬁqlt'°1
YR LETACT

I3 LLILL ]

Yi620E-02
7, BUBEmD2
3.170E-901)
b,292L=01
§,230t=91
b.276L+00
LoNa2E+QD
1obuldkt00
{.,828L400

1,806E+00

R

0,000L+00
1,229E=05
1,321E=05%

1,260E=05%

14214E-05

14189E=05

1,197€=05
1,194k =05
LaleTE=0S
1,147€E=05
1,1238=05

S 1. OHEE=05

9,75bE=06
8,7R8UE=Db
TaT19E"08
S,98lE~-06
G BOTE=0B
3,7596E=00
3,554E=0b
4,115EmpDb
4,857E=00

u

0.D00E+00
{,882E-07
S.911E=07
9,4T9E=07
1,22¢L=06
1yub2E=00
fabudE=gs
1,927€=08
2,28bE=00
2.69%E~00
), 05LE=086
3, uBbE=DS
3,90TEr0O
4,337Em00
4,631L"06

4,931E=00b

U, 91%E=08
S5,126E=00
5,253kt

S, 500E=06

5.,97¢E=06

- PLATEORM TILT ESTIMATE
c

0.000L+00
3,959E=06
4. 255k-06
3,985E08
3.603E06
3.021E-08
2,166k=06
1,227E=06
4,051km0T
4,902E~0T
1,369L =06
2,089E-06
1,842k=00
1.587E=00
9,777=07

dJuyTb=pb

3.0116=0b
4,945E=08
5,154E=0b

3,0700=06 -
“1a0dTEQT

v

0, 000E+0Q0D
Te318E=08
T.780L=08
To58SE=0b
T.T50E~06
B8,278e~06
9.452E =04
1, 0L6E=05
1,435E~05
1o24ak=05
1.370E~05
1,489L=08
1,436E~95

1.399E=95

1.,270L-05
S5.733E=00
4,734E~Q7
$.306E05
24353E=0%
2,6b0E=0%
2, U2TL~05

D

0.000C+00
2.506E"05
2,139E=05
2,641E~Q5
2,507TE=(S
2.517EmQS
2,923E"05S
R.901E=«(S
2, H43TE=Q%
2.,399E=Q8
2, 569E=0%5
2,5t9E~0S
2,066E=05
1,832E-09
1.524E-05
T.03%E=0b
2.198E~07
1,268E«0%
¢, 334E40S
2,985E05
3325605

L]

0,000E*DD
2,72 1E=0%

2,970E=05
2 B53E=05

2.T753E05
20Tibeds
24030E=05
2,5%83E"05
2 UG3E=0Y
2,335E=0%
2,2 BE~0%
2,065E=05
1,7u3E=0%
1,41 7E=0%
1, 049E=05
5,49ZE~08
2,800E-0b
1, d472E=Db
1,647E=06

.1, 296E=05

2,2UbE~QS

ALTITUDE
RATE ERRUR

Gs000E400
T+019E=01
8,784E=0)
9,070L=01}
8,819E=01
8,078E=01
b, 753E=0]
4,775En0)
2.09iE~0]
YL UT9E-0)
b.134E~0)
1,212+
1.920E+00
2 BUEE+DQ
J.939E¢u]
4,853E402
5,870+
b 27HE+QQ
S,E55t+40Q
S,37L1E+00
541508400

GAmMMs ERROR

DeQ00E+QD
2.779E=04
JLUSLE=QY
3, 5HeE=0QY
3,.550E=05
3, 310E=05
2,833E~0%
2:0585'05
9, 327E-00
b.0T70E=Db
2.,908E=05%
b, QudE~pS
1,01T7E-0A
1,833L=04
2,5565E=04
3, 4yuE=du
4,75B8kw0d
S,.934E~QU-
&, 055E=04
?.SXQE-OH
8,378E-04

veraclvy
MAG ERROR

Qs 0Q0E*0D
1,490E+00
14695E+00
1,670E+00
Lh032E+00
1,965E+40
1,473E+00
1e34dE+QQ
1,18dE400Q
1oQlubeg)
B.eSUE-Ol
b,217L~01
WaSduE=(]
2,260E~-01
Q,616E=02
b,7b6BE-02
1,96uE=01
Q,117Ew=D}
0.1095-01
1,6b6E=0}
d,68bE=01

P3] ERROR

G.00QE400

5,607E-04
4,4B8Ea04
. 722E=-04
9.372E-04
B,0l0E~CR
6, 523E«00
S,25%E=04
4,281E=C4
3,59TuE=Qu
3.000E=04
2,708E-04
2 UH0E=Q4
2,30%E=04%
2,290E=04
2,3106E=04
2,5i0E=00
2,637E-04
2,949E=04
J,545E=04

3, B2KE~Q4 -

NOILvHOdHOD S3IONIIOS JILAIYNY 3HL



91-4

TIME
.00

3t2.00

312,00
312,00
are, o0
92,00
5%2,00
512,00
472,00
Tiz2.00

792,00

852.00
12,00
972,00
1032.00
1092.00
$1152.00
f212.00

12712400

1332.00
1392,40¢0
j452,00

TIME

0,00
312,00
312,00
3T2.00
432,0¢
a%2,00
5%2,00
612,00
672,00
732600
792,00
852,00
912,00
972,00

1032,00
1692.00
j152,00
1212.00
1272,00
133z2,00
1392,00
1432, 00

GAQUP 21

POSITION FSTImATE
R c

1.000E=190
1, BUOE-DH
.2-7108*02
2,U22E+02
2.005E+n2
1.805E¢02
145b5E+02
{380Fe02
1,138E+02
V-EEQEOOI
B 9uEep)
d,500E+¢)
4, 3TuEeD]
B,ulBE+py
1,450E+02
Z.0TSE+p2
2.b8TE+Q2
J.0TUE+g2
JLUBTE+g2:
3|725E*02
J.8TLE+Q2

v

1.,000E=10
$J194E=0b
2.1B8Erp2
2.13¢E¢02
1.968E902
1,817E+02
1. TC2E402
1o721E402
1,6T9E+02
1. 085E¢02
1.752E+02
1.876E402
2,0upt+Q2
2,307E+02
2.050E+02
2.999E+02
3.3%8E+82
I.5TIEeg2
VA, 8hpEeq2
3,975€+02 -
4,053E+02

1.000E=10
2,T72UE=0b
U,941k+g2
S,134Ee02
S.0%3Ee02
5,012E+02
Ss057E+Q2

S,u02E402

Seb2TESDZ
S,993E+02
b,518E+p2
T.0bTE+p2
T.,0ulfen2
T.T23E+p2
ToA2uEeD2
TSS9 TE+02
To123E+02
b,389Evp2
5.819E+02
S5.179E+g2
L, B30Es02

Y

1.000E=10
3, 091E=0b
$,296E492
5,335£+¢02
SJ1TuEep2
SeQTTERD2
S.07TSE*D2
SIUQELQ2
$e523E02
$.822E«02
&, 253E+02
b.bT2E+02
&,BaTEeg2
6, A%3IE+02
ba515E402
S+688E402
4,505E202
3.102E*02
3.092E+09
J.842E402
U,20TE+02

FIRST-ORDER MARKOV DENSITY DEVIATIONS

ERROR
D

1.,000E"1¢
4,192E=07
4,298E+0)
2.000E+0)
9,257€+0y
F,587E+0
1,009E+02
1.111E402
1.202E+0;
1.313E457
T 46dEL02
1.b00Et0p
1.,876€402
2.11T7E*pp
2.350E40p
2,4bb6E407
2,%51E+02
2+.465E+p02
2.,397E+0p
2.203E%02
2,197E+02

L]

{,000E=10
lobauE'oﬂ
8,TulE+0p
2.019E+0)
5.340E+0y
U TPTE+D}
b,26%F¢0¢
B ILEEYDE
$1406tEsp
1,32uE+02
L,TISE+0Q
2,208E+02
2,7T89E+p2
3,54uFy02
4. 399E+g2
S.122E+902
S.077E4Q2
S.T96E+0p
5.225E+02
3.907E+02
3,002E+02

ADDITIONAL STATE E3TIMATES AT 130,000 1t

S,668E=D9

3. TULE=D®

J.952Em08

VELOCITY ESTIMATE ERNQR
R c

1+000E=10 1,000E~10
9.391k=10 3,177E=09
1.858E~01 S.330E-01
2,308E=01 5,087E=0%
2,6T1E=0) &,610F=03

C3,0u1e-01 u,172e-01
3.4b5E=04 3,795E=91
4,097E-01  3,813E-01
L, TUBE=GY  3,275E=01
S.675E-01. 2.937Ex0]
5,975E-41 2,553E-01
B,45AE=01 2,06TF=g1
%, 804E=01 1,511E=01
121138400 1,107F=p}
1.2306400 ],2u5E=01
1.2826+00 1.776F=0)
1.297L400 2.344F=01Y
1.228E+00 2.073E=py

T1.220E400 3,(53E=01
1o148Ee0p 2,9768-0%
1,098E00 2,900E201

] '

12000E=10 1,000E=10
3, 265609 |, 12uEw09
S.S50BE-pt 2,072E-0% -
S,080Ee0) 1,991E-(}
5,290E=01 1,790E%01
5,189E=0)  1,%B8ufep}
$4233E=01 1,3R8F~0)
S.b26E=01 |,285t=01
89966901 5196701
b0V {801 9,T17E~82
T.196E=04 B, Tur=-92
9,10%E=01 #&,589E~02
$.030E+400. 9,125k %02
1 IS0E+00 9,5)uf=02
13257t’°ﬂ R.013E=p2
1.300E+00  T,200E=02
1.308Leg0  6,290E-02
1.,231E400 9,690E~02
14217€¢00 1,028E-0) -
$.000Ee00 Y, 1G1E-GY
1,0966400 1, atBE~0L
{1 YO NF)

1.078E=D2

D

1,000E=10
1.007TL=09
1,7T18E~D}

1.7576~01

1.727E40}
1,T18k=01
127U =01
1 .,BY9E~01
2.,020E"01
2.251E=01
2+590Ew0])
2.939E=01
3, 17TE=01
J.3ult=01
3.392L=01
3,20%E=01
2.908L=01
2 4S1EeQ}
2.102E-01
{eBT1E=0!
1,800E-01

n

1,000E=10
2,5a3km10
H.Rbl&-oa
Q,39%5E=02
Ge303E-D2
ﬂ.lslh-oe

3.922E=02
J.0006E=02.

JeTubEeie
d,208te02
S,B17E=02

B,659L=02

1.2578=04%
1,754ka0]
2.392E-0C1
2.878E=01
3,300E=01
3,382E-01
3.670&'01
3.45TE=DY
3,207TE=01

1,000E»10
1,000k=10
L.u456E=Q0
1,370E=D6
1.,429E~00
1,761E=00
21312&'05
2.,BUTE=Qb
3,270E=00
3,7T5E=~00b
4,250E~006
4, 4SbE=DS
4,512E=00
3.977F =00
3,503E=0b
2.,916E-06

2,405E=00-

€. 022E=00
‘nﬁqdﬁ'Ob
Ilqlﬁf“ob
1,940k=00

U

1,000E~10

" 1.,000E~1Q

L LUUQE=QT
2, 20BE=Q7
}.0u0E=0Q7
3,.499e=07
4,080E=07
4,TeSt=07
4,9949E=07
S.67¢E~0T
b,51YE=(Q7
T.4S0E=07
8.700E-07
1,030E=Gh
1,20%E=0¢
1.,37/E~T0
1,510E=00
1,015E=D4
1,770E=0¢%
1,828Em08
1,8%2E06

PLATFORM TILT ESTIMATE .
., R B c

1,000E~10
1,00CE~10
6,080E=07
5,438E-07
U, 367E-07

"By165E=07

l|177£'°b
1+.780L=00
2,500L=08
3, 414E=00
doyqdb=dd
S4308E=08
S.81tk=086
6,057e=08

5,98LE=Qb

$,438E=06
4,66028=08
3.83uE=-08
3.346E=086
3.“bqﬁ'06
J.GObE-Db

¥

1.000E=t0
1.,000E=30

TeT12E=0T7

T+9B0E=OT
1,120E=06

T1.880E~06

3, 027t=06
4,21 TE=00
54493605
?.220t-06
Q.SOBE-Ob
1;127&'05
1,275L=05
1,4028=05
1., 4BTE~0S
14U00E=05
1.3748~05
1417T1E~0S
1.056E«05
8,505E=08
TeddTh=0b

D

1,000E=19

"1.,000E=10

3,695E=08
I, 650E=00
1,499E=08
4,121E=Q4
4,9035E=06
&, 051E=08
7,042E-0&
8,563E=0b
1,085E=05
1,209E=05
1.309E=0%
1. ATBE=0YS
1,4131E=05
1.568E=0%
1,283E=-05
1.127€E-05%
1. 036E=05%
8,522Ewpb
Taldb3E~0d

]

1,000E=10
1,000E~19
I, P4 E=Gs
3. 850E=0b

C3.BLTE=QS

4,0%E=-05
4,710E=08
S UUSE=DS
5,99T7E~08
o, Budk=04
T,T46E=00
8,L6TE=D6
T.766E=06
B,092Em08
5,008E=0&
2. B77E=Db
1,454E= D0
2, 439E=06
2.000E=00
3.5T6E=0G
4,23TE~08

ALTITUDE
RATE ERRQR

1.000E=1D
-5,050E~10
8,832E~02
8,523E=02
T.HSBE-Oa
&,18C0E=Q2
H.QTJE-OB
ﬂ.bqu-UZ
6,9%2Em(2
1,255E~01
As151E-41)
3,320E0]
4,bubE=)]
§0232E‘°1
To962E=0]
94374E-01
1.0u%E+400
1407HE4QQ
1.089E+00D
1,019%400
Fy8606Ew0]

GAMMA ERRQOR

3,89 1E=1S
2,035ke14d
31.5416-06
JLU25E=00
3,0u3E=0b
2¢573Ew06
21§ 9E=D0
2, 0uSERGS
3.140EnGH
3,827E-04
1,038L=08
1.679E-05
2,490E~05
3,591E05
51@055'05
6,531E=0%
By213E=0S
QCsTbE'Os
$s14BE=QY
1.356E=04
1,562Ew00G

YELOCITY
MAG ERROR

1,000Em10
1,174E~09
24121E=01

2,009E-0} -

14799E=0)
1.590Em31
1,3%93E=401
1,291E~01
1 12HE=Q!
9,081%E=02

B,806E=-902

b,580E~02
B,940E=02
9,270ER02
8,651Em02
6,954E02
6,5356=-02

“1.072E=01

1,196E=01
1'13bE'°1
1.313E«01

¥S1 LRRCR

3,891E=19
4,396E«13
F,145E=0S
F,T5TE=DS
B,SU4E=QY
&, TB4E=DS
$,2T0E=05

4,3U0E=D%

3,588E=05
3,185E-05
R,36TE=D5
2, 899E=05%
2,871E=35
2,FT1E~0S
1,202E-05
1, 459E~05%
31,787E~CS
3,9U9E=D5
4,006E=05
S.1%6Ex0S
5,576E=0S

NOILVHDJEQOD SAONAIDS HLATYNY 3HL
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GROUP 22 20Nl (WESTERLY) windd - : . . ‘

LT-A

4,163Fe19

POSITION ESTIMAYE ERRDR YELDCITY ESTIMATE ERRQR PLATFORM TILY ESTIMATE ALTITUDE YELOCITY
TInE L4 ] c D B c D R C - D RATE ERRUR HMAG ERROR .
0,00 ! :
312,00 0.000E400 0.000E¢00 0,000E+0p O0,000E+00 0,000E+00 0.000E«QD 0,000E400 0,000E400 0,000E+00 O,000E*00 0,080E+00
312,00 114E+QpL  1,6%0E+9] 2,53BE+00 S,055Ea03 1,923€=02 6,089E=03 S,815E-08 1,BY9E-08 {,189E=07 2,998L-03 7,085E~03
372.00 1.000E+0) 2.754E¢0) 8,561E+0g 1.14tE=02 2,957E=902 9,876E=03 H,19uE=~08 2,841E=08 {,809E~07 4,91%E~03 1,092E~02
432,00 1.T99E+0)  3,580Ee01 &, 294E+00 1,728E=02 3,%00E=02 . ,261E=02 9,376E=-08 3,302E~06 2,193E~07 5,9ulk~03 1,304E-02
92,00 1,836E+81 4,2B8%Eeny  Y,903E+00 2,350E€~02 3, ,9Q0F=02 1,uBBE=02 1,045k~Q7 3, 16%L~08 2,491E~07 6,281E-03 },u26E=02
552,60 1. TSTE+01 4, BUtE+01 9,31TE+00 &,901E=02 4, G1TE=Q2 1,4056<02 1,15%E=97 2,4bb6E=08 2,6B82E~07 S.B07E=03 1,450E=-02
612,00 1.60BE+01 5,M1FE+01 L.06TE+0] 3.,622E=02 3,982FE=02 1.Biok=02 }1,226E-0/ 1,339L=-08 2,840E~¢7 4,BS6E-Q3 1,413E.02
672,00 1.428€+401 S.86YE+01 J.214FE¢8y 4,3B1E=p2 3,912E=02 2,002€~02 §1,451E=07 1.033E-06 3,276E-27 2,9u2E-03 1,354E-02
732,00 1.27%E+0)  &,971Eeqt 4, GG3Ee0y 5,74SE=p2 &, 063802 2,84UEe02 2,204E-07 B8,3I13E~08 S,017E-0T7 1,171E=03 1,334EA02
TR2.00 1.071E4¢01 8,0925+01 1.764F401 T,759E=02 H4,191F=02 I, 100t=02 5,417E~07 2,01%E=07 7,087E~07 &,939€E~03 1,25%50E-02
852,00 TLITLE400 L, 049E+02 2,229E+0)] 1,0060E=01 @, 1BuF=2 3,892¢=02 W, B10E=CT7 D, 657E=07 §,125%E«06 2,233E-Q2 1,081E~Q2
912,00 1.312E400 1,206E+02 2,720E+0] t,313k=01 3.70%F*02 4,b65iE=02 5,523E=07 &,761k=07 1,343E=0b6 3,B10E-02 @8,851E=03
2,00 TLINBE*00 1,443E+02 3, uTofe0) 1,717E=01 2,973F=02 S.T00E=Q2 B, SF4E=0T7 o,619k=07 1,734E-08 b,632E=02 5H,591E~03
1032,00  2,009E«01 1,6TTE+Q2 4, ATBE+0Y 2,155E-01 §,797€£-02 &,679&=02 7, ,338E-~07 8,266k=07 2,087E~Db 4,043EeQ) 2,732£-03
1092,00  3.5ALE+0] 1,R1TE+02 S,102E+8] 2,46RE=0t 3,0ubBE=03 7,100k=02 7,33CE~07 &,812k=Q7 2 {99E-Ob | U24E=Q] D, bTLE=Q3
1152,00 H,S5B9F+01 1, BU2E+02 5,000F+01 2,176F=01 4,950f=03 S,873E~02 &,033E«07 &,593E«07 1,558Ew06 §,411E«Q) 1,020E-04
1212,00 T,005C+401 9,094E¢01 R2,799E+0) &,708Ew(2 1,480E«02 2,220E8-02 3,T7S1E«0T7 1,136E=07 3,302E~0T7 3,8699Ee02 1,717E-Q2
1272.00 3.090E401 3,T63Ee() 2,508E40) 2,659E=0t 9, UTE-QR 3,759%t=02 1,018E~0T7 S5,3%0t~07 3,B8ubE~0b6 2,492Ee0) 1,11LiE~Q3
1332,.00 4, 429E402 B, TIVE+02 2.66TE+p2 1.860E400 S,379E-01 2,321E~01 },224E-~07 1,590Lke06 1,BTIE=05 §,659E+¢00 &,6028-02
1392.00 5.320E+402 S.120EeQ2 2,6T1Ev0p 1,8BBE¢00 S,334fw=pt 2,174E-~01 1,747E-00 1,536L=06 1,015E~05 §,730€400 6,913Ew02
1432.00 $.306E402 U,230E+02 2.4SHE+02 1,TIBE+00 & ,0T7TEm~Q] 2.,138E~01 3,B23E-07 2,47%L=06 1,321E=~05 1,b600E+00 7T,590£-02
TIME v v W U ¥ N uo ¥ W GAMMAY ERHOR PSI ERROR
. 0,00 . -
312,00 0.000E400 0.000E+400 0.000E+00 O0.000E+00 0,000E¢00 G.000E+00 0,00CE*00 0,000L+400 Q,000E+D0 0,000E+00 0.000E+00
312,00 7,2Y2€Ee00 1,B72E401 1,020Ee=0) 1,977E=02 6,779€-03 1,816E=03 7,084k=10 3,375Ew08 1, 294E-0T7 1,2Q9tel7 Z,6bL2E«06
372,00 1.137E+01  3.p10E+0y1 1.519E=9 J.1UsE=Q02 1,.063E~¢2 2,343t=-03 1,021E-09 4,6336-08 1, ,953E~0T7 1,94BE~-07 5,2108E~q8
832,00 1,398€401 3,811€+01 9, 4U1E=0y 3,936E=02 §,291E=02 3,076E=03 7,203E-10 S5,550k=08 2,343E=07 2,38b0E=07 &,9T0E-Qb
92,00 1,57BE+D) W, 855E+0) 2,236E+00 2.%6BLe02 (,41BE=02 "3,b569L-03 AU,T7352E~1Q T.GOPE=0B 2,028E-0T7 2,583E-Q7 T,344bk-{s
5%2,00 1eBT6E4N) U, 90UE*Q] 3J,B02E+00 5,05%6E=0P J,uauE-=02 U,D16E=03 1,409€=09 8,8b2E«08 2,78CE&0T7 2,459E-07 b,58UE=DS
412,00 $TIGE40]  S,3SHE«G] S, BI3F+00 S5,4B83L=02 1, U0Bf-02 U, 131t-03 3, u475E«09 1, ,1i4E=07 2,BBHBE~0T 2,070EnQT S,530E«0h
872,00 f.,012E401 S,832E«0% T,9T0E+0Q &,064E=02 .J,3uT€=02 Y,990E«03 W,235E=09 1,993L=07 3,211E-07 1,290E=0Y A4,Lt8]1Ee0d
732,00 2,060E+01 &,820E+01 1,222Ee0y T7,323E-02 31,32¢E=02 3.391E=03 2,908E-10  DLILGESQT W, 987E=QT S5,1ebE=08 4,41%En0b
792,00  2,410E~61 B iTuE«Q]  1,852Ee0y 9, 204Ea02 23102 1,808E=03 4, 245E~10 S,689E0T7  6,534k=0T 4, L38LeQT 4,452E-06
BS2,00 2.903E+01 9,96PRE+01  2,7TaE+0)1 1,203E=01 1,00%E=02 1.330k«03} {,331E-08 9,2i6E=07 B, 835E-0Y 1,07bk-0b 4,726E-00
912,00 3, 3T4E401 1,127E+02 I, BO9E€S) 1,4)9E~01 8,081€-03 - 5,323t-03 W4,9THE~Q3 1 ,102E=06 9,6T71E-0T7 1,924E=06 &,79GE«Qe
972,00 QB0E+0F 1,M15E+92 5,506E+0) 1,829%Ee0) &, LTUE=(ON f,2B0E=02 Y,B0TE=Qd l.635t~0b6 §,095E«08 B Ny9E«0b S,336Ee0b
1032,00  5,25%E+01 Y1,40TEs02 T,B55E+0) 2,252€-01 1,77bE=03 2,326E-02 §,452E-07 2,096E=06 1,077CE~06 6,000E«Qb 6,054E-0b
10%2,00 G,3RSE40) 1, L8SE+Q? L1,D01Fe02 2,546Es=01 2,364E=() 3,u0bbke02 2,1TUE-0T7 2,331E=0&6 B,16BE~0T B,FLbbke(b B,656Ew08
1152,00 6,559 +0f 1,200L+02 1,133E+02 2,229E«0) 9,1096=03 3,221teC2 3,048E=07 1,74bE-~0b Z,TYLE=07 9,828La0b 5,925E-08
1212,00°  3,919E+01 S,595E€+01 T,T83E+0f T,091k=02  1,670E=02 4,91B8t-~03 4,0U09E«07 2,1356~07 2,304E-07 2,888E-06 1,635E-00
127,00 4,2TRE#DL 2.695E401 3,185E+81 2,636E«01 3,89:E=03 1,0906«0) 5,35%E~07 3,B4BE~0& ,144E~0T7 2,224E«9S 9,7S6E~Qb
C1332,00  4,B28Ev92 3,2B0E+02 S,050E#02 1,840E400 &,902E=0) &,26b8«01 J,3B%E=0b6 1,866E=05 },644Ew0b6 1,793E-0U4 7,451{E-05
. 1392,00  5,.598E+02 4,131E402 I, 04BE403 ), BTTEG0  L,004E=0) 6,033E=01 7,62YE=0T7 1,54Bk«05 4, T{CE=0& 2,30UE~04 B,b68E=0%
132,00 5.5THE402 Q. 0TUE#02 2,2%4Ev02 1,726E+D0 1,357E~Q1 S, 1B5E-01 1,256E«07 1.256€~05 4,B00E~06 2,543E«04 B8,000E-05
ADOITIONAL STATE ESTIMATES 4T 130,000t (10 To wF)
2,1418=09 1.028E=08 2.233€=02

NOILYHOdEHO3 S3ON3I0S DILATYNY 3HL




81-4

TIME

¢,00
12,00
312,00
3rz,.00
632,00
492,00
552,00
512,00
672,00
732,00

T92.00.

€52,00

912,00

972,00
1032,00
1892,40
1152,90
1212,00
1272.490
1332,00
1392,00
1u32,00

TINE

0,00
312,00
312,00
3r2,00
432.¢0
a%2.489
552,080
612,00
672,90
732,00
192,90

852,40

%12.00
$r2,.00
1032,00
1092,00

1152,00°

1212,00

Sy2712000

1332,00

15392,00

1632,00

ADDITIONAL STATE ESTINATES AT
3.268Ew09

GROUP 22 CROSSWIND AND HEADWIND

POSITION ESTIMATE
R c

1.,000E=10
1,573E=06
A,073E49])
3.72BE+01
3.108E¢+01
2,60bE¢01
2,292E+01
2a0CHEPD]
1, Tu8E+D!L
1.G49E+0)
L 16TE+ Q)
B.0356E+00
8,451E+489
1,8TIE+¢0)
J.628Eep1
S, T30F+ 81
8,250E+01
1.098E+52
L U3JE+R2
1.912E+02
2.198E402

u

1.000Em10
1.,021E=0b
3,275E+04
3,011E401
3, 118E+p}
2.,862E401
2.673E+01
2.85TE+0L
2,840E+p1
2,913E01
J.116E+7)
3., 4BuE+D]
doioubee)
S.014E+D) .
b U9bE+YY
8,127E+3)
1.,02dF402
1.260E¢02
1,568E%02
2,022E+92
2.285C+02

4,671E=09

-

ERRQR VELDCITY ESTIMATE ERRQR
D R c D
1,000E=10 1,0008=4p 1,000E~10 J.000f=30 1,000E=30
2,330E~06 3,505E=0Y B,0G%eld 2,TIBEmOY B, e2%Ewi0
ToGooE+QY 1, 203F001 2,798E=p2 T,990Fe02  2,579E=02
B,076Ee0t  1,000F¢01 I.552E=02 T.995Fm02 R.Tu2E=02
ToTOTE+DY 1,603E+0] &8,020E=02 T.109E~02 2.64bEn02
Tob638L£40f 1.816F+0y 0,557E«02 6,37SE~p2 2,526Em(2
T.TIBE+0L  §,467E+01 S5,278E=02 S,8t1E~02 2,725Ew02
B,6BUE+0] 1,6bBE+Qy b, bu2E=02 5,B38E=p2 1,176k=02
9. 2726208 1,832E+401 &,013E=02 S,409F=02 3,529EmQ2
f.0t18E+02 2.052E+0y 1,004E~0¢ 4,959E-02 4,101E=02
To151E402 2,383E+0] 1,297E=0} 4,401E~02 8,%3TE«02
1e311E#02 2.8b69E401 1,668Ew-01 3,408E=02 5,917Eef2
1.491E+02  3,55{E+0t 2,122E=0t 2,605F«02 7Y.001k=02
L1, 45SE«02 4, 3776401 2,802&~08 1,979E~02 T,932E-02
1.85GE402 S,4TuE+0t 3,220Ee01 3,130E-02° 9.013E-02
1,937€+02 S, 30836401 3,099Fe0f 5,325F=02 9,324Fw02
2,001E+02 T,323E¢01 4,211E=01f B,027E~-Q2 9,3B0E=02-
2,003€¢02 B8,0TEE+0y A,6060E~0% 1,070E=g) B,951E=02
Z,0STE+D2 B,891E+0y S,u09€e0t |,S16Ea0) 7T.821E=02
2LU0EH02 L ,001E+02 &,U30E=0t {,860FE=01 7,457E-02
2e102E402 1.035Ee02 6,820E=01 2,018E-01 T,237E~02
v W v ¥ K
1.000E=1d 1,000E=10 $,000E«10 1,0008=10 1.000E=10
2.GUUERGS  5,652E-00 2,794F=09 9Q,.A11E~{0 2,30lE~iD
T,905E401 1,SS1Es00 B,20UE«02 3,097C~02 &,475Es03
8,327E+01 J.a3BFe0p B,567Ex02 3, 196E-p2 6,864E=03
T«890E+01 5,395E+00 &S,0TuErg2 2,BuTE=p2 &,008E~(3
Te655E€¢01  7,452F¢00 T,B58Ee02 2,500E-02 5,B8B2E=03,
Tob73€00% 9,TTQR+20 B.0CUEeGE 2,1b6TE=02 S.3b0E=03
B,509E401 1,345FE4Q)1 9,143Ew02 2,104E=D2 §,1b5E=03
9.029€+01  1.073E401 L.031E=01 -1.BS4E=02 5,297E~C3
QASLE401  2.140E401 1,179E~0% 1,531Fe82  §,8)4E~03
1085402 2,016E901 {,040EwDl | ,521F«02 1,0B7E~02
$42603E002 3,742E401 1,790E~0] |, bUBE=02 {,TT4E~QZ
1,390L+02 S.Q6b6E+D] 2,223E~0f 2,020FE=02 2.,833Ew~02
L, UBEe02 &, 865E¢0) 2,683€e01 2, 401f=02 U,250E«Q2
1,598E¢02 9,447F+0y 3,29%4E=ny . 2,67SE=Q2 &,389:+02
1,SU5E+02 1.199E+02 I, TGTE=0) 2,414E=Dp2 B,5%0t=02
1,415E+02 1, UTUE+E? §,239kw01 1,907€-02 4,118E~0%
Lol T0E+02 1,TOTE+02 4,6465E=0) 2,3BTE=02 1,365E=01%
14318E402 $.096E402 S,457E01 3, b54E=02 1,789:«01
14861E+02 1,299E402 &,387EwQ] 8,728E=02 1,94B8E«01
2,9B9E+02 B, 60SE+0L H,THBIE=Q1 | ,328Ewfl §,832E=01
130,060 1t {40 TO NF)
3,3005E=08 1.258E«02

JL000E=10
1. 000E~30
2 IB5E=07
2,23LE-07
E.SOlE-OT
3,2B3E~07
4, Ul3E=DT7
S ITIE=DT
6, dU0E=DT
T U6TE=DT
8,517E«07
9. 234E=0T
G,u0OVE~DT
fITUE=0T
?,003E=07
7.,092E=07
& TLEE=(RT
5, TTUE=QT
5, 398E=(7
b,215EmQT
T O8FERDT

v

1,000E~40
1,000E-10

2,257E=08
4,069E=08

S.TiSE=0B
T.322E=08
8,901E~08
9.277E=08
9,829E=08
14132E-07
1,321E=07
1,527E=07
1. 794E=07
2,124E~07
2,957T0E~07
3,119E=07
3. 763E=07
4,293E-07
b,{5%E=07
b,911E=GT
Te913E=07

' PLATFCRM TILT ESTIMATE
R c '

1.,000Ewlg
1.000E=10
F.0F1E~08
B.729E~C8
6,01 TE~CE
1.195E=47
2, 2UBE~0T

3,462E07
G, 890E=Q7 -

b, TUIE=CT
B,94ut=07
1,113E=06
1+326E=00
f.U75E=08
fobl186E-08
1,585E=06
fJUbbE=DS
L. 2TUE=DS
1|OIQE'°5
f.226En08
1s0b0k=0b

v’

L 0D0E=10
1.000E-10
l.l&aE-DT
1,315E=07
2|°37E'°7
3,955E=67
S.TH2E=QT
B,115Ew0T7
14057E-08
1.300E=08
1.828k=06
2.297L=0b
2,8338=-006
3,3d6Em08
1,590E=06
“-3“2&*0&
H,626E=086
B,718E~00
S5,009E=04
4,477E=Q4
3,608E=06

D

1,000E=10
1,000E=10

-5,530E~07

6, 100E~07

& HBUE~GT

7.563E=07
§,399E=07
1,181E~06
1,392E~0b
1,T0SE~06
2,122E=06
2,557E=06
3,021E=0é
3,413E~06
3,922E~0b
4, 168E~06
4,418EnDS
4, 546E=06
5, 095En06
5,234En0b
5,020E=0h

W

‘$4000E=10

$.,000E"10
5, 89GEw)T
b, U09E=T
6,030E=Q7
T,UbLE=QT
8,894EmDT
1,077E=08
1,214E«06
1,406E~08
1,638E=06
1,825E=04
1,936Em08
1,861E=086
1.,6B1E=Db
{1, 2U0E=DS
T.LHUEDT
6,017E«0T
1.354Em0b
2,9b0E=08
3,861E~0b

ALTITUDE

RATE ERROR

1.000E=10
4,B809E=10
{,465E=02
{,48CE=Q2
$.2T1E=02
14040EnQE
B,139E-03
B8,1456E«03
1.,28TE=02
2.376E=02
4,185E=02
6, T76E=02
QIOBQE'Q:
1,4GUE-p)
2y132E-04
2,T42Em0}
I 433Ew01
H,092E~03
4,718EmQ
SeT71E=04
b,18%EmQ}

GAMHA ERROR

3,835E=4{S
1.902E~14
5:773E=07
5,B53E-07
5|1°aE'°T
4,264E=07
3,085E=07
J.S12Ex07
5,690E=07
1,087E=pS
1,992E=08
3,30bL=00
S5 TE=0S
8,575k=06
1.346E=08
{2 FUTE=QS
2,783E=05
J.E71E=03
5,550Em05
B.0AFE~DS
1¢00%E=04

YELOCITY
MAG ERROR

$14000E-10
1,003E=0%
JeiT70E=02
J.222E-02
2+860£-02
2,509E=~02
2y 1T5E-02
2.110Ee08
1.867£-92
1ebUTE=Q2
10534882
14635%Ea02
L o953E-0p
2,320E=02
2,540E-02
2,2TTE=Q2
1.607TE=0Q2
2,6B83E~D2
S, UTTE=02
TWBCFEmDR
1 t14E~0Y

P31 ERROR

3.835Ee15
3,758E=13
1,372E-0S
1,524E=05
$4307E=05%
140I4E~CS
B, 090EnDs
TelO3E=08
b,085E=-08
S,S7BE=b
S, 490E=¢s
S,66TE=0h
6,138E=00
6,873IE-08
G,ILTE=04
1,067E~GS
1,274E=05
LeblSE-0S
2,297E~D5
3,0158«05
34234Ex (S

NOILYVHOdEHOD SIDONIIDS DILATYNY IHL




For
.

QU

61-d

TIHE

0,00
312,00
32,00
312,00
aj2,00
492,00
552,00
612,00
472,00
732,00
T%2,00
852,00
12,00
912,00

1032,00

- 4092,00

1152,00
1212,00
1212,00
1332,08

13%2,00 -

1432,00
TIHE

0,00
312,00
312.00
312,00

a32,090

492,00
SS2,00
612,00
672,00
732,00
192,00
852,00
912,00
12,00

032,00

1092,¢0
1152,00
1212,00
1272,00
1332,00
1392,00
1432,00

GROUP 23 DRAG COEFFICIENT VARTATIONS

POSITION ESTIMATE FHROR
i ; C D

1.0008=10
2,237E+0)
2.,200F403
2.0!“!00!
1,B26F4p)
1,0UFE+p3
1.46TE+0]}
1.,2T5E+03
1,0658E¢p03
B, u41Evp2
b,08BE402

" 3,025E402

1.,6T9E+02
3,450E«02
8,9%6E052
1,087E+03
L4uTTE403
1.B328+0)
2,29LE*p}
2,532F+33
2,683E+03

u

1,000E=4p
I JUMSEep)
1,445F403
1.326F+03
1.225F+03
f1.150E¢0)}
T1,000F40)3
J.0006Fep]
1.,000E403
1.030E+0)
L.0aiErn)
1.879E+03
L1151Z+03%
1,27dE+0)
1,652E4¢03
1.677E+0}
1,92TE+0)
2,1T3E+03
2,560E¢03
2.TIT7E+D)
2,820F+03

1,800E=10
3.342E403
3,6T7SE403
3,045E483
3.,7T19E+03
3.,011€403
3,921E+03
U, 064E+QY
8,183E403
4,308F40)
4,833C401
U,565E+0%
B,689E+0%
Q,79TE+H3
4,853E+p3
4,B18E403
HobT2E+DY
4,U29E+9%
§,272E403
3,501E¢03
3, 484E403

¥

1.000E=1yg
37922403
44092€403
d,0188+0)
Qy017E+03
4,057E+9%
4,118E40%
4,205E+01
H,2T749E+40)
B,34RE+0]
4,421E+03
Q,088E+01
4,519E+91)
B,4T58+0%
4,294E+03
319175403
33216403
2,538E+0)
2,058E03
3 288E+0]
3,554E403

ADOITIONAL STATE ESTIMATES At 130,000 1t

b, U004E=08

4,3302e00

L, 000Fwty $,000Emil 1,000K=t0
S, 102E402 1,1U5E«Q0 3,8%960400
G,0T0C402 1,b623E400 3.9T6Ee00
G, abTE+02  §,956E000 3,8U9F¢p0
b, 99TIL+02  2,292E400 3, 3T8Esp0
Teb15E402 2,027Eeq0 3, 121E+0¢
B,302E402 2,959L400 2,Ba6E+g0
S.0708%02 3,302Eepp 2.0tTE400
P EB25€¢02 3, 631E+04 2.331%+00
14059E40%  ¥,984Eegd 2., 02TE+p0
L,4370403 83778400 1,781E¢00
l.Z?GE#OS ﬂ.ﬂSTEODO 1.3“95000
13106401 5,355E+00 9. 7TLE=DS
1.409€+03  S5,9SuUEeqp) b,314E~p}
[.510€40% &,57YEe00 5,305E«01
§.59BE+0Y 7,125F8+00 8,278F=01
1,055E403 T,50BE400 1,250E+00
1,688Ee0% T, LB1E00 {,b3BF400
10712640y 8,453E400 2,197E+96
1.000%40% B,189E400 2,3(4E¢04
10000E¢03  7,9928400 2,380F440
L] u v
l.ooo!"o 1.000E=-10 | 1,000E=10
8,105E+00 Qa,008E¢00 §,371FE+00
J.118E401 @,279E400 §,360E4p0
4, 95LE+01 U, 1b8E+00 1,20TE+p9
L1.2B3Ee02 8,145Le0D §,07T7E+00
L 997E+02  &,176F400 9,579Fwp}
2.830P403 4, 202E400. B,42TFwD
J,83CE402  4,¥S9F+Q0 T.354Ea0y
8,956E¢02 Q,0808400 &,241E-0)
B,UbITe02 L AUAEeDD 5,602Em01.
B,270E+02 4, BBaSEsGe G, 043EmDY
{.075E40) . 5,214Ee00 3,359E=0)
L 408EvDY S,b630E400 3,150E=8)
1.851E40Y &,151E40D 3,878£-01
2,403E+40% 6, TIUE+0Y 4,3185-04
2,955E403 T,215E900 L,p8QEwp}
3,06%000% T, SSUE4Q0 3.231Feg)
3.820E¢0% T,b88Eepp 3.,5238=-91
J.579E+03  B3,4012E400 §,949E=01
Z,0T0E+0% B,122E¢00. 1,104E¢00
1,6500+403 7,951Ce00 1,SB9E400
10 TO0 nPy
4,301E=0 f.409F=0)

VELOCITY ZITIMATE ERROR
R c D

1,000E=1D
1,229E+00
1,348E+00
13368000
13338000
1+360E900
1+350E+00
1.371E+00
i.l?banu
14393660
1,825E+G0
1,477E+00
1a53%E400
1.409E+00D
Leb56E400
1, 6061E«50
1,5¢3E+00
l.JTIEOOO
14228L400
12006E+00
1,025E+00

[

1. 000E=1D
29720}
J,1688e018
3,143E=py
3,106FE~01
J.166E=0]
301035'01

2,373E-0Y"

Z,Tblh'ﬂl
2,527E~01
2,471E=01
3,00UEwl!
0.397EnDY
b,7T4E~01
1,008E«00
fe3088ke00
LeTTCE*DD
2,0BTE+09
2+605E¢00
2,460E400
2.202E+00

{MULTIPLY BY 0.25)
PLATFDRH TILY
R

$.000E=tQ
14178E=0S
1,102E=45
F,415E=p8
8,385Er00
8,116E=0b
B,785Eup%
G, TUdE~pb
1,0758E=05
1,224Ew0%
L 3TUE=pS
JLUSLEDY
1.54TE=Q5

14S3TE=0QS

LedULE~DY
1,2b6E=05
1,058E=p5S

8,851E=gs

8,580E=08
1.000E~05
14103E=05

M

1,000E=t{
1,425E=07
8,903E-97
1, uluE=Qs
1.,B308=0¢
2,156E=06
BaG0IEDS
2,4lcteps
2,492E=0b
2,600E=0h
2,TUbF=}4
2,96BE=08
3, 351E=0b
3.BU9EwpS
4,563Ee06
S, HOSE~(S6
b, 28TE~Y8
TaQ29E=0b
Q. 138E=04
1,031E=05
Li109E=09

C

1+000E=10
3,805E=04
J.493E~0S
2.575&'06
2,423E=00
2,620E"08
L,00GE=Db
S.T29E~08
TV9B&E=06
1,093E=05

{ed31E#05

1,789£05
2,1 0BE=pS

2.391E05

2.5950E~0S
2,515E=95
2,273Em05
1e9iTh=03
L.674ERDS
29025E=05
2,550E=05

¥

1.000E=10
Te03UE=QS
b,552E=008
5,T4dE«0

Se548E08 -

by67BE«08
9.53TE=0S
1,276EnDS

fobolb=08

2.203£~05
2,86b6E=05
J,63TE=QS
4,8U3c=GS
Se342E«¢S
bo172E=q5
b, TATE=DS
b, FdGE~CS
6,765E=D5S
7-05!5'05
S5.087%L~0S
4,3u5€=45

ESTIMATE

D

1,0008=10
R.409Ea35
2.252E=95
1,91%E~08
Le71TE=0S
1,860E=(pY
l.TBiE-OS
1,984EmDY
2,245E=05
2,712E=05
3,319E=05
4, 017TE=QS
4,096Em(S
S5,404E=08
b,0{BE=QS
b6,436EmDS

6,606ER0S

b6,539E=05
7+285E=08
b,157E=05
5.,549E=03

L

1,000E=t0
2,618E=05
2 GUYE=LY
2.074E=05
1,835E-0%
1,730E=0%
{,771E=05
£,878885
2, 007E=05
2,265E=05
2,581E=0%
2,878E05
31,00TE=05
2,931E~05
2,548E~08
1,B81E~0S
1, 164E=05
G, 7ubEnle
1. TUbE=CS
3,455En05
§,294E05

ALTITUDE
RATE ERRUR

1.,000E=10
6,TUTE=D}
Te319E=D}
b6,T95E=8)
by 122E=0)
S.204E~0]
4,262E01
3,120E=01
2,430E=0)
3,T7TE=0}
To08BE=0)
1+1%BE+0Q0
{+Bu2E+00 -
2,697E+0¢
3, T12E+00
4, T7%E+00
5,752E+80
b,505E+00
Te39lE«DD
T+130Ee00
T0UlE«QD

GAMMA ERHOR

3|835E-15
24612E~Q5
2,879E~05
2,855E~D5
Bebs8E-0Y
23145E%05
1. 74BERQS
1:363E=08
1,077L=0S
[.727E-05
3.3735'05
" 5,983E~05%
9, 773E-95
1,547TE=04
24343E-04
. 3,385E=04
BobaTE=gy
by iSdE=~QY
8,354Ea04
9.993E=04d
1+14BEwD3

YELOCITY
MAG ERROR

1,000E=30
1,432E+00
1.39TE+0Q
1+221E400
1.0B8LECQD
9,627E0]
B,47{E-01
T HU4E=DY
b, 505EnQ])
9, 177Ea}
4,152En~01
LI LI LY E
3,313E~01
J,TASE={]
U, 068En0]
3, 812E=0]
2,998E£=01
3915501
4 9iTE=1
$400LEx0D
143628400

PB] ERRQR

3,835E15
5.390E=04
T.096Eafy
T, 3u8Ea0k
5,586E-04
9,333E-04
4, 149804
3.,252E~04

2,586Ea04

2,127E~04
1,816E«04
1eb29E=04
1,453cE=08
1.550Ewiy
1,47T1E«(d
1,902E=04
2,227E=Q4
2,66(E=04
3.533E-04
3.952L=04
4,025E=0u
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THE ANALYTIC SCIENCES CORPORATION

APPENDIX G

~ SYSTEM E ERROR CONTRIBUTION
TIME HISTORIES

This appendix presents the time historieéassomated with the
error budget results summarized in Section 5. 2. The data is presented in
tabular form with each table indicating the rms errors in position and
_velomty, and the rms value of the platform alignment estimates, in both .
the R (runway)* and V (relative velocity) coordinate frames (see Append1x
A), which result from a specific error source or group of errors The
rms errors in altitude, velomty magmtude fhght path angle ('y) and
track angle (¥) are also presented.

The time points in each table correspond to every mmute be-
tween the end of radio blackout and MLS acquisition, and to a shorter
time interval thereafter. Time points are also included just before and
after each external navigation aid is activated. Thus there are two rows
of data for each of the followmg times (see Table 2.2-1):

TTACAN = 1432 sec
TBA = 1550 sec
TMLS = 1836 sec
TDME = 1846 sec
TRA = 1943.5 sec

*
Note that the order of the runway coordinate printout is (Vertlcal Cross-
range, Downrange) in Appendix F and (Vertical, Downrange, Crossrange)
in Appendlx G.

G-1



THE ANALYTIC SCIENCES CORPORATION

A single row of each table coi'responds to the initiation of the final ap-

proach and landing sequence at an altitude of 12,000 ft:

_ TSW_ = 1872 sec

The magnitudes and mathematical description of the error sources are

given in Chapter 3. Units are in feet, feet/sec, radians, and radians/sec.

- - G-2



S5
SE
L
S 2
5@
71

0

)

[ %)

Ting

1832,00
1alz,.neg
1490,00
1%50,00
1550.60
1810.00
1670,80
1136,00
179¢.00
1B3a,00
1838.00
1Bab,00
1Bub, 00
1880,00
1874,00
1848¢,00
18%4,00
1904.09
1914,040
1920.09
1934,00
1%a3,50
%4y, 50
844,90
1945,50
946,58

TIME

1432,00
1432,00
198,00
1550.00
1550, 00
jei10.00
1670,80
1730, ¢0

790,00

836,00
1836,00
1846,00
J84s,00
1360,00
1474,00
1e84U, 00
18¢4,00
1904,90
1910,00
1924,00
193d,00
1943, %0
1943,58
1%aa,%8
194%,.%0
§946,50

CROUP 1

TACAN RANGE MEASUREMENT NOISE

POSITION ESTIMATE ERROR
R ® €

1.000E8=10
3.099E+0¢
B.022E4p2
b, 03eFen2
2. 723E402
S,45TE+n2
2.791E%02
1.,813E+02
5, TnBE+ny
b,15T7E+0
1.7765401
1.898E4n)
8,651F~01
S.05uF=21
3.359E=p1
2+892Em01
2.6puk=py
2.232E=01
1.7T17E=01
8,28BE=p2
& 45tE=D2
2.223E~p2
2, 215F=t)
2+001€=p2
9.453E-03
5.371€=013

u

1.000E=1D

&, 8TTE+QD
S.001E+402
6, 016E+02
2,T1uE+02
S,6U3E¢n2
2 T9LF 402
1.811E+82
S.b90E+0]
b,151F+0%
1.795€49)
1.919€401
&.707E"D]
5,0%5E-n1
3.37ME=-1
2.918E=0)
2,529€=01
2.271E-01
1.TGlE=0}
8. USPE-p2
U,609E=p2
2.,205E=-02
t1.950E=-09
1,910E=02
B,6125-03
J.,485E-0)

{1,000E=30
$.3%6E+ D
2.0b0E+02
3. 365E+02
2,9428+02
1301E+D2
1+17TTE+Q2
5.U92E+01
S.663E401
5.011E«0¢
U, GUQE+QL
U, 90RE491
1.160E+00
1+40SE+DQ
A,.894E-p1
38,7090
B, TUUE=p
A,81uf-gy
B,911€E=01
9.035E=01
T 172E=01
?.313E=01
9,3 3E-01
1+003E+00
1,180E+00
14326E+00

.

|

1.+000E=1p
B,165E+0
Q. 3TIE+HY
2 U3RE+ 2
1,800E402
1.752E02
14297622
S.,87T1E+0
U, U0E+gY
Reb51E00)
2.020E+0)
J.567Ee01
by 108E=GE
1,23%E+00
8,880E-01
8,T91E=01
8,8THE=01
8,B786E=(1
8,915En0¢
9,823E-01
9,163E=0]
9,312E~01
Se312E=01
1.000E+09
1.141E+00
1,327E¢00

1,000E=18
6. 209Ee¢0y
2.002E402
3L UGSEL DD
I 06E+0
1.931FE+02
lolb?f’ﬂz
1.630E002
J10UF+0§
3 4LES0g
8,300E+0n
S.4T0E+09
3, 736E-01
2JBUUE =gy
J.tuuE=gy
J,04T7E«t1
Z.GSHE'Oi
2.225E=01
1.855E=0y
1.516!'01
1.210E=01
1.,6%96E=0}

"1,696E=01

U, THTE"Dy
8,027E=01
1.1%4F+0p

W

1.000E=1p
B,150E+400
3,219F+03
4,224E+07
4,552F07
1,583E¢02
1,000E+02
1.02%E+0?
4,761E+409
S.497Ev0y
3.806E49y
J.404€40y
1.081E+09
T ATUEwDy
d,110E=04
2,TTTE=0¢
2. 115E0y
1,935E=01
1,813E-04
1.5T6E=04
1.2bUEDy
1,700E=91
1.700E=~0y
4,742E=0)
8,021E~04
1.133Ex0p

VELDCITY EBTIMATE ERHOR
R 0 _ ¢

1,000E~10
G,240La02
1.435k400
1,330E+00
8,250E~p)
1,629E+00
9,.905E=01
3, 154E-01
2e.b1bEmgy
J.558E=04
3412591
2.100&901
1.157€=-91
“-ZlIE-DE
2.60%E=02
JibbtEap2
B,123E=02
Q,40TE=(2
U,992E=02
S.TudE=pg2
T.303E=02
e 1T1E=02
9,332c.02
S 0VUE=p2
{,04BFp?
5,322E-p3

u

1.000Em1 Y
4,333E=02

CLaH19E400

14321E+00
4,20RE=01
1ab2UE+0p
9,898Eag1
3. 1U2Ew01
2 h2hE=p]
3, STREw(Y
LIS ELILE ]
Rs32REapy
1,167E=p1
4,2406Em02
2.,025E=02
}-590E-02
4,15tE=02
U U56E-02
S.028E~02
S5.778E=gQ2
T 325Ew02
9. 188L-02
9.35%0E=02
g LUIE~G?

14060Em02 -

S.262Em03

1,000E=10
G, bUpE=pR
1.413E+00
8,000F=01
B,74%Emg]
1,42%E+00
?,459€=91
T,U04E=01
Ta1bdF=py
6,137E=0}
6,.596Fwp)
4,353E=01
3,283E=01
1.330€=01
b, O6TE=p2
F.5uU8Feg2
1.209F =91
1.520E=01
1.790E=01
2.127E=p}
2, uBTg=01
2.72%E=pt
2.TZ2%E=0)
2.ThUE=n4
2.802£-01
2.800E=01

v

1.000F=10

$ob80E=g2
1.1778490
6,820E=py
b, 487E=01
T.T83E=p!
Tal32Fmp1
1.691E=n1
5.B92E=-0}
4. BRTEwQ]
2.5b4F=41
3. 0b8dF~01)
2, 759E~p1
1,327€=01
6,072E=p2
G SUUE=D2
$.2U1E=01
1.522E=01
1.791E=01
2.127E=01
2. UBTE=pY

BLTPBEmDY

2.72%E=01
2, TRUE=DY
2,8026=01
2,839F=01

1,000E«10
2,199E~(2
14306E400
1,391E400
143336400
11015400
B,927E=01
1.195E+00
S.922E=01
4,993E-01
1.8608=01
fefB6E=01
1,126E-01
5:037E=02
&,64uk=-02
B.187L=02
14t71k=01
1.523E01
1.093E=01
2aJaUE~Q]
2,04TE=0])
3, 255E=01)
3, 25SE=01
3,2858=01
3,314E~01
31,343E=-0%

W

1.,000k=10
a4,787E-02
{.53TE+00
1ab00LEe00
[.GSEEOOD
1.671L400
1.087E+00
1,41BE¢00
Te185E~01
&, 272801

5, 3408E=01 .

5, B28E=01
2,6685-01
S,078L=02
4,829E=02
8,380E=02
1.36RE=D]
1.520E=0]
1,891Ep}
2.304€=01
2.887E~0]
3.255E=01
3.255E=01
Ji28GE=01
3.318E=01
3,343E=01

PLATHFOKM TILY EXTIMATE
R |+

1,000E=10
1460uE=00
S.264E-Q5
b, 422E~05
T.133E=05
8,102E=05
6, 20YE~DY
b, 0kE=0S
b6,369E=05
8, 485E=05
5,549E=05
TelBRE=(S
Ta187F=05
TeUS7E=0%
ToUbnE=05
T U468E=03
T.4b69E=05

To471E=05

T4T2E=05
Ts4T4E=DS
T 4T5E=05
TWGTTE=S
TLUTIE=QS
T 4TIE=-05
TLU4TTE=DS
T«4TTE=0S

v

1,0QGE=10
L,631E=08

S,163E-05
6, T63ERDS,

T.072E=05
8,07T3E~DS
b,26bE~05
b, Y0bE«3Y
b, 360E=05
b, UTBE=0Y
b,534E~DS
T,175E=08
TJ17TE=05
Tad51E=05
TJUh3E=05
T+Ub4E~DS
T 4bSE=DS
T 4bYE=0S
T dbBE=aS
T UBFE=DS
TWHTIE=OS
T UT2E-08
TW422E=DS
TUT2E=0S
TalT2E=0S
To4T2E~0%

1.000E~10
14 15%5E=06
3,539E=05
3,841L~05
d,043La0S
4,191E~05
SasPUUE=OS
B,3THE=OS
4,989E=5%
S¢315E~0%
4,555L=05
b,884L =05
6,922t -0%
Te979=05
8,903E-05
8,903L=05
8,903L=05
ByF03E~05
8,9038=-05
B.903E=0S
B8,%903E~-0%
B,%03£=05
B,903L=0S
8,963E-05
8,903E=05
8,903k~05

¥

1,800E10
S.l4iE=07
3,952E=05
34999E=05
4,273E=65
4,364E=05
4,3357L=05
i1.112E=04
8 4bSE~QS
1 1%6E~0d
1.223L-04
Jelbot=0u
B,981L=05S
8,801E=905
9. 041E=0S
B,B877L=0%
B,B61Em05
8,875E=0%
8.897E~0S
8,90BE=0S
B.90BE~D5
Ba9Quk=05
B,90UE=0S
8,30UE=05
B,90UE~0S
B,904Ln0S

c

1,000E=10
3, T60E=07
3,841E=0%
2,5048=0%
3, 72uE=0%
2,930E=0%
T.ETUE=)3
9,905E-0%
1.512E=04
1,2125~-04
1,292E~04
1,253E=04
9,997E~-0%
1,013E=-0u
1,1370=00
1,136E=-0u
1.130E~04
1136804
1.136Em04
1,130E=04
1.130E=04
1.130E=04
1,136E=04
1.536E=04
1,130E=0u
1.130E=04

L]

1,000EmiQ
1,060E~08
3,54uE=(5
2, BJUERDS
4, 026E=05
2.752E=0%
b, 791E-0%
b, 0THE=0S
1,0 1RE~Du
5.716E=DS
TaT90k=05

B,30ut=q5 "

B,206E=0S
9,429E-05
1.120E=04
1,139E~04
1,140E=0u
1, 139E=04
1,137E=04
1,130E=0d
l.l3nE~0Q
1.130E=04
lallebeng
1,1368=00
1,130E=04
1.130E=04

ALTITUDE

RATE ENRUR

1.000E=10
1,958L02
1.,6837TE+00
1.,35TE+0?
4,35 =01
1.b94E«00
9,98bk=01
3,187E~0]
24b32E=01
3.58CE=D1
J3.ilalb=pt
24320E=D§
1.167E=0)
4,247EnGR
2 bzbi=02
J.652Ew(2
4,1528=02
4,407k =02
S.02tkeC2
F.T75E=02
T,326E«02
G, L89E~CR
9.351E=52
54112E=02
1.bp1E=-02
5.+277E=93

GAMMA ERROR

1,636E=14
J.092Em0n
Jel26E=04
J.974ERQR
1.25%E-00
T 0s8EmQL
b.928E=04
2aT7S1E~QH
4, T5TE=Gu
by LpsE=0d
G,Tubtwmia
2H13E~00
1,3018=04
Ts214£rp%
S5.,2ubk=0%
Teb10E=08
1,010E=04
1.3p3E-04
1.750E=04
1.776E~04
2.008E~G4
3,025En08
3,0708=04
1,751E=-04
6,202E-05
2,511E=05

YELOCITY
MAG ERRGR

1,000E=40
1,042E=02
1,122E+00
b,40LE=0L
6, 48050
5,013E~01
b,268E-01
2,12CE=0}
S,L33E-81
4,513E=-04
2,B10E-0})
3.515E=01
2,B67E=01
1 330E=0¢
S,85b0kwp2
?,231E=02
1.173E=-01
1, 4C3ErG)
1.015E=01
2402CE-01
2.60]E=f]
Q4TIuE=R])
2,7uE~D}E
2.759E=01
2,8p1C21
24839E-01

#51 ERROR

1,655E=14

B,040E-0n

3271E=06
4,233En04
4,211E~04
0,935Ew0a
b bBTE«fG
l,46TZ=C3
1400<E=P3
1,074E=CY
1:.080E=0%
14665643
E LT T
9,530E=0%

B,770E-0%.

1.582E=04
2,275E-¢4
3.053E-C4
3,93%E-¢4
G, B8SE~04
74231604
1,034E33
1,03LE~03
1,072€-03
1,011E-03
Sel36E=03
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o))
=
g G2
22
;r*

g
S
= oy}
w S Eq

2 5
Q
Y

Tivg

10l32,00
{e32,0¢
1496,00
155¢,0%
155¢0.460
1610,00
1676,00
1730.00
179%0.00
1836,00
18346,00
t18as,00
18ub,00
1880,00
1874,400
1880, 00
145%4,00
1904,00
1914, 00
1924,00
1934,09
19463,50
1943,%90
1944,50
194%,50
1946,50

TIME

132,00
832,00
90,00
1550,40¢0
1550,00
fb1¢,00
1670,00
1730,00
1790,.00
shin.ho
183,00
18ub,00
18ub,00
t860,00
{8T6,00
1884,00
{8%a,00
1904,00
1918,00
1928,00
{930,900
194%,50
1963, 50
1944,50
945,50
1946,5¢

GROUP 1

TACAN BEARING MEASUREMENT NOISE

POSITION EATINATE
L b

1.,000F=10
1,41 TE+p2
1.179Er02
2,619E+02
1e2T0F+82
. 9MuE02
Ra2n2Een2
H,8T6E+D2
1+965E+02
1.038F+02
1.118E+p¢

8 0B9E+QD

1e1515=01
U, 9uIE-01
3.594E=91
3, BosE=0}
3,u456E=0})
3.00)E=01
2.292E=p1
1,053F-01
S,SUTE=H2
&,215E=02
2,5933Fe03
2,%6%E-02
1. 2U0E=02
S.H8TE=03

v

1.000E=10
1.623E4+02
11095402
2,0508402
§,26TE+02
§,378E002
2.199E+02
a,B34E+02
1.565€E+02
IR Y]
14129E+01
B,184E+40
1,1u7€=01
4,957€=91
3.018E=01
3,83aE=01
I, 4BeEmD]
3,032E-01
2.321E=01
1.072E=01
S.791E=02
U tTTE=DR
5,339E=09
2.921E=02
1.273E=02
S.029E#03

{4000E=1D
1.,182E+03
3, 045E¢02
S UQ1E=D2
2,UU3E+D2
1,880E+02

1,39RE+02

B,5%08E+01
3. 4UbEvDy
3,900E+D1
22425E¢ 0
2,2%0E401
b,135E=-014
1,B65E=0}Y
9.,437E=01
1,082E«00
1+092E+Q0
1,109E00
1+137€+00
1.177E+00
1e218E400
1.,248E+00
1,208E+00
1.206E+00
1,31%2E+00
1,841E+00

v

14000E=t0
T.28%E402
Q. 2UBERDY
1,07BEs02
1.,22TE+02
4,869E+01
B B02E+01L
2.9F1E¢02
6,830E 40}
a1 40ERDA
§ 2265400
1,68dE401
9,469E=0]
3,85BE-01
F.682E=01
1,0TdE«DG
1, 07TE+00
j+102E400
‘lllSE?OO
$.177E+0Q0
1,2155+00
1.,2u9E+00
1.249E«00
1,28TE+0Q
1,353E+00
JLUA3E+OD

ERRDR
C

1.000!"0
2.,323E+03
S,180E+02
4, 4a58+02
3,9676+07
2.756E+02
2.063E402
S.914E002
1.3145+02
1.191E%02
307025’00
F,E45E400
1.008E+0g
b, 7T92Em0¢
§.B3AEm0Y
S.365%E=0
4,733E=0y
4, 136E=D1
3,550E=04
2.,969E=0D}
2.435E=01
3, 0ME-0y
3,.030E=01
B,68b6Em01
t,UTBE+0Q
2.099E+08

1,000E=1p
2,502E+0%
b,2huE*yp
4,940E%0p
4, 512E402
3,303F+02
2a329E¢02
3.059E40p
1e1b66E+0D
80190404
2.,119E¢0¢
1,526E+0}
7 041E=D4
b, TOUECY
S.406E=01
5, 505F=04
5,035E-01
4,302E=01
31,573F-04
2,939E=01
2., 408E-DY
3,008E=01
3, 0006E~01
8,6469E=01
1. uT7E+09
2.0%8E+0g

YELDCITY ESTIMATE
A o

1,000Ea1d
1.554E+00
A,8T4E=n1
{.0S2E+00
6,9256=01
S.TbbBE=0}
b,33TE~pY
1.632E+00
T4515E=04
4,247E=p1
3.930E-01
1,981E-01
2.24sSE=p1
B, 420E=02
4,595E=02
b 60LE~D2
TetGLEmQ2
B8,333EA02
PelbTE=D2
1.029E=01
1,202E=01
1.320£=01
$1,027E=01
T.bR4E=02
e.3b6T7E=D2

G,109E=03

v

{,000E=4D
1,U2BE+00
4,6TjE=p}
1, 0UsE+00
6,910E-01
5,759E=01
4,321E=01
1.632E409
T+583Em=0)
G, 20AEe0)
3e961E-D1
1,9B5E=01
2.4258E=-91
B, 4T0E=D2
8,5736=02
h,637E-02
T489EmQ2
8,3p0aE-02
9.235E=02
1,037E-08
1.,212E=01
1.801E=01
1. GI8E=DY
Te811E-02
2,479E-02

TolBU4EDT

1.000F=10
3.100E400
S.106F=01
1.061E¢00
1.200E+0¢

1.570€+00

1.119E+0¢8
G,U18E=0)
2.220E=01
5. 092f~01
2.2908=01

Ce.230F=01

3,138En04
1.,29%E=01
U.bL2EmD2
TL021E=02
B,786E=p2
1,04BE=D]
1422GE=01
1., 04bE=0f
1.699E=01
1,882F=n1t
1,882E=-61
1.906E=BY
1.929F=01
i-QSZE-Ol

v

1.000E=10
2,921E+00
1.028E+00
5.055E=01
8, 265E=01%
2.20TE=014

b.927F=01

1, 353E400
bauTSE=0§
Jal1lEegd
5,817E~01
2,125F=01
lnqquE‘p!
1.080F=0)

d,682E=02

T.030E=n2
B,934E-02
1.062E=01
1.,222E=01
1.0439E=01
1.0690E~0)
1.377E=01
1L.B7TE=D1
1.901€=01
1.924E=]1
1.947E=014

ERROR
4

t.000E=10
8,797E=01%
1, 451E400
2.166E+00
2.079E+00
{.974E+00
1,178E+00
1,900E400
1,001E+00
{,u3TE+DD
b, 055E=01
2.,718E-01
1,A9TE=C}
5,838E=02
8.001E=0C2
1.502E=01
2. 126E=01
2,.7BRE=D1Y
J,491E-01
q,3L0E=01
5¢32uE=0]
b, iCUE=0]

b, 1CHE=01

beibl1Es0]
b,218E=01
b,275E-01

L}

{.000E~10
1, 49UE«0
{,139E+60
2.381E400
2,339L+00
2.513E+00

1.UTIELQD

1, U0BE+0D
T+939E~01
Y, pTRE=DY
3,533E-01
2,7%78-01
.100E-01
B,610L=02
T.96TE=02
1,500E=91
2.1186-01
2,781E=01
F.0BRED1
4,3608=0%
S.324Ea04
6,103E=31
6,103E=01
bdy101k=01}
ba.2196-01
6.276E=0}

PLATFORM TILT ESTIMATE
R 4

1,600E~10
$,200EmD4
9.581Ew05
1,100E=04
1.117E=0u
B,943E=05
T.102E~05
8,347E=C5
8,441E=05
8,950E=05
9,904E=05
9,330E-05%
9, 455E-05
9, BLZE=DS
$,B72E=05
9, BT3t=0%
L §,875E-95

9,B77E-05,

9,6T8E=05
9,B80E=05
9,682Em05
9, BRIE-05
9,883E=05
%,881E-05
9, BBHE=0S
9,8B4E~05

U

1.,000E=10
1,207E-04
Q,414E=03
<1,087E=04
1. 0%E=04
B, BILE=DS
T.096E=0QS

B,360E~00"

8,U042F~05
B.863E000
9,00%E=~05
9,3u2E=-05
9, 470E~DS
9. H63E=05
9,6%4E=05
9,895E~0%
§,.895E=05
9. 895E=05
9,895E=-05
9, 8%6F=035
9, BITE=05
9 898F =05
9, 898E=45
9,B93E~05
9, BILEDS
§,03BE~0Y

1,000E~10
5,852L«05
B,067TE~0F
B,43bE~05
TebTIE=0S
6. 359L=05
5.518L=05
1,270k=00
1,14TE=04
1+ 79SE~04
1,206E=04
1.272E~04
1,333E=-04
1.473b«04
1.6%0E=04
1,6E2E~04
1,713E=04
1,Ta4e=00
1775804
1.804e~=04
1,834t-04
$.801E=04
1+861E=00
1. Bodb=0a
1,B84TE=-CQ
1,870E-04

¥

1,000E~10
8,2BTE=05
4,995E=05
8,707L~05
B, 194E=05
B, U28E=05
b, A55L)0
b 9L5E=0%
9.268E~05
5.&63&-09
B, 790E-05
F.501L=05
14073L=04
1.,332E~0a
1,636E=-04
1,681k=0d
1.,710E=-04
1,753E=04
1,774E=04
1,803L=04
1,833e=048
1.,8600=-04
1,800E-048
1.803E-04d
{,BbebE=CY
LeBo9E=Qu

c

1,000E=10
5.130En05
1.93%E405
1,7S50L=05
2,43BE=05
&, 145E=05
8,982E=05
1,060E=04
T 433E-05
6,935E-0%

J.07T7E~05

7.008E=05
B,u19Ew (S
To005E=05
T.,328L~05
Te330E-03
7,331E=04
ToS3PE=0%
ToI33E-0%
T.333E=0%
T.33aE=-0%
T.335E-05
T.335E=09
Te335E=05
T,335E=0%
To330E=0%

W

1,000E=10
3, 5U3E=0b
b4,840E-05
1.09LE=05
T.111E=D8
2,897E=05
8,010E=0%
1.902E=04
1. 00%E=04
L1.717E=04
1,1538=04
1.098E-04
1,1311=04
9,195Em09
T202E-0Y4
T,330E=05
T A3TUE~GS
1,336E~08
T I2TE«0S
7,5356=05
7.3358-0%
T.33aE=0%
T 43LEx05
7.533E=05
Te333E=05
T.353E-05

ALTITUDE
RATE ERROR

1,000E=10
1.216E+09
G,8nTE~Q1
1.030ke00
be712E=0%
5,790E=01
b,3u5k=0Y
1.6u3E+00
T,506E=01
4,306t =-01
3,5c1E=Q1
} 990t =01
2.25%8t=01
B, e70E=02
2,575E=32
Beb3%E=02
7.691E=02
8,390k-(2
9,237E~02
1,037E=01
14212L=01
1,802E=01
1,431%E=01
T,8126=02
2. UpOE-02
Tel107E=03

GAMMa FERHQOR

1 634E=10
2.157€-04
telulEsgu
2.937E~20
1,B22E~04
223%9E=04d
4,218BE«04
1,931k=03
1.175E=03
14124kn03
B,3n3E~-04
3.,010L~08
2.3p2E=04
B, T14E~C5
T.IB89L=05
1,078E~04
t.293k-04
1.5u6E=04
1,B5LE~04
2,175E=04
3,098E-04
4,4pbE=04
4,581E=-04
2,558k=-04
B,411E~05
2.650;-05

VELCCITY
MatG ERRQR

1,000E=10
2,86TE«0D
1,002E+00
B,429£E=01
baoTUE=DL
2,359E-01
6 b11E~C)
b5 09E-01
4,850E-01
1,365E+00
4,255E=01
2,2828+«01
2,399E=01
1.,277EnC1
Q.G04E=Q2
TL3T0E~02
F,20BE«02
1,060E=0L
14181E=~0}
1.608E=~01
1,022E+0})
1,B7uE=-0}
1,67cE=01
1,3008=01
1,924E-01
1,947E=01

P8I ERROR

1,635E=10
1, SBBE=04
242T9E~04
6,b83E=-04
Byb2FE=DA
1.033E=-03
9.336E=-04
1,454E=43
1,108E-03
b, 9el-0y
b, 0cTE=D4
U,959€=048
S, u4E=00
ly6l0i=03
1,509E=08
2, 831E-04
G,121E-08
S5,.604E~04
7,258E«04
G UFGE=0d
1,352E-03 |
1.940E=03
1,940E=-33

2,011E=-0% .’

2,685E-93
2,133Ex03

NOILYHOdHOD S3aONIN3S OILATYNY JHL



ALFIVAD ¥00d &0

81 @DV TYNIDIEC

5-D

N 4

1432 8¢
1332.00
14%90,00
1%50,¢00
1558,00
1810,6%
160,00
173¢,00
17%0,00
1638,00
1836,00
184n, 00
18us 00
1850 60
18Tu.00
18484, 00
18%4,99p
1904,09

1%14,00 .

1926, 00
(930,00
1%43,50
1943,59
1944¢.,5¢
1945,59
946,59

TInE

1832,00
tay2, o
1490,00
1558.00
1550,00
fe10,00
1870,0¢0
1730.00
1790,890
1836,00
1836, 00
1846,00

18ch, 90

1868,00
18%4,09
188¢,00
1890, 60
1904,00
1914,00
1924,00
193¢,00
1%a3,50
$1941,5¢9
1944,5)p
194%,5p
1986, 59

.

GROUP 1

POBITION ESYIMATE EARUR
R b

1.6708'00 t.’?st-ﬂ?

4,533E-01 1,105€40p
1.0T86F+00 3. 56BE+00
~1e¥IERQL 3, 864TENgy
F.090Ea02 ‘2,599 -0y
3.757E-py 1.255E+09
Y 71uE-01 . 1,3438409
3.483Fu0y  {,34(Eepg
3.107E~py 143%1E¢gp
2,35TEwpy 1.363E400
8.805E=g2 te303Eepg
84,252F-02 1,37T6E+0p
'3.218E=g32 1:370E+09
8,TugE=-93 1,369 400
5.20384p3 {,%85Eegp
Q. 474Eny]3 1.362E+py
Q. 344E-03  1,381E+qg.
7] ] ¥
Z-DVSE-OB qo:ﬁ!!’@?
4, 7T14g=01 5,885F409
IIOGQE’QO 5.‘07[059
2+032E=q1 3.061E00
9. 217E-02 1+35CE+00
3,799k wp) 1.36%F+0p
3,754F=n1 1.33¢Eepp
3.527F«0t  1,350£408
3. 151F=pg 1.359+00
2,402E-01 1.363E+pp
P.218F=02 1.361E408
&,816Eepp 1,378€+0p
3.2908=02 1,389E4pg
b,IubE=p9 1.,369E«00
5,559 =03 1.365E+00
2. U04E=pT 1.362E400
P.107E=04 1,361E400

¢

1.,085E0,
b,582r40p
5.502E+00

S G.2B83E+0n

3,22%c+8y
3. 9u4TEr0q
Y, 681F+0p
Y.355F+0p
3.007E+8y
2,840E+0¢
2.252€E%q¢
1.873E+409
1.568E+0p
{,586E400
$.598E4pg
1,&25[000
1.,6068E+4p9

L]

8,9710ugy
1,5072+00
24386E+09g
J.OlYEﬁuo
2,945€+2p
3., 908E¢0p
J.o8uEe0p
3.351E+0p
3.004F+0p
2,639E409
2,253E+0¢
1.874E40y
l.SG&EOOO
1,588E40¢
1,5%8E+6p
l.,626549p
1.b08E+0p

B,00uE=39
9.,834Ee00
4, 159Emp2
Te345Emg2
B,00SE=03
1,283E=02
1.306F02
l.SacE-DZ

14671Empp

1.874g-02
2y 13pkmp2
2,329Emg2
2.52UEmg2
2,719 =02
’.ﬂﬁ}[-az
A, UB4Ewp3
1s172E=px

u

9,037E~p9

‘.ale.Dﬂ
9.2705-02
T UBRE=02
8,28TE=p3
1.294Em=p2
1,40bE=02

1.535Ew02 "

1.684E=p2
1,889E=02
2ilabEapp
2, 3UbEmp2
2,562E02
24 136Emp2
1.,480F=92
8,642E=013
1,281Ewp}

BELS4AZIREU1?ihﬂEh&SlﬂlEh&EﬂT!‘!ﬂJ!SE
VELOCITY ZaTImMATE gZRROR
L b _ ¢

Te1YUF=p9
Ra18%F=02
2,531F=02
S.0%7E=pp
S, TU{Fan2
}.616E=pp
. b27F=p2
3,608
3. YU2E=p2
3.0UpF=g2
4,22uEwp2
4,52¢Fep2
4,779Ewp 2
4,779«
4,791Emp2
4. 8ouE=p2
B.010E=p2

v

{.0228008

&, 310F=82
J.0T40=pny
3 715801
1.134F-0y
J.BabFaga
J.B20E=92
4,181E=-02
4, 081E=92
Y, %E9FE =92
Q.1USE=p2
Q. U50FE=p2
d,TU3E-p2
4, Tu3E=p2
4,759
B,7T6E=p2
4,790E=32

1,802E«08  §,000EmtY

5,921E=02 2,7ufE-p7
BeXb9E=qt Y. 8B0E=-0S
S.1%TE=DY 3.800E=p5
2,103E«07 §,98%E-0%
1+3128=01 2,03¢E=p5
$1.229E=01 2,0328a0%
Lo177E~01 2,031€05
Lei55E=01 2,0%0E-05,
T173E«0)  2.030Em0S5
1.281E=01 2,029E~p5
1o350E«0t  2,02BE=(%
L12550E=01 2,028Ew0%
1,586E=01 2 Q28Ewpy
Lo509E w0l 2,028E=55
{a582E=0f 2,028€-2%
1.595E=01 2,028F=p5
L] C U

b.783E=08 1.,000E10

1,689E=03  2,513€~07
306136007 3,931EA45
S.668EnGL  3,849Ea05
1.8526-01 1,984Fw05
1.30SE-01  2,02%E w05
1.220E«0t  2,025Em05
1,159E=01  2,02%E~45
tu183E=01 2,02%Fegy
14171601 2,024Emp5
1.24KE0T  2,024F w05
14393E~01  2,024Ew05
1.557E01  2,024E~p35
1,557E-01 2,024Ew05
1,569Em0t  2,023E-05
1,582E=01 2,023E=05
1.595Em01  2,021E.95

lPLl?FDHH TILY ESTIMATE
R [+

1.000E=10
4,317E=04
1.,092E=08
1.061E=04
5.7UBEe0S
8,7h%Eaps
b,759E=05
b4, TS9E05
5,759 =05
6,759C=05
b,759E=05
4, 759505
&,T59E=05
b,759E=05
by THIE-QE
4,759k =05
b TH9E=(S

¥

{.000EwgD
1,653EpY
b.4BaE-08
baddtEwps
4, 7t3Emp5

bubLIVE=0T

8, 782Ew05
8,794Em05
b,TE3E~05
6, T6GERQE
b, 754E=05
6,755E 05
6. T5BE=05
6,758Em05

6,758E%05

5,758E=05
b,758Ca05%

c

14000E=1p
2,129E=0h
T.118E=08
b, USEmps
1,227E=¢5
B, 812E"08
8,833E=1n
8,B54EmqQs
8, 875Emps
8,B96Feps
B,%57Ewpp
B,93HE~084
B,95LEwrn
8,958Eups
B,%60Em08
8,952 E~Gb
B,98uEw=ge

[

1,000E=t0
4,819E=0p
8,T99E =05
8,434E=DY
3.5026-05
1.bH°E-05
T4071E~08

S.7bUE=DS

6,94 E=ps
8,b20E~08

9.365E=08

9.3U48EmpDs
T 1dTE=pB
9.167E-D8
F.1%E=d8
Fell6Ewpy
9,109Ew08

ALTITUDE

RATE ERROR

&, 04UE=p%
8,29¢Ew00
9,255Ew02
Tal858Eep?2
B,292E«03
1.292k=p2
14605Em(?
1,534E-02
1.b83Eep2
1,88PE=p2
2 1048E=92
2,344Ewp?
2.5u2E=02
2,735E=02
1,47%E=p2
Kob32Ewy
19271592

GAMMA ERROR

1,070Ee1y
3.131Ee08
3,829 04
J.196E=04
Te2L2Ew)S
3:To0E0S
3.,212Em05
3. bpbEwpS
3,82¢tEwgS
4,120k-05
4.330E=05

S.B818E=pS,

8.00uEmps
a‘bz:E-OS
a|778E'05
1.524kw05
8, 2B85Ew0b

vELociTy
MAG ERRQR

1,324Ewpa
b, 014E-02
I U63E0)
3a2TeE=g]
Le050E=0y
3, U20Enp2
3, 618Fap
3,9638-02
¥4892E-p2
3, 863Ew02
Uy143Eap2
H,uTSEwpd
@y TH5E=02
4,755E-02
G, T6uEwpD2
&, TToEwp2
4,790E=02

P31 ERRDR

BIILEILTS!

3.078E-ﬂa
b,00E-0g
8, 503E-0q
3. 495Emds
dyUT2Ewpg
213095-Bﬂ
2,256E-04
2,303E=0u4
24u30Eaty
2,595E-04
3.53%E=04 .
dyuibety

4, 9UTELDy
Sy 122E=0u
S¢306E~puy
S5y422Eagg

NOILVYHOQE0D S30NTI0S DILXIVNY 3HL




e

.

j;lﬂTI‘ffltj }1()(!2;"n'f-
g1 mOvd TYRER

9-D.

TIiHE

1632,00
ta12,.00
1890.00
1550, ¢80
1550,.00
1610.00
1870,00
1730.00
17%0,00
1838,00
1436,00
1846,00
184b.00
1366,00
187“.00
188u,00
18%4, 00
19¢u. 00
1914.00
192400
193a9,00

~3941,5p

1943,5¢0
1944 ,59
1945,50
1946,5¢0

TIME

fu32,00
1432,00
1890,00
1550,04
1950,00
$610,00
1670,00
1730.00
17%0.00
1836,400

' 18358,00

840,00
184n,00
1880,00
187a,00
1864 00
18%4,00
1904,00
1944 00
1924,0¢
1934090
1943,.50
1943,59
1924,50
1945,5¢
1948,50

. GROUP 1 MILB ELEVATION MEASUREMENT NOISE
VELOCITY FSTIMATE ERWwQR
f [} R -

POSITION ESTIMATY ERROR
L [}

1.073E=gn
S5,51uEe0
Tol67E00¢8
3.271E+p0
2.502E+80
2.900E¢990
2,680E¢00
2.343E+pp
2.00uEvqQ
1.509E+9¢0
9,597E=py
U, T4sE=qt
1,930E=01

1:821E~p3

3, 919E~«p2
1s739Ewg2

7.221E'°1

u

?.095!-ﬂ8

S.5t0E+00
To20uleny
3.268E4+99
2.,560E+00
2.898E %09
2.0 000
2.363E+00
2.,006F+00
1.552E+00
R.b623E=ny
&, T61E~0]
1.533E=01
1.913F=n%

- 3,852E-02

1.8T70E=p2

T 8,452E=3

‘-!’5!'07
8,08S5FED]
Fe182E400
Ta333-0t
6,033E=01
1.,085E+0p
B,256E-81
Ta9{1E=0]
9.981E-01
1+281E¢0p
1.,310E+00
1e0CUE+0D
8,822E-01

,B21E~01

9,156E001
9,518E=01
9, BY4E-G]

¥

Q.203F=pY
9,591€-01
&, 30BE+00
b,565E=p1
5.332€=01
J1.0%hEeny
8, 247E~01
7.011€-01
°.9na£-0|
1,277E+00
1+30%E¢00
1vO0UE«DD
8,825E-01
A R2SE=py
9,162E=01
9,522E=01
Q.%03E-01

4

1.0q5F=gy
1,207E-01
S.422Ewn)
2.841E~py
8.B03E=Q>
1.997€=0y
1.798E=01
1.,60%E=¢4
1.649F=py
1.266E=0y
{,080F=py
A,995F=¢2
1,333e=0y
t.33dE=py

2_564Eapy -

3,832E=0,
S.ilqs-ol

W

4,971En09
T.8G9E=0y
e, 000840
8,532E=0y
3.162E=0y
1.751E=04
1,9000=01
1.996E=0}
1,683E«0,
1.307E~0
1 035E=0)
8,56BE~07
1.312E~0
$.312E=0y
2,504E=0)
5.614E0¢
S.101E=0y

B, 000E=p9.

{002E=p2
Uy TUTERDTL
8,231E=9y
1.725E=01
1.050E=gt
fothéEapy
1:.25TE=01
1435260y
1.45TE=pt
1,5726=-9)

taTG2E=py -

1.851FE=p¢
1,B95E=g14
1,0278-01
3-2355'02
Qe06BEmg3

U

0-037!-00
1,800€=02

T8, 752Em0y

Q,231Eept
1.724g=0¢
1.053Ew0y
1,188E=01
1.250Ea9y
1.352E=01
1,4576-01
1.572E=p¢
1,702E=01
{4831E~0
1.895E=0
1,02TE«0
3, 23SE=02
9.071E-ﬂ3

Tel17aE=09
2.360F=020
4,153F=p2
3.0%0E=§2
3.562E«02
2eFUTE=pn2
3. 02BF~n2
dy033E=02
.3758=92

B,680E=g2 .

4,958E=q02
5.208E=02
S, US9Ep2
5. USBF=p2
5,897E=g2

- 5.531E=02

$.555€Cp2
Y

1.8728=08
1. 208FE«02
9.ﬂ195-92

Te23bEup2

3,826E-02
3,0628-02
3,599E.02
1.872E~p2
4,269E=p2
4, 692E=p2
S.puak=g2
S.209F=p2
5.524Fup2
5.524Emgp
5,562Em02
5.559E=p2
5.57TE=02

1eR02E=0A
1,336E=02
§:500E=01
a9 16E~02
J+uU34E=G2
1ubtSE=g2
2:590E=02
J.0705=02
S+327E=g02
£,901E=02
8,889E=02
1.097E=014

1.268E=01

11768E=0]
1,277E=01
1.268E=01¢
1.299E=01

]

"6, T4¥E=09

0,8135003
§.300Ewny
Z.245EmD2
4,302L~03
1.d0b6E-02
2,b75E~02
4,055E=02
S,U29E=02
b,904E=p2
B.BABE~p2
1,093E-01
1.203£=01
1.293E=01
1.275E=01
1.28TE=01
1.298E=0p1

PLATFORM TILY ESTIMATE
R

1,000E=1¢
b, 552E~-08
2eU0DE=DS
2,545En05
“1,505E~09
1.086E=p%

1.885E=05

1.8B6E=25
1,8B7€v05
1,B8BE~0%
$.889F=05
{,890L=05%
1.,89LE=05
1,B915m05
1,891E=05
$.891E-05
1,894E«05%

v

1,0000=1¢
TeS32E=8
d.811E05
2,559E=0Y4
1,51¢EnpS
1.900E=~0S
1,900E=905
1.90CE~0D%
1.901E~05
1,901E=¢5
1.901E~05
1,901E=08

T 1.90CE~QS

14902E-05
1,902E=05
1,502E=0%
1.%02E=05

5

1,000E=10
1.772E=06
1.7591EnDY
2,HUBE=DS
2a3lbE~pS
390305
34F62E=05
3.954E=05%
3,960E=p5
3,958L=05
3,95TE=0%
3,956L=~05
3,955E=05
3, 955Em0
3.955E=05
34955E=05
3,0955E=08

¥

1aD00EugD
B8.,985k=07.
1.439E =08
1,157L=0%
1.977E=05
3.7778 =08
3, 955E=05
4,02TE~GS
JeITEpS

"3,950E=05

3,943L=-05
3,5u3E-05
J.9UTE~DS

"3.94TE~05

3.9LTENDS
3,94BE~0%
3+F4BE=0QS

1.0005-10
2,559E=97
1,673E=0%
P.I12E=ts
4, 15&E=08
1,509t =05
1.3TLE~DS
1,3875E=05
§+379E=05
1,577E~0S
1,379E=05
1.,481E=05
1.383E=95
1,383E=08
1,583E=05
1, 4083E=05
L, 38uE=0S

W

1,000E=19
1,490E=0n
2,U36E=05
2,TU4E=QS
L,205E=0%
1,903E=05%
1,249E=05
1.140E=Q5
1.2u5E=05
1,358E=0%
1,483E=DS
1,403E-05
1,3%1E=05
Lo 391EepS
1,3%0E=05
1.589E'°5
1,399E=05

- ALTITYDE

RATE ERRDR

A,044E-09
1,402E=02
4, 750E=p1
Be231E-01
1.?2“&'01
1.0%3E=01
1albbEnpy
f.256E=91 .
1|353E'01
lOHSTE’o‘
14572804
taTp2E=0
1.,811E=Q)
1,B95E=01
1,027E=py
3.235E=02
9.978E=D3

GAMMA ERRON

1.070E=11
1,513L=0%
8,040E=04
Tel00k=0a
2,990E+04
T1,B{%E=p4
2o 0SBE=DY
2,284L=04
2,5506=0u
2,8ubE=04
3, 294E-04
U,384E=0u
5,0851k=04
0. 055E=04
3.377E=04
lclﬁ;h'oﬂ
3,251E=05

YELDCITY
HAG ERROR

1.320E=02.
l,42%E=02 -

B.b00E=-G2
TL047£-92
4,025E=02
2.503E~02
2,4T7Eap2
2,695E=02
2,900E~02
3, 096E=02
2,325E=02
4,320t-02
S,1buE-p2

S5¢25aE~p2

5,395E-02
S,928f-02
5,589E=02

P31 ERRER

1,155y
8,227E=00
2.30LE-04
1,980E=05
1,295€06%
2,139E-05
5, 0usragy
T,808E-95
1,0%4E=0u
Y.U3T7E-0u4
1,832E«04
2.716E=(4
4,014E~0a
G.0tuE=08

d,18)1E=04 -

Hy31%E=Du
Q,413E0a

NOILvHOdHOD s3oNIIDs DILAIVNY 3H.,

v



L-D

TimE

1a32,00
1a32,0¢
14990,00
1550,00
15%0,00
1610,00
170,00

" 4T30,00

1795,00
1834,00
135,00
186,00
18en,00
1850,00
174,00
1084,00
1894,90
104,00
1914,00
1924,08
1934,00
1943,50
1943 59
194u,50
194%,590
1945,50

TIne

1432,00
jala, 60
1990.00
1550,00
1550,.00
1e10,00
1670,00
1750,00
1790.00
186,00
1036,00
1848,.00
16ub,00

1860.09

1874,00
186U, 00
1894,09
1904,00
914,00
{924,008
19346,00
1943,59
1943,50
1944,50
194%,50
194,50

GROUP 1

POSLITION ER
L

1.000F=t0

T 5,818E440

3,0182+490
4,0B9ee00
3.v48£+00
3,665E400
3,177E+00
2.293E+00
B, 060E=01
3, 283E=01
9, 815E=01
2,102E=02
G, b04E=p2
2.007E=02
2,150F=02

u

1.0008eig

5,08UE+00
3.052E+0¢
Q,115F+00
3,.992E+p0
3,.705E+00
3. 215E+00
2.327E+00
B.3%52E=01
3,u98F=01
9,T84E=91
b6,303E~08
4,553E=02
1,993E=02
T,959E=03

MLS DME MEASUREMENT NOISE

[+

1.,000E=12
1,506E01
B,008E+00
1,192E4+0)
1.207E+D1
14212E+01
1,206E«0¢
1el&EE+QY
1,032E+0)
9,T45E«00
9,280E400
9,260E+00
F.331E+00
9,388E+00
G 439E« 00

v

{e000En10
1,128E+01
T.heTE00
1,181E+0Y
1,205E+018
1,20BE+01
1+203E+01
T4101E+014
1,032E+01
9, TESE+ 00
9.,2B1E+0¢
2,2B81E409
?.333E+00
S,586E+00
F,U40E+ 00

TIMATE ERROR

4

1.00¢8=1p
1. TBTE+DD
S.SOQE-OI
e bhh2F=0y
2. 376E-014
lg9b2[-01
1,891F-0y
1.971E«0
1.865E5%0y
1.794E=0y
2. 090E=0y
2.092E-0)
3. 3BBE=py
5.060E=09
&4,799E<0y

L]

1,000E~4p
1,069E404
3,860E400
1.507E+00
"01325'91

8,5056=01

S5.Tt5E=01

2,UbbEmDy

{1.362E-0
1,276E=Dy
1.,8T8E=0
1.878E=01
3.278E=01
a,978E=0¢
&, TEOE=D}

VELOCITY FATIMATE ERROR
R 4 4

1»000E=1¢
4,2B8E-02
2.556E=01
f.613E-04
1,515E«01
1,514E=p0
1,543E=p)
1,596E=01
146STE=p1
1,819E=-01
1,99uE=nt
2,237E=-01
1,221E=0¢
3,949E=02

1.223Ea02

u

1,004Ea18
8,350E-02

2. 582E-01
1.,627E=01
1.525E=01
1,520E=0}
1,546E=01

1.597E=~0Y-

1,655E=01
1,8146E-0¢
1.9B9F=014
2.233E=01
1.216E=01
3,901E~02
1.173£=02

1.000E=10

1,1T6E0Y
6.b20E~01

4,035F=0f

3,172E~01
2.570F=01
2,0t4Fwn1
1.493Em01
9,438E=92
7.213£=02
B Ap1E=02
8,799Fe02
9,058F =02
9,322F-02
O NTAE=02

¥

1.000F=14¢
6,142E-0%
b,190E"D1}
4, 0U4F=01
J.1ddE=-nt
2.511E=01
$.978E-01
1,485F=01
9,058¢202
T.202F=02
8,783E=-02
&,783E=02

P.QIdE=02.

9.2°0E-DZ
?.545E=02

1. C00E=10
9,062E-02
T841E~02
S,788E=02
8,075E=02
?,810E=-02
1.153E=01
1351860}
{JH90E=C]
1.676E=01
1,827E~03
{,B27E=01
1483TE~0L
1,847E-08
1,855k~01

L}

1.000Ea10

1,280E=01
2 84TEL=01
4, 639E=-02
B,923Em~02
1,115E=01
§,209E=01
1.526Lk=01
1. 490E~01
1,68lE=0}
1.833E~01
1.633k~0¢
1.841E=01

TeBUDE=QY

1,857E~01%

PLATFORM TILT LSTIMATE
R

1e000E<10

1,7T42E=06
7.H24En06
2.T12F«03
2,T1CE-0%
2. TOBE~05
2,700E=05
2,T04E=0S
2.T02E=05
2,.700E=05
2 HGEE=Q5
2,698E-0%
2,59HEn05

.2 ,698E~05

2,690E=0%

U .

IQOUOE'IO
1,7T89E=0b
ToH10E~DSL
2, T15E=05
2y TIGE=0S
2,T12E~05S
2,T10E=05
2,709E~05
2,707E=05
2,7T05E=0S
2,TOLUE=DS
E.TOUE-OS
24T03E-QS
2+T03E=05

_2.7035905

[+

1.000k=10
1o150L=05
1.029L=05
2.118E=05
24123E=0%
2,128E=-05
2,133E-05
2,138E=0%
2,142E~05
2,147E=05
24152E-05
2,1%28-0%
2,152E=05
2,153E=0%
ati53£'°5

\

1.000E=10
1, 740E-05
840326=05
3.G3SE~05
1.7635-05

A 815E-05

1,739E=05
2,086L=05
24229E=068
2e226E=05
24189E=05
24189E=(Q5
2,1680E-05
2.1B3E=05
2,182:=05

‘1,000E=10

1,307E=05
1, SUGE=Qu
1,0706-04
1,070E-04
1.0F0E=0u
1,0TC0E=04
1,07cE=04
1,070E=-04
1,07T0E=~0y
1,0T0E=C4
1,070E=Gd
1,070E=04
1.07CE=C4
1,070E~Cu

W

1.000E=10
W,157E=07
1. 325E-04
1,036E=04
1.077E~0u
1.082L=00

1.07TE=04"

1,071E=0u
1,008E=04
1,0685=00
1.,069E-04
1,069E=04
1,069E«04d
1,069E=04
1,069E=04

ALTITUDE
RATE ERRUR

I.OOOE-IO
a,325E=02
2,581E=~01
1,676E=01
1,52uE~01
1,515E=01
1.545E=01
1.59b6E«01
1y05%E=01
1.B15E=01
tLPBETE=D1
2e233E=(1
1+210E=01
3.89%E~Q2
1+171Ewp2

GANMA ERHQOR

1,677E=13
b.SZZE-OS
2.026Em05
b, Byuk=05
5., To8E=05
Fe1uSE=0S
1,356ke04
1.865E=040
2.,901E=00
4,589¢=04
8. 350604
TelaUulinadu
3.993E-04
1.326Em00
d4172E=05

YELOCITY
MAG ERROR

I.OBUE-lo
1,992E=02
0, T06E=01
4,341E=01
3,4TEE=01
2,890E-01
2 HI0E=01L
1,947E=01]
Le2SQE=DQI
Te301E=02
8,580E-02
8,539E=02
8,929E=02
F,2boE=L2
9,538E-02

P31 ERROR

1.772E=13
2,621E~04a
4,590E8=-04
8,TU9E=05
1,684E=04
€,172E=04
2,435E5=-04a
2,759E=00

3,106Em04

4,2T0E-04
5,828E=-04

3,620E=0a .

6,009E=04
b201E-24
b,3t1E=pq

NOILYE0OJSHOD] SA0ON3ISS JLLATYNY 3L



TIng

1a32,00
1432,00
14%0,00
155¢0.00
1550,00

1410.00

15%0,00
1730.00
1795,00
1434,00
1836,20
{8406,0¢0
ABts 00
1860, 00
1874, 00

t8a6,08 "

189a,080
1994,008
1914400
1%924,00
1934,00
19u3,50
1943,5¢
1944,5¢0
1945,59
19u8,59

TIME

1432,00
16432,00
1490,00
1550,00
1550,00
1610,00
1670, 00
1730,08
17%0,00
1636, 80
183b,00
18u0b,00
184s,09
1260,00
1874,00
188u,00
18%4,00
1904,00
1914,00
1924,00
1936,00
1943,5p
1943,59
946,50
1945,59
1948,50

GROUP 1

1,000E=10
2,8B9E+09
2.565Ev00
1,756F400
18BTE2QD
$1.T12E+09
3,552F+p0
5.718E~02

e tblE=py

$,835E072
b6,175E«53
tebluEeg}
1.665E=03
1.4869E=93
1,1206~p03
,u10Eany
b,U89E=0Y
3.535E-94
1,903F=0y
4, 004F=0b
J.6TSEBU
T.932E-05
2,575E=05

Y

1,000E=19
T.BTRESDY
2,558E+00
LeTH53E«0p
1.,880%400
1a711E+00
J.551E+00
5, 898Fup2
1.4TTE=y1
1,837€E~02
b,196E=03
1,003E-pn3
1.655E~03
L. 4b0E=D3
1,114E-03
8,35TE=0u
6-“”¢E'Dﬂ
3,505F=0y4
1.93E=04
b,729E=12
1.TI0E=238
T USIE=0S
2.94TE~0S

1,000Ee10
3 663Em0e
X, 520801
2 LTSE=D1
PaS512Em02
1,477EmDY
?,81BE-p1
2 TSBE~pY
3, 181Ewp)
3, 725E-03
B, 6TUE=DY
3,075¢6=03
?,88BE-03
?16915.53
PUTTE=DS
Py215E=Q)
1,859 =03
14692603
1,522E=03
14522E03
1,777E«03
2,321E=91
3,009E-03

v

1,000E~L0
R bUTE~G1
A 951E=0y
T OL3E=0Y
b, upE-0t
A ubgEmtz
?,005E=031
t,533£-01
P Z6UE=QY
b 3TeE~0U
5,L50ED3
S, bubEep’
2.897€-01
?,698E-0%

P WE1E=03

2.211E203
1,860E=013
1o 693E~03
1,521E=0%
1,521E=03
1,777E-03
2 32tE~03
3.011E=03

4

1,000Fe13y
b,155E=01
9,595E=04
1.,001E+00
1.254E40y
3,54TEmpy
14105E=0¢
S.870E=92
239|”E'02
3.0B1E~03
F.9T9F=04
4.003E~ta
4,209E=-04
3, 045E=-04
3,110E=04
2 b26E=py

"2el1TyEmpg

1.769E=0g
5, 732E-04
5.7208E-04
1,804E-03
3.056E=p3
4,320Engy

1.000E=1p
5,003E-0y
3.297E={y

- TeT03Fmy

§.075E400
3. 808E~0y
2,3%{Eepy
€,355E=0y
Ao 2USEmGY
U,TOTE=D3
1.794E=03

-0, 10TE=Cu

4,051E=py
3.633E=0y4
3,0UeE~Qy
2,607E0y
2.2!1E’°“
1. 7988=0y
5,760E=0g
S,T40E~0y
1,806E-0%
3, 055E=03
4,319E=03

BARO ALTIMETER MEASUREMENT NOISE
POAITION ESTIMATE ERROR
R 0

VELOCITY ESTIMATE
R [

1,000E=1p
8,318E~03
9,3313E-03
Te2Tte=py
To600E-03
By307€E=03
1. UBBE02
6,013E-p3
S.971E=03
U,093E-03
B,L00Eulyg
3.5236=04
&,199E=0u
u.bQEE'OG
S.15¢Empg
5,693Fa04
b,317E=0a
Y 238E=-04a
8,196E~0y
8,385Eapa
4,553E-04

1 443E=-00

4,165E=08
¥

14000E=1D
B,24b6Em)3
9,288E=03
T+255E=03
T.5%GEDD
8,334E=03
1. 46902
4,035E=01

5,9951E~p3

4,09BE=03
B,0T1E=-04
3, 520E~04
4,196E=04
4,69 Eepd
5.150E=0u
5,b695E-04
6,322E=014
T.255E-04
8,208E=04
8,396Ew04
QA,543Ea04
1.“53£-06
4,252E=0%

1,000E=10
3.982E-03
J.544E"p3
2,0RUE=03
8,971E=0y
1o740E=p3
3.381E-03
3.389E=03
3,1558=93
8,098E=04
1.685E=04
1,B855E=¢4
3.025E=04
3.907€E~04
4,7325-04
S.510E=04
b,UTSE=~DY
T.8TE8E=n0

B,13tE=04

By131E=0d
&, 208E=-04
8,353E~pu
8,472E=8

v

1,0008a8g
4,560E-03
S.561E=03
4,910E=03
H,205E=03
2,164E203
S.10iE~03
2,419E=03
4,b00E=04
J.0R%E-04
1.581E=-04
1,910F~04
2,99TE=-pu
J.BQ7E~00
4,664E=08
5,507E-04
b,%10E"04
To516E=0Y
B.iS57TFE~p4
B8, {57TE=-Cu
B,267E=04
8. 3T45E~D4
8. 483E=0a

ERROR

1,0000=10
2,111E~03
b,522Em03
bebT5L=03
Te3T8E=03
1,44tE=DY
4,158E~03
.91ut=03
2,988E=-03
6, B03E-0u
TRUBE=DS
f.345E=-04
2,801E=-04
A, 111E=04
5,50TE~04
b,9TbEs0U
&, T7SE=D4
1vO0TTE=03
1,238E~03
1.238E=03
1.2G69E=03
1+4260E=03
1,271E=03

]

1,000E=18

G u9UE=py
$1433BE~0Y
S.0028~03
6,00%E=0%
S.460E=00
1e5608E=01
4y 5u%E -0
4,29GE-03
94931Eapy
1,06%E=00
1,275E=04
2.B1uE=04
4,205E~04
5,5a4E=04
b,9746ER001

8,745EnD4

1.0746=03
1.236E=032
1,236E-03
{, 2UTE=GS
1,259E-03
1,270EwD3

$2000E=10
5,587E=03
4,793E=~08
9,832E~08
by bUTE-pR
B,U06E-08
1 311E-07
B,821€-08
1.60TE=0Q7
L1,708E=D7
8,011EmpH
B,9%0Ltw=p8
B,955E=04

¢, 96IE~03.

8,946E=08
8,971E=08
B, 9T6E=00
6,982Em08
B,967E=0d
8,987E-08
8,98TE=08
8,980E~08
B,YBHE=DB

v

1,000E=19
S,606E~08
4,806E=08
F.,B95E=08
b,7326=08
8,480E~08
1.36CE=07

B.BISE=GE

1,600E-07
1,722E=07
€,10VE-08
F.05bE~D8
9.0%6E~08
F4055E~0B

9,055E-08.

9,05%E=48
9,055E=08
9,056E=08
T.,057TE~08
9,057E~p8
9, 058E~¢0
9,058Em08
9, 058E=08

. PLATFORM TILT ESTIMAYE.
R 1]

$.000E={0
1:876L=-07
2,B35E=-07
H,482E=07
3+5T7E£=97
1,723E=07
9.05TE=DT
1,942L=07
1.,793E=-07
3,148E=0T
2,931E=97
1,483E-0T
3, UB3E=0T
3,082E=07
I,481E=67
J,UB1E=97
3. 4B0E=0T
. U479L=07
3,479L=07
J 41907
3, 4TFE-]Y
3.,479-07

3:479E-07-

¥

1,080E~10
1.023Em0T
Isl0U4E=08
1.933Lm07
LySabEmQY
2, 096k=07
$TOTE~QY
b6,8B5E~07
S5.291E=07
2,293E=07
2.U99E=07
3.393L=07
3.510E=07
3.545L=07
3,516E=97
3, UBYE=0T
3L 4T4E~07
3.4TLE=0T
34474L-0T
3,074E=07
Je4Takag0?
3,475Lw07
3.075{-07

€

1,000E=310
1, 374E=QT
3. 859E~07
§,519E=07
2,8UsEwRT
2,531E-07
4,921E=07Y
b, 09%E=07
b THIE-QT
&, 0BLE=)Y
2,06FE=07
3,242E=07
3,243E~07
3,245E=-0T
3,2U4E=DT
3, 2u44E-07
3,245E=07
3, 2U8E=7
JL2H6E=~QT
3,280Ea07
J.24bE~0T
3, 2upE=0Y
3,24b6E=~07

W

1,000E=40
1.7T30E-0T
R808E=07
6, 0biEmQY
U 292E=07
1.447E=37
1,010E=08
8,151E=08
Hy5TLE=DY
4,513E=0D7
3, 250E=07
3.3TLERQY
3, 200E=07
3, 1TiE~07
3,204E=07
3,236E=07
3,253E~07
3,253E=-07
I, 249EmDT
3.2“92‘0T
I 2H49E=QT
3,248E=97
3, 248E=07

ALTITULDE

RATE ERRQR

1200081
B,339E=03
9, IG0E=03
T,307E=03
Tib24bepy
8,317E-03
1,039E=02
b, 031ER])
$1955E=03
4,0586L=03
8,07Ckm04
3.51% =04
Uelobt=0a
&,890E=04
S 155E=04
S.04-E=ly
be322E=04
Te2uSE=ga
B,206E~04
8,308E-04
4,503E-04
1,453E»00
H,254E=05

GAMMA ERROR

2,B84E-14
2y dqUt-0b
AeftiE=08
$,02BL=08
B.253L=0b
1,155E=05%
2,030E~0S
L. 050E~05
F.555E«0b
b.S517E~0n
1.278E=04
6,537E=07
B,l129E=07
9,503E-07
14117E=00
1,304E=pn
14874E=00
116808
2,bysk=0b
a!’OSE'Gb
1.516E=00
5,078L-07
1,652E»07

YLLocIry
HAG ERRQR

14000840
3,930E-03
4,544E-03
S.THLIE=~D3
9, T4RE=04
4,917E-05
9,55LE-0)
5,702Ewdu
l4058E=03
1,335£-03
J.b8EE=DY
Teldlt=pg
2,0828=04
2, 759844
3,375E-04
Jo¥ubE=-pud
5,37T0E-08
Tyi99E=-¢a
B,038E-0a
8,030E=04
8,216EeCi
3,365E«00
&, UB0E-DY

P31 ERROR

2,892F=4u
2,TH1E=-)7
S, HI0ERDT
3ol BeE=De
b, 2V7E~bp
TiSG4E=RT
2,082E=00
To783)Endn
Toeb20E=Qh
14700E~0b

2,004E~07

24158 -07
5,369E~07
6,188F~07
Ly12LE={Qy
1,851E=06
1,820 =04
2.T2TE=38
1. 928Ewtin
3,926E-00
4,071E=0s
4,221E=%0
4,315E=06

NOILYHODHOO SIONTIOS Ol LAIYNY Sl



i

ALy

V] 4004 .-
dIvg "TVNIoy a0

ST

Ting

1432 a9
1832 00
1490, 00
1556,00
1550,08

670,00
I173¢,9p
1790, 00
18)s,09
183s8,0p
184809
1845,09

187400
1835,09
Iﬂia,qa
1904,00
1%14, 99
1%2a,09

1943, 50
1943 59
1944, 50
"Qsl 50
1948, 5p

- TInE

1932, 00
1432 4

- 1498, 00

1359,09
15%0,00
160,89
187089
1730,00
1790, 00
1638,0¢
183s,00
]656.00
180a,08
18s0,09
1a%a¢,0p
1883 ap
1894, 19
1%904a,9p
1914,08p
192a,p9
1934, 00
1943, 5,
1%43,%p
1944, 5y
1945,55
193,59

PoSITION ESTivare ErnQR
" : 0

1,0002a],

1.000r4+00
4,1040mgy

- 8,2210mgy

ﬂ.#!b!-o:
v

1.0000e1y
1.800r40g
4, 184Fapy
9,221Fapg
4,4300ag

GROUP RADAR ALTIMETER MEASUREMENT NQISE -

YELOBCITY ESTImaTE ERROR PLATFORN TiLry EITIMATE
R 1] R -]

[ c c

!-OOOE-IO l,ﬂﬂﬂ!'lo £2000Fa1g !.OGOE'!O Pe000Eyp la0gorayg 1,000Emgg 1,000E=gp
2,315r.03 2.!595-03 !.OGOE-DI Z.TSIE-D“ 1.728En0y §.000Ea1p letodgayp 1,000ty
9, 564Fupy 9.135E~Da 5.127Eepy 1,158Cwpy 1,138Emgs 14000FEmgg 14000Eayp 1a0CDEatg
9-555E'0¢ 7.2725'0# +5{3E~p; ?.7?05'04‘ Te916Empy 1i000E~gp anDOE'lQ 1a000E~gp
La001Ewpy 9.750[-00 J.OBGE-D! Q.GOZE-OQ b,940kepy 1.000Ewsg Le000Eayy la000Eagy

¥ ] U Y Ld

w

v - M u

1-0008010 1,000!-10 !.000!-20 'I.GGOE-!Q 1.000E~1ﬂ l.OGOE'lO :.aooz-:c 1.060!-10
1.305!-05 2.:548-05 !.000!-01 l.JOTE-as G453 TEps 1,000Emtp 1.0005-10 I;OOOE-IG
8,287r.0s 1.347Emps 3.127F=p 1,972kagsy 2,265Ewps 1,000E=1p 1.000Emyg 1.000Fayy
2.!05E-05 3,0502-05 J.Sl![tbl a.rqu-os 3.5855-05 1.000!-:0 1e000E=1g :.oooe-:o
4,849E00% 7.327!-05 3.088!-01 2,7808p% 3, TP8Ewps 14000E=1g 1+000Eeyp 1e000kwyp

ALTITUDE

RATE ERROA

14000Ewyp

1,000Fupyg -

S.IZTE-a:
335|JE'01
3-0655'01

3e177Ewys

3177w
14673Eagy
11’70E003
l.O#QE-OJ

YElocory
MAG ERpon

1,000Kary
2.:&&:-03'
Te953Eug]
3.6beE-oJ
2.9125-63

Ganpy ERRCR P31 ERROR

’11755"13
1.3“25-07

Te393Eagg -

10202Eupy
1-291[‘0?




01-9

Tive

1a32,.00
1432,080
14%0,00
155¢,00
1550, ¢0
1610,00
1670,00
1730,00

~1790,00

1834,00
1836,00
1866,00
1848,04
1880,00
1874, 0
188490
1890 .00
£906,00
1918.00

1924,00-

1934,00
1943 ,5¢0
1%a% .50
196848.,.5¢0
194550
1940.50

TIME

1632.00
1432,00
14%0,00
1550.00
1550.,00
1618.00
1678,00
1730,00
$1790,00
1838,00

1836, 00,

i24b,0¢0

ELITHT

18b0,00
1874.090

1884,00

18%4,60
190,00
1914 00
192u,00
1934, .00
1943,%50
1943,50
1944,50
1945,%0
190b,50

.

POSITION E3
R

D.919E+82
9.033F+p2
Te313Fen2
S,O0UE+p2
2,30afF+p2
T.850E4+01
1.831Esat
1.160E+0])
9,695€+400
L4 0UbE+0L
1.3478+00

- 1.2528+00

6. 009Ewn2
T.998E=p2
1,348E=014
1,365€=01
1.195E=901
1,009E=01
T 602Fmp2
4. 9ATE~D2
2. 11E=-2
2,037F=n2
4,25%€=-04
1.84pE=92
5,493F=0)
1.764E=p3

4]

103849}
P,407E+02
T,2T6ge02
0,9A%F 402
2, 290E002
T.825E+0y
1.82RE401
1,159 «01
9 LBUFeD)
1.003F+py
13606480
1.268E+80
b 00AF=02
B, 065E-p2
1,351E=01
1.372E=p1

. 1.203F g1

1.018F=01
T lodEapn?
8,156Fep2
R y259E=02
2, 00RF=p2
T.27TE=10
1. 8T2F=p2
6,3%46E=03
2,3231E=p03

GROUR | 8 PERZENY MPASUREMENT NOPSE
VELOCITY FaTIMATE
R L

4

a,Y4AEs02
Y.AbTE+D]
1.000E402
T,006E40t
3.231640
1.01TE+ 0
t,23¢Ee)
B, 095E+0p
TSBPE+D0
S.6USE« 00
2,%6PE+00
3., 66T7E+p0
1a1b3E=01
1,567E=91
J.6B5E=01
1,9¢%E-01
2,04%E=01
2a16SE=D)
2a31RE-pt
2¢HUTE=]Y
2.725E=01
2,824E01
2,827E-0)
24983Enpy
1. 43tF=0}
A,§3uE=pt

v

1.000E+2}
4,3BSE+ QY
1.122€+02
1.0GAES Q2
8.T6TE+D)
2aU2PE+ 01
12116201
B, UTIE« 0N
8, 312F400
5.81R8E+gp
1.620€+00
2.65RE40¢
1.00E-Dy
1.49BE-DY
1.,598E=01
1.,987E«01
2.089E=01
2,183E=0]
2,318¢=01
2:5428 -0
2.T22E=01
24B830E~01
2,830E-01
R49T3E-DY
3.4UGEaD]
A JUUE=D]

TIMATE FRROR

[ 4

1.020€+03
1.332F+0>
TL4T2E¢)
1 1ISFepp
S.SOUE+DY
3,B22F+0y
1,058E+0y
9.481F+0n
S,193E+0n
7,4SpE+Cn
S.653E-0¢
6, T04E=D
1.059E=0,

4,701E=0p

5,425F=0p
9, 405F=07
B LI9E~0>
§,726Em02
S,5%uEe0p
4,5hBF=p3
3. T02E=Qp
1,3108-01
1.310E=0y
R.507E=0
To736F=0)
$4099E+0y

W

8,3t1Ev0)
1420tE+02
1.822F+02
Go120F 00y
4,751840y
3‘173:001
1.08% 40y
P, 181E40p

3.955€+09

T Ie%Ee 00
2,537E+0n
2.562F+0p
L2 UE=8y

8,5186-02

8,253Fupa
a,7TuE-02
b,759EF=05
5,983k -07
S UTZERD?
4,744E-p)
5, 878507
1.302E03
130280y
4. 501E~py
Ty ?31E=0y
1.099E+0p

2.%7TE+00
2.3%1C+00
1,863E+490
1.,429E400
6,532E=01
3. 005E=01
2,548E«0)
24237TE=-Q1
1,605E=01
$.245E=01
1.230F=01
S.4F1Ewp2
U,a497E=02
1,783E=-02
2,071E=02
Y. 242ERQR
3.827E«02
4,159E=p2
0,579E«92
S.158E~02
b,019E=p2
6,8973Fap2
T,167E=p2
3.,B50E=p2
1,179E=02
3.005E=3)

Y

2,905E+00
2.379E g
1, 800E+0)
1. Ui7E+0p
b,UBS5Eap]
2.99TE=g ¢
2.543Enp1
2,235Ea01
1,008«
1.24bE=gy

1,232E-01

S S0eRE=p2
4,510E=02
1.795Emg?
240B2Eag2
3.302E-p2
3.854Eep2
A,893Em02
U, b12Em02
S.202E=02
6,979E-p2
T.03%E=p2
Te23UEuy2
3,92TE=92
1,205€=02
3.598E=203

3.473€-01
1,440F=01
S.291E=04
B,165E=01
U4,2658=01
1.102P«01)
5.424F~p2
4,005E~2
S.911F=p2
h,2T5E=32
S.637Fen2
b.Uu5F=p2
4,929E=02
3,010F=n2
2,128F=02
J.a63Emp2
8,519F=-02
S.553E=02
b.STIF=02
T.BS8E=g2
9.2b8E-02
L. 028F=01
1.026E=-01
1.0¢1E~01
1.,05u0F=-01
1a0bbE=p1

Y

G,827Cap)
A,19S5E=pq

IWTETLIIE

8.323E-91
5.820F-01

T 1.205E=p)

1,028E~p§
1105701
1.232r=01
2.0u0Fwpy
1.186E=01
t,153E=02
5.101E=02
3.043E=pn2
2.153F=p2
3.478F=y2
G.,425C=92
5.604E=02
b,387E=p2
T.818F-n2
9,217E=02
1.025E=91
1.025%E=01
1,038F=py
1,051E=01
1,04GE=0]

ERRMR
4

B.,177E~01
S U3QE=01
3.TT3E=(Y
3,105E=01
3,154E=91
2,534E-01
2.7768E=01
2+S0BE=01
2.399E=01
2.120E=01
1.309E=-01
B.9tTE=Q2
W, B23EwD2
3.273E=p2
4, 374E-02
8, J00E=p2
1,t495E=01
1,4FUE=0Y
1. ASPE=DY
2a305E01

2.,795E=91

3,188E=01
3,188E=01
3e210Ewn]
3,245E=0]
3. 272E=01

]

8,133E«(]
4, 056E=01

2.56%E=01.

3.,02%E=01
3.757E«01
2,497E=D1
2.6UBE-DI
2,332E01
2,1u2E=01
B.806E~02
T.870E=22
Tel6FE=02
4,6288=02
3.236E-p2
Y ARTE=B2
B,125E=02
1.440E=01
1,489E=01
1.,857E=01
2.305E=014
2,795E=01

3. 18BEwG! -

3,188E-01
3.207EnDL
3,205E-01
5.273E-01

PLATFORM TILT ESTIMATE
R ]

I.Qﬂﬂﬁ-ﬂﬁ
ToliS8Em0S
9,790E=08
1.,126E~05
P TOLEwDS
1. 78YE=LS
1,880E=0S
1.8u1E-95
&-T?hEHOS
1.7225-05
1.,704E=05
1.801E~08%
1.,832E-05
2,007E=05
2,029£-05
2,028E~05
2,031E=pS
2o 034E~S
2 035E-0%
2.039E~05
2,002E=05
2,045E-p%
2,045E~05
2, O0NSE=DS
2,045F=p5
2,04SE=¢5

U

2,191E=08
8,822E=08
1.020F=0%
1.130E=0%
.605F=0b
1.7T735=05

L B78E=05°

[,880Faps
1, 785E=~05
1,73%E=-05
1«T19E=05
1.821E~35
1,854F=0%
2,032E=05
2,051E=0%
2,052F=95
2,053E-05
2, 0SLE=0S
2, 0%8E=p5

2,057E=p5

2,058E=05
2,060F=45
2.,000E-05
2. 0b0F=0%
2,060E=05
R,060E=DS

L G4b6E~DS
X,839E-05
24958E=05
3.6T2E=0S
2,431E=)8
3,006hEw08
3.310E=05
3,84T7E=05
4,254E=05
4,773E=05
B.636E~05
6,821E=05
b, 954805
T«913E=05
8,79TE=pS
§,796E=05S
B,7968=05
B,795£=9%
B,795E£=0%
B,79¢E~0S
8,7%3L=05
8,793k w05
B,793E=(S
8,793E=0S
B, T9IE~D5
ByT%3IE~03

¥

1,623Ew0S
2,693E-05
1,605E=D5
2.UFE=(5
2o lUQE=0S
2.365E-05
2:99CE'°5
3,293E=058
3,715E=05%
3,361E=0%
JLU21E=-D5
U,912E=05
Se211E~05
Te2025=0%
&, TUTE=0%
B8,784E=05%
8,749E-0S
8,782E«05
8,790E-05
B,790E=05
B,790&-905
,789E-9%
8,789Ew05
8,789E=05
8,789E-05
A,789E=(5

¢

4,002E=08
S5.530E=08
9. 489C=08
2,325E-05
1.,050E~-05
1. 119E=05%
1,396E=05
1,783E=45
2.,290EnDS
2,77ufF=04
2,B03Fm05
2,81b6E=05
2,946E=05
3.599E~05
4,052E=05
4, 052EmDS
a,452E=0%
4,052E=05%
4,052E~05
4,652E=05
4,052E=09
4,052€=05
4,052F=05
&,052E~0%
4,052E-05
4. 052E=05

W

1,226E=0%
2,16TE=35
2,6U2Ee05
3, 192E-0%
1.5606E=04
2,257FE=03
1,992E-05
2,0h7E=pY
3, 086E=05
4, 60TE=-0S
5.279E=05
S,251E=20%
S, U5YE=DS
&,73aE=0%
4, 140E=D5
4,08BE=05
4,099E=05
R, 0L5E=0S
4,053E-95
G,051E-05
4,051En~09
B,052E=-05
4,052F =95
4,052E~0%
4,052E=05%
4,052E=p5

ALTITUDE

RATE ERPOR

2,095E400
2,37%E%00
1.8T1E+00
1.436E+D0
b, 5ubE~p}
J.011E=0t
2eSuTEmpy
2.231E'01
14606E=01
1¢2ulfey
1,232L«01
F.505F=02
4.511Ew02
1.745E=02
2,082E=32
}.3p2E=02
3, 858E~02
4, 94E=(2
G, 12892
5,2n3E=g2
6, 079E=p2
T.0u0Emp2
T.234E-02
3,927E=-p2
1.245E=02
Job02E~DS

GaMMA ERROR

d,427Ew04
3,900E=04
4,0 9E=04
4,2058=04
1,9%2L-04
1,2R0E-04
1.bb8EapY
Ce31SEnDG
24y376E=04
2,b12E~(4d
24822E-04
1.030E~C0
T 673IE=05
3, 143E=05
3e581E=DS
S5y225E=05
by19%E=0S
Ted1bE=QS
B,982E=0%
1,0ptE=03
1.54lEwdy
2,23TE=0Y
2429BE~0a
1,282E~0a
4,19%9E=¢5
1,306E=08

YELEBCITY
HAG ERRDR

Dyb50E=]
3,4355=01
S udGE~D]
TeIOTE=D1
3, 42360
9,2564E=p2
TiutuE=n2
S.T63E-92
R FtTE=82
1,76068-01
B.35LE=02
5,64T7TE-C2
S.CURE=D2
3. 02CE=D2
2.136E~02
3,7T15E-92
4,937E=-p2
S.T9%E~n2
b,510E=g2
TelTafwp2
Ye2106E=22
1,025E=01
1,025E-01
14038E=p])
1.251E-01
1,0b4E=p}

PSI ERROR

1 84%E=-24
T.6bdEepsS
4,915E~08
P,8BTE=35
1,080E-00
1,039E-04
14092E~C4
2,4155-04
Z2,9%3E 04
1,47UE=Da
1e3irE-82
1,270ExCu
B,203E-0%
6,072E-0%
B,293E=35
Fe53UE=GA
2, 219E~04
3, C01E=02
3, 654E=0u

4,60%EF-0u

Tel0CE~04
1.013E=03

1,013E=23

1.050E=03
Le0B5E=23

1u112E03
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Ting

1032, 0p
1a%2, 80
18%a,0p
1%%50,00
15%0,90
1610.9p
1870,00
1730, 00
1790,0p

1838 90

1836,0p
184s,0p
1846, 80
1068,00
1874, ap
884,499
1894 40

1904, 00

1914 09
1924, 00
1934, p8p
1943 59
194y, 5p
1944, 59
1%5,5)
{948,559

Ting

432,00
1832,.08
14%0,80
1559, 09
1559,00
610,00
147,09
173e, 00
17%0.00
183449
1436,np
1846 ,0¢
1848 ,0p
1460, 00
ILIC T
i83a,. 09
14% 0y
1904 0y
1%14¢.0p
1924,00
1934,00
1943 .59
19us, 5
944,59
1948 53
194659

POsITION E3TtMare ERPOIR
R -]

JLoTuEsp2
1772497

1.214Fepa

T 3a8regy
3.388F 00y
2. 341F4n
2.511Ce8y
T 103Feng
8.un9Eenp
P 8THEapg
l‘bﬂﬂr'no
1+870F+ap
a,eaaE-oz
l.DHoE-Ol
lt’USE'ﬂ‘
141°97E-0y
[:013F=0y
8,208Fupn
b 1A5Ep 2
!*bnuE.oa
1,908F=g2
2,851E-pp
B 8T1E-pg
1,900F«03
6.5558-03
4,258Fepy

u

1 826E+02
1.693E49
1.208F+9p
7;3?oE¢01
3.375EO0I
2.334E4p,
Z.SnVFv01

T, 098Feqg,

B,388F4q0
O.Buaztuo
14705Fe gy
14892F4py
8,8%rapp
1.091€eg}
1430%Fap
$,199F 24
1.015Fmay
8,27 Fapa
b,212F=np
3 830E=n2
1e971E=92
T B2hEapp
1,028Fape
1.870Fapy
3, 2¢5F=py
3.T85F=py

GROUP CUANTIZATIAN ERAOR .
VELDCITY Farimarey
R D

15708802
7.52?E¢01
a.uzquo|
1.620E¢0|
I.ISHEOO|
9,22%5.00
9.6??E¢00
ﬂ.ﬂ?nEtOO
5.95°E+oo
5,893E,0p
l.nosE‘oo
aovblE‘UO
14575E=0)
!.TBUE-OI
!-lbﬂf-ﬂl
I-SO‘E-G[
1.%30Fap,
1397Ewp)
1.,498Ea0
Le711Eapy
1.885Fapy
2.220E-0
2.2205-01
2|75PE-01
3.#175-01
n.zsre-o:

v

I.Tb?Eoe?
Ao36bEsgy
1.9?9500;
I.?bSE#OI
ﬂ,bJTEooo
9.0055‘00
1.ua55¢ol
S.POSEOGO
8.54pEwpy
3.2%E40y
2.0uTEsgp

Y.581E+0p -

ﬂ.]lOEnOE
fab88Fapy
'-l“SE'Ul
1+%09E-9y
1.349Eapy
1.40tgepy
1e890E-py
I.?lﬂf-ﬂt
T408GE-py
2.22{5'01
2,221E0y
2.7535-01
Y.458Fa

8,256Empy

¢

Ly813reg;
b‘ach+D|
8,591Fep
1,957toog
lqﬂaafooi
7,50354@
1y2?2Ee0y
€ 129F 40
3.172E+04
3,300[009
6.53&F-Of
54315Fap
6,055E6=0>
6,2%92Fap5
10382,
b‘Tan-na
S.ath-Oa
n.?vof-op
4,230F0p
I.SIIE-np
2. 877Fps
b4707E-02
61705r-02
E‘ZTHF.o,
Je905€ep]
S.SQVFhoz

W

14663E492
¥.382E4pF
hngTE*Ul
1‘938500|
14626F+0
7,S08F4+0p
5. 15Fv0p
5,.875F40p
S5,003Feg,
S.RBYEeq,
3‘2705400
L PLLTT T
1 4Torm0)
852580y,
b, 4S8 wpa

8.545Fmp;

5.855F-0p
4,853En0p
4214F=gp
3. 548Fap;

'a‘Qoar-op

b bRUFep>
b 4A4ELgp
Z,273Eapy
3,90uEwg

5.5095-0;

!.QIGE-D!
E.?GnE-Gl
2.002!-0!
I.GOUE-OI
1.209F=gy
1,785Ewpy
1.7227Capy
1.435g-p,
1.290F=94
1.,702Ee01
Q.TEPE-ca
4,958 mga
ﬂ.ﬁElE-aZ
2,1T6Ewp7
P.E&QE-OE
S.TUuE-oz
Heb10Eupn
S.415€=p2
6|?205‘D?
7. 005Emp2
T.QBTE-OE
8,902Faps
9.17bE-02
S.001kwap
1.670Eaqp
T.597Eaps

u

$.%66Eag
2:315Fapy
Z.O?ﬂE-OI
1.393F2gy
!.EGBE-OI

$.2826epy

1,225€2py
1.434gngy
1,28% gy
1.200Fmpy

FeTitEapy-

4.9“35'02
0,821¢ap2
2,118Feqp
a.arnzfne
3.?“?E-02
dehl3tugp
S.417Eapp
5.329E-DE
T.obBE-DE
7;99|E'02
8,908Fa02
0.1805-02
S.UOSE-OE
!.67}2-02
Teb02Eq3

I.TBSE-UI
1 0cuFepy
2.162E-01
2.071!-01
1.624F=qy
?y320F-p2
Tob3iF=gz
4,599 a0
b.725Fapp
5,8%7Fwp2
6.832Fey
T 7TBEaga
5.?16F~02
3, 2%8Fapz
z.aaar-oz
3 ST8Fag
4.877Fwp2
S.106F~pz
8. 490Fupy
7.ﬂllF-32
G.SODF-GZ
9-12“5‘02
°.IEHE-02
P 2Y0Fmg2
P.335Fep;
V. 438Fmpp

A

2.307Fapy
2.1715-01
1,2!2F-ot
x.S?aEtal
190?25’0’

%.185E=92

. Th2Ep2
$.337Fng2
T ObE-p2
B8.928Eupy
S 9T6F~g2
H.TEIE'OE
Q,292rugy
3, 104Fap)
2.,813Empp
3.997Fwpp
4.942F-p2
S.V82F.02

8,507Ep3

Ta39UFmga
8,349Fmp2
R I15E~02
9.115F=9p
9.2205“02
9.324uFapp
Y.420Eep2

ERROR
c

2,470kw0y
2.550F=p]
2.3f6kany
2,086E-0)
2. [81E=0¢
I,533kapt
1.473F =0y
1,030E-91
P.341E=g2
9. 556F02
b.088F=02
.8.,513E=-02
2.TUSEwp2
2, VPhEwpp
J.1TTE02
S.073E-pp
'6.72“5-02
a.u1os-oa
1.010E-py

L.219Emgy

1e438E=0y
lebtbEwpy
1,814Fan1
!,629E~Ol
1.84tFwpy
I.GSJE'OI

[

1594580y
1,939Ew0y
2,934Eeg)
2,490E=0)
2,521€-91
1.545E20)

'I.SGEE-UI

f,047E=0y
B,4S52E-pp
Tebt8Ewp2
8.9448-02
TibbiEag2
4,040Eag2
2,63 1Eap2
3.208Em02
S.087TE-02
b.6TUE=gD
B.370F-p2
1.013Fa0,
1,220E-04
$e439Eap]
“lebd17Ewpy
l[ﬁl7Ew0I
14629Fepy
1.841E-0y
Ly654E=gy

PLATFORM Tp0y ESTIMATE
R - D

E.SG“E'DT
4,391E~06
Teb24Feps
FeS3%F =00
9,013F-Ob
1.337F=p5
1-3505-05
1,40EFwpg
1.370Fwpy
1.343Fays
1.341F=-¢5
$a452Faps
1:5312Fmps
1 730E-05
1. T1TFg5
1.718Eeps
1.7{95'05
1.,721E-95

l,7226=p5"

14724F=p5
1.72%=ps
1.726E=p5
$aT20Enp5
1,727 g5
{a7275-p8

1172?5'95'

v

" 1.638FEwp?

4.314E-95
7.7[0E~0&
9. 471E~04
$.550Emgs
1.334F-g5
1,3798ups
L. 010Faps
1375 vps
J.3udgags

SwIATERDG

liﬂﬁGE-GS
1.%0tE-p5
117“15“05
1.727F~05
1,728Faps
1.729F-ps
1729 wps
14730Emg5
LeT31Enps
1.,732F=95
1,712Ewps
1a732En05
l-?SJE-OS

«733Emps

1
14733Empy

2,657L=D4
4,595k n0s
S5e913Ewpy
T4 889Empg
9.223En08

"1.11SE~05

1,143Ewps
1.706E-p5
1.738kmp5
14895Eupy
2,333Ea05
2¢835Fays
2.987Ewpy
3,586Ewps
53,9598 05
3.959E-05
3.959E-05
3. 95EEp5
3,958Ee05
3,958E-gy
3,957E-p5
3.9576ups
3,997t mg8
3,997Eags
3,957Eepy
3.9576 w058

v

" 2,238E=p4

8,245 =0p
TalS3Eapy
TeB05Ewpp
a.aaoe-oe
311525'06
9 955Ea0
1.256Ea05
1.436Emgs
1,989E-05
2.!00E~05
2;37“5'05
2.830E=05
3.618E~p5
4,012t -p5
3.933tegs
S.910kwgs
393t keps
3,951E05
3,95%9Eap%
3,958k wgy
3.954Le05
Ye956kuwgs
3.958En05
3,958Emgy
3.955Emp5

X

4,393Fa97
1aT8uEwpy
Setiotags
B,5%7f=04
S.682F-0p
5,35uFagy
6,558 mtb
1.i35E=q5
1443 Enps
1,790 F=p5
1,826Eag5
1.795E«05
2.041E-9y
2,508Em05
2.591F-05
2,8%0Eap%
2,890Ewgs
2,890Eapg
2,884 Fups
a.aﬁﬁﬁ-os
2,888f-p5
2,888Eag5

-2,488F=g5

E.Bﬂdfbos
2. BAEEmgS
2,880Fapy

]

1.511E=gp
2y042Fapy
T, 129Fa0y
6,991E-04
8,5T4Egg
P 3464Empy
a.b3cE-06
1,617Eaps
La760Eps
Lie0tEags
E.GHSE-OS
2. 123Ewpy
2,24T7E~q5
2,435F-p5%
2eB1iFaqy
2,920F~p5
2,950Em0y
2.9225-05
2.8%UF=p5
2.BBAE-OS
2,883E.p0
2,884E=g5
2.&805-05
2,88aEm05
2,886Faps
Z,BBbE-DS

ALTrrUOE
AATE ERrDA

2, 143Eegy
R UpbEg]
2e052E=0¢
l.“ﬂSE-OI
1.2028-0y
1.2800Ea9]
1e225Eepy
I.ﬂ]ﬂE-Ol
1.2835-01
1.2005—0!
9.?:55-02
9,940EF-p2
a.S??t-De
2,178Ea02
2y bT0Fwg?
3.Ta%E-02
4,813Fp2
SrU1T7E=pp
8y 229Fn02
Te0abBLwg?
T.99 Eup2
8-9005-02
YelBl1Eap2
S.OabE-DE
1.673Ewg2
T b0UEugs

B4MM4 Emrgr

3 4ulEegs
3,39“[-05
ﬂ.SBQEvGS
4,253Emps
3.0538mp5
S.36%Emps
Te89cEa05
1,306E~p0
14599Eapy
1,869Ea0y
l1abs820py
Bl!bJE-OS
7-286E-05
3e750E-0%
4,645Ea0%
6,591k-05
8pbysEaps
1,064Eapy
f.258En04
1,895Eagy
Z.OSTE-OH
E.BQGE-OQ
2,933Eepy
I.&abE-OH
5.702Ee05%
2-5555‘05

VELOCITY
MAG Eraga

2y 3u4Empy -

2,195Fa01
$.183E-9y
i1.5t0F.0¢
1,0%¢Eeqy
B.81%5c.92
V,.6217.9,
745528t 2
¥,269E-p,
545802
5,0776-32
4,B08Fagp
VelT1E=p2
3.120E~p2
2 TuTEpa
3, 922E-02
4,883E-02
5,502€.n2

b,105E-92-

T4e063Emgp
8,250Emn,
9,0bﬂ£-02
Y. 064502
Fo199Funy
9.319Enp2
9.“2#5-02

F3I ErroR

J.O?SE-OS
3.183Eups
510905-55
T.lTIE'Os
TidbsEeps
ﬁ.HGHE-Os
0,569[-05
l.@Baf-OH
Vol8iFagy
1.312['05
1,188Fapy
1.35?E'°a
7.!625-05
0,?35[.55
b,073Fapy

AT TR

L,300E=04
1,880Emgy
2 108Ewpy
¢ Subfagy
J.b5Suf-gg
5.:355-04
S¢138E-24q
S,317TE-p4
S.SGGE-OO

5,620 wpg

IS



¢1-9

TIne

1a32,.00
1432,00
1499,00

1550440

155¢8,00
1610,90
1870,00
1736,00
179¢.00
1838,00
1836,00
1846,00
184b6,00
t8bt,00
1AT4,00
1084,00
18%4,.90
19049,00
1914,00
1924,00

T 193400

1943,5¢
1943, 5%9
1944,50
1945,50
1944,50

FInE

1832,00
1832.0¢
1499,00
1550.00
15%0,00
1610.00
1876,00
1730,.00
1790,00
183s,. 00
1836, 00
1846, 00
18us,00
1Res,00
187a,00
1864,00
18%4,00
1904, 09
1914, 40

19246,00
C193a,00

19u3,5)
1943,5%
1%4g,5%0
194%.5¢8
1946,58

GROUP 2 ACCELERDMETER BIAY

POYITION ESTIMATE
” .

5.558E+92
S.4TiEep2
2,028Een2
3.615€402
LJO08E+pn2
1.752F+02
1.B41F¢p2
S,I96FE+01
S.U9TE D)
6.576F+01
9.222E¢00D
B,a81E+qp

c 2 Ub3fapy

3.319E=p1y
4 ,32GEnpy
J.9hz2F=0y
J.201E~=py
2,815E=
1.%uSE=ny
1,143F=01
b, 1TuFep2
1.382E-01
14553E=03%
B.6TpE=p2
3.391E=-02
|o§35£'°2
v
b,Gb3E+02
S.531E+g2
4,010E+p2
3.601E4p2
L bA80F+82
1TUTEXp2
1,858E+02
3, 199F 0y
5,4B0Fen)
b.554E+p)
Sa310E+0D
RaS0TEes0
2,451E=0¢
J.3defepy
a,322k-014
3.%01E-0
3.283F=p}
2 b20E-"04
1,953E=01
1e150E=p1
b,308E=-02
1s372E=91
Q,424F=11
B,BTQF=g2
3,875£=02
1.954E=p2

0
2,231E40%

6,333E002

1.4B1E402
Gab2pE+0Y
F.372E+01
4,560FE+91
b,4inEwDy
31,4776+ 01
Uy 1HBE¢0Y
J.T6TE+9
2e0R0E+0L
2.43RE+ D)
T.B8b4E=01
B,06%E=01
4,870E-01

S 4,9B9E=0y

S 1T2E=n1
3,580E=-01

&, JUiE~p1

T BULE=01
Get20E-04
1.090E+00
1.094E+09
t.335E+00
1.703E400
2e138E+00

Y

8,195E+0%
6,575E+02
1.255E+02
8,90%E+0y
2.23I5E+0
b.811EsD)
1.006E¢02
Q,2b9E+01
3.75TE+014
f.258E+9
To117Ee9
11095E40)
10983601
Te385E=04
8,063E=01
Seif1Ew"0t
5.175E«0!
5. ATTE=-01
6,351E=01
T B29E~0Y
Q. 110E=01
1,096€E200
1.,095E€400
1.340E+00
1.,709E+00
2.,185Z+00

FRROR
£

q9,043Fs0%
9.8%uf«p)
M,215F+0>
1.875E+0
1.399E+02
T.038F«Dy
9.858E+0
2.981F40y
6.026E4 09
2,635E40¢
3,928E+pp
1.821E+09p

S.791E=01 -

1.,209E~04
3,31 0E=0y
S.065F=0y
4,3U9E-pg
3.,69TE-0]
3, 114€=0y
R.569 =0y
2,10bEafy
b,b03E=0y
5,801Enpt
2.347E200
4,0008F+0,
S.764E+0y

L]

2.300E4D3
9,636E402

. 3.422E+0p

1.8%4F+0p

1, 4B9F¢ g

B,1U8FE40y
b 1BUE 40y
1.653F40y
1.952E+0¢
4,U%0E¢py
LaT3LEs0y
1.7572+0y
9,5846F w0y
5,087F=0}
3.,805€6-~0y
4,942E=04
Q,09uF=9y
3,5048=0y
3, 089E-0]
QL 819E-0y
2,1560£=01
6,57 1E-0y
6. 5TIE=D¢
24YUUEqq
4,0ubE+9y
S.T62E+0¢

VELOCTTY ESTIMATE ERRQR
R ;]

3. T54E+88
1.T37E+00
1,082E400
7.579En0pt
2.58UE=Q
1.32TE=01
2,2T1E=D)
4,085E=01
U,955E=01
S$.553E=01
3:.875E-01
Pab53Empy
2,500Eepy
T.033E=0?
B, 764k=02
1,509Em9
1.888E~g
2,iF1E~0L
2+542E=p1
2,97156-01
Y.564EnDt
d,1BbEwyy
4,125E-0]
2.337E=gy
T.264E=p2
1.,958E-92

v

3,723E+00
17038400
1,064E+Qp
T.5t2E=91
2.5B0E=01
1 JUTE=01
2,25%E=01
4,093E=0¢
4,953E71
5,5u4k-9)
3, 872801
2.4850Eepy
E.502Ee04
T.077Emg2
B,810Emp2
1.517E=py
{,B899E ety

- @eR08E=01

2,560E-01
2.993Eep
3,5%1E«m1
4,218E«1
4,353E-01
2.369Eapy
T+SB1EaQ2

2,203E~02

§.792E400
6,503E=01
1.300E+00

1.0B0F+00

1.0a8b6E¢00
4,37BE=p1
2¢305F=01
2,1757=-p1
2.281E=p0Y
24579F =0}
2, TASE=qy
J.175E~01
235160
1.5T2F=0y
1,209F=21
2.011F=p1
2.550E=0}
3,036E-9)
3.4B0E=91
4,029€=01
4,608F=01
S5.006E=p)
S.000F«p
S.07TE~py
5,150Fwmp1
S.222E~pn1

¥

2.321E%00

1,9628¢40¢
1.123E+00
6,720E~g1

$.835EmGt

S.1996=91
5,359F~01
3,156F=p}
5,038E=p}

8,524F=0t.

LY LET X 1Y
3o 1taEnny
2,817E=01
1.81%9E=01
1,354E=01
1.9n7E=91
2,4b6F=01
2.%80F =01
3,472E=-01
W QU3Ewpy

4,6t8FE=01

S,006E=91
S.006E=01
S.080F=p}
S.153E-01
5.22“5‘0‘

L

3. a31E+00
2.bUAE+Q0
2,185k+00
147258400
1.650E400
t.138E¢00
14139E+00
b,030Ev0y
TeT34E=01
y1B5E=0Y
d,Tu6Empt
G, pTUE=GY
2,332E-01
1.732E=91
2,3715=-01
4,342E=01
b,0%1E=01
7,938E=0¢
G,8TRE-QY
1,221E4008
LUTUEXQD
1.,680E+00
t.080L400

"1,b695E400

1.709E+00
feT23E+00

L]

3,136E400
1.,921E400
Ce289E 400
1:923E+00
$.878E400

1,098E+00

1,012E408
S.574E=01
b,29T7E=DY
8,2G0E=01
3,640E01
4, 100Em0Y
1. T00E=01
1.869E=~01
2,315E=-01
8,358E=4¢
by [ 2UE=01
Te956E=01
9,870E=-01
ja220E400
1,473L+00
1.6T9E+00

T LATRERQD

1.698E+00
1.709E+09
14723E+00

PLATFORM TILT ESTIMATE
R +]

e1bIF~pT7
4,14lE=05
TalS5E=DY
8,714E=05
8,a7%E=05
[.002E=04
1,07dE=-04
1,080E~04
F,974E=05
9.213F=05%
T l66E=0S5
LagdbE=08
1,133E=04
1.337E=04
1 341E~04
1,342E-04
1.353E=06

1,344E-04

1.30%E=-04
1,34bE=D4
1.3U7E~04

14348E=04.

1. 348E=04
1.30BE~-Q4
1,346E=04
1.348E~04

U

9.154E=pT
4,156E=05%
T,06%E=05
B,643E=05
B U0%E=05
1.05TE=-04

1,073E=-04 .

1.087E~04
1,0CUE~D4
F.291£«03%

P.2028w09

1,058E~p4
1,145%E=04
1.3528=04
1,356E=04
1,357E=04
1,387E=04
1.357E=Du
1357E=04
P e3STE=QG
1.358Er0y
1,3548F=04
1,358E~04
1 ,3SBE=pu
1.,358F=04

1.358E=04

1,27SE=QS
5,552E=05
T.578E=(S
B,827TE=0S
S BRUE=(]S
1,09%E=04
1,006E~0u
1,575k=04
1.603E=08
1,815L=04
2,261E~0U
2,600E-04
2s918E=04
J,db1E=Cd
S.B40tugy
3,839L=04
3,839E~04
3,04BE=04
3,B3TE~04
3,837E=GU
3. 856Em=02
3,8358=-0u4
3,835E=04
3,835E~004
3,B3Skepu
3,B3SE-Q&

¥

1,036EnpS
S5.3748~05
T+4T1E=05
8,649 =05
9, J89L~DS
8,321E~-05
F.682Em05
1,203E~04
1, 48UEmQAY
1uQUBE=0u
1.1463Ex0u
1,714L=04
2.046E=04
J.01TE=04
3,763E-04
3.546E~04
3,853E~04
JB46E~04
3.838kw0g
3,830E=04
31,830L-04
3.83LE=DY
3.631E=04
JyRI1E=Ca

J.B32Em04

3,832E=~904

.

4

1.680E=08
1,5T1E=05
#,37T2E=05
d,167E=-05
3,69%E=05
2,9545E-05
2,523E=08
5,1R3E=0%
T,07T2E=05
F,442E=0%
T.589F«05
G,0UlEeDS
1,037E=04
1.369E~00
1,665F=0u
1.454SEm04
1,648E=04
1,0dlEwgu
JL.087EnGD
{od8EmDL
1,669E=04
1.650E-Du
1,053EnDu
1.,050E~04
1,650E=04
1,550E=04

W

7,650E06

4,052E=0%
4,0B83E«05
4,621E=05
4,939E=0%
7.831£205
S5.7ulE=0%
1. 0%uE=Du4
1,05dE=04
1. 729E=04
2,15%9€E=04
2,1TuE=0u
2.3 5E=0U
2,184Fw0U
1,802E=0a
1,617E=04
Lob00FEupn
1,016E=04
1,661E=04
1,654F=04y
1,654E=04
1.651E=04
1.651E=04
LabS1E=24
1,050E=04
1,650E=04

ALTITUDE
RATE ERROR

2,50TE+00
1.546E200
1.087E+00
Te583E=01
R.591E=01
1,200L=01
2 2ubL=014
4,075E=01
4,9u2E-D]
34+541E=-p1
3,870ED}
2+65FE=01
2eSu2in01
T.0786L=02
B,811E=02
1.517E~0Y
1,B9%E=01
2,208E=01
2.560E=01
2, 998E=01
3.592E-01
d,218E=0]
d,353Eap
2.389E=1
TiSBE3Ea02
2e2blbep2

T GAMMA ERROR

Ge156E=04
2 b158=04
2.58LE~04
2,274k w03
8,253E=05
4,734E=05
1.823E-08
3. 3ubk=04
S.695E=04
SebIUFE=0U4
S, 319E=04
3.018E=~04
2,882E=04
3,823E-0%
1,723E=04
2. ToS5E~04
S 812E=04
3,25bE~04¢
5.276E-04
4,31bE=04
F.181E=0Q4
1e3UUE=(]3
1,387E=03
TeT62E=08
2.58%Eug
BylokE~0S

YELOCITY
MAG ERRDR

2.259E+ 88
1,951E+L0
1,0815+00
b, 3TEE~D]
S.71CE=
5,2480E-01
2,07iE=01
3,779E-01
2,702E-01
Fe590E-0t
4,5TbE=D]
3, 69EE-nt
3, MB3ELy)
1.868E=01
1,280804
1,923E~0y
2 HUSE=D]
2,895E€-03
A0100E=01
3,%308-01
4,5%91E=p]
,997E=01
4,99TE=01]
S,075E=01
S.151E=01
5,224E=03

P31l ERAQR

5,513E-04
3,18EE0u
4,78tE-04
5.53(E~-0D&
5,395FE=04
4, 507Eea
6,583 =08

S,77aE=00 - -

B,66uEe0a
T dboE-tu
LTSI T
T.264E040
3,096E-04
2,757EnCy
4,180E~54

8,227E~04 -

1.193E-03
1.603E=03
2,05cE=03
2,5USE~)3
FLT40E-C3
5¢337E=53
S5,337E-8)
D.529E=03
5,729F=-03
$.855E=03
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GROUP 3 AcCPLERDMEYTER SCALE FagtOR : . - ) )
POSITION EaTIMaTE ERRORA YELOCITY ESTIMATE ERAMR PLATEORM TILT ESTIMATE - ALTITYUDE YELDCITY
Ting R ] 4 . R ] t R . [ € RATE E4RQR  MAG bRaOn

1032,00  a,182E+03 3,507E+03 8,U85E+40Y f,428E401 2,241E+00 %,709E400 U 493Emie B, 24TE~0S $,09%Ew06 1,182Leqt 2,403E¢0p
143200 Y. 799€+p3 1.023E4p2 1.393E+01 S, Us1E+pp T OUBEmp 3.228E+00 8,294E-0% S,03tE=-05 1 .B9%Enis 91028400 147T7EeD)
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1610,80 - 2,.%22Fep2 2,916Es0y 1.227€+0 1,858E=g} 1.ub0E=0) a,8p08-01 H,262E=05 8,9p1f=0g 2,121E=85 1,33%E-01 2,4%50E=01
870,00 T ATIEC0L  3,788Eep) 5.265E+09 S,047Empy 1. 128E=0)  6,457E=01 B, 090E-05 4,843L=-p5 2,50%E=05 5,002t-q0] 2,851k
1730,89 2.465E¢81  2,215E49y 1.856T 401 &,250En~p B.1556-02 S,118E-91 8.273E«05 6,769E~96 3.792€-0%  u,292p-01 14803E
1790, 80 2,800F+01 2eiF1E+D] 8,%75E+00 3.0206-01 @,170F-02 S,080E=0) 4, p56Fwps b.993Lw05 4,550z mpy 3.019E~01  2,%135-94
183,00 3.142Een¢ 1.70RE 0y LLUTOEYy  2,328Fpy 1.20TEm01 4, 2ugkugy 3.038E-0% 7, 014Lap5 5,879E=05 2,355k a0y 34T59E=p1
1838,00 4,33%c409 9,50 1E+00 1.83uE+vdy  2,052E-01 1.520E=01 1,886E=01 3.915E-05 1,0136~04 5.,408E-05 2,0453tp) 1:232E=0¢
18as,00 4,086E¢pp 1+180E90y 1a031E40p  8,8372mp2 1o689E=01 {,498E-py Y.282€-05 1,119k=q0a 343ALE~05 B,829Eeg2 B,7078=02
1846,00  &,526€-82 3.689Ea0} 2,U056-01 B,31cF=0p 9,924F=02  7,520E-02 4,03E~05 3, 243¢m04 S,932E=-0%  8,311k=02 8,1 29E=02
1880,00 1,957E=01 3.8B0Eany . BUREL)  |,152Emg2 b,U8BE-g2 b,165E-02 S5.38L2E-05 f,435F-04g 8,807E.05 {1, tH1E~p2 5,1995ap2
187a,20 2,089£=01 {,707E-01 8,63BFmpp 2,23(E~02 A Ub3Eng2 8,79TE~02 §,220E-05 1.575E=04 7, 620695 2402558402 3,d602-02
1884, ,00p 1.861F-01 24U5SE-yt 1.596Eap, H,160E=02 T,025E=02 1.595Ea01 $,228E«p5 1,576k -04 Ts015E=05 Uel92b=p2  7,2225ap2
1894, 080 1o373E-01 2,417E-0) 1,364E=01 5.2B5E=02 9,325E-02 2,18BE=01 5,234¢-0% 1,5T6E=04  T,011E=05 5.3156-02 9,7c0Feg2
1904,0p 1.0bBE-01  2,350FEapy 10153620y 6,5238092 1.183E=01 2,798E-04 S.2UuE~05. § 5TuEwqq T 80LE~0S  §,502kmp2 el 31E-y
1914, 00 Y.327E~p2 24102Epy FT0UE=p2 B,156Emp2 1odUbE=g1  3,433E=01 5.E5ZE=05 1,578E-py 7,601E=0% Bylobe=gp2 1h207E-0]
1924 90 4, 097Eap2 $1,899Fa0 8,055E~0p §,029E-04 1776601 4,218E~p] 3.260E=0% |,578E-pq T.598EmpS 1,029k =01 1,b0BEnDY
193a,00 1:813E-p2 1,8204E«0) b,8TaE~pp 1o321E-p1 2.425E=81 5,057E-D1 5.268E-05 1 ,878Emqyq 7.5%1E=0% 1.3206-01 2,p57Em0g
19463,59 5,308F-02 2, 122E=81 2,282Eepy 1,57 1E=Dy 2,39% g1 S,723k=01 $5,276E=05 1,576Eepy T.587Em0S 1,539 a1 2,569E0y
1943,59 S.587E=094 24123E=py "2.2B)1Emgy 14b43E=01  2,399Fapy 5.723L#01 5,276E-p5 14576E=08  7,%87Ewp5 labubie0l 2,389E-p;
1944,5p 3, 42ugepnz 5.797g=01 8,03¢0E=0y 9,029¢-02 2,422F=01 S,773E-D] S5.2776=05 1,S8TE-py Te288E-05 9, 605E-p2 2, k0ufay)
1945,5) 1.622E=p2 b.02tEwqy 1.383E40p  2,997Eapa 2,44bEm0) S, B23Fag] 3427BE~05  {,578k-04 TV9B5E=05 2, 945Fupz 2y43uEwpy
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1432,00  4,S11€493 B,188Ee03 3.757E+0% 1.419€%01  2,900E+p9 S5¢619€+08 1 ,504Emgs b,607E~0S §,029E-05 1,908E~03 1, puzE=p3
1432.00  3,828E+p3 Pa079E002 1, {15E40y 3976400 2,098F+q 2.800E400 4,486£~05 &,207E-p5 4.127E=05 1,5(26u03 4,935E04
1890,00 2.852F403 &, 315E¢02 B,4tkEs0p B,510E400 2.295E+09 14020E%0D 3,682E=p5 2,172E=05 5,452E35 L.d18E=03 2,335Eapy
1550,80 L,U20E403  2,939c493 2,483E402 3,3(5E49p 1.930E400- 7,823E=01 2,B49E-05  &,980L-05 8,3206-05 |,008E-03 2, 24TE-D4 .
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1730.00 2 Ub3Eep Y 2.03TE+0y t.T00E+0, 4,.252Empy 2,691E=01 §,0432E=0] H,290E-05 &,S57eE-0% G AS6Em0Y 4, y58E-py 6.592Ea04
179¢,00 2,7905+01 2,9T3E40y F.667F40p 3,019 ~py 3, 0U2E=gy 4,14TE-01 &,08QE~DY 5.008Lkm(5 b,062E=08 4,230k04 SeTG8Eapu
1836,00 .13 Espy S.u05Es0) 2,120E+0y 2a)2UEwgy 3. 780E~py 2.PB9E=0L  3,98%EmgS Ti4BTLwpg &,212E~05 3,B3%9E~gu 3.921Em04
183,00 U, ATTEC00 S, 2uuF4gg 8,157r+0p 2,.052E-01 L a80Ea0t 1, 903kwgt 3.95TE~0%  7,957ka08 B,254E~05 3, 8516290 3,320k=0u
UL Y] 4,137E400 8,323E+0p B.40uf+0y 8.,817kuyp 7996602 2.q128-01 4,328E-05% §1,028Ewgk 6.937E005  1,343Ewpg 3aTU2E-CA
1848 6p b,529F=02 liuBbE-g¢ 4,145E=0t 8, 3f{1g=gp To151F=-02 F,020E01  4,888E-095 L1, 180E-04 7,391E~05 1e234Em0d 1, 807Emgq
18ap,00 1.98%Ewgy 3.382E-0) 2.002E201  1,182Enp2 S.177€~02 7,278k=02 S,43EE=05  §,48%E~gy S.663E-08 1 ga3Eegs lilesEany
1874, 00 2,08%F-n1 . 1.598E-01 1.052€«0y * 2,25ug-q2 3,999Fw02 9,011Eap2 5.272E=05 [,818E-04 0,842E«05 U 23ubwgh 1.707E=qu
§884,00 1.6620=01 24501E=py 1.5238~0y 4,192E-p2 T.300E002 1,581E~01 5,270€-p% L1+55BE=0ua TeFI5E=ps Trvap9L-05 2,9B5E=04 .
189u, 80 L.37SE-01 2,4956a0y 1.221E~01 5,315¢wg2 1.020E=01 2, 1u8k01 5,280k=05 |,Su18apg 8,250F =05 {,0aTE~04 4,183E=pa
1906,00 1.070Feny  2,38KEap) 1.0T0E=01  6,542Fwp2 12496201 2,789Eap1 5,289E-05 1 ,557F-py Te958E=05 t,548E-04 5,5795mp s
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1943,59 1,703E=1y 2.128E=01 2.2T9E~01 | ,849E-91 2.30TE~g} Se7T29E=01 5, 3p4F-g5 1e576E-04 To584E=0% 5 agpg-pg 1,821E=-03
1944,%¢0 3, 3608-02 3. T92E=p14 5_0325-01 ?,005€-02 2,412Feg] S.778L~01 5,3peFecs 1.576E=04 TeShaE=~ps J.004Egg 1.9B6Fan)
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C IG5 6.309F-pY 8,380E-51 1.9698900_ 2,802E-93 S USEE=pY 5.875Ew01 5,3¢5E«p5 L1457SE=py ToS6%E=05 3.B76Exps W 997E=03

NOILYEOSH0D SIONIISS SILATYNY S




P1-D

Tiwe

1432,00
1832,.00
1490,00
1550.00

" 1550200

1810400
1670,04
1730.00
1790,400
1838,00
1838 00
18ub, 00
1848,00
1860,00
1874, 00
1884,00
18%4,00
1904,09
1914,00
1924,.00
$1936.00
194350
1943 ,5¢0
1944 ,59
1945,50
1948,50

TIHE

1432,08

1432,00
1490,00
1550,060
1550,00
1610,00
1670,0¢
1730,00
17%0,400
1838,00
1836 ,00
1848,00
toun, 00
1Ruf, o9
1BTu, 08
18Bu,09
18%4,00
1904,60
1914,00
1%2a,00
1934,00
1943,59
1943,59
1944,59
1945,50
1946,5)

POSITION E3
L

1,053
1.0136483
TetErp2
b,2T77eep2
1, 90%F+02
JLu2BEep2
1.,529E+02
3.13uEegy
U, 947E+91
S.%0uF+0y
9,579 +00
9,6L8E+00
2,805E=01
S.U80Fe01
H,BI%Fant
4,362Em81
3,697Fany
3,019E=01
2.289Fepy
Te3186F=py
T+3B2Fup2
1.050F=01
1,905E=03
T.ST8E=02

. 3.184E=g2

1,516E=02
[}

1,092E+03
1.012E+40)
T.651E+02
d,2b1E+p2
2.9597F+02
1. 424E+p2
1,827E+02
J.1l6E+p)
8,930F401
S.8830+p)
F0T3E00
V. TEaE+p
S, B09F =iy
%.512F=p1
4,B42F=p)
4 3T0F=01
J,707E=01
). 0% 1E~p)
2,282F=01
1.328E=n1
T+S34E=02

1.05tE=p1"”

J,390E-11
T.425En02
3.336Ew02
1.350E=02

GROUP & ACCELERNMETER WISALJGNMENTS

0

1.037E+0%
G2 055E+02
2+252E202
A,555E+0)
5,924E+0y
A4,716E+01
S,948E+01
3.310E’°l
3, 978E+01
Jab11E+p1
20158£001
2:TME«D)
&,203E-01
1,385E+00
5,270E-01
b,bUQE=pY
b, b95E=p]
6,861E~01
Tel99E-01
B,0TUE=9

R OURE=D

1,19BE+00
1,198E«00
1,830E+00
2,613E000
3,455E+00

¥

1,679F+0%
2.040E+ 02
1,155€+02
9.,808E491
S, 2176401
Se511E¢0¢
B,9u5E40
3, auE+01
Y, 803€40)
2+183E+0
t,175E«0¢
14T 3hLe0y
3. UTE=D]
1.30TE+00
4 BT1ES01
6,752E-01
6,879E-01
b, 951E=G1
Te207EwQY
8,055E~=01¢
9,033E-04
1.,20CE+40
1.200E+00
1.933E¢09
2+817E400
3,858E+00

TInATE ERROR

[4

1.7t7E+03
J.991E+0p
1.515%E+p0>
1.0TUE+)
7,543F+0y
S U5)1Fepy
8,228E40
2.8935&01
1.378E+9y
2.9TuE+pDy
4,03S5E+09
2.591E+00
5.5%94E=py
2.153F =0
3.,329F-01
4, 976F=gy
8,272E=~0y
LT YL
3,051E=0y
2+515E=0¢
2.061€=0y
65, 235E-01
6,233F=0)
2.225E+0p
3. 8U0Ee0p
S.Ub9E200

w

1,061£+03
S.152E+0
2,576F+02
1.026E+02
8,231F0y

4, TTTE+0y

R,8%2F+01
1.,B52E+0)
2,213E40¢
. 180E+0y
1 BUSE+Dy
1.938E#0¢
9,109F=0y
5.025E0y
3, 886F=py
4,821Fapy
3,959Ewgy
J,UGLE=~Qy
3,021E=01
2.,568€=0y
2,115E=0y
6. 200E=Dy
G.204Eety
2.222E+09
5.638E+0p

5.467Ev 00

YELNCITY £3
R

3.35%E+00
2.09TERDD
2.0T9E+00
1.4b%E+«p0
8, BRuEupy
b,1u4% =gy
5.599F~01
S.40tE=01
H,931Ewpt
S.083E=gy
3,862E-01
2:T13E=01
2a472E=01
9,139 =02
8,150E=02
1.320E=p4
1.55%Ea0t
1.739E=01
l.99IE-01
2|3“b§'01
2 94uEngy
3,52%E=0t
3.720E=-91
2,0176=01
$,153E02
1,98 (F=02

u

3,339F+08
2.482E400
ZL061F400
1.85TE+0¢
B,150Emp1Y
b,132E=01
5,5876-01
S,d00E-01
4,930F-p1
S,0TBE=pt
3,B55Em01
2,721E=01
2 HHOE-DY
9.226E=02
8,209E-02
1,329€E=01
1,57T0E=pt
1,753E=p4
2. 007E=QY
2.3b0Ewp|
2,903E-01
3.643E-Dt
3.T40E%0]
2,037E=p1
6,51%F=g2
1,988E~p2

o

2.32BE+00
1.778F 400
l.1U3E+ap
1.239E+0¢p
1,067E«pQ
$:235E=01
3,907F=01
3.6B80E=0
8,434E~p}

-S.040E=01

U T9TE=p}
9.565F =91
G.1B0E~0}
2.615F«py
1,%23F=0}
Y.134Empy
4.050F~p]
4,911E=p1
5.730E=p1
b.T6SF=0t
7.87uE=gy
8,40ug-~01
B,b0UE=DY
B, 727€E~0¢
B,Buvffoi
B,987gm01

v

1.919£¢00
1.032E+00

T.9USE=pL

MLLEIEY
7.250E~01
S.37SE=py
S.905E«01

U, 153F-0

5,877e~0¢
8,875E~p1
G,b45F=py

4,207E-01,

3,8b6F=01
2,649 =01
1.970F=p1

C3.112F=01

4,007E=014
4,989E-91
5,728g=0]
b, TT1E=py
T+879E=41
B, 607E=DY
8,607E-04
8,T724E=01

T8, BUTE=D)

B,96bF=01

TIMATE ERRDR

4

1,912E+00
!-bESEouO
1,001E+00
1.354E+00
1.324E400
14053400
1,107E«C0
b,B91E=01
B.0b1EwD)
9.2£!E~01
5, 055E=01
3,914E=01
22l]15E~01
1,695k=11
2,252E=0]
da1u8Em=Q}
5.790L=01
T+342E=01
FLIVIE-D1

ta16LEDO -

1.402L+00
1,595E400
1,595E+0¢0
{.4609E¢00

JEFREH00
1,b635E400

L

2,6B3E+00
2.190t+0¢
1,620L+00
$4559E+00
1,541E+00
loQUTLeOQ
1,016E400
b, 51UE=D]
T.078EnDL
Byb{5EnD1
S5,192E=01
S.JuE-01
2,884E=01

1ebT0E~DY

2¢209E=01
6 162E=01
5,825E=01
Ta554E=01
G, 368E-01
1.181E400
1,402E400
1.595E+00
1.595E+00
fo809E+00
1.623E+00
1,835E+400

8,302E=07
2,3%9E=05
L, bUQE=~0Y
4, 127E~DY
6,303E=~0%
B,945E=05
9,293E=04
9.3R3E=05
B,65uE=0%
B,098E=05
8,005E-05
Q. 177E=05
F,9U2E=pS
1.,177E=04
LalTOE=Qd

1417 E=04

11 78E-04
1,i78E=54
1.379E=0Y
141B0E=04

-1a181E=04

ly1BeE=0d
1,1826-04
1,082Em00
1162E~04
1.182E=04

u

6,631€=07

2,342E=05
4,589E-p5
b,082E=0%

‘b, 21E=0%

8,907E-05
B, 2T9E~GS
Y, A9LE=pS
8.699E=05
&,122E=0%
8,087E~05
9. 2T0EnQS
1,605E=04
1,190E=pd
1419CE~04
1,190E=04
La190E~08
1.190E=34
1.190E=04
1.191E=04Q
1,191E=04
$.191E.04
1.195E-04

~lai91E=04

1. t91E=0a
Fed91E-04

; PLATFORM TILT LSTIMATE
R ]

2a10TE=CS
2.1%7E=QS5
22552k =05
3,327E-05
3.82R8E=05
5,4]13E=p5
5.934E=05
1.065E=04
119080y
1,399 ~04
1,807L=04
21TUE=GY
RebblEmgq
2,96b0Lm04
3,302E=04
3.362E=04
3.301Empu
3,361k=04
33608004
34359E6w04
3.359E=04

L 3.358E-04

3,3%8E=-0a
3,158 =04
3, 358Ea0y
3-3555‘0“

Y

14750E«0S
1,822E=05
J,35%E=~95
3,645L=09
4,021E=05
S.601E-05
b,bB4E~D5
9,885E0%
1.263k=04
14672Emga
12517800
19Y-1.3-1X0.7)
1.996E=04
2,T21E~04
3.301Ew00
3.370E~04
3.380E=-04
3.,37ck~-04
3.359En04g
3.,35TL-04
3,353E-04
3,354E-04
3 3SLE~DY
3.354Lk=04
3,155En0G
3, 355E=04

4

3¢219€=0p
B,350Em08
3, 0U%E=05
3,76%E=05
3.53%E=0%
3. 932E~05
S,3ub6Ewqs
T.700E~0S
1.163kw04
1.521E=04
1,572E=pu
1,553E=04
1,6TRE~QH
2,20UE=04
2,572E=04
2,0T72E=Q4
2,573E~04
2,4T3E=0U
2.8T3E=04
2,0TLE=0Y
2,8T4E=0g
2,074E=04
2,6T4E=QY
2,875E=04
2.6TSE=DY
2,875E=0g

W

1.,217E-pS
1,451En08
2,235E=04%
3 537ERDS
3,394E-05
3, THRE=DS
L, UGbEw]S
8,093E«05
b, 08u4E=0u

B HdTERDu

‘L BU9E=py
2, 082E=0x
2.206E«00
2,571E=Qn
2. 741E~0u4
2,096E=Dy
2,643E=04
2.055E=04
2,870E=04
2.8TTEmDY
2,877E=04
2,67SE-04
2. 6TSE~Qu
2,075Ewly
2,67%E=0y

2,675E=04

ALTITUBE
RATE ERROR

3,026E+09
2,085E400
2,085E+00
f1472E+Qp
B,8pbE=01
balucteg]
S.e07ke0!
S239BE=0]
[ FITY T
S5.076E=0}
3. 8pbtb~01
2aT22E»0)
2e4aCE=01
?,223E=02
B,211E=02
1,329Ew0]
1,57¢CE=D1
lc753£'°‘
2+007E~C]
2ednui-gt
2y TpuEmg]
J.bulEmiy
3, T40E~()
24030E~(!
b, Suzt-02
Le¥90t=02

GaMM4 ERROR

4,%p3E-Qg
4,U412E=04
4 ,873E04
4,819~y
24655E~04
2,0062E=04
3,904E-04
G 34dE=0Y
by2obEupa
b,596L=04
BelY4Eege
J,157E=04
2,Bt7E=Q4
1.169E=90
1478bE=04
2.B12E~0U
J4TUuE=QU
GyBYTE=(4
b,2nbE=04
b, 373L-0U
B,117E~04
14187En3
14217E=03
B BTUE=G
2o308Eull
8,802E=05

YELOCITY
MAG ERROR

1.389E+00
9,920E=01
Tal0CoE=0t
8,93%E-9
b,7a3E~01
5'052E'01
S.30uk-0}
3.,872E-py
b, 117E=01
Fe3B3E=01
4,6%6%.0]
d,60dE=9]
4,27%E=31
€,723Ew01
§4B0bE=01
2,945f=01
3.,752E=-01
4, 4bGEmD
S.114Ewd]
6,387E=01
77858014
8,508E~-01
8,558E0}

B TI2Ewt Y

B,BuSELD)
B,965E=01

P31 ERROR

4,388F.00 ,

3,926E~04
5,825E=24
Hed93E=0u
4 o uupEags
4,337E=)u
b,u82E-04
b,BSCE=C]
F,8838a04
. 012E~04
8,880Empe
LN LI
S.111E=04
3,133£-00
4, {B5E=p4
T.655%E«0a
1o13LE=03
1.,5228«0)
1,549E=03

R U2IE=03

3,540E=03
S5,CH9E=03
S,06%E~03
5.,250E-33
5,439E-02
SiYS8E=03

NOILVHOA4H0D SIONIIOS JILAIVNY IHL




g1-o

GROUP 5 ACCELEROMETER NONLINEARITIES

TABLES WERE NOT PRINTED

NOILYHOdH0D S3ITNII0S DNLATIVINYG 4L




O
=

:

3
g
&

S

—y
5
o
o
Mo

5]
&
&

91-D

Tiug

1432,00
1832,.00
1490,.00
$550,00
1550,00
ts10,00
1878.00
1735.00
1790,00
1836,00
1838,00
1848,
1848 ,08
1840,00
1874,00
18849, 60
1894 06
1904,00
19148,00
1924,00
{938,000
194y,8p
1euas, 50
19¢4,50
1945,%9
1945,58

TIME
1432,00

432,00
1a99,00

“1550.00

1550, 00
1610,00
1670,00
1736,00
1796,00
1438,80
1836, 00
t8un, a9
1848, 80
1869,04
1874.0p
1884,00
1895 ,09
1904,00
1%14,00

T 1924,460

1934,00
1943,5%50
194%,55
1948 ,%9
§1948,50
1948,50

POSITION EsTiMare FAROR
R ]

1.027Ee 0]
2,250r400

"24251E+00

MLEILT T
1\3?35‘0‘
2,198E~p}
2187601
1L 0%3Eang
l{S‘lF'Ol
!‘IEQF-OI
T(122Em02
8, 132E-02
6,371E-02
9.349F=94
Q.“qafhoz
2,032Eep2
9.2595'03

v

1,8238401

2 2T2E400
2.280F 400
9 5TAFmp2
1.382F-p)
2,200E.p1
2,1 T0E=ny
1,838E=py
1¢515E=n1
1,174€any
T,1a3Fe02
4,205E-p2
6,292E-02
1.678Fag9
4,812F-02
1, 950E=02
B.l1ur=p3

GROUP & CRaviTy ANAMALY AND VFRTICAL DEFLFCTIONS

Betlalepyp
5.,026F008
6.T8%E+qn
2,240E=01
?l!&"ivﬂ’

14658E=p

2,018Ea01
2.113Feny
2.231E-DI
3.597E-OI
3.2u%Fapy
3,TSAERY}
GodbpE=DY
4,5818a0]
Se009E w01
5,¢9vs.ql
Teb92Ewpt

y

R 1378400
Z,T{UE+ QD
4. 8818200
1.075€-01
2.1@6E-01
I.hUQE-Ot

2+03REaDy

ey 13nE=ny
2,2B4E=01
2,595F=gy
3, 297E-04
3.7575—01
Y. 483EWD)
4,481Eupy
5.0%3E-01
b,001E=01
Te093Ewny

¢

9,499uE+0g
9,133Fe0y
6. 677Eep)
14036E0y
5,05%E~07
1,043Ew0

1,275E=0y

1,1056=0)

9, 4T3E-0>
8, 0U2Fegp
b, T0uFp)
5,52uk=p

1e3118-0y
1,.3108a0)
4.580E=01
T 900E=3,
1.125E+00

w

8,399F+0¢

4,31 7E0p

A TETE D
2 224E-0y
1 0UsEmpy
14118F=2)
14251E=py
1,065F=4y
9,285€=0>
8. 026E-0>
4 737E~05
5,543F=0;

1 304Ewgy

1,300€=0;
4 . 5T7eFp
T,899E«p}
1.325E+00

VELOCITY ESTIMATE ERROR
R o ¢

'10317:.01
1,597€=01
BtﬁbTE'O?
TeS24Z=02
3.117ERp2
J.927F02
4, 163E=pp
8,250E.02
1.,001€=0y
1,279Ewg]
1.,535Eapy
lualuE‘Q|
2.095E=01
2.157E-01
1e181Enpy
1.852Ea02
1.242Eep2

v

’.!st-ox
1.5% =41
8,550Ee02
TeS21En02
J.123E-02
V.925E-42
b, 170E=02
8,250E=92
1,0U3E«04
1,279Ep1
1.535E-01
1.B1UEwpt
2.095Eapt
2.158Ew=py
1.,181€-41
3,855k

$4240Ee02

PLATFORM TILT E3TIMATE
R o

THIS SEGMENT OF TABLE NOT PRINTED

Prb01F=n2
9.6038=p2
1.078F=py
T, 199E=g2
G.304Ewrp2
3.217E=p2
4,91%E =02
6 . 318Fag2
T.697F=g2
¥, 0% F~p2
l,GTHF"Ol
14251Empy
11JQbF'Ol
1.396F-0py
Iq“lur'ﬂl
1.431Fapy
1.448E-p1

Y

J454F=0y
1.952E-ﬂl
b, 7TAbE=p2
6,010F=p
3.849€~02
3. 1STFwp2
4,%960F=n2
b,478Fmp2
T830Feg2
P.135E-02
1.070F=g1y
1, 2u6E=p1
1.384Fagy
1.304Fapy
1,011Fx9y
{ H28F=py
luBUuSFmgy

178950y
1,174Ew01
5.'70E'02
4,572€=02
J.250E=02
4,697E=02

B8,522Em02

1.493E-04
1.552E=014
1,930FEs01
2.3BUk=p1
2.877E=01
3,201E-01
3, 2B1E=01
S.SIDE-Ol
LS 1 1100 31
3.369E=01

L]

1:20%E=04
1,095E=01
1+171Em=pt
6,031Ewp2
3,77BEw02
d,738E~02
8,u93te02
te{B83E~0y
1,545E=0}
14928801
2.386Empy
2.879E=01
3.,783EmQy
3.2082E=04
3.311Ew0y
J.3u1f-nt
3,3T0E=01)

2,681P=p%
2,6TEEmpG
2,822E=05
2,932E=05
3. 2U6E=05
SIEHSE-OS
3.247E~05

1, 249F-05-

3.250Ew05
3, 2528408
3.254E=y5
3, 256E=05
3,251E=-05
1,257E-05
3,258E=05
3.258E=p35
3.258E25

W

2.6UBE=gS
2.646E-05
2.,834E=-0%
2, 9UTEnDS
3.285Em05
d,20uEmpS
3.285Fwp5
3.266E=p%
3:26&E'05
J.26TE=05
3. 268F=05
3,268E~35

-J.EBQE-DS

3,269E~05%
3,289E8D%
3,270E-85
3.270E=05

8,528E=05
S5.231E=85
4,095E=05
b,681EwpS
T.790E=-05
8.569E~05
8,568Eaps
B.,588E~05
8.567E=05
8,504Ew08
8,S564Eup5
B4565E-05
8,565E=0%5
B,565£m#05
8,565E05
B.565E=05
8,565E=0%

v

THIS SEGMEN'T CF TABLE NOT PRINTED

S0 108Fap5
3,23BE=05S
4,534E=g5
Se171E=05
7.292E=05
8,569E-p5
8,50 1E-p5
B,514E=q05
G.SSQE-OS
8,559E0%
B S6UE~G5
B.564EwpS
8,562E-05
8,562E-05
8,562E-0%
8.502E~05
8,562E=05

4

2.450E=2%
2,496En0%
2,501E=05
2,TUBE=-05
3,544E-35
4.108E=05
4,108Em)8
4. 108E=p5
4,10BE~DS
4,1067€E=-05
4,10TE=08
4,107E=05
L 10TE=0S
4,10TE~DS
4.107E=¢5
4,507E=05
4,107E=95

L]

4,210E-05

4,B03E~05
4,772E=05
5,036E-55
H,Ub6E=08
4,093E-45
U4,149E~05
4,204E=pS
4,153E=05
4,112E=05
4,099E~05
4,190E=05
4,193T-05
4,5i03E-05
4,103E=p5
4.104E~05
4,10dEQ5

ALTYITUDE
RATE ERROR

1,896Eupy
{.504E01
8,658Emp
7-52]E'°2
3,123kEn02
3,925Em02
b.170E=02
8,257€-02
1430u3Ewpy
L279E~01
{,515E-01y
{eBiaEwpy
2,055Em(Y
2,158E-01
1eiB1EmDY
3,856E202
1.261Emp2

GAMMA ERRDR

2,9717E=04
2, T08E«D4
1.395Ew04
l.lTbE-Oﬂ
5.139E=35
b6,545E=38
l.anE-OQ
Led2b6Emgy
1.830Eupy
2,415E3y
JelabEngy
4,637E~04
b,480E04
b,878E=pg
3,873E=04
1e3pb6Ewpa
4.3615005

YELOCITY
HAG ERRQR

1,705C=01
9,325F=02
Te200C=02
b,b14Fe22
3.,988Eap2
3,259Em2
S I95E~=02
b, 75uE-82
8,025C-02
F4199Emp2

'110005'01

1.220E=01
1,383Z-01
1,383E001
1,406Eep)
1.827Ewy
1s44SEwgy

P31 ERRDR

210535'03
1,873E=04¢
2,075Ewny
1+ 089Fw04
7,060Ewps
8,971Ew05
1s603Ewpu
€es305E~04
3.1135'0“

4.011E-pu ,
H,977E-04

Te3l12E-04
1 QU3E-5]3
$.0u3Eeqy
11061E'05
!.lEoEvUS
1,145Ewgs

NOI LvyHOdHOD S3I0ONRIas DNLAIYNY 3N,



L1-9

Ting

1932,00
t432.00
1890,00
1550, 00
1550,00

1610.,00
1670409

1730.00
17%90.00
183a,4p
1835,.00
!ﬁﬂb.eo
18ub,00
1500100
1374, 090
1884,09
1894, 00
19048,00
{9t4,00
1924,00
1934,00
1943%,5¢0
1943,.50
1944, 50
19u5,5¢0
1946,59)

TIug

1432.00
1432.00
149¢0,00
1550.00
155%6.00
1410.0¢
1676,00

173¢.00

1790, 00
1836,00
1838, 00
134b.00
1848,00
téen, 00
1874d,90
1884,.00
1A%4, 00
1904,0p
191400
1924.00
193u,.00
[9“5.50
1943,50p
t9ad,50
945,50
1946,50

GROUP 7 GYRN BIAS pRIFT

POMITION £3TimaTE
R .

9,383E+p03
Q.3%8E+03
J.131E¢03
1.U%9E+0y
6.8k 402
a,u2ufepn2
3.50uC+q2
S.UUuErpny
9.506E0)
1.163E402
2.231F2py
c+19UE+gY
ToUt3fwpny
1.186E%pp
4,107E=04
2.32%E=pt
L.SnBE=nY
8,34uf=92
6.138E=02
b, USUFap2
B,855Fey
3,003En01
6. BogE=p3
2,236F=0§
9.T01E=p2

U,720E-02

u

A 19aF s
d,325E+p3

- 3a114E+40}

1+893F+p3
&,859E+p2
B,U11E+p2
Y, 499F 42
9, U58F+n)
G, UbbE+nY
1.158E+p2
2.25%F+0t
Ca220E+py
T.507E=01
1.198E+0y
4,056F=01
2,282E-01
L UTLE=ny
8,358F-92
T 139F=p2
6,583E-92
P 311Enp2
2.%72E=01
F.58uE=11
2.229E=p1
R.792E=02
He014Ewp

[}

To269E403%
3. Tu0Erpy

LaTURg«0Y

S.3(¢E*02
4. 41TEe2
2,T62E+02
1.%988E+p2
1.117E+92
1-071E’°2
& USsELpy
5.099E40
S¢A9BE+gy
1eb30E00n
3.TuuCepnp
1.34RE4 00
1+30uE+0p
1.297E+00
1.331E+¢p
1,4428400
L.781E+00
2+.185E+90
5,012e+00
3, u13E+00
S,492E5400
7.3275000
1,02TE+p)

Y
$.222E40%

107315003
3.565E492

£,591E+02

3. 062E+02
1e7S96E+92
2.,23%E+02

1270402

IFERRIXT-F
0. 208E0g
2. 8026491
4,207E¢01
8. tudE=-01
3.34BEvpp
1178E400
‘13565‘00
1.355E402
l.lblé’oh
LydusErop
1+776E209
2, 160E+00
S,u16E490
3, 4186E400
Syu99E+00
TV83ISE«00
1,028E+5y

TRRDA
c

J.T27E+ 03
2,065E03
1.85TEegy
5.337E+0p
S.E93FE+0)
1.994E+0>
1. 4B86F¢0p
7.6ﬁﬁE+o|
5.”!05¢01
B, 6T3FE+0y
F.81uF+yy
6,030E+0p
1.23%4F+0q
3176l£'01
1,33%C+0p
1.5%24Ev0p
$.325F+00
"1.13TF =09
9.623F=0y
T.938Eapy
b, 453E=0
1,199 +«0p
1.798E+0y
S.91%F+ 00
1.010510!
1.43%E+0

L

8,409E+0y
3.990€+03
2.502F+0
b.114E+p;
6,20BE*np
2,918F+9;
1,1018405
ﬂ.b¢0E0°1
Q. 8THE¥Qy
1.04b6F+p)
4,360F+04
U 165E40y
1.,87T4E+0p
1.8R4E+0p
1,49uE 409
LedFTE+Qp
1.267E+0p
1,101Er09
9,561E=04¢
B.ObuE-OI
6,597Emg}
1.793E¢0y
1,793E4049
5.928E+0p
1.,013F+0y
I.HSOE+O|

YELOCITY FaTINATE ERRON
R [ o

Ta225L900
8.02% epp
b STRE4Q0
4,593 +00
2, 1856400
1,5258+00
{1371E+00
Ti3S9E=py
U, %uat =gy
T aBiEmDY
S.985E8y
S.qlﬂﬁ'OI

Sa1T1Ewgy

1.967E=y
2,009 »0y
3.6423E=g1
A, 123¢=01
4,67S5Eepy
5,8SUE=01
b,U90Eapy
8, 408k=0y
1,859C400
1.08TE+qp
5,9185 01
1,808RE=01
S.731E=p2

v

Telb9Eegy
B.00% 490
6,978E+00
4,54tk+0p
2,14%E+00
LeS14E+3n
143636400
TeVUGEnpy
0,995Ea01
TebThEwpy
&, 003F-p}
S5.978E=01
S+19% =01
14995F=a1
2,028E=p1
3,049 =01
4,151€E=D1
4,705E«01
S.487E=01
6,.529E~-01
8,L88FEayy
1+068E40n
1.,092E+00
SeGaik=py
1.927E-01
5.983Ewp

9,.17%Ee00
{+20TE+p1
T.513€400
2.7TuFepg
2. 899E+00
J.019F¢q0
1.457FefQ
1.047E+po
1.059F+30
1.205¢F+00
1.107E+00g
13335409
1.015%F+pg
Ta333E=py
b,630E=p]
1.0062F2p9
1.3828¢090
1+502FE*p0
1.895F+99
].QSFFOOQ
2.2UubFepp
2,437FE+00
2.437Fenp
2, 471E+00
2s504F ¢+
2.537k+00

v

S.042E+p9
Q.0uTE+pp
2.412E4p¢
2.451F+png
TedbiEepp
1,35%F¢pp
1,459F 400
1.075E+¢90
1:50TE®Dg
2.,0238¢00
1 18%Es00
lcl‘ﬂf*ﬂﬂ
1.019E+00
T.524F~py
b,7ubrent
1.0SbE+py
1.2R8F4+00
1.493E+0p
$.6%4F+00
1.961E490
C.250E+00
2. L39E+99
2 H39E+00

2.UTEFepg

C.509F 00
2.537E+p0

G 308L+00
9.212E+00
B,160Ee00
T+331Ew00
6,979 400
4,78ckepp
3.998E+00
24 3%dE Q0
2a3BOE+0D
2,021L+00
1.140E+00
B,598L=01
b.IBSE-Di
L,080L=01
S5,387E=D14
1.007040C0
1432800
1,8k kepp
2,34%E+00

24954k 400

I.002E+00
G,153L4900
4,153E+00
G,193L+00
4,233L4+900
4, 2728400

L]

$1120FE+0)
LidblE+D}
1.083E¢01
T ulTE400

-V JuTE+QD

S uf5kep0
4,000t+00
2.3U2E 400
2080k ts
1.205E+00
1.028F+00
1.1%1E+00
&,391E=01
3,700~y
S.214k=01
1.013E+00
1, 440E+Q9
144908400
2.359E400
2.930E400
3.599E+00
d,15%1E+00
4,151E400
Ly192E+00
4.2328400
4,271L+00

PLATFORM TILT £STIMATE
- n D .

G,7TTUE=(O
1,914E=gu
3,053€=04
3,220E~04
3. 324E-0y
3.111€E=pu4
2. 812E=04
2, U405E=p4
2,08uE=04
1,825 =00
1.837E=04&4
2,203E-0y
. 24,298E=0u
2,612E=0y
2,726E=Qu
2.,726E=04
2,725€=04
2,72CE=04
2 TR3E=04
2.T25E=04
2,722EmpU
2,T21E~04
E.TB!E'O“
2, 721E=04
2y T21E=04
2,721E=04

u

2,090E=po
1Lu911E~04
3.0UbE~04
.3.21HE-OG
3,320E=-04
3. 106E=04
2.811F=p4
E.NOEEBOH
2,083cept
1.,820F-04
1, 435E-04
2,20U8L=04
L,300E=04
2y b30E=0y
2,7E9E-04
2, TUTE=Dg
¢y Tanf=0y4
2, TU4E=Qu
2, 7TUIE=04
g, TulE~byY
2.740E=04
2,TI9E=04
Ry T3I9E=04
2.739E=04
2, TIBE~Q4
2, T38Eepy

T+599Em0%
9,8697E-05
14153Emgu
1.581&-0“
1:bB1E=04
1v84TEwQU
1s609E=04
2.d452E~-00
2, T9E =0y
3,355E=904
4,336E=04
4,912E=-04
SeS0bEw=gy
G.bSUE=D4
T+51SE=(4d
Tedidbm0y
7;513t"°u
TaS12Empy
T.551k=0u
7.510k«04
TaS09E=0y
T,508E=04
T.SGBt-DH
T.506E=gy
T.508&'Uq
T,507kw0a

¥

be193Ewgs
Te277E~0S

1,193Eagy’

1,339E=04
1.548E=04
1,85%uL=0g
lebbhutwpq
2.320ew04

3,153re0y

u.?lﬂt-on
d,320k=04
8,296E=-04
5,008E~04
6.!05&-0&
T.349L=04
Te556E-04
Tet00E=04
T.559L=04

TeS1SE=04

T 49604
74 898Ewp g
750104
To501E=Qu
7eS501E=0a
ToaS01k=04
Te502k~54

[
Fe569E~08
6,3D04E~D%
1,005F=04
1,493E~Qu
1,420E=0u
1 490E=py
1,869E=04
2.251E=04
A 4TTE~D4
4, U4CHE=Dy
4,90 E~pu

4 463E=0G

4,800E=D4
b.320E=0y
T.930E=~0y
Te831E=0y
T Ul3E-0y
T UBUE~Dy
TLu3SE=0y
TLU3TE=04
T,UIBE~DY
T 439E=04
T.439E=04
T, 439E=04
Te439E=0y
T.43%9E~p4

W

4,527E=05
9.053Ee0%
9.728E=05
1.943Empy
1.952E=04
1,664EmQq
1,02dE~puy
2, bT2E=0y
3,160E-0y
3,573E-04
4,9 TE=Du
S,056E=04
S,31%E-04
By T9SE=04
7.596f=04
T3BCE=-04
T.330E=04
T.379E w04
T U24ES g
T GUaE-0a
T 4496E=-04
T, UU0E=0g
T.440E=04
T,44CEnty
T 439E=-Qy
7. 439E=04

ALTITUDE
RATE ERROR

8.52%E+00
B,550L+00
T,030E+00
4.612k400
2,195L+00
1.529%+00
I.ST?EODO
Te3d71E=01
4,999 =01
Tetn9-py
& 0p01E=pY
S.972k=01
5.196E=90}
1.,99UL=0p1
2,029E-01
3y du9E-D}
4,§51Lw01
4,795E=01
SWURTE=D]
b,529E01
B.”BEE-OI
1,084E400
1,032E+00
SeFatbeoy
1e928E=01
S,994E=02

GAMHME ERROR

l.”o°£-03
1.397E=03
1.504E=03
1,372E-03
b,U99EmD L
b,Bu0E=-04
9.903Em0u
9,512E04
B.126tep
d,UpdE«fyg
Q,U38=04
3 U6ERDY
3.109Ew04
2,411E=p4
S.1a7E=p4g
8,513k-04
1, 1U9E~03
1,4852E=03%
La845kep3
1.q“1E”03
2|3&uﬁ'03
J3,479E=03
3. 50TEmQS
2,022E-03
?lOlQE'ou
2,659E.04

YELOCITY
MAG ERNHOR

4,9265+90
4,063E¢0p
2,122E+00
2.162E400
1 374E+00
1|1915’00
1.¢93E+0g
8, 58050
1,529E=00
E.LeTESDD
1.276E+09
1.251E+00
1.129E¢00
T.65BEmpy
6, 358La01
P,96aEnp]
1,18cE+89
1edUlE+0D
1.585E+0¢
1.828E+40
2.216E+00
2,425E+00
2.4235E490
2, ubakepe
2,5%0UE+ 00
2,537E+00

P51 ERROR

2 lSUF=p3
2.50E8E=03
2.e5T3E=03
2,18ZE-03
2, 1UuE=-03
R.28uk=0}
€y558E=p]3
2, H2bEe0}
2,908E-03
2,056E-03
1.731€-03
2,039Em04
1o133Enp3
b,943E=04
F.87TE=04y
1,912E=03
2,812E-03
3,306E£=03
4,908E=03
S,113E=(3
F.142E-03
1,519E=p2
1,319E-p2

1,368E-02-

1,d4l49E=02
1a4%2E-p2

NOILvHOdHOND S30NFHITS TILATYNY =L



81-9

Ting

1432,00
1432 .00
14%8,00
150,00
1550,00
1610.00
1670,00
1T30,00
t7%0.00
1836 09
1835.00
138,00
18us,00
1860,00
1874,00

1884, 90

18%4u, 94
1904, 00
1914,00
1924,09
1934,pp
1943,59
1943,5,

%44 50

1945,5p
194,50

TINg

1432, 00
1432 .00
149p,0p
1550,00
1550,09
161d,00

i870,00.

1730,00
1790,00
1838 00
1838, 00
1864, pp
f846,9p
1869,00
18ra,00
1884,09
18%93,00
1%04,99
914,00
1924,80
193490
1943,59
1%44,5)
:9“5n50
194s8,50

" 9.5MEve2

$.592E0p2
T.399E402
Selb3€4pz
2,388F402

1.963€0p2 -

1.87¢0F 402
3.188F¢py
5.097E*O|
5,2‘5E901
14623E+p,

. 1.589F4+04

4.088Fa01
1.012E+49
3.9%2Eapy
1,650Fapy
$+4317E=3py
14 @52E=0y
1.023F-py
B,128Fapp
B.57GEmy2
1.297Emgy
2,889F-51
QUHTQE‘OQ
4.367F=p2
2,097Ew02

v

9.4BTFe g2
9,5535*02
T.363E4p2
S.143Ee¢7
2.379%+p2
1.957F+p2
1.&675002
3, 189F494
5-079E*01
b,213F+0}
1.3375001
1,608F¢py
4,133Fay)
1.021F+09
J.915Fag]
1.868Fapy
1.517€=p1
1.202E=py
l.O!SE-Ol
8.108Ep2
&, 651E=p2
1.287E-y)
8,151E=1y
F.341Fup2
A.114E=pp
1.708Eep2

GRQUP 8 GYRO wasy UNBALaNEE
POSITION EXTIMaTE
R 0

4,T10E+402
2,189E402
1.221E492
U.#JEE*O!
b,430E49
G, USSEsny
6,320E401
!.1765#0]
dyb02E49y
G, 60340y
3-2965‘01
4,3u5E401
1:t97E+39
2,497E409
6-I?IE-OT
1,029 409
Q.QbaE-og
9.6935-01
q.H]E-Ot
9.500E.c1
tIUlQE’OU
1ed73E40p
l.u?HE‘GO
2,Tb6E+0p
4,275E+09
5.855E4¢0

v
S.012E+02

145026402
1.430kegy

1o118Eep2

S-BE}E'O!
TeluuEeqy
YeTHErg
Joauugygg
Jouuogepy
2,875E4g1.
I.TbQE?DI
3.104esny
b, 026Fwpy
2,330E4+pg
5.525&-0!
li0uagaan
1.025E4+00
9.63“&-0!
P, U51E.py
V. UTuE~py
I.OIEEOOD
1e875€409
1.475Es0¢g
2.765E¢oo
ﬂ-??SE#OO
5.8B5u€400

ERROR
€

5,59 (€40
2.505Ev02
1.233E00>
1.477F+n)
1.004E402
7,229E40,
9.0235’01
2,67&5901
1.7555+o|
2.012F40,
5.5715#09
4,269E+9p
5.?2?E-01
2.857Cup
aoSOEE”DI
a;aETE-ol
SQSIEE'Ol
4.0718-01
3.92ﬂE'0:
3.238Fep,
2.653E-01
7-0835‘0]
TtUFGE'ﬂl
2.57%E+ng
4 46TE4py

5, 3T1840p

W

S,HDOE’Oz
3.055500?
1.22?5003
l.!92!00?
1.0615402
8.390E40y
5,92&500[
E.Su?EsD;
J. 547840,
W,e750+00y
2.535E101
I, 061E00y
1.180F 40y
F,072E~01
5,229E=0)
b,152F=p,
4,972E=0y
4,383F-q,
3.BTGEAp
3.3!1E~o;
2,723Fw0y
T0SUEng
T;USHE-OI
2.5?85000
H.&bTEOOo
b, 372F+0g

YELDCITY ESTIMATE
R o

1.979E+0y
E.OJBEOOG
1.687E4pp
1.466E4pp
701955'01
?.3205-0!
Yollugmpy
3,6“&5-0!

Je1tukagy

3,539y
?.b90E~01
2,870E=01
2:2875'0|
1,387Ewpy
ioESQE'Ot
1.903g=9y
2.107Empy
E.ZIEE-OI
deb20k~g4
2. TB8Eap
3.52ukup,
4o453Empy
4e561Empy
2,U8% =py
500535'02
2,86%Ea0p

o

$.%5¢Eep0
2,009 +0p
1.661E¢gp
14051800
Tell?7Emqy
Te268Eag]
T 089Eap,
3.652Eupy
JelosEag)
3.52°E-OI
?.TOTE-OI
2,9056m-01
2430760
1,007E=p
1e2528wpy
1692291
2o129E =gy
2,23bE=gy
E.uqu-Ol
2:810Empy
3,541E-01
44484Eupy
4,573Ewpy
2IHQQE-O'
8,118E~p>
2,588L-p2

1-”3“E'n°
1.182F+¢0
B.J“GE'OI
916035-01
T.SQOE-OI
Sc325Empg
$,420E.01
S.841E=g}
7|°075‘ﬂ:
8,%uFapy
B.Jﬁut-oi
1,015E400
7ll79E‘Ol
A, b15F0y
3.3?15‘01
S.SGEE-OI
T.iubE=py
8,728F-01
l.026Fegp
lnE[ﬁE'OO
1ed27€0p

1.%68E+9p

l.SbaE'oo
1.590c+00
la8Y11E4pp
1.032E489

14

1.021F499
9. 750F=gt
1.024E+gg
9.811Fwpy
Lu38TE-py
T.784uFagy
®.275E-py
5-?7“?'01
¢.650F-0!

8,069Fmgy

5.010Erpy
S.831E=04
5.535F=g
Y.170F-p¢
3.318E-9)
5.530E~01
T.239Fap}
8.805F=gy
1.027F+0p
1e210F 407
l.d2ugsgg
1.567Fepp
1.567E499
1.568E+00
f.010E40p
1,830E+09

ERROR
¢

9. Te3Eapy
1.028E+p0
14139490
Su327E-0}
Te%01kwpy
TaO85E=01
t.0aQksgg
b, u6REwpy
8.502L-01
9, 698E-01
S 993E~01

UobotEepy

2rbS0Lmpy
1:861E=0]
2ebUE=pY
4,891E=01
b.835E=0y
B,877E-p1y
14100E+00
1e362E+00
1.bﬂ2t*00

T 1.884E+0p

1«84k gg
1,888L+00
1.898€409
1,912E+00

]

{ed35%ks2g
1427300

“Lu01SE+0s

9 303kapy
8,798k =01
S.6G4L=0}
T.978k=0})
SauTiE-py

'b.aezt-os

?.?f?k'ﬂl
9e38uEapy
FeS11E-01
$.27TE=Q
24719 -1
247290}
4,853 Lapy
E4730E=-p}y
B.TQUE-GI
1e0%9Legp
1e3adtegp
lahautapny
1eBeutapp
I-BbUE*OO

" 1efBlEepg

1.897E+pp
1,914k +00

PLATFONM TILT ESTIMATE
R D

lluibE.ﬂﬁ
105005.05
3,120E-¢5
4,36%E=p5
4,285E=0%
$,253E=py
4, B2TE-p%
L,¥06E-05
b,37uEmpsg
5,992Emps
5.950E-05
TeT20Eapy
5.12EE-DS
I,OQHEIOQ
1e0T70Empy
1.077E=0y
1¢079E=p¢
1.08DE=~pug
1.082F-0y
1.0B3Ewpy
1.085E=py
f1.080E=py
li0BoEugy
l.0HBE=pg
1.08bE=gy
Li08bEmpy

R

8,832E-p7
loddug=pgy
Y, 0udE-gy
G,306Empy
4,227c-05
5,213E~05

8,8 2Empy

b, 921Emg5
6.“!95”05
4, 0%0E=55

b, 00%E~pg.

TeB2BE=05
8,B42E=p5
1,107E-pg
1.090E~8y
1,091E=pg
1.0%1E=04
1.092E-py
1,093¢=04
1.693E~qy
1,09 ¢F=pa
1,095E=04
1,095E=04
X.OQSE-OQ
},095EFE=0y
1,095F=py

1.628E~58
2,100E=0S
3,2)0Ewgs
4, 196L-95
5.56TE~08
b, TIUE-p5
7,012E=05
1,208E=0y
1,308E=04
1.558E=~04
1.925E=~04
R U2hEupy
2.859E'°“
3.452E=04
3 R21E~=04
S.QZIEHDQ
3.924Empyg
3921wy
3,921E-p4
3.9d1kw0y
3.922E~0y
3,922E-0g
3.%22k~04g
3,922k =04
3.922km0y

3,922E-04

\j

10294Lwps
1493 1E~g5
3, 494E.p5%

4,485E=05.

5.387kw95
$4883Emps
Te0ltE=p5
eTo9tagy
1,286E29y
B.Suﬂh-ou
2ub30Lmpa
2,703y
3. 233k~0g
3.90!&-0#
4,066E=0yg
3,87BL=0y4
JIBQEE'OH
3.875%e-p4
3.913E-qy
3,928k =04
3.927k-04
3,923k-0g
3e923F a0y
3-923E‘°ﬂ
3.922E-pu

3.922Ew0y

=

1,638E=ps
B.U494Ewgp
24237€-05%
I, 02¢Enps
3,187€=95
4,01 0E=05
b, 238E~05
Li164Enpy
1,804Eapy
2 HTTE~DL
2,832F-0y
2,UB1E=pug
2,777E=0y
3,73%Eagy
4,41 7=y
4, 417E~ny
4.417E=Qy
“.ﬂibE-Dﬂ
4,d14E=qy
4,815Empy
4.815ECupy
4,415€E=py
G.415E=py
N,4]15E-0g
4,41{%E=py
Y UlbEmpy

W,

1.007E~05
1,134E«05
Le932E~05
2,674E-p5
3.552E=p%
S.214EmQSG
b, 250E=0%
1.,3638a8y
VebloEugy
1+450E=04
L, 786Evay
2.1 T2E=04
2,302E=-04
3,262FE=04
4.281E=04
4,45 E=gy
4L UBIFwpy
B USUE=gy
4. 421E-Dy
B,407E=0y
4,40dE=py
LEL RS LY
4.411F=0y
L, 41284
Q. 812E-0y
4, 412E=p4

ALTITUDE
RATE ERROR

1,996E+qp
S 047Gy
1.692E+00
L.8p6Es0Q
T.1aTkep)
7!325t.0i
Tolaskapy
3.653E.py
3.0995-01
3.527E-01
24T06E=p]
2.900E=41
2.307E-01
ledgbEwgg
1e252E-91
1,923E=p
e li0E~py
2,236L-0]
EIQQUE-Ol
3.5515-0[
3.%ulEnpy
ﬂ.ﬁhﬂE-ol
Q4573Eapy
2,500Enp]
By123E=p2
2,5quEmp2

Camma Eanpn

3e209Egy
3.58&&-00
3.656&'0”
. 4guEwpy
2y 159k -0y
3|3!7£'04
5,285E-04
4,83%~04
“119&&'0“
3,308k -gy
3.433Ewpg
1,805k wpu
'.631£“Dﬂ
1.071&'0“
Tal28Lagpy
31559 ugu
SrOSSE“UQ
b.ablh-oﬂ
B.932Eeguy
8,798kw-0y
9:991t=04
12472603
1.505E~=03
8,571Ea0y
3, 085E-0y
1,230y

VELOCITY
MAG ERROR

9|76]E’°1
9.1755—0!
Fe300Eapy
8155“5-01
b.OUEE*Gl
7.93HE-OY
b, 19Eag]
35,7900
Q.bQoE-Ol
¥, 1358a0]
b.287E-p1
6,44216=0)
3sF1TEwgy
4,358E01

3,319E-01 -

5.«7&8-0:
b.?ﬂﬂE-O!
B.EEEE-Oi
9.u53E-0£
l.leE‘OG
1.413Ee0yp
1.562E40¢
1.562E+00
1,%80Espg
1,609E+p0
10308490

P31 ERHOR

2.190Fepy
1,99%E«pa
24136Eeqy
2, 87uEwtiy
2,520Eupy
2y T2%Emgy
Set4dEgy
9,667E-0y4
F,03CEw0y
1.708Eeqy
1,098Eapg3
1.6ESEmp3y
9¢353E-gu
Sy 102E~0g
S 170E=py
94160E=0y
1,311E-03
1.7%2€ap3
24280E-0)

2|ﬂ“5£'°3'

Hel76Ea03
5,925E-p3
S,¥258=03
b, 13%F-g2
6,362E-03.
0,503E-03

Hl

NOI Ly H0gu0n S3AONTIOS QILAIYNY 51




61-D

TIHE

1832,00
1a32,.00
1490,00
$550,00
1950,00
t410,00
1470,00
1730,400
1796,00
1836,00
1835,00
180b,00
1806,00
1860,00
1874, 00
1884,00
18%4,00
$1904,00

T 19168,00

1924,00
1934,00
1943,50
194¢3,50
1964,50
1965,50
1948,50

TINE
1432,00

1432.900
1490,00

J1950.00

15390,00
1810.00
670,00
1730,00
1790,00
1836,00
1836,00
1846,00
18Uk, 00
1860,00
1874,00
18B84,00
184,00
1999,00

o 4914,00

1924,09
19314,00
1943,39
1943,50
1%46,50
1945,50
1946,50

PDSITION ESTIMATE ERROR
r 0

$,209E401
S, USIFenY
4,7T67E+0)
WS, 004Eep)
2.722E+0)
2. THSE*0 Y
2.942E+31
T.916E+00
6, G67TF¢00
1.857E+400
2.510E+00
‘3.1S51E400
1,222F=01
e.311E=-01
3. Su0E=p2
Y.120E=02
3,19TE=p2
2,921E=02
2.169E=32
1,244E=02
$.45uEwg2
2.407E=p2
TaT26E=04
2.324E=02
1.2400Eep2
T.338E=03

u

Y, FUTE+ Y
§,387TE+a}
U, TuuEeny
S.820E+01
2,709E+01
2. T5TE+QL
2,937F+01
T, OtUE+p0
b Ud3IEe0D
T.828E+00
T Z4S36EsCO
5.180E400
1.2%0E=01
2.,3%6f.0])
3,5%35E-92
3.225€E=02
3,.288E=02
3, 001E=02
2.2VTE=p2
1,279E=g2
1ak91F=02
2.409E=~D2
T TT0E=12
2.413E~02
1.073E-02
&,585E=03

GROUP 9 GYRO ANISOFLASYICITY

1,145UE+02
a,TOBE+Q
1.,950E+01
2+375E4+01¢
2.031E+01
12Ub1E+DY
1,0CAE+0]
4,563E+00
b, TR9E+ 00
&, BSRE+G0
b,010Ee00
8,250E400
2.02%E =0}
b SHTE=DY
1.332E-01
2ed0UEwD]
2.503E=01
2. 177E-01
2:007E-01
1,907E=01
24D9%Eapy
3.9U7E~pY
3.94TE-0
T.790E=01
14196E4 00
1e624Ev00

¥

{,298E+02
2:.8250+04
1,216E80)
1:.972E+01
1.1%6E+401
10956401
1.512E+01
b,070€E+00
“.QIIEOOD
8.,17pE+00
JATBE+DG
5.987E404
1 47REmDL
b 188Eapy
1.210E=~01
2,025E-01
24+339E=01
2.197E=04
2:00%E=04
1.902E=01
2+095E=01
SIQSGE-O,
3. 9%CE~4Y
T TISE=Q
14196E+00
1.825E+00

4

9.930E«0y
3. 0063E+0y
J.0TuE+0y
2.423F+40
2.390E+04
l.“qu¢01
1,597F+0
T.973E+00
4,6b68E+0p
7.395F+00n
1,020F+00
9.3°0€'01
1,.002E=0}
B,592E=07
B.926E=02
1+198€E=04¢
1.032E=0¢
8. TTUE=D?
T.377E=0p
&, 072E=02
L,909%E=02
1.107E=01
1,10TE=gy
4,118E=04
T.15%F=0y
1.022E+Qn

W

7.971E001
4,93%E+p

3, 460Ealy
2.812F+0y
2. B2UEYD)
1.797F+0y
1, 144E+0)
b,897E+8p
b, 849E+00
5.997E+0°
S,18%E+0p
S.TIuE+pp
1. T3TE=0y
2,283F=0y
1-052E-01
1,153E=0)
F.U42E=02
8.2“35'0?
74291E-02
6,21SE=02
5.095Ea0
1.098Ex0}
1,0968E=04
“-1095-01
Tol4TE=D]
1.021E+D0

VELOCITY ESTIMATE ERHOR
R o

2.347E01
219925.0|
2.,823E=01
F.0%8E=01
24192E=01
2,301t=01
2,123L=01
1e132E~01
5., 112E=D2
T.17TL=02
8 SUUE=p?
Q-SZEE-DE
T, 193602
3.902E=32
Ro3ulb=02
3.036E=02
3.508E=02
3,865E-02
4,863E=02
S,A25E=02
8,.5t16E=02
1.560E=p1
1e1B81E=p}
b,S506E=p2
241 TBEq2
T.b%0Empl

Y]

2,200E=01
2.825Ewp
2, T8BExDY
1,0608E=04
2, 131E-01
2 351E=01
2.118E=04
1+135E=py
S,217E=02
TB0%Ewmp
B,e47E=02
Q,UIBEmD2
TeeT1Emp2
3.953=02
2.372Ewp2
3,2TUEmD2
3,5U5E=02
3.88bE=g2
H,04RE=p2
S,821E=02
B U90Emp2
1 4156E=01
1,170E=01
&,870E=02
24136E=02
T.135€=33

J,638E=p1 -

2.,930E=91
2.293E=01
2.941E=01
2.829F=01
1.817€=014
1.751E=01
1.54%=p1
2.9T76~014
2.368F=0)
2,20T7F=01
2.579E=0p1
1.988F=01
1.208F=01
F.358E=02
1.5?b5-0:
1.97%E =01
2,397F-01
2.798F-q)

3304808

3.844E=91
4,196E=01
U.lqbf—oi
4,29bE"pt

ETLILT 5

§.3T4E=0)
v

‘19716'01
1.9116~01
1,415€=01
2,542F=91
2,1i28=01
1«T0LE~0Y
&,046F=01
1.001£-0]
2,059€=01
ba928E~01
1,1888«04
1.5°0E'01
1.b01dE=01
1,e00E~01
P.3B2E=p2
1.521F=01
1.962E=01
2.391E=91
€., 798F =01
I.300E=91
J.BuTE-q]
H,195F=n1
L, 108FmQ1
4,258E=01
4.317F=01
U4,375F=p})

c

2.457E=01
2.727L-01
2,97%L=01
e,151E=01
2.099Le0
1.717E=08
1,859E%01
1,296E=01
{,4a6k=01
1.7T6TE=D!L
1.151E=D1
7.9?5&'02
6,252E=02
30&915'02
D,Ufbb=02
80}!3&'02
1et121E=01

§,Uu9E=01 .

1,790E=01%

2,221E-01

2abbTED]
300055‘01
3.005L«01
3.028E=01
3-351E'01
3.,073E-01

4,096%=01
3.588E~01
3,596L-01
2 66TE=01
2,83b0E=01
1,80BE=01
{,535E~01
1.30“&'01

L UB9E-Q1

Ri23tE=0}
2.183L-0¢

.2s°°°t'°‘

§o3:58-01
S ubtE=p2
4,408EL-02
8,191E=02
fo142E=0)
LodedE=-01
12794k =01
2.247E=01
2ebYuledt
3,003k=0)
3,005L-04
3.028E-01
3-050E'01
3,072E=01

PLATFORM TILT
R

T,919E=08
R, TJ77L=04
b4,329E-0b
1.129€=05
1.,185E=(5
L. R25E-05
2,121E+05
2,054E~-05
1,8d4bE=03
1e0bGE=03
10ﬁ53£‘05
1.96TERDQS
2,108E=05
2.4T3E~DS
2,5932E-05
2,533E-05
2.,533E-09

€, 93UE=0S"
_2|555E'Gb

2,535E-05
2,536E=45
2sBIbE=GS
24530E=05
2,537E=05
2,537E05
2,537€~05

u

6, 875E=08
2,773E~-08
6,270E=0b
1,119€=05
1.176E-0S
1,716E=08
2 1TE~DS
2,056E=05
1,65%E=05
1,6T8E=05
1,669E~05
1,9R88E=05%
2.131E~05
2,501E-0%
2,569E-05
2.50UE=35
2,963E=00
2.962E-05
24561E=DY
2.561E=05
2,.,560E=0%
S OLLE=(Y
2,560F=05
2,560E=05
2,500E=05
2.960E«85

o

P UBUE-DT
2.2%1E~08
4,15%4E=0b
T.24%5E~06
B.231E-0s
1,221E-05
t.30dE~05

2,100E~05 "

2,353E=05
2,795E=05
3.322E-45
4,3558=05
G,9d0E=05
b,010E=05
b,819E=05
6.519t~05
6,83BE=09
&,8{TE=05
4,BlEE=0S
b,BL6E=05
6,B15E-0%
6,814E=0S
6,B14E05
6.814E=05
b,B14E=0S
b, BUE=QS

v

T.480E~07
1., B06E=D8
3.,413E-06
T.224Em05
Ty T18E=Ds
1,243E~05
§,610E=CS
24272t=05
3,37TE=08
6,304E=05
6,b6TE=DD
S, 996E=0S
b, 941E=0S
To323E~0S
b, 9560E=0%
b5, BOLE=DS
b, B1FE~0S
6,806E=08%
b, BO8E~(S
6,813E=05
b,613E=05
6,810E=05
b,BL0E=QS
6.8i0E=05
6. 8t10E~05
6,BL0Lm05

ESTIMATE

¢

1,0U1E~Q?
PLI09E=0T
I NUBE=D8
5.5T7E=06
6,969E«0b
1.001E~0DS
1,696E~0%
3.03LE=-09
5,007E=0%
6,854FmDS
7.052E~0%
&,971E~DS
7-61”E'°5
1,0642E=04
1.21%E=-04
1,235E-04
{.235FE=04
1,235E-0y
[.,2355~0u
1,825E=-04
1 ,285E=04
1.235E=04
1.235€E=04

1.2358E=04

1.235E=04
1.235%E-04

W

S.93bEmg?
1.,697E=08
6,270E~00
S H0UE-Dn
T.0T3E~08
P.919E=06
1,470E=0S
2,905E~05
4,3T8E=-05
I 430E-35
4,053E-05
S.615E-05
Y,8u40E-0%
9,535E=05
1,225%E«04
1,235E-0u
1,216Fe0y
1.,235E=04
1,23%~04
1,23%E=04
1,235E=04
1.,235E=~Qu

1,235E=04"

1.235E=04
1,235E=04
1,238E~04

ALTITUDE
HATE ERFOR

2 625601
2,849TE=0}
2.810E=01
3,096E=01
2.1a7k-01
2.362E-01
2.126E-01
1e130E=04
S.,223E=02
ToBubtep?
B,039E=(2
euzib=g2
T.2TiE=(2
3.952E=02
2.372k~02
J,274E=02
3,.5a28«02
1,888k=02
4,bp8E=p2
S.821k=-02
8,491E=02
1elo6E~0Y
1l 78E=01
b,u71kEwp2
2e138E~02
TelobE=03

GAMMA ERROR

4,400E~05
4,8318E=05
b, DA8E=(S
Fe3ulE=-05
6,UG9L=05
1 0G4E=D0G
1.520E=04
1ob06E=04
{1.3606E=04
T.725E=05
1,097E=QU
b,196E=05
2,T9LE=0S
2ybpnit=Q5
5,+5u0%E=0%
F.L98E=05
1.401E~Du
1-9535-03
2.503E=04
2,514E=04
2.635Em04
3:90UE=DY
3.970E=04
2.288E«04
B, E5TE=~@S
3.725E~{5

YELDCITY
M4G ERROR

1.8*15-5!
1.8128=01

1798wy |

2,360E=01
2,00LlE=0}
1, 429E-g1
1,700E=01
1.07T1E~QY
1, 459Ew0}
2.027E~Q4
1 S0LE=DY
1,899E~01
1.,762L=D]
1,25%E=~01
F.143E-02
1.451L-01
1,822E=01
2.,169E~01
2 LBTE=(1
3,116E=D1
3,600E-01
Hy178E=DY
4,178C«01
“.ZﬂqE-Gl
4,315C-01
By3TLE=QY

PS1 ERROR

b, L5 E-05
S.701E=-05
To3U0EDS
T,622E=05
T.532E-05
T.6135E=-05
Y4 785E=05
1.36G9E=04
2,052E=04
3.,82SE=0y
3.735EnQ4
3,719E=04
2,.331E=04
1,02SLw0u
8,350E=0%
1.547E=D&
2,224E~0%
24941Ewpyg
3,733E~04
H.620E=04

b THQE~QR ©

9,543E=04
Py HUIE=0Y

?,870E-04

1,0232-03%
1, 040Ew(]

NOILVHOJYHCD SIONIIDS JILANYNY 3HL



02-9

TIng

1432, 00
1432, 09
18%¢6,00
1550,00
1556,00
I510,00
1670,00

.+ 1730,00
<3790, 00

1836,00
1834, 480
18is,0¢
1848 0p
1840, 0¢
1874, 98
1884,pp
18949 909
1‘0“]00
114,00
1924,00
19340,p9
1943, 50
1943,

1945, .5,

19¢8,59
Tive

1432, 00
1432 00
190,00
1550, 00
1550,40
i810,00
1730,00
1790,0¢0
1835 00
{838,090
1848, np

184 gp

1860, 0p
1874,0p
t884,00
$8%4,0¢
19¢4,00
1914, pp
1%24,p¢
193a,09p
1943 5p
19a43,5;,
1%44,5p
1%945,5p
1948 ,5p

GROUP 10

POSITION E3TInarE
R [

l.ooce-io
14193F 44,
9,55ursp2
Lebuabepy
T,491Eeq)
l1adtiFepy
14059493
ToTh1Fep2
548976492
5.489F+qz
ltORCE’OE
1a185E+g2
5.2%F40¢
2.6015’00
a.husEﬁoo
a.urarooo
2,358Fenp
Le9n2E4ny
1.480E4q9
b.uS6E=-9]
3243Feygy
1.220Empy
1.74BEwya
l'lllE°ol
5.0885-02
3.139Ewy;

u

!.OOOE~!0
2,U%uF4p¢
F.508FE4qa
1.638E4p3
TedbiEepy
1.,407€4n3
1.058E4p3
T.756F+02
5.,8%Fegz

'5.u°0Ef02

1,092F402
Vel1TEep
S.SEQE*OO
2. 60TEepg
2.4bnEepg
2.4%Eegy
2.280F+qp
1.984F4py
1.500F+g¢
6oﬁth'ol
3.}°!E-DI
1.2376~py
5.1&?5-0!
1.028Ewpy
G,545Eupp
10911E~ﬂ2

I.GOOE-lﬁ
2.077500?
b.ﬂbﬁEooa
1.028E00!
9.218E4p2
7.05?t‘0?
Y44SB8uE+)
2.0?75*02
2-3?‘5*02
E.TJIE‘JP
2-78°E+02
2.Bu5Eooa
b T1REapg
5.!51Eo00
?UUDQE’OG
T.682E4pp

TeTlugegy

TaTtoEugy
7.82?E+ao
T Re9E+gg
7:¢922E4 gy
TaTuTEepy
7.?u7£ooo
Teb%3E4p,
T.%81E4gg
ﬁ.593E000

¥

!.OOOE-iO
3.!“1E002
d.]EQE‘ne
aclﬁfﬁ‘oa
Be735Eep;
6-5056+0?
51°E75*Ua
2 280Fv g
1.TGTEwgp
1.758E00,
Io"HEE‘UZ
200705'02
J.ES&Etoo
a.bwae¢oo
5,89 E+pp
T.adb£+oo
T.TIUE'GO
Y leagagp
7.ﬁ2HE0ﬂo
7.557£+oo
T.QEIE‘OG
T,?uBEooa
7.?QHE0OU
Ti895E4 5,
T 985E4p,
8.5965000

TACAN RANGE BIAS )
 VELneTTY E3TIeATE FRups
R e} 9

FaapR
€

1,000F=14
2.391Fsp>
T.ud2Eegn
6.8575%0?
L.013E+0y
O.BTSEtoa
S.T83Fep;
5.00“E+0?
1.778E+p,
1.54%Fep;
a.qroe+o|
J.EOEE‘O|
l.,670F+0n
!.etlftoo
:.QSbE#oo
1. 8u2E4p,
l.bOBEvOO
j.lﬂuE#Do
I.[?SE*OO
9.74uE-0g
7.9195-01
?.Ba?E-D;
?.BHBE-OI
I.OSQEtoo
3.360E+00
Heb83Eeg,

W

1.000F~14
3.!3¢Eool
a.ﬂvrsooa
1.0%2F49%
I.19HE*03
b, 9U9E49
4,340F+0s
ﬂ,??BFfG;
2.“01E¢0P
2,80uE4g,
2,362+

1a972E40s

S.726E4ng
E,HtuEOOQ
E.E?qfﬁﬁo
1.7%E4p,
I.STTE&QD

1.36HE+0(

l-[?OE?ﬂo
9.833E-o:
T,QBHE-Ol
7.7355-0|
-7.78&5-01
[.9“55'00
Ilean’oﬂ
ﬂ.bTSE'Do

1.000E=yg
leb32Eugy
2473749y
3.854Eegq
ted37E0gp
41934 pg
J.212E+ 09
1.512&000
1e57¢€Eapp
1e350Fpp
|-2905'00
b.bBIE'OI
5,695y
3.991kugy
’oﬂrat'el
?-ESSE-D[
2.3b9E-O{
aouBIE‘DI
?.095&-0]
J.DJUE-OI
PLM TP
¢.¢“SE-DI
5.025['0’
24T50Ewpy
V.DHEE—JZ
3.0”55'02

v

t.DOOE-IO
lebbBEupy
E.hBTE*oo
3.635Fapp
Led12E+qp
U.1Tugepp
3.204500n
145i0b+gyg
liﬁ?ﬂE’Ga
1.3%5Ea0g
1-2935*00
5,713Eugy
S.757E-Dl
9,020F-p4
x,Bd?E-Oi
2,2498-p4¢
?.SBZE-OI
2,495Eugy
e.?oas-o:

-3-0““5-0!

3.873E'D|
8,944Fapy
S-DZSE"OI
247528 gy
900035‘02
2.931Eap2

1.000Ea1yp
!.7FOE-ol
3.2???000
Ja3%urepny
H-Ibﬂﬁ*oo
S,TBEF'GO
J.BSbF'OU
2.824E900
E.HEOF'OO
2.?“35*00
E.EIDF‘OD
2.180F+gyp
1,7Tudpagy
T.912E-py
J.uﬁaF-a:
5.o55£-o:
7.3t9ﬁ-01
B.v57Fngy
TeCSuFegp
1.253c40p
L.saTFapp
llDO°E§0°
l.bnaﬁooo
lanOF'OO
LYY T

IebT8Eepp

v

!.UOOE-IO
b,492fFapp
J.OQVE‘OO
Z.H?&Fooo
J.423Eepgp
S.IPOF¢00
2.&976*00
14534k gy
laBTdEegyp
E.ZG?E’OO
1.8hbr*nﬂ
1.533Fvgg
1.uudr'oo
T.STHE-DI
3.659F~p
S.beE'Dl
7;2705-01
B.°27F-01
I-DSSF'OO
1-2545#90
l.dbdEegyg
1.608F4g0

.1.0065'00

1.03tE+pp
LELLLTE Y.
I.b7ﬂEfao

Le000E=1p
B.487tep2
2,4b02E490
d.887k400

Bel0Skepg

4,657L40p
4.008E40p
d,3ubk49p
2.733k+00
2.081E+09
La826Es0p
Tubustepp

"h.R30kany

2.2!0&-&!
1+951€-py
3-50“&-03
4 BRuE gy
6,370k~p)
7.983E-ﬂ1
FeB3GEnp]
l|]°7t000
137100
1e371E+09
1.383k00g
[.39%Es0p

tedp?e+pp-

L]

120Q0Eagg -

1,83Skay)
Eob?SE#QO
L 8THE e Qg
BaTulrbepg

baTu9kapg

4914t epp
4.9%2t400
3-!?9t¢00
2. 095k 400
3.!7qh+00
Z.ESQEOGH
1198k 400

3.S8%6.0y

I.QJHE-OI
3.530&-01
e FhBEmD]
b,4078~01
7.?]65‘0!
9.815&-01
1.195k009
1.370k4ug

1.370E+pg

1.382k+pyg
1e3%5F40p
LedgTte0p

- -PLATFORM 1Lt ESTIMATE.
R 4]

I.000E=qp
bylTuEwpy
Y. l4TEags
1y92uFmpy
2,083Lmpg
2, 475%FCapy
2.301E-py
21890y
2.f5%0F=gy
2 I75E~-py
2,20uFwpy
2.5911-0u
E,beE-OH
2 bUvtagy
2.?978-00
€820k ~py
2. 8u3Eapy
2,866Euny
2.88kE~04
2,91 1Empy
2,935Ewgy
2.954E=0y
2.954F gy
3.95bE-04
2,95%Fupy
2.?61E~04

v

1.000E=-19
b 27%Fegn
By967Fapy
P.QOBF-OQ
2.0bkF=pg
E.beEioﬂ
2.300L=py
2.19:5-0“
2.15&5-0&
2,160Fapy
E.IQHE-OH
2,584 =ay
2.05UF~py
2. BusFepy
2.19«E-D#
2.6:7E-00
QeBUVE=py
E.BoJE-UH
E.BSEF-OH
E.QD&E-Dﬂ
E.QSUE-OQ
2.9515-0#
Z.?SIE-O“
2.9545-64
E.QBBEFOH
2,95TFegy

l1eGO0Ewgp

4.445Lmpy

b, U%8kagy
B.Té7bnps
9.403tmp5
1.370t=py
142008=py
2, 70780y
1e863E-gy
1i910k=pg
3,297k upy
3.021twmpy
20893y
Je168E=py
3.6“Qt'0u

'3.bbbt-0ﬂ

3.682k-py

" 3,699E-04

3.716t-0¢
3.73p¢-04
3 74BEagy
3.70uE-gy
J.Toat-ﬂﬂ
3.706&-0#
3.7&75-00
3,789y

¥

llODGE-IO
1,979k =pg

7. 219E~p8

9.6“3&-05
9.209&-05
l.SJ!h-Oa
l.bfbt-ﬂu
3;3005'0“
3.03&&-0“
S.Ujﬂﬁﬁuﬂ
5.037t-00
5-063&-0H
4,060k =0g
J.T?SE'DQ
3.695&-00
3.6?“&-0“
3.711t‘0”
S.TIOE-OH
30?15&'04
J.TSOE-OQ
3.7“7&-0“
3.763Eepy
3a763Eapy
B.TbaE-OQ
3.706Eapy

3, 7uBE~gy

c

1.000E=1p
l1.4uBEwgy
7,6595-55
1,106E-py
I.HbaE-oa
L.308E-py
z.oreﬁ-aa
4, 6050y
5.3055-00
5:032Fwqg
S.fBbE-Ou
5,005E-0y
Y.Y8UF gy
5.758Fapy
b.bUlFagy
&, /19E=py
& F9TEmpy
S, 8%uEapy
B, 949Eapy
T.02uE-gy
To09Empy
7.165E~0H
T 1b8E-qgy
?.1755-0“
Tol85E=gy
Ta190E~0y

W
1.000E=19

4,079 gy

7.“25&-05
1.057E=0y
l.498Frapy
1,144t -0y
8-“?15-0#
3, 980E=py
ﬂ.uDJt-Oﬂ
2, 4012E~pg
3.849E-py
3,.6b6Fapy
3.837F-py4
E.JHIE-OU
G.01TE~gy
b.7168E=pg
. TB2E-pg
b.ﬂb?E'OQ
Lu9GtFapy
T.0278-54
7.101&-0#
T 1T0EnDY
T.370Eapy
TolT7Eany
Tol85Eapy
?.IQEE—04

b

ALTrTuDE
RATE Ermge

1e000k=1g
'7.539&'03
2.717E+00
3.7u9£900
LaUA3Eapp
“0335E*00
3.2u3t#60
1.510E+00
1.SH0Eegp
1.353E*OD
1!2?{&*00
blb?athol
Se758E-pt
ﬂ.OEGE*Di
1,884Eapy
2,251kwpy
2,385¢6.94
2.“96&-05
2.757Ewpy
'3|035t'01
3987Rt'01
4,90 0Empg
S.OESE-GI
2u793Eagy
9.0105'02
Z.QGOt-DZ

Garmmy EARDR

l1,634kwyy
1.191kags
SuqﬂﬁE'ﬁa
l.O&NE-OS
G, ugsSL-gg
1.8628-p3
E.Eu!E-Ds
Lib57Emps
24480Emp3
2,622t 203
2eh70Emg
1y086Eags
b.li8tegy
3,97bE-04
2ib3bL-0yg
3.950t-cﬂ
5.525E-04
Teloutmgy
9. T83Empy
LAY
l1eltBEaps
1.b64tEmg3
1-6675'03
?.535kepy
3,838Eepg
12453Ewpyg

YELOCITY
MAG ERRDR

I.QOOE-ID
7¢°°1E'02
2.991£¢DD
22,8152+
S+3%0E+pg
E.b?uE*OO
€, ¢BOE+QQ
T.267€409
l.eddtsgg
24070&’60
I.E?HE$OG
1,5aoE+oo
l1e515840)
Y, 081Eqy
S.blUE-Ol
5.61?E-01

 8.990E.ypy

8,3256.0
9.575E-01
L.195E+0p
I.HSJE+00
i.bOIE+OO
1.5505*00
l.badE’oo
l.bSaE¢00
1.&755'00

P31 €rRmon

lib3sFayy
3.095E-ﬂ5
9.558E-04
l.43pE-py
!.39IE-03
2,500k-03
3.:“8&-03
S.lESE-OJ
4.370E-03
3.58%Eapy
3, 728Eup3
4.00?5-0]
2.12:5-03
5.736Eapy
S 685Fagy
0,b62E-pg
6558 epy
1t29lE~03
!.bSOE-as
a046Emp]
3,035E-03
Ye354E~p3
H.JSHE-DJ
8.501E-03
4,076Enp3
4.780Emp;

3HL

NQLLV!:IDC;IHDCJ S30N3I0g LN TNy



12-9

TIimg

1a32, 00
432,00
1490,009
1558,00
1554,00
1610,00
170,00
1730.00
1790.60
1836.00
1836.03

‘16“5-00

1045,00
1850,00
187u.40
1384,00
1694,00
j904,00
191¢,00
1926,90
1934¢,00
1943,50
1943,50
19a¢,%p
1945.50
1948 ,%0

TIME

1232,00
1432,40
149¢.00
1550.00
1550.00
1618,00
1670,00
1730,00
1796,00
1338,00
1836,00
184s,0¢0
1848, 90
1380,00
1874,00
188d,00
1394,00
1904.00
1914,00
1924,900
1934,.00
1943.50
1943,5¢0
1944.50
194,50
1946,50

GROUP 11
POSITION ESTIMATE
R ) _

0.,00CE+0D
2a930Eeps
T.T02E+0h
2.223E407
1,087E+07
8.808F+pb
2.139E+07
b,720F¢ps
1.2320+p6
1.05%E+08
3.781E+n¢
3,893E+ps
$,.5UuF405
b,up%E+ou
T . Mu9F 04
b,039F+04
S,URCE¢Qa
4,T96E+04
I, TA0E+0y
1.947E+q4
141540400

“Te260Fep2

6,235E4862
S.363E+0%
3.30[5‘03
2.551E03%

U
0,000E+00

b.1368498

S.931E+08
2.150E*n7
1.018E+97
B,9AbE+9s
2,140F¢07
L. TYEE+pb
1.271E+0n
6,089 404
3. 601E+04
3.937E+p8
1.558E+0S
b,516E+04d
T.4NSE+NG
8, 077E+pU
5,5186E+04
4,833%E+04
3,825F+04
J.958E+04
1.,198E+08
1.350E+33
A,35uF=p?
R.396E+a3
}1.989Es03
8,992E+02

D.000FE+00D
S.110Eep7Y
F.403ke00
1+8UbEeq?
1,760E407
J.0ugErps
U,587E+q08s
S.921E+08
QL RETE+DA
tanf1Eegy
qo??!E'Ob
1.0[7E«p7
2.S08Es05
2.783E4+9S
1.62BE+0S
1.223E+05
1.281E+4058
143596405
1,4R3E+08%
1,b5UE+gS
1.915E05%
24889€ 038
FoBOREL 0%
SHHISEQOS
Q. 9TLE+0S
&,152E+05

¥

D.O000E+DD
TT3ISE+0T
8,2¢3E+07
SLUQUE+Q7
3.201E+07
2 0B3E207
T.748E+455
1.485E404
6.339E+90s
4,T83Er 08
4,%8T7E+qQs

.?-3“65*06

1,279€+058
2 6BTE RGN
14652E+05
1.20%E+0S
1.257E+2%
1.347E+0S
1¢4B1E+0S
1.695E+05
1.916E+408
21669E+05
2.689E+pS
J.81eE+05
4,97uEs 05
b,1UE ¢S

ERRQOR
¢

0.,000E+0p
S.082E«07
1.12%F«0A
5.7155+a7
5,347€407
2.958F+pY
T.285E+0s
b,838F¢0
3. 5uSF+ps
1a1G3E+0p
1.,662E+04
1.069E+0y
4,298E+0g
U,B821Fefy
3. 002€+04
3,181E%04
2,8U0TE+ 04
Z,548F¢00
2,278E+0g
1.978F+0y
1.7T00E vty
Qu16f+0y
B.113E+0%
4,32TEe 0y
8,297E+¢y
1.232E40%

L}

0.000E+0y
T.125E40s
T.T49F+07
U, 81F+97
Y,006Ee0T
2.11%E+07
8,538F+04s
A, 756F+0s
A,3IP2E+04
,672F40s
T.97T1E+0n
T.896F+0s
2.191F405
8. 61TE+0y
1.034F+ 00
3.015F¢0u
L3 T26E 0y
3.090F+04
2.3b4E+0g
1.84TE+Dy
L.960F40g
4,980E¢0y
4.989E+01
d,939E+ 8y
& U420E40y
1,247E+0s

YELOCITY ESTIMAYE
R 0

0,800E400
B,0LTES QL
1,084E05
14731E#Q5
2,097E40S
24239405
1,988L405
S,87TE+0u
G,106E+0¢
2e3T1E*
3.376Ergu
2:.4938 49y
1,348E40%
T.bu2E4p2
e . L75E+03
3.427E40)

1,903Ee03

B.1T2F+g2
U, 019803
b,89RE4p3
1.42%E+0u
2.181E+04
24167E40un
t.258ke0t
4,37%+p3
1.819E+g3

U

0.000E+08
4,1058+04
1.T70E+0S
1.,667TE+05
2,030 405
2,209E40%
1,979E+09
§,895E+0u
B.163E¢04
2,430E404
3,433E+04
2.753L+9u
1,205E403
8,729E+02
PeSTE+0Y
3.7938403
2,110E+03
5.77T0E+¢2
3,752E403%
6,59%E+p3
1.,390E+0u

22 l4bEega

24133E004

1.1863E+0y

4,027E+03
1,464E+03

0.000E+00
4,396F+p4
3. 194E+05
3. 3A3E+9S
3.540F+0%
3.045E+05
2,.328F+0%
1.549E4+95
Le219F+p5
9.5 F+ny
$.812E+p4

1.060Fsgs"

Y. 128F 404
2.577E*pu
2,359+ 84
J.316% 0w
S.1325+00
b.302E+p4
TuZTFe0y
B.979F+0u
1.035E+05
1a138E+5Y
1.138F+0%
{.153F+p5
1.,168F4p5
1+183EepS

Y

0.0N0F+00
1.997¢6+0u
3,343F+p5
3.,879F+pS
4, 086FF+05
3,971F+95
3,I01E405
2.302F+p5
1.8NUE+g5
4, 790F+04
},2RuE+pu
2.lU0FE400
1.974E+04
2.279E+04
2.267E+04
3.950E+0u
S.2Ruf 0y
6,37T1E+0a
T uulErny
8.,808FE+9u
1,032€+05%
1.§37E+p5
L. 137F+45
1+162E+05
1,16B8E405
1.182F+05

TACAN RANGE SCALE FACTOR (MfJL'ﬂPLY BY IO.-GI

ERRON
[

0.000E+00

T 24083Ee04

1. 434E+DS
2elb2E405
2,286E+05
2.Ub0OEeRS
L EB2E+0S
1.B66E«05
L a0k 40S
8,994k 404
ToubdEequ

b, uft+0y

T.111E+0)
68310
5. 722L+03
1.090E+08
T1.%23b+04
1e951E+04
- 2.372E404
csBUHLE4QU
3.U08E+04
J.6B4E+04
3.,B8uk+Qu
F.Ou1E+04
3,99TL+04
4,050E¢04

L]

CPLATFORM TILT ESTIMATE
R o

D.000E+00
1.5{9E+60
3.10%E+00
B,472E00
J,421E+40
R Ud9EepQ
1,009F«01
8,242E+00
6,5%9F+00
h,861E8+00
4,BU1IE+OD
4.533E+09
3.285E+00
2L HSUE+DD
3, 107E+00
3.081E+00
3.056E400
3.030E+400
3.005E¢0¢
2.940E+40
2956400
2.,930E+00
2.934F+00
2.928E+00
L 2,9255+400
T 2L,922E+00

u

0.,000E+00
4,516k +04
1.195E+08
f138E+0%
14214 +05
1,10P7E+03
1,319 405
T.611E400
S.uBuksgy
142236405
‘1,1087E+0S
1,242E405
2,UTOE+0U
J201E+0u
8.830E4+01
9.532E+03
1.169E+94
17128404
24334E%08
2.957E+04
3.546E+Q4
2+F2HE*OU
J.%26E+04
3.977E+04
g,028C+0d
"B.QTVE+ 0L

0.000E+D0
1.545%E+00
3,122E+00
BLHITE+OD

8,361E400

Y. 4PCE+DD
1,009E40}
B,2d2E+00
S,57T7E+00
4,90 E+40Q
4 BTUF+00
&, 56%E+00
3,298E+00
2. UTFE+G0
J,148E+00
3,120E400
3.104E0¢
J.081F+00
© 3,.,059E+00
3,037E+00

3. 01%E+00 -

2,993E+20
2.993E400
2,391FE«00
2,.984F+02
2,987E+40

D.000k+20
{.0%4E+00
3,9467L+00
Q.368E400
1.016E+0}
2983E+00
9. 101E+400
3.529E+00
Pel24E¢ 00
1.579E+00
3.262E+00
G.AH9E+Q0
1.26%E+01
{2450E401
1.472E+0¢
1,474E+01
1,876L+01
$L.U78E401
1,480E+01
1, UBPE+01
1,u83E+01
1.405E+401
1,465E+0%
1. 4B6E+0]
1HB0E+D]
1,488E+401)

Y

0.000E+00
4,871E=01
2,095E+00
b, TSUE+QY
354400
3.83“t¢00
T.739E+00
B.33izE+00
1.,2%4k+0}
2,783E401
2 BUTESD]
2,539 +01
3,680£+401
3.204L+01
2,022E+01)
1.319E+491
1.,109k+404
1.,309E+401

1.857L%01 .

1.517k+01
145168401
1.501£408
1+,501E+01
1.49%Le01

BREILALIX TS

1.498E+0]

c

0.000E+00
3,562E-01
Ta2S4E+50
b ublE+0D
9,050E+00
O,G19E+00

C 1., 985E-0)

1.008E+01
1.5H8E+0}
2, Y3UE+ )
2,931E+01
2.902E+901
3.736E+03
4, 134E+01
G4, 456E+01
d,465E+01
&,465E40]
d,454E+0)
G aubuf ey
L Un3Eeny
G,Ub3E+0
4,H462E+01
4, 4b2E+G]
L,4bn2E+01
4,462E401
L d42E+01

W

0., 000E+00Q
1,004E+00
T.293E400
1.,071E+0¢
Lo lL9E+0Y
1,125E+01
4, 866E+00
t,609€400
1,5SUE+0]
H,414E+00
TLHULELQD
1.487E+01
1, U26E+01
2L, 9HEE+0]
U,245E+0)
4,513E+01
4,554E+01
4,516E+04
G, LT1E+0)
4,451E+0Q)
4,851E+01

4,457E+01

d.457E+01
4,U457E+01
4, 4SBE+0]
U,4d58E+0]1

ALYITUDE
RATE ERROR

D+QODE+QD
1,855%E+04
1+5064E+05
1,011E+05 -
$.977E+45
2,185E+40%
1.940E+408
P.902E+04
YylB80E+04
2.41TE+Qu
I U195 408
2:733Lepu
$.20%E403
B.balbeg2
2.575€403
3.790E+03
2,107E+03
S5.802E4+02
3.7556403
b.603E*03
1.39!&r0ﬂ
2o1uTE+04
21336404
1. l8UEsps
Q,0340E+03
1.473E+493

GARHA ERROR

0.000E+0¢Q
2,%930E+00
3,T36E+0Y
S.4u%Ee01
b,5359E+01
1.081E402
1.552L+02
l1.726L+02
1.1925+02
6, 1ABE+0)
6,954E+01
3.15%E¢0
1,2376+01
1-350E’01
1.29uE+nt
2,184E401
J.hpnE+Ql
L,893E+01
b, UpbE+0]
S.UY3E+0L
5,192E+01
T.56bE+401
TeSudE+0]
G, 45VE+D]
1.763E+01
B.812E+00

VELOCITY
HAG ERROK

0.000EvDD
14TUdYE+0y
3.239E+95
I, TUTE+pS
3, 911€+05
S.6644E+05
2,961E+0%
1.733E405
1.b2?EvGS
3.768E+04
2,022E+04
2,917E+QuU
1,781E+04
S, 165K+ 04
2,152E+04
I, 761E404
L,850E+04
S.789E+00
b, 638E+04
8,3385+04
1o025E405
103325405
1,132E+0%

1.150E+88

1ulbT7E+GS
1.182E840%

P31 ERROR

Q.000£400
T.617E+QD

B2 27TE+01

3.366E+01
$,5835401
§.850E~01
8,087E+0

TJEI5E+DY

TebBZERQ)
2.092E+02
2,030E+02
2, 147602
G57TE+QL
2,254E+0}
1,835€+01
1,75%9E+0}
2.2T6E+0
3.449E40
4, 85%5E+01
4,15T7E+0

F.O08E+QY .

1.24BE402
1,2u8Ev02
l.Z?EEtOZ
1.350E+02
1.386E+02

NOILvHODHOD S3agNIains SILAIVYNY 3L
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GROUP 12 BARO ALTIMETER BIAS,SCALE FACTOR, AND STATIC DEFECT

POSITION ESTIMATE ERRUR YELDCITY ESTIMATE ERMNR PLATEORM TILT ESTIMATE
TINE | R -] [ TR [ [+ R D c
1a32,00
1432,00
190,00+

1550,00 0.000E400 O0.000E+00 0,000E+0p 0,000E400 0,000E+00 0,000€+00 0,000E+00 0,000E+00 §,000E400

1550.00 1,B85€+43 2,58RE402 U4,316E407 5,.B32E¢00 2.792E+00 L.UB8E+00 3,917E~-0S 1,035E-04 9,647E-05

1610.00 1.202E+03 1,24TE+02 4,.936E«8p 3, U(2E¢00 B,792F=01 1,752E+00 4,&%0E=09 1,d15E-04 7,0843E-05
1870,00  3,457F+02 1,413E401 2,156€402 6,09af¢) 3,901F=01 T,153E-81 4,97%E~05 1,169E=04 §,135E~05
1730,00 1.527F+02 3,3USE+01 1, D52E+0p 4,224E-P) 4, Suofep) &,078E~C1  3,633E-05 7,099E-05 &,778L-03
1790.00 2.4SPE+0] 2.R¥9E+dy 1.D63Fe0y 5,66TE-81 2.311E-~n1 T.94SE=01 3,427E-0% d.519€=05 5,095E-05
LA35,00 &, T17E+0] 1.500E+01 1.017Ee0y &,169E=01 1,914E-01 S,1e7E=0} 3,7B3E-05 B,2B9E~0% 9,082E-0%
1836,00 - b.162E400 §.856Ee0) 3,236F+00 S.282E-0y 2.422E-01 4,38%E-C1 3,e6BE-05 B, 39TE-05 8,403E-05
1846,00 To212E5+00 V.630E¢0)  1.211E+0p 2.975E~01 2,44bE~nd 2:272E=01 3,093E~05% 1,081L-Q04 &, T44E-0S
184b,00 b,66uce0] 2,918E~0] 2,809F=by 1,918k-01 §,237€-0) B8,983E-02 3, RO9E=0% §,237E=04 1,01%E=~D4
1868,00 1.106F=0] &,08%9Em01 &,795E=0) &,024E=02 B,2B3E-02 5.001k~02 3,741£-05 1,357E=04 1,179C-08
1874,00 3.3ITE~01 §,119E-01 9,539Fa02 S,L14E-02 6,278E~02 7,306E-02 3,5%28£-05 1,507E-04 1,26LE-00
1884,00 3,595E-01 2,555E-01 1,505E-~03 7T,150F=02 1.03BF=p] 1,352e-~01 3,539¥EZ-05 1,5CBE~Q4 1,26UE-D4
1694,00 1,053E=0] 2.731€=01 1.318E=py 7,538F=g2 1,ap3E-pt §.BESE~01  3,551€-05 {,508&-04 1,263E-04
1904,00 2 URBE=Q] 2,903E=01 1,108EaBy T.3T9E-~02 1,783F-n1 2.439B=01  3,562E=-0% 1,50%E-04 1,26¢2E-04
1910.00 1.822E=01 3.025E=01 9,2644E=02 T,1T77E=02 R.169E-01 3.012E-01 3,576F=05 1.509E=08 1,261E-04
1924,090 1.010E=01 3,032E~01 T,610E02 7,200E=02 2,8%4f~0l 3.7(56-001 J3,585E~0% 1,509E-04 1,2b1E=04
1%34,00 U, BOSFup2 2,87%5ap1 6,256F=0p &,51th-02 31,140E-01 4,47tE-001 3F.59TE=03 1,510E-04 1,260E£-04
19u3,5¢ 2.272E=02 1.b688E=01 1,993Eedy %,8u1Eed? 3,525FE=0) S5.060£-0% 3I,508E-05 1,510b=04 1,259E~04
1943.50 4,252Ea08 1.688E=01 1,993€=04 B.056t=02 3,525E~01 S5.060E~0] 3,008E«03 1,3108-04 },259E-04
1944,50 $.07SE=02 3,538E=Q1 7.,076Ee01 3,139€=02 3,547E=0) S.109E~0) 3.609E-05 "f,510E8~04 1,239E-04
1945, 506 2,809£-03 b5,921E-01 1,221E+00 &,128F«03 3,609E=01 5,157E-01 D3.e{0E=05 1,5108~04 1,239E-~04
1946 ,50 4,814E=03 1,04BE+00 1,739E+0n 1,598E=¢3  3,6SCE~0l  S,204E-01 3,011E~05 1,510E-04 1,259E-04

TIME ' u v ] ) v] v » v v W

1u32.,40

1432,00

490,00 ‘ . : - .

1%55¢.00 0.000F+00 B0,000E000 0,000F+0g 0,00CE400 *0.00CE+D0 O0.000E400 0,000E+400 0,000E00 0,Q00E400
1550.00 1.878E+33  3N,959E+02 3,508Ee0p S.TH81E«00 3.1ASE+00 b,856E-01 3,973E-05 T.AT4E=0S  1,217E-Q4
16186.00 1.238E+03  L,15TE*02 3,079E+02 3.39TEe00 1.809F+00 B.187E-0t 4, 413E-05 6,297E-05 1,491E«04
1670,00. 3.“5??002 1,030E402 1,911Fe0> $,081E«01 2,416€=-01 T,AJ0E=01 4,9T75E=05 &,393E-05 9,62¢E-05
1730.00 1.525E¢02 3,095Ee01 1,0062F402 4,225E~01 S,48(F-a1" 2.,592E~0{ 3, 049E~05 4,063E-0% 6,0230E05
1790.00 2.450E+g1 2.027E401 §,25BEe€0t S,678Ee0f &,1108-01 S5,574t-01 3,443E~05 9,598k=06 T, n20E-0%
1838,.00 4, T24F*py  1,100E+01 1.096E40y) &,185L=~0y 4, 181€-0) 3,502t«01 3,807E-00% 1,106L-08 4, ,u356-05
1834,00 G,233E000 D.15HE+00 1, 414Fe0y S,299F~0t 3,225F-91 3,786L-0)1 3,693E~05 1,087E-04 4,T60E-05
1848, 00 T.2R3F¢00 1.136E401 J.170F+¢0f 2,909f£-0t 5,556F-02 3,P79E«01 3,726E~05 1.3%6E-04 JI,010E-05
1646,00 . 680E=01 1,217E*D1 3,833F=0f{ 1,925E-01 4,254f=02 1,s60E-01 3,6u40E~0> 1,565E=08 3,302E-05
1Ba0,00 1.16SE=0] S,595Ew=01 2,482f«0f &6,047E02 S,2A9F=02 B,070E=Q02 3, TTUE-05 1,740£~04 4, 4TdE~DS
184,00 B.3C3F=01  1.01SEwD] 1.005E=0y7 S,153E«02 5,339F=p2 7,992E=02 3,5SYE-05 1.6u%E-Qd |} ,07ZE~-04
1884,00 3, 00FF=0] 2,593E=01 f.4SLE=0f T,210FE«02 1,08QE-01 1,315E-~01 3,967E~05 1,4b3Le0d4 1,315E-~04
16%4,00 3.08SFeb) 2,801E=01 1,129f«0y 7,625¥«02 1,522FE-01 1,787E<01 3,57%E-05 i,420E«04 1,361E~04

1904, 00 2.U92Ewp]  2.933Ew0] 9.F42E~0p T, 4BKEe02 1, BHYE=0) 2,3T1E=01  3,S63E£-05 1,06QE-04 |, 31BE-04

1914,00 1.8%2E%01  3,026E=01 9,05%€-0p 7V,301E-02 2.178F-p1 2,999%E-0] 3,591£-05 1,501L-04 1,270E-04
1924.00 1,020E-01 ¥,033€-01 7, 816F=07 7,409 -02 2,603E-01 3,733E-01 3,599E~05 1,518E-04 §,250E-0u
1934,00 4,BAYF=p2 2,86BE=0] b, 434E=02 &,874Fed2 3,i15F~01 4,492En01. 3,b07E-05 1,51BL-04 1,250E-04
194,50 2.298E=02 1,691FEe0t 1,990E~0¢ -b,010E-02 3,508F-6{. S,07CE€-01 3,010E-05 1,513Ee04 1,255E-04

1943,5¢ 7.609F=12 1.691E=01 1,990E=0¢ b,P25E=02 3,538F«01 S5.070E~01 3,016E-05% 1,313k~04 1.255E-04

toue,sH 1.251F~02 3.522E-01 T.084F=01 3.309F%02 3.552E-01 S.118E-01 3,01T7E~D% 1,513E-04 1,256E=0u
1945.50 §.223E=03 b,BIIEw(l §.2228400 9,7TibEaDYy  3.590f=0f BH.lobE=01 3,el1UE-05 1,512E-04 1,256E-04
194b,50 1,7STE=03  1.044E+0Q0 1.TULE+G) 2,082E«03 3,6%BE=01 S,213t=01 3.618E-0p5 1,5128«04 1,254E-04

ALTITUOE
HATE ERRODR

0,000E+00
S.8u7E+0D
3,455 +00
6,Jubk=01
4,225%E=01
S.hETE=0Y
b,1H5bE=01
S,297:=91
2,%80E-01
1,925E-01
b,04L0E=02
S,153E=-032
7l217E-02
T-tht-OZ
T, 488E=02
7a302cm02
T.410kw02
b, 67TSE=02
6,010E=02
4,225L=02
3,309t -02
9. 739(-03
2,075E=03

GAMMA LRROH

0.000E+00
1e7u9E=DY
1,495E=03
3,977E-04
S.396E~D4
S,u56E=04
1.165E=03
9.8iuk-04
4,93098-04
3.0nlE=Q4
7.022&’05
4,395E«05
4,599E~=C3
3,483E~05
4,310E=0%
b,57LE=DS
5.28%E=0%
1.2608=04
1.719€~04
1.785E%04
9,304E=05
2.388E=05
3.,530E=0b

VELOCITY
MAG ERROR

Q. 000E+00
2.T755E4+90
1.404E400
,970E=G1
3,375E-01
d,516E=01
2,070E=014
143THE=D]
8,09%E02
TeY3IRE=Q2
6,962E=02
b, 99BE=G2
1,272E=0}
1,691E=01
2.000E=-01
2.271E-01
,bSuE~D1
3,147E-01
3,518k=01
3,918E=01
3.556E=01
3,59c0E=01
3.638E=G}

P51 ERROR

0,000E+(D

1,894FE=04

3,.320E-04
U,953E«08
24T8EDW

7.192E=0&

&,[01E=04

5,479 E«00

5.605E=Qu
2.988EmDu
1,504E=D4
1.,514EeQ4
2 ,UB2E~QH
A, us0E-04
4,770E=24
6,240E-04
T.188E=504

1, tulE=BY,

1,611E~03
1.611E=03
105705‘03
1,732E=C3
L,772E~03

NOILvYHOGHEOD S30ONIOS JNILAIVYNY IHL




0d o
130

1T

ALl

v dot
g1 @ovd VNI

£¢-9

TiME

‘1432,00

1432.00
490,00
1550,00
1550,00
1610.00
18%0,00
1730,00
1790,00
1836, 00
1838,00
184&,00
1Bub, 00
1860,00
18T4,00
j884,00
$14%4,00
1904,00
1944,00

1924,00°

19234,84
1943,50

“194d, S50

1944,50
1945,5%0
1946,50

TIHE

1432,00
16432,00
1690,00
1550,00
1550,00
1610,00
1670,00
1713¢,00
1Y9¢08,00
$836,00
1816.00
1846,00
184,50
1860,00
1874,00
1884,00
18%4,00
1904,00
1914,490
1924,00

" 1934,00

1943,50
1943,50
1944,50
1945,5¢
1945,50

POSITION ESTINATE ERROR
R c

{.000E=10
1L, 07SE+D!
G.262E+00
5,237E+00
S.190E+00
4,522€+00
8,915€+00
J.21bE=01

* I R4LE=01

4,325Ev02

1,000E=30
L.O0TLEeDE
F.236E%00
3,229E000
S191E+00
4,521E400
8,91ZE+00
1.2UDE=0L
3, 277E«81
4,330E=02

GROUP 12 BARO ALTIMETER FIRST-ORDER MARKOV

1.000E=1¢
1,U65E+00
$o119E+00
T,a60E=01
2,5T9E=01
Se302E-0]
8,824E-01
5,998E=01
6,983E=01
8,21UE=03

1,000E=10
2,259E+90
3.160E400
2.,015E+00
1, 794E+00
2,403E=01
8, TITE=DY
3,356E-0]
4,91 7E=0¢
Q.JQBE'OS

¢

1., 000Emtn
2,462E00
b P 5140.1
3.025408
1.52%E¢09
907QBE'01
4, 155E+01
§.214E=04
5.722E=02
9,859E=013

1.000E=10

2,001k400
2. 104E+Dn
2.397€+00
3,050€+408
1,0922409p
8,530E=0y
5, 112Empy
4,9T8E=0y
1 190E=82

YELCCITY ESTIMATE ERRDR
R o

1.000E~19
3,327E=02
11975E'°2
1,995E=02
1+929E=02
2.1095'02
3,538Ew02
1,333E~02
{v3I58Ew02
F,320E-03

1,0008=10
1,%93F=02
q-lzlﬁrol
SiS10E=03
S lbuE=0d
G,651Em03
&,370E=03
6, 600E=03
&,3d9Ew3
24.096E=03

c

1,000E=10
B usUE=DS
$1,450E=02
Ly T6TE=D2
1.812E=02

by B14E~0Y

9, 0U5E=03
L 218E~C2
8,851L=03
3.16LE~03

PLATFORM TILT
-4

1.000E=10
2,235E=07
€,513E=07
3,629E~07
2. 6TSE=DT
2,85%E-07
4, U0SE=QT
3.“72E‘°7

b6, 323E~07.

b,B809E=0T

THIS SEGMENT OF TABLE NOT PRINTED

1,0000=30

3,298EuD2
2e983Ewp2
1,9%0Ew02
$1.92TE=02
2,111E=02
3, 540E=02
1.3M8Em02
1¢342Eep2
9,327E~03

THIS SEGMENT OF TABLE NOT PRINTED

1.000E=12

l.ﬂlbt-oa
1, 66TE=DQ
L.i05Em02
1,000F=92
T,325=03
1.010E=02
9.218E=-0%
3.663E-03
Qe TUSE=Q3

1,080E=10
3,7978=03
S.809k=0}
1,420kwp2
1,598E=02
3, 718L=03
U,428E=03
1,028E~02
1, 0¢3E=02
2:+590L=03

1.,000E=10
24267E~QY
2, HLE=DT
3,042E=07
2,700E=07
2. 8TBE=0T
&,500E=07
3. 477E=0T
b6,362E-07
b, B6UE=]T

[

12000€~10
5,902E=07

1,099E=04

1+913L=06
1,125E=00

6,045E=0T

2,3308=00b
TelT1E=QT
9.575E=97
}.405E=08

1.0006=10
G,093E=07
3.,068k=07
T.15%E=07
5,F13E«07
6,895E-07
t,1T6E=06
1,59LE=04
L 419E=0b
1,5006=06

E3TINATE

¢

1,000En10
5. 504E=07
1,029E=06
1,287E«08
7.34BE«QT
T 9S9E~07
1,178BEnDS
1,460E~08
L U9TE=D6

1,2b61E=06

1,000E~20

b, 945E=DT
1,481 E«Db
1,7T2E=06
1.206E~08
Ted2bEw(T
2,330E-08
3.797E=07
1,067E=0b
1,143E«04

ALTITURE

RATE ERROR

12 000E=10
3,358E=Q2
2,999E=02
2,005km02
1 4935%EnDE "
2yi1]1EmD2
3,5u2E=Q2
L.33TE=2
f.361kn02
e I27E=03

GAMMA ERROR

2,884E~14
9,9760E"0b
i.SGSE-OS
1¢361E~05
2,031E~05
2:710E=D5
4,98TE=0S
2,506E=-05
2,318k=05
1,587E=05

YELDCITY
MAG ERROR

1,000E=10
1,%72E=02
1.291E~02
B,8L7E=D)
4,545E=03
S,6THE=D3
2,030Ewp2
S,02iE=03
R,731Ew»03
Z.EZOE-OS

P31 ERRCR

24392814
S:OGEE-OS
2,159€~04
P, 0TSE=Db
1,653E-09
54190E-D8b
T.ST79E=bb
Ly 758E«05
1,777E=0S
4,590Enm0a

NOILvHODHOD S3ON3I0S JILATYNY 3HL




Fé-D

TIME

ga3y2,00
{432,00
1490,00
1550,00
1550.00
i1810,00
1670,00
175%0,00
1790,08
$1834,00
18036,00
1848, 00
184b .00
186p.00
1874,00
188400
1894,00
1904.00
19140, 00
924,00
1934,00
1943 .59
1943.50
1944,50
1945,50
194,50

TIMF

14a32,00
1432,00
1u%0,00
1550,40
1550,00
1610,.0¢
160,00
1730,90
1796,00
1835,00
1835,00
1846,00
18ub,00
1860,00
18ta,00
1844,00
1894,00
1904,00
19148,00

S 1924,00

19340,00
1943,50
1943,50
1944,50
1945,50
1%4b,50

POSITION ESTIMAYTE ERROR
R 0

0.000F«00
1,821E+09
1,856E400
9. 43101
$.3TuE~gY
B,728E=43
1.818E=p2
O, BR0E~DY
2.575Fn02
2,463E-02
1.809F=02
T.6RGE=y3
7. 54b6F=03
1.318E=g2
9.,0T6€-43
1,180E=02
1-3|9E'02

Y]

D 0008400
LT T
1.723F¢00
1,001E+00
J.022F=01
3, 1TUE=DR2
l-7q5E'02
3. AT%F=02
5,358E=02
4,002E-02
3,80SE=02
2!369E-02
2,092€=02
5, JUBE=2
d,uS3E=03
1.904dE=03

B IGTE=0Q

GROUP {3 MLS AZIMUTH BIAS

0.000E+00
G.580E00
Q,4TIE+00
2,459E400

5+561E=py.

3, TME=DY
J.b12Em91
2,04RE-Q1
‘-375E-01
9.ATLE=02
14090E~0t
l-SODE'Dl
1,545E=01
1:54bE=gy
1, T4SE=41
1,94bE=01

24148E=01

v

G.000E400
2.2TUE+p!

1.627E+01

{1, 740E+01
Fh1%ErDD
ZeTOIEHND
2,258E=0t
T.734E=01
3,518E«01)
4,109E=02
1.817E=01¢
1 ,RUgE~D1
1,750E=01
1.750E=01y
1,931E-01
2+115E=0¢
2:309E~01

¢

0,000E+dg -

2+533E40y
2,838E404
2,876E49y
2.1985+01
1,906E401
1.694F+py
1.4991E+09
‘-295F’0|
1.106E+404
9.203F+0p
T.UB87F+0p
b6, 2BYE+D0O
5,289E+0p
6, 3B87FE+00
b, 4BTE+ 0
b.58%E+0p

o

0.000F¢0n
1.803E+0,
1.9USFeay
1.,719F4+04
1.9T8E0y
1,8B6F+04
L,5%UFR+qy
1,UB9840)
t.295E+0¢
1.,106E40y
9,202E+00
T.4RbE+Qp
5,209F+00
6,.28%E+0p
&,337E+ 08
b,U0TE+ 0
6.,539E+ 00

VELDCTITY FSTIMATE ERRDR
R > .¢

b.0008+00
3.934k~p3
S.T30E-02
&, 37UE=g2
4,2T1E=02
2,199 e0?
1,238E=02
6,18%E-03
2+115E-43
2.09AE=03
7.2?05'0!
1.383E=p2
1,99(E=02
2+200E=p2
{1, 1B8uE~p?
3,631FE=03
8.,98YE~qu

A

0.000Le00

3,933E=p3

S, TAYE-02

b, 43102

4,344E=-02

P UBUE=D2
1,291E=p2
b,595FE~03
2.400E=93%
{4927TE=(3
T.222E=0%
L0391E=p2
2,007E=02
2.216Emg2
t.201k=02
3,806E=03
1+0B1E=DS

0.000€400
B.7%uF=p2
8,988F-02
1 0bUE=DY
1.06BF=01
B,591F=-02

T.957F=p2

b,97RF=02
5.5975‘02
4,B40E=02
3,B28F=p2

2.823F=02

1,991E%02
1.981€E=92
1,997F=02
2.012E=D2
2.02b6E~02

¥

0.000F400
2,5PuE=p]
6. 259F =02
I, 0S0FEmg2
3.135F=02

e, TITE=02

8.323E=02
T U91E~02
8. 06TE=02
4,8uBEep2
3. A50F=02
2.87uFup?
2,017E=02
2.017Emp2
2,028E=02
2,039F=02
2.652E=02

0.000E+00
2+36BE=01
b, uS6ENDT
2,921L=02
1:360E=01
1,432L-01
fo080EaDy
T.786E=02
8.621Erp2
1,373E=02
2.524E=(2
4,577E=02
T,670E=02
G, hTTE~02
9,897L-02
1,011k=01
1+ 033E=01

L1

D.000E400
6, TS8E~03
b, 809E=02
1,129E=01
1.599E=01
1,528E=01%
1,0586E=01
7¢291En02
4,3UE=02
$,34AE=(2
2,U92L=02
by SHLE=Q2
9.,668E=02
9,b06EmD2
9, 68AL-02
1,811E=-01
1,0328=01)

PLATFORM TILY ESTIHATE -
] ]

8.000E+00
1,099E-04
1,4RBE~0S
{ BUbE=DS
2,6B5E-0%
2, T34E~05
2.737E-43
2,739E~05
2.742E<0S
2,TUSE=05
2,74BE=DS
2,751E~65
2,753Em0S
2,753E=05
2,754E~05
2,754E=Q5
2.754Ew0S

v

0,000E+0D

"1.005E=06

1. 498E=05
1,881E-05
2,7T13E~=05
2,762E=0%
2.763E=05
2,T64E=(%
2,765%E-05
2.767E=05
2,THBE=0%
2.T6%E=05%
2. 7TLE=0%
2,771F=45
2.T75E=-0%
2,77T1E~05
2,77T1E~05

0.000E400
1.735E=05
2. UITE=GS
3,552E=05
b, b1LE-]S
T l65Ea05
TeibiE=DS
T:162E0%
T.161E=(S
T.160E=05
7,1508E=(5
TelbTE=0S
T lh6ka0S
Te156E=DS
T 156E=0%
T.136EnDS
Tel56E=(S

Y

0,000E+00
1.,481E=08
2,058E=0%
2.793E=0S
S5.851t=05
T 0%6E=05
T.lelkens
T,180E=05
TolbDEwgs
74153E=95
T.148£=05
Tel14BE=05
7148805

¥, LeBEmOS

T.168Eap5
714805
T.i68Ew0S

€

0,000E+00
B.,5168E=0)4
S,506Ew06
4, TGBE=0S
2,823E=06
S.G13E~04
3,454F~08
I, UFbE=06
3,537EL=08
3,579E~00
3, 620E=0b
3,662Enth
3,7C1E=0b
I,701E=08
3.TGHE=0n
3,7T10E=08
3,718E=06

o

0.000E+00
1,927E=05
1,528E~05
2.284F=ps
2,.530E=05%
1.231E=05
9.125E=07
1,4S4E=88
T.7T12E=27
3.145E~00
4,124E=06
4,117E=00
3.,873E=0s
3.,B873E=0b
3. 854E~06
1,836E=04
J.BR29EnDS

ALTITUDE
RATE ERROR

C.000E+00
3.,518E=03
S.725k=02
b,ladg=02
4,320t=02
2.“575-02
1,201K«p2
6, 614E=D3
2.4p9%tk-03
1.,9208E~013
Te226Leg3
1-39[t-02
2,007t=02
2e217E=D2
1,202E=p2
3,B5FL03
X.GSHE-QS

GAMMA ERROR

0.0DOEQOO
1.252E=04
SIbTHE'OS
8,462En05
4,308Le0sS
1.23TE=0S
3.,826E~05
4,389E«05
4,1562E=0%
U, 097E=(S
JLLy2E-0S
3,905£-05
6,513L=0S
Tel?7L=05
4,023E-Q5
1,349E=08%
4,34UE-08

YELOCITY
MAG ERROR

0,000E+0¢8
2,408E=01
ToT90E=02
4,968E=02
4,538F=p2
T.118Emp2
B,124E=pD2

T.102E=02"

S.833Eaygp
4,3us%a02
3.,532E-02
2 TI9E=G2
1,974Ewp2
1,949E=02
2, 009E=g2
2,035E-¢2
2.05{E=9Q2

P8I ERROR

G.000E+00
1.231E=03
1,135E=04
1.992E=04
3¢1B80E~0Q
S B85Enpy
14945Empd
LoU3E~0u
Y,79E=(S
2:.756Ee0%
5.232E*°5
1,66TE-QU

1,073Em04

3.0?5E‘0“
3,229E-04
3, 391E~04
3,510E=0u

NOILYHOCEOD S30ON3IDS JILATYNY IHL



§¢-D

TIME

tal2,00
1832,00
1890,00
1550,00
1550,00
1é1n, 00
1670,00
1730,400
17%0,00
1836,.00
1838,09
1848, 00
184s6,00
18623,00
187400
188u,00
1892,00
1904,80
1914,00
1924, 008
19349,00
943,59
1943 ,%p
1%44,5
194%,5p
1%4b,59

TIME

1432,00
1432,.00
1490,00
1550,00

"1550,00

f6in.00
1670,00
1730.00

" 1790,00

183s,00
1838,00
1an, 00
1848, 00
1860.00
1874, 00
lﬂﬂﬂ.UD
1894,pp
1904, 00

" 1914,00

1R24,00
193a,0p
1945,5¢

1943,59

1944,5¢
1945,59
1948,50

POSITION EaTIMaTE ERROR
R D

D.000F¢np

2.285€4¢gy

1.972€epy
1.952€+91
1.676E4+0
1.37uE+p}
1+157E+ay
9.455F¢pp
7.3905’00
5.3695400
3.“0&E¢00
1.673¢+00
3-37]E“0|
S.OOUE-DH
2.977E-92
1.284E~p2
A, T61Emp)y

U

C.000E+0p
2,204F40}
1.970E+81
1,950F+0y
1.87uEepy
1.373F+01
14156E+01

C 9.450F+qp

T.IRTE4Dp

5.366F4qp

J.408Fegg
1673409
J[}?ﬂf‘al
=f05°E-1°
2, UBEmD2
1.,270E=g2
4.915E~pn3

GROUP 13 MLy ELEYATION Blas

Ga000C4+00
3.55aE+pp

S.890£¢00 -

S,62TE+00
a,TibE40p
3.257E+40
2,367E+pp
1.618E+09
Q,QbBE-Di
34822E-0]
10959E=02
1,521E=-01
2.223E=01
2.215E=0¢
2.U61Ewpy
2,70TEw)y
2-‘52E-ol

¥

Q.000E+00
14996499
4.,209E+80
4,0BBE+ 00
8,3u1E+0p

3300E00

24402E400
1¢637Espyp
F.5U5E.p1
Y. 973Ewgy
Q.B810Eupy
L2UT5E=0y
2421%E=01
2s21SE=p1
2, U6bEsq1
2.71dE=py
2,981E=-01

c

fG.0008¢0p
7,2275-01
5.1915-01
S5.020F=0y
2.513g~0
LiS0bEmgy
Tob20E=py
1,585F=0
1.“23F'0
l.lﬂ?f-o‘
P 30100
T.193Fw0>
3.6015'03
4,33iF=0%
1.260F-01
2,882Fwp
3.710E=0y

W

0,000F+0p
3.139%40,
R.ZTHEOOU
4,0%0F0p
Z.OEWE*OU
2,962F«0
2}2025-03
2.4B1E~py
1.0325-01
1,093E~py
B,567Ea0p
&, 935E-0,
3,619E w0
J.81)Fepy
1,252E«0y
2.474F=0,
3.70!5-01

veunciTy FATIMATE ERRpK
R b

000800
Ssb09E=p2
6,981Fwg2
9. TIPE=p2
1e6U3Fagy
1.7%0Ex=0y
14783E«py
1.763Eapy
!07“IE'03
1.725Ew0y
13721E'°1
1,T42F=y1
1.786Ewpy
1,du9Eapy

7,835E=p2

2, 44VEngp
b,400E=p]

v

0.000E+00
5-60:5'02
T.DOUE-DE
9. T4RE-pa
1,64 E=gy
1.789E-01
1.782F-91
14762E=01
1.7utEa0y
1.72%E=0p1
!l?é?f-ot
VoeThUEwgy
1.788Fpt
1¢851E=py
7,856Emp2
e 4T0Emp2
6,877E-03

0:005!’00
9.041E=py
9.587E=43
b,505F~-p3
3,228F-02
b iT1Eap2
S.953E=g2
5.548FEap2
S.OHIE'OE
S, ibbFmpp
I.7T0E=p2
2.99%Fmp2
2.435E-pp
2 kLU wp2
Qo ULSEmp 2
2 UL3Fup3
2,U434FE=p2

B

2,000F+pp

4,993Fy2

5.399F~p2
4,891 F-p2
4,950FE=02
b,6R86Fapn?
$.839Fap2
S.18uE=p2
H,826F=pp
4 UTIE=p2

5.897F=p2

3.i16F-p2
2.515E-02
B.SITF'OZ

2,499Fma 2

2. 4B 1Fep2
2, 685F=92

€

0,000L+00
Se342E=02
T, 632802
74037E=02
4, 807802
3,902E-02
S.076Ew02
b,051E=02
T.087E=p2
8,183Ea02

9,5u2t=p2

1,089E=p1
1.216E=01
1,215E=3¢
J221E=01
1,226E=01
1,232E=01

0.000Es00

1e925E=p2
Se¥732E=p2
4,9728-02
2y JUIEmp2
J.128Ew02
5.2“25-02
6,381E~02
712355‘02
D.169t=pp
P UTSEmD2
I+ 0%3E=0¢

1.211E=p1.

1+2128~0¢
1,2t8E-py
1e225E=0t
14231km0

PLATFLRM TILT ESTIMATE
R D

Q.000E+09
2,621€ap7
b,995Enps
S.451E=06
1,61UEmpS
1,424FE-0%
1.425FE=05
1.“25EH05
1.4275-c5
l.“ESE-DS
$4430E~05
1,431E-0%
:-”325-05
1,432E=05
144328=05
1.432Emp5
1,432E=05

u

b Q00E+DD
2.933E-07
T'OOHE'Ob
FLUBUE~GY
l1,622E=0%
1,432F=35%
1ed32Ewpy
1.433E-p8
1,433€8-05
1."3“5"05

1435E-p5

1i435%E=28
f.436E-05
1,43¢E=05
1 d36Emgs
1.438E=¢5
1.U34EmDS

0.000E+00
T.088E~04
5,27SE-07
44697855
1,838E=-05
2.2705'05
2,259E=0%
2,269L=05

‘2.269EmQS

2,2bBkw05
2,26BEwgS
2,26TEQ5
2.267E05
2.26TEw0S
2,24TE=p5S
2,267E=05
2,26TE=}5

Y

0.000E+00

JeS585E=08
3.9%8E-04
1,823E-04
1c522E=05
2,303E~05
2.247Ewgs
2,22BE=05
2,2L6E~05
2.2&2E~05
2.26TE=QS
2426TE-QS
2,255E=p5
2,2065L-05
E.EbSE-OS
2:,265Em05
24205E=05

th

0.000E+09
1.024E=pb
5,592E-08
&,29%E=~pp
2,1%0E=08
4,503Emp6
4,d487E-0p
4. 872E-0s
4, 456E=08
4,841E=Q8
4,425E=p g
U, L0F%Empp
4,395E=0s
4,395E=3n
4,393E=0p
“|3Q25~05
4,390E~00

L]

C.O000Ee00
8,199E=04
3. 963Ew00
T.5%9E=0s
1,0G61FE=0%
l,656E=08
S.301E=-p8
6,038E=08
S.340Emps
4,5%0E=08
4,278E=Q8
4,2708Fags
4,352E=08
4,35¢E=(s
4,35B8E=p4
Aa36UE=pp
4,306Eap

ALTITUDE
RATE ERROR

0.000E+00
SebAbELgR
4,989Eup2
B,73TEwg2
LybuZE=p1
1.788Em0t
1,781E=-01
1-762£”°l
1a7ulE=g1
1:725E=0%
LeT22k=p1
1,764E-01
L.788ks91
1, A51Empt
T+857E=p2
2,471Ewp2
6,881E=03

GAHMa ERROR

0.090E+p0
b6,051E=05
1,402k=04
1:816Engy
2,970E=04
3.238E-04
3.212t-0“
3e231t=0u
3428204
3.337e=-04
3.556&-04
Loldp2Eegu
5.5955-0“
4,5625FEagu
2,575kapu
8,370L-05
2.418FEmps

VELDCItY
EAG ERRQR

0.000E+409
b,515Emp2
2,8u0Eap2
105&3E"°a
f.%35E.52
1.801E-0p2
1. 907E=g2
2,506Ea0p
eeT20Em02
2.9565-02
é,8466F-03
1,9%94Ewp2
24135E=p2

24208Eap2 -

2.37T8€ep
d4455Eep2
2 459E=pp

P31 ERROR

040008400
3-2915-05
1,015E-04
U, 808E~0%
A.390E-05
5,920E=0%
9.886E«05
1.,232E=03
Jd58Fany
1,700€-04
1.97bEapy
2,775E=04
3,850E-04
31550E-Du
3,976E~0u
4,187E=04
L,i856wgy

NOlLLYHOdHoo S3aOoNTI0s QILATIYNY Iy



9¢-9

TIiNE

1432,90
1832,00
1o0%g4,00
1550,00
1550.0¢0
1618,00
1670,00
1730,40
1798.00
1836,00
1836,00
18La,00
184b,00
1R60,00
jary, 00
1884,00
18%u,80
19004,00
1914,00
$924,00
1934,00
1941,5p
1943 .50
19404.59
1945,50
19a8,.%0

TIME
1832,00

-1432.460

149¢,00
1550.00
1550,00
1610,00
1670,80
173¢.0¢0
1799, 00
838,00
1836,00
1846,00
18ub,00
1850,00
1874,00
1884,00
18%4,00
1908,00
1914,00
1924.00
1934,00
1943,50
1943,5¢0
1%84,%50
1945,59
1946,50

- 0,000F¢00-

2.738E+pp
2.821F+00
2.568F4+090
2.414E+p0
2.215E+np
1,959€84+90
LoUTLE+RD
5.973E=01
2,919F=51
1.022E=01
{1 TU0E=D2
d.064Ewp2
,qﬂuﬂe‘ﬂz
1e627E=p2

U

DJ000E+00
2.T69F+0p
2.8528+¢00
2,596F+00
2L U3TE400
2,260E440
1.982E+00
1, 498E+0p
b,1TUF=01
3,106E-n1
1.195F ey
3,858F=1y
b, TUYEmpy
2(9“35'03
1.062E=93

GROUP 13 ML5 DNE BrAl
POSITION . ESTIMATE ERROR
R D c

DeiQ0Es00
TeP?TE4pp
T U8UEs00
Te32TE+QD
Te3uTE+pp
TeU0bEsp
T.87T7E+00
T.549E4+00
T.585E400
T,560Een0
Tb4TE4QD
LY LIZY T
TebS9E+»0g
T, 6T1E+00
Teb8uEego

A

8.000E400
Se300E400
6, 722E+00
Te2S1E+00
T+337E400
7.36PE+00
T 8BUE+YY
TeSUUE+QD
7.584E+00
Ti660E+00
T.647E400
TbaT7E+ D
T.45%E000
TebT{E+0p
T eBUE+OD

2.000F+0p
BtjrbE'0|
2.172€~0¢

T 220E=0p

B,185Eupy
2.863E=92
3,479E=0p
T.322E=05
V.0076=-0>
1,015E=0y
G, upvE=p2
9, 435F=0p
S.615F=02
3.%u1E=01
3.829E=02

L]

C.000E¢00
5.031E+0p
J.269E+0p
9_auu[.o,
1,778E=¢)
4. B12E=0y
Y., 2t4Ceny
1.159E=01
J.158E=9;
4,703E=p>
&,953E=-0>
6,953E=0>
2.783E-°?
1,410E«pp
3.716E=00

VELOCITY ESTIMATE ERKOR
R ] [

6,000E+00
2e017E=y2
A UBag=pn%
1ebUudEaDy
2.737Ewpuy
f.4uSE=gy
3, %96F=03
A,080Ewp3
’|397E'52
1,850Ew0?
2rJ01Eug2
3,297E-p?
1.TébE=p2
S 595E=0)
l-s“aE'03

]

0,000 00
2.050E=p2
B,579E=03
1.528E=03%
t+S2¢E=pu
1,.508E-53
U, 123Ea03
d,18bEmg3
1.509E~p2
1,802fa32
2o113Eap2
S.SIGE-DE
1.,798Ep2
Se720Eagy
{.870E=03

Q.000F*00
Se53uf=p2
2,602E=02
1:.077F=02
1:2006Fmp2
1.3uSF~p2
1,437€~02
1ed12E=p2
1,180F~02
1,236F=p2
1.2%8E-p2
1,2802F=02
ladidnFeyp
1,252F=02
1.25%9Fm=pp

v

0.000F+00
2,890F~93
no‘O?F'OJ
B, 6TUE-0]
1.322E=92
1,5R3F=02
1.,570F~p2
1.430E~p2
Jeluufap
1.201E~p2
1.,219E=p2
1e220F=42
f.229€~02
1.239Fwp2
1,248Fup2

D.000E+00
4,255E=02
4, 078E-02
3.215E=02
3.393E=02
3.536E=02
J,T2RE=D2
3.904E~02
4,0538-02
4,795E=02
d,u23¥E=p2
4,42%9E=02
Qe 28E=07
L, Q2UE=D2
HeldpSkup2

W

0,000E+00
965802
4, B17Ew02
3.325E-02
3309k -02

S 3. 436E=02

3,671E=02
. 05hE=g2
4, 05RE=02
4, 259E~02
G, Uu22Em02
G, u22E=~02
Y G2UE=02
d,U2b6E=02
Q,UZBE=D2

0.,000F¢00
B 19TE=0T
T.059E=07
1,0ulE~06
1!039E'05
1,038FE=pb
1s03bE=Qb
1.030E~00
1.034E=pb
1,034F=08
1.031E=08
1.031E~Qb
1,031E~00
1,031E-p0
1.03iE=00

J

0, 000F+00
B,325E=g7
T.242E=37
1,04b6E=0b
1, 004E=08
1,043E~pe
1, 0U2E=08
1,040E=008
1:.039E=05
1,038Em0s
1.037E=08
- 1,037E=06
1.036f=08
1,030E=00
f036E=0s

«~PLATFORM TILT ESTIMATE .-
R D .

0.0005+00
Syii3k=06
U,393Em06
3,172€~07
3,1885407
3,205E~07
3,22)E=07
323TE=07
3,253Em0
3.2T0E=07
3,2856=07
3,285Em07
3,28TE~07
3,288E-07
3,290E=¢7

Y

De000E+DD
B.190E=0b
3,93TE=Ds
b,8Q0E~07
2,226L=07
1.267TE=07
2,563E=07
J.11TEaQ7
31505&'97
3.503L~07
3,402E=07
3. 602E=07
3.3%4E-07
3.3d7E~Q7
3.364E~pT

Q. 00QE+00
6,151E=08
1.026E-GT
2,861F~06
2.881E=06
2.882E~06
2,882E=08
e, BB2E-08
2,883F-ps
2.353E-Db
2., UB3IE~98
2,8B3E=08
2,881E=006
2,883FE=08
2,8B3Ea0p

W

0,000E4+00
1.956E=07
1,945E=D4
2,816E=06
2., 48%E=08
2.895E=086
2,890E06
2,882E-06
2,BT8E=-05
2.873E~00
2.580E«~08
2,880E=0p
2,8R0E-06
2. B80E=06
2,880E=06

ALTITUDE
RATE ERRUR

0.000E+00
2.035%E~02
8,537TE=03
1.711E=03
3,382E~04
1,3RTE=0Q3
3.965Ee03
B,013E=03
l,491t=02
1,8¢BE=p2
2,102E=02
1,298E~Q2
1.787TEmD2
9,611E=-03
1.552E-03

GAMMA "ERROR

C,000E+00
3.56?E-°5
1.098L=05
Teby2E=Gb
9.891E~04
9,34%9E.08
S.3p6E=08
2.727E=0n
2,305E=35
4,d79E=05
5,595E=(09
1,Ca0E=04
S5,768E=CS
1.83BE=05S
4,956Eu(b

YELOCITY
MAG ERROR

G 00CE+00
T.379E=03
T.066E=03
5,3166-03
1.203E~02
14507E=02
1,607E~02
l.bdpE=gQ
1, 49%E=02
1,317E=02
1,26uE=02
1,290E~02
14257Em02
L.24%Ewp2
1.249E=02

P31 ERROR

0,000E500

1.233E=puy
P, 029Ea05
b,d8%E=05
8, 229En0S
b,bTIE=03
Tes78E=05
8,09¢cE~05
8,449E=0%
1,080E=04
}oU04E-QuU

L, U5uE=0Y .

1e0UZEmDU
JouB2Empu
1.,503E-04

NOILYHOQHOD S30ONIDS JILATYNY FHL



ALITVND 004 40
ST HOVd TVNIDi,

L3-D

TIME

ja32,00
1832,00
1490,00
1550,00
1550,00
1610,00
1670,00
1739,0¢
1790,00
1838,00

18%6,00 .

1866,00
$84s,90
1840, 00
18746,0¢

- 1884 ,09

1894,00
1904,00
1%14,00
192a,00
§934,00
1943,50
1943,50
{944, 50
194S,50
194b,50

TiME

1832,00
1432,00
1490,00
155¢.00
1550,00
1610,00
1670,08
1730,00
119¢0.00
1836,09
183s,00
184s, 00
184,00
f18a0,00
iB8T74,00
1884,00
1894 09
1904,.40
1914,00
1%24 00
1934, 00
1943,590
943,50
i1%aq4,5¢0
1945,59
1948 ,%¢

GROUP 13 MLSDME SCALE FACTOR
POSITION ESTIMATE ERROR
& b

0.000E%00
8,879F+¢0
8,354F¢00

T 6L 3TIERYy

S.212F4p0
4.180E+pg
Joll?ffoo
1,960E+00
8,515F=0]
2,556E"gy
4,377E=p2
1e1B4Emp2
2.80pE-02
1.,840E=p2
1,&95;-@2

u

0,000z2+00
8,980E400
8,.545E+00
b,UUREepp
5.270E+49
4,227E+00
I ISuE+py
1.,9688€C+0¢
6,729Fent
R, 712001
S.5608~p2
1,793Ew.1

1,403Emp2-

6,160E=p3
2,557E=03

0.000F+00
2+340E4yy
2,208£401
1eBO3EeDy

1.573E+91

1+371Eepy
14177640y
°.¢Oﬂ£¢00
B,080E+08
b, 421E40p
5-1;UE000
5.1305‘00
5,111E+00

5.090E400 -

5:,07T0E+00
A

0.0008s00
1.721E4601
1,981E404

.1.7335*01

1¢STIE+OY
1,36TEw 01
1o17SE+0y
9,898E400

8,07T8E400

b, U2tEe0p
S413UE+qg
S.134FE4p0
Sal11E+00
S.08%E+p0
S.089E40p

c

G.000Ee0p
2.697E%0p
5.907F=04
2.299E.p
1. 90UEepy
4,951E=0p
3 B05E=0p

‘T.991E=0)

8,105€+0p
7.2‘55'02
8.212F-01
B.092E=py
1,589E=0y
Jul01Eepy
4,018y

L]

0,000F00p

1.632E40y
9,689,404

.2.“7“[000
T3, 656ER0y

5.7”65-0]

4,895E0y

L4 359E=0y
{.879r-0p
2,6U8E-pp
2e4T6EmD D
2.,476E=02
1.73BE=0y
3. 234Emyy
“o7ﬂ££‘°1

VELOCLTY ESTIMATE ERRCR
R 0. ¢

0.000E000
6, 540E=p2
1.218Em02
b4,690Ewp
boliblap2
d,3uug-gp
5.255E'°2
5,188E=p2
$:930Eap2
4,456Emn2
7.“57E-02
6.%01E-02
3,779E=02
1,23% =02
4,005€6=01

v

0, 800E+00
b,b4TEwp2
1,196Ewp
6, 721Empgy2
6,031Fep)
6,352E=02
6,288Eepp
6, 182Ee02
5,9176-02
b, uEupp
ToA30E~g2
bla7uE'°2
3,151E+02
I.EIIE-OE
3, TiuE=03

0+ 000E+ 00
1.7958=01
1,893Fwp2
1.202E=91
1.137Enp1
1.00%5E=9
8,758E=p2
T.Sb0E=92
b,13%8wp2
4,091 Emp2
R.I95E~p2
213%UuE=gp
2,225 =02
2.05%Ewgz
1,901E-02

v

0,000F¢0¢
9.373Fap3
Te995F=p2
11“015'9:

1.0%8F=gy

P.208E~02
B.24BEmg2
T UTSE=p2
b,230€~02
G.17BE"p2
2. U27E=p2
2,U2TE=02
2,26 1FEap2
2. 0%E=g2
‘.935:'02

Q. 000E#00
1+360E~D%

‘1.563E=01

1,047E=0D1¢
1a102Em0)
1.16“&—0!
l.EZ?E'Dl
1,288L=01
1e353E=01
Lyda33te01
1.505i-01
1.505E=051
L,509L =08
1,513E=01
1,517E=01

L

0,000E+00
2.259Ew01
1el20Ew0y
B,799E=p2
1.142E=9)
1,231Ew0t
1.EﬁlE'°l
1,29dL=0y
1.350En01
La83tEwQy
f+500L=01
1.508E=01
1,509E~01¢
L4513Ew01
1.51bEm08

+

PLATFORM TILT ESTIMATE
R R

0.000E*0Q
C.05HFwss
2.092E-D&
S.%5dE=s
$.530E=06
5,500E~0s
$,4B2E-0b
S5,U58E=00b
SeU4JuE=ge
5:.410E-00
S5,38E6E~0b
S.3BLE=pS
5,385E=-20
5,383E=p0b

SIJEOE‘GQ_

U

‘.000E480
Z.TUOE-UE
E.I‘HE-Ob
S,820Engn
S.bOSE'Db
S SB2Enps
S,559 =06
5.,537E«08
5.515%E=08
F,495E~00
Ss47iE=-00
"S,4T1E=pb
S.609E=008
5.467E=d0

-S,4b5E=pb

0.000E+00
1,755k=08%
§.205E=08%
8,471E=0p
Byl93Lmqn
8,515E~Ds
8,537E=0s
8,559E=08
a.SdlE-05
8,603E-p4
8,623La08
B,823t=08
8,b26En00
B,520Eugh
8,630Empa

Y

0. 000E+00
2,655E=05
924408
1,438E~0S
b AbUE~gH
5.276E~08
6,755Ek=0s
G.JE?Edﬂb
8,969 =04
8,958E«06
8,790E=00b
B,770Emps
8, 7Tb6k=0s
E.TQUEUOQ
8,759%k (¢

c

P+000E+20
1,995E~0S
2,280E~05
4, T4sE=ps
4,746E=D5
U, TUbE=DS
4, T66E=DS
4, TULEmpS
4,745E-0S
4,745En(S
&, T45E=05
4, TES5EnpS
4,745Em05
4, 7T4SEapS
4,T7US5E=py

]

0.000E+0¢
6,343E=07
2,5T78E=0%
4,601E=05
L4, 771ERDS
U TI2E=(Y
4,TT3E=05
G, TU%Ew0Y
d,73ITE=Q5S
4,73BE-p5
4,Ta1E=p5
4,7T41E=08
4, TELE-0S
H,742E=Q5
&, TUZE=QS

ALTITUDE
RAYE ERROR

0.,000E+00
4,600E-p2
{o2ubZag2
b, TobE=p2
6,473k wg2
b.386E=p
b, 1b6Emg2
b,205Em02
5.,9315Emp2
6,06TEmD2
Tel38Ewp2
5,882E~02
3,75%-p2
14218292
3.785Ew03

YELOCITY
HAG ERRGA

Q04.0¢QE+p0
3.040Em02
T 85%E=02
" 1455¢Eeng
1,203€«01
1y100C~04
1i012E~g}
9, 16BFap2
T.SEBE~02
“.SQHE-OZ
2,584F.02
2,572E=02
2431932
24 109E-02
1,941Ee32

GAKNA ERROR PSI ERMOR

0,000E400
91953E-08
3e202tegs
4,251L=p7
2,482Ew05
3,542E=95
4,378EwDg
U9 LEm3S
8,312E-05
1|613E'°u
2,5cbEwny
2,170E=04
1,215€-04
4, 009E~pS
14220Ewps

0,00CE+DD
B,G00E-pg
2,096£=0y
1,003Cupy
2,152E=84
2.394E-04
2,537E=0a
2,690E-04
2,814E0y
3,834F=-0y
Q,78%E-¢4
4,765E«04
4,925E~04y
S,072E-04
5.152Ew04

NOI.LvHOdH0Nn SIATNITS DILAIYNY Ml



8¢-D

Tiue

143200
1432.00
1486¢,00
1550,08

$550,00

1810,00
1670,00

A750,00

1790,00
1636.00
1B36,00
1846,00
180,00
1968 ,00
1874,00
1884.00
1894,00
1904,00
1914,00
1920,00
1936,00
1943,58
1943,5%
1944,%9
1948 ,50
1%44,50

TIvE

t1ad2, 00
1432,00

- 1090,00

15598,90
1550.00
1810,00
1670,40
1730,40
1790,00
1638,00
1834, 00
180k, 00
18ub,00
1840,00
187480
1884,00
1894 ,00
1904.00
1e14,00
1924,00

C1934,00

1943,5%0
{94%,.5¢0
1940,50
19455,50
1946,5¢

CROUP 14  MLS AZIMUTH SECOND-ORDER MARKOY (MULTIPLY BY 0.70m
" PLATFORM TILY ESTIMATE
. R :

POSITION ESTIMATE ERADR
R 1] .

$,000E=10

"9 108ED1

2.572E+00
d,B66F=014
2,.5u7E=q1
{1 062F¢np
1.061E+00
Q. 90UEap ]
8,901 =n
5, T37E=g1
2,517E-01
1,221Fm=ny
6, T3UFup2
1,51u€w02
1,798E=g2
1,833E=02
1,415F=92

u

.
1.0008=10
9,42TE=01
2,540Es00
S 108F=01

- 2,5TAF«f1

1,079F +n¢
1,072E+0p
1,032F+00
9.027F=01
5,B99E-p1
2,032€-0]
{,329Fupy
T L13E=p2
1,0846F=08
1,440E~02
hy2P2E=03
2.342F=03

1.000E=40
2,290E+00
B SPSE+00
9, NUBE=G]
T,221E=01
3.5TnE+np
Y.A58E+00
Y. B80E400
Y, 8BSE400
34913E+00
$.916E400
3.95AF+00
Y. TUGE+00
3. 94GE+00
3.945E+00
3.945E+00
3.950E4+00

v

1,000E=10
$2337E+0
1.501r401
B8,05TE+0D
3,ATTESDD
5,.532E400
3.,832E+00
S.ARBE+QD
3,A90E400
3,912E4+00
3, 91UE+GO
3.956E+00
3,949E+0¢
3,949E+00
3,945E+ 00
3.944E400
3.951€+00

€

1.000F«1p
1,3102404
1‘398F001
1,124F+0y
3. 777F+00
9 UASFaRy
1.0518404
9,059F+00n
. 100F+0n
8,203F+8n
T 275F ¢8n
6,273F+0p
5.500E400

5.500E+00

5.521F+0¢
5.581F+00
S.684F+0p

1,000F=1p
To0140* 00
S, 5T0F+0p
T,B91F+0g
8,002F+0p
. 496F+0p
1,052€+09
F.,8U47E+0p
F,093F+0p
B,2U2F+0p
T.2T6Fe0p
b, 2T4F+0p
$.590F+0p

5,500£400"

5,570E+00
S.580Ee0g

5.6T9F+04

YELOCITY EITIMATE ERROP
R o c

1.000E=10
1.96TE=0%
2-23‘5'01

{.B75E=OL"

1,92%kwp2
2.954E=92
3.T3TE=92
4,0208=02
4, 438Fn02
H.QQﬁEuoz
S5.670L-02
6,113F=02
b,54uk=-g
T.04%E=p2
3,790E=02
1,101E=p2
3, 068Eaps

U

1,000E=10
1,976E=p3
@, 200E~01Y
1:.904E~p}
1,987E<02

2.976% =02

3. 769E=02

Uy 098Ewp2

4,873E=Q2
S,03bE=9p
5,709E=02
b.155E=p2
b6,5%2E~02
T, 08TE~t?
3,833E-q2
1,200E~02
J2V1Ew0}

1.000F=10
U,377E=02
5,909 =02
1.23% =01
t.571E=0]
9, 965E~p2
9,659F=02
9,57urwp?
9,026F=02
L1o034Fmpy
lt‘l‘E"Ol
1,.193F~p1
1.266F =01
1.266F=pt
fo269E=01
$4273F=014
1,276Ewp

v

“1e000Ew1D’

1.262F =01
9,75af=01
9,539E-01
3 264Fwpy
1.128F=01
1.016E«01
L. 1B0F«p)
1,673Fe01
1.0s9F=01
1.089C=01
1,172F=0}
1.2568=0]
1.256F=01
1.e8g0E=DY

1.,265F=01°

1.259E=01

14000E=10
1.10868=01
1.316E+00
1,335E+00
S, RT4E~01
3,587k=01
3. UU4E=Q]
5,229E~01
3, 146EmDY
3.702E=01
3,4568 =01
4,001E=014
U,505E-01
4,585F=01
A,635E=01
G, bBLE=D]
G, T3uE=()

W

1,000E«11
3,379L =03
8,a508«01
9.,412E-01
5.130&-01
3.54BE=01
T.u298-04
3.16%E=01
3¢114E-p]
3.197E=01
3,462E-01
4,007E=01
4,587L«01
S,5BTE=01
4,63TE=D1Y
4,68TL=01
QeT36E~01

1.000E=10
5,89TE=07
9,497E~08
9.736E=05
$.253E=05
5,503E~0%
5,301FE=05
5.299E=05
S,297E=05
54295E~05
5.292E=-0%
$.290F =05

$,288E=0%

5,2R8E=05
5.,288E=05
5,28TE=0S
S.2RTE=DS

U

1,000F=10
5,025F=27
9.620E=05
S.8b0FE«0S
S«30TE=05
5,276F=05%
5,2T6F =45
$,275E=95
"8,2TUE=QY
B.270E=0S
5.273E~05
5.272E=05
Sy2T7T1E~0S
5,271E=(5
5.27LE=QS
S.2T1lE=Q5
S.2T1E=0Y

[+

1,000E=3¢
8,673E=06
S bTSEnfU
2.T19E=54
1.,558E=04
1.906E=04
1.967E~08
2,026Em04
2, 084E=0Y
2,139E=04
2,194E=04
2.24TE=D0
2,295L=00
2,296E=04
2+301E=04
2,307E=04
2.312E=04

v

1,000E=10
T4305Em0T
1,S87Em0CYU
1,0U9E=0uq
1.7bPE~04
{4868L=04
1,974E~04
2,036Em04
2,090E=0y
2,{41E~04
2.19}E"Du
2,246E~0U
2.2%4E=04
2.296E-04
24301E=D4
2.306E=04
2.312E=04

b

1.000E=10

4,259E=04
1,72%9E~0%
1,553E~05
3,523E=0%
C,561E=45
2,56TE=85
2.973E=05
2,580Em05
2,5B5EnmDS
R,592E=05
2,599F =iy
2 504E-0S
2,004E~08
2.505E-05
2.80b6E=05
2,6D6E=DS

W

1,000E=10

9,437E=04
2, 155E=0a
2,162E=04
9,754EmDS
4,7480E=35
2,040F=08
1,680F=05
2,051E=05
2.506E=05
2,12%E=05
2,726E=0S
2,661E=05
2,661005
2,5656E05
2,851E=08
2,6490=05

ALTITVUDE
RATE ERRQR

1,000E=10
$,659E=03
2,264E=01
{4900E=G!
1.989€E=02
2,970E-D2
3.TebED2
4,086E=02
4, LsSE=02
S,031E-02
5070“5’02
4,151E=Q2
b5, 589E=02
7T.083E=02
3,630E=02
14197E=p2
3.262E=93

GAMMA ERROR

1e623E"13
‘B.262E~0S
8,883Em04
B,19iE=0Q4
2,061E~04
1, 069E~04
B8,317Ew(S
9,25UE=(5
Fu819E-05
!lGEﬂE'G“
1.121E-04
1.516E=pd
2,071Ew0 4
2,228Em(d
1+234E=3y
3.915E=05
1,081E=D5

YELOCITY
HAG ERROR

1,000E=1¢
1:203Em01
8, U99E=01
8,413E=01
3., 068E=Q]
G, 836Fap2
F695E-02
L.050E-8)
1,633E-901
1.021£-01
1,096E=0¢
l|1a,E‘°1
1,259E=-01
Te2b0E=81
1e2h2E=f1
1,205E=0)
1,269F=01

F31 ERROR

1,712E=13
6, 157E~08
14569E€=03
1,669E-03%
F,631E=048
6,7T18E~DY
B,47)1E=id
b,198E=484
6,272E=04

&.ﬁ525-0ﬂ~

T.2228-04
‘|°15E'°3

1,L58EnD3 -

1.4568Ee03
1.5138.0%
1,5%1E-013
1e610E=D3

— e V——

NOILYHOGHOD S30N3I0S LATYNY IHL




i?
=

s

"

s
o

AIITVAD OO0
SI @HVd TYNI

63-D

TINE.

1832,00
1632,00
$490,00
1550,00
1550.00
168,00
1678,00
1730,00
17%0,00
$1836,00
1836,00
1868,00
184b,00
1850.00
1R7u, 00
t844,00
189d,60
1904,900
1914.00
192400
1936,00
1963.50
194%,50
1946,%9
1945,.5%¢
1946,%2

TIME

1432.00
{432,00
1692,00
1550,0%
1550,00
1810,048
1670,00
1730, 00
1190,80
{636,040
1836-ﬂ0
1846,00
10ds,00
1860,00
{874,040
1680,00
18%u,00
1900,00
19%14,00
19248,00
1934,00
1943,5¢
19431,50
1940,50
1945,%3
1956.5¢

1,000E=1¢
1. 103F+01
" {.B05E+nt
8,598E+00
6, T8uFepY
T.460F200
T MTIEeLQ
6,518F+a0
LAY
a,2ALE+QD
2,825F+00
1,4STF+00
4,233F-01
5,318F=33
1.0295'01
4,572r=02
1,913F=02

U

1,000F=10
1.102F+g1
1,815E+0¢
8,5%0£+00
&, TTTFan0
T USeFepg
Ty 303F 200
&,51TF+pg
S, uvsE+ag
4y 2hufegp
2,828F %00
1,459%F«n¢
4,2%7E0L
8,384F-099
1.012F«04
4,3A68=p2
1.093E~82

GROUP 14
POSITION ESTIMATE ERROR
R ]

1.000E=30
1. 7TT7E+00
2.2)YPE+ Q1
1.911E+90
1.665E400
2,80TE+00
2,618E+00
2.4bREpY
2.5THE+DD
2.90UE+00
3.073E+00
2,T08E400
24506E400
P.Sb4Er00
2.0GTE+04
2.733E+00
2,825E+00

¥

12000819
V.9B2E~01
1.936E09
1,7T30E+00
1,460F+00
2.6%0E¢00
2.434E200
2,8GSE* 0D
2.562E440
2.,899E+00
J.0T2E400
2. TCE+ 00
2.567E+00
2,56TE+00
2.8UBESOD
2.735E+5¢
2.B2AE+00

MLS ELEVATION SECéND-ORDER MARKOV (MULTIPLY BY 0,707)

t

1.000F=14
3. 614E=0]
143156400
T 364E=0)
2,532F=04
S, 61bE=01
S 134F=01
8,625E=04
4,162E-0y
3 b6UE-0)
S 12uF =0
2.,507€E=0y
3,753%e0y
3,750Fwpy
TL0V6E~Dy
1, 042E+00
1.385E+04

]

!‘0005010
1.5T0F 00
1,023E40
1,152F+00
8.963F«04
540198=0¢
$.139E=04
5,B59F=0,
4, 8T75Fe(y
3,175E=0y
2,%92Fe0y
2.479F=ny
3, 0F2F0y
3.6920=0
b‘QTQF-Q’
1.076E+00
1. 3B0E+0p

VELNCITY FSTIMATE CRROR
R D

1.000E=t0
!.BDQE-QZ
11456000
1.087Eepp
4,7Q8E=D1¢
2,T4eF=01
3,133 E-01
3.333E=01
1.577Eap1
3.RS0E«01

d.1485=91

4,878E=901
U, 30uE=01
4,%80Fuqy
2,6998=01
4, 502F=02
2,365Ewp?

v

f1.000E"10
2-800!'02
1.164E400
1,08TF+00
4,705E=01
2.,730L=01¢

3.131Ee0t -

¥ 3ME=01
YeS5T8E=D)
3, BURE-Q
A, 1U4EwD]
Q,UThE=DY
8,800E=01
4,980Fant
2,098E=0¢
B 495E=p2
2.!7°E-02

1.000F8=190
a,720r=04
1,020Ea01
To7STIFmp2
9,22%Em02
T.4581F=02
9.3h3E-02
1023801
1 102E=01
1.(7€E~p}
1.,259E=¢1
1,334E=01
f.40dF"g]
1440uF=0¢
1.413F=08
1.421F=04

1,427E=01

¥

1,000€=1
2.497P+p2
2,302F=01
1,819F=01
9,859F-02

“T.hTBF=42

9.306€E=02
9,845F=p2

" 1.078E=01

1,181F=01
1.280E=~01
1.357F=g4
1.420E=0}
i.”?OE-al
1, 42uF=0%
1.4288=0¢
{oU32E=0}

£

1,000E=10 -

2,bTIE=D2
3.832E=-01
1.75!5'0‘
3-630E-0?
4,035E=02
b, T5TE~D2
1a00RE~DY
14396E01
$.818E=01
2e34%Ew01
2.91hE=0)
3,372E«01)
3.372E=01

J.403E-0¢

3,434E=04
3, 4bdE=D]

]

1.000EeiD

Q.ﬁEbE-OI
3. 18TE-D1
S.680E~D2
1,934E-02
d,169E=02
&,901E=Q2
1,052E-01
1, 021E=01
1,8198~01
2,340E=01
2490 7Fupy
3|SG6E'Q1
3,T6hE=01
L. 395E~{
SeE3LE-QL
T.4b2E=01

PLATFORM TILT EBTIMATE
"]

R

1,000E~1D

1 310E=Q7

S.879E=p%
6, 523E=05
1,921F~35
4,98TE-25
4,990F=~05
4,993E~05
4, ¥F0E=~05
4,959F=0%
S.001E-0%
5,004E=0%
5.007E=0S
5.,007E=25
S.007E=y5
%, 007E-05
5,008E=05

u

1,000€=10
1.,460F5=07
S,906E=0%

b,560E=05

3,945ER0S
5.033F~05
S.033F=0%
5,033E-08
S,034E-05
5,034E=35
5.035E=05
9,0358-05
S.03TE=05
5.03T7E=05
$,03TE=05
S.03TF=0S

5.,037E~05

1.000E=10
3,544E=05
4,391E=05
To3L7E=0S
6,118L=0%
1, 079E~04
{1,078E~D0
1,078E~04

1.078E=04"

1.07TE=(U4
1.677E=04
1,077€n04
1,076k=04
1,076E~00
ln°76E'04
1.,07T6E=D4
1.,07bE=QY

¥

.

1,000E~10
1:.792E=06
3,503k 04
24966E=05
S5.,217L=05
1.,026Em04
1,068E=-04
1,097E=01
1,0B88E=04
1,078E«04
1,073E=04
1.673E=04
1,07T4E=04
1.0TUE=DY
1.07TdE=Qy
{,074E=0d
1.07dE=]y

. =

1,000E=10
S A{FE=DT
4,102E=08
2y 333E=05%
1.03TE=~05
3,797F=05
31,803E-04%
3.,806F-0%
3, 81UE=05
1,820E=0S
3 0P6FE=0%
5,831E=05
J.83TE=(CS
3.83T7E=55
3,837E=05
3.838E=05
3,83BE~0S

W

1,8008=10
3,099E=08
5.,972E=05
7.050E~05
3.331E-05
4,999E=-0%
3. 463E=05
3,154E=0S
J,445E=05
3,761Ee}S
31,892F~05
3,892E-05%
3.659E%95
3.B50E=05
3,856E=05
1. 854E=05%
3, 853E~0S

ALT1TUDE
RATE ERROR

{.000E=10
2,343E=02
1elbbE400
1.087E+4DD
4,7Tp5E=-01
2. T1BE=01
3, 131E=01
3.331E-01
3|ST°E'01
3,8408E~01
d,106E=01
4,UTTE=0
L,00KEXQ}
4,960E=D1
2,b53E=01
8,6858E02
2,380Eeg2

GAMML ERROR

1,823E»13
3.026E=0S
1.974E=03
1,823E-03
B,116E-04
4yb495E=04
SeUqRE~QH
6,020Er04
6.TolE-04
Tod73E=04
8, 658E=04
1.,182E-03
L 5315E~03
1,551E=03
B,8p8E=0Y
2. B9dEmDY
8,511E=(S

YELOCITY
HAG ERROR

1,000E=4D
1,25TE-02
1:018Fm0Y
1.816E=01
1,158E~01
T.C23E-p2
T.049E=82
4965802
8,012E-02
8,d59€=02
b,000Ew02
1.,105E=01
1.327YE=01
1 324E-p
1.38bE=0Y
1,42CEeg)
Led3gE=0}

PSI ERROR

1,712E=13
1,6U5En0S
S,bUSE~0Y
1,007E-04
3,632Ew05
T,895E~0%
1,310E-04
2,049E~00

2, 862504

3 T85Em08

4,082E=QR .

T.3B3E-04
1.07T0E=D3

1,070E=0) -

§1109Eug3
1,150Fup3
LelTTE=03

NOLLVYHOA-HO0D S30NI0S DILAIYNY SHL



0e-o

TIng

1a32, 00
1432 ,00
14%0,80
1550, 00
1550,00
i610,00
1670, 00
1730,.00
1790,00
836,02
1838,00
184m,00
18us, 00
1860,00
1874, 00
188u,00
18%4,00
1904,00
1914,0p
192a,00
193¢, 09

. 1943,.59

1943,58
1934,50
1945,53
1848 5%5p

Tiwe

1832,00
1432,00
149500
1550.40

T §%50,00

1616,0¢0
16470,50
1730,.00
179000
1836,00
1838, 00
18us,09
1856,00
860,00
18ru,09
1884,09
18%4,.9p
1990,00
1914, 00
1923, 09
193a,4a0
19¢3,5p
1943 ,5p
1°%0y,58
1945, .5a
1948,5p

GROUP 14

s 14000F=]g
S.A1AEs0p
Y 83I0E4pp
4. 830F4pp
b, 00uEepp
S.R%0F4p0
5.ﬂlcE+0ﬂ
412645'00
1.749F 49
B,6R87E-py
T b23emp]
5,503Fupp
b,U0p6Fep)
5,053Fagp
5.20TE=t2

u

1,0008w10
S ABuEeng
4,.07T8E4p0
4, B85F+g0p
b 0T0F+ny
S‘qurooo
5,495E+0p
S . 328Fepa
1,808Fspp
9.20uEept
P TTTEayy
3, 82308
6, 3A9F=p
2,798Fwg2
l.!o&E—GZ

1e000E=tp
!.SH&E#O!
1af25E+8)
1.421E40y
!.GSIE+D:
1.95uE49
2,073E401
?o’aﬂ£+°l
ZuPZBE?GS
2.326E491
Z.QRHE*Ol
2-“?“E‘ﬂ[
2,440840)
E.USSEoo;
2-“’1E¢°l

v

1.,000€1p
Jo12NEs0y
1.626840]
1485940
1.,82RE+py
1.947€4ny
2 069E401
2,179
2,728E491
2.326F401
ZQUEEEOGI
2,425E40y
2.4005#01
2.45&5*0[
2.471Es0y

4

1,000F=tp
1,767F40p
Ty0z0keg,
378280
3.5R66-0y
2,800Fwyy
2, T23E-0)
3q1d6Fagy
3 ISUF-py
34583600,
U 098Fm0y
4,1020=0
S.261E=0

7‘215[u0|
B, U495Fny

W

1,000F=1

!:ﬂbQEtD?
4,519F40
1.718F+gn
S,Tiu[-oi
l‘llﬂEcog
9,533F gy
4,157F=0y
2,072E-04
2,159E=0
J‘USJE~01
3 4338any
4,884Fap
T,021F=p

9.392r=0y

MLS DME SECOND-ORDER MAR
POSITION EATINATE panpe
L [}

VELOGITY ESTIMATE ERRpDR
R o c

1.000E=1p
4,206F-02
3.“535'01
2,213E=pt
2.04PE=py
2.063Fa09
2,113Enp g
2.201E=-01
2.323E-01
205°1E'01
2,8156-01
3. 13TE-p
1,711¢a01
5.521E-02
1.698Eu02

v

14000F=yp
2,3558Em02
J.08%Fegq
?.233Ewp1
2,055Em01
240T72€-0¢
2,118EFa51
2,P06Fwp1
2,322g=01
2.558F=9]

- 2.80bEmpt

Sa133E=q]
14707EnDy
SUTbEeq2
1,649Eap

L4000Fwyy

1,17T6Eepy
0.¢HQE.Q|
S, 0%3Fapy
§,307F~91
3, 62(Fmp
2,FUEwnt
2y353Fepny
L.780Fayy
1.622F=pt
1.80TFeqy
1oU08Fmpy
1.828E=9y
1.850Fwpy
108?3E'°‘

v

1,080E=1p
6 182Fapny
B.JSSE-Ol
s.acar-ul
4.271F=pt
3. 548F-y
2,90TEmpy
2,}uugepy
1i778Fapy
1.,615F=py

1,802F-94

1,803F=p1
1.824Fwpt
1,848Fagy
1.06%Fwpy

1.000E=10
S, 04ZE=p2
la018E=01
T O0UOEmp2
1o183E-0y

Te3lshEmgy”

1.607E=p1
1,8486E=0y

2.091E-py

2435760
CySTUEmDY
2.574E =01
2,58BE=01
2,601E=01
2,812E=41

L]

1:000Ew=10
1,480E=01
3,324E-01
SehbUE-G2
[+252E=0¢
1.537E=01
14B678EmpDY
1,B%5E=01
2.,093Ewpy
2,365Fmpy
2,583E-41
2.583E=01
2.5%4E=01
2,050
2.b16Ea01

KOV (MULTIPLY BY Q.707)
PLATFORM TILT £sTiMare
R 0

1.000E-10
3,TU2E~Db
FoUZBERDH
3, A95Eugs
3,891F=g5
3.888F=3%g
3,885FE~p5
S.BBEE-OS
3.879E~p4
3.8755“05
3.873Fmps
3.873E-p5
3.873Fmy5
3.873Enp5
3.,872E=g5

u

“l.0e0Bagg

!.7&98'0&
S, 420604
J.901E=pS
3,898F=qs5
3,895Fap5
3.893C=05
3.B90EngS
3.8R7Ew0y
Y, 884E~g5
S.BBEE-OS
3.882F =05
3.881F=0p5
3. HR1E~DS
J.881¢05

1+000Emyp
1.150ke9s
1+802E-05
2y FHLE=QS
2,971E-05
24 FT8E~p5
2,984Lg5
21991E"05
2,998Emp5
3,005E-0%
3,011E~0S
3.0155'05
3,012E=05%
3,013E=05
3.0!3E-05

¥

1.000Ewys
1.740k=g5
14084k ~py
HOYSZE-OS
2.08UE-DS
210!25‘05
OS5 1EnDS
2,923Ea05
J.116Fwgs
3l:13E-°5
3.062Eags
3.062E-0%
3.058Emgs
3.035['05

3+053Ewp5

1,000E=¢9
1,307E=p5
R,0TSEmQy
1.4%52E«04
1.652E~04
1.,452E=04
1.,452E-04
1.452Em0u
1,452En0y
1.6452E=py
1,4528m0y
1,852Empa
1.“526'°4
1.452E=0y
1.,452E=04

H

1.000Emyg
4, 157TE-p7
1e779E=04

1.804E~0u

1,461Fmpu
1.46%Ewgy
1,462E-0y
1.,453E-04
1 4649FE~0yg
1.650E=0yg
l.HSIE-DH
LedS51Eaguy
1,451Empg
1.”51E—D#
1.453E=qy

ALTITUDE
RATE ERROR

1,000Em1g
4,325E-02
31“57£'01
€e2Y1Emp1
2,054E=0]
20070Eupy
2411TEw0]
2,232E-py
2|32°E"DI
2.55b5~0£
2.8¢LEmpy
3131801
1aT05EnGY
S.4p1E=p2
1eb30tmg2

CAMMA ERROR

l|677£'13
4,522E.05
2,760EpS
9, %19 05
B,YaE-py
1,25%Ewpy
1.830E=04
2.S500E=DR
JeFu3Eagy
b Le2Empy
BUQPEE'GQ
4950Em0 g
S.508E=00
da837EMgy
S1b80Ewgs

YELOCITY
MAG ERROR

Ledoora1p
1,992E02

9,0%1E=01

6,018Ea0
4y T1ISFmDY
Hydusbant
3.&576-01
2.?3&5-0!
2,173E=5y
1.bb2£-01
1,797Eep]
1,682Epy
1,823Ewpy
LaBUBEapy
1,8668=01

P3I ERROR

1,772E-13
2,62{Z=04
b,230En0y
1|°7°E‘C“
2.3622'G“
2,951F.py
313755“0”
3,858Em04
4,365E-04
b,005Em0u

8,207E-0a
8,207E04 -
8,483Fapg

8,733E.04
§,888Fa0y

NDI.LVI:IDdt:JOD 830N3I0s SILAIYNY 3L

-



{3}

[

vE
fars!

2]

aovd Ty

XIrTvay
ST

I£-D

TIng

16832,00
1832,00
14%0,00
1950,00
1%550,.00

$610,00

1670,00
1730.00
1790,00
183800
1836,00
1844,00
1846, 00
1860,00
187a,00
1884,00
189400
1904,00

§914,00-

j924,00
§934,00
1943,50
19u3,50
1948 ,59
1945,.50
1944,50

TIHE

1432,090
1432,00
{490,400
1550,00
§550,00
1810,00
670,00
1730,00
1790,00
1836,00
1838,00
1846,00
1846,00
1860,00
1874,00
1844,00
1894,00
1904,00
1914,00
124,00
1934,00
1943,5%0

©1943,.50

1946,50
1945,50
1944,50

GROUP 15 AADAR ALTINITER BIa3

POIITION ESTIHATE ERRO%
R b c

0. 0008400
1.000E¢00
Y. TRTE=0}
F.912Eeny
V. 9606E=01

1]

0.000F400
1.000E+00
9. 797E=0]
9,912L«01
L T STt

8.000E+00
2,315E=0%
2,228r-03
2,216E«03
24108%Ewg]

¥

0,000E400
1+385E=09
122U9E=0S
3.T0UE~0S
A, 7B6E=q%

G, 00¢E+0y
2+199E=p3
2.156p=03
e 220E=0%
2+2TCE=D)

0. 000E+00
2.15uEw08
1, 987E=0%
8. 809=0y
7.532E~8%

VELQCITY £3
R

0,000E+00
1:000E=014
B.018Fa02
1. 707EmQ2
G, 7T8TE=3

]

0,000E400

1.000E=01
J,810Ew02
1., 707L=02
4,787Cegx

*

&

0.000E¢00
2,731E=04
1,634Fm04
T T50E~0S
4.937E=45

A

0.000E+00
U4,30TE=pS
3, 96GE0S
3, 881Ew0S
3.872C=05

TIMATE ERRD

R
c

0,000E400
1,726E=04
7,7T0E=05
1. T44E=C8
2,318E«05

. N

0,00QE+00
4,53TE=95%
q,034Ew05
3,886FE=0%
3.,B62Ew(QS

PLATFORM TILT ESTIMATE
R b

0 000E+00"
G ODCE#DO
G, 000E+00
0,000E+00
0,000E+00

u

C.000E+00
G,Q00E+00(
D.000E+00
C4Q0QE+OD
0. 000E+00

0y 000E+00
Py000E«SD
0,00C0E40D
0,000E+0D
0,000E+00

v

0.,000E400
0.000E400
0,000E+00
0,000E+00
04000E+2Q

+

¢

0.000E+00
G.000E+0D
0,000E+00
Q0.000E+00
0,000E+00Q

"

0.000E+00
0,000E+Q0
D,000E+00
0aC00E+G0
¢ 000E+00

ALTITUOE
RATE ERROR

0.600E400
1.000E"01
P RY-1 L F
L1sTHTE02
4,78TE=03

YELOCITY
MAG ERRGR

0,000E¢00
2y 166En0]
8,81TE=pa
e 1T8E=08
B UQTE(S

GAMMA ERROR P31} ERROR

e000E400
3.177E=04
1eToBE=QQ
5y T22EwQS
LebpTEmps

0.C00E+00 .

1 4U2EDT
LellbLed?
1,303E=07
Lo3L13EngT

NOILYH0d-"0D SAON3I0S TILATIVYNY IHL



(A

TIME

1432,.00
1832,00
1496,00
155¢2,00
1550,.00
16140,00
1470.040
1730,00
1790,00
1836,00
1836,040
184b,00
18Uk, 09
136,00
1874,00
188u,00
13%G,00
1904,00
1914,00
192d,00
191¢,00
1961,59
1933 ,.5¢
944,50
1945 .,.%0
10us,50

TIME

143200
1832,008
1u90,09
1550,00
1550,00
161000
1670,00
1730,89
1790.00
1836,040
1836,00
184s,00
18us,00
1450,.00
1674,00
t884,00
1894,00
1908,00
1914,00
1932,00
1963,50
190%,59
1%44,5%9
194% .90
1946,59

GROUP 15 . RADAR ALTIMETER FIRST-ORDER MARKOV

POSITION ESTIMATE ERROR
R 0

1,0008=7p
1,000E400
?,276E=04
9,790k 01
1.023E+00

U

Lo0n0t=i0
1,000E+08
9,276E-01
9. 70E=01
1.0238+450

{000E=10
2:315E-0%
2e112E=03
2,199%€E~03
2.27SE=03

v

1.000E=10
134508
14278E=05%
3. BF9E=0%
6,U21EwdS

¢

1,000E%1g
2,159F=0%
2,03800%
2,1778=0%
2.290E%03

W

1,000F=10
2, 154E0%
2,031Fw05
4,152E08
1.0090=0a

YELNEITY ESTIMATE TRROR
R o

t2000E=10
1,000E=01
5.0“55-0[
S.87TE~01
51235['01

v

1.000E=10
1,000E=01¢
TJ0u5Eany
5.4TTE=QY
SeR34Ew0

L 14000E~10

2,75 F=04
1y142E=02
1.214E=03
1.149Ew03

¥

1.000F=10
4,307E-05
3., 904F05
R.9318Fwps
£,4320m0%

4

1.000E=10
1,726E=04
{1e115E=03
1.,232E=03
14182E=03

1,000E=10
4,537E=-05
Q,881E-0%
S,T24E=(5
6,545E=0%

PLATFORM TILT ESTIMATE
R b

1,000F=10
1.000E=10
1.000E=10
1.000E=10
1,000Em1D

u

1.000E~t0
{.000E=10
L1.000E-1D
L,000E=20
1,000E={0

f.000Em10
1.,000E-10
L.D00E=20
1,000E=~1¢
14000Ewig

v

1,000E=10
1,000E=40
1,000E~10
14000E=10
1.0008=10

¢

1.000E=10
1,000E-19
1.060E=10
1,000€=10
1.,000E=10

L]

1.000€=10p
1.000E=10
1.000EmLD
L.000E=19
1.000Em10

ALTITUDE
RATE ERROR

14000E=1
{e000Eed]
5.04SEmDY
5.477E=p1L
5!23”5“01

YELOCITY
HAG ERROR

1,0008~19
R, 164E=03
T.azﬂE-D;
5,708E=03
44933E=03

GAMMA TRROR P31 ERROR

3.177E'13
3.1%7EmCY
1,605E-D3
{e83b6E=03
1.779E=03

3,178E=13

1,442E-0T
1,332E-07
1,F19E=Q7
2.224E=0Y

NOILYHOCHOD S3IONIOS DLAIYNY I4L



S8
S 5
= &
o "]
3
7
1
(]
]
(¥
[

TI¥E

1432,00
1432,04
1e90,00
1550.00
1550,00
£610.00
1870,00
1730.00
1790.00
1A%, 00
1836, 00
18686,03
18GA, 00
1860,00

tATU,00

188¢,00
1A96,.00
1904,00
914,00
1926,00
1934,00
194%,59
194%,50
1944,50
1965,.50
1948,50

TIME

1632.00
432,00
1996,00
1550.00
1550.00
1810,00
1676,00
1730.00
178p.00
1836 0o
1836,00
186,00
jBub, 00

“1860,00

{874,00

R LI T

1294,060
1904.080
1914,00
1924,08
1934,00
$1943.50

943,90

1%40,50
{945,508
19us,%p

GROUP 1

PNYITION ESTINATE
R D

6. 0N0F400
1,398F=02
1,216Feny

4, 9Y8E=0]

2,381F=n1
4, uYTF=py
T 2VIF=0]
8,751F=n)
9,259F=ay
B 4USE«N

IS AT YT

4,0976=g1
24051E=p2
6,917F=0)
9, 94TF-D3
§.27RF~g2
l.153E=02
1,019F=n2
T b9F«n3
24980FE=0%
fdduF=93
2,54 F~0u
8,93AF=45
148 E=04
1,079E=04
B.657E=95S

U

G ,000Eeng
3.7T3F =02
1,173F=01
8, 998E=n
2.3216~014
O, URARF=N]
7.,257F=01
8.78{Feq}
9, 208F=nt
8,4758=ny
4,791 F=01
U,5uTF=pt
2.083F=n2
6. 937F=0)
1,007F=p2
1,262F=n2
f.165E=n2
1,8%1€02
T B12F=03
3,0R6F=03
1,5u02€~n3
3,455F=na
1 11uF=13
b6,197E=0S
2,5r1E~nS
T.31uF=nt

0,000EeND
3. 1656=01
S.TUBE=0Y
A.511E=0Y
8,227E-01
9,07REwDY
QL UBFap
9.,923E=n1
QoQTSE'D1
FLUUE«D]
1.P04E+00
I-1b0E400
PebISEe)?
9,574E=04
},58MFE«np
4,165K~n2
4.1BUE=02
a,211£=-02
4,24%Epp
U,25%4F=02
ﬂ.PTZE-OE
u.lin-ﬂ?
4,11%E=02
3.882E-07
T.64tE-02
303975'02

v

H.N0NE+QN
fedTAE-0Y
1,836E-02
S5.uTbE=g
4,%hkE=01
C.OLAEND
T.189E-081
2.0%TEn
2.911E=24
1.P9hF+00
t,372E=018
B du9E=yy
1,R49E=9D
2,7T05E=01%
3,AUTE=D2
4,1 3KE=¢?
U4yt31E=22
0,1ASE=qg?
L,738Eed?
g,75%fE~pp
U, PTUE=47
G.120E=02
4,{20E=02
. ER2ERG?
J.6U1Eup?
3.3197E=02

TACAN SURVEY £RRORY

ERDQ®
¢

0,000E+0n
5,576F=0

6,231F=01
9,902F =01
1.051F 400
1,180F+0n
1,147F+0n
1,074%F404
?.997F=0]
9,979F=0)
2,08TF~01
1, 31dF =y
1,840E=a%
T 618E=01%
T,.388E=01
6 292F=0y
5,781E=0%
5,354Fa0%
4,813F-0%
Y, 168Fepy
3, 549E~ny
2,u97Fn01y
2,497E~07
1,217E-01
4,516Ea0%
1.35¢4F=01

W

B 000F¢0n

b,193FeQg
B UR2EDy
1,187E*Dp
1,2648F¢0p
[ URSFDn
1,453F«0n
1,83 F+0s
1,379E+0g
5,68 F=01
1,039F+¢n
B 020F=0y
1.918F =0
T l66F=0y
2,693E~01
T 75AFw0y
B8, ,665Fw-0%
&,964F =4y
5,051F=0%
3,8%9F=0%
1,74UF =0y
2. 3bUFe01
2, 36uF =01
1, 10uE=0y
1,60uF -84
1.433F=0%

YELDCITY FATIVATE
R : D

0, 0anE+00
3. 693F =04
F,615E=08
5.%618=0u4
2,8U0F=0u
2. 2USE=)0
1,8072E=03%
1,04%=0%
1.7254E=pY
7.9T4tane
L, O0BRE=04
1.6061E=03
S.00%Eagy
2, 62TF=0%
A, BOTE=NYy
B, 679%E=040
B,318E=pg
T.AT0F=04
T.251E-04
b, 495F=04g
L,6TE=DY
1,43b6Fe00
1. 090E~00
1!502E'0“
4,203E=053
22UFBE= 0N

v

0.000Fe00
3.37UE=gn
Q,097Ew0Y
SeuIntepg
2.895E=00
2, 8ukwpe
{.0T2E=0Y
tL4UIEApY
1,25U4E=81
T. 08004
4, 0bUE=pU
1.639E~03
5,119E~03
2. 6UbF=0%
A RuBE=pY
8. T21E=05
B, 359E-04
T.90%E=0u
T.287E=Q4
b,S2RE=0Y
8,997E=04
3.452E=04
I.,116E=00
12628EmD4
U, 0TUE=(S

75:1755'0&

0,000F+A0
7,909F =04
1,885F =44
b,294F=04
1, 6186F=03
3,254F~qu
3.4S1F-0%
1.3%aF =04
1.105F=04
1.227F=04
2.8R5F<0)
2.917F=03
1,t52F 02
4, 6BuF-03
1,217F-83
1 WUSF=s3
1,59AF 23
1,7V17a03
1.858F =03
2.863F=33

2.2%2F=43

2,359F=03
2,159F-93
2.191E=03
2.473F=p)
2.U5uF=03

v

Q. ODOE*OD
Te360F =04
1,939E=04
S.8p3E=ny
1.0610F=03
4, 89uF=-94
4,5720F 0%
8,1P8F =gy
4,227E=pt
&, RT2F=04
F 601F=03
T.BRsEmpy
4,315F~a83
4,291F=43
1,268F =03
1.U2uUF=93
1.550E=03
1,701F =03
1,651Fep3
2,059F =01
2.259F=p3
2.383F 03
2,3483Fe03
?.39uF=03
2 UPbE=N3
C.USTF=n3

ERRACR
4

g, 000k+00
2.099E=04
8,018E=0%
1,209E=04
1,0928=-04
}.792E-04
1,7008=04
b,0TTE=0K
9.5775-06
B,9312E~-0¢g
Q,1BTE=0Y
T.867F=33
{.203E=01
3,2067E-04
J.usiE=04
4,896E=04
5,925E=-04
T 1ubE=Gu
8, ,uS5E=94
2,995E~04
{o149E=03
1,2T8L=0Y
§,2TRE=D3
1.261E~0%
1,283Em03
1,206E=01

]

0. 0C0E+0D
4.91hE=14
T.366E=Q5
2. FuSE~DuU
1,781€=-08
F,160F=058
{ ,hUGE=DY
G UTUE =08
B.bbSE=Q4
1.584EmDU
T,379E~-04
2.811E=03
8,038F=-0%
1.879E-03
{,90uE=04
S.32PE=04
T.61RERQU
7.8 2€-04
B,S46TE=-QU
Q. AurE=bY

1+133%E=03"

f1.27T1E=01
1,?7T1E=03
1.7274k=01%
1,277L03

1,280E=03

Q. 00GE+00
3, 1%56=08
S,871E=¢8
T.813F=08

~T.001E-08

1,043F=07
1.095F=07
$,12uE=08
T.o3af~0R
b,770GE=08
f.65ufFenB
9,3236-08
2.027E=07
2,258E=07
3,205E-07

1.282E=0T

3. 199E-0T
3.195F=0T
3.,192E-07
3.18EF=07
5,145F=07
3,182€=07
1.182F=07
3, IALE=0T
J.1B1E-Q7
3.181F=07

U

0,000E400
3, 0T3F=n&
5,58%E08
7,342E-08
6,921E-08
[, C86F=07
1,095E=97
9,18uF=0B
T+850F =08
6,7TBTE~0B
9.,301E=-08
Q. 0uuf=-08
2.018Emp?
2.,275%F=07
3.232F-07
3.220F=-07
3,224E=07
Y. 2P0F=07
3. 217E=07
3,213Fn07
3,209E=07
3.200E+Q7
3,206E=07
3,205F=07
3,20%E=07

3,205F=07

PLATFORM TILT FSTIMATE
R 0

8,00DE+0D
1 +U09E=(SE
3,711E~08
7.330E=08
8,923E=08
1,211E=p7
1 +30UE=0T
B,3IFTE-08
5,800E=08
h,2GBE=08
6,068E=0T
4,812E=97
3,3408E+97
3, 4158=07
1.520E-07
1.5158~07
1.5(0E~07
1,505E-07
1,U998=07
1,494E=07
1 UBSE~DT
1,4BUE=DT
{yUBUE=0T
1., d54E=07
1,483E=07

1 LB2E~0T

v

0,080E00
EOGUEE'OE
2,52uE=08
6,208E-08
T IUGE=0B
5,41 8E=D8
S.403E=DS
5, TORE=(S
L.955E-08
B,873E=CH
b,GzSE-08
5.314E=-010
{.213E-0b
2 3I9E~Q7
1.24RE=08
1,826E=)7
2,133tw"07?
{,808KE=07
1,539L«07
1,4i2t=07
1,4t 64E=Q7
1, U4bE=DY
1, ULLE=0T
W GGTE=DT
1,051EwDY
1ad52E=07

¢

0.300E+QQ
1.,232E=Q8
4,310E=09
3.,367F=08
4,752E=08
4,959F=08
4,B811E=03
2.636E=08
S, 419E=68
T.07T9E=08
3,12iE~07
3,359E=07
1,299E=06
1,508Ew07
. IZTE~OT
F.335E07
G 3U1E=07T
G, IL3E-DT
%, JUSEGT
9, 3UTE=07
9,349E~0T
9,351E=57
9,351E=07
9,351f=07
9.151E«07
9,.352E=07

W

0,000E+00
3,934E-10
2,918E=08
5,250E=48
7.,02BE=08
1,145Em07
1. 634E=07
6,6T2E~08
7.722E~08
3,099€=08
5,79BE=07
5,837E=07
5,756E«07
2,911E=07
9, ULEE=07
9,274E~0T
¥, 214E-07
9,27TIE«07
9,330E=07
9,352F=07
9,353E=07

9.349E=07.

9. ILPEDT
F.I45E=H7
9,34BE=97
9,34BE=Q7?

ALTITUDE

RATE ERROR

$.000E00
2y 9uSE~GY
8,712E~0DS
5,318E=04
1,877E=0C
2.251E=04
1.,095E=03
1,u55E=-03
1,26UE=-C3
T.61RE+08
4,2u2E-04
LobhP2E=-03
S.119E~¢3
2,0UbE=G3
B,857E=GY
8,731t=04
&,359E-04
7,919 =04
Te296E«04
6,5%3EL=04
S 0LSE=D4
3, 4pBE=DG
3+5P3E-04
1. 6%6E=DU
4,526E=0%
S,.b54E=04

GAMMA ERROR

0.000E0¢
S,2ulE=08
24045E=Q8
{1 7e7E=07
TeS0lE-QB
b, 85BEmQB
b, 705E=pT
1yGuCE=Q6
1|79aEf06
1:62%E=06
U,298E=08
1,bodEmDb
3,605E=06
1,662E=08
U, 1u0EnGT
J3.T11E=QT
24251E=07
4,B1b6FE=08
1.716E=07
R, 006E=0T
B,99BE=07
9,423E-Q7
B,326Ee0?
L4el11y7EmDY
b,by%En2E
S¢99UE=DS

YELOCITY
HAG ERROR

D,000Ee00
T,213E=04
1,085E=04
b,002E-04
9,B80EmO4
S,127E=04
2,080E=04
1.696E«0&
7.,205E=05
S,97CE~04
9,232E5-03
Te992Em03
9,525E=0%
4,971Ew03

1,527€-03

1,656E=03
1,757E=03
1,673C=03
1,587Ew03
2,157E=03
2,2856E=03
243b69E«03
C,s369FE=03
2,39TE-03
2,42TE=D3
2,35TE~D3

P31 ERRCR

OQGQUEYDO
k,287E-03
1.176E008
1,2508E=-07
9,2735E-08
3, 6312E-00
bb5TE=-LS
4,B2iE=0T
1.239E~Ds
2,338Ew07
1,24€E~0b
4,965E-0b
},L25E~0S

3,527€-086

«S9TEROT
1,993E=06
1,385E-08
1.573E=Ch
1,731E=08
2,053E-8b
2,87BEnD
4,080E=-08
4, GLOE=Q8b
4, 158E~08
4,282Ea68
4,34BE=08

7y

NOILvHOgHOD S3ON3IDS JILATYNY 3HL



ve-D

Ting

T1832,00

832,00
1490,090
1550,.00
1550,.00
1610,50
1670,00
1730,00
1790,.0¢0
183600
1836.00
18486 ,00
18406,00
1860,00
1874,00
1684,00

1394.00-

1%06,00
1°14,00
{924,040
1934,460
1943 ,50
1943.5¢
194459
1945,50
944,50

TIME

1832,00
132,00
1490,00
1550, 0¢
1550,00
1610,00
1670,00
1732,00
1790,40

183a .00
" 1836,00

18a6,90
1848,00

1880.00

1874,490
18684,00

T158%4,00

908,90
191¢.09
1924,0¢
193¢,90
1943,5¢0
1943,59
194a,59
194%,50
L19a8,%59

POSITION E8
R

"0,000E%00

Sy1hbFepy
Sy 358E~01
6,Ta%E=p1
T204F=y
7.080Fept
B.,031E=01
B.60uE=p)
8,85pF=01
9. 371F=04
9. Ba5Fep
1,601E+00
1,006F+00
b uBoE=pu
2,000Eag2
u\’UEE'ﬂ!
3.0‘0Ef°!

u

0,000800
5.1483Ea0]
5.313F=41
6,739E-01

TL194Empy

T bTIE=41
B 023E=01
8,3199Fany
B BUubE=gy
9.369F=nt
P.848Funy
1.001E+ng
1,0045+09
5,239E=1p
2 1 U8E=p2
9,321F=p3
3.577E=03

GROUP 17 MLS 3URYEy ERRORS

¢

0 000000
2.329E=01
2,026E-0
1e828E-p¢
2,454Euny
3.396E <4
4,0u00E=01
4.757E-01
B.045E-0)
b8 10E=9¢
B,3uSEw01
1.029E+00
1.23TE+Q0
1.235E400
1,201E+09
1¢247E43
1.253E409

v

0,000F+00
b,UbbEeny
S.309ELD
b,60TE=01
4,598F-01
3.882E-4)
4,03tE=04
5.23TE=p1
6,735F=01
8,3976=-01
1.833E+4n
1,238E+00
1.238E+ 00
1.2U4E+Q0
1249E400

1.2%55E+00

TIMATE ERROR

¢

04000E40p
T, 09FEmpy
8.633r-01
9, 058Em04
9.T22E-0y
1.001F*0g
1,00 F+0g
9.,958E0y
9, 935Em0]
%, 912E=0y
9,95tE=0]
T IB1E=Dy
1,0048+09
f.006E+09
1,011E+00
1.015Eepq
1.019E+0y

N

0,00607+0g
3,123Ew0]
7,122E=0
4,600E04
7LS00E=0y
®,520F=0y
1,016F+09
1,029F+0p
1,016F409
§,988F0y
9,907E=0}
9,929E-0y

1,002Fe0n -

14002E+00
L, 007E+0p
1,012E+0y
1.018E+00

VELOCITY ESTIMATE ERRDR
R 0

0,0008400
1eS7TTEwpY
2.02%9F=03
3.187E=%
J,196E=03
3,25UE=-p3
3.18RE=s3
3.1515-03
3. #12E-03
3. 3108=01
3.561E-q3
4,2702=0%
S 1usFEwny
1.056E=01
S.Te3=02
1.805K=p2
S.08uUEmpy

u

G, 000800
1.575E423%
2.02TE=D)
J.201E=0Y
3.209E=0%
3., 257E=03
3.19RE=CY
5.188E-03
3,217€-03
3. 3145.03
J.565Ewp3
4,2T0E=03
SelS0E~0Y
1,056Emg
S5,T2uF=02
1,805E=02
5.,087E=p3

D.000F+00
24713F=p13
2,675E=03
S.4UBF=93
S.U1EEmDY
S, ULSFE=p]Y
5,133F=43
d.291E=93
“.GOEF~O3
4,929E=~p3
5.227E=03
S.ST0E=03
b 012E=03
b, Zaﬁr'Ol
b, 149E-3
b.93TF=p3
5.987E=p3

¥

0.000F+00
ST LILTE)
T.T71Ea0%
7.956E=p3
T.0S6EmpS
5.87ufF=03
8,977E-03
4,57SFupy
§,617F~03
G.B95Feg]
5.253E-03
5,592F-43
B,01UE~03
5,058F=03
b.031Feg3
6,008E+03
S,9875e0%

c

04000E+00
E,6b1E-03
T.I00E=43
5,022E=03%
U,900E=03
3.825E=-43
4,0TUERDS
4,30T7E=QS
4,491E=03
4,508E=03
G hOTERGS
4,SIb6E=NY
4,375E=03%
G,261E=03
4,39BE«0%
G, 39FE=DY
d,433E+03

]

0,000E400
TeOTLUE=DU
3:032E-03
2,225E=04
1.8u2E=03
3,120E<03
U,2506E=03
Q,hITEw]Y
A, 6T4E~D3
4,621E=03
§,57CE=D]
4,505E%03
U,367E=03
d,412E=03
4. U15E=0%
4,422En03
U HZOEwDS

PLATEOHM TILT ESTIMATE
R

0,000F+20
2,696E-08
3.560E~03
b,235E~48
1,145E=97
LS I AT Y
9,985F=08
1,002E=07
J4000E~0T7
1.009E=07
L 013E~0T
1,017E=87
1,020FE~07
1,02¢E=07
1.020E=0Y
1.021E=07
1.021Em07

u

0.000E+00
2,325E-08
J.228E-08
54955E~08
1e12%Fwpy
Q.92TE=¢B
$.956E=08
Q.980E=08
1,002Em07
1.00%F=07
LW GOBE=QY
1e0ilE-0T7
1.0lLE=0Q7

1 0lUE«DT

1,01dP-p7
1.004F=07

1.015E=07

[+

0,0CCE4D0
Ts163E«Q7
b,386E-07
3,924E=07
2,036Em07
24T HE=0?
2,T1BE=QT
2.T29Em0T
ReT2CE~0T
24 T2RE=QT
24T26E~QT
2.,728E=07
2 TIVE=QT
2,73I0E=G7
2, 730Em0T
2.730L-07
2.T30EmQ7

v

0,0C0E+00
B, RI9E=DR
24+ 279Em07
1,710EasT
B.A9&E=(A
3 AL5E=07
2.513E=~DT7
Re3leE=CY
2 UGTERDT
2.,6918=07
2¢THEBERQT
2 TLHTE=DY
2.7‘;65"07
2,7TUbE=QT
2, TUUE=QY
2,743E=QY
2aTUH2E=0T7

€

0.000€400
2,350E-07
2,376E~07
5.520E=47
S,639E407
5,763E=-07
5,747Em07
5.765Em0T
5.7bUE=Q7
5, 742Eu0T
5,761E07
5,759E=07
5,758E+07
5,758EnQT
5,757E~07
5,.7STE=QY
5,757E=07

W

0,000E400
T S29E=07
6 U2UE=DT
6,556EnDT
S,944F=T
5,305E=07
5.800E=Q7
SeFI9E-n?
S.865E=07
S+ TTEENDT
S,TdtE=07
5.741F=07
5,751E=07
S,7518=07
5,752E=07
5.752E=97
5,753E=07

ALTITUDE

RATE ERRCOR

0,000E%00
14557E=Q3
24012E=03
3,179E=03"
3.192E-03
I.208E«33
3,188E-03
31!78‘E'f3
3.285E~03
3,299E-03
3.546E-03
4,254E-03
S5,132E=-03
1,055E-04
S.T22Em02
$,803Eap2
Se0T0ERQ]

GAMHA ERROR

0. C00E+00
2e27bEw(b
1,012E=06
Tol74E=47
S,2n0E-07?
S.975E~-0T
1:508E=04
1,858E-06
12895E~08
1.9:]E-06
Lyle4E=Db
R.BR4E=(B
1,9390E=-05
3,3508«04
{+86UERCY
6,025E=95S
1.7035"05

VELOCITY
MAG ERROR

D,000€400
F40BPE~03
3,008E-03
BySHUE~D3
ToeTUTE=]3
6, T0TE=G]
5,849E-0}
2,48GE=-03
5,530E-¢03
S, 822E-03
5,996E=03
5.8%4E-03
b,122E=-03
6,2985ap3
6,9¢0Eenl
5-1975.03
&, 035Cp3

P31 ERROR

0,000E+00
1,233E-06
5.“025-06
Taib2EegT

3,5C1EnGS

5,983E«0b
B.QGQE-D5
P.087E-08
G UTHUE=QR
FebTEE=0b
P SYTE=0b

1,169E~-05 -

1,3193F-35
1,408E=p5

1.4046Ew05S

1.,4885-05

1.511E-05

NOILYHOOHOD S30oNIINs SILANIUNY 31,



Ge€-o

Tine

432,00
1932, 00
1890,00
1550,00
1550,00
1810,00
167,00
1730, 60
1790, 00
1836,00
183,04

184600 -

188,00
{360,00
184,00
1884,00
1&89%4,68
1904, 00
1914,¢80

»

1924, 00"

$934,00
1943,5¢)
{943,595
1944 .50
1905|5°
1944 ,5p

TIng

1432, 00
1432,00
1090,00
155¢.00
1550,00
1619,00
1870,00
1738,00
17%0,02
1838,00
183e,40
18as,ho
18ub,00
1860,00
1874 ,00
1884,00
18%4,90
L3%04,00
19ia,0p
1924 .00
1934,09
1943,5¢
1943,50
1944,5)
{945,599
19&6,%p

GROUP 19

POSITION ESTINATE
R _ 0

I.GDOE-lO
1.8617E+p2
1.921E+02
4,357E+p?2
2,139Fep2
B,056E+02
5‘9215402
1.097E+03
“.7t1E*02
3.5055*02

- 3.T18Fep)

2, SUTEay
2,898Fwgy
1,643E400
P TusE=py
1.123€400
1,038E+p0
9.132E-01
6,987E=g]
3,029E=01
1.5%0E=01
?,305Eap2
B 125Eeq3
TL601E=02
¥.350Fe02
1,539Emp2

u .

1.009E=tp

1.623E+92
1.905E+g2
4,542E+p2
2,133E5497
4,086E4p2
5,900F402
L 094E403
U, 7T11Esp2
J.QOBE'OZ
17834y
2,57TEsny

2e%13Ewny

1,668E403
Y483 1E=ny
1, 43UE+ g
14048E+0¢8
P.230Fngy
T.081E-0t
3.1!05-0!
1,672E~q]
P 135Fap2
B.19B8F=p9
T4253Ew02
3-!5?5'02
1.254E=02

$1.000Ee1p
1, 1A2E+01
S.6T6E+p2
3,738E402
3, 882E402
3.966E002
3,095€402
2,365E+02
FEITISTT
1,162E402
TeRTTE40L
8,998F401
1.84ufs0p
B.TVIE-QI
3,073E49p
3.54SE«tp
3 STYE+ng
S5.821E+09
3.696Es0g
3,8035E400p
J.904E+09
349738400
3 9T3Eegg
a,028E400
Q4131E+0p

4,278Es00

Y

f+000E=1g
T4289E«n2
Led31Esp2
1.&505402
1.93%€+02

Ye360Eegy

1,921E+02
S5.922E02
2,0382002
JeDuBEep2

4 085Eepy

S.231Es04

- RbuBEgy

1+110E+pp
3. 178E409
1,512E+p9
3.515E+0p
3i592E+g0
386918400

3.B06Ee0p

3.908E+pg
3.9TCEe g
J.P7uE+gp
4,031F+09
“|’3UE¢0°
4,282E+0

TACAN BEARING Bras

ERROR
<

1.000€E=1p
2,323€+83
To98TE+0
ToO3UuFso
6,39F+02
S.Bﬂ&Eooz
S.473E493
8,901E+0
3.856F40;
I 10TERs;
141538404
1,020E00y
2.393E+0p
2, 360840
2,208E+0¢
2.008E+0p
1.773E+0g
1.550E+0y
1.330E+09
1o112E40g
Fol1SE=gy
TePUbE=y
T.QHSE-G:
1,862E40y
J.172E+0g
4,530E¢0p

W

1.000E=1y
2.,502F+¢0%
9.497€40
T T99E403
T.230E40)
T.008E+87
F,598E+0
7.0625*02
3."13E+og
Iy3i68epy
6, 975E45,
4.739404
1.,6454E+py
2,255C+0¢
2.05tE¢0p
2,05%E+0y
1.8080E+0p
L.bD9E+gy
14338640,
Li101E+0y
$e0t3Emg,
T.862Fwgy
T B62E=0y
1.856Z409
3,167F%0y
4.524C40p

YELOCITY £371maTE
R o

1,000F=10
1,554E¢g0
Tv352€apt
1,674Es00
1+105E40p
{+232E400
lebdiEsng
3. 601E400
1.,968E+0p
1h251E¢00
1.lbbEwp0
b,252F-01
T+369E~0y
248TIE=py
1.287E=py
14TO3E=yy
$1938Eugy
Rel03Eepy
2, 30UEmpy
8,56%F-01
299 Empy
S G jEaqy
3.539Eap
1.912001
Te92TEe02
1,591E=02

v

I.OODE*IO
1,4288+0¢
700"{5'0!
1.b63E90y

fel02E000

14230E+00
1o636E4pp
3,800F000
t.9T1E+00
148938409
1o1T0Eenp
b.a?ﬁE'Ol
Ta61TE=p
Z.BQOE-Ol
142%1E=pt
I.TIGE-O’
$1.945Empy
2,5 14E=py
2,11 7E-p1
2.580Ew01
3.012E’°1
S.HBHE-Oj
356360y
1493b6E-01
6,158E=pp

1.8018v02

1.000F=tp
3.100E+80
B8,834E=9
1.592E+80
L.?1tE400
3. 234E+9p
L,4U% 900
1.05Q0F+¢py
7.327Ewpy
TobU9E=py
b,841Fwrp]
b, UY2E~a1
1.059F+pp
4,04d4E-py
1.103E=ny
1.596F~01
1,998E-p1
2,380E-p1
2,763Fny]
3,278E-0)
3. 852E=p1
4,292€=01
G, 252E=py
d,314Ew01
“Ha370Eapy
G,438E-01

v

1000819
2,921E+¢0
$1.605Egp
TeTltEapy
Fed98Empy
3,692Fegy
{.482F400

2,905E¢00 .

1,560E40p
Y. (768406
1.810E¢80
6,7028%n]
b,499Ewg |
3.508E-p1
la136E-9y

1.580€m0y

. 3a9T0E=9

2o365Empy

2.762E-9]
3,2581F01
38528~y

N,251E=p] -

8.251E=0¢
4,312F01
§,3T4Ewgy
qc“l"E'Q‘

ERROR
4

$2000Em1g

8,797E=pt
2428SE900
3.3TuE+00
32898400
§,059E+00
Ca9564Eepn
3,%80F400
2,305E+00
3.3'05‘@0
1.992E+00
T, U24Ewpt
HebbTEmDY
1023389}
LeTu9tmgy
3,283E-01
HebS3E=p1
by121L=0¢
T BT8E=0Y
Fa609E8~01
felT8Ee0
1,3508400
$1e350E+p0
$.383E400p
1¢375E¢00
1.385£¢q0

K

14000Ewtin

1¢894E+00
14B62E400
3, 655E+00
3,885E400
3.1T8E400
3,58{E+0p
2.889E400
§rB2BEepQ
1idtiE+ts
1,072E400
T,161E=Dt
Se531E~0}
2,34Eapy
1:.724E~01
3,288E=01
Qebb61E~QY
6.123&'01
TebTSEmDL
9.601Eapy
15175E+09
1.309E¢00
Ladd9E+00
1.362Le0¢
1e375%Ew0p
14368E00

PLATFORM TILY ESTIMATE
R [} .

1.000E=18
l.2ULE=04
1.465E=gy
1,706E=34
1.T08Empy
LaT77E=04
1.25BF=p4
1,428Ewy
1.342E=54
L,413E-9y4
1,423=04
1,595E=0y
1,607En0g
1.753E«0y
}uTBUE~GG
1.792E~04
1,B20E~pg
1.846F=0y
1,875E~04
1,902E~04
1.926Fmpy4
1,953E=99
1o 95380y
1a950E=0y
1:958E=pu
Lo9b1Em0Y

U

1.000Fa19p
1:207E=04
LodS9E=04
1,687Ewgy
1.7u% =9y
l.76bE-04
1.255E'0“
11“325’@“

Lid42Eupy - 8

le"‘53€"-da
1Li822E=04
1e558E=0g
1eb11E-04
1.760EmQu
1TTiEnG4
1e79YF=0y
1,826E=04
14853€=py
1.880E-4u

1,9076~py

’QQJJE'GQ
1.,957E~04
‘C?STE-GH
1.960E~04
1,962E-04
1.,983Em04

1¢000E=10
5,852E=~05
1.247€=04
1,319E=0y
1421 TEwQu
1.218Enpy
1.056E=0y
2.8663Em0y
ea3bLERDY
d,19cE=py
2e936Ew0u
2, TULE=D4
2479bE=0g
1. 216E=py
3.621Ew0y
J.TGIE-GH
3,77%E=04
3,B56E=00
3-9315"0“
4, 00dEmpy
G.976E-04
4, 104EnpY
4,1486Em0y
4,{51E=0y
H,158E=py
4a185Enpy

¥

1,000Ew10
By2BTE0S

- TWT79E~45

1:¢355Empy
14295E-04
1,692E~04
1ed2bEm0y
1a38%km0y

2,108E~04
2.UUTE=0y
2.730E-04
3.5“#E'°“
IeT1iE-py
3. T97E-04
J.BobEapy
3 931lEwts
3.99%Ew0n
G,072k=0a
SeliiE=Qy
L. 141E=py

CH 1UYE-gg

By 156Empg
4y163E=py

sleaTeany”
2 U2TE=DY.
Re3b2Ew0i

¢

1,000E=ty
5,130E=08
3.,070E~05
R¢S14Ewps
3,716E=95
1.250E~04
1,855E=03y
2,38B8E=py
2,021Emy
1.9038-~04
2,015C-5g
2,03uEmpy
2 kbGE=pDyY
1.749E=py
1, TUbE=ty
1,78lE=04
1,815E~0y
1,8UBEmgy
1,8B81E~pu
1.9 uEnpy
1,945Ewnn
1,%75Em04
1.,9758=-24
1,378€04
1,981Ew04
1,9E84En~pny

H

1,000Fm1g
3,343EA38
1,059Empy
§.85BE~y5
1,0B7Ew=0s
4, 891E=-05
§1BR0EmpY
Y. 29pfwny
2,23{E~pu
3,91 6E=pu
2,680E~04
2, 682Em0y4
2,813E=0u
2,430F=04
1,89 Eagy
{1,753E=04
1.771E=8y4
1,820Ew0g
1.876Emgy
1,919E~04
1.950Em04
1.977E=04
1,97TEmGY
1,97%E-04
1,932Ex~04
1.98%Empyg

ALTITUDE
RATE ERROR

1e000E~10
12216E400
To3u2E-pny
f.639L40p
1,071k0¢

1.237ke00 .

1ibg3E+0Q
J.625E+0p
Li974Ee00
[+259E+00
11 7CEepg
5.287E=-p1
T.41BEwps
2.590t-01
1.292E-py
§aT10k=gy
1.945k«01
21 uE=01
203155'01
2.581E=01
3,012Emny
3.485Eapy
3,583E=01
{e®I0Ewyy
b,163Em02
ledobEwp2

GAMMA ERROR

$v03UCa1y
2eiSTE~pu
{+726E-0u
4, 665Empy
2:9225'5“
S.035E~04
L1¢085Ea0]
U4,223E=203
3.0uBE=03
3,023Ea03
2, 597E-p3
B,T2dE~2y
?.052E-04
2.522E“0“
1.45BE~pyg
2.650E=gy
3e247E~py
3,8¢9Empy
4,685EmDy
S.513E-04
TaTodErpuy
11!!35’03
1o 148Emp3
b,359Ew0y
24108Em04
by715E=05

vYELocITY
MAG ERROR

1.000Enyp
2,867Es 80
1,568E+00
8,1B0Eapy
140038400
4,331Ep1
1395400
L,ut9Eeng
1,12%E4¢0
2,B68E¢3)
I,449E403
TeST1€0t
BL253Empy

8,283E.0)

i.33ﬂE-U!
1.?2?5'0[
£, 079E~pY
2,358Zu(t
2,629E-01
3.1535~Ol
3,612Ew0y
G,236E-03
0.2355*01
A, 308Eap]
4,372Fw08
4,434Ea01

P81 ERRCA

1,635E~14
1,588E~p4
3|75“E‘°u
14635E-83
1.006E-03
dyl28Eeny
22478403
2,98E8Eep3
2,551E-03
2:0755'03
J4835E-03
1.270Eup3
1,68%Enp3
4,393-04
3.266Em0y
6,206Ew0y
F,077E=pu
14234E-93
1VSOTERDS
2,003Em03
2,985E.03
4,289Cws3
4, 28903
4, 4486Emny
4,011E=53
U, T16Eu(3

NOI LY HOdg0 S3aTN3I0s QNLATYNY I+



gg-o

TINE

1432,00
1u32,00
1490,00
1550,80
$550,00
1610,00
1670,00
1730,00
1750,00
18%6,00
183b,00
846,00
18Uk, 08
1880,00
1884,00
1A%4,00
1904,00
19§4,00
1920,00
1934,00
1943,50
1943,50
1904,50
IQHS.SD
1%ub6,50

TIME

1432,00
632,00
fuse,. 00
1550,.00
1550.00
1610,00
1678,00
1736,00
1790,00
183,00
1836,04
184t 08
1845,00
18560,00
18r4,00
tBdu, 00
1898,00
1904,00
19146,080
1924.090
§934,00
1943,50
{943,549
1944,50
194%9,5¢0
1946,50

. DLonOE+nD

1‘7118900
1.825F«00
7T.3728Cap1
2,7ACFm0L
{.172F~01
1,135F=n1
8, 0u4E-n2
S.0nif=02
3,199% =02
2,965F=02
14195€=02
G ReTE=04
Q\EBHF-D!
6 601END]
S.306E=0)
€, 218E=03

[’]

§,0000400
1,771E00
1,8RBE+D0
T.T85F=01%
1.012E=n4%
1,721E-01
‘-ﬂqlf-a(
T U0lE=-n2
4,5APF=02
2.903E=02
2, 753E=-02
1,003F=02
1.,290E-83
4,173F=13
3,557F=p3
I.SQGE'D3
6. T36E=04

GROUP 20 MLS TIMING ERROR =~ AZIMUTH

0.,000E+00

U,303E+00

5.71GE+ 0D
2.,007TE+00
1,628E=01
3.7TRE=DY
2.4%8E~01
24543E-01
2ubSRED
e .T2PE=01
2.925%E=01
3.108E=01
H,0BTE-D1
U,08TEwDY
S,T39E«0%

T V.199E=01

G h06E=0]

Y

0,000E00¢
2. 137E+0Y
1.,211E904
1.374g+01
4,T4UE#QD
b6,954E-01
3.059E=41
4, 27T2E=01
3,34 1E=01
2,TTSE=DY
2,B77E=01
3,07nE=Nt
4,06TE=01Y
4. 06TE=01
5, 7T14E=01
T.VT4E=B)
§,038E-01

POSITION ESTIMATE FAROR
b c

0, 000F+0n
2 uTuEeny
2,017F+ M
1,960E+0¢
1,053E40%
2,552E¢0n
1.613F400
2,5%TE+00
1,815F¢0n
G0 1F«0y
6, 136E=0)
Sy312E~0y
s, 160E-0y
6, 159F=0
1,951E=01
qtb°b£‘0[
1.139E+00

W

0,000E¢0
1, 318840
1,6%uE*qy
1,012F+0
LINTIAET T
2, L8UEvDg
1.003E+0¢0
2,514F+04

-1, 08E+00

9,FUBE=0Y
6,160E=0y
5,335E=03
&,173E=0y
6 1TIE«Dy
T 948ED}
9, 71560
1.1u2E+00

R

8,000E+00
3,696E=01
8,543E-02
9,331k=-02
3.879E=02
B,U83Em0d
1.893E-02
2.123E=02
1,612E=02
1. 154E=C?
9,BB4E=01
1-336E"°?
1.,821E=02
1.808F=02
1.02°E-02
3.909E-03
fl’qQE'DS

U

0,000Een0)
3, TiUE=a%
B.bL1RE=(2
9 U41F=02
3,B28E=02
2.170E-03
{713 E=02
2.007E=02
1.500Ew02
1,04SE=q2
B,895E=0%
1,251E=02
1,TetE=02
1.’31!’0?
9,526E-0%
3,155E=03
1:055E=03

0.000800
8,225E-02
8.774E=02
1«150E=01

9,990E=92

T.G0ABE=Q2
T.983F=02
Q. ¢5TE=p2
{.,18LF=DY
1.336Fenl
{.4ROF=0Y
1.,50BE=01
1., bUSF+01L
1.649F=01
1,655F=01
1.663F=01
1.6T0E=D)

v

B.0007+00
2.371F=01
9., 6TTE=02
{.6b61F=01
1.,449E=01
L 0b4F=D2

9,423E-02"

!.2?35'01
{,290F=~01
1.353F=01
§LUSPE=01L
1.572F =01
1‘6HUE-0l
1.,64uF=3
1.651F=01
1,659F=01
1.6b06E=01

VELOCITY ESYIMATE ERROR
-] 4

0.000E+00
2.225F=01
1,996E-01
3,129E-01
S.027E=-01
4,754E=014
4,150E-01
1,797E~01
3,500E=01
3.18%E=0]
2,723E=D1
24109E=01
1.,814E=01
1,8 4k=01
{To8E~DY

1,722E=01L |

f.6T0EmD]

L]

0. 000E«00
b,349E=03
1,950E=014

2,806E=01

N,3{5€=-01
4,805E=01
4,120kt
3. 127E=01
3,u54E=01
3,183E=04
2.7%uteQ}
2,210E-01
1,B20E=QY
1,820E=01

1, 7T3E-01

1 726E=01
1.681E=01

PLATFORK TILT EATIHATE
R [*]

G, 000E00
1.,053E=00
Z.TQSE-QS
5,5TuE=0S
S,UTHE=-05

5,450E=05.

5, USSE=D5
S, Ub1E-DS
S5,4bbE=0%
S, 4T1F=0S
5,477E~05
§,u82E=05
S, 48TE=05
%, uBTE=05
5, URBE=DS
5 4BBERQS
5, 4BYE=QS

J

0,000E40¢
9,Ut2F«07
2,.,823E=05
3,b12F=43
S,SIuEwDS
S.512F=05
5,514E=05
5.515E~05
$,517E=05
5.S519€~09
5,521E~09
5.,923E=05
5,52b6E~05
6, S2bE=05
5,52bFE=25
5.52?E-05
5.,527E=05

0., 000E+00
f4630E=05
6,380E~0%
§,5%UE~05
1,39T7E=04
1. 499E~0OU
1,498E=04
1,49BE~04
14U9BE~QQ
$ JUFTE=SY
1, UFTE=GY
1,49TE~04
1., U96E=04G
1,496E«04
1 U9LE=O4

L UTHEDY

i|“95E'°u

v

D 000E«Q0
1,373L=0b
4,290E«03

S, TbbEw05

1,194E=04
1,460E=04
t,502E=04
1.506E=04
1,502E=04
{,497E~DY
L UF4E=DY
1,0G4E=04
1,894E=04
{,.,094E=04
{JUFLE-QU

3.495E-04
1,495E=04

ALTRTUDE

" ,RATE ERRCR

0, 000E400
B,003E=006
2.575E-06
3.295En00
9,651E=04
1, FUBE~QS
{,95TE~0S
1,965E=05
1,974E~DS
1,9R2E«05
1.991En05
2,000E=08
2.,00BF=05
2,008E-03
2,009E=05
2.00%E=DS
2,010E=03

W

0.,000E+00
1,811E=03
&,712E=05
6, 560E=Q5
7.315E=05
3,.799E=05
1,425E=05
9,27T6Ex=(b
1,395E=05
{1,892E~45
2.,097E=05
2,095E=05
2, QUdE~0S
2,04dE=0S
2,000E~05
2.036E=09
2,935E=05

0,000E400
3.,117E~0S
B,587E=02
9,00KE=Q2
3,81UE"D2
2,1S3E=03
12773602
2,0p8E~02
1,300E«02
tGubE=D2
B,992E=03
1i2%1E=02
1, TudE=G2
1,731E=02
9,535Ca03
3.166E=03
1,068E=03

GAMMA ERROR

0,000E+Q0
1.177E=D4
1,887E=04
2.39UEnDC
1,581E=04
4,62BE=0k
QualErysS
1,217E=p4
1.,227E=24
{1,232E=24d
9,372E=0%
5,7T15E=05
b,bSYE=0%
&, 509E~0S
3,%ubEe0S
{.,bUlE=]%
B.,993E=lb

YELOCITY
MAG ERAOR

0,000E+00
2:262E~01
6,363E=02
IDZQBE-GI
14199E€=01
f,052E=-02
T.877E=02
1.033E-04
1,121E-01
1,192E«0%
143B8E=01
JoSbLiEnQY
1,0008~¢1
‘lbaOE-°1
1.650F=01
1,658E=01
fobb5E=0)

PSI ERROR

0,000E«DD
1,157TE=05
J,450E-04
5,149E=04
9,220E=04
q.‘lOEE-GG
T,778E=~00
T.250E=04

6,950E=04 -

b, b22E=D4
5,7045=04

S,b1uE=04 °

S.TRUE=QH
5,7B4E-CU
5.7H6Ew0d
S.787TE=04

NOILLYHOGEOD S3IONINTS JNLAIYNY -



LE=D

TInE

1432, 00
16032,00
1a90,0¢0
1550,00
1550,00
810,00
1670,00
1730,00
1796,00
183,90
1835,00
184,00
18ub,.00
1860, 00
18T4,09
18B4,00
1894,00
{900,480
191u,00
192u¢,00
1%34,00
1943, 50
1943.50
1%440,59
1945,59
1946,9%0

TIME

1432,.0¢8
1e32,00
1690,.00
1552,00
1550,00
1810,00
1678.00
1730,00
1790,00
1636,00
1836,00
18d4,00
184s8,00
1860,00
187a.00
1884, 04
1894,00
1%00,00
1512 00
1924,0%
1934,00
19¢3,50
1%43,50
1942,50
1945,%9
19d6,50

CROUP 20  MLS TIMING ERROR -- ELEVATION
yrLoeiry EITINATE ERRQOR
R v} [

POSITINN ESTIMATE ERRQR
R >}

0,000F+00

- 5,1A1Fs00

14TUBF+g
2,502E+40
2,9a3f=01
I BS3EeCO
3 bueFegg
G, 034F+pp
4,807F400
b, Z07E+00
U 5618400
S.827Fa8)
1 b09E-ny
1,138E=p}%
2, 85%Fapy
1. 4U2Fapy
E-0H7E'0a

U

0,000E¢ny
5.178F+9p
L TMFe00
2.UVBEspp
2.,9%6rany
J.851E+p0

I 4u5Eenn-

4. 036E400
4, BpTE+H0
6,207E+00

& 561Ee00

5 bUTF=py
1,621F~0y
§,226E-1y
L lGuEmpy
4,7176=04a
1.246E=04

0.000E+09
8,350E-01
J.TatErDp
8.%02E=0)
1.,79%¢ra0y
2,4TTE=gY
8.572E=02
B 127602
1.325E-02
L. R3IPE=01
1ebUCE~DY
Q. UTSE=py
6,240E=9y
b,24uE=p|
b ,390Fu0y
b,S561Eupy
beb9bE=g]

¥

0,000E+00
8,690E=0]
2.5%%F+00

Se371E=91

1. 681E-01
2e3TIE-p
1,00€=04
1.049E=0
3.320E~p2
1.686E-01
1.754E=0]
Q. U6TE=pY
8,249E=01
b,245F=91
6,398Em{)
605515'0!
b, T00E=0Y

t

0. 00CF+0p
1,896F =0
2,527F=0y
3,791E=0g
1. 734En03
1,769€=0y
1, 629F=g,
141580y
14202F=0¢
9‘0015-09
8,359F.07
e,&sus-og
1,163F=py
1.373E=¢y
2.6ThFe0y
3.,992E-0y
S.320E-0

L

G 000F 00
T.3758=01
2,T1CE+Dp
6.4T8Enp)
b Bb1E-02
2. 1869F=p]
1,670FE=0y
1,435E=0y
1,295€=~0y
{,183F«01
% 4 F-02
a,o?aE-og
14351€=0]
1,351€=0}
2.657F=0
3,975E-0y
S.30uEagy

D.000E*p00
1,518€-¢2
14Ud98EwDy
1,788 =01
1,584rKa0
5-055E-03
8.655E=p3

1 5F4Ewg 2

2e372E=02
J.at0E=p2
3.235Ew282
7031500}
f+020F=p2
S+962E~03
3,259E-93
1,1048-0%
3.89SEwg4

v

0.000E+00
1.316E=02
1.500E=91
{+TULE=pY
’;SBQEFOI
ﬁ0027f‘03
B, 53403
1.5950=p2
2.3T3E=p2
Seb1dE-p2
3. 2UTE=D2
T.?26Emp3
1.0U9%E =2
5.712E=p3
3.,00TE=(y
8,520€«04
t,310E=04

f.000C+0p

2.218Eupy -

1.375F-02
9,55uEn03
3,419Em02

1.90erF=02

24315F=p?
2.TT%Fen2
3.250f=92
4,033F=02
3, 089Fwg2
1,979C=22
1ad3u¥=p2
1403%F=p2
1,683F=02
1.,528Fap2

{487 E=02

Y

.

b.000f400
13!735'02
3.725fFep2
3.55BF~p2

1. 7R9Emp2

l.*dIE'GE
2.23uk=-p32
2,515F=p2
34 052E=p2
4,0088=-02
3, 1T0F«02
2.061E=02
1,479€=p2
1.479F=g2
1.521E=02
1,562Fapp
1,68dFwp?

0.0005400
1,755E=02
5.977E=02
34808Emp2
1.,503k=0?
T,i61E=03
Pe393E=02
Y., 8u7EmpQ
5,369E=02
b9L1EmD2
PylUTE=p2
lli’TE'OI
{.298E=01
$,298E~01
1,310E=01
1,3228=01
1+334E=01

]

0. 0005400
8,52%E~DY
4,822E=02
LebJ2E=02
2 R02E=03
4,69%E=03
2.dTnEap2
4,025Em02
5.U83En(2
b, 924E=(2
9,115E=p2
1,115E=01
1.290E=01
1.,298E=01¢

1,310E=-01% |

{.322E=0¢
f1.333E-01

0.000E400
b,157F=08
B,228E=94
tel11UE=0S
1.911F=pS
!, TUUEwgS
L, TusE=05
1, Td7E=0%
1,748F =05
1.7u9g=-05
1,75CE=0%
1.,75:1E=05
1,734E=05
1+752€=05
1.752E«05
1,752E~-05
1.752E=05

U

-0, 000E+00
8,830E~08
8,.262FE=06
1,120E=65
§,420F=25
1.762E=05
1. 762E-05S
1,7683E=35
f.763E=05
1, 763E=pS
1.763F=45
1.763E=pS
L THAE -GS
{.THUE=YS
L. T&LE~0S

B O P T N

“1,TbUE=gS

T PLATPORM TILT ESTIMATE
R D

0,000E+00
14665Em0p
5.253&'05
1o143E=05
2,10TE=05
3,0ULE-0S
S-QHEE-OS
JaPU4LE=QS
3.948E0S
3,93%5E-05
3,9376=05%
3,336E=05
3,935E=05%
3.935E-05
3 835808
3.935E05
3,935E~05

¥

Ge00DE+D0 "

G,421E=07
1,135E=06
3s90CE~0S
1,791E=p53
3,.750E=05
J.97TE«0S
GeGLl1E=DS
3,979E~05S
3, 9u0E~05
3,923E-~05
3.923E~05
3,92TE=QS
3,527TE=~0%
I.927ERCS
3.027E=058

3,%27E=09

c

0.000E+00D
2,U05E~-07
S.866E=08
4, 41T7E-08
1,531Em08
J,2UBE~gS
1,230E=05
1,252E~05
1.2855%E=05
1.257E=05
1.260E=05
1.242E=~05
1.2hUE~QS
1,264E~03
1,265E=0%
1.265E=95
1,2465E=09

W

0.0008%00
1.456E=08
T.TSSE=D4
1,1559E=05s
1,108Ea05
1.728E«p%
1.,10%E=-05
9.771E=qs
1,101E~0S
1,233E=08
1.,287E=05
1,2R6E=05
1,273E«05
1,273E~-¢5
1.27TR2E«05
1.,271E=D5
1|ET1E-OS

ALTITUDE
RATE ERHOR

0.000E*OD
{434 TE~pE
1,6499E=01
ToTydE=p1
1.565E«01
4,021E-03
8,634E~03
1.5%4Ewp2
2,373E-02
J.,614E=D2
I 2UTE=Q2
Te2U4EwDY
L.DSOE=p2
S.T43Ew03
2,997ExQ}
a.ﬂgéE-ou
1,216Emp4

GAMMs ERROR

0,000E400
1,422E-05
2.584Ee0u
24559Fepg
2,803E-00
2,36TE=pS
2.730E«(S
4,yd15EmpS
5,277E=DS
9,374E=-05
Te9T1E=0S
2.14T7E=05
J,U36E=Qs
1,712E=(5
9. 008Emds
2427804
1+036Eep?

VELOCITY
HAG ERROR

0 000E«00
1,531E=p2
1eJU0Ew(2
2,2083€=02
2,8UUEAD2
1,%16Eap2
1,687Eepd
1,63%Enp2
1, 813Eap2
€, 181F-02
24223Em02
2.011Enup2
1,456E«p2
149 Eap?
1,525E=02
1.583Em02
tib0uEn2

P31 ERROR

0 000E¢00
TuT31Ews5
8,5435u05
2.892E=-058
S.2862E08
B,90bEw0t
4,6628005
7.838E-05
1 105Em04
l,ddifwuy
1.,901Empy
2,8330-04

4,124E~00

4,125E=04
§,275€=04
H,6832Em04
4,532€=04

NOILVHODHOD s3oNDios JILAIYNY 3HL



8E-9

Ting

1432,00
1u32,00
14%0,00
1550,00
1550,00
1810,00
1570,00
1730,¢40
1790,00
1336,00
1838,00
{184b,00
18us,80
i1860,.00
187400
1880,00
1893 69
190e,00
1%14,00
192¢,00
1934,00
1%43,50
1943,55
944,89
1945,59
1946 ,50

TINE

1832,00
1432,00

-34%0,30

1550,00

.31850,00

116,00
1470,00
1730,00
17%0,09
183s,00
183600
184s,00
18us, 00
1880, 04
1874,8¢
1884 082
1894, 80
te34,00
1913,00
1924,00
1938, 00
1943,90
1963,59
Iﬁﬂﬂ.ﬁo
194,59
194a8,50

04000E+0g

'7‘615E’0°

F40B81E+ g0
P 2B9E+00
8. 7tTE+pp
T TTiEs g
6,51 7Ewpy
4.6T6E+gy
1/620E400
7IEQIE'0I
2,423r-04
3. StuE-p2
Te511Ewps
2¢270E«p2
2e900Ep2

u

R ITIE Y
T.To2E+00
9 181E400
9,393E+0¢
&, 015€+00
TeES9E4p0
b 595E400
44TusE+00
1.288E+q0
ToT81E=0py
2,7T4E=p]
8!4u75.11
2,738E-02
141988=02
8,%85E03

GROUP 20
POSITION ESTIMATE ERROR
R 0

0.200E400
2102"E*ﬂl
2.“20E*0]
Z,068E401
2e6Tukepy
2,589+
22500540
EIUOHEQOI
2,338E404
14929E+0
{,S4bEe0y
1,506E404
1,541E+g}
1¢537E401
10532E+y

v

0.,0008400
$2070E00y
2.!775+03
2.6Ht5001
CibTOE+QL
2.581Eepy
2,4%8E401
20”0]f¢01
2.338E+0y
{.929Epy
1.568E+01
1,5ubEw0y
Te501Esy
14537E+01
$4532E+91

[+

0.000!#00
203135’00
Teb92Ew0y
2.27DE-01
3.007E=-py
1,039€-0y
l.llaE’O:
2.2515'01
2, T2bE=0y
2,482Empy
2,032E=07
2.0355‘01
I.SG?E-QI
1.099Em0y
b,332E«p;

]

G.000E+00

'!.3¢9£oo!

1.051E¢ny
3,54%E+0p
6, 443F~0y
1.679E+0p
1.070E+909
3.538Ewpy
%,225E=03
t.:DQE‘D[
115355-01
1.538E=0y
l.llaE-Ol
0,9T7E=Q2
&,570E=02

0.,000E400
F+60%Ewp2
B,000E=p2
Se9BTENp
b,159% g2
b, 53ukap2
Ta252E=92
B.U63Ewp2
Lo0b0Ewgt
1.076E=py
1,065Ea0]
1,343tmpy
713TOE'02
2-3“1E'°2
b, 99UE=py

v

0.000E400
S.701E~02
B.11%F=p2
b, 084E~g2
b6, 2G0E~p2
b,b600E=g2
Te30uE=p2
8,502E-92
1.063E=py
1,075E=01
1,06%Ea01
1.,343E=0]
Te309Emp2
2.300E=p2
6,908Ew03

MLS TIMING ERROR -- DME
VELOCITY ESTINATE ERROR
R b

0.,000E+00
1,539Eapy
C4186E~py
14972E=0}
1.710F=04
1, 416Enmp1
1+121€E=0y
8,008E402
4,4)32Fag2
S.b5uEmpy
4,478E=02
4,670e=-02
4,59TFes2
4,T20E=p2
4.833E=p2

¥

0.000FE%0p
8,039F=p3
1,427~01
1.841F=py
1.738E=p}
1.46TE=py
1o147E-0]
8,032F=p2
8,348Feg
b6,3126=p3
4,518F=02
4,510Ewp2
Heb2BEwg2
§,Ti8E~p2
U, 8Unkel2

c

D.000E400
{e183E=¢)
1.093E-01
9|°15E'02
8,633e=~02
B,219E=02
ToBUusE=QR
Tal20b=02
Y, 005E=02
SeTtSEeg2
4,738Ee02
G,7¢3E=02
dy,TUTE=Q2
4,67TTE=p2
4,652Ew02

¥

0.000Esp0
{.937E=p
1,960E=01
{210L=py
8,0623Ew02
Te221E-p2
T I9TEwp2
7.359E-DE
Tol16Ewp2
5.737['02
4,701E«02
Ba699Emp2
H,&79E=02

4,659Ew02

4,639Ee02

PLATFORM TILT ESTIMATE
R )

0.,CO00E+00
Re280Empb
R.533E=08
2.2“9E-05
2.265E=0p
2,282E=(é
2,250E=08
2,315E~0b
2,331F-0b
2. 345E=0s
2,384E=D0
2.36UE=)0
2,3b5%E~00b

2,567E=0b -

24369E~0h
i

0.000E+0D
Z.3!5E-0&
2,929F=36
2 E0uEDD
2,219E~06
2,23uE=08p
2,250E=p6
2,265E-08
2.2BJE=p&

2,295E=08b -

€¢310EnDS
2,310E=0b
2,3F1E=08
2.313E-pb
2,314E=08

0, 000E+¢o
1.506E=05
1.S54bEwpg
64697E~Qp
b,709E=064
b, T21E=08
By T36Em00
b, TUbE=Dp
b, 758Ewps
b4771L=08
b, TE2E=DS
baT82E=08
6.783Enps
b, 785E=04
6. TELE=(Y

Y

0.000E+00
2,27BE05
2,901Em05
14045Em05
5.589E=06
HeSI1BEmpA
5,514E~04h
4, 572E~D4
Te004E~ps
6,995Em04
b,880E-0b
6,88CE~08
5,871 kwpp
b, 8463E-04
b, B59LE=0p

0. 00CE+D0
1,T11E-0S
3,301E~p5
3,197E-p5
3, 197E=05
3,196E~0%
3,196Em=05
3,195E~ps
3. 195Emps
31193E“°5
3. 196E=gs
3, 199Em0%
3,194E=G5
3. 494E=p5
3|19“E‘05

[

0. 000E400
SyH40E=DT
2,208E-0%
3,0B88En05
3,218Eap5
3,235E=05
3,219Ew05
3,199E-05
3,19¢E-~05
3-190E'05
3,193E=05
3,L93Emps
3,193E~05%
3,193E=05

J1F3Ew05

ALTETUDE
RAYE ERROR

0,000E+080
5.6615-02
B,064E~p2
6.017Em02
6,172Ewg2
b6,536Em02
To2uSEnp2
8,4dTEm~p2
1.057E=p1
1.0715“01
I.DbJE—Oi
12300E«01
Ti2BTEwG2
2y31BEmg2
6. T72EwDY

CAMMA ERROR

DeCo0E+Cy
8,537E=05
3465905
44505EmQS
253405
1,287Ew00
3,490E=95
8,387Em0S
1.,831E=0y
2sT20E=Dg
S,L07EwDY
L,289E=04
RelglEmQU
T4938Ee35
2145TEwgS

YELOCITY
MAG ERRORA

0,000E«0p

 2,b807E-p2

1,62B8E=0]
1,922Em03
1,dcpE-0y
1,60%E=p]
le3doEmgy
1,081E-01
6,%4TE02
5,57TTEwq
Re290EmDy
4,230E-02
4,513E~p2
4, 713E=p2
4,839C02

PSI ERROR

0.,000E+00
31“31E'°q
S.TiZETGu
2,155E=04
L4S08EmDY
1,400E=04
1,4BuE=04
1,526E=24
1,458E~04
1,453E~0y4
L,890Ew0q
Lik%0E=-04

1e526Em04

1,5598-04
1o573E=04

NOI LY HOgH0D S30ON3II0Ss DI LATYNY E]FI




66-D

Tive

183200
1432, 00
149p,8p
155a.0¢
155p,00
161009
1670, 00
1710, a0
179,80
143800
183880
18ub6,00
1844, np
18a0,00
1874, 00
1808u,.0p
189%4,90
1900, 00

19t6,0p.

192a, 89
1936, 09
{943,559
1943, 59
1924 .83
194%,5)
1948,50

TIvrE

t432,.no
1632.n9
149000
1%50.00
155¢.00
1610,00
1670,.00
1730,00
1790,00
218,48
184,00
184s py
1860,90
1h7a, 00
1884, Ap
14%u,199
1904, 00
191400
1924,00
1932,0p
f1oux,5y

193,59

19ua,59
1945,59
1968 .50

PORITION ESTIMatE FRROo®
R 0

5.051E408"

2, TTAE 453
2,4%5F+p3
1,454E¢n3
bohbiFea
2 0unFep?
4y7%0€eny
3,791Fny
L uhPFent
2,211F4ay

Sy 3usfanp

S.1805F4+ng
4,257F-0¢
3.325F-0]
1 DY3Fsny
1.07%E+np
B BSUFang
T 355F=01
5,5216=01
2,948Fun
1.5t7F=nt
4. 305Eep
2,560F«n3
4, 569Funp
1,70BF=n2
2,921F-03

u

3,2RtFe03
2. T97E+ny
2, 423403
1,448E443
b,6T6E4n2
2,035¢84an2
G, IP%E+ny
3, 7TRbE sy
1.u4h2cept
B\ PRAE A
S¢dnIFeng
S.4m5Fsap
U 0rany
3 3%urany
1,0%7F+ng
14078400
B, 895F=ny
7,399r.p
5.563Fnny
Iy 0INEeny
1.556F=ny
Qe pudfapnp
1r306Emty
H,5U9Fan2

Py 9buF-p2

T.Su3Eup3

GROUP 21

2.315F4n7%
1.A{AE4pp
T U12E402
PebbpErgp
1.4S8E4p
1. QuSEeny
Q.ETOE-OI
LIRLLIZTL)
2.75RE40n
1,335+ 0y
1.P2d1Eeny
1.9VAE+
T.15P8-01
1.9858F 91
Q.SﬂﬁE-ﬂ!
1.099E49p
1.163541g
!.P37E400
1.519 499
luGtAEsnp
1.477F+0y
l.ﬂﬁﬁEooﬁ
1.805€40p
1. PETEetn
1129 +0p
P H9%Epy

V.

S.TIUEOOS
Q.b66u8402
Y. l0ucenz
3.XT%E+n2

1 8504’

b, 191E4+0)
1.20tE4+0
2, U7UE 40y
1.220E40)
ByS0iken)
6.397Eenp
1at8ugsg)
b, R08Ewpy
1+4504F=0
9,181FE-py
t«108Eeny
14177E+09
1.20PFe 80
$.3PRrepo
tedtuE+ay
Led76Eepnp
148udE+0y
T YT
1.2%91E48
1.134E40n
0.7705-0!

1862 STANDARD ATMOSPHERE‘MODELD\!G ERROR

t

6,065F40y
L.0a2Esqy
3.867Fe0
2¢137E+0>
5‘574F+01
T‘ZPbFﬁoi
2210240}
4, 1n5Fep

2,6A%F 0]
2 EA2Ee0y
1.92uF¢0p
3,202k epp
2,488F g
3.0765-02
2 318E=05
3.322F.0
2. 812Fepy
2,319E=01
1.B93F-0y
1,519€=0,
1,2158ug)
3.513E.0,
3, 512E-0]
1,25%E+0n
21878400
3.087E+De

w

2,835F 40y
8.932¢+0;
8,066F407
4371040

14501F 40
G, U1oFeny
1,90u800]
1. 298F s 0y
FLU0BE6Q¢
Hyusteypy
1,0788+0)
15271840,
S.QUSF-OQ
14101F«p

siaTuE.a!
2.9180.0)
14996Ee0
1(B34Fmpy
1,812E=py
1,62uF =)
1 308Fpy
I UbSFeg

3.865F -0y
1.251F%0p
2,180E40p
3. 0850400

VeLnCrTy FSTIMAYE Eapnn
R [+ <

Ta4A8Eepnp
A, 0%uE+00
I.USEE’DO
1.66TEs0y
ToV8UE=py
T.601F+0p
1.7976+0n
1.717F 09
1.278F+00p
1,0l4E+0g
9,50NE=pq
4,2¢8F=ty
3,510Ea01
1,080E=01
9 052FE-02
1.2T7RFaQy
1,483E=g1
1.5U0E=01

Inaqu-ol‘

12803Enpy
1.984F=9]
P ITTE=B
2,217€=91
T.IOQE'Oi
3.560F=02
8,01SE~0S

U

T 463E40p
4.050E+00
3.81UE+0p
TobUCEsop
Ty U3%Emgy
t.59TE+00
1.79%E+gp
1.716E400
l.???!cao
1.015E+g0p
9,509 =91
4,24REwg)
3,517c-p1
l.08uEepy
R,086Ewgp
1¢28UEwpy
1.4952€wpy
1.951FE=-01y
1.863Eapy
1,820E-9y
2,008Fapy
?.aonf-oz
2424 k9]
1eP12fapy
3.7%6Ewnp
1.,001Eapp

9,635Feny’

S.18%Fag2
1.708F+p8
2.530Fvpp
1a374F g0
I Cr1Fapny
1.012F=9)
1, CR9Fapy
1+256F =01
8. TASFmpg
2ybYiuf=n2
T U52F=82
0. TALUF=p
I CAUE~g2

1.299Fwpa

14,995F=p2
3. 583Fmpp
S.24uFwpa
T, 415Fap?
1‘0035-0‘
1,3006Fep
1.574Fapy
1.575F=014
1.982F =01
1.389Fp]
1.S98E=01

v

8,8A3Fwg
1.734Fepy
1.190F¢00
2.201Espp
G, Juitagy
4 1uTrapg
3.906F=9}
5.8R6Fmp1
ﬂ.;qaf!ﬁl
7.360F =gy
b.152F=py
1.8%8F«p
1.008E~yy
1.83tF=p2
3.539F-n3
2. T63F=p2
5.5%1F=52
b, AsFep
T sta3fagp
Y. ub9Fmp2
t.20uE-py
1.500F=ny
1,5668mp
1.553F =0y
l.5hS5F=p]
1.575€~0}

1.BB2E+00
4,350E-02
1.899E=91
Teh2UE=DY
14334E400
1+02SE+00
1.03%+00
1.287E+80
l.81%E+0¢
7,581F-q1
6.520E~p1
1.706E~01
1.ATUE-D]
1,050E=-01
1.,P03E=01
2235REwny
3, 292501
4,275E=0]
S¢I01E=0)
b.5h1EmDY
T.920E=01
T ALYE~DY
FO0uE=D}
QL OF2EwD]
Sal6bE-0t
9,2%8Em01

L]

2.014E400
8,721E-02

1. 3GtEeny

1eU32Es04
1o670E400
F.93Ck0]
P TI0E=01
1:45FE+¢0
QP 1E~py
1,9%UF=04
E-IIUE'OI
S, e306=-02
1.7076=-01
1,080E~01
1:.267€w01
2,3u7F=01
Y, 25RE=01

T4, 249Fapy

S,294E-01
b.SbCERGY
Ta925Ewny
P 00UE-0)
9.60“5-01
. 084Ewny
9,168E=-01
9.201E=01

4,294E-p8
117955'95
6.3U%F=ga
2,895Fups
4,74ufF=p5
9. 1986F=p5
9,413f8-0%
8,u37E~05
T .8A9F 5
T.392F=3%
T2RZEmpS
T LtbE-05
T.IOSE-OS
6,837E=p%
&, T8uF=05%
b, ThboE=pS

b.77TFm0S "

b,789€~05
6.B01FmpY
b,813Eep8
6, 824F =55
b, 836F=08
6,834Fwp5
6, 83TE«pS
6,.838E~-95
4, 839E~pS

LU

5.380F~0s
2.,042F =05
8,1085E-¢8
2.779Fmp5
G,bU7E=9%
FulEIE=05
Q.405F =95
8 a58Fwsy
T.93uk=ps5
T.455E=05
T.3u9E=-95
T.493F=g5
7,191F-p5
b,924FEwp5
b.B4ut=ps
b,845Fap5
6,855%F g5
boﬂﬁ:E'OE
b, Be7E=0%
b,873E=9%
6,879E=¢5
6, UBTE=05
4,887 wgs
4,B87F=p5
b,884F~p5
b,B889E~-p%

1-TERM MODEL
PLATFOaM f1L7 E3TIMATE
. R D

3,2108~05
61 992E~05
9+356E-0%
1,325Ew0s
T, 260E-05
1.098E~0y
1+112E=-04
9.293E05
fe130E-04
1,4BSE-pg
1.5255’0“
2,072E-04
2,020E-04
2-?1“&'0“
2, 508E~04
2aS0RE=gy
2450RE=048
2,508E~54
2,507E=04
2.507E-0y
2.507E‘Da
2,507Ew0y
2,507Emp0
2,507E~04
2,50TE-pu
2.507€=04

v

2,392E=0%
S.46bE-05

4y TESEmpY

1,87B8Em04
8,005E-0%
T bHIE-0S
Y. UB1EwgS
Y 481E-p08%

6,180t-05%-"

84651E=-05
B,121E-95
Lib12Emgy
1,470t=0y
2 108E=Qy
2,526Ew04
A U93Emdn
2 UTBE=0yY
2 L92E-pg
2eS0UEnQY

2.508E-0yg"

EIEOEE'OQ
2;506&-0“
C.506EwQ4
2.506E~0y
2.506F~0g
2,506kwgy

c

1,128E=0n
L. T17EnDs
2,826Em05
To1t13E-04
3,21¢E-85
1.496E=0%
,038E=04
T.220E=08
2.356E=p5
3.3%76E=05
2.b6U5E=-y5
3, 693E-p5
2.270E=05
3.203Enpy
3.1T1Eg5
3. 158Emgs
3, 1ULEmp5
3. 131Faps
3,1185w05g
3, 104E~05
3,091E~05
3,073E-35%
3,078E~p5
3. 077E~p8
3,076E~05S
3.07dE~ps

W

2,119E=g5
4.305En05
8.52¢E~05%
1 0S2E=04
S, bUbE=QS
4. 028Fmps
5, 8088F-p%
5.529E=85
8.100E~0S
1.2409E=-9y
1.314E=04
1,347€=04
1.39%E~04
7, 408E=05
1,605En07
4,039F=05
4, 85ZEmpy
4,091E-95
31,2463E-05
2,921E~05
2,925E=05%
3. 012E-05
1.012E-05
3.019€-05
3,025E-p5
3.028E=p5

ALTITUDE
RATE ERRGR

S.BoiEesoD
J.P15E+00
3.,658E400
1.695E¢0g
Teltl€E=01
’lS?GE‘DG
L:793E400
1.717E409
1.27RE+00
14019400
9:511E=04
4,2578-91
1.,517Ewgy
1,0849E-01
QuOFBE-OE
1,265E=01
1.452Eupy
1.551E~01
1.683E=01
1.820Ew01
2.0065'01
ZIEOOE-OI
2,2485k-01
1.2{2E=01
JCTqBE"Ge
1.0uZEmD2

GAMMA ERROR

$.520E-04
b, UplEmpuy
T.692E=qy
5.3ﬂ7£'0“
1iBadEapy
by T00E=QY
1.156E=03
1728803
1481 TEwpS
14922E~03
1e761EmQS
T+ T45E=04
b,12868e0y
1,867E=04
{e4195mpy
1,826Emp4
1.%u7Enquy
2 089E-04
2,289E=014
3,059E-0¢
UyBY3E-0y
b6,885E=04¢
TeQruEepay
3, BYEE~gY
1.2;8E=0yg
3.03“5'05

YELocITY
HAG ERROR

by 177601
C 6TTEG2
962601
2 0l6Eegn
9. H850Een]
2,256Eep4

14l 28Ewp}

1, 285E-91
B,233E-92
3, 758801
2,810Emg1
3, 625E-02
1.,878Em02
2,3Tufapp
S.65%[Ewt2
T T58Eapp
l.102E=31
1,255F~3]
1.377€=24
1,385Enp]
1,370F~gy
1,387Ew01
1:587Ea0
1,571E-01
1:569Empy
1.578Eap1

P31 ERROR

4,241Empy
B 139F=p5
2.575E-04
4,126E=p4
4,808E=pq .
4,126E=-p4
ﬁ.Ele-Oﬂ
1.192E=03
1.2B7E=-03
3,352F-0y
3,65uE-py
9.855E~05
3,0255-04
2,036E-ny
2,H3T7Empy -
Hel0Fmpy
b6,345C=py
B,560F-g4q
1|l°1£'°3
1,369E-03
€4y013E-03
2,862€-03
2,642E-03
2, 965Ends
3,073Ewn3
3 1R1Ee0y

NOILLYHOgHOD S3I0ON3I0s DNLATONY 34,



0v-D

TINE

1832,00
1832.00
1u9p .00
1550.¢0
1550,060
1610.00
1676,00
1736,00
$1790,00
1834, 0D
1A36,00
184k, 00
{Bub, 08
1aen,00
1A70,00
R84, 00
1R%U, 00
1008,046
1914,00
1924,490
930,40
194%,50
1943,50
19u4,.50
19%45,59
19ub,50

TIME

432,00

-1432,00

14890,00
155800
1550.00
1610,00
1670.00
17130,00
1796.00
1836,00
1836,00
1A4B, N0
{Bub, 00
1066,00
18T8.09
j88u,00
1RA94,00
190a,00
1914,00
1924,00
190,00
194%,50
1943,52
946,50
1945.5%9
19ub .50

GROUP 21 TIME=YARYIMNG pENSITY ©

3 781E003
3, 382F+03
2.,b1¢Fe0}
1,02 1F¢03
6. 50TEe02
2. nBF402
o,Y90E+0!
h,n12F+0}
4 i10F+0)
‘$,.378E+0]
1.028F401
g, ThuF+n]
5 ,918F=n1
“-E‘UF'OI
1,490F+00
) LSRFeGY
1,258F+00
1.0eiFv00
7,7ATE=01
4,199F~01
g 1P8E-01

.3, TT3E~N2

T3 TR2UEAND
£.250E=02
2,003F=02
H.TEQE-Q3

u

a11BE#NS
S, 4116403
2.001E+0)
1%"'55’03
B UAZERR2
2 103E+02
9,2R3E+0}
b.9nkE4nAy
g, 1036401
S 3enFr0l
1,038E+n]
Q. INTE+ND
g,859E-a1
4, PInE=RY
[‘uQSFono
1,4h5E+00
1, 265F4+00
{ L OUTE+RD
7 . BodF=0y
g, 25u4E=01
2.18CE~n)
1,400F=02
$.097E-11
5,172E~42
2,211E=-n2
B . uAuE=n)

$.795E+ 03
2.,001E002
A,595E+02
3.0P%Ew02
1.A3IRE402
d,h20E001
2L.T87E+Y
1.20%E+ 0
2LOUTESDY
I.135E+0
2.338E0 01
3,4 E00
1.P00E+DD
3,540E=01
1., Y1PE*0N
louqu‘oﬂ
1.9867E+D0
1.6B5€+00
1, 790E+%0
1.90%E+04
1. 9R1E+DN
1,3uCE+0N
1.949cE400
1. 7TTIE+QO
1.S9TE+ 00

1.022E+00

v

AL U0TE+DY
T, HBNERD2
JL.IU1E+A2
3,529E422
1 AYTE+D2
&, R2CE401
a.150E+24
Pal0ubeny
b,tutE~ny

2., A9 «01

1,232E401
2.513E+7)
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‘2'219E'05
1-963t-U5
8,576Eap7
4,956L=08
1,217E~C5
1.6320205
2,093E~(9
2,632E-05
E.BTiE-OS
3.615E=p5
5,363Eu08
8.523E~05
3.129En05
1.083E~05
3,910E=06

YELOCITY
HAG PRROR

1.751Eep}
1.683E-01
1,393E-81
9 715E=p2
b,152E=02
8,8648un0a
9,99CE-03
1:230Fe0?

$4330E-92

G.uB2E-p2
1,907E~p2
2,125E-02
4, 008E=p2
I.!GUE-GE
b,321E~p3
8,012E~03
8,8565%03
1,853Ew02
1.22%€-02
Ly643Eap2
2. 098En02
24223Ewp2
2 22TE~02
2,288F-(2
2,338E-02
2.380E002

P3r ERROR

8,3145.08
4,59CEngs

£,2837-05 -

Leb20EwpS
1, 789Fuss
Pil19F00
1,437E=08
8,754E-08
2,880EgS
4,224Ewgs
2.62750p
5,8596F=-0%
b, QauErps
3,930F-0n
1. 459E-08

2,9T1E¢5

4,285Fwt5
5,657E-05
TelabE-05
8,840Eepy
1ed92F-04
1.E653Empy
1+853Em0y4
1.S17E-0u4
1.,9858m0¢
2,02TE=p4
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-9

TiuE

1832,00
1432,00
1a90,08

155%0.00
"1959.,00

1510,00
170,00
§733.00
170,00
1834, 00
1R3& .00

18ub,00 .

1Aub,.90
1860,00
1876,00
188u,00
1494,00
1904a,00
1914,080
1e24,00

1934,400

194,80
1947,58
1904,5¢

1945,50

1946.,50
TIME

1a32,.00
f4d2.00
1499,00
155p.00
1550.00
161,00
1h70.00
1730,00
1790.00
1856.00
1816,00
1846 08
§8ub. 09
1A860,00
{ATU, NG
18484,00
12%4,09
1904,00
1916,00
{R20,00
1936,00
1943,50
1843.50
1944,50
1945,50
1946,%0

b uTSELD2
2.97T8E+N2
1,018F+n2
1.750F 401
1,25:Fa01
1 IASE+01Y
1.276Esat
1 FARFEDD
1,792E400
B, 19hE=02
1, C6RE=A1
§.537E=01
1,634E=n1
1,891F =01
1,1A9F=01

B R90F=-02

4 B18F=02
2,541E-02
2,187F-02
NI
1,573E=02
6,255F =03
2.0083E=n)}

v

b uSoFeN2
2,945E+02
10156402

"L TUTEeNY

1,251F M
111“1F+ﬂl
1.,2728+01
1‘90“!*00
1, 814Fs00
8,201E=n2
14076F =01

S 1 BUUF=D]

1,602F=01
ltu?qE'nl
1 197Fmpy
9,087E=02
HxﬂQ1E‘ﬂ2
2,614F=02
2,159F=02
S‘HI!E"D
1,597E=02
5,557F=083
2.Th&E=D3

GROUPS 21-23 MARKOVS (DENSIT‘A" DEVIATION — HEADWINDS AND CROSSWINDS -~ CTY)
PLATFORM TILT ESTIMATE
0

A.014E40)
J.17TE«0Y
1.1505+01
1-SEHE401
1.072E+01
G, R0CE+IN

RNLELE YT

4,t9LE*QN
S.t11E+00
1+56%E=0)
2. 350E=01
1. R2UED)
2.P20E=01

L 2.305F=01

2.41RE=0]
2.5638=01
2.,77TE=01
2.9G%E=-01

3,103E=01

1,10%E=01

3822601

4,672E-0¢
5.394E=01

v

1,293E442
ScUbTE#AY
J.03PEGL
14709E401
B,u11Ee0p
1.002E+01
&,560E+00
2.0F1E4DD
3.493E+00
1.10RE=01
2.172E=01
1,73u€E=01
2,PU3F=01
2. 34SE~Y
2 UBKERDL
2.556%E~01
EQ?T‘E'Q,
2.948F=01
3, 107E=01
S.10TE=NY
T.0315=0
4,679E=01
5,0999Faf)

POAITION ESTTHATE FRRUE
e

1,593£402
B, 62uEe0]
S.TOLE4D
13326404
9, TISE+ 00
S BRaE+0N
8,6578+0g
T 942E=0y
6,039E~0y
1 1 6GEmDY
5.314F=02
6, 952E=02
110955'01
B, 571E=0)
T 196E=BD
S,985E-07
4,8918-0p
3.960E=072
t U32E=01
1 43LE=0q
4,991E=0)
8,405€=01
1.194E+40p

w

1.351F+0>
T,B20E+0y
S 018E40)
1 BTIF40]
1,102F+01
S415uFe0p
QQZTSE¢OQ
3,592F+0n
3.573F+0n
1,56LF=01
1,0538~01
B BGuF=0)
9, IAGERDD
T 2h1Fepp
b, uR1F=03
5,850Fu0>
5.075€-02
G 1U9FE=02
1, 4P3F=0]
§,4P1F=01
6, G9sF=0y
B U0tF=01
1.194E400

VELOCITY EATIHATE ERROR

R

0

<

Q

THIS SEGMENT OF TABLE PRINTED ON PAGE G-43

1,807€+00
T BbUE=OY
3,125E=-01
24875Ee01
2 bUbE=0Y
1,959k}
1.FUTE=01
1.,539E=01
T.O08TE=02
S,TO1E=02
2.220E=D2
2,30 1607
3.635E=07
U,1TLE=D?
4,487E=~0?
4,898E=02
5,510E=07
b, UTLER2
7.579E=07
T.782E=0?
4,200E=02
§,294E=QP
3.521E=03

v

9. 873604
U,b42F=01
1.1725F=014
5,7%8F=082
6, 3R2E-D2
ToobTF=02
B, utdFen2
6.2!??}&2

TRL,dR1EmD2

6.931Fw02
B UfuF=n2
3.25F-02
S, 316F=02
6. 967F=02
8,519F-02
1.,0156=0¢
1i212F=a1
$LU42TF=01
1,5T6E81
1,578E=01
1.5%7E=01
1.617F=py
1.6Y7E0t

¥

3.5¢1E-01
2.ALSE=Q]
Z.3TE-OL
J.019E=01Y
Z.BBTE=(Y
2,A38E-01
24398E~04
1.,065E~01

7.615E202

S.13RE~D2
3,495E=02
§,731E=02
a,8198=02
1.241E-01
t,6208-01
2.010E-01
2 U99E=D}
31.037E=01
1,460E=01
3.480E-014
3, u91E-Q1
3,522E=91
3.552E-01

w

1.462E=05
1.065E-05
1, TUUF =05
1,840F=05%
1.830E~DY
1, 79%E~=D%

1L THTE=DS

LL,T750FE=05
1.8350=05
{ BBIE=0S
2,03LE-0S
2,043E~05
2,046E=-04
2,0U%E=-D5
2,052F=05
2.055FE~0%
2.057E=05%
2, 060E~DS
2.063F-05
2,063E-05
2.065E=0%
2,063E=05
2,064FE=05

u

q,%22E-0%
2,607ERDS
3,.745E~05
3, S4RE=DS
4,179E=0S
G,612E=05
5, 4u5£-GS
b,201E~05
7.2496=-95
T.630E=(5
B,65%1E=08
Q,h0BE-0S
9,608E=0S
9, H08E~DS

"9 H0TE~0S

QyH0TE=0S
2.60TE=0S
S.H0TE~DS
9,407E=08
9,8607E=05
9,606E=05
9,5606E=05
Q,606E=05

¥

THIS SEGMENT OF TABLE PRINTED ON PAGE G-43

1. TPE+DN
T.A10E=01
3, 12CE=01
2+BLRE=DY
P hUaEwnt
1.959E=0¢
1450%E=01
1,5¢1E-014
TL,105E=Q?
S, T18E=52
24237E=0?
2.350E=07
3,.8598-92
U, 20TERY2
4,5%27Ek=0?
B, %u5E=92
W P1-LY-E T
6,532E%02
7,64%Ew02
TRUTE=G2
G, 264E=02

1.35TE-02

5.,99%uE =03

1,00TE+00
4, 2RGE=n]
B GRLE=NR
1.2879F =04
1.399F =01
1158“5'01
2.,272F=0}
1,302E%61
T.223F-02
b,21%5E=02
d,1168F=¢2
I, 1RIEeN2
S.3a3F=p2
T.131F=02
4, T12E=02
1.0175=0y
1,207 =01
1,423F=01
1.,S7T3E=D1
1.573F~n1
1.594F=01
1,6158=01
1.635E=01

3.152E=01
3,524E=01
2.“12E-°t
2.802E-014
2.607E=01
2,uTuF =0

A.13EE-01
1,0318=01
9, 742E=02

5,9:7E=02
3.829E-02
4, 7710E-02
8,7RZE-D2
1,2306~01
1,612E«01
2,013E01
2.,501E-01
3,030E=01
1, 060E-08
T,us0E=01

S 3Lu9tE-01

3.523E=0]
3,553E~01

1,475E=05
1,060E~05
L. 734E-DS
l.BSdF-O5
1. 834Em0Y
1.BDIE=0%
1.,TTEE=05
1, T83E=-05
1,BS35E=0S

1,RE3E~DD -

2,055E~0%
2,068E=05
2.069E~05
2,070E=05

2,0728-05

2,073E°05
2,0T4E=05
2.0THE-DS
2.077E-05
2.07TF=~05
2,077F=05
2 OTSE~DLS

2.0TBE=~DS

3.260E=09
2.13BERDS
2 UGLE=DS
ITHE=DS
1,475E=08
by 03E~0S
4,87 1E=DS
£,992E-05
b,213k=05
b.bIRE~DS
B6,477E=05
9,570E~05
F,563E«05%
9,529E-(5
9,.586E=05
I .STAE~0S
F.610E=~0S
G y60GE=DS
9,606E-05
9,606E~05
Q. 600E=0S
9,606E=05
9,b05E=05

c

3,415E=0%
t,732E~05
1,830E~05
2,239E~05
2,852E-05%
3.603E-05
4,35B80~05
4,354E=0%

4, 400E-05

4,b83BE=05
5,561E=05
6,21 0E=08
b,210E=25
6,209E~05
b.209E=-05
&, 2U8E~-05
b, 207FE~05
6,207E-05
b, 200E~05
6,2G0E~05
b6,206E~05
b,206E=05
b, ,206E-45

W

4,436E=45
2.,208BE=95
2,818E=05
2y THSERDS
3.577E-05
4, 1TOE~DS
4,996E=45
S.097E=05
5,753E-05
5,965En0%
5.,814E-05
6, 106E-05
6,263E-05
b,322E~05
6,266E-05
b,215E=45
6,197E=05
6, 198E~0S
b6,202E-0S
6,2026=05
&,203E~05
6,203E=GS
b4,203E=05

ALTITUDE
RATE ERROR

1,813E¢00
T.884E=D1
3|113E'Ul
'ZIETIE'UI
2 bubE=D])
1,940EC1
1,550E=01
1.50E-GY
ToloTE=Q2
S,116E=(2
2,237E=02
PyISBEaC2
3.640E=02
4,207EmG2
4,527TEmG2
4,990E=02
S.5hTE~D2
6,532E=02
TebulE=D2
ToBuTE=Q2
4,2p0E-02
1e357E=Q2
GuGabEe03

GAHMA ERROR

S.,422E=D4
2+3uTE~DD
o 3yUE~D4Y
{1,982E=04
2.1u¢£~00
2.897E-00
3v‘65£'0“
2,%32E~04
1.235E»04
9,36LE=05
I,U4TSE=0S
3,852E-0S
5.7T63E~-05
T¢034EmDS
4,752E=D5
1,0B7E=04
1o26E=04
14579E=04
2. Uu2Ewrl
2.505E-04
1,U0p3E=-04
4,670E=DS
1.,580E=03

YELOCITY
MAG ERROR

8,781E-01
3,786E=94
6,563E=02
9,932E=-02
B,0G2E~02
1 313E=01
1., 941E=01
8,979Ee02
b,9bLEa02
b,335E~02
4,239E=02
3,252E~92
5,585€E~02
T.272E=02
B,580E«02
B,ISLE=02
1,153U4E~D1
1,615E=01
inS?lE'oi
}.S5T1IE~0U
1,593E~01
1e614E=Dt
{1 o83SE-DYL

P31 ERRDOR

F,079E05
1,020E-04
1,007EnY
iy7928-04
2,7C0E=04
3,437E~00
1,938E-04
1,765E»04
1,726E-04
1,058E=04
T, 185605
9. Q3TE=SS

1,658C=00 .

2,3945E~04

3,207E~-04

4,1B9E=DG

5,21 7E=04

T4T0SE=04
$14100E-03
1e100E-C3
1,139E-63
14181E=23
S.ZGEE-DS

-
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AN BTN L

t)

b
o

e
o
Z
b
Pd

&

> &
Y

o

=
o
2
=

A

TIME

L4632, 00

1a52,00
1u49p,00

N 4,14
1432.00

S1432,00
490,90

ree

1432,00
1032,00
1290, 00

TINE
1632,40

1a32,00
1890,00

TIHE

1232.00
§832,00
je90,040

TIHE
§832,00

§1432,00
19%0,00

GROUP 21
POSITION ESTIMATF
# ()
3.8T1E+02  2,197E402
3.880F402 1.851E401
3,675F402 9,161E407
y v
4,051FE+02 0,T24E+02
3,669F+02 3, 156E 404
3.658E402 9,729E¢04
GROUP 22
POSITION ESTTHATF
" o
2,198Fe02 1,035E402
2,101F+02 S.137E400
2,499F402 S, 28TE+dt
u v
2,20LE482  2,099F402
2,100E402 &,3U1E400
2.UBTE#02 4,192E+01
GROUP 23
 POSITINN EATTHATE
R L
2.6A3E40)  1,800E+0)
2,524E+n3  1,019Es07
2,630F483  b,138E402
u v
2.818E+03 3,5TIE+93
2,531F+03  2,990E%07
2.01TE403  4,242E+02

FIRST-ORDER MARKOV DENSITY DEVIATIONS

ERROR
c

4,830F+02
7.319E00}
3. 6A3E+0])

w

2103E+03

6 JuUEeny
8, 048Fepy

VELOCITY ESTIHATE ERKOR
R p

1,09AE+00

R b627E=Q)

9,222E=01
]

1,098E 00

BL595E-01

4015“5'01

1oaolf'ﬂ‘
F.03TE~02
2,TT3E=04

v
1.,0047wp!

1731E=01
J.SOJF'O§

CROSAWING AND HEADWIND

EHROR
e
2,102F403

2,3828¢0}
1.a01E+01

W

8,.374F+0]
2,0TaE+0}
4, 307E+7

-YELDCITY ESTIMATE
. R

8,0200«01
$.585E8=01
5,799E=01

v
6, T82E=01

5.,505Ev01
6,731Ee01

D

7,243E=02
3.552E02
1.7%2r-01

v
1. 5u2F=8]

1,245E=0)
2.632E=01

DRAG COEPFICIENT VARIATIONS

ERROR
[

3884F40Y
S,701E402
2.199F+02

‘N
1,619F+0%

4, TobEs 4D
9,607E+02

vELOGIT

T.992E¢00
6, 158Ee00
&, T48Ee(D

v
T.951E200

6, 115E+00
b, bB{E*00

Y ESTINATE
‘ o

1,006F+00

§ 65hE=01

1.8A0F+00D
v

1.b0SE+00

1, 416ES0]

2.555E+00

t

2-°b1t-0!
2.016E=01
2,040E~01

W

T,006E=01
t1,562E=01
1.603E=01

ERROR
[ of

2.,018E=01
LotpsEnQy
1.752E=01

b

1,6819E~01
9.,907E~02
S.257TE=02

ERRQOR
c

2,381C+00
T 1.535E+00
1., 6800400

|
2.18RE400

{OTRESDD
B,S03E~D1

PLATFORM TILT ESTIMATE
R v}

1.930F =08
3,040E=0b
5,225E~04

[}

1.853E«08
JIF0E=08

S,A2uE=Qe

Tetb2E=ps
l.EHbC-OS
1,494E=05

¥
b.739E=06

1,02RE=05
Tel4SE=20

4

3,806Ee0b
3.857E=0h

“4,120E06

W

S, 004F=0b
T.797E=06

1.,4ULE=03

PLATFORM TILT ESTIMATE
TR R :

7.03bE=07
1,836E=06
3,459E-08

v
T.503E=07

2,097E=08
J.6ATE=Q¢

PLATFORM TILY ESTIMATE
v

R

1,103E=0%
2,309E=05
3, 69U4E~DS

v
1.108E=03

2,575E-05
3,854E=05

%,020E=06

B4S6TE=08
L 069Em0S

¥

3.569EmT0,

b, 068E=D6
4,21 6Emps

5,549E0%
9,127£-05
1,091€E=04

oY

4,315En05.

6, T15E=05
4,823E-05

-1 b60EDb

1-520E'°§
5,00B8E=06

W

S.BQSE—O&
6,178E~04

1.148E=05

2,556E=05
2,454E=(S
5,320Em0%8

W

4,325E=05
6.5538«05
1,109E=Q4

ALTITUDE
RATE ERRUR

9,787E=01
B,5H2E=D1
9.,261E=0D1

GAMMa ERRCR

1.605€w0d
L dHdEmQL
14901 E=-04

ALTITUDE
RATE ERROR

6,186E~01
5,535E=01
b, B2SEmDY

* GAMMA ERROR

1.017TE-04
F,10UE=DS
1.“695-0ﬂ

ALTITUDE
RATE ERROR

T O0UTESOD
6,0R2E+0D
6, T7TSE+00

GAMMA ERROR
{+158E=03

?,999E04
1,458E=03

YELOCITY
MAG ERROR

1.S88E=DY
‘QSSQE‘cx
2,788E-01

PSI ERRCR
3.632E0%

2,980F-0%
3,14FE05

veLgclIvy
MaAG ERROR

1,123E01
1.066E=01
2,252E=01

PSI ERRCR

3,237E~0S

1,67T4Z-05
1,044E=05

VELGCITY
HAG ERROR

1373E400
1.4242E+00
2 17RESGY

P83 ERRGRA
Q,031E~04

$3LAE~OY
1,6T0E=Od
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