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FOREWORD

The development of the SCIP2 computer program described in this
report was supported under NASA Contract No. NAS 1-10791, by Langley
Research Center, Hampton, Virginia. Project monitors were W. H.

Bryant and W. F. Hodge.

The SCIP2 Program documentation is divided into two sections:
the User's Guide and the Program Description. Section 1 through 4
detail the operation of the SCIP2 program with a brief general descrip-
tion and purpose of the program. Section 5 and 6 describe the program
structure in detail. A summary of the equations coded in the program

is found in the Appendix.

An accompanying document, NASA CR-~132675, contains use of these
techniques. This report is a revision of a previously published
user's guide for the SCIP2 programs (NASA CR-112122). The latest
version has the capability to allow investigation of both airplanes

and helicopters.
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CONVERSION TABLE

Conversions From English Units to the
International System of Units

TO CONVERT FROM T0 MULTIPLY BY
foot meter 3,048 x 10 1%
foot ™t meter T 3.2808399

inch meter 2.54 x 10—2*
tnch™t meter T 3.9370079 x 10~
knot meter second - 5.1444444 x 10~
degree (angle) radian 1.7453293 x 10~
degree-l (angle) radian_l 5.7295780 x 10
inch foot L meter meter - 8.3333333 x 10
foot inch L meter meter ' 1.2 x 10%%

foot degree-1 meter 1'adian-l 1.7463754 x 10
slug foot2 kilogram meter2 1.3558179

g (gravity) metef sc—:condm2 9.80665%

g_l second2 me:ter_1 1.0197162 x 10~
degree second-l g_l radian second meter-1 1.7797405 x 10~
degree hour:--l g_l radian second met:er-1 6.4070659
degree hour_1 g-z radian second3 meter_2 6.5333890 x 10

*
denotes an exact number

The computer programs described in this report use the English

system of units.

wish to convert the program output to the International System of Units.

iii

The table above is provided to those readers who
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SCIP2 PROGRAM USERS' GUIDE
1.0 INTRODUCTION

SCIP2 is a set of four digital computer programs which can be used to

investigate the effects of instrumentation errors on the accuracy of aircraft
and helicopter stability-and-control derivatives identified from flight test
data. The programs assume that the differential equations of motion are

linear and consist of small perturbations about a quasi-steady flight condition.
It is also assumed that a Newton-Raphson optimization technique is used for

identifying the estimates of the parameters.
The uses which can be made of SCIP2 include:

1. The effect of instrumentation errors on the statistical accuracy of
the stability-and-control derivatives and other parameters identified
from flight-test data can be determined. This includes the mean error
and standard deviation of each of the identified parameters. The

contribution of each error source to each parameter is determined.

2. The effects of such variables as aircraft type and flight condition,
control-input sequence, and data-sampling rate on the accuracy of

the identified parameters can be determined.

3. Trade-off studies can be made between instrument quality and

identification accuracy.

4., Different combinations of instruments can be studied for use in

collecting the flight data.

5. Trade-off studies between fewer instruments with greater quality and

more instruments can be made.

6. The necessary instrument accuracy required in a flight-test program
to allow identifying aircraft parameters to a desired level of

certainty can be specified.



2.0 PROGRAM EXECUTION INFORMATION

2.1 Programs

SCIP2 consists of four goparate computer programs - two aircraft programs

(ENSMBLX program and SDMDE2 program) and two helicopter prbgrams {VTLEN

S program

and VILMD2 program). The user must select the appropriate program according

to his need.

2.2 Program Requirements

The programs were first written on the UNIVAC-1108 computer and then

converted to the CDC-6600 computer. Thus, the programs may be executed on

either machine with very few changes. The remainder of the User's Guide

focuses on the CDC-6600 application.

2.2.1 Storage Requirements

The following table shows the storage requirements for each of the four

programs:

PROGRAM STORAGE STORAGE
(Loading) (Execution)

ENSMBLX (AIRCRAFT ENSEMBLE) (57,600) 8 (46,200) ¢
SDMDE2 (AIRCRAFT SIMULATED DATA) (55,600) s (44,300) s
VTLENS (HELICOPTER ENSEMBLE) (60,400) s (47,000) ¢
VTLMD2 (HELICOPTER SIMULATED DATA) (56,000) s (45,000) ¢

Table 2.1 Storage Requirements

The program sizes were obtained by compiling the programs under FORTRAN 2.3
RUN COMPILER and by loading the programs using the SCOPE 3.4.1 LOADER.
storage requirements may vary slightly depending on the SCOPE releases.

The



2.2.2 TFile Requirements

The programs use standard input and output files as well as mass storage

files for auxiliary storage areas. Table 2.2 illustrates the file requirements.

ENSEMBLE SIMULATED DATA
FILE NAME PROGRAMS PROGRAMS
(ENSMBLX and VTLENS) (SDMDEZ and VTLMDZ)
INPUT yes ves
(TAPE 5)
OUTPUT yes yes
(TAPE 6)
TAPE 11 yes no
PUNCH no yves

Table 2.2 File Requirements

The mass-storage files are acgessed by the standard FORTRAN unformatted

input-output method.

2.3 Execution Time

The #xecution time for the program depends on the version of the program
selected. The shortest case will be the ESTIM=1 Short Period Ensemble Analysis
without lag for the aircraft equations (roughly 20 seconds), and the longest
will be the ESTIM=3 Lateral Simulated Data Analysis with lags for the helicopter
equations (possibly as much as 3 minutes per Monte arlo sample for a case with
300 data points). Furthermore, the execution time is proportional to the

number of parameters to be estimated, the size of integration step and the

number of sample points.




2.4 Multiple Case

The programs allow execution of more than one case per job. This is
accomplished by sequential sets of input data. Each case requires complete
respecification of all input data. Note that no mixing of the Ensemble
Analysis and the Simulated Data Analysis is allowed, nor mixing of the
aircraft and the helicopter 1s allowed since each is a separate program.
However, the user may execute the longitudinal equations and the lateral

equations one after the other.




3.0 INPUT ELEMENT DESCRIPTIONS

This section is divided into two parts — one for the airplane

programs and another for the VIOL programs

3.1 Aircraft Program

There are two types of input data for this program -~ fixed-field data

and namelist data.

3.1.1 Fixed Field Data

Three fixed-field data cards are required for each case ~ an options

card, an equation card and an instrument card.

Card 1 : Options (A6, 4X, 30L1)

30 logical option fields on this card specify various input and output
options. If the option field contains "T", then that option is exercised.

Table 3.1 shows the correspondence between the input option field and
the group of input data controlled by it. The printout which results
from setting the output options to "TI" is discussed in Section 4,

Card 2 : Equation (A6) .

This card specifies the equations to be analyzed. A lower case b

indicates a blank space.

"FULLbb" - if the full longitudinal equations are to be used;
"SPLbbb" - if short-period longitudinal equations are to be used;

"LATbbb" - 1if the lateral equations are to be used.



Card 3 : Instruments (7A6)

This card specifies the instruments to be used in the analysis.

may use all instruments or any subset,

space.

The longitudinal instruments are:

INPUT

"PAGbbb"
"PRGbbb"
"APGAVbL"
"AVPTbb"
"AXACCH"
"N@RACDH"
"PAACCH"

MEANING

pitch attitude gyro

pitch rate gyro

angle-of-attack vane

air velocity from pitot tube

axial (longitudinal) accelerometer
normal accelerometer

pitch angular accelerometer

The lateral instruments are:

INPUT

"A@SVbb"
"RRGbbb"
"YRGbbb"
"RAGbbb"
"LATACH"
"RAACCH"
"YAACCH"

3.1.2 Namelist Data

Table 3.1 lists the input variables by namelist groups and corresponding
input options. Input variable description, variable type and units are also

given in the table.

MEANING

angle~of-sideslip vane
roll rate gyro

yaw rate gyro

roll attitude gyro

lateral accelerometer

roll angular accelerometer

yaw angular accelerometer

The table includes both longitudinal and lateral variables.

A lower case b indicates a blank
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Table 3.1 Input Data for the Airplane Programs

INPUTS IDENTIFIER VARIABLES UNIT TYPE* DESCRIPTION
|

1-3 (not used)

4 RFTRAJ Reference trajectory data:
THETAQ deg F Nominal pitch angle, 60.
ALPHAOQ : deg F Nominal angle-of-attack, ab.
VEL ft/sec F Nominal airspeed, VT.

5 OPTONS Estimation option:
ESTIM - I Estimate option,

=1 if only parameters are to be estimated;

=2 if initial conditions as well as parameters
are to be estimated;

=3 Zf bias error, parameters, and those initial
condition errors which do not correlate

- with bias errors are to be estimated;

if initial condition errors, parameters, and

those bias errors which do not correlate
= \ ’ with initial condition errors are to be

[}
&~

estimated.
f 6 MISC Miscellaneous data:
' DT sec F Integration step size.
DTS sec F Time interval between two successive data
samplings.
TAU sec -F Time to the first sample point of the lagged
control (0<TAU<DTS).
NoP - I Number of sample points on the trajectory.
*
MXITR * - I Maximum number of Newton-Raphson iterations
allowed.
* (F = Floating point) *% Only applicable for the Simulated Data program. The default values

= Integer) are MXITR=10, EPI=1.0E-6, EP2=1.0E-6, and NMC=10, respectively.

~
|ag]
|




3.1 Input Data for the Airplane Programs (cont.)

INPUTS IDENTIFIER VARIABLES UNIT TYPE* DESCRIPTION
%k
EP1 - F Convergence criteria, for Newton-Raphson
iteration (used to test ratios).
%k -
EP2 - Convergence criteria (absolute change).
%k
NMC - I Number of Monte Carlo samples.
LONGDR Longitudinal parameters and options:
MQ 1/sec F Mq
MW 1/ft-sec F M&
A 1/sec F Zw
MU 1/ft-sec F Mu
A 1/sec F Zu
XU 1/sec F Xu
XwW 1/sec F X
2 W
MDE 1/deg-sec F M6e
ZDE ft/deg—sec2 F ZSe
IFXMQ - I
TEXMW - I . . .
Option to fix any parameters to an arbitrary
IFXZW - I value. If any of these variables is non-
zero, then the corresponding parameter (whose
IFXMU - I ;
name appears as the fourth through last
IFXZU - I characters) is not estimated (e.g., IFXMQ=
1, then MQ is not estimated). Nominally all
TFXXU - I . ,
the values are zero (i.e. all parameters
IFXXW - I are estimated).
TIFXMDE - I
IFXZDE - I

*

(F =

(1

1]

Floating point)

Integer)

** Only applicable for the Simulated Data program. The default values
are MXITR=10, EPI=1.0E-6, EP2=1.0E-6, and NMC=10, respectively.




Table 3.1 JInput Data for the Airplane Programs (cont.)

]

(1

Integer)

—
INPUTS IDENTIFIER VARTABLES UNIT TYPE* DESCRIPTICN
IFLPRM - I Alternately, IFLPRM(I) may be used to set the
option. The index I refers to the para-
meters in the same order as shown in the
list.
7 LATDR
Lateral parameters, moment and product of
YBETA 1/sec F YB inertia, and options:
LBETA l/sec2 F L8
NBETA 1/sec2 F NB
LP 1/sec F Lp
NP 1/sec F N8
1R 1/sec F L,
NR 1/sec F Nr
YDELA 1/sec F ¥
2 a
LDELA 1/sec F L6a
NDELA llsec2 F Ns.
YDELR 1/sec F Y6
2 T
LDELR 1/sec F Lﬁr
NDELR 1/ sec’ F No,
XXT slug—ft2 F IXX
XZ1 slug—ft2 F IXZ Moments and product of inertia
2
ZZ1 slug-ft F 27
* (F = Floating point)
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Table 3.1 Input Data for the Airplane Programs (cont.)

INPUTS IDENTIFIER VARIABLES UNIT TYPE* DESCRIPTION

TFXYBT - I

IFXLBT - I

IFXNBT - I

IFXLP - 1

TFXNP - I Option to fix a parameter to an arbitrary
value. If any of these variables is now

IFXLR - I .
zero, then the corresponding parameter:s

"IFXNR - 1 (whose name appears as the fourth
through last characters) is not estimated.

IFXYDA - I (For example, if IFXLP = 1 then Lp is not

IFXLDA - I estimated; if = 0, then it is estimated.)

IFXNDA - I

IFXYDR - I

TIFXLDR - I .

TFXNDR _ I Alternat.:ivelyg IF%PRM(I) may be used to set

the option. The index I refers to the
TFLPRM(T1) - I parameters in the same order as shown above.
8 CONSEQ Input control sequence:

NDP - I Number of discrete input control values
(1<NDP<100).

DLTA sec F An array of NDP time points at which input
control values are given.

DLU1 deg F An array of NDP control values, Se if in
longitudinal mode or §a if in lateral mode.

DLU2 deg F An array of NDP control values, 6r for

lateral mode.

* (F = Floating point)

(I = Integer)

s
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Table 3.1 Input Data for the Airplane Programs (cont.)
INPUTS IDENTIFIER VARIABLES UNIT TYPE* DESCRIPTION

9 FICERR Longitudinal initial condition errors:
EDELT deg F AB.
EDELQ deg/sec F Aq.
EDELW ft/sec F Aw.
EDELU ft/sec F M.

LICERR Lateral initial condition errors:

EDELB deg F AB.
EDELP deg/sec F Ap.
EDELR deg/sec F Ar.
EDELF deg F Ap.

10 PITATT Pitch attitude errors (longitudinal):
WIHETA deg We - noise
BTHETA deg F be - bias
ETHETA - eg - scaling

AOSVAN Angle-of-attack sideslip vane errors (lateral):

WBETA deg WB‘— noise
BBETA deg F bB - bias
EBETA - eB - scaling

11 PITRAT Pitch rate errors (lengitudinal):
wQ deg/sec F W_ - noise
BQ deg/sec bq - bias
EQ - F eq - scaling

* (F = Floating point)
(1=

Integer)




Table 3.1 Input Data for the Airplane Programs (cont.)

T

INPUTS IDENTIFIER VARIABLES UNIT TYPE* DESCRIPTIQN

ROLRAT Roll rate errors (lateral):
WP deg/sec F wb - noise
BP deg/sec F bp - bias
EP - F ep - scaling
GP deg F Yp - misalignment

12 AOQAVAN Angle-of-attack vane errors (longitudinal):

WALPHA deg F Wy noise
BALPHA deg F ba‘- bias
EALPHA - F e, ~ scaling

YAWRAT Yaw rate errors (lateral):
WR deg/sec F w_ - noise
BR deg/sec F br - bias
ER - F e. - scaling
GR deg F Y, - misalignment

13 AVPTUB Axial velocity pilot tube errors (longitudinal):

WU ft/sec F w - noise
BU ft/sec F b - bias
EU - F e, scaling

ROLATT Roll attitude errors (lateral):
WPHI deg F w¢ - noise
BPHI deg . F b¢ - bias
EPHI - F e¢ - scaling

T T R TR T T ey s e

* (F
(1

Floating point)
Integer)




Table 3.1 Input Data for the Airplane Programs (cont.)

INPUTS IDENTIFIER VARIABLES UNIT TYPE* DESCRIPTIQN
i 14 AXTIACC Axial accelerometer errors (longitudinal):
WNX g's F w__ - noise
nx
BNX g's F b - bias
nx
ENX - F e - scaling
nx
GNX deg F Ynx - misalignment
LATACC Lateral accelerometer errors (lateral):
‘ WNY g's F W __ - noise
\ ny
BNY g's F b - bias
ny
ENY - F e = scaling
ny
15 NORMAC Normal accelerometer errors (longitudinal):
WNZ g's F w__ - noise
[ nz
w BNZ g's F b__ - bias
nz
: ENZ - F e - scaling
s nz
g GNZ deg F Y, ~ misalignment
RANACC Roll angular accelerometer errors (lateral):
WPD@T deg/sec2 F w. - noise
BPDQT deg/sec2 F bﬁ - bias
EPD@AT - F e. - scaling
GPDQT deg F Y. — misalignment
* (F = Floating point)

,\
[
|

= Integer)
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Table 3.1 Input Data for the Airplane begramsv(cont.)

o B

INPUTS IDENTIFIER VARIABLES UNIT TYPE* DESCRIPTION
L 16 PANACC Pitch angular accelerometer errors
(longitudinal):
WQDYT deg/sec2 F wa - noise
2
BQDAT deg/sac bé - bias
EQDQT - F eé - scaling
YANACC Yaw angular accelerometer errors (lateral):
WRDPT deg/sec2 F W, - noise
BRD@T deg/sec2 F b. - bias
ERDQT - F e, - scaling
GRDQT deg F Yi - misalignment
17 LAGS1 Output lags (inverse of time constants) for
- longitudinal instruments: ’
. FTHETA 1/sec F f
FQ 1/sec F fq
FALPHA 1/sec F £y
FU 1/sec F £,
FNX 1/sec F £
nx
FNZ 1/sec F f
nz
FQDAT 1/sec F £q
LAGS2 Output lags (inverse of time constants) for
lateral instruments:
FBETA 1/sec F fs
FP 1/sec f
P
* (F = Floating point)
= Integer)

(1
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Table 3.1 Input Data for the Airplane Programs (cont.)
INPUTS IDENTIFIER VARIABLES UNIT TYPE* DESCRIPTION
FR 1/sec F fr
FPHI 1/sec F f¢
FNY 1/sec F £
N ny
FPDOT 1/sec F fﬁ
FRDOT 1/sec F fi
18 CGUNCR C.G. uncertainties applicable for both
longitudinal and lateral equations:
EXCG ft ech - uncertainty in x direction.
EYCG ft ecgy —~ uncertainty in y direction.
EZCG ft F ecgz — uncertainty in z directioa.
19 CPTERR Control surface position transmitter errors:
WDE deg LAY
WDA deg F LI noise errors
’WDR deg LA
BDE deg F b6e
BDA deg F bGa bias errors
BDR deg F bGr
EDE - F €se
EDA - es scale errors
a
EDR - F e
: 8r
FDE 1/sec F f
Se
FDA 1/sec féa lags (inverse time constants)
FDR 1/sec f6r
* (F = Floating point)
(I = Integer)
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Table 3.1 Input Data for the Airplane Programs (cont.)

e e, gy g R S T e ot A e g e i

INPUTS IDENTIFIER v VARIABLES UNIT TYPE* DESCRIPTION
20 CGAPL C.G. accelerometer location errors:
EAX ft e
ax
EAY ft e
ay
EAZ ft F e
az
21 ABVANE Vane location errors:
EVX ft F e
vX
22 ERRMAT General error matrix:
T - F 7 x 7 matrix of general errors.
* (F = Floating point)
(I = Integer)
¥ 1 k3 ¥ hi E-4 el 17 r I " r n 2 r K3 4 ¥ a Fovd 1 I X
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3.2 Helicopter Programs

There are two types of input data for this program, similar to the case

of the aircraft programs.

3.2.1 Fixed Field Data

Four fixed field data cards are required for each case - an option card,

a title card, an equation card and an instrument card.

Card 1 : Option (A6, 4X, 30L1l)

30 logic option fields on this card may be used to specify various output
options. Unlike the aircraft programs, the namelist data are not controlled
by these options. However, the output options are the same as in the

aircraft programs (see Section 4).

Card 2: Title (12A6)

A run title of not more than 72 characters to be printed at the beginning

of the output.

Card 3 : Equations (A6)

This card specifies the equations to be analyzed. Only full longitudinal
equations, if "FULLbb" or "L@NGbb", and lateral equations, if "LATbbB",

are allowed on this card.

Card 4 : Instruments (7A6)

This card specifies the instruments to be used. The instruments are

identical to the aircraft instruments (see Section 3.1.1).

3.2.2 Namelist Data

-~

There are only two namelist groups in the helicopter programs - one for
the longitudinal equations and another for the lateral equations. Table 3.2
1lists the input variables, units, types and the descriptions of the longitu-
dinal variables under the namelist group "LONGDT" and Table 3.3 lists the
same for the lateral equations under the namelist group "LATDAT".

17




Table 3.2 LONGDT - Namelist Input Data for VTOL (Longitudinal)
*
VARTABLE UNIT TYPE DESCRIPTION
THETAO deg F Nominal pitch angle, 60.
ALPHAO deg F Nominal angle-of-attack, Og*
VEL ft/sec F Nominal airspeed, V.
ESTIM - I Estimate option (same as airplane; see p. 7)
DT sec F Integration step size.
DTS sec F Time interval between samples.
TAU sec F Time to the first sample point of the lagged
control (O<TAU<DTS).
*k
NMC - I Number of Monte Carlo samples.
NpP - Number of sample points on the trajectory.
*k .
MXITR - Maximum number of Newten-Raphson iterations
allowed within a Monte Carlo sample
*k
EP1 - F Convergence criteria for Newton-Raphson
optimization scheme (i.e.
AP
max |—=—| < EP1).
Hk i
EpP2 - F Convergence criteria for Newton-Raphson
iteration (i.e. if |P1I< EP2,
|APiI < EP2 1s used instead of the above
ratio.
NDP - I Number of input control data points
(2<NDP<301).
DLTA sec F An array of NDP time points at which input
control data are given.
DLUE in F An array of NDP values of the control 6
corresponding to DLTA times.
DLUC in F An array of NDP values of the control 6
corresponding to DLTA times.
M 1/sec
Q q \
ZQ ft/sec F Zq
XQ ft/sec X
4 > longitudinal parameters
MW 1/ft-sec F M.W
ZW 1/sec zZ
W
Xw 1/sec F X )
W

(F
(1

o

Floating point)
Integer)

18

*% Variables used only if the Simulated Data progranm

is exercised.

Default values are NMC=10, MXITR=10,

EPl—l 0E-6, and EP2=1.0E-6.




Table 3.2 LONGDT - Namelist Input Data for VIOL (cont.)
VARIABLE UNIT TYPE* DESCRIPTION
MU 1/ft-sec u
ZU 1/sec F Z
XU 1/sec u
MDE llin-sec2 F Mg,
ZDE ft/in—sec2 F ZGe longitudinal parameters
XDE ft/secz-in Xse
MDC 1/in-sec2 F Mso
ZDC ft/in—sec2 F Z6e
XDC ft/in—sec2 F Xse
IFXMQ -
IFXZQ -
IFXXQ -
IFXMW - I
IFXZW =
IFXXW - I Option to fix any parameter to its input
IFXMU _ value. If any of these variables are
non-zero, then the corresponding
IFXZU - parameter is not estimated. These
IFXXU _ I options may also be set using the
IFLPRM array; for example, IFLPRM(4)
IFXMDE _ is equivalent to IFXMW.
IFXZDE -
IFXXDE -
IFXMDC -
IFXZDC -
IFXXDC - I
EDELT deg F Initial condition error, AS6.
EDELQ ‘deg/sec F Initial condition error, Aq.
EDELW ft/sec F Initial condition error, Aw.
EDELU ft/sec F Initial condition error, Au.
WTHETA deg F Pitch attitude error - noise, Ng. -
BTHETA deg Pitch attitude error - bias, be.
ETHETA - ¥ Pitch attitude error - scaling, ey

(F
(1

(1|

Floating point)
Integer)

19




Table 3.2 LONGDT - Namelist Input Data for VIOL (cont.)

*
VARIABLE UNIT TYPE DESCRIPTION

wQ deg/sec F Pitch rate error - noise, nq.
BQ deg F Pitch rate error - bias, bq.
EQ - F Pitch rate error - scaling, eq.
WALPHA deg F Angle~of-attack vane error - noise, e
BALPHA deg F Angle-of-attack vane error - bias, ba.
EALPHA - F Angle-of-attack vane error - scaling, ey =
WU ft/sec F Axial velocity pitot tube error - noise, n o
BU ft/sec F Axial velocity pitot tube error -~ bias, bu. b
EU - F Axial velocity pitot tube error ~ scaling, e,
WNX g's F Axial accelerometer error - noise, n__.
BNX g's F Axial accelerometer error - bias, bax'
ENX - F Axial accelerometer error - scaling, e “
GNX deg F Axial accelerometer error - misalignment, Yox
WNZ g's T Normal accelerometer error - noise, naz'
BNZ g's F Normal accelerometer error - bias, baz'
ENZ - F Normal accelerometer error - scaling, e " -
GNZ deg F Normal accelerometer error - misalignment, Yéz‘
WQDOT deg/sec2 F Pitch angular accelerometer error - noise, nq.
BQDOT deg/sec2 F Pitch angular accelerometer error - bias, b .
EQDOT - F Pitch angular accelerometer error - scaling, eq.
FTHETA 1/sec F fq
FQ 1/sec F fq
FALPHA 1/sec F fu Diagonal elements of a matrix
FU 1/sec F £ representing inverse of output

u time constants. "
FNX 1/sec F f

nx
FNZ 1/sec F f

nz
FQDOT 1/sec F f(.1
EXCG ft F C.G. uncertainty in x direction, ech
EYCG ft F C.G. uncertainty in y direction, ecgy'
EZCG ft F C.G. undertainty in z direction, ecgz'
(F = Floating point) .
(T = Integer) 20




Table 3.2 ©LONGDT - Namelist Input Data for VIOL (cont.)
VARIABLE UNIT TYPE DESCRIPTION
WDE in F Differential collective (or longitudinal cyclic)j
- pitch error - noise, nGe'
BD¥ in F Differential collective (or longitudinal cyclic)
pitch error - bias, bGe‘
EDE - F Differential collective (or longitudinal cyclic)
pitch error - scaling, €5
FDE 1/sec F Inverse of control measurgment time constant,
fse L]
WDC in F Collective pitch error - noise, ng.
BDC in F Collective pitch error - bias, bGe'
EDC - F Collective pitch error - scaliag, se"
FDC 1/sec F Inverse of control measurement time constant,
fﬁe'
EAX ft F C.G. accelerometer location error in x
direction, e .
alx .
EAY ft F C.G. accelerometer location error in y
direction, e .
aly
EAZ ft F C.G. accelerometer location error in 2
direction, e .
alz
T - F 7x7 general error matrix.
CMAT F 2x4 matrix of state-variable-feedback gains,
where CMAT is the matrix C in the expression
Ugdpk = ~Cx.
CMAT (1,1)] in/rad F A8 feedback gain for de'
CMAT (2,1)| in/rad F A6 feedback gain for GC.
CMAT (1,2)} in-sec/rad F Aq feedback gain for Se.
CMAT (2,2)| in-sec/rad F Aq feedback gain for»Gc.
CMAT (1,3)| in-sec/ft F Aw. feedback gain for Se.
CMAT (2,3)] in-sec/ft F Aw feedback gain for GC.
CMAT (1,4)|in-sec/ft F Au feedback gain for Ge'
CMAT (2,4)| ir-sec/ft F MAu feedback gain for 60.
CARD - F >0 will cause the F, G,and C matrices to
be punched out,
=0 means no punched cards output.
STVOUT sr—:c_l F Standard deviations of the measurement (output)
lags; STVOUT is an array with dimension 7.
STVCNT sec_1 F Standard deviation of the control lags; STVCNT

is an array with dimension 2.

(1
(L

(F = Floating point)
= Integer)
Logical)
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Table 3.2 LONGDT - Namelist Input Data for VIOL (cont.)

*
VARIABLE UNIT TYPE DESCRIPTION
BFLAG L Set = T will cause measurement and control
lags to have a beta density function,
Set = F causes a normal density function.
BDIST F Parameters specifying the beta density

. function. (Ignored if BFLAG = F.) See
BDIST has dimension 3.

BDIST(1l) = n
BDIST(2) = r
BDIST(3) = 1.0

where n and r are parameters of the normalized
beta density function (see Appandix A).

NOTE: The input value for each error source is one standard deviation.
The mean value is assumed to be zero in every case unless noted
otherwise.

*(F
(T
(L

oo

Floating point)
Integer)
Logical)
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Table 3.3 LATDAT - Namelist Input Data for VTOL (Lateral)

*
VARIABLE UNIT TYPE DESCRIPTION
THETAO deg F Nominal pitch angle, 60.
ALPHAO deg F Nominal angle-of-attack, ao'
VEL ft/sec F Nominal airspeed, VT'
ESTIM - I Estimate option (same as airplane case, p.7)
DT sec F Integration step size.
DTS sec F Time interval between sampling points.
TAU sec F Time to the first sample point of the lagged
control (O<TAU<DTS).
* %
NMC - I Number of Monte Carlo samples.
N@P - Number of sample points on the trajectory.
%k
MXITR - I Maximum number of Newton-Raphson iterations
allowed within a Monte Carlo sample.
*k
EP1 - Convergence criteria for Newton-Raphson method.
*k (see R: 18)
EP2 - F Convergence criteria for Newton-Raphson method
in case the magnitude of parameter is small.
(see p. 18)
NDP - I Number of input control data points
(2<NDP<301).
DLTA sec F An array of NDP time points at which input
control data are given.
DLUA in F An array of NDP values of the control 6
corresponding to DLTA times.
DLUR in F An array of NDP values of the control 6
corresponding to DLTA times.
YV 1/sec F Yv
LV 1/ft-sec LV
NV 1/ft-sec Nv
YP ft/sec p
LP 1/sec Lp
NP 1/sec F Np
R £t /sec Yr lateral parameters
LR 1/sec Lr
NR 1/sec N-r
YDA ft/in—sec2 YGa
LDA 1/in~sec2 Ls,
NDA 1/in-sec2 N
a

(F
(1

Floating point)
Integer)
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%% Variables used only if the Simulated Data Mode 2 program

is exercised.

Default values are NMC=10, MXITR=10,

EP1=1.0E-6, EP2=1.0E-6.




Table 3.3 LATDAT - Namelist Input Data for VIOL (cont.)

%
VARIABLE UNIT TYPE DESCRIPTION
2
YDR ft/in-sec F Yﬁr
LDR 1/in-sec2 Ls, lateral parameters
NDR 1/in—sec2 F Ng
r
XXI slug-ftz F Iex
XZ1 slug-ft2 IXZ moments and product of inertia
2
Z2Z1 slug~ft F IZZ |
IFXYV - I
IFXLV - I
IFXNV - I
IFXYP - I
IFXLP -
IFXNP - I Option to fix any parameter to its input
value. If any of these variables are
IFXYR - i non-zero, then the corresponding
IFXLR - parameter is not estimated. These
options may also be set using the
IFXNR - I IFLPRM array; for example, IFLPRM(4)
is equivalent to IFXYP.
IFXYDA - I
IFXLDA -
IFXNDA - I
IFXYDR - I
IFXLDR -
IFXNDR - I
EDELV ft/sec F Initial condition error, Av.
EDELP deg/sec F Initial condition error, Ap.
EDELR deg/sec F Initial condition error, Ar.
EDELTF deg F Initial condition error, Ad.
WBETA ft/sec F Angle-of-sideslip error - noisqg np.
BBETA ft/sec F Angle-of~sideslip error - bias, bB’
EBETA - F Angle-of-sideslip error - scaling, eB.
WP deg/sec F Roll rate error - noise, np.
BP deg/sec F Roll rate error - bias, bp.
EP - F Roll rate error - scaling, ep.
GP deg F Roll rate error - misalignment, Yp.
(F = Floating point)
(1 = 24

Integer)

[
.

ey

Lt

(el

i



Table 3.3 LATDAT - Namelist Input Data for VIOL (cont.)

*

VARIABLE UNIT TYPE DESCRIPTION

WR deg/sec F Yaw rate error - noise, n_.

BR deg/sec F Yaw rate error - bias, br'

ER - F Yaw rate error - scaling, e..

GR deg F Yaw rate error - misalignment, Yr'

WPHI deg F Roll attitude error - noise, n¢.

BPHI deg F Roll attitude error - bias, b¢.

EPHI - " F Roll attitude error - scaling, €4

WNY g's F Lateral accelerometer error - noise, n_

BNY g's F Lateral acceleromzter error - bias, bay'

ENY - F Lateral accelerometer error - scaling, eay'
WPDOT deg/sec2 F Roll angular accelerometer error - noise, nﬁ.
BPDOT deg/sec2 F Roll angular accelerometer error - bias, bﬁ'
EPDOT - F Roll angular accelerometer error - scaling, eﬁ.
GPDOT deg F Roll angular accelerometer error -

misalignment, Yﬁ' ‘
WRDOT deg/sec2 F Yaw angular accelerometer error - noise, ..
BRDOT deg/sec2 ¥ Yaw angular accelerometer error - bias, bf'
ERDOT - F Yaw angular accelerometer error - scaling, e..
GRDOT deg F Yaw angular accelerometer error -
misalignment, Yi'

FBETA 1/sec F £q

FP 1/sec F fp

FR 1/sec F fr

FPHI 1/sec F f¢ Diagonal elements of a matrix

FNY 1/sec F £ representing inverse of output

ny time constants

FPDOT 1/sec F fl.)

FRDOT 1/sec F fi

EXCG ft F C.G. uncertainty in x direction, ech.

EYCG ft ¥ C.G. uncertainty in y direction, ecgy'

EZCG . ft F C.G. uncertainty in z direction, ecgz

(F = Floating point) .
(1 =

Integer) 25




Table 3.3 LATDAT - Namelist Input Data for VIOL (cont.)
*
VARIABLE UNIT TYPE DESCRIPTION

WDA in F Roll cyclic error - noise, LS

BDA in F Roll cyclic error -~ bias, bGa'

EDA - ¥ Roll cyclic error - scaling, esa’

FDA 1/sec F Inverse of control measurement time constant,
fGa'

WDR in F Yaw cyclic error - noise, nGr.

BDR in ¥ Yaw cyclic error - bias, bﬁr.

EDR - F Yaw cyclic error - scaling, eSr.

FDR- 1/sec F Inverse of control measurement time constant,
fGr'

EAX ft F C.G. accelerometer location error in x
direction, e O’

alkx

EAY fe F C.G. accelerometer location error in y
direction, e Qo

aly

EAZ ft F C.G. accelerometer location error in z
direction, e .

alz

EVX ft Vane location error, e

T - 7x7 general error matrix. .

CMAT F 2x4 matrix of state-variable-feedback gains,
where CMAT is the matrix C in the expression
ugdgpk = —Cx.

CMAT(1,1) | in-sec/ft F Av feedback gain for da'

CMAT(2,1) | in-sec/ft T Av feedback gain for Sr.

CMAT(1,2) | in-sec/rad ¥ Aﬁ feedback gain for 6a

CMAT (2,2) | in-sec/rad F Ap feedback gain for Gr.

CMAT (1, 3) | in-sec/rad F Ar feedback gain for 63'

CMAT(2,3) } in-sec/rad F Ar feedback gain for Gr

CMAT (1,4) in/rad F AP feedback gain for Sa.

CMAT (2,4) in/rad ¥ AP feedback gain for Gr

CARD - F >0 will cause the F, G, and C matrices to

be punched out,
=0 means no punched cards output.

STVOUT sec"1 T Standard deviation of the measurement (output)
lags; STVOUT is an array with dimension 7.

STVCNT sec—l F Standard deviation of the control lags; STVCNT
is an array with dimension 2.

(F = Floating point)

([}

(1

Integer)
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Table 3.3 LATDAT - Namelist Input Data for VIOL (cont.)

*
VARIABLE UNIT TYPE DESCRIPTION
BFLAG L Set = T will cause measurement and control
lags to have a beta density function,
Set = F causes a normal density function.
BDIST F Parameters specifying the beta density

. function. (Ignored if BFLAG = F.)
BDIST has dimension 3.

BDIST(1) = n
BDIST(2) = r
BDIST(3) = 1.0

where n and r are parameters of the normalized
beta density function (see Appendix A).

NOTE: The input value for each error source is one standard deviation.
The mean value is assumed to be zero in every case unless noted
otherwise.

* (F
(1
(L

Floating point)
Integer)
Logical)
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3.3 Sample Cases

3.3.1 Example 1

Figure 3.1 shows the input for running the Airplane Ensemble Program
with the lateral equations of motion. Parameters of the F and G matrices
as well as initial condition errors for the F-4C aircraft are estimated.

Seven instruments are used to measure the output.
3.3.2 Example 2

Figure 3.2 shows the input for running the Airplane Simulated Data
Program with the full longitudinal equations of motion. Only para-
meters of the F and G matrices for the F-4C aircraft are estimated. All
seven instruments are used to measure the output. Three Monte Carlo samples

were taken in this execution.
3.3.3 Example 3

Figure 3.3 shows the input for running the VTOL Ensemble Program with
longitudinal equations of motion. The nominal parameters specify an unstable
F matrix, which is stabilized by the feedback-gains matrix, C. Parameters
of the F and G matrices for the CH-46 helicopter are estimated. All seven
instruments are used to measure the output. Measurement lags and control

errors and lags were included.
3.3.4 Example 4

Figure 3.4 shows the input used to run the VIOL Simulated Data Program
with lateral equations of motion. Parameters of the F and G matrices are

estimated. Three Monte Carlo samples are taken.
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ENSMBL TYT TYTTITITITITITITYLT  TTITTTY
LAY
AOSV RRG  YRG RAG  LATAC RaACC YaacC
SRFTRAJ THETR0S2.6s ALPHAOZ2.6¢ VE =827,25¢ §
SOPTONS - ESTIMa32, §
- $MISC DTEQe0te DYS30.050te NOP=100,
TAU20,0501¢
___ SEND e o
SLATDR
YBETA=~,156883y YDELAZ®,00338, YDELRS,0246¢ LBETAR®15,977874»

—— LP e 14608354y LR 2,3840359 LDELAR104920+LDPELR=2.540¢ . U
NBETA=6,563033s NP Se,0997334NR Sw,343§75¢ NDELA®,707
NDELR==3,902y XZ130,0¢r XXI®{,0¢r ZZIs1,00
—_.SEND e e et et ——
SCONSEQ
NDPs26

DLTAZ®0,190e4000890,4900029048000190,8000291¢1000141420002¢1,200019 .
1200020160008 01050002¢2+0000142500002¢2¢30001¢203000202+80001
2.4000202+7000192¢7000293,20008¢3:20002¢3060001¢3460002¢104000040

——eass 10-0002'1003' . e e e e [,

DLU!II-OO1-003-093.001-0-1.001-001-00-1.0'-1o00-3.00'3.09-1.00'1-00
elo09=le09vB8e0,190e000,00

DLUZ2S=0,5¢"0,5¢20,5¢"0+5¢1=0,5¢y20:510,5¢0,50¢
0.5|°..500-5!0.5|005'0-5'0300000|0-000-0'2.5’2.51-1.SQI!.S,'O.3'
w0e3enle39=0,3r

ST #9Vd TvNIoTa0

AIrTvnd yoog d0

—__SEND . . e i
SLICERR

SEND

$AOSVAN WBETA 50,05, BBETA=0,05¢ EBETAR0,005y § - . -
SROLRAT Wwp s,10¢ BP 3,10v EP 2,005y GP=,6¢ §
SYAWRAT WR ®,10y BR .00 ER X,0059 GR=,69 §

__ . SROLATT WpHI =,50+ BPHI =,50¢ EPHI ®,005¢_.8 = .. ...

62

SLATACC  WNY SG,E=geBNY B5,Em4eENY 5,005 §

SRANACC WPDOY s=,10y @PDOT=,10¢ EPDOTR,005¢ BPDOTE. 6y .8
SYANACC WRDOT 3,10y BRDOT=,.10¢+ ERDOT®,00Sy GRDQT=a6e § .
SLAGS?2

FBETAZ62,¢ FREH2,s FREH2,¢ FPHIZ6249

FNYE62,¢ FPDOT=62,¢ FRDOTFbaaO R
SEND .
SCGUNCR EXCG =,50¢ EZCG =2,50¢ 8
SCPTERR -
wDAlO.tv BDA'°.10 EDA:0.0l' FD‘S&Z.Q
WORZ0,4¢ BDRE0,1¢ EDR20,01y, FDRab2.s
_SEND . - e e
SCGAPL EAX €S.0¢ EAZ =2,0y §
SABYVANE EvyX 20,00 3
1)

Figure 3.1 Example Input for Airplane Ensemble Program




SIMDAT TT TTTYIT TYTTITTTITITYY TTTTTY
ruULL
PAG PRG ADAV  AYPT AXACC NORAC PaACC
SRFTRAJ ALPHAOR2,.6y THETAOZ2,6+ VELE827.25¢ $
$OPTONS ESTIM=1ly §
.-SMIS8C
DT20,025¢ DTS®0,.05e NOP=100+
NOP=300¢
MXITR=1y DTR0,01r DTSE0.,0501,
EPZHX.OE-S'
MXITR=10y EP{30,01r EP2=0.001¢
MODE=2e NMCE1y -
MXITR=10, .
TAU=0-01’ - e . . . b e e e - e ee——— N —
TAU30,0501
NMCale
NMCz23y
SEND
SLONGDR
.. Maz=, 719212y Misw, 010309 MUZe 000865y MDEma16,21,
IwE= 762451y ZUs=,061697¢ ZDE==}.245520 XW=,027260¢
Xys=,007009 $
SCONSEQR
DLTA:-o.xo0.30001.0.3000200.6000100.60002v10.0001.10-0002030.00010
DLUIR 2.572,5¢%2,5¢%2¢5990,5¢"04590.5¢0,5¢
.. NDP=8ys ) .
SEND
SPITATT WTHETA®,1S5s BTHETAS.{Sy ETHETAZ,005, §

8 SPITRAT MQ- 5,10y BG £,10¢ EQ 2,005y §
SAQAVAN WALPHA®, 10y BALPHAS .10 EALPHAE,005+ §
SAYPTUB
—— wyUz1,0y BUS1,09 EU=0,005, — e e
$END

i . \
i SAXIACC WNX =,005¢ BNX 88,0050 ENX 2005y ONXmeb o §
; SNORMAC WNZ  ®,005, BNZ ®,005» ENZ  @,005y GNZI=.6 ¢ 3
SPANACC NWGDOT =,10¢ BGDOT =,10¢ EGDOT £,005¢ §
$LAGSY
. FIHETAz62¢y . FOz62e¢r . FALPHAZ 624 FU=s62,.9
FU=62,4¢ FNXZ62,? FNZ=262,¢ FODOT=62,¢
SEND
: ) $CGUNCR ExCG 8,50y EZCG =,50¢ §
. SCPTERR
BpDF=0.10¢ EDE=D,01y WDESO,19
FDEz62,4¢
FDE=262,50
WDE®0 00
SEND
SCGAPL EAX 85,0y EAZ 82,00 §
SABVANE EVX 820,09 8
(1]

Figure 3.2 Example Input for Airplane Simulated Data Program




09/06/74 $1131t16 MOHR cad3730790 aGe3ls 2 199 DATE 090974 PAGE

OELTIL CRKOUT
PROCESSED RY UNIVAC 1100 SERIES ELT PROCESSGR LEVEL w7 aT 11:31:26 At ON MONDAYs SEPTEMBER G 1974 (CREATING CYCLE 0)

é. : EHSU%L T TTITTY
R ULl
3 Pati PG AGAY AVPT  AXACC aORAC PAACC
4, SLONGDT 070401 ©TS=0.011s TAUSQ.011y NMTS1w NOF=100y ESTIM=1
S THETACZ6,719 ALPHAOS13,759¢ VELZ6ER,02
b MXITR=1y EP{=,01y EF2=.00001
7. EYXz20.0 EAXSS.s B22324s EXCGZ).59 EZCGS0,5
8, MOZml,34ds MES+,0200 Zrwze0,608y MUzw0,003s lizw0, 119y XUS=0,0170¢
9. Xw=+0,0R82¢ KRZ4+1,070¢ Zize1,E73, MDE=0,405v IDE=0,605y XDE=0.1170
23 10, BOCd.Gots XNCI0,Bhes ZBC=74359,
N = il. IFLPHY= (54040
-éa@ 12, CHATE JNST215890,00510859,0,0,0ud9635¢0,9=,0059085¢ 0., -
EZ 13, WYHETAZD,15y BTHETASC(1Se ETRETAZ,005
=) g: 14, WB=Calo 820,19 £EQ=,005
1S. WALPrRAZ0sls RALPHA=D.1ly EALPHAZ,00S,
%"‘5 16, WuE 1o Bzt EUS1,y
b‘ 17. WNXS (05 RNYZ Q0% ENXz .00y GMX=Q460
W T m ‘ao "‘“2:.0':'5' 8’*‘23.005' EF\Z=.00§' GN7.=016.
= 3 19. KOD0T=Caty BAGOT=Cale ECDDT=.005s GAPOT=Z0, ¢
i 20. NGP=1T
¥ Ea 21, DLTA:O.0000.0.3927-0.785#-1.1731'1.5707.1.9b3ﬂ.2.356102.0788'3.1U!6q
- 22 3, 530343, 92T018e519T 9l aT123¢5.105095,4GT7705.R9CU16,28324284%Gas
23, OLUESC e 490Lydetb1910eb15790.35300042778+0:151390,097600.00009=.097b¢
24, -.1913'-.2776--.3556|-.u157--.%19'-.u90u;-.5000,-.500%28“*0.'
25, DLUCZ0.0000¢0.0970¢04191390,2778:02355690,8157+0,4619¢0,500000.4504
2o 0.661990,8135740¢3535¢0,277800,19135+40,0975¢0,00009255%0C,¢
27. FTHETAZ02, vFO262. yFALFHAZH2evFUSH24 s FNX36241FNZS62,1FID0T=6240
28. BDE=0.1080C=0.1v50€=-01-EDC=.0!oFDE=62.0FQC=b2-|
29' SEND

END ELT. . TIMEI 0,0072 SECONDS,

Figure 3.3 Example Input for VIOL Ensemble Program




SI:DAT TT OTTTYIT TITTITITITYIT  TTTYITY
LA
AOSY RRG  YRG  RAG
SLATDAT
YVs=,082s LV==,010¢ NV==,002y YP==1,333y LPE=,703, NP2=,025,
YRs=,223y LR=»,070¢ NRZ=,042¢ YDAZ,954r LDAZ,454y NDA=,027,
YOR=.104¢ LDR=z=,136, NDR=,170y THETAO=6.71%9¢ ALPHAOZ13,75, vEL®68,029
ESTIMal, DT=0,1¢ DTS=20e11y TAUSQWls NUPRGY,
MXITR=20y NMC=1e EP1=0,01¢ EP231,0E=S,
NMC=3y

LATAC RAACC YAACC

WBETA=0,05¢ BBETAZ0.05y ERETA=0,005¢
si we 30'1' 8P Z0ely EP 30.0051 GP.Ons'
K WR =0,1s BR =041y ER =0.005s GR=20,6y
WPHI =0,5¢ ~ BPHI =0+5¢ EPHI =0.005 o —
WNY =0,00054BNY =0.00059ENY 20,0059
WPDOT=0,14, BPDOT=04eb0 EPDOT=0.005
E: WRDOT=0,1y  BRDOT=C.1»  ERDOT=0,005+ GRDOTED .69
Y - Sl EXCG 20,5y EZCG =0+5¢ EAX =540, EAZ=2,0y EyX320,9
o NDP=2100¢
23‘3; DLTAZ0,1000e8900210¢3904890450046004T104890,9¢ .
k‘tg Tetlelole2eladrleloleSelabriaTelebBel, 9
] a.’Zll!2.2'2-392.412-592*69207’2.502uq'
7 3093¢1934213,31344¢34513.61347¢34843.9¢

“.!U.lvQ-20“.3!0.“0“.5!&.6'“-7'“-8-“-9'
5. '5.1'5‘2'5'3'5'“'5.5'5'6‘5'7'Sle.S.q'
6e16e106421603760496:S1606v607164846,9¢
TotTeloTe2eT7ad3r7elrTeS50T7eb0TaTe7e897.9¢
Be9B8el9Br208,308,498eS518,618Bs798.8¢98.9¢
Ge1Ta1994209,309,819,519¢699470¢5¢8¢9,97

DLUA=,2704360629430697129+431817003,4308589234,279606159423329410v4172341281

«0099U4715,,019683387+1=,06U623996ve,14907058,=,229816389

®e303200U0+ws366082781m44155724F940U953U40BrmslbbUib09T¢=,Up561464

"o dUb95B3F s = el 1124025+ ¢359910049242950013002,21933809¢=,135815664"

04788750089 ¢04809192729+12705482344207113539.27797895¢9.33694809¢
e3018dpBY 41111857 +¢U2388719,4.41999098+439998629+.3651206%¢431727654y
025888867 ¢419283762+21223248B84,4,0507345564»4018512606+=4082106804

13699187 4=e180496639=421045097+=.225279509=.22407060¢~.206617310

=, 1734279742, 125706831=,0653047669.53572U03E=2¢.83389245E=11 )
16555354, .2UB4009644328U1619,.40216707¢.,46645024+451842798+455574977
«57665U644.58004B45+.56555344,,533528859,4B50598B9,u21916859,34648550¢
0261671369417078244477390353F=19=14795TU0E~1v=,10212090y=+18109514y

ce

»,24855744y=,30180290+=,338694B4y~,35775423+~,35822212+=,34009247¢

= 30411046 v=,25176330 +r~.18518152 1=,10709272 ’
«,20691283E=]y (T704BT035E=1y +16270835 ¢ +25219328 v
«335269u8 v 40852108 1 46892770 + «51398519% '
«54180791¢ + «55120285 v «54171659 ¢ «51365157 '
46805055 v JU066513S v «33181285 v «24641500 '

DLURz .35045058 ' 29690383 s «24831535 v 20581121 s «1702007S '
L1419519 y ,12118265 ¢« 10766857 ¢+ 10086613 ¢ «999504UYE=]y
10386536 v .1113838} vy #12117501 v 13187785 ¢ J1U216914 '
» 15083699 v 15688225 v 15937335 + +15788901 v 152147614 '
$14222134 v 12849468 v o11164699 v +92620157E=1y T72572494E=1y
«e52820982E@]ly J3U4TTUG2TE=ls o19B016UBEm=Yy (FUSU1330Em2s oUTI3U3S3E=2y
6919965 1Eaie (34327{38Eely «60177214E=ly ,93891717Ewle ,13481833 v
18193246 t «23386573 ' +288950R¢ v «34528133 ¢ 40078368 '
L453299138 v 50067315 ¢ +545084388 v 57193405 v 5923343 '
60078044 v 5946411379 » 57883254 s oSUR12077 v 50486013 ’
«U5012109 v 3854339 v 31274046 v «23432801 v o15274782 '
70721465 v=,834816270 v, 83551504 ve 15080492 1=, 20728873 '

- 252075606 ;2.28322654 1=e 29965861 1=, 50083321 1=, 2b678403 ’

Figure 3.4 Example Input for VTOL Simulated Data Program (page 1 of 2)
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=,25812216 1°,21601896 1" 16216619 02, 9871527 7E={y=,28197577E=1,
4657121 TE=Ly ,1225986} v «19683142 v 26627460 ¢ +32810994
037980755 4 ,41922805 » J444T093Q v +U8513532 4 ,44998405
42935211 ? +39395U65 ¢ #34510186 ¢ ,28465018 ¢ 21493335
0138067274 v ,5BB72171Eelyme21298651Ew]ye 9B86283UT7Eeyy=,16999082
-,232u6810 1=,28346775 12432082612  9w,34289612 +=,3uB861492
o 33754862  1mg30991248 12426656554  9=,20897976
FBETA=62.y FP2b2er FR=62.y FPHIZ2.¢ FNYZ62,9
FPDOT=62.% FRDOT=62sv FDAZ62,9 FDRZ62,.0¢
DT=0,01
SEND
(1)

- ® e -
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Figure 3.4 (page 2 of 2).
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4,0 OUTPUT DESCRIPTION

The output from the SCIP2 programs will be discussed in two parts--
the Ensemble Analysis and the Simulated Data Analysis. The output format will
be the same for the aircraft and the helicopter programs except for the para-

meter identifiers.

4.1 Ensemble Analysis

4.1.1 Input Summary

A summary of the input is printed first. The namelist input data are

printed in their entirety, and then selected program variables are tabulated.

4,1.2 Estimated State Vector and Input Control

If INPUTS(25) is "TRUE", then the estimated state vector ¥ and the control

vector u are printed at each sample point (every DTS-seconds).

4.1.3 Covariance Matrix

2 -1
If INPUTS(26) is "TRUE", then two covariance matrices, {E—%] and
9251~ d T, 3 9025 o
—_— + {+— (8p) E(ee”) are printed. |—5 is the covariance
2 de de 2
op ap
due to noise and [——-(Sp) E(ee ) éi-(dp)T] is the covariance due to the

random error sources.

4.1.4 Normalized Covariance Matrix

If INPUTS(27) is "TRUE", then the normalized covariance matrices

are printed. The relationship between the normalized and unnormalized

covariance matrices is given by the following equations:
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diagonal elements c = c'ii

i1
C'
off-diagonal elements c = —ii
1j ciicij

where the primed variables are the unnormalized covariance matrix elements

and the unprimed variables are normalized.

4.1.5 Sensitivity Derivatives
3
If INPUTS(28) is "TRUE", the sensitivity derivatives, 7 (S8p) with
respect to every non-zero error source as well as the magnitude of the

error are printed in a matrix format.

4.1.6 Mean Expected Error Vector

)
If INPUTS(29) is "TRUE", then the mean expected error vector, e (6p) E(e),

is printed for each element of the parameter vector.

4.2 Simulated Data Analysis

4.2.1 Monte Carlo Sample Output

The standard output quantities for each Monte Carlo sample consist of:

(a) Error vector, Ap = p—ﬁk, where p is the true parameter vector and

ﬁk is the estimated parameter vector resulting from the kth
Newton-Raphson Step.

(b) Normalized Error Vector, (Ap(i)/p(i)).

(c) Mean Error Vector, ZEQ , Wwhere the subscript m refers to the m

number of Monte Carlo samples, and
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(d) Covariance Matrix, Cm, where
m

1 = = T
— §=1(AP1 -APm)(APil- AP )

Cm(i:j) =

4,2.2 Newton-Raphson Step Output

If INPUTS(25) is "TRUE", then several quantities from each Newton-Raphson
step are printed. These quantities include:

99 .\T
aJ - _‘l -l A
(a) Gradient Vector, (8p>— (Bp ) R (y;-9))-
325]7L fag\T
(b) Error Vector, Apk = _[—_E] (5;) , from each Newton-Raphson step.
ap

(c) Updated Parameter Estimate Vector, Pre1 = By + Apk.

(d) Convergence criteria,

Ap,
COST1 = max E—i , 1 =1,...,n (number of parameters)
i
n Api
COST2 = I —_
i=1 | Pi

When COST1 < EP1l and lApi|<EP2 when lpi]<EP2, then convergence

is assumed.

4.2.3 Monte Carlo Summary

After the specified 1nuber of Monte Carlo samples are taken, a

summary of the error statistics is displayed. The. summary includes:

Ap.,

i s

i ~18

(a) Mean Error Vector, Ap_ = 1
moom L

(b) Covariance Matrix, Cm(i,j);
(¢) Normalized Covariance Matrix, C”. The relationship between

the normalized covariance matrix elemenis is the same as

in Section 4.1.4.
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4.3 Sample Qutput

4.3.1 Exémple 1

Figure 4.1 shows the output corresponding to the input Example 1, given
for the Aircraft Ensemble Program. The namelist printout is deleted from

this section.
4.3.2 Example 2

Figure 4.2 shows the output corresponding to the input Example 2, given
for the Aircraft Simulated Data Program. Again, the namelist printout is

deleted from this section.

4.3.3 Example 3

Figure 4.3 shows the output corresponding to the input Example 3, given
for the VTOL Ensemble Program. This example includes a feedback-gain matrix,

C. The namelist printout is included in this section.
4.3.4 Example 4

Figure 4.4 shows the output corresponding to the input Example 4, given
for the VTOL Simulated Data Program. This example produces a detailed
Newton-Raphson step output as well as Monte Carlo sample outputs. After

three samples, the summary of error statistical output is produced.
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ALrIVAd 7004 10
81 BOVd TVNIDIN0

8¢

ENSEMBLE #¢ _ATERAL ANALYSIS
PARAMETERS 4MD INITIAL CONDITIONS ESTIMATE

INPUT SUMMARY

ENSMBL T Y F YT T T T YT T YT T TITTYTITYTFFEFFTTIYTOTY

ESTIMe 2

YBETA ==1,568830E=01
LR = 3,840350Ee04
YDELR 3 24460000E=02

MODE= ]

LBETA ==1.597787E+01
NR Ru3,438750E=Q1
LODELR = 2.540000E+00

SAMPLE POINTS® 100

yDELA
NODELR

SAMPLE RATE=s ,050

NBETA B £,563033E¢00
==3.,380000E=03
t=3,902000E+00

MONTE CAKLO

Eel,608354E+400
LOELA & 1.092000E+0¢

0 KUNS

e R AT A S

NP 2=9,973300E=02
NDELA = 7,070000E=01

ALPHAg 246000 THET A= 246000 VELOCITy= 827.2500
e ERROR VECTORS
BIASES SCALE HISALIGN LAG NOISE
BETA 5+0000000E=02 5.0000000E-03 0s 6+2000000E+04 S.0000000E=02
— . P 1+0000000Es01 S5,0000000E=03 6s0000000E=0Y 6.2000000E¢0 1.0000000Ew0}
R 1+0000000E=01 S¢0000000Ea03 6+0000000E=0Y - ©+2000000E+01 1.0000000E=01
PHI 5+0000000E=01 $,0000000E«03 Oe 6.2000000E¢01 S.0000000E=01
NY 5¢0000000E=04 5.0000000E=03 Qs 6.2000000E+0 5.0000000E=04
pepOT 6:0000000E=01 S,0000000E=03 O 6.2000000F+01 1.,0000000E=01
R=DOT 10000000E=01 5,0000000E=03 6+0000000E=0} 6.8000000E+01 1.0000000E=01
7o ;
I. C. ACCEL Co G VANE
BETA O AX 5.0000000E+00 C6 X 540000000Ew0 €,0000000E+0}
P Os Ay Oa €6 Y Oe
e . R Os t ¥4 .. 240000000E¢00 - (€6 Z S«0000000E=0} . o _
PHE O ’
CONTROL ERRORS
Bba 100000000E=01 EDA 1.0000000E=02 FDa 6,2000000E+0}
BOR 140000000E=01 EDR 1.0000000E~02 FDR 6.2000000E+01

e e T et R NS S S R e

Figure 4.1 Example Output for Aircraft Ensemble Program (page 1 of 10)



SCIP2 STATE MEASUREMENY AND CONTROL SEGUENCE

TIME BETA P R PHE NY P=«DOT RepOT DEL A DEL R
(SEC) (DEG) (PEG/SEC) (DEG/SEC) {DEG) (G!S) (DEG/SEC**2) (DEG/SEC®*2) (OEG; (DEG)
«0500 .00 W47 .13 01 =,0f 9.01 2,54 1.00 =,50
«10090 w04 «90 o225 008 ®,01 8.49 2440 1400 50
«1500 *e03 {32 .37 .10 .01 8,09 2.23 1.00 =, 50
-2000 =04 107‘ o“a ei8 =.00 7.78 2'0“ 1.00 ".50
+2500 =07 2.10 «57 o 28 “,00 T¢55 1,82 1.00 -,50
-e3000 w,09 2.“7 «66 o 39 e,00 7.38 1.59 1.00 =50
S8 +3500 .12 2484 .73 .53 400 T.27 1.35 1,00 .50
" ) . 4000 «, 1S 3.20 o 79 068 000 T¢19 1.09 1.00 . =,50
o 02 4500 “.18 3.55 TN .85 .00 28,97 2,25 3.00 =.50
2z +5000 -2y 4.96 .94 1.06 00 21.27 1.86 3400 .50
w_ﬁ +5500 “e25 6428 1.03 1.35 o0t 25.71 1e4d 3.00 =.50
- 5000 we28 753 1.09 1.70 o018 24.26 1.11 3.00 «,50
& vy «6500 -,31 B.71 1e14 2,10 .01 22,90 77 3,00 -.50
S L7000 .e34 9.82 1217 2,57 . .01 21,61 oy 5,00 - =50
Q) +7500 .37 10.87 1.18 3,09 002 20,38 «15 3.00 -,50
= 8000 *. 40 11486 118 3.66 02 19,19 .11 3.00 .50
«8500 =ed2 $2.79 1417 4.28 202 3,81 =1.76 1.00 .50
- . «9000 4y 12461 1.08 4,92 02 3,31 wi,81 1.00 -,50
i 9500 okl 12.46 99 5.5S8 202 2,92 »1,83 1.00 .50
10000 w5 1232 90 6.17 02 02.65 1,82 . 1.00 - -,50
10500 =45 12.19 84 679 «02 w2, 49 1,78 1.00 “,50
11000 -ody 12.07 72 7.39 02 w2,42 *1.70 1400 =,50
11500 ookl 11.95 e84 8400 «03 i 5,49 1.00 .e%0
1.2000 LXX 'Y ‘1.9“ .}7 8.59 «03 -,33 5,25 1.00 «50
12500 37 1191 el2 9419 «03 "2207i wb,34 v1.00 50
. 143000 . =e32 ’,O'BO - 49 9.76 203 w21.90 . 5,80 =1,00 .50
- 13500 ~e26 9.72 - b6 10,27 003 =21.27 =5.19 =1,00 50
; 14000 =19 8467 w70 10.73 w02 20,84 4,52 =1.00 »50
144500 =iy 7463 =91 11413 o 01 =20,57 =3,8% =1.00 50
1!5000 =e02 6)61 =1,08 11.49 W04 =20,4} 3,06 ®l.00 «50
145500 208 559 {22 1179 «00 =20434 v2.29 =100 «50
~- 18000 . 118 4457 =1e31 12404 . ‘e=e0d =20,3}1 =1,51 . =le00 | +50
116500 '27 3!56 '1.37 12024 '001 "“2-12 .2016 .3000 .so
17000 37 150 =1,46 12.36 =,02 nld0,42 =1.27 =3,00 250
17500 o4y -8 “1.50 1239 n,02 «38,80 *,42 =3,00 .. 50
1-8000 +S6 -2038 . -1.50 12.3% =,03 wl7,.22 37 3,00 «50
108500 065 o421 =],46 12.14 *,04 '35067 111 '3!00 «50
109000 e 073 '5'95 L 'lus; . 11.88 — -.00 . .3“009 ‘.76 o _'3-00 _—— -50
19500 o800 =T.62 »i{,29 11,58 »e05 »32.48 237 =3,00 50
200000 066 9,20 -1.15 11.!2 =,05 .30062 ° 2.86 '3-00 .50
240500 90 «l0.70 »1,00 10462 =,06 =726 4,68 =is00 «50
241000 94 o106 e, 76 10.07 ®,06 =712 4.85 1,00 50
21500 096 w{1.4l =e52 9,514 =, 06 wbe77 4,93 »i400 50
_.2s2000 . _ __ e96 _. ®11e73 . wa2T . Be9% L *,06 nby22 4.90 =100 . +«50
2.2500 .95 '12.02 -.03 003“ -.06 ’5.50 479 '1000 .SO
2.3000 . 293 afp.28 021 TeT3 =e06 i A0 4,58 *1.00 «50
203500 + 89 -120“9 0“3 Tell v 06 4,91 6.24 ®1.00 0.00
244000 84 s12.,70 73 6,48 =y06 3,64 S.82 ®1.00 0.00
244500 - ! 77 12,85 1.01 5.84 .05 7.60 5.94 ®.10 0.00
25000 Y 1) . ®12e45 . 129 S5.2¢ — =,0S 8,37 -~ S¢27 . __®eid __ 0,00
2+5500 060 «12.0% 1.54 Q.64 e, 048 9.25 4,53 ®,10 : 0.00

Figure 4.1 (page 2 of 10)




Ty

TIME
{8EC)

2:6000
246500
27000

2.7500

28000
28500
2¢9000
29500
3.0000
3.0500
3,1000
3.,1500
3.2000
342500
3.3000
303500
3000
3.4500
3.5000
3.5500
3.6000
36500
3.7000
3.7509
3.8000
3.,8500
3.9000
3:.9500
440000
4.0500
4+1000
41500
442000
82500
43000
443500
444000

T @eu500

4.5000
4+5500
446000
446500
47000
4.7500
0.8000
4.8500
49000
3.9500
S.0000

BETA
(DEG)

49
+38
W26
oid
«03
-,05
LRS!
LR Y]
veid
=yl
w07
00
10
022
32
el
47
+50
S
«49
o4S
39
31
22
13
T
»w,0b
LR}
we26
=435
XYY
,-152
=59
=ebS
-.71
»e75
'078
-080
w81
@,8)
w78
--76
.72
=67
'16[
-.55
-.08
LYY
»,33

P
(DEG/SEC])

wifeD2
«l0499
w1040
«9,76
—8.79
7,82
ub.sa
5,69
«Sei?
'“-“3
w378
w324
-2,81
w2s50
-2180
'3nl“
-3.“9
-3085
-a.!q
-Q.QB
wy4a73
=4.90
=l4.86
=l4e7S
-u.58
'4-35
-u.oﬁ
'3.72
'3033
-2.90
.2.“4
. =1e94
-1.“3
we 9
w39
13
63
1010
1455
196
232
2063
2+90

310 _

3425
3.33
3.36
3.32
3.23

$CIP2 STATE MEASUREMENT AND CONTROL SEQUENCE

R PHI

{DEG/SEC) . (DEG)
174 G602
198 3.46
2,03 293
2,11 2.43
1,66 1497
118 156
«68 1220
- 17 «88
‘l34 160
-.Sa -36
'1'32 215
'1-78 ®e03
'2.2! {9
. w2459 __ wel2
.2.!6 =odb
-1-70 .I61
1,23 ®e78
.'7“ -.97
-.26 -1.:7
e 882 _ ... ®1039
068 . =teb2
14y =l.86
1.28 »2.10
1,43 2433
1.%4 =256

1.6 .

1,66 =2,99
1.67 *3.18
1.64 «3,35
t.59 -3,5%
1.50 3,64
%39 _ . e3.74
llaa .3182
1.08 =3,88
090 .5091
070 =3,92
.a9 .3090
— 026 —_— _,-3085
06 3,78
welb =3.70
'o37 «3,59
’.57 w5.47
'076 3,33
'093___“_ 3,18
=i,09 «3,03
'1022 =2.86
1,33 2479
=i, =254
w1 4T =2:37

Figure 4.1
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%

NY
(G1S)

©,03
=.03
-.02
.02
003
«03
04

- 04

04
)
03
«03
02
w03
e 04
=y 05
o (S
»,05
ey 05
»e0S
--05
--03
'002
'QOZ

-

P=pOT

(DEG/SEC**2)

10.22
11.23
12.23
19,55
19053
19,12
18,32
17.17
15,70
13.94
1193
9,71
Te34
5,34
-6039
'7002
=720
=5,98
-6.39

«S5,45

-0.23
«30
1.53
2.78
4,04
S,19
6230
7.31
8.21
8,97
9459
10,05
10.34
10,46
10441
10,48
9'80
9:.25
8.56
774
6,80
S.77
4,67
3,54
2,31
1,10
-.09
-1-25
-'2-37

ReDOT
(DEG/SEC**2)

3.72
2.87
8,66
'9-32
«9,79
=10.09
.;0.20
'10012
.9|87
'9-“5
8,86
8,13
8,33
8,92
9.35
9e61
9.70
9,62

8.97
3.74
3,16
2.5“
1.89

. l.et
33
=,15
=,81
={.44
2,03
=2,57
«3,085
3,47
.Scsi
4,07
—0.25
'0.35
«4,37
*4,30
=4,1i5
3,93
‘3.6“
=31,29
«2,88
2,42
1,93
LT}
-¢87

9438

DEL A

(DEG)

'010
=,10
-110
--10
'alo
10
»e10

*e10

.10
*e10
=,10
7.10
®et0
=e40
®,{0
*e10
=,10
?-10
=ei0

. "el0

--10
ntO
‘-10
=el0
®qa10
.10
*:10
7-10
.40
?110
'010
.010
“iqf0
7-10
”cio
*.10
=,10
9.10
®,10
=e40

w40 -

7-10
=,{0
7110
=10
*,10
®,10
*,10
et

DEL R
(DEG)

.00
0.00
0.00
2,50
2,50
2.50
2.50
2,50
2.50
2,50
2450
2.5¢
250
=1,50
1,50
=1.50
=1.50
=1,50
=1.50

. *1,50

1,50
=, 30
., 30
.30
«,30
=,30
*.30
., 30
=,30
=-,30
30
=, 30
=,30
=,30
w,30
-, 30
=30
=, 30
-.30
=30
-,30
-,30
=, 30
-.30
*,30
-,30
-,30
..30
.|30



I

D2JDP2 MATRIX INVERSE
Y8

Y8
La .
Ng
Lp
NP
LR
NR
YDA
LDA
NDA
YOR
LOR
NDR
BETA
[

PHI

YB
La
NB
LP
NP
LR
NR
YOA
LDA
NDA
YOR
LDR
NOR
BETA

PHI

2,068E=07
1,278E=05
“"24683En0p
=5,090E=08
=1,042Ee07
 34578E=-07
4,0356E=08
2,105€=08
H,862FE=Q7
®3,321E=07
1.9505'05
1.528E~06
=2 ,726E=08
1.2255'07

‘w2,9U8E=08

3,300E=07
1-9205-07
YDR
1,950E=08
‘o}}“E-ob
=8,967E=07
~2,703E=08
»1,848E=08
4,811E=09
=1 ,01S5E=08
S,421E=09
1.618E=07
"7.751E=08
2,054E=08

4,990E<0%
'2.109E-OZ*

!.3105-08
80227E'°9
1,157E=07
1.13“E'°7

LB
1.278E«05
3,190E-03
“{.558E=04

1.154Ea04
*{e062E=05
2.28%9E-04
6s615E=06
14122E=06
1,135E-04
»1.342E=05
1,334E.06
3.217E04
=2,618E<04
»7.689E-06
8.108E.0S
*3,739E=-05
-3.&245—04
LDR
1,528E=0p
3.217E-04
.6n836E'05
1.201E=0S
=} .832E406
2.207E=05
=7+938E-06
1,995E=-07
3.763Ea05
*94,243E~07
4.990Em07
'1.829E.0“
=1,508E-05
=1,079E«06
7:381E=06
1.833E.06
*4.337E«05

NB
"2,6856=06
i ,558E=04

2.T41E=04
4,850E=07
1,117E=(S
=2+803F=05
3.289E=05
'itqéZE'07
2ed27E=05

§43GDE=0S
=5,987E=07
who5B6E=0S

4,S08E=0S
'7-679E-°6
2:462E-05
*{.,826E=05
©B,3U4E=0S

NDR
=2,726E~0¢
=2+618E=04

UeS0BE=0S
'9'810E‘07
3.405F=06
3,156E=06
1e232E=05
4,533E=08
1.643E=06
»3,249F=06
*2+109E-07
=1.508E=05
64696E=05
3.919€E~08
24936E=06
-ZUOTSE’Ob
®1,426E=0S

Lp
=%, 090E~08
1¢154E=04
4+850E=07
1+{65E=05
=2s7TUE=Q7
1+999E=05
“«S.uT78E=07
3.056E~08
=6aT19E=00
10636E=07
*2+:703E=08
1+201E=05
vQeB10E=07
wis656E=Q6
beb2bEe0b
"5.965En06
w2e 44 TEOS
BETA
1.225E=07
»Te68%E0b
*Te6T79E=06
ele656Em06
»7+125Ea(8
=2+703E=06
=Ge{20E=07
2s073E=08
1¢375Em0éb
'30“58E‘°6
1«310E=~08
wie(79Ea 0k
J3:.919E=48
3.816Eegb
w]y308E=0Q6
3eU404FE=06
94596E=b

Lo L

NP
=}, 042E=07
w{,062E=05
Le117E=05
©2,774E=07
Te739E=07
@7 082E=07
2.8“15-06
81 UUSE=08
4,989E=07
a6 SUFE=QT
»{,848E=08
w].832E=06

3.405E=06 -

=74125E=08
‘24U42E=0b
1,507E«08
wb:319E=06
P
'20948E'05
8.108Ew0S
2e662E=05
beb2bE=06
2elUlURE=(QS
$.4BQE=05S
B4839E=06
13393E~07
4o4617E=06
14346E=06
8.227E=09
7.381E=06
24936E=06
w{.308E=-06
S«015E=04
2.978E=0S
«3,219E=04

LR
3.578E«07
2.289Ee04

=2,803E«05
1.999E-05
=7.082E=Q7
1.,759€-04
2e16ZE=0S
1379E=07
vbe673E=05
w8 ¢328Ea0S
4,811E=09
2+20T7E=0S
3.,156E=06
“2.7035-06
1.4B0E=0S
»8,562E=06
“b,{T7TE=QS
R
3.300E=07
«3,739E«0S
wi.826Ex0S
«5,965E=06
1.507E=06
«8,562E=06
=2.702E=06
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«S.159Ew0}



L
e

SENSITIVITY DERIVATIVES

PARAMETER

INPUT
Y8
LB
NB
Le
NP
LR
NR
YDA
LDA
NDA
YOR
LDR
NDR
BETA
P

R
PHI

PARAMETER

INPUT
Y8
LB
NB
Lp
NP
LR
NR
YDA
LpA
NDA
YDR
LDR
NDR
BETA
P

R
PHI

ERROR SOURCE

BIASES

BETA
5.0005-02
«G,659F=04
~8,823E-03
*1,138E=02
S.866E=03
=3,835F=03
v} ,303E=02

. @3,U24E=02

24773E=08
1.821E=02
2,043E=02
={.534E=04
7.509E=03
=1.533E«04
*{,478E~03
6.,995E=04
'2.205E'02
$1s997E=0¢

P
1.000Em0Q}
8,883E-04
3.963E=«01
{1.598Ea01
T+738Ee03
{1e723Ew02
2:107Ea014
1.187E-01

wb,{42E-04

*9.183E=02

©§ 03902
1.375E«04
6,9SUE=02
4.356Ea02

n3,202E-03
6,300E=01
{1.043E-01

*7.T701ED}

ERROR SOURCE

PHI
5,000E=03
5,146E«0S

"1, 479E=01
=3.145E=02
100““5'03
=1.161E=03
=3.,617E=02
=1.UB0E~D2
wb,256E=08
2-572E'°2
7.725E=03
1,461E=04
=3 ,604SE-02
=1.216E=02
-1-2525'0"
=5,16UE=04
8,593g=02
2,254E+00

NY
S«000E=03
=14577E=01
*1.1{4E=01
.9.0656-02
1.025€E-02
«{.635E-02
22,168E=01
{1.0S57E=02
*3.790E~03
1.995E=~02
6.635E-02
2+337E02
“2.,2T1E=-03
-3.0525.02
=4,265E=03
=1.,60SE02
=3,544E-02
6.546E-02

1o

R
1.000E=01
1.“935-03
1+307E=01

«7,068E=02
“9,130E~04
e{,392E-03
24278E«02
6+T0TE=0Q3
§.559E=05
*B.94TE=03
©1,805£=02
2¢767E=04
2.190E02
=1e705E=02
1«103E=02
1,825E=02
5.5885‘02
Qs097E=CY

P=DOT
S«000E~03
6.6915'03

*1:274E+01
'UIOBBE'Ol
=2.185E=01
S 438E=-02
7.023E-01
S.UB6E=02
1¢627E=03
B8.827E+00
2:b667F=-01
=2 ,242F=03
2.83BE+00
7.078E=02
i'uSSF'Ol
«3,707F+00
=2.T02F=01
T.046E=02

SR L2 rramon g pET— —— R

PH1
S¢000E=0}
wl.383E=06
-200“15-03
Se158E=03
“4e731E=04
6e021E=04
2+118E=03
34820E=03
®3,§96EmQS
»3,161E=03
=] 4S8E=03
2«043Ee05
=7:,157E=04d
{+»51T7E=03
1e496E=03
*3.690E=03
4e054E=02
9.575Ee01

R=-DOT
S+000E=03
1:261E=01
1+328E+01}
Fe2b3Ee 0L
4.692E=02

wbe920E=02
w2,269E"0}
*]«1S0E-01
4+033E-03
3.6“95'01
2+584E=01
-1|U76£'03
«9,309E~02
=3¢320E400
=l 20302
-o-ubOE-OZ
w3.385Ee0]
Se426E=02

Figure 4.1

NY
S«000E=04d
3.290E~04

=] 2UQ9E+0}
44908E¢00
w4 S97E+00
2¢823E+00
7+325E400
2:217E+ 01
el 904E=01
w2,018E+01
o] ,353E+01
2e306E=01
*4.717E400
3,026E400
TeT04E~0}
9.,U400E=0]
2.0TRE+D!
oy 420E+02

MISALN
P
6+000E~01
»3.816E=06
.9'9S3E-03
1s631E=04
1.5875-0“
bed94E=06
w1 ¢575E=03
=2,226E~05
1-0305-05
'1-177E'03
=35, 759E=04
.5¢700E'06
1.309E~03
1e420t=04
1.906E=-04
-507515'05
e75THE=04
4e979E=03

P«DOT
6.000E=01
3.139E=03
*9.,473E=01
«3.169Ee01
=6,301E~02
={.292E«02
«9,837E=02
*1.90iEw0Q
S.004E=04
=8,747E-02
=4,361E~02
6,997E=04
=1,058E«01
=5,158E=02
1.861E=02
»1.025E+00
=1 .446E=02
8.268E=01

R
6.000E=01
2.146E04
*3,267TE=02
4.333€-03
»]1.,058E=03
3.244E=04
Q-ZOHE‘OS
4,410E=03
1,470Ew04
1.505€E-02
=~1,79bE«03
=5,913E-07
={,945E=03
7-6556‘03
4.9 1E=0u
=1.2R3E=03
=7.813E=03
=3.515E=03
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ReDOTY
1.000E=01
*2,744E=03
=1,651E=01
®2.347E=02
9.007E-03
'5.9“85-03
3.221E'°3
“2,851E=02
U4,661Ew04
0.7045-02
C.082E=02
’2.8185'04
-6'2275-03
3,765E=02
=y, 298E=03
b ,846E=02
«7.357E=02
B,428E=02

R=DOT
6.,000E=01
o] ,851E=03
*1,726E=0}
2.055E=~02
=8,030E=04
1.,183E«03
$,137€=02
3.,931E=02
1.101E=03
1-0265‘0’.
=h, 1725-03
9.682E=05
7.9685-03
0,312E~02
»5.960E=03
=1.504E=02
*5,886E=02
2.195F=02

SCALE
BETA
5.000E=03
8,326E=03
T+245E=01
=1,706E=01
*5,788E=03
wb,0U44E=03
8.0“36'03
®1,330E=02
*2,315E«04
.3.677E.02
'1.0855-02
1,001E=03
8.627E=02
=1,706E=01
6,128E=03
8,957E=03
6.,139E=02
*5,245E=03%

Cse Go
€6 X
5.,000E=01
-“.6305-03
6,634E~01
=2,820E=01
1.201E'01
«3,880E=02
8.,828E=02
w],U57€E=01
1.318E«02
«7.,199E=04
6.U96E=02
4,L17E=03
2.978E«02
»6,739E=02
«3,798E=02
=2.684E=02
»{,763E=01
S.769E=02

Mo

P

© 5,000E=03

3.634E=03
*2.312E+00
*3,267E=01
1+889E=0)
2.699E.°2
T.463E=02
®9,053c=02
©5,744E=03
1,011E+00
107905'01
2e4U2E=03
®5,566f=01
=2.129E~01
=1 .,247E=01
3.568E+400
4e34SE=01
®2,536E+00

C6 Z
S.000E=01
=8.973E=03
=§,227E~02
2+441E=02
"6 213E~03
1-780E-°3
=3.570E=02
7.868E=03
*7,306E=04
34361F=03
S.027E=04
LoUb2E~N]
-u.SSBE-05
4,8U2FE=03
Z.I'JSQE-O}
=5,329€E=04
8.358E=03
"5.591E=04

[Ty

R
S«000E=03
Te69UE=O3
Te0G6E=01}
Se750Ew=Q2

®7.974Ea0}
o8¢y97E=04
e1:823E=02
9¢956E03
2e401E=04
2e3UbE=Q2
#84370E=04
6e367E=0S
o] UB9E=03
] 7G9Ew(]
7¢103E=03
T477E=03
1+023E=02
9.756E=02

ACCEL
AX
S«000E+00
eldet630E=03
6.635E=01
w2e820EmQY
1.201E=01
-3|BEOE'OZ
8.8U0EwDR
o] 4S6E=0Y
1:318E=02
5449 2EwpU
6.491E=02
4¢4iTE~03
2e978EmQ2
'6-732E'02
«3,798E=02
=2.080E=02
»le76UE=0]
5e774E=p2



9y

TR e s e g s

PARAMETER

INPUT
Yse
LA
NB
LP

NP
LR
NR
YDA
LDA
NDA
YDR
LDR
NDR
BETA
P

R
PHI

PARAMETER

INPUT
Y8
L8
Ng
Lp
NP
LR
NR
YDA
LoA
NDA
YDR
LDR
NDR
BETA
P

R

PHI

DETERMINANT OF DR2JDP2 =

ERROR SOURCE

VANE LAG
AZ vX BETA
2,000E+00 2.000E401 6+200F+01
=8,973E03 6,21TE=08 w7,800E=07
«8,227E002 =T,331Ee05 ®4,T794E=0S
2oUUIE=Q2 ®2,832F«0S =3,655E=06
wb,213E203 wB8,9b62Fa08. 2,634F«06
10780E-03 '1.139E‘°6 .1'1}25-06
*3,570E=02 w{.195F«04 ®2,134F=05
TeBLBE=D3 «1,195Ea04 @2,985E=05
®7.346E=0U4 *2,413Em0b =4,S593E=07
3,361F=03 ®1,708Ea04 =3,422E~05
Se627EwQy 4,950E-05 1+395F=05
4,462E~03 1eST2E=07 w~7,1B4E~08
“4,338F=03 42305F=06 =y T98E=06
4,842E=03 =wb6,128F«05 wz2,397E=06
2.459E=03 6.26UEeD7 =1,9U42Em06
®5.329E«0y 2.114Eu05  2,976E=06
8,358F=03 1,282E=04 1+513E=05
©5,591Ee0y @4,7846Eu0S *2,0810E=06
ERROR SOURCE
CSCALE
BDR EDA EDR
1,000Em0 1.000E=-02 1.000E=02
1.250Eep? 1.,290€E«03 3,759E=03
1.410E400 1.198E=01 G,701E=01
8,594E=01 2,403E=02 2¢325E=02
®7.893En(2 =2,613Ex02 1.872E=02
1.454E=01 3.774E=03 8+620Ew03
1,005E400 =9,2U4E=02 w§.0899FE=01
1.041E+00 1.273€=02 {468E=01
wb,835Ea03 4,309Ea03 wU,157E=04
=8,658Em0y wi,029E401 UellbE=02
*5,001E=01 ®d,790E«01 *8,818E=02
6,318E~03 2e809Ee(d ©2,3b66E=02
1.864E=01  3,954Ee02 «2,279E+00
2.679Ew01  2.673E~03  3,856E400
S.321E=0y B8.791E<03 3e334E=03
={.17T9E+00 6,2UUE=02 wi,66b6FE=02
1.089E400 =3.,721Ee02 4+6T6E~02
2,564E+00 2,215Ew03 «1,918F=03
1235430536, 21

ERROR SUMMARY

ERRQR
80049

TIMES
L0003

P
6+200E+01
1+8457E=06
w2eliS9E=03
. *5¢400E=04
«3.490E=04
n3a604E=05
el «S5TE=QS
wB8e3SUE=DS
*2«236E"» Q6

10666E=04

9.029E=«0S

1¢002E=06

_=3e838E=04_

*9,348E~0S
=32404E=05
Bebi17E=04
{1+792E-~04
2+175E=04

C LAG
FDA
v 6:200E+01
»34028E=0S
9+955E=04
=B8¢3U6E=0S
14656603
9+ 135E=06
Se021E=03
=642T2E=0S
=2+333E=0S
=8,543E=03
«1:s56T7E«05S
‘1.2815~05
“2.761E=04
2+ 4U2E=04
»54461E=0S
T 5.380F=04
Se706E=04
=G .488F=04

Figure 4.1

R
6+200E+01

‘] 4558E«07

«3.736E«05
.102615'05
©2,006E=06
w2:191E=0¢
-1.081E-0Q
=G4382E~04
=fe111E=06
'600“5E‘05

3.10RE=0S
»B4265E=08
. 2e370E=Q6
u}.SSOEOOS

TeST6E=06
.‘ .2885-06

Se176E«0S
-S-}sTE‘OS

FOR
6.200E+0!
-5.8955-05
®74586E=03
3.784E=03
~]e796E=04
209695-0“
«3,162E=03
3.1T6E=03
-8-2265'06
Te294E=-04
=14340E~03
»2.532E«05
»1.852E=03
2¢06TE=03
®1e965E=05
1e666E=04
2:859E=04
=2.106E~04

PHI
6.,200E401
6.782E=08

«9.532E«05

“2,45TE=0S

w8,264Ew(b

i .,886E=06

“] UTUE=DS

«74617E006
2.398E-08
4,6B1E«06
3.108E«06
2.662E=08

w{,220E=0%

={,999E=06
9.503E=08
=2,650E=05

«8,767E=06

=T 479E=0S

(page 9 of 10)

NY
6,200E+01
3.708E=06

*1.900E=04
»5,819E=04
1,596Em04
*8,610E=05
®1.099E=03
=] ,2T1E=03
200906'05
2.92“5'0“
4,883E=04
§.618E=05
3.150€=04
“2,610E=04
*1,913E=05
] .964E=04
.EQSTSE-OH
5.5“25’0“

.

PeDOT
6.200E¢01
SQOSOE'OS
6,122E«03

=1.042E=03

®1,307E=03

»3,550E~05
1.227E=03
3.212E-04
2,997E=0S
8,267E=03
0.0725-05
1sS14E=05

3'8795‘03.

»2,581E=«04
“.3575-05
1.499500$

»7,528E=04

o5,482E=04

ReDOT
6+200E+01
3.441E=05
3.296E=03

®1,487€=03
24757€E05
=1 434E=04
®{,801E=03
®1.950E=03
©jedUSE=QS
=8,142E=04
6.878E=04
119“55'06

3.304E=04

*{e656E=03
8.635E%05
*2:628E-04
~54922E=04
1.024E=03

CBIASE
BDaA
1+000E=0Q}
«5.354E=03
o3, 168E+00
»1.320E+00
»9,021EmQR
=1,208Ew0]
»{e4S3E00
wTe638Ep]
20983E-°3
Se576E~01
2+180E=0}
1+152E=04
=5:792E=0]
©3.398E=01
dey30E=0
2+198E+00
©]1.035E+00
.101515’0‘



06/12/74 SCP 3,8.1 6600 SNSB PSR37g 04/25/74
09.38.18,NNTO02W FROM F§
09.38¢16,1P 00000512 WORDS = FILE INpUT + DC 00
09¢384164NNT9T100, /92 He9468991186,TANIGU
°9l36l16..
09.38.29, ATTACHrOPLvENSMGSI I10=sCIWEPCO.
09.38,29.PF CYCLE NO, S 00}
09.38, 29.UPDATEvP=OPLvC CMP,
09.38.51+ UPDATE COMPLETE,
09038'51-REHIND[C"P. \
09:38:51.RUN(SsyeCMP,
09+39.02.RERINDyLGO,
09:.39,05,ATTACH OLDvENSHBRIQTDISCIWEPco.

09:41.59.,EJ END OF JpB8y F4

j 09439407.PF CYCLE NO. = 001 J . — éj?o
; 09¢39407+COPYL(OLDyLGOyNEN) yd ]
09.39.25, DRVXXX UPDATED - IS
09+39,28, ENSMB  UPDATED -~ v =4
09.39.39, PRTLS2 UPDATED ~ &5
09439.43,C0PYL DONE : © &
~ 09+39.46¢NEW . & "u.
! 09440413, 25.877 RT SECONDS LOAD TyME LS
: 09.41¢58,5T0P R o)
: 09.41,59,0P 00012095 WORDS = FILE OUTPUT .+ DC 40 ' &
] 0941459.CPA 31.621 SEC, 31,621 ADJ. 4 e
: 09¢41459.10 3.151 SEC, 3.151 ADJ,
g 09041:59.CM 6624247 KWS, 40,4819 ADJ.
; 09:41:5945S5 75.193
i» 09.41459,PP 58,818 SEC, - DATE 0s/12/74
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SIMULATED DATA ®% FULL LONGITUDINAL ANALYSIS
PARAMETERS ESTIMATE ONLY

INPUT SUMMARY

SIMDAT T T FTIT YT TFTTITTTTTIYTTITTITFFFTITTITT Y

ESTIMN:= 1 MODE= 2  SAMPLE POINTSS 300 SAMPLE RATES ,050  MONTE CARLO 3 RUNS
MG  =e7,192120E=01 MW ==5,906622E=01 IN  E=T7.624510E=01 MU  S=2.664256E=02 LU 3=6,169T00E=02
XU  ®=7,009000E=03 XK = 2+726000E=02 MDE =2»1.621000E401 IPE  S=1.245520E400
" ALPHAS 2,6000 THET A 2,6000 VELOCITY® 827,2500
ERROR VECTORS
BIASES SCALE MISALIGN LAG NOISE

THETA 1+5000000E=01 5,0000000E=03 0, ©.2000000E+01 1.5000000E=01
e 1+0000000E=01 5,0000000E=03 0s £.2000000E+01 1.0000000E=01

e e .. ALPHA 140000000E=01 5,0000000E-03 Os 6.2000000E+01 1,0000000E=01
U 140000000E4+00 5,0000000Em03 0 6.2000000E+01 1.0000000E+00
NX 500000000E=03 5,0000000E=03 6+¢0000000E=01 ©.2000000E+01 5,0000000E=03

=~ NZ 5¢0000000E=03 5,0000000E=03 6+0000000E=01 6.2000000E+01 5,0000000E=03
o gspOT 1+0000000E=01 5,0000000E=03 Oe 6.2000000E+01 1,0000000E=01

T 1. € © ACCEL €. G, ’ VANE
THETA 0 AX 5.0000000E+00 6 X 5.0000000E=01 VX 2.0000000E+03
0 0. AY Os c6 ¥ 0.
W 0. AZ 2.0000000E+00 6 2 5.0000000Ew01

[ - U - . Qe .

CONTROL ERRORS

80E 140000000E=01 EDE 140000000E02 FOE 6.2500000E+014

Figure 4.2 Example Output for Aircraft Simulated Data Program (pzge 1 of 11)




1T 1] SIMULATED DATA MODE 2 8988

$¥xe¥ MONTE CARLO SAMPLE NQ, § *x3¥s8

"NEWTON=RAPHSON ITERATION NO, 1 COSTI®S  1,08958E+01 COST23  $,80214E¢01  J & 1,53516E+0S

— . NEWTON=RAPHSON GRADJENT VECTOR _ e - . , . ..
Me *1.20151€+05 MA ©2:¢26319¢+40S N »1:00067E¢05 MU «2.83944E+05 4V 1.99577E+0S
Xu 3.U4STTIEL04 XW =8433319E+04 MDE 84566U2E¢03 2DE 8,78518E+03

NEWTON®=RAPHSON STEP ERROR VECTOR
—— Mg =1.22592E=01 MW .~ @8a21695E=02 __ _INW ... . =4,8B896Ee02 = MU .. e2.90293E=01 @ ZU = «2,06820E«0%
XU 1408701La02 XW wleb3080E=02 MDE 3.13008E=01 ZDE 2,73884E+0C

PARAMETER ESTIHATE VECTOR (k+t)

\
. MG =B.41B04E=01 _ _ MW ebs32832Ew01_ _ ZW __  =B8,31341E=01 _ MU ___ _e3,16935Ee0{ __ 2V . _=»2,68517E=0¢
Xy 3.86113E=03 XH 1+09520E=02 MDE g 58970E¥0Y ZDE §.,49332E+00
- ot
\O
“ NEWTON=RAPHSON ITERATION NO, 2 COSTI®  2.96625E+00  COST28  3,828G6E+00  J ® 6,33400E404
| . NEWTDN=RAPHSON GRADIENT VECTOR e L — S - '
MG *9,60323E+03 MK «1.52189E405 Zn 6.82009E+04 MU 2,29385E+40S {1 ©1,60774E+0S
XU *1,77330€+05 XK 1.64BBYE+0S MDE *6.911S0E+02 20E 2.10790E401
NEWTON=RAPHSON STEP ERROR VECTOR
MG ~1,54592E=02 MW »2,22709E=03 . ZW _ =6,23U93E=03 MU 6,43999E=02 _ZU  4,30738£-02
xu “1,14S31E02 XMW «8,98720E=03 WDE «3,03756E=02 20E 1,75476E=02
PARAMETER ESTIMATE VECTOR (K+}) -
M@ . =8,57263E.01 MW . «6435059E=01 ZW ~8417575E01 MU «2,52535E01 2V *2,25443Ea01

xu *7.59195E=03 XW 5¢96481E=03 Mpe =1.59274E+ 04 20E 1.,51087E¢00

Figure 4.2 (page 2 of 11)




NEWTON=RAPHSON ITERATION NO, 3 cOSTis 3.78843€E=02 cosT2= 7.51116E=02 J = S.42T781EC QU

NEwTON=RAPHSON GRADIENT VECTOR
Mg =5 ,58343E+402 Ml 1,00332E403 In y,52292E¢02 MU 8,1B6UUE+DS y 4V «5,95527€+03
L0 =4,31321E403 XW 4,05687E+03 MDE v1.17682E402 20E B.37499E+01

NEWTON=RAPHSON STEP ERROR VECTOR
Ma "2,.57199€«03 MW 4,48%58E=04 W ~5+85343E=04 MU 2,41989E~03 4V 9,85944E=04
b {1} *1.21765E=04 XN 2+25972E=08 MDE »7.36369ke03 Y13 3.36330E03

PARAMETER ESTIMATE VECTOR (K+1)

. M@ =B8,55835Ea01 MW wbes34610Em0Y I “B,18261E=01 MU «2,50115€=01 _ ZV w2, 2U4STE=0}
XU *T7.74{372E=03 XW be19978E=03 MDE *1 E934TEF0 1DE 1.,51423E+00
" NEWTONeRAPHSON ITERATION NO, 4 COSTis  5,19860E=03 COST2=  B,45238E~03 Js  5,u2593E+08 -

hY

v
© . NEWTON=RAPHSON GRADIENT VECTOR .
MQ *b,49965E401 MW w2.39497E+02 IW w7,73356E+01 My *2,41S30E+0¢ p4Y 1.978708E«0}

Xy 4417295E404 XW 3435807E401 MDE «3,93834E=02 0t =3,42096E=01

NEWTON=RAPHSON STEP ERROR VECTOR

MQ *{,05739E=04 MW «3,53680E=0S K ®»7,67796E=0S MU »7495009E=05 = Zy «9,83324E=0S
XU 1.61245E05 XW 3,21834E=05 MDE wl,69958Ew05 ZDE 1.,99849E=04

PARAMETER ESTIMATE VECTQOR (k+i)

MG «8,59941Ea01 MW eby3UbUBESD] N "=8418338E-01 MU ©2,50195te01 U .2,2U595€=01
Xy *7.69759E-03 XW 6022296E°03 MDE =1 eS934HE+01 20 1.51443k+00

Figure 4.2 (page 3 of 11)



Me
MW
‘T

Aﬁiéi,ﬂ

iy
Xy

b 0

iﬁmv-m s st ]

ERROR VECTOR
Mo 1,40729€-01
XU 6,88592E.04

NORMALIZED PARAMETER

MQ
XU

©],95671E=0
"9.82440Ew02

AVERAGE ERROR VECTOR
MQ 1.40729Ee0}
XU 6,88592E404

COVARIANCE MATRIX
: MQ

E 0.
E 0.

MK
XW
ERROR VECTOR

MW
XW

MK
XN

4,39836E=02
2410370E=02

w7 ed4649E=02
TeT71718E=04

4.39835E=02
201037GE~02

W

O
O
Oe
Oe
0
Os
O
O«

My

Qo
O
Oe
O
Qe
Oe
O»
Qe

W §5,56866E=02
MDE »2e75222E«04
ZW w7 .32986E=02
MDE 1069785E=02
W §.,58866E=02
MDE w2.75222E=0}
U
0,
te
Cao
O
Oe
O
Qe
O
Oe

Figure 4.2

MU
20k

MU
Z0E

MU
20k
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2,23552E=01
»2.75995E400
«8,39081£+00
2421590E+00
2,23552E=01
»2475995E400
XK MDE
°| 0.
0, 0.
Q. (I
0. \ o.
0. 0.
0. ol
0. °.
0. 0.
0. 0.

1 1,62658E<01
1 ©2,63965E400
1 J0 1,62858E=01

O
Oe
O
0a
0e
0o
0e

0.



4

sses8 MONTE CARLO SAMPLE NO,

NEWTON=RAPHSON ITERATION NO,

NEWTONeRAPKSON GRADIENT VECTOR
MO ={,55348E+0S MN
xu 2,7I455E+04 XMW

"NEWTON®RAPHSON STEP ERROR VECTOR
M@ ®$,17078E0} MM
XU 1,086358.02 XW

——PARAMETER ESTIMATE VECTOR (keg). .

Ma =8,36290Ex01 MW
XU 3485446E=03 XW

NEWTON=RAPHSON ITERATION NO,

NEWTONeRAPHSON GRADIENT VECTOR
- Ma w! 31126E+04 MW
Xy «6,83873E404 XN

" NEWTON=RAPHSON STEP ERROR VECTOR
MQ *2,39776E002 MW
XU *4,897U9E~03 XW

.PARAMETER ESTIMATE VECTOR (K+i)

MO =8,60268E-01 MK
Xy 94 ,04303Ea03 XN

1

2

2 wNu¥s
coSTis 1.01938E+0} costes 1,75166E¢08 J = 1:66063E¢05
«2¢38384E%0S Iu «64071T4ESO4 MU «3,06320E408 4\
«2b67785E404 MDE 2e07563E¢04 I0E 8,34058E+03
ol 05215E=02 W ©d.81515E=02 MU «2,715688E=01 4y
$¢34097e=04 MDE 9.01638E=0 10€ 2.81540E+00
wbe 34 LBUE=OY ZW wB8,10603Ew0y MU «2,98231E=01 y4Y
2+77941E=g2 = . MDE *1+53084E+01 ZDE 1.56988E+00 -
e —— —— . S e
€O0STi= 1.27060E+00 CO8T2= 14 T4UTIEFOQO J 3 S 4378LEXQ4
©9,23122E+04 ZW 1.96914E+04 MU 1,16064E405 - 2V _
be16764ESOL MDE wb.978§7E+02 2DE 2.44264E402
«3:5T744E=03 b4] wl 03419E=02 MU 4,473685e02 P4’
«3,73999E=03 MDE *3,43117E=02 IDE 4,60863E=02
wbo JUTOLE=O] IW e8,20944EnD] MU w2,53494E=01 . v
2+40541E=02 MDE ©1S3U27E+0} IDE . 1,6159TE+00
Figure 4.2 (page 5 of 11)

2.13914E+05

1 ,93897E=0}

©2,55594Ew0y

w8 ,23999E+04

2,83515E«02

=2,27242E=01



NENTON=RAPHSON ITERATION NO, 3 cOSTis Se06536E=01 cOsTes= 5:4206TE=01 J s

5.09514E+04
NEWTON=RAPHSON GRADIENT VECTOR
M@ “9,322356402 MK 1.949S5E¢03 Zn ~1.93215E403 MU «8,538205402 v S,72758E+02
XU 1.53163E4+03 X 1.02003E402 MDE .a21039E401 20€ 1:52367£401
'NEWTON=RAPHSON STEP ERROR VECTOR '
MQ «3,08642Em03 i 2,40472E°04 W .6,35043E=04 MU «3,74898E=04 v *4,T7839E=04
xu 5.28333E«04 X . 6402295E=04 . MDE “T.44925€=03 IDE. .. =2,72471E=03_
PARAMETER ESTIMATE VECTOR (k+1) 1 —
MG *8,63354E=01 MW «b6e34S21E=01 ' «8,21580E=01 MU ©2,53869E«01 v *2,27720E=0]
XU =5,14699E=04 XW 2,46564E=02 MDE “1,53501E+01 ZDE 1,61324E400
A
NEWTON®RAPHSON ITERATION NO, ] COSTi®  4,52063E=04 COST23  1,57046E=03 J 8  5,09454E+04
Pl
NEWTON=RAPHSON GRADIENT VECTOR
MO «7,80640E401 MW «2¢07807E+02 Zw «7.65TTSES01 MU 5.77609E+01 {1, “3,176B0E+01
XU 4,77074E400 XW U G10BTESO MDE «5,00601E=02 Z0E *d,15596E=01
" NEWTONoRAPHSON STEP ERROR VECTOR
M@  *1,508B4F«04 MM «1:91683E=05 ] ©6.66151E=05 MY 9.80390E=05 11, 9.86975€=05
XU 1.58319E«06 XW «lel1Ub2E=05 MDE 1429543E=04 Z0E =b,94920E=06
- PARAMETER ESTIMATE VECTOR (Kk+1) o :
MG ©8,63505E-01 MW wbo3LSUOE=0] In «B,21646E=0] HU «2,53771E01 {1 “2,27621E01
XV “5,13116Ea04 XW 20U6452E=02 MDE «1453503E¢0] Z0E 1.61323E400 ‘

S HOVd TVNIOTHO

g
2
=
:
2

Figure 4.2 (page 6 of 11)




149

MQ

In
My

Xy
Xw
MD
0

ERROR VECTOR
MO 1.44293E=01
XU =6 ,495886E=03

NORMALIZED PARAMETER

MG *2,00627E=0}
Xy 9.26792E-01

AVERAGE ERROR VECYOR
M3 1,42511E=0}
XU »2,90365E03

COVARIANCE MATRIX
M

Q
3. 176E=06
-QQQHGE'OS
2.94BE=06
3.,186E=06
2,732E=06
"6,402E=06
*{,642E205
E =5,209Ew04
E ~8,805E=05

MW
XW

4.38776E%02 INW

2¢61479E=03

ERROR VECTOR

MW
XW

MW
XW

MW
=9 446E=08
24809E09
=8,768E=08
®9,4T6E=08
-8‘. 1255-08
1s904E=07
4.882E=07
§+549EADS
2.618EmQ6

MDE

w7e42854E=02 4]

9.59203E"02

MDE

4¢39306E=02 In

1.18259E=02

ZW
2.,948E=06
=8.768E=08
2.737E~06
2.95Bg=06
2¢536Ee06
~5,942E=06
»14S24F=05
®44835E~04
*8+¢372E=05

MDE

My
3,1B6E=06
w9,476Ea08
2:958E=06
3.196E=06
2e741E=0b
=bel422E=0b
®1e647E=0S
»5e225Ew0l

 wB.833Ew(S

S5.91954E=02 MU

=8459T4TE=01

20E

“T7.76379E=02 MU

Se30381E=02

20E

S.75409E=02 MU

=S ,6TUBSE=D]

Zy
2.732['06
-8-1255“08
BQSSGE'OQ
2.741E=06
24350E=06
#5.507E=06
*1s432E=05
ol 480EmQ Y
=74573E=05

IDE

XU
=6,U402E=06
{1.904E07
*5.942E=06
=b,422E=06
*5.507E«06
1.290E«05
3,309E=08
1.050E=03

. 1eTT5E=04

Figure 4.2 (page 7 of 11)

2.27128E~01 {1
«2,8587SE400
*8,52502E400 w

2,29523E+00

2425340E=01 y
=2,80935E+00

XW
=1,642E=05
4,682E=07
.1052“E'°5
={ 647E=0S
=],412E=05
3,309E=0S
8,4B4E=0S
2,692E03
_“.551E004

MDE
©5,209E«04
1,549E«05
=l ,835E=04
«5,225E«04
w4 ,480E=04
1.050E=03
2.692E=03
8,542E=02
1s444E=02

1,65924E=04

v2,68934E+0Q

1,64391E=0}

10€E
*8,805€=05
2+618E=06
*B8.172E=05
=B yB833E~(S
»Te573E=05
1.775E=04
4e5S1E=04
§.444E=02

. 2e441E=03



*s49% MONTE CARLO SAMPLE NO. 3 swsss

NEWTON=RAPHSON ITERATION NO, { COSTi= 1.02992E+01 cosTes 10794396401 J = 1+.64284E+0S

NEWTON=RAPHSON GRADIENT VECTOR
MQ =1.45339E+40% MW v2,11466FE*0S Ik =7,08343E+04 My «2,97495E+405 v 2,06960E+0S
XU 3.,01376E404 XW =5.6380TE+0U MDE 1.786806E+04 20t 9.1 7354E403

NEWTON=RAPHSON STEP ERRGR VECTOR
MG =1¢19634E=01 MW «3,99133g=02 Iw “y44455U7E=02 MU «2,74398k=01 yau *1,94628E=01}
Xy 1.04321E=02 XW «7e73073E=03 MDE 7+7T240E-0] I0E 2,95762c¢00

PARAMETER ESTIMATE VECTOR (k+1)

Ma =8,38843E=01 Mw =6430576E=01 IW «8.07006E«01} MU «3,01040E=01 b4V *2,96525E=01
XU 3.42307E-03 XW 1495293E=02 MDE "1.5U4328E+01 I0E 1.71210E¢00
8: NEWTON=RAPNSON ITERATION NO, 2 £0STi= 2.25889E+00 C0STe= 284122E+00 J = Se67572E+04

NEWTON*RAPHSON GRADIENT VECTUR
] MG =1423379E+04 . [ «1¢11820E+0S TW 3.61842E+04 MU 1.52644E+0S 4 =1,07980E+05
|

~

XU “1.04547E+0S XW 9¢36609E+04 MDE =5.95053E+02 ZDE 1.19403E+02

‘ © NEWTON=RAPHSON STEP ERROR VECTOR ’ )
' MQ "2+24TDBE=Q2 MW «3,04432E=03 Zw =8,18206E-03 My Se17443E=02 y4Y 3,44149E-02
XU =7.73234g=03 X ~4e1416BE=03 MDE =3.34453E=02 ZDE 3.47311€%02

PARAMETER ESTIMATE VECTOR (K+1)

Ma ~8.51314E=0] MW «6433620E=01 W *8.15188E«01 MU ~2,09296E=01 . ZU “2,22110E=01
xu *3.30927€=53 xW 1¢53876E=02 MDE "1e54662E401 ZDE 1470683E400

Figure 4.2 (page 8 of 11)
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NEWTON=RAPHSON ITERATION NO, 3 COSTia
¥
NEWTON®RAPHSON GRADIENT VECTOR
MQ - =g,25886E402 Mw 1,37990E+03
Xy *3,65187E402 XW 1,20160E+03
NEWTON=RAPHSON STEP ERROR VECTOR
MG “2,91233€-03 MW 3,00040E=04
PARAMETER ESTIMATE VECTOR (Kk+1)
M “8,64226Ea01 Mix «6.33320E-01
Xy *4,04027E-03 XW {1eS57606E=02
__ NEWTON=RAPHSON ITERATION NO, 4 €OSTi=
NEWTON=RAPHSON GRAODIENT VECTOR
T «7,29522E4+01 MW 22, 13417E+02
XU 2.22593E401 XW «1410198E+0}
T NEWTON=RAPHSON STEP ERROR VECTOR
MG *1,36999E=04 MU »2.57952E=05
. XU 8,83559E-06 XW 9,03117E=06
——.PARAMETER ESTIMATE VECTOR (K+{) . o
MG ~8,64363E=01 MW wbe33346E=01
Xy “Q,05144E=03 XH 1e87696E=02

Figure 4.2

6.20232E=02 COST28  9,63590E=02 J =  5,18305E+04
N =1 ,34425E+403 MU 2,25909£+03 4V
MDE w6,57979E+01 20E 3,06456E+08
W *6,07068E=04 MU 7.85631E=~04 v
MDE «7+37134E<03 Z0E “9,3342E=04
W =g8,15795E«01 MU 2,48510E=0¢ y 4V
MDE *1e54736E40} ZDE 1474590E400
2418688Ew03 COST2s  3,1746b6E=03 J & S,18244E+04
ZW «7,83413E+01 MU 1.30272E+0¢ v
MDE 1453429Ea02 Z0E «4,23365E0
N =7 .04609E=0S MU 1.26537€E=05 2V
MDE =1,05828E=04 ZDE 7.81083Ew0S
W «8,15865E=01 MU «2,U48493EmQY y 4V
MDE ®1.S54737E+0Y ZDE $.TUS9TES0O

(page 9 of 11)

=],69590E+03

2,06857E=04

-2.219035.0‘

=3,02084E+00

S.91116E=06

=2,21897E=01



LS

ERROR VECTOR
MQ 1.45151F-01
XU “2297756E£03

NORMALIZED PARAMETER

MG . «2,01819E-0¢
Xu . He24B20E=0}

AVERAGE ERROR VECTOR
M 1.43391E=01
Xy ©2,92828E=03

COVARIANCE MATRIX
MQ

3,667E=08
*7,947E=07

"4 ,S5uE=QY
T.968E=08
-6.377EQ°7
~4,312E=06

1. 114E=05

E '".QGSE-OR
E *{.656E=04

MW §,26p34€E"02 14}

XW .

ERROR VECTOR

5@3
&

1414904E~Q2

MDE

MW . »Te22637E=02 In
XN 4e421510E-01 MDE
MW 4435149E=02 4]
XK 1e1T44LE~0Q2 MDE
MW W MU
®7,94TE«07 =4, S554E=07 T.968E=08
3.47SE=07 1.085E=06 94 027E~07
1,085E=06 = 5,608E=06 S+168E=06
9.027E=07 S5¢168E=06 4.830E=06
10107E-°6 S.SSQE-O& 510735-06
1o4TUE=07 =3.894F=06 =u«224E=06
4,1B5E=07 =9,851F=0b6 =1+072E=05
SaT12E«05 =1.,675F=04 =2.176E=NU
S.223E-05 1+125E=04 8e218Em0S
(=)
Sg
g5
E
o
S5

Figure 4.2

S,34143E=02 MU

«7436317€E-0}

I0E

«7.00561E=02 MU

de54236E=02

ZDE

Se61654E=02 MU

=6.23762E=01

Zu
=6,377E=07
1+107E=06
5.534E=06
5.073E=06
Seld71Eaxlb
'3.6025'0b
.qclolt'Ob
QIQUIUE.OQ
1e192E=04d

ZDE

XU
-0.3125-06
1.474E=07
»3,894E=06
=y 224E=06
»3,602E=06
Bcbnﬂf-ﬁb
2.206E=0S
7-027E'0“
1-213E-0“

- (page 10 of 11)

2.21855E~01 P4y
=2,99149E+400

=8,32710E+00 v
2,40180E+00

£o24179E=01 4y
»2,B7007E+00

Xw
=1.,114E=05
4.18SE=07
=9.851E=06
=1.072E=05
“9,101E=06
24206E=0%
5.659E=05
1,807E=03
5.170['0“

MDE
U, 463E=04
5.712E-05
=1,675E=04
=2,176E=04
o1 ,414E«04
T.027E=04
1,807E=03
6,328E=0¢
1.6“bt-od

1.60200€E=01

«2,59656E+00

1,62994E=01

ZDE

=] .656E=04
Sa223E=05
1+125E=04
84218E=05
1e192E=04
1-213E-0“
$.170¢=04
{ebUbE=02
9.,000F=03
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SUMMARY OF ERROR STATISTICS AFTER 3 SAMPLES
AVERAGE ERROR VECTOR
MG 1.43391E=01 MW B.35149E=02 Iw Se61654E=02 MU 2,24179E-0¢ 4y L.22994Ea0
Xu “2,92826E-03 XW 1.17141E=02 MDE -6,23762E=01 Z0E «2,87007E+00
COVARIANCE MATRIX .
MQ Mw W My r{VE XU XW MDE Z0E
. Ma 3,66TE=D6 w7 ,9UTEwD7 «4,S5S4E=0T  7,968E=08 =6,377E~07 =4,312E=206 =1,114E=05 @i, 443E=04 =1,656F=04
M w7.94TE=07 3.47S5Ee07  14085E=06 9¢027E=07 1<107E=06 . 474E=07 4.185%E«07 $,712E«05 S5.223E=05
r{’ ®§,554E=07 14085E=06 5.608E=06 Ss168Em06 S5.534F-96 ®3,89dE<06 *9,851Ee06 wl,675E«04 1.125E=04
My ToF6BE=08  9,027E=07 S,168E=06  4.830E=0kr 5,073E=06 =4,224E=06 =1,072E~05 =2,{76E«04 8,218E=05
¥4 =£,37TE~07 1,407E=06 S5.534E=06 S5s0732«ub Se4T1E=06 =3,602E=06 =9,10iE=06 w1,4d14E=04 §.192E=04
XU el 312Em0b  144TUELDT ©3,894Em0b =is224Ew0b ©3,602E~06 B.604E=06 2,206E=05 7,027€E=04 1,213E~04
o Xw "1, 414E=05  U4,1BSE~07 =Q,B51E=06 =1,072E=05 =9,101E=~06 2,206E=05 5,659Ee05 1,807E=03 3,170E=04
MDE @4, 4b3FEe 0l S.T12E=DS =1,675E=04 »241T6E=04 =l U14Ew04  7,027E=04 1,807E=03 6,32BE«02 1.646E=02
1DE #1 . 656Fw084 5.22%Fa05 {.125Ew04 B8¢218Em05 1.192E@04 1,213Ew08 3,170E«04 L,646Ee0@ 9.0C0E=03
/
NORMALIZED COVARIANCE MATRIX N
— MG MW N MU u . © Xy L Xh MDE Z0E
. Mg 1,9156=03 ®7,040E=01 =~§,004E=0} 1.893Ew02 w{,424E=0] ®7,676Em0l =7,735E-31 ®w9,266En0]l ©9,114E=01
My «7.0U0E=Q)  S,895E=04 7.773E«01 6+96BE«0! B8.032E=0f B,525E«02 9,d430t=02 3,852E=01 9.339E«0)
14 *1.004E=01 7.773E=01 2.36BE~03  94929E=0l. 9¢991E=0! =5.,605E=0] =5,529E=0] =2,812E«01 S5,009E~01
MU 1,893E002  6,96BEa0l 9.,929E=0] 2¢198E<03  9.869E=01 »6,553Ea0l =6,4B4E=0) =3,936E=01" 3.942E=0}
Zy ] 424EaDy  B,032E«0! 9.991Em0{ 9:869Ea0] 2.339Em03 «5,250E=01 =S5,172E=01 =2,404Ew01 S5,371E=01
Xy *7.676E=01  B,525E=02 =5.605E=0! =6e553E=0f #5.250E=01 2.933E=03 1,000E400 9.,523E=0!  4.359E=0}
XW “T.735E=01 9.U36E=02 «5,529E=01 =bHsUB84Ee0l =5.472E=01 1,000E400  7.523Em03 .9,551FEe0l 4. H4U4JE=0}
MDE ©9,266Em0] 3,852En0] ©2.812Fm0] w3e936Ewll w2s404EmO0) 9,523Ewl0] 9,551E«01 2.516E=0] 6.,897E=01
1DE *9,114Em01  9.339E=0)]  S,009E=01 3+9U42Em~01 S¢371E=01 4.359Ee0] 4 441Ew0] 6,89TEe0l  §,487E=02
ERROR SUMMARY .
... ERRQOR TIMES - e e — e - - -
£0049 L0002
Figure 4.2 (page 11 of 11)
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Figure 4.3 Example

118131116 MOMR 060373070 000373
+17
«0000000CE+00y «592700G0E+00y

«1563400NE+OL .
e 353430R0E401
H1050300EPule
«00000NEYGD
OO0 GGEYOGY
20000CODDE+CTy
S000000CGOE+CD
«C0000CHOE+COy
«00D0S000E+TO0
«0D00DCGNRETCCy
CAGISAG0EL+N0 .
GOOCO0NOE+0D0
eONCOCANNESQDy
«0ND020QCE+CDy
20000000G0E+00
«000000CNE+0Ty
2 ONIOGNQOE+CTY
LO00T2DC0ETCDy
«00000200ETTG
«00000302E+00y
2 00D0Q0CIE+TC
«00G0000CE+00y
«00006000E+00y
W00R0AADGE+G0y
LO0000QCHEFGD
«QECECNU0OLE+T0
«J0DDOBQQE+SL0
Q0CNICRAESG0y
w0GOS00GTetcOy
«0030C0CAEH00
»000OCGOOE+QD
200000000L+COy
«050000GSE+C00

TLUGeRUAGIESOCY

DAGABACOELLT e
WCACOUC DL FC0y
«ORGO0OAEGESUEY
«000D0GOSEFC0
#S0OCANCCETO0
W 0G00GCCRE+GD
G000 NEs0De
WCTR0LSRINCt 00y
CGC00GGIERGGY
«0000NCO0QESCD
«GOCO0003E+COy
«00G000CIELOTY
«0N0000C2E+G0Y
«OCGO0Q0CE=NQ
«GNGO0000E+T0Yy

2 159

s TESYNCONE 420
235561003+ 0 Y
e 3927CTONEFOLy
e SUSTTOOVESDL
«GOCCOGCIEYOD
C6RQGON0EFC0Y
SGUCCNNO0E+R0Y
20G0CGONDEXD0Y
«0GROBNDOE+00
«00CO0QDYE+DG
«00000GNOE+DDY
+000GO000E+DD
JO0DORNNCE+OCY
LQUG00Q0GEFQC Y
+000CNQOGE+0O0
«0CO000Q00E+QO0
«030G00GOQE+N00
«COCOGONATETOD
«00GGROOOE+DD
«0GO00000E+NDY
«0GGOCRONE+DDY
+0000GCON0E+0Q0
»00000000E+10s
«0000000GE+00y
«OUQGCROCESCT
2000GOCOCESDD
«00000COUE+0CS
«0GO00COCE+T0
+0GCO0OCOE+0D:
LO0GIO0CNGE+OC:
«0000CCOSE+OD,
200000CO0CE+00
+00000G000E+0CY
«00000000E+C0.
cUCOON,r\('lE*fnC“
LDGOPOCLAES00,
«030GACNCE+D0
«GIYOCG{CUESNT =
«NI00GACOCESN0
«0D0QCCPI0ESTO.
«OGQROCCOCE+ND
«0O00050QE+00
«00GOCLOGE+0
200UGOGRAE+GD .
JO000CCGOOE+NO
« 0080 GOCE+DC
20000000NES0G¢
«0COQ20Q0CE+GU
«00CGC200E+DC
L0GQOCRGL0E+DD

«11781000c¢01
W2UTREQQOE+DL
8351970008401
«SEQNLOCNECDT
«C00N00GNR*G0y
«00000000LE+00,
«000N0000E+UD
«C0Q0GO0DE+0D
2000000005+00,
«0000CGN0NE+UD
«CON0000NE+NDy
2CACNGO00E+00y
«C00000CO0E+00,
+000000QUE+Q0y
«000GON0CE+00
«0C0000Q0FE+00y
«CUNN00NE+QD
+0CONONDOE+(0C
2C0CDODDCES00
+O0GO0CO0E+00
«0000G000E+00
200000000E+00
«G0NDCOCNESDD
«000N0000E+00
«00060000E+90
«00000000E+00
«0000GN0DE+ON
«0000C0C00E+0D
«0002Q000E+G0
«CO00CQOANESN
«CO0N0O00GOE+0D
«Q0000N30E+Q0
«000000I0CE+00,
«00000QR0E+00y

«0QQA0JCCESQ0y |

«0GO0CGANDET]D
«0000CO0NESON,y
«00CASNCCE+DO0
«00GN0000E+00
«00CNQA000E+00
«0NC20000E+GO
«00003000+200
dCCRACOTOESGOy
«J0INCICOE+0D
«OCCA0O00E+00
«03006000E+03 0
«000D00N0CE+0Cy
«U0033000E+00y
«0CCON000E+00
«V003GOC0E+0CQ

DATE 09097¢

Qutput for VIOL Ensemble Program (page 1 of 15)

PaGE

12



09

P

03/05/14

DLUE s
& 4 1

t1ed

1116 MOHR

«00000CH0E+G0
+sG0000000E+00
«0QQCOO00F+00
«000CCO0DEFTVG
2 N00CGNGRE+D D,
«000C00N0EEN0
wO000Q0ONESND
200NAA000EL0Dy
+00007000E«00
s 00000000E+00
+N0OGCO00E+DCY
«C36D0D0CESQO0
«000NCCONE+RDy
oR0ACOGIVNE+DG
wO00GI000E+00
«00000000EXGO
«0COCO000E+N0Y
«0000N000E4+CD
«GO000000E+NDY
«00003000FE+00
2 00000N00E+DD
«0GGGODACE+ODy
e0GDGO0IGEYGD .
s 000Q0GOOE+QC
«O0CO0GO0OE+00
+COND0CR0RE+0D
fH49043000ESG0
«27780000FE+0Gy
«G7662000F~01
WUIBT70DCIETCOY
eSO0N0Q000E+C G
«000GGO00E+00y
«00N000NCESQQ
«00000000E+0G0
«000GCO02EFNDY
«00D0NQIODE+GC
»GUD0Q0000E+0G
«Q0AN0QCAF+00
06003009+ 00y
«0000QCU0EFODY
«00000CD0E+00
«00000000E+00 e
+000000G0E+0Q0
ODUNGOGOCEFDG
«DGONICCCESNT
«OQNGOLONESDGY
OGN Q09E+D O
sO0GOICCO0E+ND .
«0G0G0000E+00
«000GCAQD0DE+0D
«0C002000F+ 00
«0GR000NCE+0N
«O0SULE0000E2N,
SOGOGCARCESGD
00033 CLVE-T

000 I0003E D

«0000000VE+0DY

» -

.
.
=
=

00G373D7¢

009373
W0CNOCNOCE+0DY
«D0000000E+00Y
LOCO0OI00E+00y
2 0000CHGNEFTOO
«0C000GGALTGO
«00D0IINDESCD
«0000070CE+NDe
e0006CODNELQUY
WUC300000EFCD e
«0N0N0NO0ES0D,
0000000450
LG000C0CCE+CO Y
LGQOGNNSDE+OC
JUV0D0Q0IEFR0
SCLONOONTE+GD
eD0O0GONDESDTy
«0N0000QCE+CCe
+0000GONGE+ UG
«00000000E+00
«0CNOGOGOE+CQO
+0000000%E+GC
«00000002L+ 00
«UC000000L+00
«00000000E+00
«03000000E400

e 4A190000E+00
2«19130000E+00,
19130000400
WHEIGOD0CESTO
OG0 00GE+0 Dy
«UN0GUADOE+0D
«0000000DE+00
«0CO00600E+00
«0000G0G0E+00y
«G0000006E+00
+00000000E-0CT Y
+000000G0E+CTy
«GOOOCOEIEXDC Yy
«GHG0000NC+G0
«000C00ACES00 Y
«0000300NE+D0y
«0OODCOGOE+00
«0200C050E+00
ZGAGOIQCIE+DG
«00320063E4G0
dANDOTONNT*DT
«U0I00000E+00
«GAQ03000E+60
+0000C000NE+00
«O0BC00GC0E+G0
«000602006E+0C
SUJICV00NE+OC
JOLQODNCIEHETy
WAN2ATANDEFT Dy

«UBDVUGGEe+00

«0000CIC0EFI0y
il i 4
YTy ot »

CON0GEACOEOT,
«00000C00EYND,
«3000GGO0E+OL
«8I0CLTOURTI D
«0GOOCOGO0E+D0
JO000000BE+DD
SOUDOCCR0ESDN
«OGONGENCE+QD,
«0000000CE+00 Y
«00G0000IE+00
«000000CHEFND
«0000QG00E+20
SOOD060D0E+N D
«3CQ00000E+GTy
«00COECHOEFAD
«O0NOGUOOE40TY
20GCDOQN0E+CD
L00000000E+00
LQU00DONCEFDD .
+OCO00Q00E+N0
+GOCOO000ESDD
OO0GNA00E+Q0,
«0GCO0000EY0D
«RHO00CDDN0E+00
«00000000E+00

W415TH0N0E+QQ
s9TEGOCO0E~TLy
f2T780000E+Q0
LRGRUCHN0ET)D
LC0IGA300R+00y
«00000C0NNE+000
«00000G00E+00y
2 00000G00E+00y
«00000002E+00
200000GT00E+00
«000000002700
+0000000C0E+ND0
«N0C0GOOUETDD
L00C00C0CE+RD
«000000GOE+00
+000000NQE+00
«OD0000005+00)
JBOD00CN0EXDG
«AUIGOGINEXD0
LUIDBGC00ETO0y
LU000000JE+30
«O0CQOIPCIESID
«00000000F+00y
«00200000E45D
2GOGOCGAGETADY
00000000400
«GOUONCIVE=I0
BULAGQEA0EFOCY
JGOOONAGOETDCy
«00000000E+00y
«30000000E+00

sy

c 199

000300008400,
«00D2C000E+GDy
«03CA0NQ0OE+DD
«00GICA50LE+30
«VD2GICINGESDD
+0003C0CNE+D0
2CODI000GE+00,
«0ODICRAGEL00
«000I00¢0E+00
«0NANCOV0E+I0
«08GATAINE+DD
«ODQITNOAE4Q Ty
«000I0DCOE+D0
G000 0NEXHD
«U0CA0000ET 00
«0GG0N00EHN0
«000000006c+000
«000NGCNNEFDDY
«0000000E+00y
«00020G000E400,
«00040000EF00y
+00070006E+00
«CO0N00GNE+Q0
+0D0NO0QCEFOD.
«00020000E+00

»35350000E400
«00070000E+00y
«3535C000E+G0,
+S001CN0CELUCY
«JQ03J0CICEFO0
«0J30310000E+0Q
«30070N008+839
«00010000E+00
«000)C000E+00
«00010000E400
«000I000NE+00y
#9GQI0ANTE+CO
«000I3D0IEH0,
«0001000GE+C0
«00NION2DEFCOY
«00330000E+00
«J32Y0Q00E+00y
«03010009E4+00
«0J0I1C00AE+0D
«30C0U00EF00y
0 CAUNESODY
«30010000E+00
«INDDI00COE+V0Y
«09010000E+00y
«200)0000E4+000
«052)00C0E+00
2 05033000E+CDy
¢ 3DJIOC0EHODYy
SCROINA0OETEDY
«G002G0GOE+0D
«00090000E+00

Figure 4.3 (page 2 of 15)
[ 1 H 4 3 I3 * # ’

s

CATE G90974

PaGL

13



19

$9/09/74

® 9o0d 40
TV NIDIEO

KTV
g 3ovd

11131116 *UHR

s QUCCOOOCES+2G
*D00CON0CGE+SLO
«0000C0COE+ID
«0000C0005 N0
«D00000COESDG
«000G0000E+G0
+000000025+00
+00CDJICNES0Q
#00000GONEF00C
«000D0CGOCE+0Q
«00DN00NCESN0Y
«OOCODGNTESND
«0000CO0NE+ND
«05000000E+00
«0000NQ00ES00
«000300000E400
«00000000FE+90
«0000000GE+00
«0008COCAGE+DD
«OUNOTOITESDG
«O0C0C000E+C)Y
«QCO00CAGEYTD
«00000CD0E+00
«CQODOQ0UE+DD
+0GG00000E+00
«D000N0O0E+0Q e
«C0GONCO0RE+00
«00NGEO0U0E+00
«00000000E+000
«CON200C0E+00Y
«00000000E+0)
«00000000E+50
«00000000E+Q0
«00000QCGES+O]y
#000GD000FE+IG
«OCC0000GO0EXDQy
o DVOTNOTNELQQY
«O0000000E+00
¢0C0C0QCRE+DG
«000G00CCE+00
«0ON0COOCE+ND
»UNAC0CO0GE+OTY
«0000G000E«0T Yy
«NCODNCOQESCO
«QCO0U3C0ESDD

«Q0000000E+00
»35360000E+000
«U904000CE+0D
o 21T7ENGOCGEFND
05000600500y
«002CO0COE+0Dy
200030 CICE+00
«000000%6GES0D
«J00000C0E+00
«0Q0COCOUESOOQY
«0000C0000E+00
«+00000G00E+0QDy

000373070

No0373

«000NCOGCOEFDD
«00300G0UIESXCTe
«08J00NULEFCE
«0000UDONE+DU
»0NJ000GGESCTY
«06G0030050c400y
«006G00Q200E¢00.
«000NCO00EFG0Y
«00000000E+00
«00000N00E+G0
LOAGOCOIANEF0D
00000600400
«DNN0QCIYNLHGCY
«00002000E4000
«00090000E+00
«00000DNQE+CUY
«00600000C+300
«NOBQ0000ESC0Y
000000 0GNZ+0Q
«GNVNOOCREFCOY
«00000000E+Q0
«00C0JO0QNE+COY
«0000G000E+00
«00000DNGE+QG
20N00000CE+DDY
«00000000E+0Dy
20CUB0GGNESCDY
«0CO00CORE40D
«00Q0TNACCEF0D
sCOOCORD0E+000
«N00AC00E+0TY
«OCO00DN0E+D0y
«J0GOCO00E+00y
»000030G0E+G0y
#0NQ0CUINEFGO
«O0GOURINESTCY
f00006G00E+T0
«QCHACAGLESTO Y
«00GCGUCOETCDy
«00000C0JE+QO0 Y
«CODOCIANCE+0ODY
«OCNOOGOCEFOUY
«0NER0000Z+2%
00030000+ 0y

s97600000E=010
«415TCO00E+00y
LUB1900Q0EF00.
«19733000E+00
«00DJQCONE P
fOG00200NE+T0Y
«UJOCD00NEFQD
0000000054000
«00000G0RE+00y
0D00NDOQOE+QDy
»00000500E400
«000000G0E+00y

2 199

«000D0COQE+DT,
«00200G03E+00
«OUNROGRCOELTD
«CO0LGGQA0E«NT
«00200000EYNQ
«3000CC0GE+CO
L00000CDGECCDY
«C00000POE+NDy
«CODCOLOCESOD
«0CRC0CQ0ER+00
«NO000CO0E+CD
s GQ00CGQ00E+0D .
«000000GUE+RD
«C0000000E+0QCe
'00000190E+90v
«0000NQ00E+N0
«COGOOGONE+ND
«000G0OCOTESGD
«VOGOODNOC0E+N0
«O00QCODOE+00
«UOCCC0ODELT0 Y
«00000000E+00
«0000CGOGE+NG
«0000000QFE+CDy
«Q0D2J0COCE+CO
«000COCOGE+CO .
«O0000GO0E+QD
#«00000UNGE+DCY
«0G00NGOJE+0DY
«GOQUCNO0E+OQ
20000000CE+0D0
+0000000GE+00

" «00000GOCE+DQe

«00000G0QE+000
«00NNODOGE+ODY
2 CO0000NCE+DDY
«CCO0GOOVEFDC
+OCCOO000E+NDY
«00000DN0E+0CY
«00000000E+00
+00000000E+20e
«00G0NQGOEXQCY
«O0C0O00GOE+0GY
«CO00OCNNE+D0

219130000E+00
«4b61900005E+6GC
J41STOQARE+DD Y
W ITEGRONOE=DL
«0002000GE+0C
«00000NDCEFQTY
«G000G00QE+0G
L00000000E+00
»00000000E+00y
«CO000000E+00y
«J0000000E+00,
«0000000CE+0GY

«00NCO000E+CD
«000N000RES00
OORACANNESD0
«OORNCOCHE+DD
«CANQNGNODE+CO e
«JONOOGLNESQD
«U0HNQEAINE400
«00(:CON00Z+00
«000ACOGOE+00
«00N00N0COE+GD
oDO0GAGOCOE+(C0.
WN0COCOJ0E+$V0
WONGOCA00ES00
«00GOCO00OESQ0Y
«COOCCICOESO0Y
«000G00000E+0QD
«000N0Q0DES00
U OUOGACAE+0D
«U0GOO000E40Dy
2OOCNGN0DES00
«000000G0F+00
o 00GLOQO0OE+COY
«0000Q0N0ESQ0
«GOCQCGOUOE+00Y
«000CQ0000E40%

Ss00GCNO0N0ES00 -

«00C00N00ETT0
«00({NCOCO0E+0O0 .
200CNGO0NE+GD
2GOCOGC0NE+0D
«00C00000E+0D
L00CNOCO0ESGD
2 00C0C000E+00y
+00C00NCOE+C00
«GOCHOOCGE+D0Q
JOGCOCTO0E+00 .
+0CCaN000E+00
200(0000CE+0G
«00COQN0OCE+00y
«00COCNOOE+0Do
JOBC000NNE40C
«OGrocOCNEFD0
JOCC000060L+00

»27780000E+00
«S0CQG0CIES00
23536 GO00E+00
200CN00G0E+00
«00CQ00CRELCDy
«00C000302+00
»00CGC000E+00
«005NONO0E+00Y
«00C00000E+C0
+CO0CNGO0NE+V0
«00002000c¢00y
«COCOCGO00E+D00yY

Figure 4.3 (page 3 of 15)

Y

DATE 090974

.
PAGE

—
14




B R 74 LA R SEE S S T RLTL U

oHO0CO00VESQ0Q +000DGOG0E+00
WGGOGCROCECDD VNGCRA0NIES00

oNCCOOGCNESCDY
W NODCORIGESFOD
«OO0JC000E+20
s NCOO0QCTF 00
«QO0UQCO0NFE+IQ
2000000COELT0Y
«000000CGE+00
WO00000CONE+N0
fO00GNONOE+DG .
«0000C0ORE+0DY
«O00D0G00E+ND Y
¢ 0000DCOGACE+DNDY
«CU0GO000E+Q0
«000000N0E+O0CY
«0000000CE+0Q0
«0D000008CE+NG
«OOD00GOOF+00
wDO00UCGOQOE+O(
«0000000CH+ND .
«0930002E+00
200000000E+20
LOC000000E+00
2 000030NGRE+0GY
+OC0000O0E+QLY
WOUCDC00GES3Q
200002000 E+00y
JNONCCRCREFUCY
+0CO0000GE+DDy
«ODNCO0COFE+0D e
«0C0Q00C0E+0D
«N000N0O0E+D0
«0000000K+0]
s0000A0ND0E+D0
«ODQVACNIE+DC
«D0000000F+00
»O0CGNOO00QEFD0
+NOND0CGOE+DD
«0G0000002400y
2+ 000N0000FE+00
«Q0GCHN0C0ECDGY
«00000000E+00
SO0NCOEGOR+D0
WO0O0NGOGOCE+CD
»Q0DUGOO0EFNGy
«00000000E+30y
«OND0GCOCE+200
2000GGOGEE+ND
000000005 +20
L 000000L0E4G0Y
+Q000C050E+QDy
«00GGO0GOESD Dy
«00000CGO0E+00
«00QCOGO0E+G] e
+00000000E+000
«0J000000E+0D

009500, Ee0C e
LANDOGCOGE+T D
L000000022+00y
«00000000=+0C0
«0NJ00LONESDGy
200NDODC0E+GDy
«00OGOD00CES0Dy
JOO000NCHE400
GOOOC0EOIE+GD

e DGLNNCNNET (T

WOGN00GOGE+T Ty
2 000N0D0CNE+T Yy
JONOOUNODE4TD
»00000050E+C 0y
JUOQO0GOAIE+LDY
OCO0GOCOESDNG,
«0CORGOGIELSGDy
«ON0DDOCHE+DDe
00020080 E+00
«000000060E+0Dy
«00D000D0E+UG
JOQXNGOG0E+CD
ZO0NCO00IEHRDD
«O0ONDROTOELCOY
«0NICOD0AE+(Dy
«ON00G000E+00
«000G20200E+400
«00000000E+COy
»00000020E+00
«0039uN00E+ 00
009000002200y
£ 00000900t +G0y
«UNGO0I0GE+0T
w00000D0GE+00
«Q0000I00E+00
«00000000E+N]3
«0000C000E+0D
«00000000E+00y
«0000000CE+00y
«00900002E+00
«00002000GE+30e
0000069508500y
2060020 0E+00
« 00000030400y
20000993CGe+30y
LO00G500XAE+00
SANPIZOCNESDD
JONQOATCT 400y
«0000000CE>Ty
«00000000E+00
LG0O02090ESCCY
2000000002+
JDO000ONCEFRDY
«00300000E+00
«00000000E+00

PR TO

JA0ON000GLeN0
L00000CO3E+NCY
LO0020NCO0E+Ch
2OU0J0TOATESID e
+OG00NGNOE+COY
«CO0CNGO0E+0G
«CO0R00NDAJEFCD
«000CD0Q0E~QU0
060060005400
LO00R0000E+20
JO0DCOLOGESQD
+000000N0E+RC
~O000GONOE+00
w(C000GA0CETYIC
«000D0050E+00
«D0000CO0E+00
«0000G000E+000
+0G000000E+00y
+000C0GCO0E+D0
«0000CG00E+QTYy
«00C00000E+0D
L00000000E+CU
JOCOQ0CNOE+00
J00CO0000E+00
«C000C000E+QD
~CGCOD0C00E+QD
+CO0GCO0O0VE+DOYy
«G00000G0OE+00
JG0000000E+00
LG0000C0O0E+QD Y
JONOO0D0NE+Q0
+UOCONOC0E+OD Y
+00000000E+60
LOC000000E+Q0Y
LAN0QOGO0E+Q0 .
<00000002E+00
»0000CC00ETGDY
«0000000CE+00
+00006CHQNE+00
«00000N00E+00Y
L00C000M0E+D0Y
«0GO0G00NOEL00Y
«D0ONOGNOE+0D
+000Q0000E+00
«0C00G00E+GO
«C0CCOO0GCOE+ND
+00000000E+00
L000D0000E+N0y
«08000000E+00y
«00Q02GSCE+NGY
«00000CONE+00Y
+00000020E+Q0Y
200000C0GE+D0
«CGO0QCOGOE+DD
LC0000000E+00
«00300000E+00
«00000C00E+00Y

»000NQ000E+00
~0000CACNES00
L0000D0GHE+00,
+COONGRONE+DD
+GO00QQCROE+D0
«000N0000LE+00
LODONNOANEF00
«0000GO0NESQQY
«00000000E+00
+00CH0000E+00
«000002006E+00y
«GR0NENOIEFVD
«00DI0NQ0OE+D0y
«000N0Q0CE400
«GNDBGOO0E+DDY
«00030N00E+00
«00020000E+00
«00030000E+00y
fONAICOQCEFLQy
200030600e+00y
«00000000E+00y
S00000000E+00y
«000N000NESCO.
»00050000E+G0)
«00000000E+00
«000INORNEFOG
«00G20000GE+00
«00005000E+00
«0001CR00E+00
«G00700DREFD0,
«0003CGOCGE+0GD
«00GI0N0NE+00y
«0002COD0ES0Dy
«0C0I100GCE+GO Yy
«00030QNONES00
«00010000E+400y
«D00)0N006E+00y
«000ICNHQ0E+QO0
«00010CGO00E+00,
«000)0000E+D0
«000NGO00E+00
«000MCN0E+GOy
«00190000E+00
«0O0ICNONE+TOy
«V00N0000E+0D
»000NCONCEF00
WHOONCO0TEFCD
«O06NCR00E+CDy
W23ONGROIEFDD
s QQONANGOEECO
s 020NCNO0E+00,y
«0301n00002E400
«000ND00DEF00y
«00GNGO00E+00
o GOOUCOQ0ESD Dy
«0000R0NI0E4CO
«J0000CO0E+00

Figure 4.3 (page 4 of 15)

" DATE 090970



€9

19709774

THETAOQ
ALPHAQ
VEL
EXCG
EYCG
£2C6

T

ESTIM
0T
NMC
DTS -
Tay
NOP
MXITR
EP1
EP2
EvVX
EAX
Eay

XDC

IFXMG
IFxZQ
IFXXG

OO0 WoE NN NN NN YU NN OHEYH BN

«11000000E~01
«11000C00E=01
+1090

+1
«10000C00kE=01
«100002007=04
«200000060E+02
+50000000E404
« 000000007400
2 20800000E401
-.1344000CE+3]
=, 187300C0E+D)
«13700000E+01L
+20000009%£=01
=, 60B02000E+0C
JB20G000CGE-D]
=, E00000Q00E=02
«,11900000E+00
~,170003Cac~01
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«60500C00F+00
»117000005+00
«bU0N0000E~01
=,7359000CE+0]
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#00000000E+QT «00000000E+00
»00000000L40CY «0000GO00E+QVy
«00900000E+00 «00000000E+COY
fO00C06L0E+0N
eATL00COEY LY
«13759000E+02
+BB0Z2000NE+02
«2000009GE+0C
«000G0000E+00
«50000000E+400
«000000CGE+GOY «0000CCGOE+ODY
«00000Q00K+C0 «0NQOCOCTEFGNY
«000C0000E+00 «GOQCCCCUE+COY
o Q0000D0GGEX00Y 2000002000
2 000000CNE+GD «0COGCO00E+COY
«0000000CE+NG «ONCA0QOGEFCOY
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«0000NCOCE+00 $003000G0EY0D
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4 IFX*"w 2 +0
: IFxZw = +0
IFAXe = &0
IFXryY = 40
IFXZu ] +0
IFXxU = +0
IFX¥DE = +0
IFYZLE = +0
- 1FXXDE = +0 . . . - U e . .
IFampL = .0
IFXZ0C = +0
IFXXDC = +0
WTHETA = «1500000CF+00
BTrETA = «150C000CESCG
ETHETA = «S50000000E-C2 o T T i oo T
wQ s «1000C000E+D0
BG s «10000000C+00
" EQ = oS6000000E=02
wALPHA = «1006GQ0GESQQ
BALPHA = «10000000E+00 L ) N
EALPHA = «S50000000E=N2 a ’ ' ) T
ny s «10000000E+0}Y
gy s «100000C5E+01
£d = «10000000E+01
wiHX s T «500600000K=02
BX = ¢S00GCOC0E=-02
ENX = «20000000E=02 I o o . ’ T o o
GhX = 2 60000000E+00
wMZ = «90000000kK=02
o an = »50000000E-92
S gt g = W SORG000NE=DR
GMZ = «H000NC00E+D)
w3DOT = e 10CU00O0EY 00 B Ttttm ommmm T ot
sA00T = «1006DC000E+00
EQUOT s «S0000000E=02
GGDOY s «00000000E+D0
EDELT s #00000800GE+00
EDELD = «J0Q0003QE+ QD
ECELA = «00000002E+00
EDzLU = «000000QUE+DD
FTHETA = «£2000020E+02
FQ H 262000000E+02
FALPHA = «62000000E+02
FU = «A20000005+02
ENX . = «E2GRG0N0F+0E ) o )
Fuz H] 20000005408 )
FaDov = ¢52300093E+02
=5E = +80000000F+00
w»RC = 200005CGICGESDD
BOE = «30000G00E+00Q
gpe s «1000CCOCF+00
EDE = «10000000E~01
[ v} = «1C00C0000E=CL
FOr = «H2000000 +02
FDC s «62000000E+02
CMAT s e 3721580CE=01y +00000000E+00y «51045900E-01y 2U00L0000E400y
s H4963500E=01 0000000GOES00y =, 45908%00C«04¢ ,U0000000E+00
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09/09/774 11134116 MOMR

000373070

000373

2

199

ENSEMSLE #¥ FULL LOMGITUDINAL 2MALYSIS
PARAMETERS ESTIMLTE ONLY

INPUT SumMarRy

ENSMBL TF FFFFFFFFFFFFFEFFFFFFFFFTITTTTIN

ESTIM= {

DATE 090974

MODE= 0 SAMPLE POINTS= 100 SAMPLE RATE= ,010  MONTE CARLO 0 RUNS
Q T =, 136400401 M s L114592+01 N Z we50360¢+00 MU 2 «,458366+00
XU T we170000=01 Xy = .B200G0O=01 MEE = ,232621+402 Z0E = ,605000+00
20 2 =,326900=01 XG = 18675001 MDC = .363691+0% 20 = =,735900401
XDE = 117600400 : . :
ALPHAZ 13,7590 THETAz  6,7190 VELOCITY= 66,0200
- T T ERROR VECTOFS e -
BIASES SCALE M1SALIGN LAG
THETA «1500000400 ¢5000600=02 0030060 ' ,6200000402
) a «1000000+00 T «5000000=02 «00000¢0 - 26200000402 )
ALPHA «1000000400 «5000000=02 «0090060 6200000402
U «1000000+01 e100C000+01 200200C0 «5200000+02
NX 25000066202 +5000000=02 «60200660400 06250000402
“NZ « 500000002 «3000000=G2 «50000¢0+00 «62GC000+02
Q-D0T « 1000000400 ) «5000606-02 «G000000 45200000402
1. C. ACCEL C. G,
THETA .0000000 AX +5000000401 (6 X $5000000400 VX
a 0000000 aY 0000000 IR 0000000
W 40000000 CAZT T T 2000000408 €6 2 77T T ,50000004900
U 00006006
e - o CONTROL ERRCRS B o
BDE «1000060400 ECE +1000000=01 FDE . 6200000+02
B0C .1000000+00 EDC +1000000=01 FDC 06200000402
Figure 4.3 (page 8 of 15)
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TInk
(SEC)

«0100
+ 0200
00300
+ 0400
#0500

<0600
« 0700

« 0800

«0800

«1000
21100
01200
e1300
«2400
«1500
01600
«1700
18560
01900
2000
«2100
« 2260
02300
s 2400
« 2200
22600
2700
« 2800
2520
: «3330
P «31900
. -3200
#3350
« 3400
3500
0 3650
« 3700
+ 3800
«3900
« 4000
B «4100
i «4260
24300
slag0
24500
w4600
«4700
«4800
04900
«3000
«310G0

L9

i
3
|
£
%
{

113131116 MOHR

THETA
(DEG)

«00
.00
01
«01

s 01

.02
«03
«03
+ 05
06
07
39
«10
o1
13

000373070

Q

(DEG/SEC)

il
22
«33
W43
5%
63
73
82
«91
1,09
1,09
17
1,25
1433
1441
1.49
1.56
1.63
1470
1.77
1.83
1.90
1495
2,02
2.08
2,13
2.19
2elt
2.29
2.34
2.39
2.43
2.43
2.52
2-57
2e0l
2.65
2,68
o 2.72
2.76
2,79
2,82
2.85
2.89
2.92
2.94
297
"3.00
3.02
3,04
3,07

000373

SCIP2 STATE MEASUREMENT AND CONTROL SEGUENCE

ALPra
(DEG)

«00
« 01
+01

02

o 02
003
« 04
«05
« 05
06
07
«09
o410
e1d
12
13
15
16

2

u

199

(FT/5€C)

«00
«00
«00
«00
-, Q0
=,00
=-,00
.00
=-,01
-,
=01
=0t
.02
=02
=02
=03
-,03
~.03
- 04
-0
=eGS
-s05
=06
=036
=07
-,08
=05
-,09
-.09
=-s10
=11
-,12
=12
=.13
=,14
=,15
=,16
=17
'-17
=,18
-,19
20
o2}
.,22
®,23
-e24
~e25
-, 24
.27
-.29
-e30

\jx
(G!5)

« 00
« 60
.oo
500
«00
«00
00
«00
«00
00
«00
«00
»00
.00
o CO
00
00
«00
'oo
«00
.00
« 00
« 00
00
«00
« 01
.01
001
« 01
«01
.01
01

Nt

01
»01
001
.01
201
lol
01
«01
Iol
« 01
oG4
« 01
o 01
«01
«01
201
01
o034
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NZ
(6!8)
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01t
«01
«00
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«00
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-,00
=,00
-,00
«,00
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-,01
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=01
«,01
~. 01
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=01
w01
-,02
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’ 2,02
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-,02

-,02

-,03
-~,03
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DATE 090274

G=DOT

(DEG/SEC**2)

11.11
10,83
10.55
10.27
10,04
9,74
9.49
9,23
8.99
8,75
8.51
8,28
8,06
7.84
Teb2
T.41
7.20
7.00
b.ao
.61
6.42
6.23
6,08
S.87
5.70
S.53
5.36
5.20
5.04
4.89
4,73
4,58
o444
4,30
4,16
4,02
$.89
3.73
3,63
3.“9
3,30
3.23
3.10
2498
2.88
2.74
€52
2451
2439
.29
- 2.18

DEL=E
(IN)

<49
« 49
49
« 59
.ﬂ‘?
« 49
49
W48
«48
W48
243
48
+i48
048
2uB
48
48
JH45B
Y.
» 438
48
'u7
W47
o7
47
'y
«d7
ou7
.47
o7
«47
47
Ty
87
«lo
86
Wb
W4b
U6
b6
Wb
e 46
46
4e
.46
‘qs
45
o845
.45
45
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SCIP2 STATE MEASUREMENT AND CONTROL SEGUENCE

Tiue THETA G ALPHA u NX NZ Q=007 DEL-E DEL=C
(SEC) (DEG) (DFG/SEC) (VEG) (FT/SEC) (G1S) (G1S) (DEG/SEC#*%2) (1N (inN)
ISEGO‘ ‘001 B 3.09 175 -.31 .01 -.G“ 2.07 '45 li}
5500 1,06 3,11 «79 =,32 01 =-,04 1497 45 W13
«5400 167 3,43 7 «B1 ) 33 D1 T T e T 1.87 b4 - «13
«5500 {.10 3.15 53 -,34 «01 =05 1.78 ) 014
05500 ) 1013 3.16 085 «,36 .Qi -.05 1-66 JUu .1“
15700 1-‘6 . 31’8 U87 '-37 .01 .nos ) 1.59 oua 14
05800 1020 3-20 .89 -.38 .01 -.05 1.50 t—u“ -1“
5900 1.23 3.21 «91 =,40 0! .05 1041 44 14
6000 1.26 ‘ 3.22 «93 w,di 5 -, 05 T 1,32 Wl W45
0100 l-ch 3.24 $ 95 =4 «01 -.05 1-23 44 -15
6200 1433 3.25 «97 =e43 201 =.05 1,15 U4 o 15
«5300 1.36 3.20 98 =,45 .01 =,05 1,07 W43 o 15
W6U00 1,39 3.27 1.09 =e4b «01 .06 99 K »16
»06500 1.42 3.28 1.02 -, 48 W01 -,06 91 o3 W16
W 6600 T 1.46 T 3,29 7T Ll04 T w9 T 01 T T a0 T T WAL T a3 7 o106
6700 1449 3430 1.06 «.50 w01 -,06 o780 43 16
6800 1.52 3,30 1.07 .52 01 -, 06 89 a43 17
26900 1.56 3.34 1.09 =53 W01 -,06 €2 W43 17
27000 1459 3,32 1ol .55 01 “,08 053 43 47
«7100 1.062 3432 1413 =56 201 e, 06 48 42 17
«7200 1.65 ' 3,33 o1l -,58 B R L ol o d2 18
«73G0 1469 3,33 .10 =-.59 01 “,06 35 sl o158
7400 1.72 3,33 1.18 =61 001 - 06 228 k2 18
o « 7500 1.75 3,34 1.149 =-,63 01 - 07 022 42 18
oo 07600 il7g 3.3-’4 1‘21 - b4 .ﬂi -.07 o106 42 uiq
7700 1,82 3,34 1.23 =hb .01 -G «10 \ L2 W19
T W7800 1,65 3.3 7T fe2s T T T =,87 o0y T =07 T L4 T T4 o o13
« 7900 1.8 3.34 1426 =59 .01 '-07 -,02 edl 19
«8000 1,92 3.34 1.27 =71 «01 -.07 -, 03 o4l 13
08100 1:95 3.3“ 1429 =72 »01 ’ "007 o --15 -ul .20
L «8200 1.99 3,34 1,30 74 01 =-.07 =.21 41 020
! «8300 2.02 3,34 132 = 7& 201 -07 =27 W41 20
? T <3240 T 2.06 ’ 3,33 7 1.33 T m 7T T TT T L0l T - ,07 N T w33 7T T T A ' 20
. .8500 2.09 3'33 1!35 -'79 .01 ".07 -.39 R} 121
L 8600 2e1¢ 3,33 1,36 =,81 o0 ~e07 - 4y « L0 21
i +3700 2eib 3.32 1.38 =:83 .01 ~.08 ' =50 <40 v21
1 .8500 2.19 3.32 1.39 o84 '01 --CB '.SS .80 |21
15900 a.22 3.31 140 -, 8k .01 ‘.08 -,b] .IJO -21
: T «9000 2.25 777 3,36 777 7 T led2 T med38 0 T T W01 T e, 08 T 7T T eabn T Y ) 22
E <9109 2.29 3.30 1.43 -.90 01 ~.08 ~.71 o440 22
; + 9200 2.32 3.29 1e44 =91 .01 -,08 “.76 «39 22
«5300 2435 3,28 1.4 =33 ,01 =,08 -,80 39 22
. 9400 2439 3,27 1,47 =95 .01 -, 08 -,85 «39 23
«9500 2.42 3.27 1.48 .97 , «01 -.08 =,90 *39 23
«5600 2.4U5 ) 3.26 " 149 T =99 T .01 T ma08 7 7T e,84 T + 39 223
+9700 2.48 3425 1.5 1401 W01 -,08 -.58 «39 023
09500 2.52 3-2“ 1-51 -1003 .01 '.Oa -1-03 .38 -23
¢993G0 2,55 3,23 1453 1408 01 -,08 =1,07 .38 24
1.0000 2.58 3.22 1.54 1407 .01 .006 =-1.11 38 o248
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D2JOP2 MATRIX IVVERSE

M3
2Q
xQ
"
24
X!
MU
Zy
Xy
MDE
ZDE
XDE
MDC
Zoc
XDC

el
6
xQ
My
7w
XH
19}
Zu
XU
MDE
ZD0E
XDE
MDC
ZoC
xXDC

113
2U44=02
~s176=04
e150-05
=, 8734=02
0132‘03
«341=03
=,115~01
«172-03
64 =03
=s34d44=-02
=.598=04
-.285-03
~e215~01
«d42¢=04
W U430=04
IDE
-.595-95
wBE4~(2
=eG50=04
200¢=023
0357‘01
«513=03
039403
e303=01
«480=03
»s323«03
0220‘01
+39{=03
¢339=03
s126=02
-y326=03

A
=o{7b=04
e526=02
.165‘0“
«261=95
o, 224=0
= 1h7203
~.H52=04d
= 2kTm0
=y23b6=03
o69U=(d
=~ B64=(2
e850=04
e 35%=905
~e214=01
=, 22404
XCE
=e235=03
-650‘0“
=, 863=02
13802
..257-03
«350~01
s160=02
"419‘Q3
«30d=9]
=«33003
1391'63
e226=01
= 16103
--316-03
«492«04

NORMAL{ZED D2JDP2 INVERSE

Mae
y4e
XG
¥W
W
XwW
MU
ZJ
Xy
MDE
D&
xDE
MDc
0¢C
xXdC

MR
0
X0
Ma

M
.49“-01
-.491-02
«417=53
= 7BE+J0
-7&3‘02
s 167=01
-, 879400
-&95-02
-332-01
=, 70T7+00
-,817=02
-.5&&-01
» 437400
«854=33
«871=93
L0E
- 817=02
- 802400
.1878.02
o60{=02

@

-, L31=(2
e 727=0G1
.312-02
2« 16003

=,8845+00

- 65¢=02

=e335-G2

s 573400

»,82G=02
2 370=02

«g30240G0
«595=902
LLYLIZ)

-.295+00

e i30B8=03

XDE

v-.38ﬁ-01
+395=02
=e792+00
«396~01

200375

X3
«150=03
elbney
$533=02

- 36253
«$17-04

«e22n=01

»o037=033
li?Q‘OS

- 2HG=01
«270-03

. 550=04

= B9~ (2
t375'0d

-.613-05

=,21d=01

MDC

“e215=901
« 353505
e 375-04

m~a3lb=(C]
2325=03

o, 2b2=03
0113400
v507=03

=,335=03
e114=02
2a334=03

“.181=03
2990400

w-eSH1=03

T e151=03

X3
.U17'03
e312=02
o 730=01

.122“-01
«124=02

= 884+400

-e329=01
+435-02

w,871+00
0 376=01

=,87802

=a 792400
ad15=¢3

=e111=03

- 290+00

sDC

-.437+00
s487=04
0515-03

-, 140+00

2

MW
. 873=052
1261'05
=,363=03
3505301
-, 477=93
W d32=04
«473=01
=3 87103
*s160=p2
e163=01
«208=03
o134=~02
=e313=201
-650'04
0156'03
0C
Wl22=04
-, 21U=01
s Bi3eDs
0580'04
“s313=(1
=e102=03
o1 T6=03
«112+00

| ®e132=03

1336'03
12202
=e316=03
=.581-03
0996400
0446‘33

MK
= 786+ 00
-160‘03
=e220=(}
«225+00
=e607=02
-S“S'O}
«803+00
--995-02
'0152'01
«bUH+00
Wb601=02
e 396m=01
-cla0+00
36303
«036«03
20c
«854=03
=e295+400
=,111=03
«303-03

Zna
'132'93
=.224m01
.3!7-00
=s477<03
12400
«435-03
= 230=04
122400
«890=03
m,d431=n3
38701
= 207T=0%
-335-33
=e313=01
'1175'03
X0e
WU30m0Y
--23“°GU
=e2il={1
-156-63
--175063
=s318=(1
= 22E=(3
-y T06=C4
«111400
- 655y
wo326=({3
«492=C4
«151=(3
HdibmC3
«1004(1

v
-703-(2
-, 880L%c0
ol2U4=(2
neb507=(2
e 349+¢0
e335=(2
“e313=(3
838+ 0
1652'(2
‘tlzs‘fl
WB71+{0
wS)Bm(2
e934a(3
-.BQh-(!
=e5)9«(3
xBC
t871-(3
=e338e(3
2940
.690-03

AW
#341-03
-, 167=03
'1226.01
-QEZ-OQ
s435=03
«123¢090
«170=02
~,585=04
+123+00
-5144-02
,513=0%
+360=01
- 2t2=03
=.102=03
~.318=0}

XN
0197-01
-, 654=02
-, 884400
«548=03
+355=02
+ 551400
0185-01
v 428=03
2 900+00
=,418=01
«986m02
«bB3400
-,B0U=Q3
-,292=03
- 906=01
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LTBe04
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0701'01
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-,350=04
w119=01
+394mQ3
0160-02
o 113400
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t
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My
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2265400
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u
«e172=03
+,247=04
0124=03
-, 871=03
0122420
-s5H5=04
o h21mi3
+152+00
.U}Q-O}
= iAG=03
0303'01
41903
v0607'03
20112400
=, 766~04

Zu
2EG3=(i2
~.B873+00
W435-02
-e995~(2
898400
'.u2ﬁ-03
= 40YeQ2
« 389400
e 285=92
*,122=01
0525400
'.717-02
«156=02
«287+00
=ei97-~03

xXu
Bli=03
" 235=03
»,2L9-01
’1160-02
.690-03
a123+G0
=,350«C4
43503
153409
=,154=02
«480=03
e 50U=Q Y
~e335=03
“,132=03
111400

Xy
0332=01
=,E29=02
=,871+00
.0182'01
«652=02
«90U+00
=,338=03
e 2B8h=G2
0 391+0G0
- {401=01
«828=02
eS18400
=, E58=03
«e337=03
284400

23

MDE
= 3d4=(2
09u=jd
.270'03
e1d43-0]
=,531=(03
*eldla(2
«e115=91
=ei69«03
=.154=02
e 95802
»,325=023
=e334«93
.11“.02
e 3536=03
= 655«04

mbE
= 737400
Q970-02
e 376=01
«bUot 05
=,125=014
=.418=01
» 455406
-, 172=01
=e40i=01
c93=-ﬁ1
-, 22201
=s2Z20=C1
ello=~0}
«34i=02
=eb66=G3



Y

0L

09/09/74

11131816 4OHR

LA e 091400
Xw «986=02
MU s101=01
u 525400
Xy « 828202
MDE ~,222=01
P41 «1488¢00
XDE W176~01
KOC 2 230=C2
Z0¢ «852=02
XoC =.220=92

ENSEMBLE COVARIANCE

He
le} 08499«01
lQ w,581=01
xXa =, 270400
NN '702-01
W «305+00
X 144401
MU "e291400
U «SdU+00
Xy e 7199+030
M0E « 127401
ZDE «639=01
XDE 5024090
MDC =,230400
Z0¢ «101401
xDC -,256+01
I5t
MQ «639=01
8 w,256+01
XG =.155¢02
Mu «186+01
iw «115+02
XW «B818+02
My 2« 257401
pAL 2137402
Xy obT5¢02
MDE 0417400
ZDE «201+01
X0k «26U¥02
MDC “e 771400
De «300402
XpC «,056+02

NORMALIZED COVARIANCE

bl
MR «300%00
a -.117400
XQ = TJUS=01
MW «153+00
ZA «118+400
Xw 0750‘01
MU =,403+400

000373079

--503-02
«683+400
eld03=91

s 717~02
»518+00

=.226~01
ll?ﬁ-ﬁl
+ 150400

'0950'03

=.,2]1=02
«328=03

0
=s581%01
« 377401
«231402
=, 2h6+01
'3169+02
=. 122403
= 388+01
'-278+02
=-¢100+03
«275400
-.2§b+01
=e827+02
»146+01
=4St (2
«101403
XDE
«60Z+00
=o427452

. = 26B+03

-310*02
«191403
142404
ldAie02
«316493
117404
-, 258+01
+2848+02
495403
=ell4+02
«S523403
-.116+0“

8

=s117400
«194401
«G85+00

. =, 898+00

=s100+01
=, 965400
=.829+00

0003735

«934=33
- B04=03
u27+00
0156'02
-,858=73
2116=014
0230'02
=, 9u(=u3
«938+00
»,583«(03
0152'0.5

- X8

270400
« 231402
£146+03

‘c173+02

=, 103403

-l771+03

T m, 250402

“e171+03
~.830433
WlUb+0L
=, 155402
'0266?03
» 705401
282403
«625+03
L]t
=.23G+20
s 146401
W 708401
-, 382400
-, 64401
=,375+32
-, 755=0%
-, 113+02
«,257+02
e 792=01
--77’.*00
- 144¢02
JU26401
=-e202+402
fHFU+D2

X8

=, 745=01
«GES+U0
121402

o G4G+00

=,963+00

-'100001

=.873400

2

~,598-01
-e292=93
=sbbb=03
« 2874093
-, 337203
«341=02
9852'02
~,211=02
-, 583=03
«999+00
UU4T7=03

M
«702=01
=e2bb6+01
=e173402
+23340¢
116402
916402
«300+01
2196402
«TEL+I2
#139+04
»1604+01
«316402
=,382+400
«322+02
=,705+02
pAN
«101401%
'9456+02
=, 282403
e3c2ei2
o 20L+03
+149+04
«LHU+DP
«339+93
122404
=e291401
«360%02
«523+03
-e202+02
«S6L+03
'n126+0a

Hw

«153+00
-.898+00
-,54d0400

153401

«899+00

«QU0+00

«818+00

Figure 4.3 (page 12
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199

‘1509‘03
=e90&-01
-.,862~03
=,187=03
«2BU+QQ
-, 50603
=,220~02
0528"03
152433
nuu7"°3
0100~-01

ra'l
« 3084900
-, 169402
=o103403
2119402
756402
qubﬁos
173402
+125403
Wu87403
=.i05+40¢
«115402
+191403
= 544401
b 2044073
=, U514073
xXDC
-, 256+01
1014903
«625+03
~a705¢02
- 51403
- 231404
-e101403
'n753+03
-,265+04
«84340¢
®,E56402
=, 116434
LHGLEN2

=e126434

282404

IwW
«1168+00

-, 100401

w,935+00
899400
870401
«984¢00
«828+00

DATE 090974

X4 MU 2u
144401 =, 291400 oSLU+CO
w,122+03 =, 3668+01 - 278402
-'771*03 'QZS“+02 "0171*93
916402 «300¢01 0196402
+ 546403 «173402 «125+453
«408+04 e 134403 0 905%03
o 134+G3 «S580¢01 285402
« 905403 2285+02 206+03
«335+04 « 113403 «739+03
»a769+04 - 450401 =,121+01
«513+402 «257+01¢ e187402
«142+04d d61402 «316+03
=,375¢02 «,755=01 =-,113402
«149+04 464402 v335%03
-.331+0“ "101¢03 -.753*93
Xw MU u
2 750=01 "7 =, U403+00 T L,3$26400
-, 985400 -, 825+0G0 -,99G+00
-,100+01 =, 873+006 - ,9874C0
«94G+C0 «318400 « 6974090
« 984400 WB2E+00 2998400
«639402 «873¢400 +9B87400
« 873400 e2di¢0} +825+00

of 15)

3

PAGE

xu
0799+00
-,100+03
=l,&34403
« 764402
2447403
¢ 330404
2113403
« 739403
277404
-,631+01
«675402
117404
=,257+02
2122404
--268+0u

XU
«506=01

=o978¢00

-o99E8400
« 951+ 00
977400
e 998400
+868+00

24

MCE
e127¢01
«275+60
oldb+01
¢« 135+01

=a105+01

~e 769401

450401

=,191401%

=,331401¢
e226¢02
2417400

- 258+¢0G1¢
«792~01

=, 251+01
643404

HDE
.688+00
«298=-01
2255401
161400

=,255m01

-0255-0!

=,393+00



i

1L

99/0

2y
Xy
MD
D
XD
MD
D
X0

MQ
9
xaq
Mw
W
Xw
My
Zu
XU
MD
20
XD
MD
D
XD

/74 11131116 MOHR 000373070 pCo373
«126+00 -e999+90 -, 927400
«505=01 =eG78+00 ~e398+00
E .lso+°° -!930+OQ "903+00
E e902-01 =.987400 .o G39¢00
c 372400 e364+00 «284¢00
c 141400 = JEGH0Q -,985+90
c . 161+09 297G+00 NS DYV
IDE XDE mDC
2150400 e Q02=01 ~e372100
=,930400 e Q987400 « 364400
»e903+00 ~e$99400 284400
«E58+00 0931400 =e121400
0935400 «FRE+00 e X5G+00
«G06+00 0 9G95+0G0 -e285+00
|75Qﬁ00 .861*00 ‘.152‘01
«918+00 «G91+00 =43R3+00
«304+00 «995+00 -, 236+00
E e616-91 -, 204=01 «BOT=02
E e1d2+01 «901400 264400
E 2901400 «222+402 = 314400
C =,264+00 =e314+00 206101
c «B91+00 «GG0+00 -y 12+00
C « 372460 -3 962+00 451400
EXPECTED MEAN ERROR
MG «.31542+00 ZQ =-,28632+00
XKW ~,18502=01 MU »15805+01
Z0E “,38275+01 XDE 34208400

Figure 4.3

2

«897+00
«951+00
«191+00
« 858400
0931400
'0121‘00
«839+00
~,866+00
yAs Lo
e1£1400
-, 9RG+00
-,985+00
+88G6+00
» 986400
+985+00
«812+00
«995+00
+ 9373400
= e25E=01
1851400
«590+00
'-412+0Q
« 237402
997400

Xa
Zu
mMDC

199

,995#00
«577400
=~ ,255+01
«935+0¢
«9864+00C
=,359+0¢
«9864+0¢(
- 975400
xDnC
=e16140¢C
«973+0¢C
0974400
- eB865400
~e370+00
- Q7546
-, 7858+00
-, 9BE+O0
-, 953400
.254-0]
=,872+0¢
-, 982400
0“51*00
‘|997*0ﬁ

k4 -
e53i+02

«T72E9=01
212870401
“.91658+00

L =e975¢00

«987+C0
«998+00

T me253=0f

«904+00
999400
-.255#00
2985400

MW
Xy
20¢C

(page 13 of 15)

DATE 090974

.825‘00
LBRE+G0
«e393+00 -
L754400
£861400
“e152=01 -
.812¢0G0
_me788+00 -
OO
. . BT
S5
= E
')
_ ..a®
oy
=
.14505401
- 43635=01
18243401

L8402
«978+00
27901
«918+00
«991+00
«3R3400
« 594400
«988+400

!

rA
MDE
x0C

PAGE 25
e 9T7HE00 =e279«01
|527+02 “,252=0Y
=.252-01 4754018
904400 «01E=01
0995400  =.244=01
-.230’00 «B80T7=02
«973+00 w.258=01
-.959400 c254=01
75370400
e 36977+00
=e61027+20



(45

09/09/74

11131116 MUMR

000373070

SENSITIVITY DERIVATIVES

PARAMETER

INPUT
15Q
Q
xaQ
Mw
FAY
Xu
tay
y
Xe
upE
' j;ZD E
xoe”
L1
0¢C
X0g

PARAMETER

INPUY
Mg
£3
XQ
MW
Z4
X
MU
ZU
Xy
MDE
ZDE
XDE
Lo}
pAs ]
xpC

PAKAMETER

INPUT
M3
i
xa
Ma
W
Xy
My
Zu

EXRQR SOUKRCE

BIASES

THETA
150400
«236=01

= 689=03

15as0d, ..

«377=01
=,222=01

v--IHZ'OZ

=.152+00
=.402=01
«635=03
e394+00C
=, 4Ui=01
+898=02
581400
c687'01
=o166=01

a
«100+00
e172400

-.3‘?b-02
S0%92
e £934G0

-y 156400
-1“3‘01

=e371400

=.c77+02
«310=01
165401

*.235¢00
«524=01

= UBB+O]
«380400

=s908=01

ERROR SOURCE

U
2100401
QQBU‘03

'0199'03

- 46803
+210=02

=,120=02

~vli2=C1

-592=03

-.763'03

=-e113-01
n194'02

.0255-02

=.205=01

=,269=02
eSUL=p2
2314=01

[ 34
«500=02
'-13""02
.186-02
$385a91
«H439-02
035“'01
«103+00C
2129400
0107'0i
«123+900
«e133=01
1069'01
«6865=014
“,267%01
=, 742=01
262=01

ERROR SOURCE

VANE

VX
«2004G2

-y 1U2=02

=-.705=92
1UG=02

--167-02

= 142=01
1255'02
«360=G2
«685=03

LAG
ThETA
820+02
2480
e,615=08
«120-05
e 15%=04
-a182=44
=, 5030~00
“s1335-03
=.331=04

Boowet Bend Dl Lol

000373

ALPHA
«10G+0G0
2260~

-, 20%=01
18101
B75=01
« 731400

"171+00

=,173+00
«B63=01

-:27“"01
«S08+00
03054901

-,740%00

=-,6858+00

~ea272+01
-057*00

NZ
.590-02
s 283=01

-, 151100

-.1425-03
+276=31
e 376=01

--205+00

-.235+0G
2235401

- 305400
ec32+00
«142+301

-y 178+00

-.Q92+00

-, §32¢01
«320+00

Q
b20+02
-, b6F=U5
=.255=04
-883‘03
1702'Cg
- 375%04
'-920‘05
=,606=03
=,230=04§

2 199

u NX
»1C0+G1 «500=02
-, {42=02 -,1d49401
«516=03 074400
~y32d=(3 03624 (¢
-, 245-02 =s162¢01
171=02 WH13¢01
o121=01 « 333401
«131=02 «933+G1
'855°03 5133+C1
«l45=02 -, {3dt2
»e32u=02 225301
+524=02 « 848+
- oS5T74=01 «628+02
«362=02 = 390+0¢
=.673%=02 =.118+402
-593=01 .015061

MISALN

G=DOT NX
500=92 «600+00
«504400Q +407=03
= 592014 =.319=C4
=102« 0 295=02
-, 472+00 «171=¢2
= 867400 2327=-02
«380400 1di=C1
= 152401 +151-C1
~e167+014 ¢963=1:3
95400 =e131=01
1E5¢402 «952=(3
=.2064+01 ‘ n311‘C2
«551400 =.132=01
159402 =.217w02
+ 325401 = 55%=¢2
-, 835400 2198=02

ALPHA U
623402 620402
0123‘(:‘“ 1375-06
-BET‘GQ -'151'05
= lbiel -, blbe0h
e116-04 «427=05
=, 739=04 >, 125=06
235204 = 41505
«,90G=04 -, 329=06
-e269=03 - 4lUld=Qp

~ Figure 4.3

o

(page 14 of 15)

NZ
«500=02
-,120+01
«3TE+GY
£990=01
'5131+01
»,955+01
« 343401
«534+01
=,347+02
431401
-, 881{+01
« 307402
«550+01
«155+¢02
<489+02
=.118+02

NZ
«600+00
=,122=03
2 563=G3
s 745=05
=,133~03
©a613=03
«6006=03
-766-03
'0657'02
+85G9=03
-0951-03
=,154=02
.816=03
»185=02
0536'02
~.130=02

NX
«620+02
~e234=05
.156-05
cS}S‘OQ
=,213=-04
«141-C4
-,134~03
«533=08
W 707=08

2

Q=007
«100409
«201400
-hOS-OZ

»e287=02

= 342400

«,304+00
«793=01

-,218+01

-0338+00
«e112400
«106+401

=, 265+00
«Tk2=01
321401

471400

=e122400

C. G,

€6 X

«500400
«184=02
«975=02
.1“’0"02
«181-03
~e171-01
-,331=03
«301~03
«213=04
-,127=03
«751=03

T o~ e415+0C0

-e129~02
-, 950~03
=.401=02

«872=03

NZ
«620+402
-,720=04
w,106=02
12003
-.391'0'3
«17E=02
-, 242=03
1623'03
«320=92

DATE 090974

SCALE
THETA
«500=02
»593=01
=e12G=y2
'265'02
4S8~ 01]
=, 3R1=04
=e279=02
=,237+00
=, 7¢0=01
«893=03
«554400
“,711=01
o{u2=01
=.102¢01¢
«112+00
=e27C=01

CG 2z
«500400
=.105=01
«330-02
~,2165=01
e377=03
-38:'02
o 17deC]
=,a1G4=~02
-'211-03
-e,205=21
«592=02
0261'01
2411400
=.878=02
-.305'01
-105'01

Q-D0Y
620+02

=,2Rd=02
.623-00
W180=03
«GBE=02
.be-OS

-.101=02
+116=01
«llo=02

FAGE

&
eHOU=02
«6G7¢00

-,132=01
0134=901
1824014

- L4S+(0
«521=C1

“e10k+01

-~ 842400
195400
-380*01

670400
«151400

-, 125¢02
«116+01L

=e26iv00

ACCEL
AX
+500+01
-36b-02
9168'01
.Sﬂi"'i)u
QIBS'GE
-, 291=02
'.316‘02
=,990=02
«206=01
-,374=04
«232-01
-.312+00
=e262=01
'0350'01
»,1206+00
«305=01

CRIASE
BDE
«100+400
~,268¢01
-e694=-01
=.121=01
-.322401
=, 7786=01
=l 249=01
«593+401
2243400

2o

ALPHA -
«H00=02
PE-E-1-L Xvh
« 10600

LETAE LIS
SDU=01
999400

227400

=,215400
$880+30

=,211+090
W4GE+00
0182¢01

- 21400

-e910400

=, 278401~
«573400

AZ
22004901
+105=01

=,330=32
'ﬁld-al

=o,377/=03

e, tRiag2

=el7U=(}
«193=02
0211=03
0205‘01

- tG2mi32

~a261=01

~e511400
+876«02
-305'01
~,1083=01

30C
»160+400
-, 483400
o 1950402
118463
=e133+G2
-, 543402
"-022#03
=190¢02
=, 142+03



€L

09/09/74

Xy

MBE
Zo¢
XDE
MDC
Zoc
xdC

PARAMETER

INPUT
e
ZQ
X0
M
LW
W
MU
v
Xu
MDE
IDE
XDE
»OC
DC
XDC

1131313116 MOHR

-,80G=34
=.225=01
=, 103+00
1211\9"01
e34C=01
« 122400
=e295~01

ERROR SOUXCE

CSCALE
EDE
«100=04
0108402
s2B8+g2
«273403
628402
-.135*03
e, 144+04
.0112¢03
=e1568403
“,150+04
s 141401
=.365¢02
= 417¢03
=.141403
-, 148+03
»118402

DETERMINANT OF Dadbp2

#FIN

000373070 000373 2
«839=06 ~e171=04 266504
2 304=03 «1h%=032 +215-03

= 358=G4 -, 475=03 e112=02
2+ 735=05 al12%03 «s273=03

=4B2=)3 -, 141=02 =e274=03

«560=04 +537=03 =e11Us02

=¢135=-04 =,145=03 «275=03
C LAG

EDC FDE FDC
«100=01 620402 0620402
«320¢01 ~eib1=02 “eb60-03

= 271t02 *.284=02 «e195=03
119492 220G-04 =,2U0=03

~e 128402 812=02 e5T74=02
e132403 0167-01 -,198w02

-,596+02 e117=03 «858=03

-, 185+02 e901=02 $429=02
«1645+03 e162=01 =, 17U=02

=y 636402 -, 250=03 »751=03

- 354401 «231-02 «127=02
«391402 «852=02 =27U"03

=,183+402 «£657=08 «416=03

~e321402 «270G=32 ~e.131=01
#7204C2 7 =a101=01" sd21=02
-, {48+ 02 =e,201=02 o 7UG=03
+27550426+08
Figure 4.3

199

=,368-05
-12&005
=,172=G5S
15004
'.155“05
-230‘05
0207“04

-,102-03
+783=05
«242=04
.852'0“

w,111=04

=,345=-04
«129=04

(page 15 of 15)

-, 606=03
-e150=t2
w 880=02
«198=02
.151-02
«791=02
»,191=02

DATE 090574

=e1i7=02
w ,Lh3=(2

«131=G2
= 549=03%
=.125=01
=,219=02

«574=03

PAGE

«347=01¢
w475+ 02
=e123401
~,2U2+00
., 266=01
=, 3U¢S=02

-3“4-02

27

-.505’03
eldl+l
=.123+02
*a215403
0932401

=2237403 .

¢331+03

t



SIMULATED DATA *% [ATERAL ANALYSIS
PARAMETERS ESTIMATE ONLY

.

INPUT SUMMARY

SIMDAT
ESTIMs \ MODE= 2 SAMPLE POINTS= 99 SAMPLE RATEZ 100 MONTE CARLD 3 RUNS
EP1a L0100 EP25  .0000 MAX ITERATIONZ 20 INTEGRATION STEP SIZE= ,0100
yv 2=8,200000E=02 LV ==5,729578E=01 NV Sw{e145916E=01 YP Ze2.326524E=02__ __ LP S7,030000E=01
NP £%2,5000008%02 YR ==3,392084E=03 LR 2=7.000000E=02 NR ZmU,200000E=02 YDA 3 9,540000E=01
LDA £ 2.601228E+01 NDA = 14586986E+00 YOR = 1«04000QE=01 LDR  =e7.792226E¢00 NDR 3 0,
ALPHAZ  $3,7500 THETA= 5.7190 VELOCITYZ 68,0200
ERROR VECTORS
BIASES SCALE MISALIGN LAG NOISE
B BETA 5,0000000E=02 5,0000000E=03 e 6,2000000E401  540000000E=02 o
P 140000000E=01 5,0000G00E=03 6+0000000E=01 6.2000000E+01 1,0000000E=01
R 1.0000000E=01 5,0000000E~03 6.0000000E=01 6.,2000000E+01 1.0000000E=01
- PHI Se0000000E=01 5,0000000E=03 0 6.20Q0000E+01 5,0000000E=01
=~ NY S.0000000E=04 5,0000000E=03 O 6.2000000E+01 5,0000000E=04
p=p0T 6+0000000E=01 5,0000000E=03 Do 6,2000000E401 __ ___ 1.0000000E=01
R=DOT 1«0000000E=01 S,0000000E=03 6.0000000E=01 6,2000000E+01 1+0000000E=01
I. Ce ACCEL Co Go VANE
' v 0s AX 5,0000000E+00 €6 X 5,0000000E=01 VX 2.0000000E+0}
P 0o AY 0 cG v O
R 0 AZ %.,0000000E+00 C6 Z S40000000E=01
PHI 0o :
CONTROL ERRORS
BDA 0 EDA 0. FDA 6.2000000E+01
8DR 0e EDR 0 FDR 6.,2000000E40}

Figure 4.4 Example Output for VIOL Simulated Data Program (page 1 of 13)
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e¥s8%  SIMULATED DATA MODE 2 ss#ss
*5¥8% MONTE CARLO SAMPLE NO. 1 exxsx
NEWTON=RAPHSON ITERATION NO, 1 COSTI3  {.TB170E+0} COST2®  3,48386E+01  J ®  3,25644E¢0S h
o)
=
o & NEWTON=RAPHSON GRADIENT VECTOR e e .
QB Yv =5,02134E+05 Lv «8.47323E404 NY  1403194E*05 YpP =T.43078E+04 LP 4,69969E+04
O NP “1.11073E+05 YR ~7.82819E+04 LR 1.u2921E+04 NR a1,84499E+04 YDA 9,14928E+04
« B: LDA 1.32600E+03 NDA “4.79066E+03 YOR =6431258E+04 LOR “l,12940E+02 NOR 6,40043E+03
o
J
= - . NEWTON=RAPHSON STEP ERROR VECTOR e e e .
& vy =5,89221E=02 Lv ~3.15409E=02 NV =1 4U2BTE=02 YP «5,71686E02 LP 3,90880E=02
NP ©3,47579E=03 YR -6.93452E=02 LR “2.25435E=01 NR «3,41640E=02 YDA 2.36989E+00
B . LDA *9,53529E=01 NDA =2.93540E>01 YOR .. =6+92191E=~01 LOR__ _=5,4b465E~01 ____NOR _  1,54009€=0}
_ . PARAMETER ESTIMATE VECTOR (K+1) e e . —
YV *1,40922E=01 Lv =6404499E=01 NV =1,29020E~01 YP . "B.04338E-02 LP *6,63912E=01
NP *2,84758E=02 YR «7¢32373E~02 LR «2,95435E01 NR ~T.61610E=02 YDA 3,32389E+00
LOA 2.50588E401 NDA 1425345E+00 YOR ~5,88191E=01 LOR «8,33869E+00 NDR 1,54009E=01
~J
K3 U‘ 14
| NEWTON=RAPHSON ITERATION NO, 2 COSTiz  2,33122Ee01 COST2=  8,66595E~01 J = 2,50405E¢04
ZL
- NEWTON=RAPHSON GRADIENT VECTOR
vy «b.97065€+04 LV ~4,76995E+04 NV 5,92860E+04 YP 2,41819E+04 LP 5,67579E+04
NP “b6,13110E+04 YR «2,40561E+04 LR - 1.67706E+04 NR «2,23942E404 YDA «9,97685E402
. .LDA . . 9.25231E+02 NDA <1,41100E+03 _ YDR__ =1,50149E+03 ___ LDR_____ 6,08039E+02 __ NOR 2,515456+02
NEWTON=RAPHSON STEP ERROR VECTOR
Yv =3 ,BSUUbE=03 LV ®2,66560E=03 NV S5.11915E=04 YP 4,47525E=«03 LP w2 ,64097E=03
NP 2,27056E«03 YR ~1.,69618E~02 LR 3.04472E=02 NR *5,50451E=03 YDA 1.64474E=03
LOA 5,80037E=02 NDA 3.87903E=02 YDR »7,97202E=03 . LDR_ 3,46071E=02 __ NOR 3,59029E=02
PARAMETER ESTIMATE VECTOR (K+1)
Yy *1,44777E=01 Lv «6,07164E=01 NV =1,28509E=01 YP “7.59585E=02 LP «6,66553E=01
NP “2,62052E02 YR «9.01991E=02 LR “2,64988E=0} NR “B,16655E=02 YDA 3,32550E400
LOA 2511686401 NDA 1.29224E+400 YDR “5,96163E=01 LOR «8,30408E+00 NDR 1,89912E=0{

Figure 4.4 (page 2 of 13)
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NEWTONeRAPHSON ITERATION NO, 3 ¢cO0STis 8.,200S1€Ee02 c0ST2s 1,82000E=0% J s 2.36643E404
NEWTON=RAPHSON GRADIENT VECTOR . —— e . _
Yy =7,09880E+02 LV 1.,41240E¢02 NV =3,08847E+02 YP 4.06546E+02 LP 1.,88009E¢02
NP =3 . 31589E402 YR 1.26T24E+02 LR 1.50527E+04 NR 2.,81S5T74E+00 YDA «2,38158E+0}
LDA 3,79457€+00 NDA v9.1B056E¢00 YOR 2.,2U983E+01 LOR . w8,2b845E+00 . NDR 2.06196E¢00
——  NEWTONwRAPHSON STEP ERROR VECTOR . I . o o
Yy =§.,9452%E=04 LV =5, 73820E-04 NV =7 34497E=04 YP ©3,26689E=05 LP 1.76995€=05
NP “{,03463Ex03 YR =3.53524E=04 LR «2,38829E=03 NR 2,20120k=03 YDA i, ,3364eE=03
LDA 1,17951E-03 NDA wle27596E~02 YOR “Q,4T6S8E=04 LDOR 2.06734E=-23  MDR =] ,55737€E=0p
—-.. PARAMETER ESTIMATE VECTOR (K¢1) - e
Yv ®] 449 T1E=D] LV «b,07738E=01 NV =],29243:m=01 YP =7.59912E=02 LP b 66535E=01
NP »2,72399E=02 YR «9,05530E~02 LR »2,67376E=01 NR w7, 94643Em02 YDA 3.32420E+00
LOA 2.51179€+01 NDA 1« 2TS4BE+0D YOR »5,97110E=0} LOR »8,30202E+00 NDR 1.743368E=0}
NEWTON=RAPHSON ITERATION NO, ) COSTi= 644365S4E=03 C0sT2s3 1-992855192 J s 2¢36638E+04
. NEWNTON=RAPHSON GRADIENT VECTOR
2 7.69964E+00 LV =3.12922E+01 NV 1.841S1E40L YP S.19482E#01 LP 1.,73010E+0%
NP «2,35508E401 YR i U5962E+Q1Y LR 1,30910E+0} NR “b,95799L+00 YDA 2,61174E=0]
e DA . 1045255E=01 NDA 2.U9470FE=01 " YDR ___ . =2.51445E=01 ___LPR___ =2,90135E=01___ NDR 2.25494E+00
NEWYON®RAPHSON STEP ERROR VECTOR
Yy 4410863E~05 Ly 1.07051E=04 NV G.BY4G2E=0S YP wb, 4S5US0E=06 LP o] ,30873E=04
NP 7.22784E=05 YR 2.39635E=04 LR 1.,25350E=03 NR 6,93802E=05 YDA 2.54025E«0y
. LDA 2,7T134TE=04 NDA 9,30627E=04  _ __YDR _ . 1.68924E=04 LDOR__ =2,39763E-04___ NDR _ = 1,12248E=03
PARAMETER ESTIMATE VECTOR (K+!)
YV wi 44930E=01 LV ab,07631E=01 NV «1,29145E=01 YP =7.59977E=02 LP =b,b66666Em0]
_.NP . =2,71676E=02 YR -9.03134E=02 LR =2,66123E=014 O NR | =7,93949E=02 = YDA 3.32445E400
LDA 2,51182E+01 NDA {1.2B04LEY00 YDR -5,96942E=01 LDOR «8,30226E+00 NUR 1.75461E=0¢

Figure 4.4 (page 3 of 13)



ERROR VECTOR

Yv 8. 29300E=02 LV 3. 06733602 NV 1,45532E=02 YP 5,27324E=02 LP «5,63358E=02
NP 2.16758E=03 YR Be6U4213E=02 LR $.96123E=01 NR 3,73949E=02 . YDA w2,3T045E400
LDA BL.94078E=0} NDA 2.56579E=01 YDR 7400942E=01 LOR 5¢10031E=01¢ NDR ©},TS40E=0}

NORMALIZED PARAMETER ERROR VECTOR

Yv =7.67439E=01 Y ©6,05163E=02 NV =1.27001E=0} YP «2,26658E400 Lp 5.16b640E=02
NP *8,67030E=02 YR =2.22044E%91 LR =2,80175E¢00 NR -8,.90355E=01 YDA =2, 4B84T5E+00
OO LDA 3.,43713€-02 MDA 1472321E=01 YDR 62 T3982E+00 LOR =6,54558E=02 NDR - RRRRR
<5
8 E AVERAGE ERRQOR VErTOR
. Yv 6,29300F=02 Lv 3.456733E=02 NV 1.45532E=02 \i4 S,27324E=02 LP »3,63338E«02
i L2} E: NP 2.18758E=03 YR B8.64213E=02 LR 1,96123E~01 NR 3.73949E=02 YDA «2,37U4SE+00
i O - LDA B.9407SE=0} NDA 2:665T9E=01 YDR 7400942E=01 LDR S.10031E=01 ____NDR__ =), 75461E=0y
c -
g >
2 COVARIANCE MATRIX . |
E YV Lv NY Yp LP NP YR LR NR YDA
H Yv 0- o- Oo 00 0. 0. 0- o- 0. Ol
R Lv o. on On 00 Ol O. - 0. . ———— 0. -—— 0. ———— e 0.
Ny 0. 0. ' Oa O« 0. 0. O Oe Oe
YP 0, 0 0. 0 O 0. 0. o, 0. Oe
LP 0. oc 0- O- 0. 0. 0. 0. - °| 0.
NP 0! 0. 0. o. 0. o- 0. o. 0- OI
YR oa 0. O« Qe 0o 0. 0. oo 0. O
.y LR oo 0- 0. Ol 0- - 0- —_ 0. . 0' »OI. ..».-.0!
~ NR 0. 0- . Qe Qe 0. 0. 00 Oa 0o O
YDA 0' 0. O Qe [ o. oa o- 0. 0o
LDA 0. 0! 0. Ol Qg 0. 0. ’ 0. 0- 00
NDA ot OI Oe [+1% O o- o. O. 0' Oe
YDR 0. 0. 0. O Oe Oc A 0. 0. ) Oe 0o
~~~~~ LDR - 00 om 0. - Ol B o- - 0. . 0.‘ ._,‘0. e _,o....m__,.,.-d °I
NDR 0- 0‘. 1Y 00 O 0. oo Y 0. 0'
LDA NDA YDR LDR NDR
Yv 'Y On Oe Os Qe
Lv 0, 0. 0. 0. 0.
NV Qs o‘n 0. 0! 0'
- R :!::F— 0. o. 0. - - - °l . - e 0' _—— - -
LF 0, 0. O Oe 0
NP 0, 0, O 0. 0
YR s 0w Q- 0 Qe
LR 0. 0 0 0o O,
i NR oo 0. O O O
YDA o. OQ 0. - 0‘ 0. —
Loa o, 0. 0. 0o 'S
t. . NDA O Oe Oe ) 0o Qe
YDR 0, 0, O O Qe
LDR 0, 0, 0. 0 0.
NDR 0. 0. Oe Oa 0
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ssxsy MONTE

CARLO SAMPLE NO,

NEWTON=RAPHSON ITERATION NO.

NEWTON=RAPHSON GRADIENT VECTOR
=~4,47094F+05
~1.46129E4+05

Yy
NP

LDA

NEWTUN=RAPHSON STEP ERRUOR VECTOR

1.,34015E£4+03

YV ~5,53358EA02
NP =2.54959E=0p
LOA “8,81377E~01

PARAMETER ESTIMATE VECTOR (K+1)

YV =1,37336E=014
NP *5,04959E=02
LDA €.51309E+01 '

Ly

YR
ND&

Ly

YR

NDA

Lv
YR
NDA

NEWTON=RAPHSON ITERATION NO,

NEWTON=RAPHSON GRADIENT VECTOR

Yy "8,9927UE+04 LV
NP =4 ,86984E+04 YR
LDA 6.90382E+02 NDA

NEWTON=RAPHSON STEP ERROR VECTOR

LYY ~3,97558E=03
NP 1,90917€=03
LDA 9.02552E=02

PARAMETER ESTIMATE VECTOR (K+i)

Yv =1,41311E=01
NP *{,858487E=02
LOA 2,52212E+40¢

LV
YR
NDA

Lv
YR
NDA

2 mENkE
1 C0sTi=
=14,20820E£+05

«8.16504E+04
=5.10750£+03

wbs14765E=02
~5433766E=02
2.67717E~01

=be34434E=01
=5,72687E=02
1.81470E%00

2 COSTi=

-2.,06183E+04
=3.81955E+03
=-9,52549E+02

S«56921E=04
«3:-72434E=03
£.99876E=02

«6433877E~01
=6409938E=02
1483469E+00

L
£

1:37142E+01

Ny
LR
YDR

NY
YOR

NY
LR
YOR

3.00096E=01

Ny
LR
YOR

Ny
LR
YDR

NV

LR

YOR
Figure 4.4
i 4 8

cosTes= 24896T6E+01L
1.81158E+0S YP
177822E4+04 NR
=6 0T844E+04 LDR
w2,902i7E=02 YP
»9,06178E=02 NR
=6.71264E=01 LDR
w],43613E=01 Ye
=1.60818E=01 NR
=5,67261E=01 LDR
C0STe= 7.90063Ee01
$1.66397E+04 _ _ YP
1.06637E+04 NR
=g ,68322E+02 LDOR
- wg,38201E=06 YP
§,82608E=02 NR
=] .07329E=02 LOR
] 43620E-01 Yyp
=1412557E=01 NR
w5 7T994E=0 LOR

(page 5 of 13)

J 3 2,8161TE#0S
«B.34164E+04 LP
ed,27469E+04 YOA

1,38692E403 NDR
«5.47808E=02 LP
1.95596E=02 YDA
«5,23539E=01 NDR
“7.80460E=02 LP
~2,24404E02 YDA
«8,31576E+00 _____ NDR _
\
3= 1.82812E404
5,79159E+04 e
-1,28665E404 YDA
-2,81602E402 'NDR
4,37539E=03 LP
4,91160E=03 YDA
7.48926E=02 NOR
«7:36706Ew02 P
-1,75288E=02 YDA
w8 ,2408TE+00 NOR

%e56295E¢04
8.,51421E+04
1.18393E+03

1.11656E=02
2,22862E+00
=4,33751E=0}

b6,91834E=0}
3,18262E+00

. ®4,33751E=0g

3.29493r+04
2.59386E402
1.46494E+03

1.467258=04
1,6B087E=02
1.“87555‘02

“6,91688E=01
3,19943E+00
“4,1887SE=0]
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o

NEWTON=RAPHEON ITERATION NO, 3 cosTis= Q9.92291E=02 COSTe= 1,73620E=01 J s {.724869E+04

NEWTON«RAPHSON GR2T*:"., VECTOR

Yv 8,1554c¢02 Ly 3,63533F+02 Ny =1.b634216402 Yp 3.5%018€¢02 LP «5.33§51€¢02
NP 4. 029235E+02 YR 3.94075E+02 LR =2,03090E+02 NR 1.36360E¢02 YDA . . 2.77019E+0¢
LD& “5,98951E+00 NDA 3,84527E400 YOR 1.56144E401 LDR ~2,00827E=02 NOR »3,78783E+0}

NE4TON=RAPHSGN STEP ERROR VECTOR

YV =6,50392€~05 Lv =5,22308E-04 NV =3.01779E=04 YP «3,00118E~05 L? 5.65505E«06
NF *7.87020E=-04 YR =1.17188E=04 LR =2.61130E=03 NR . 1,73936E=03 YOA =5,28442E=04g

LoA =2.05946E=03 NDA =»7.25385E=03 YDR =5.56572E~04 LDOR =2,12733E~03 NOR =3,40650E-03

PARAMETER ESTIMATE VECTOR (K+¢{)

YV =1,41376E=01 LV -5,34400E=01 NY =1,44121E~01 Yp =7.37006E<0c  LP «6.91682E-01
NP =4,93737E-02 YR ~6.11102E=02 LR =1.15168E=01 NR ~1,57894E=02 YDA 3,19890E+00
LDA 2,52191E+01 NDA 1.B2744E400  YDR  =5,78551E=01  LDR... =B8,24300E+00 __ NOR__ _.=4,28282E=01

-~NEWTCN=RAPHSON ITERATION NO. 4 COST1= _ 1,33081E=02 COST2= . 3,29004E=02 . ..J =  1,724656404 _ = _ -

NEWTON®RAPHSON GRADIENT VECTOR

Yv S.52027E=014 Ly «1.33440E4018 _ NV =1457209E=08 . YP __ . T.24720E~01 _ LP 9,92677E+00
NP *1 1111564018 YR =1,639672400 LR. 7+.03876E+00 NR ~1.13349E+00 YDA =1,25907E=0¢
LDA 1.02476Em=01 NDaA 2.07553E=01 YOR =5,77334E=02 LOR =2,16149E=01 NDR 1,80236E+09

NEWTON®RAPHSON STEP ERROR VECTOR

Yv 2,84450E=05 Ly 7.07901E-05 Ny T.48446E=05 YF =2,00522E«05 WP »],73841E=04¢
NP 2,75710F=05 YR 2460585E=04 LR 1.33001E=03 NR 2.10128E=04 YOA 2,20385E=04
LDA 8,21152E=04 NDa 3.96145E=04 YOR 1.28682E=04 LDR 4,51573€E=04 NDR 5.41990E=04

PARAMETER ESTIMATE VECTOR ¢#1)

v *1,41348E=01 Lv w6, 34329E=01 NV w1 4404TE=0] YP «7.37207E=02 LP =6,9185%6E=01
NP «l,93461Fa02 YR «6,08L97E=02 LR «],13838E=01 NR ©1,55793E=02 © YDA 3.19912E+00
LDA 2.52199E+01 NDA 1,82783E+00 YOR -5,78G22E=01 LOR w8,24251E%00 NDR «d,27740E=01

Figure 4.4 (page 6 of 13)
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NEWTONeRAPHSON ITERATION NO, 5

NEWTON®RAPHSON GRADIENT VECTOR

Yv “1,33803E+00
NP =1,02996E-01
LDA 1.,66247E=02

NEWTON=RAPHSON STEP ERROR VECTOR

YV *3,99677E=06
NP *1.88704E=05
LDA =7,2046CE=05

PARAMETER ESTIMATE VECTOR (K¢1)

Yy “1,41352E-01
NP =4,93850E=02
LOA 2,52199E+01

ERROR VELTOR

Yv 5.93519E=02
NP 2.43650E=0Q2
LDA Te92432Em0¢

NORMALIZED PARAMETER

Yv . *7.23804E=01
NP =9, T4600E=01
LDA 3,04638E=02 .

AVERAGE ERROR VECTOR

Yv 6.11410E=02
NP 1.32663E=02
LOA 8,43253E=01

€0STia
LV Be14166E=01
YR “7.49706E=02
NDA «]1,55126E%01
LV ~1.60433E=05
YR ~1.64110E=05
NDA -2.279995'04
LV =6.34345E=01
YR =6,08661E=02
NDA 1.82761E400
LV 6.13871E=02
YR 5,69740E=02
NDA -2080619&'01
- rd
'ERROR VECTOR
LV «1.07141E=01
YR wi 463B4E+0]
NDA -1.81398E=01
LV 4.80302E~02
YR 7.16976E=02
NDA «7.02026E=03

2+81299E=03

NV
LR
YOR

NV
LR
YDR

NV
LR
YOR

- NV
LR
YOR

NV
LR
YOR

Figure 4.4

C0ST2= Se13427E=03
“9 425T6E=01 M
“3.30841E=01 NR
1.29780E=02 LOR
©1.56440E=05  YP
“7.92368E=05 NR
«1.89401E=05 LDR
1o 44062E=0] v o
-1.13918E=01 NR
5, 7B441E=01 LDR.

\
2.94706E=02 YP
4.39175E=02 NR
6,B2U41E=0] LDR

«2.57180E~01 YP
~6.27395E01 NR
6.56193E+00 LOR
2.20119E-02 YP
1.20020E=01 NR
6.91691E~01 LDR
(page 7 of 13)

J s 1.72465E+04
aT,52739E=02 LP
4,56155E=01 YOA
2,48056E=02 NDR
4,79901E=07 LP
4,38243E=05 YDA
©3,21496E=05 NDR
~7,37202E=02  LP
=1,55355E=02 YDA
=8,24254E400 ___ NDR
5,04550E=02 LP
“2,64645E=02 YDA
4,50314E=01 NDR
=2,168649E400 Le
6,30108E=01 YD4
=5,77901E=02 NDF
5.15937E=02 LP
S.46518E=03 YDA
4,80172k=014 NOR

“1,53556E01
1.54447E=03
*3,91121E=01

Q,T8US1E=06
22,14310E=0S§
“2,68019E=04

“6,91851E=01
3.19910E+00
«4,28008E=01

“1.11489E=02
»2,24510E400
4,2B8008E=0]

1.,58590E=02
=2 ,35535E+00
RRRRR

“2,5T414E=D2
=2,30778E+00
102627“E’°1
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COVARIANCE MATRIY

Yv
Lv
Ny
YP
Lp
NP
YR
LR
NR
YDA
LD4
NDA
YDR
LDR
NDR

Yy

Ny
YpP
Lp
NP
YR
LR
NR
YDA
LDA
NDA

YDR

LDR
NDR

Yv
3,201k=05
=2,390E=05
=1 ,334E=05
2.037E-06
w2,253E=05
=1,986E=05
2.634E=0S
1.362E=04
5,712E=0S
'1.121&-0“
9,092t=05
4,895E=04
1.655E=55
S.342E=05
*5,398E=04
LbA
9,002E=05
=p,762E=0Y
=3.791E=04
S.787E=05
“6,400E=04
»S.641E=04
Ted4B83E=0d
3.868E=03
1.623E=03
=3,185E=03
2.583E=03
1.,390E=02
4,701E=04
1.,517E=03
»],533Ee(2

Lv
«2.,390E«05
1.784E=04
9.963%E=0S
=1.521E-05
{«682E=04
1,482E-04
]1,967E=04
=1.,016E=03
=4 ,265E=04
Ba372E=04
=6,788E«04
=3,654E-03
={,236E=04
=»3,988E=-04
4,030E=«03
NDA
Q.BQSEcou
»3,054E«03
=2.,041E=03
3,116E=04
=3,445E=03
'3.0375-03
4,028E=03
2.082E~02
8,736E=03
={+715E=02
1.390E~02
7.486E=02
2.531E=03
84169E=03
=8,255E-02

NV
=1, 334F=05
9,963E=0S
5.563E«05
°6.u93E.06
§.392E=05
8,278E=05
e{,098g=04
=5.,676E=04
=2.382E=04
4.6TS5E=04
=3.791E=04
=2,041E=03
'b-ang'OS
*2.,22T7E=04
2.251E=03
YDR
1.655E=05
=1 e236E=04
» 6o BIYE=QS
1,053E=05
“1.165E=04
»1,027E=04
1.362F=04
T7+040E=04
2.954E=04
=5.,798E=04
4,701E=04
24931E-03
8,557E=05
2.T62E=04
©2,791E~03

Yp
2.037E-06
=1eS21E=0%
=8.493E=Q6
14297E=06
=] 434E=0S
«]e264E=05
1e677E-05
8+666E=05
3.636E=0S
=7:137E=05
5.787E~05
3e116E~04
1+4053E=05
3.400E=05
=3,436E=04
LDR
Se342E=05S
-SCQSBE.O“
=2e227E=Q4
3.400E=0S
=347b60E=04
=3¢314E=04
U.SQ&E-OU
2¢272E=03
9eS3IUE=(O4
=1.871E=03
1517E=03
8.!69E.03
2¢762E~04
8.915E~04
*9,009E=03

Figure 4.4

LP
e2,253k=05
{e682E=04
Q9¢392E=05
wis434E=05
{eSB6EmOH
1.398E=04
i 85Uk=04
=Q,581E=04
*4s021E=04
705?3E?OQ
'6-“00&'0“
'30“455'05
=1.165E=04
»3,760E=04
3-800E'03
NOR
«5,398E=04
4e030E=03
2e251E=03
«3,436E=04
34800E-03
3.3“96'05
-u.uﬂ}E-OS
®2.296E=02
»Ge634E=03
1.891E=02
=14533E=02
8,255E=02
»2.794E=03
«9,006E=03
94104E=22

NP
~1.,986E-05
1.4B2E=04
8.278E=05
“1,264E=05
1.398E-04
1,232E=04
=1.634E=04
=8, 4UbE=04
*3.544E=04
6,956E=04
*S.641E=04
=3,037E=03
~1,027E=04
=3,314E-04
3.349E=03
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YK
2.63UE=05
=1.967E=04
'1.096E-OU
1.677E=05
=i B5UE=04
'1-65“E-OU
2,168E=04
1,121E=03
4,701E=04
=9,228E=04
75“63E'Qg
4,028E=03
1,362E=04
4.396E=04
*4,443E=03

LR
1.362E=04
=1,0i0E=0$
-S.é?bE-OA
B,666E=05
«9,583E«04
*B,UU6E=04
1,121E203
Se792E~03
2,430E=03

Twl TT6E=03

3.868E03
2,082E=02
7.040E=04
2,272E=03
“2,296E=02

NH
S.712E=0%
*4,269E=04
©2,382E=04
3.036E=05
=4.,021E=04
»3,5UdE=-0QU
4e701E=CH
2.430E=03
1.020E=03
®2.001E=03
1e623E=03
Be736E=03
2.954E=04
9.534E=04
*9.634E=03

YDA
‘1.1235‘0“
B8e372E~04
Le6T75E=QU
-70137£‘05
TeB9SE=Q4
6+956E=04
=9e228E=04
=4e770E~03
~2.,001E=03
3e928E=03
«34185E=03
«1,719E=02
»5.798E=04
=1¢871E=03
1.891E=02
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¥35%% MONTE CARLO SAMPLE NO. 3 sssss

NEWTON=RAPHSON ITERATION NO, 1 £osTi= 1.26915E+01 costzs= 2.56244E+01 J = 2.45438E+05

NEWTON=RAPHSON GRADIENT VECTOR

Yv =4, 0b6TUSESOS Lv «B8,85U2T7E+04 NV {+15696E+05 ye «B8,60011E+04 LP 4,07610E+04
NP =1 .13U97E+ 05 YR =7.52139E+04 LR 1.49366E+04 NR =2,66426E+404 YDA T.87072E+04
LOa 1,10732E+03 ND& - =5.02912E+03 YDR =5,57700E+04 LOR 4,03757€+02 NOR 4,38099E+03

. "NEWTON=RAPHSON STEP ERROR VECTOR

Yv =4,78276F=02 Ly =2438C20E-02 NV =1,20571E=02 YP «5,0010%=02 LP 1.40369€=02
NP 2403853E«03 YR wl g 9396UE=Q2 LK ~5.93732E«02 NR =2,52379E=02 YDA 2.,04351E+00

LDA =8,72461E-014 NDA =5¢19121E=014 YDR ~5417309E=01 LDR “4,35034E=0} NOR 1,39370E=0%

PARAMETER ESTIMATE VECTOR (Ke¢!1)

Yv =1.29828E=01 LV =596760E-QL NV T w1 .2b649E-01 YP =7.32761k=02 LP «b,B88963E=01
NP »2,29615E=02 YR «5,32884E=02 LR =1{429373E-01} NR wb,72379E=02 YDA 2,99751E+0¢
.. LDA 2.51398E+01 NDA 1,02787E¢00 YDR “5,13309E=01 LDR =8,22726E+00 _ . NDR _ §439370E=0y
AY
NEWTON=RAPHSON ITERATION NO, - COSTi= 1244565E=01 C0S§T7e= 3477678E=0Y . J 3 1.99611E+04

e

~

NEWTON®RAPHSON GRADIENT VECTOR

- YY =4,28656E+04 Ly -7369242E+03 NY 5.94041E+03 YP 2,61582k+04 LP 1,11979€E+04
- NP “1,764155E+04 YR =2:65396E403 © LR 4,0372SE+03 NR =4,165492+¢03 YDA P,05269E+0¢
LDA 2,36903E+02 NDa =3.,34529E+02 YDR ~U,09578E+02 LDR »5.6495TE+0Q NDR S.44993E+02

NEWTON«RAPHSON STEP ERROR VECTOR

YV »2,05348FE=03 Ly =2454066E~04 NV =3,10619E~04 YP 2,08223t=03 LP «9,98570E=04
NP 7.648212E=04 YR =3,200U46E~03 LR 1.87028E=02 NR 2,75222E=G3 YDA 3,54062E=03

Lba 1.86017E=02 NDA wle709205=03 YOR =b.63713E=03 LDR 1.,56415E=02 NOR wl,537E2E=03

PARAMETER ESTIMATE VECTOR (k+1)

Yv =1,31881FE=01 LV =5.97014E=01 NV “1.26959E=01¢ YP =7.11939E=02 LP »6,89962E=01
NP *2,22133E=02 YR =5.,64889E=02 LR ={,10670E=01 NR =b,44857E=02 YDA 3,00405E+00
LDA 2.51584E+01 NDA 1.02616E400 YDR =5.19946E=01 LDR ~8,21162E+00 NDR 1,34852E=01

Figure 4.4 (page 9 of 13)



NEWTON~RAPHBON ITERATION wnO,

NEWTON=RAPHSOY GRADLIENT VECTOR

Yv b,69923E+01 LV
NP 2.81778BE+01 YR
LDA =] .59697E+00 WDA

NEWTON®RAPHSON STEP ERROR VECTOR

Yv «2,4356GE=-05 LV
NP =2,92804E=04 YR
LDA »5,65286F«04 NDA

PARAMETER ESTIMATE VECTOR (K+1)

YV ®1.31905€E=04 LV
NP *2,25061F~02 YR
LDA 2.51579E+04 NDA

NEWTON=RAPHSON ITERATION NO,

£8

NEWTON=RAPHESON GRADIENT VECTOR

YV 1.90435E+00 LV
NP =3.,341{13€E+00 YR
LDA 7.98809F«03 NDA

NEWTONeRAPHSON STEP ERRQOR VECTOR

Yv T.534b1E=06 Lv
NP 8,52420E=006 YR
LDA 1,39420E=04 NDa

PARAMETER ESTIMATE VECTOR (x+1)

Yv ~1.31898F=01 LV
NP =2,24975E=02 YR
LDA 2.51580E+01 NDA

3 cOosTis=

5.98375E+01
B.12133E+401
=2.29370£=01

~1439284E=04
-U,35{91E=05
“2,66489E=03

=5.97153€E-01
=5.653245=02
1023495400

4 cOSTi=

«5,26357E+00
=1,92718E400
4,27332E=02

1+95475E~05
5.37153E~05
1418419E=04

=5.97134E=01
=S5.6476TE=02
1.,02361E400

2¢56479Ea02

- NV
YDR

NV
LR
YOR

NV

YOR

2.66261E=03

Ny
LR
YOR

Ny
LR
YOR

NV
LR
YOR

CoSY23

«3,90656E+04
=3,33507E+0}
2+95497E+0C0

=1 426517E=04
-6.10691E-0Q
=2 49956E=04

=1,27086E=04
=1,11285E=01
=5,20196E=01

COsTe=

3,20290E+00
2+15882E+00
=2.60142E=02

" 1{4B39TO0E=05

2¢96309E=04
3.28609E~05

=1,27067E=0}
=1,10985E=01
©5,20163E=~0}

6.11035E=02

YP

LOR

yp
NR
LDR

YP
NR
LOR

6,06836E=03

YpP
NR
LOR

Yp
NR
LOR

YpP
NR
LOR

J s 1.97656E¢0%
1.,33478E+02 LP
2,93196L+01 YDA
“6,67057E=01 NOR
=8,44393E=06 LP

7.19177E=04 YDA
~1,18339E-04 NDR
~7412024E=02 LP
«6,37665E=02 YDA
=8,21174E400 __ NOR
A Y

J = 1,97656E+04

2,07966E=01 LP
=6,27481E=01 YDA
=5.56152E=03 NDR
=1,77659E=06 LP

4,16611E=05 YUA

3,19535E=05 NDR
=7,12041E=02 LP
~6,37248E=02 YDA
-8,211702+00 NDR

Figure 4.4 (page 10 of 13)

=7.11529E+0¢
2.32335E+00
®3,46550E+00

=3,80834E=05
-2 ,82283€E=04
*3,.4581TE=03

=5,90000E=01
3.00077E¢00

. 1.31374E=04

2.57062E400
«1,85033E=02
2.87656E=01

=5,05031€E=~05
S.75146E=05
1,1984SE=04

=6,90050E=01
3,00082E+00
@ 31094Ew0y
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ERROR VECTOR

YV 4,98979E-02
NP ~2.502846F03
LDA 8,542R5E«01

LV
YR
ND A

NORMALIZED PARAMETER ERROP VECTOR

Yy =b,08511E=01}
NP 1,00099E=01
LDA 3,28ULbE~=D2

AVERAGE EKROR VECTOR

YV 5,73933E=02
NP 8,01004E=D3
LDA 8,46931E=01

COVARIANCE MATRIX

Yv
Ly
Ny
YP
LP
NP
YR
LR
NR
YDA
LDA
NDA
YPR
LDR

NDR

Yv
LV
Ny
YP
Lp
NP
YR
LR
NR
YDA
LDA
NDA
YOR
LOR
NDR

Yv
3.,022E=05
4,367E-05
1,493E~05
1.089E=05

=d,193E=05
25616E‘05
6.531E-05
2,882E=04
*2.542E=06
T.267E=04
3,305E=05
-9.989E-Uq
1.797E=04
1.873E=~04
2.8“1E-OU

LbaA
3,305E=05

=5,110FE=04

T w2.761E-0u

2.,962E=05
=4,002E=-04
'“.1“7E-Ou
“05205-05
2.3835E=03
1.122E=03
], U4BU4E=03
1.749E=-03
1+057E=p2
1."795'0“
8,628E=04
=1.,085E=02

Lv
YR
ND&

Ly

NDaA

Lv
4,3ATE=GS
2.454E-04
1+.176E=04
9.234E~0Q6
5.503E~05
1.,324E=04

=2.980E=0S
«2.987E~04
=3.705E=04
«8.252E-04
~5.110E~04
~5.248E~03
2.756E=04
5.586Ex05
ﬂ-0535-03
MDA
-9-959E-0Q
-5.2“8E-03
=2.4BUE=03
=2.231E=04
«],027E=03
=3,883E~03
4.330E=064
U,566E=03
T+740E=03
1.933E-02
1.057E=02
1.124E=01
=5 ,272E=03
=1,708E=03
=8.5ucE=02

2+41758E=02 Ny
5.238b66E=02 LR
Se«23377E=01 YDR
«4,21947E=02 Ny
«1¢35112E401 LR
3.38320E~01 YDR
4,00787E=02 Ny
6,53273E=02 LR
1.69779€E=01 YDOR
NV Yp
{,493E=05 1.049E=05
1.17CE=04 Se234E=Q6
5.,730E=05 2«083E~06
2.083E=06 3.8B34E=06
3,979F=05 =1.83{E~05
8,860E~05 4.381E=06
»3.271E=05 2+670E~0S
“2,109E=04 {1.220E=04
=1{.,9328=04 12{03E~05
»2.413E=04 =2.595E-04
-2-761F'Oa 2e962E=05
=2, 4B84E=03 =2,231E~04
9,710E=05 6+187E=05
=1.985E~0% 7e196E~0S
2.,047E=03 =1.974E=05
YDR LDR
1.797E=04 $.873E-04
2+«756E=04 5.586Ea05
3.71GE~0S =1 .985E=05
6.187E'05 7.196E=05
=2.393E~04 =3.959E~-04
1.6B2E=04 =8.246E=06
3.776E=04 S.508E=04
{+655E=03 2.581E=03
“4.709E~05 4.163E~04
=4,302E=03 w4 .T6TE=03
1+479E=04 B8.628E=Q4
*6.272E=03 =1.708E=03
1007°E-03 {+09SE=03
1.095E=03 1:413E=03
2,007E=03 =2.530E=03

Figure 4.4

1424759E=02 YP
U, 09887E=02 NR
H.28163E=01 LDOR
“1{,08872E=01 YP
~5.85554E=01 NR
6.00157E+00 LOR
1.88332E=02 YP
9.36764E=02 NR
6s69182E=01 LDR
Le NP
i, 193E=05 2.616E=05
5.503&-05 1.8245’0“
3.979E=05 8.860E=05
=1 «B831E=05 4.381E=06
1.3{5E=04 S.,543E=«05
5.543E-05 1.374k=04
=1 ,694E=0" =wU,{GTE=DS
»8.281k=0/1 =2,862E=04
=2.291E=04 =2,932E=04
1.151E=93 =4,507E=-04
-4.002E~04 =4,1UT7E-04
=14027E=03 =3,883E«03
=2.393E-04 1.682E=04
23.959E004 =8,246E=006
1916E=03 3.136E=03
NDR
2.8&15'04
4.053E=03 —
2.047E=03
'109715-05
1.916E=-03
3e136E=03
=1.867E=~03
=1.078E=02 .
'7.35“5'03
-2-340E-03
'1-085&-02
-B.SUZE-OZ
2.007E=03
-2:530E'03
7.546E=02
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4,79389E=02 LP
2,17248E=02 YDA
4,19479E=-01 NDR
=2,06054E+00 LP
«5,17258E=0% YDA
=5,38330€-02 NOR
S.03754E=02 LP
1,08851k=02 YOA
4,59941E=0¢ NDR
YR LR

6.531E-°5 Z.SBBE-OQ
=2,980E=05 =2,587E=04
=3.271E=05 =2,109E~04
2,670E=05 1,220E-04
=1,694E=04 =8,28{E-«04
=4, 197E~05 =2,862E-04
2¢257E=04  1.0B3E=03
1,083e=03 S5.249E-03
2.,4484E=04 1,334E-03
=1,723E=03 =7,763E-03
4.520E=-04 2.385E=03
4.330E=04 4,566E=03
3.,77T6E=04 1.655E=03
5.508E=-0¢ 2.581E=03
=1,867E=03 =1,078E=02

......

=],29697E=02
=-2,0UbB82E+00
=1.31494E=0]

1,84491E=D2
=2,14592E+40¢

RRRRR

=2,01508E=02
=2,22079€E+00
4,03512E=02

NR
=2, SY2E=06
=3,705E=04
=1.932E=04
1.103E-05
=2,231E=04
=2.,932E=04
2+.444E=-04
1.334E-03
T+3B4E=04
-3,913E=04
1.122E=03
7-7“0E‘03
=4,709E=05
44163E=04
«7e354E=03

YDA
«T.267E=04
aB.252E=04
'2.4135'0“
=2,595E=04

1¢151k=03
=l 507E=04
*}s723£=03

=7T763E~03 °

=3.,913E=04

1e775E=02
»1+4BUE=03

1-933E'02
=4e302E~03
4 767E=03
»223U0E=03
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SUMMARY OF ERROR STATISTICS AFTER 3 SAMPLES

AVERAGE ERROR VECTUR .

Yv 5.73933F=02 Lv 42007B7E=02 NV {.58532E~02 YP 5,03754E=02 LP «2,01508E=07

NP B8.0100UE=03 YR 6+53273E=02 LR Q.36764E=02 NR 1,08851E=02 YDA »2,22079E+0p

LDA B U6931EmQ] NDA $469779E=01 YDR be691B2EmD] LDR 4,59941E=01 NDR 4,03512E=02

COYARIANCE MATRIX

YV Lv NV - Ve LP NP YR LR NR YDA
Yv 3,022E=0% U4, 367E=05 1,493E~05 1,040F«05 ~U,193E=05 2.616E=05 6,531E=05 2.882E=04 =2,5U2E=06 «T.267E=04
Ly 4,367E-05  2,454E.04 1417004  9.234E=0b 5,503E=«05 1.82UE=04 =2,9B80E=05 ®2.587E=04 =3,705E=04 =be252E=04
Ny 1.493E=n5 101T0E«04  S.730E=05 240R3E«06  3.979E=05 B8.860E=05 =3.271E=05 =2,109E=04 =1.,932E=04 <=2.413E=04
YP 1.049£=05  9,234F=0tb  2,083F=06  3.833E=06 «1.831E=05 4,381E«06 2,670E=05 1,220E=~04 1,103E=0% «2:595E=04
LP *4,193F=05 S,503E=05 3,979E=05 «1.831E~05 1.315E=04  5.,543E=05 =1,694E=04 =6,281E=04 =2,291k=04 1.151E=03
NP 2.616E=0% 1.524E=04  B.86GE~05  4,381E=06  5,543E=0S 1.374E=04 =4,197E~05 =2,8H2E=04 =2,932E=04 <U.S507E=04
YR 6,531E=05 =Z2,9B0Ea05 =3,271F=05 2.670E~05 =1.694E=04 =4,197E«05 2.,257E=-04 1.083Ew05  2,4UUE=04 =1e725E=03
LR 2,832E=04 =2,5B87E=04 =2,109E=04 12220E=04 =8.,281E=04 w2,862E=04 §1,085E=03 5,249E=03 10334E=03 «747635E=03
NR =2,542E=06 =3,705E=04 =§,932E~04 1103E=05 =2,291E=04 =2,932Ea04 2.444E=04 1.334E=03  T.3B4E=04 e3.913E=04
YDA w7 ,267E=0U4 =B,252F=04 =2,413FE=04 w2.595E=04 1e151E=03 «4,507E«04 =1,723E=03 ©7,763E=03 =3,913E=04 1.775E=02
LDA 3,305E=05 =S 110E=04 =2,761E=04 2,962E=05 ©4.002E=~04 =4,147E=04 4,520E«04 2.385E=03 14122E=03 =1.484E=03
NDA =0,989F=04 =5,248E=03 <2,UB4E=03 w2,231E=04 =1,027E=03 =3,8B3E=«03  4,330E~04 4,566E=03 7.740E=03 1+933E=02
YDR 1.797E=04 2.756F=04 9,710F=05 6+1B7E=05 =2,393E=-04 1,682E=04 3,776E=04 1,655E=03 =4,709E=05 =4e302E=03
LDR 1,873E04  S45R4F=05 =1,985E=05 7+196E=05 =3,959E=04 =B8,2U46E=06 H,508E=04 2,581E«03 4 163E=04 =44767E=03
oo NDR 2,641E=0U  U,053E=03 2,047E=03 =§.971E=0S 12916E=03  3,136E=03 =)1,867E=03 w§,078Ee02 ©7,354E=03 «2.340E=03
A4 LDA NDA YDR LDR NDR .

YV 3,305E=05 =5.989E=04 1.797E=04 14B73E=04 2.841k=04
LV »5,110E«04 =5,208E=03 2,756E=04 S.586E«~05 4.053E=03
NV *2.761E=04 =2,4B4E=03  9,710E=05 =]1,985E=05 2.047E=03
YP 2.GH2E=05 =2,231E=04  £,187E=05 T.196E=05 =1,971E=05
Lp L, 002Ew0d «]1,027Ew03 =2,393F=04 =3+4959E=04 1.916E=03
NP "4, 1U4TE=~0t =3.,883E=03 1,6B82E=04 =8.2U46E=06 3.136E~03
YR 4,520E=04 4,330E«04 3,776F=04 S.508E=04 =1.867E=03
LR 2,385E~03 YoSb6E=03 1.655F=03 2e¢5B1E=03 =1.078E~02
NR 1.122E=03 TeTUOE=03 U, 709E=05  Ue{63E=04 =7,354E=03
YDA @ LUBUE=NT  §1,933002 wU,302E~03 @l4,76TE=03 w2.340E=03
Loa 1.,749E=p 3 1.,057E=02 1 479E=04 Be62BE~04 =1,085E=02
NDA 1.057E=02 10124Ew0] =6,2T72E=03 =14708E=03 «8,542E~02
YDR 1,479Em0U "~ =6,272E=03 1.070E=03 1.095E=038 2.007E=03
LOR 8,028E=04 =1,708E=03 1.095F=03 10413E=03" w2.530E=03
NDR *],085E=02 =8,542E=02 2,007E~03 «2.530E=03 7.546E=02
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NORMALIZED CUvAKIANCE MATRIYX

Yv
Yy 5,.,8935-=03
Ly 5.074%=01
NY 3.588E-~01
Yp 9,7d6E=01}
LP =b,651Ee0}
NP 4,060E=01
YR T.908E~01
LR T.236E=01
NR =1, 70iE=02
YDA =9,922E=01}
LOA 1, U38E=01
NDA =5, 4{9E=0}
YDR 9,994F=01
LDOR 9.061F=0}
NDR {.881E=n{

Lba
Yy {,438E=01
Ly =7.,801E=01
NV =8,722E~01
Yp 3.,618E=01
LP =8 ,3086E=01
NP ~3,4bOE=0]
YR 7.194E=01
LR 7.871E=04
NR 9,670E=01}
YDA w2, 663E=]
LDA 4.,182E=02
NOA 7.538E=01
YOR 1.081c=01
LDR S.489E=01
NDR =G, 4U9E=0}
ERROR SUMMARY
ERRQOR TIMES
L004S 30001

Ly
5,071E=01
{.566E=02
9.,864E<01
3.011E=0y
3,064E-01
9.935E=0}

~1.,266E-01
2, 2B0E=01
“8,70uE=01
=3,95UE=01
“7.80i{E=0}
“9.992E=01}
5,377E=-01
9.4REEG2
9,419E01
NDA
=5, 419E-0]
«9,992E=01
=9 ,7R9E=0]
#3 398E=01
w2 .672E=01
#9,881E=01
8,597E~02
1.580Fe01
8.496t=01
4,326E=01
7e538BEwD]
3.353E-01
=5.718Ea0]
=1 ,355E=01
-902745-01

NV
3,588E=01
R.B6UF=01

7+569E=03

1.,405E=01
4«SBLE=DY
5.987E=01
«2.877E=01
~3,886F=01
=G, 394E=01
*2.393E=01
~8,722E=~01
=9 ,789F=01
2.921E-0¢
“65.977TE=02
9.8“3?-01
YDR
9,394F=01
5.377E=01
l.921E=01
9.659E=01
b S3TBE=01
“.35bE‘01
7.682E=01
6.983F=01
-5-2975.02
-G, 8TO0E=01
1.081E=01
-S~7IBE-01
3.272E=02
Re903E=01
2¢234E=01

YpP
9TUBE=QL
3.011F=01
{1«405E=01
14958E=~03

-8-1555-01
1e909E=(1
91078E'01
BeSYBE=O1
2.074E=01

=9.94GE=01
3.618E=01
=3.398E~01
9.659E=01
9.779E=01

-3-6655-02

LnR
9,061E=01
9.486E=02

wh4977E=02
9.779E=01

=9.186E-01
=1 eB872E=-02
9.755E~01
9.477E=01
4.075E=01

»9.519E=01
5:489E=01

={+355E=01
84903E=01
3.759E=02

-2.“505-01

Le
‘bobSlE'ol
3.064E-01
4.584k-01
»8,155E=01
1.147E=02
4,12uE=01
=9.830E-01
=9.967E-0]
=74553E-01
T.532E-01¢
=B.3U4sE=01
“2.672E~01
=6+378E=01
-91186E'01
6.0B83E=01
NRR
1,881E~01
9.416E-01
9.843E=01
=3,665E=02
9.739E=01
wl o 524E=01
*S.017E=01
=9e852E~01
-60393E-°2
=9 4U449E=0}
=9 4,274E=01
2e234E=01
=2.450E=01
2eTUTE=O

NP
4,060E=01
9.935E=01
9,987E-01
1.909E-01
d4,124E=01
1.172E=02
-2,384E-01
-35370E-01
“9,207E=01
=2,886E=01
=8.460E=01
-9,881E=-01

4,386E=01
»1.,872E=02

9.735E=04

Figure 4.4 (page 13 of 13)

YR
7,908E=01
=] ,266k=01
=2, 877E=01
9.078E=01
=9,850E=01}
=2,584E=01
1.,502E=02
F,947E=01
5,4986E~01
-80611&'01
Te194E=01
8,597€=02
T.6B82E=01
9.755E=01
=4,524E=01

LR
T.236E=01
«2.280E«01
«3,8U6E=01
8,598E=01
=9,967E=01
=3.,370E=-01
9,947E=01
Te245E=02
6,778E=01
=8,042E«01
7.871E=01
1,88Q0E~01
6,983E-01
9,477E=01
=5,417E=01

NR
~1,701E=02
=B,704E=0}
=3,394E=01

2.074E=0}
=T 558E~0]
=9,207€E=01
S.986E-0}
6.778E=01
2.717€=02
*1.081E=0{
9.870E=01
B.496E=01)
=5,297E=02
“0075E'01
=G .852E=01

YD4A
=9.922E=01
=3e954E=0}
=2+393E=01
=9.949E=0}

Tes32k=01
w2 .886E=01
-8.611E~01
oB8o042E=01
=1e08{E=01

1-332E'01
=2ebb3E~0]

M-SEbE-Ol
'9-87°E-°1
*Gs51GE=0
=b+s393E=02



5.0 PROGRAM FUNCTIONAL ORGANIZATION
Flow charts of the Ensemble Error Analysis and Simulated Data Analysis

Programs are shown in Figures 5.1 and 5.2, respectively. The subroutine

calling structures are shown in Figures 5.3 and 5.4.
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6.0 SUBPROGRAMS DESCRIPTIONS

The subroutines in the SCIP2 Programs are described in this section.
First to be discussed are subroutines shared by the Ensemble Error Analysis
and Simulated Data Analysis Programs, and then follow sections discussing

subroutines unique to each of these programs.

6.1 Subroutines Common to Ensemble and Simulated Data Programs

BLPCK DATA

The BLOACK DATA subroutine is used to initialize variables in labeled
commons at load time (see Table 3.2). This subroutine also includes all
the labeled commons for the entire program for the storage allocation

purpose (CDC-6600).

SUBRGUTINE CL@@K

This subroutine performs a table look-up in the arrays DLTA, DLUl, and
DLU2 to find the "pilot's" control input at a specified time in the trajectory.

Calling sequence - CALL CL@#@K (TM,IP)
where TM is the specified time,
IP is the index value in array DLTA which was found in the last
previous call to CL@PK. (In the VIPL Ensemble Program, IP

does not appear in the calling list.)

SUBR@UTINE C@PEFMT

This subroutine evaluates the F, G, H, and D matrices from the parameter
values passed to it through COMM@N/PARAM/. On its initial call it performs
unit conversions. In the VIQL programs where the feedback gains matrix C

is present, the computed matrices are (F-GC), (H-DC), G, and D.
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Calling sequence - CALL C@PEFMT (FF,GG,H,D,IFL)
where FF is the computed F or F-GC matrix,
GG is the computed G matrix,
H 1is the computed H or H-DC matrix,
D 1is the computed D matrix,
IFL is a flag which, if set to zero, causes initializing and unit-
conversion calculations to be performed. (IFL does not appear

in the Ensemble Programs.)
DERIV

This subroutine computes the time derivatives of the state vector and the
partial derivatives of the state vector with respect to parameters. It

computes:

d
T (x) Fx + Du

by calling DERIV1, and

d_[3x ax oF 3G
—— ] = —— — + —
dt(Bp) Fap Tt Tt

by calling DERIV2,

Calling sequence - CALL DERIV (XMAT,T,DX,K,L,M)
where XMAT is the M x L matrix of the function
T | is the integration variable, time
DX 1s the derivative being computed
is not used
L 1s the number of columns in XMAT and DX
is the number of rows in XMAT and DX
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DERIV1

This subroutine computes the time derivative of the state vector, X:

(x) = Fx + Gum .

o.ln-
t

Calling Sequence - CALL DERIV1(¥,X,G,U,L,M,N,DXDT)
where F is the matrix F

X 1is the state vector X

G 1s the matrix G

U 1is the control wvector u,

L, M, and N are used to specify sub-matrix of F and G which are
used; i.e., L x M sub-matrix of F and L x N sub-matrix
of G.

DXDT 4is the time derivative of state vector ﬁ,-%; (x).
DERIV2

This subroutine computes the time derivatives of the partial derivatives

of the state vector with respect to the parameters
d f(ox\ _ _fex\ ., dF ~ . 3G
dt (ap>‘ F(8p>+ i Xt 3p Y

Calling Sequence - CALL DERIV2 (FMAT,PDXDP,X,U,ROWL,COL1,ROW2,COL2,M,N,

L,DXDPDT,NEQ)
where FMAT 1s the matrix F
PDXDP is the matrix of the partial derivatives,-%%.
X is the state vector, ¥
U is the control vector, u.
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SUBRPUTINE ERRSET

This subroutine sets up a vector of flags ERRNDX corresponding to every

error source.

ERRNDX(1) = n = 0: means the ith error source is absent
# 0: means the ith error source occupies the nth position

in ERRVEC vector.

This subroutine also sets up a vector ERRVEC and NAMERR where non-zero
error value and the names of non-zero error sources are stored. ERRVEC and
NAMERR are packed arrays. If ERRNDX(i) = n # O, then the ith error value is
stored in ERRVEC(n) and hollerith name is stored in NAMERR(n,l) and NAMERR(n,2).

Calling Sequence - CALL ERRSET (BIAS,EP,GM,EIC,FF,NAMPAR,IN{£MICC)

where BIAS is a vector of bias errors (b's)
EP is a vector of scaling errors (e'sj
GM is a vector of misalignment (y's)
EIC is a vector of initial condition errors (x(0))
FF 1is a vector of lag errors (f's)

NAMPAR 1is a vector of hollerith names for parameters
NAMICC 1is a vector of hollerith names of initial conditions

SUBRPUTINE ESTNAM

This subroutine sets up a vector of hollerith names for all parameters

to be estimated.
Calling Sequence = CALL ESTNAM

SUBROUTINE INPUTX

This subroutine reads all the namelist input and deletes instruments

as specified by the input.

Calling Sequence - CALL INPUTX
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SUBR@UTINE INTEG

This subroutine controls the integration of aircraft dynamic equations.

It integrates one time step, Ats, for each call to INTEG.

Calling Sequence - CALL INTEG (KKQS,STATES,I)
where KKQS is the number of vector equations to be integrated
STATES is an array containing the state vector

I is the sample point number

SUBR@UTINE MATADD

This subroutine performs matrix addition or matrix subtraction.

Calling Sequence - CALL MATADD (A,B,C,N,M,NA,NB,NC,L)
where A 1is a NA by M matrix
B iz a NB by M matrix
C 1is a NC by M matrix
N and M specify the submatrix for which addition or subtraction
1s to be performed
NA, NB, and NC specify the row number of matrices A, B, and C,
respectively.
L 1is a flag to specify addition or subtraction
= (: addition
¥ 0: subtraction

SUBR@UTINE MATMPY

This subroutine multiplies two matrices, C = A - B

Calling Sequence ~ CALL MATMPY (A,8,0,L,M,N,N1,N2,N3)
where A 1s a N1 by M matrix
B 1is a N2 by N matrix ;
C 1s a N3 by N product matrix
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L 1is the number of rows in A for which multiplication is performed
M 1is the number of columns in A and the number of rows in B for
which multiplication is performed
N 1is the number of columns in B and C for which multiplication
is performed
N1, N2, N3 are the row dimensions of A, B, and C matrices,

respectively.

SUBR@GUTINE MATPNT

This subroutine prints out covariance matrices with the parameter names

top to bottom and across the page. It prints 10 columns at a time.

Calling Sequence - CALL MATPNT (MATRIX,N1,N2,NX,HEAD)
where . MATRIX 1is the covariance matrix
N1 and N2 specify the dimensions of submatrix to be printed
NX is the row dimension of MATRIX

HEAD is the header vector. It may contain up to 40 characters.

SUBR@UTINE @PDB

This subroutine controls the print out of input summary for the SCIP2

programs.

Calling Sequence - CALL OPDB (NAMPAR)
where NAMPAR 1is the array containing the hollerith names of the

output measurement states

SUBR@UTINE PRINTE

This subroutine controls tl.2 print out of normalized covariance matrix.
Calling Sequence - CALL PRINTE {(COV,HEAD)

where cov is the covariance matrix
HEAD 1is the header vector
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SUBR@UTINE PRINTS

This subroutine prints measurement vector and control vector at each

sample time point.

Calling Sequence - CALL PRINTS (NN,YY)
where NN is the sample point number

YY is the measurement vector

SUBR@GUTINE PRINTV

This subroutine prints the expected values of §p vector.
Calling Sequence - CALL PRINTV (HEAD,EVDP)

where HEAD is th= header vector

EVDP is the expected value vector

SUBRGUTINE RK4

This subroutine integrates a matrix of differential equations one step

using a 4th order Runge-Kutta method.

Calling Sequence - CALL RK4 (X,T,DT,K,L,M,DERIV)
where X is the matrix of the initial values and temporary storage area.
Upon completion of this subroutine, the integrated matrix is
stored in place of the initial values.
‘T 1is the integration variable
DT is the integration step-size
K is the number of rows of X-matrix to be integrated
L is 4 times the column dimension of X
M is the maximum row dimension of X
DERIV is the name of the subroutine which computes the time

derivative of the dependent variables
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SUBRGUTINE SETNDX

This subroutine sets up the error index for each error source and the

error name for the output header.

Calling Sequence - CALL SETNDX (A,M,NE,NAME)
where A 1s the array containing the error source
M is the dimension of A
NE 1is the number of non-zero elements in A
NAME 1is the array containing the hollerith names of the error

source in A

SUBRPUTINE SYMVRT

This subroutine inverts a variably dimensioned symmetric matrix. The

calculation is done in double precision.

Calling Sequence - CALL SYMVRT (A,N,M,DET)
where A is the matrix to be :iInverted. Upon exit from this subroutine,
A contains the inverse.
N 1is the dimension of submatrix of A to be inverted
M 1is the maximum row dimension of A

DET is the absolute value of the determinant A

SUBRPUTINE YPRTLS

This subroutine computes the estimated measurement vector, §, its partial
derivatives, with respect to the parameters, %%, and R_l-%g to form the
323 '
~——= matrix. )
2 B
op

Calling Sequence - CALL YPRTLS
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6.2 Additional Subroutines in the Ensemble Error Analysis Programs

SUBR@UTINE CINTGL

This subroutine defines the initial %g vector and calls INTGUL to

integrate the control lag equations.
Calling Sequence - CALL CINTGL

SUBRGUTINE CINTGU

This subroutine defines the initial X vector and 9%/9e and 3%/de matrices

and calls CINTUl to compute their time histories.

Calling Sequence - CALL CINTGU

SUBR@GUTINE CINTU1

This subroutine computes the control error sensitivities of the estimated
state and measurements according to the equations
N ~ B
4 i&)= p 2 L o m
dt \%e de de

(by calling RK4 with DRVUELl as the routine defining the derivatives)

de de de

and then computes the contribution of the control errors to the 3p/de matrix as

N A\ T o
3p = - 3 (&) g (X
9e /| control . op de

i=1
errors
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Calling Sequence - CALL CINTUl (XX,PDUDEB,PDUDES,PDPDEC,IDYDEC,NEQX),

where XX 1is a matrix containing 9%/9%e,

PDUDEB 1s a matrix containing Bum/Be, where e is a control bias,

PDUDES 1is a matrix containing Bum/ae, where e is a control scale

factor error,

PDPDEC 1is a matrix containing 2p/de, where e is a control bias

or scale factor error,

PDYDEC 1s a matrix containing 9y/de, where e is a control bias

or scale factor error,

NEQX is 4 times the number of control biases and scale factor

errors and is needed in the call to SUBR@UTINE RK4.

SUBR@UTINE DRVUEL

This subroutine is called by RK4, the Runge-Kutta integration subroutine,

ox

and calculates %E-(gz) where e is a random control error (scale factor or bias).

Calling Sequence - CALL DRVUEl (XX,TM,DX,K,L,M)

where XX
™
DX

is an array storing 9%/0e,
is the independent variable, time,

is the derivative to be computed, %E (%%) R

K,L,M are dummies.

SUBROUTINE DRVULE

This subroutine is called by RK4, the Runge-Kutta integration subroutine,

and calculates

u = -Fc uL + Fcu

a () | .

dt Bch c Bch YL input
d_[og 3% duy

—_— = F — + G

dt BeBc ~ depg, BeBc



a.ln.
ct
—
Wl
M |¥>
%!
lgd
S ——
=
QI
M | X>
=
]
ol &
G

where ch are control lags, ep, are control biases, and eTc are control scale

factor errors (refer to Section A.3.3).

Calling Sequence - CALL DRVULE (XX,TIME,DXX,KK,LL,MM)
where XX 1is an array which contains s, BuL/BeFC, Bﬁ/aeBc, Sﬁ/BeTC,
and Bﬁlach,
TIME is the independent variable, time,
DXX is the computed derivative of the variables in the array XX,
KK,LL,MM are dummies.

SUBRGUTINE DRVXXX

9y.
This subroutine computes the derivative — so that it may be
dt 8eIC

integrated by RK4, the Runge-Kutta integration routine (refer to Section A.3.2).

Calling Sequence - CALL DRVXXX (DXDE,DYDE,DDXDE,DDYDE)

where DXDE contains Bx/SeIC
DYDE contains ByT/BeIC
d {9x
DDXDE contains the computed ——
dt BeIC

a (%7
DDYDE contains the computed'EE e

SUBRGUTINE DRVXYE

This subroutine is called by RK4, the Runge-Kutta integration routine,
and sets up the call to DRVXXX, which actually computes the derivatives

required.
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Calling Sequence - CALL DRVXYE (XX,TM,DX,MM,LL,KK)

where XX contains 3x/5e.,. and ayLlae

IC IC

T 1is the independent variable, time
DX contains the time derivatives of XX,
MM,LL,KK are dummies.

SUBRGUTINE DRVYLE

This subroutine is called by RK4, the Runge-Kutta integration subroutine,

and calculates

x = Fx + Gu

y = Hx + Du

yL = —meL + me

d__ _?3,_1‘_. = F ayL - +

dt BeF m BeF yL y
m m

where eFm is a measurement lag (refer to Section A.3.2).

Calling Sequence - CALL DRVYLE (XM,TM,DXM,K,L,M)
where XM is an array containing x, ¥y and ByL/SeFm,
™ is the independent variable, time,
DXM is an array containing the derivatives of the variables in XM,

K,L,M are dummies.

SUBROUTINE ENSMB

This subroutine is the main working routine for the Ensemble Error

Analysis. By calling the appropriate subroutines, it computes and prints out
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X, ¥, %% ,-é—i . %ﬁ , the parameter error covariance E(GpﬁpT), the sensitivity

of the parameter estimates %E (6p), and the mean error of the parameter

estimates E(3p). Refer to Section A.3.
Calling Sequence - CALL ENSMB.

SUBR@UT INE GET

This subroutine retrieves from storage on logical unit IUl the time
histories of the variables %, 9%/%p, ¥, and R'1<a§/ap), which were stored
there by SUBRPUTINE PUT.

Callihg Sequence - CALL GET (ITM)

where ITM is the number of the sample time point.

SUBRQUTINE INTGUL

This subroutine calls RK4, the Runge-Kutta integration routine, which
calls DRVULE, to compute U, BuL/ach, aﬁ/sec, where ep. is a control lag
and e, is any control error. Then the sensitivity matrices of the
measurement estimates with respect to the control errors, 8§/Bec, and of the
parameter estimates with respect to the control errors, Bp/Bec, are computed.

(Refer to Section A.3.3.)

Calling Sequence - CAIL INTGUL (UU,DUDE,DXDE,PDYDEF,PDPDEF,NEQX)
where UU 1is a vector containing up s

DUDE is a vector containing the non-zero, elements of BuL/Bch,
DXDE is a matrix containing Bﬁ/aec,

PDYDEF is a matrix containing 8§/3ec,

PDPDEF is a matrix containing Bp/Bec,

NEQX is 4 times the number of equations integrated by the call

to RK4.

108



SUBR@UTINE PRINTF

This subrouting prints the matrix 3dp/de.
Calling Sequence — CALL PRINTF (HEAD,MATRIX)

where HEAD 1is a label printed above the matrix,
MATRIX is an array containing 9p/0e.

SUBRGUTINE PRTLS1

This subroutine computes the partial derivatives matrix of the measurements
with respect to the measurement errors ay/Bem, when no measurement lags are

present. (Refer to Section A.3.2.)

Calling Sequence - CALL PRTLS1 (INDX)
where INDX is the sample point number.

SUBR@GUTINE PRTLS2

This subroutine computes the partial derivatives matrix of the measurements
with respect to the measurement errors, Bylaem, when measurement lags are

present. (Refer to Section A.3.2.)

Calling Sequence - CALL PRTLS2 (YL,PDYL,DYLDE)
where YL dis a vector containing yL,
PDYL 1is a vector containing the diagonal elements of ayL/ach
(all off-diagonal elements are zero).
DYLDE is a matrix containing the partial derivatives of YL,
with respect to initial condition errors, ByL/BeIC.

SUBRQUTINE PUT

This subroutine places in storage on logical unit IUl the time histories
of the variables %, 9%/9p, ¥, and R_1(8§/8p), which are later retrieved by
SUBR@UTINE GET.
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Calling Sequence - CALL PUT (ITM)
where ITM is the number of the sample time point.

SUBRPUTINE TC@NST

This subroutine constructs the T matrix using only the mean errors. The

P

T matrix is the scaling matrix for the output measurements.

Calling Sequence - CALL TC@NST.

SUBRPUTINE YLINTG

This subroutine is only called when measurement lags are present. YLINTG
performs several functions: (1) it calls RK4, the Runge-Kutta integration routine,
which calls DRVYLE, to compute X, ¥, Y1 and ByL/Bch, (2) it calls RK4, which
calls DRVXYE, to compute the partial derivatives of the state with respect to

the initial conditions, 9x/%e (3) it calls PRTLS2 to compute Jy/de for

ic’
output measurement errors, and (4) it computes dp/de for output measurement

erYrors.

Calling Sequence - CALL YLINTG (XX,YL,PDY,DXDE,DYLDE,NEQ1l,NEQ2)

where XX contains the state vector, x,
YL cpntains'the lagged measurements, Yy

PDY contains the diagonal elements of the partial derivatives of L

with respect to the lags, '
DXDE contains Bx/BeIC,
DYLDE contains ByL/Be for output measurement errors,
NEQL and NEQ2 are 4 times the number of equations integrated in the

first and second calls to RK4, respectively.
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6.3 Additional Subroutines in the Simulated Data Analysis Programs

SUBR@UTINE CNTEQS

This subroutine computes uos the measured control inputs (exclusive of
feedback control, *f any), according to the equations in Section A.2.1 and
stores them in an array called STPRl. This is done for any possible combin-

ation of control errors - lags, biases, or scaling errors.
Calling Sequence ~ CALL CNTEQS.

SUBRPUTINE C@NSTT

This subroutine sets up the scaling matrix, T, for the output measurements.

It includes all applicable mean and random errors.

Calling Sequence - CALL C@NSTT.

SUBR@PUTINE DERIVX

This subroutine is called by RK4 and sets up the call to DERIV1 so that
the aircraft state equations may be integrated. This subroutine is called

only in the case when no output lags are present.

Calling Sequence - CALL DERIVX (XMAT,T,DX,K,L,M)
where XMAT contains the aircraft state, x,
T  is the independent variable, time,
DX 1is the time deriv. .ive of XMAT,
is not used,
is the column dimension of XMAT and DX,
M is the row dimension of XMAT and DX.

o
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SUBRPUTINE DRVUL

This subroutine is called by RK4 to integrate the control lag equation

by = Flumy)

Calling Sequence - CALL DRVUL (UMAT,TM,DUMAT,KK,LL,MM)
where UMAT contains the lagged control input, U s
™ is the independent variable, time
DUMAT is the time derivative of UMAT,
KK,LL,MM are dummies.

SUBR@UTINE DRVXY

This subroutine is called by RK4 to integrate the state and the output

measurement lag equations. It computes (refer to Section A.2.1)
x = Fx + Gu (by calling DERIVL)

Hx 4+ Du

Yp

T Pl T R
Calling Sequence - CALL DRVXY (XMAT,TM,DX,KK,LL,MM)
where XMAT contains x and yL,
™ is the independent variable, time,
DX contains the time derivatives of XMAT,

KK,LL,MM are dummies.

SUBR@AUTINE EMSMBI

This subroutine initializes certain arrays in preparation to the first

call to SUBR@UTINE ENSMBL.

Calling Sequence - CALL ENSMBI.
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SUBR@PUTINE ENSMBL

This subroutine calls INTEG to integrate the state equations to obtain X,
calls YPRTLS to compute ¥ and 9§/9p, and then computes the information matrix,

BZJ/sz. It is called once per integration step and performs its calculations

over that one step.

Calling Sequence - CALL ENSMBL (ITM)
where ITM 1is the sample time point number.

SUBR@UTINE INITIT

This subroutine prepares for the generation of the simulated aircraft
data at the beginning of each Monte Carlo sample by calling SUBRPUTINES @THERR

and PERTRL to obtain new values for the errors.
Calling Sequence - CALL INITIT (IFN)

where IFN is a flag which is set to unity 1f the last Monte Carlo

sample has been reached and is zero otherwise.

SUBR@UTINE @THERR

This subroutine calls PERTRB to compute new values for the output and
input measurement errors and the state initial condition errors, if any, and
calls CPNSTT to set up the new output measurement scaling matrix, T, at the

beginning of a new Monte Carlo sample.

Calling Sequence - CALL @THERR (IERTN)

where IERTN is no longer used.

SUBRQUTINE PERTRB

This subroutine calls the pseudo-random number generating function, RN,

which returns a normally distributed random number whose standard deviation

113



is unity and mean is zero, and multiplies this number by the input value of the
standard deviation of an error source. This procedure creates a new sample

value for the error.

Calling Sequence - CALL PERTRB (ERR,INDX,NERS)
where ERR i1s an array containing the standard deviations of the error

sources,
INDX is an array containing the index number of the error smurces,

NERS d1s the number of error values to be computed.

SUBR@UTINE PERTRL

This subroutine computes new sample values for the lags. This is done by
calling the pseudo-random number generating function, RN, which returns a
normally distributed random number whose mean is zero and standard deviation
is unity, then multiplying this number by the input value of the lag's
standard deviation and adding the input value of its mean. Random numbers

exceeding 3 standard deviations are not allowed.

Calling Sequence - CALL PERTRL (F¥,INDEX,STV,NER)
where F is an array containing the computed values for the lags,
INDEX is the index values of the errors (lags),
STV is an array containing the standard deviations of the lags,

NER is the number of lag values to be computed.

SUBR@FUTINE RN

This function computes a normally distributed random number with zero

mean and unit variance.
Calling Sequence - RAND=RN (I)

where RAND is the random number returned by the function,

I 1is a dummy variable (CDC-6600).
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SUBR@GUTINE SMDATA

This subroutine is the major working routine for the Simulated Data
Analysis Program. By calling appropriate subroutines, it computes all the
Monte Carlo samples - generates the simulated aircraft data and performs
the Newton-Raphson algorithm to compute the identified parameters. Then it
computes and prints out a summary of the parameter error statistics - the

estimated mean errors and estimated covariance of the errors.

Calling Sequence - CALL SMDATA.

SUBR@UTINE YEQS

This subroutine, which is called by SUBR@UTINE SMDATA, computes the
simulated aircraft output measurement sequence (refer to Section A.2.1). It
calls the Runge-Kutta integration routine, RK4, which in turn calls either
DERIVX to integrate the i equation when measurement lags are not present or
DRVXY to integrate the x and &L equations when lags are present. Then the
subroutine computes the output measurements and stores them in the array
ST@R2.

Calling Sequence - CALL YEQS.
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APPENDIX A
SUMMARY OF EQUATIONS CODED IN ANALYSIS PROGRAMS

A.1 INTRODUCTION AND GENERAL COMMENTS

The instrumentation error analyses of Chapter III of Reference 1 were imple-
mented in four computer programs, collectively named SCIP2. These four programs
are the CTOL and VIOL aircraft versions of the ensemble error analysis and simu-
lated data analysis. Each of these programs contains longitudinal and lateral

equations of motion.

The VIOL aircraft programs have the option of specifying state-variable
feedback in the control; the TTOL aircraft programs do not. The equations in
this appendix describe the VTOL aircraft programs. By setting the feedback
gains matrix C to zero, the equations reduce to those of the CTOL aircraft

programs.

Differential equations are integrated by a classical, fourth-order
Runge-Kutta routine. This routine has the well known advantages of good
accuracy and fixed step-size. The input control as used by the programs is
piecewise constant over each integration step. To have made it continuous
would have significantly increased the computational complexity and execution
time of the programs without benefit of an equivalently significant increase

in accuracy.
The three time increments used in the programs are:

At - This is the time step of the Runge-Kutta integration package
when control or measurement lags are present. It is set
small enough so the effect of the highest frequency dynamics
is correctly simulated. This term is usually governed by the
control or output measurement lag with the smallest time constant.
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Ats - This is the sample time increment used by the identification
process. When measurement lags are not present, it is used as
the integration step.

T - This is the time delay which governs when sampling of the
control input begins after time zero. Normally, 0 < T < Ats.
Use of T enables sampling the control input at different
time points than the output measurements.

The equations presented below parallel those of Chapter III of Reference 1.
The equations of the Simulated Data (Monte Carlo) Analysis Program will be
presented first and then the equations of the Ensemble Error Analysis Program.

A.2 SIMULATED DATA ANALYSIS PROGRAM

Each Monte Carlo sample begins with the generation of simulated test data.
These data are then used by the modified Newton-Raphson parameter identification
process, which begins its iterative search with the true values of the parameters.

The random errors contained in B, part of T, Bc’ T, F, F, and x_ are

PR
generated at the beginning of each Monte Carlo run using thrél inICJut stangard
deviations and the random number generator. They are held constant during
each single Monte Carlo run. The random noise n, and n.; are regenerated at
each sample point during each run. Each of the mean errors in T are set equal

to the values input and not changed during any of the rums.

A.2.1 Simulated Test Data Equations

x = (F-GO)x + x(0) = x

o (A.1)

Gu input ’

yp = (H-DO)x + Du (A.2)

input

117



which are the true measurements,

Y = Fv * B y,(0) = (H-DO)x (A.3)

which causes a first-order lag (note that the lagged measurements are
initially set to the true measurements), and

y; = TyLi+ B + n, (A.4)

are the measurements recorded at the ith sample point. Sampling occurs every
Ats seconds starting at time t=Ats. If measurement lags are not present, then
yT; is substituted for Yii in Eq. (A.4), and Eq. (A.3) is not integrated.

Th«: equations which produce the recorded control input are:

u= uinput (A.5)

which i¥ the true control (exclusive of feedback) which is input to the

program,
u = —FCuL + Fcu; uL(O) =0 (A.6)

which causes a first-order lag (note that the lagged controls are initially

in trim), and

Un; = Toup; + B + nes (A7)

th'sample point. If lags are

is the recorded control input taken at the i
present, this samples u, every Ats seconds beginning at time t = 1. If
control lags are not present, then uy is substituted for ug,; in Eq. (A.7),

and Eq. (A.6) is not integrated.
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A.2.2 Parameter Identification Algorithm

The estimated state and measurement vectors result from these equations:

% = [Fe)-6@)C)% + 6oIu R = x, (A.8)

y [H(p)-D(p)C]?c + D(P)u (A.9)
The partial derivative matrix 39/8p evaluated at p results from the follow-

ing equations, which appear in Chapter III of Reference 1 as Eqs. (63)-(68). The
equation

g—t—%&—=(F-GC) gx + gF—gGC§E+g—G—u‘; %)L =0
pp pp pp pp pp m pp

is integrated, where p_ is the parameter vector containing the elements presented

in Egs. (37), (38), or (43) of Chapter III, Reference 1. If state initial con-
ditions are also estimated, the identification process integrates

a [ox aa [ 0% 9%
X ) = (®Go (&) ax_
at (apIC) 9P1c Pe

Then, from Eq. (A.9}, the output sensitivity matrix for the parameters p_ is

=1 (A.11)

t=0

%’-— = (#-Boy % * (-gi;— - %—- c) R+ gg u (A.12)
P P P P P
For the initial conditions, this becomes
3;; A A 85&
= (H- ) - (A. 13)
%Pyc P1c
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If output measurement biases are also estimated, the sensitivities

3y .1 (A.14)
8pb

must be included. The total sensitivity matrix is then

Wi p |y My Wy

op 'c)pp BpIC Spb (A.15)

The parameter step for the kthiteration of the modified Newton-Raphson
algorithm is

2 T
_ IS B0 S
Bpk o7 Pyl Py [‘a‘—"z‘p] (ap) (A.16)
P v TPy

which is computed as

(A.17)

This is Eq. (61) of Chapter III, Reference 1 evaluated with each parameter set
to its value on the kth iteration.

A.2.3 Sample Statistics

Let Apj be the difference between the values of p to which the algorithm -

converges on the jth Monte Carlo run and the true values of p. Then, for

m Monte Carlo runs, the mean error in p is

5

B 2 Empr=L S ap,
1 J

=3

(A.18)

i

j
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and the sample covariance about this mean is

m
E {spop'} = Lo 3 by - W) (apy - B’ (A.19)
J:

A.2.4 Representation of Lag Time Constants

The diagonal matrices Fm and FC contain as elements the inverse time
constants of the output measurement lags and the control input lags, respec-
tively. In an actual instrumentation system, these inverse time constants
are random variables whose true probability density functions are unknown.
The Simulated Data Analysis Programs permit the user the option of modeling
the density function as a truncated normal distribution or as a beta distri-
bution. The normal distribution is truncated at + 30. Hence, by choosing
the mean to be at least three times the standard deviation, the user is

guaranteed that a lag time constant will always be positive.

The beta distribution [ 2] allows wide latitude in shaping the density
function. This density function is defined as

£50plr,m) & ey P a-pt T (A.20)

where p  is the normalized random variable, 0 < p <1,
n,r are parameters which determine the shape of the density function,
n>r>0.

Examples of f8 for various values of n and r are shown in Figure A.1. The
mean and variance of this normalized distribution are

_r _

G2 = Z_gzl_r)__ (A.22) ;,

P n®(n+1) ]
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If £ is an inverse time constant and u £ and 0123 are its desired mean and
variance, which are inputs to the program, then

f=a+bp (A.23)

where a =g - bup (A.24)
o

b=t (A.25)
p

are coefficients which transform the normalized, B-distributed, random variable
p to the desired B-distributed, random variable f.
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A.3 ENSEMBLE ERROR ANALYSIS PROGRAM

A.3.1 Major Results

The major results of the Ensemble Error Analysis Program are:

(1) The sensitivity matrix of the parameter estimates to errors e
in the measurements

-1 ~\T
2 N /oy, oy,
] 9 i -1 1
= (8p) = (——) R ( ) (A.20)
5e P [;PZ] ;zi ap de

(2) The sensitivity matrix of the parameter estimates to errors e
in the control inputs

-1 ~N\T ~

2 N [oy. 9y .

] _ 3 i -1 i
55 (6p) = - [_Zap ] igl (‘"‘ap ) R (“‘“ae ), (A.21)

(3) The total covariance of the parameter estimates
-1
T, _ [s% 3 T, [ T
E(épdp’) = ol * |55 (6p)) E(ee’) (57 (dp) (A.22)
where here e refers to random errors (whether measurement or

control errors), and

(4) The mean error of the parameter estimates

E(dp) = %—5 (8p) Ele) o (a23)

where here e refers to mean errors. The information matrix is
computed as

2 N (ay.) 5 (By.)
o J i 1 i
= R (A.24)
ap izi P P ,
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Bach of Eqgs. (A.20) through (A.24) is evaluated with the parameters set to
their true values.

In order to calculate Eqs. (A.20) through (A.24), the program must compute
the matrices 8§i/ 3p, ayi/ de (for measurement errors), and Bfri/ de (for control
errors). The first of these is computed according to Eqs. (A.10) through (A.15)
with the parameters set to their true values (i.e., '"hats' do not appear on
the F, G, H, and D matrices). The matrices ayi/ae and 3}’;1/ oe are the subjects
of the next two sections.

A.3.2 Output Errors

The sensitivity of y; to each output error e must be computed. For

biases,

ayi _ ,,
Rg = (A.25)
For errors which appear in the matrix T,
9y
1 _ aT
== == Y. (A.26)
’c)eT aeT 1
(Substitute y, for Yy, if there are no lags.)
For errors in the initial conditions,
Vi P (A.27)
derg - Oeyg - '
where
dy Jy: Jy. dy.
d L \) L T L
e = -F = +F .~ ; — =0 (A.28)
dt (aeIc m BeIC m 3erq 8e10l =0
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must be integrated,

3
YT ax
2L = @m-no) & (A.29)
®1c %®1c
and
d_ (& \. (p-g) & X -
& (ﬁc) (760 2o |, " (850
£=0

must be integrated. If there are no measurement lags, then Eq. (A.28) is
omitted, and ByT/ deq is substituted for ByL/ derq in Eq. (A.27). .

For measurement lags ep,

(A.31)

where

3o )7 Fn lmes |- Oy o =0 :
dt o m 'c)epm L’T aeFm =0

must be integrated.

The results of Eqs. (A.25) through (A.32) are combined to form

95 A y; Yy Yy 9y;
P » ’ ’
Je deg dery LTS Bepm

(A.33)

Note that these equations require L and Yos which are computed by means of
Eqs. (A.1) through (A.3).



A.3.3 Control Input Errors

The sensitivity of Y to each input error e must be computed.

3y X, Bup

i i
e (H-DC) e T D

o (A.34)

N o ou
d (9R) _ ok m ok _
<—e) = (F-G0) 55+ Gg 5 3 =0 (A.35)

t=0
where 3u/de depends upon the error.

For biased errors,

B =1 (A.36)

oT
My _ ¢ (A.37)
BeTc aeTC uL :

If there are no control lags, u is substituted for U -
For control lags >

oo L (A.38)

where

ou ] ou ,
d L u, L L

= -F - +u g — =0 A. 39
dt (aepc) c SGFC uL ( )

Note that u and u, are required. These are obtained by computing Eqs. (A.5)
and (A.6).
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