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‘SUMMARY

Pre-processors developed by AMA, Inc. to utilize and evaluate the
relative performance of the NASA Space Shuttle tri-redundant Inertial
Measurement Unit are documented in this report. Also, post-flight STS-1
results are presented. The flight results (Section II) show that the relative
IMU performance throughout the entire entry flight was within the expected
accuracy. Comparisons are presented which show differences in the accum-
ulated sensed velocity changes as measured by the tri-redundant IMUs (in
Mean Equator and Equinox of 1950. 0), differences in the equivalent "'inertial"
Euler angles as measured with respect to the M50 systemr, and finally, pre-
liminary instrument calibrations determined relative to the ensemble average
measurement set. Also, differences in the derived body axes rates and
accelerations are presented. Because of the excellent performance of the
IMUs during the STS~-1 entry,the selection as to which particular IMU would
best serve as the dynamic data source for entry reconstruction is arbitrary.

Software functional descriptions, utilization, and sample job control
language are presented as Section III. Attached as Appendices A, B, C and
D are listings for PRETM, PREVEL, ABSATT and CALIBRT, respectively.
These programs represent first level pre-processors necessary to edit the
IMU data and permit selection of the best set of dynamic data to utilize for
state prediction in the entry trajectory reconstruction process. PRETM
edits the telemetry data and generates a differentiable file for PREIMU, the
cubic spline processor. PREVEL and ABSATT generate plots for acceler-
ometer and gyro performance comparisons. CALIBRT determines preliminary
IMU instrument calibration parameters which include accelerometer biases,

accelerometer scale factors, fixed and drifting misalignments.



I. Introduction

The measurements from the tri - redundant IMUs aboard the Space
Shuttle, primary for navigation and flight control, offer considerable benefit
for post-flight entry reconstruction and flight path analysis. The redundancy
of measurements enhances the potential for obtaining contiguous data through-
out the entire entry flight. Further, though time-homogenous measurements
are limited to approximately 1 Hz, the data rate has been shown sufficient
(Ref. 1) to utilize these data as a dynamic data source (angular rates and
accelerations) for state prediction in the deterministic integration algorithm.
Pre-processors have been developed to utilize these data to provide "equivalent"
Sirapped-down measurements to satisfy the requirements of the entry trajectory
estimation software (Ref. 2). Finally, these measurements potentially provide
for an in situ calibration bench for the alternate dynamic data source, the
Aerodynamic Coefficient Identification Package (ACIP). For the latter purpose
it should be recognized that the IMU data rate can be a limiting factor.

Before proceeding with any entry trajectory reconstruction activities, a
selection process is required to determine the 'best" dynamic data set for
snch purpose. Relative performance of the IMUs must be evaluated and, since
some instrument calibrations may be required, some measure of the expected
level of such calibrations needs be determined. In this report, relative com-
parisons, preliminary calibrations, and software ntilities to enable data editing

and generate said results with the IMU measurements are presented.



II. STS-1 Post-flight results

II.1 Accelerometer comparisons

Accelerometer performance of the tri-redundant IMUs can most
readily be made in the fundamental reference frame, M50. However, one
cannot completely uncouple gyro accuracies from such analysis since actual
platform measurements are rotated to the M50 frame on-board using fixed
REFSMAT matrices which relate each platform to the inertial system (this
assumes perfect knowledge of the platform orientation). As such, imbedded
in suck comparisons are initial misalignment and both fixed as well as g-
sensitive gyro drifts.

In this evaluation, each velocity counter was rebalanced (rulled) at the
initial epoch assumed, namely, t = 177423050 (63750 sec) on DCY 104.
Comparisons were made thereafter directly in the accumulated sensed M50
components for the respective IMUs. Also, various combinations of IMU
measurements were formed, e.g., averages and mid-value selects. Total
magnitude velocity comparisons were also made. Results are presented as
figures 1-4, inclusive. Figures 1 through 3 show M50 X, Y, Z component
differences. Each figure is ordered to show IMUl comparisons versus
IMU2, IMU3, the average component and the mid-value measurement. The
remaining differences for IMU2 and IMU3 are included to complete each
plot. Computed statistics, i.e., means and standard deviations, for each
difference are designated thereon. Component differences of as much as
30 fps can be seen in the X direction (viz., IMU2 - IMU3), 30 fps in the Y
direction (viz., IMUl - mid-value), and 50 fps in the Z direction (viz., IMU1 -
IMU2). Magnitude comparisons (Fig. 4) show that the total sensed change per
IMU differs by, at most, 3 fps. This seemingly indicates that accelerometer
scale factors for each of the IMUs were nearly perfect since magnitude differ-
ences are considerably smaller than component differences. However, with
this information alone one cannot ascertain the extent of the contribution to

the component differences from either fixed or drifting misalignments.



The following table indicates the percentage of occurrences each IMU

was selected as the mid-value throughout the entire entry time trame.

IMU -

Component 1 2 3
X 43.1% 22.4% 34.5%
5.8% 61.5% 32.7%
Z 22.9% 51.6% 25.59%
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II.2 Gyro Comparisons

Gyro performance can be independently evaluated by comparing absolute
attitude differences as suggested by the three independent systems. The ab-
solute attitude differences were formulated by aeriving equivalent Euler angles
whicn describe the spacecraft orientation with respect to the inertial M50
system. Keeping in mind that each IMU outputs quaternions which define plat-
form to outer roll orientation, two fixed trensformations, outer roll to Nav
base and Nav base to body, combined with the appropriate REFSMAT, define
the total transformation between the body and inertial frumes. The Euler angles
can then be computed from the direction cosines. For this analysis, an ordered
Eulerian rotntional sequence (-7, -Y, -X) was asgsumed. The angles are de-
fined herein as ¥, ©, and @.

Differences in ¥, €, und @ for the various IMUs are presented as
Figures 5-7, respectively. Agein, all IMUl comparisons are plotted first
and the remaining differences for IM\J2 and IMU3 are shown. Differences
versus averages and mid-values are also included. For the most part, all
differences are well within 01 (though much grcater than the irdicated rcsolver
noise) throughout the entire entry iliight. Maximuiny differences «re seen to be
0°17 for ¥ (viz., IMU2 - IMU3), 0°14 for € viz., IMU2-IV, .), and 0°17 for
& (viz., IMULl - IMU2). Associated statistics for each plot are as shown.

Percentage occurrences for which each IMU was selected 25 the mid-value

for each component are given in the following table:

IMU
Euler Angle 1 2 3
v 15.6% 40.5% 43.9%
€ 29.2% 58.2% 12.6'%
o 21.2% 37.2% 41.6%
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I1. 3 Derived Body Axis Comparisons

The results of the previous two sub-sections showed comparisons
between the three IMUs in a common reference (M50) thouch the Euler
angle data were derived relative to same. Use of the IMU in the entry
reconstruction process requires equivalent body axis data for the ''strapped-
down" deterministic integration formulation. Methods incorporated to enable
such derived body axis information using IMU measurements are discussed
m Ref. 1. In summary, cubic spline methods are incorporated which fit the

measured X AV from any of the IMUs. Differentiation yields an accel-

eration profile whﬁfcoh can be expressed in the platform axis and thus, space-
craft linear accelerations in the body axes. Also, an equivalent Euler angle
set is determined from the platform to outer roll gimbal quaternions (as
measured) and the two fixed transformations which relate outer roll to the
spacecraft body axis. Similarly, these Euler angles are cubic spline fit and
differentiated to yield Euler angle rates. These rates are used to determine
spacecraft rates.

Using the above formulation, body axes data were derived. These data
were gererated at the nominal IMUJ down-list rate (~1 Hz). Figures 8, 9, and
10 show derived body axis differences between IMU1 and IMUZ2, IMU1 and
IMU3, and IMU2 and IMU3, respectively. Angular rate and linear acceleration
differences are plotted. Computed mean differences and standard deviations
are indicated thereon for each body axis component. No major differences are
indicated. The largest mean error in any angular rate component is TE-5 deg/
sec, i.e., 0.25 deg/hr, which though small, is essentially an order of magni-
tude larger than the expected value based on instrument specifications. The
largest mean error in any of the linear acceleration components is ~ 0. 006
ft/sec2 or ~ 190 y g's. The specified accuracy is on the order of 50 4 g's.

It is noted that differences in derived body axis quantities cannot (and should not)
be compared versus expected platform accuracies. Considerable processing
is required to obtain body axis data which can distort one's perspective as to

IMU performance. However, the entry reconstruction software utilizes the
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IMU data in the "strapped down'" state prediction algorithm. Therefore body
axis differences as presented in this Section are quite relevant and, most
probably, represent the magnitude of calibrations one would expect from
formal estimates in ENTREE eventhough such calibrations are modelled in
the platform frame. A truer representaiion of STS-1 IMU accuracies is

presented in the next Section.

-19-
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I1.4 Preliminary Calibrations

11. 4.1 Discussion

Certainly some instrument calibrations are to be expected. During
the entry reconstruction process it is most probably required to Jetermine
some calibrations for the IMUs by including certain terms as solution par-
ameters in the estimation algoritnms. However, using the accumulated M50
sensed velocity changes it is possible to define preliminary coefficients which
can serve to either assist in selection of a particular parameter of importance
or scope the extent of any requiced calibrations. It must be noted however that
such determinations of preliminary calibrations are somewhat arbitrary since
they must be based on an a:.sumpticn as to which IMU, or combinations thereof,
best represent the truth. “‘hus, any formally determined instrument calibrations
in the more rigorous entry reconstruction process, i.e., during ENTREE pro-
cessing, may well disagree with such preliminary estimates of instrument per-
formance. In truth, ENTREE-determined instrum~nt parameters could be
aliased by other unknown, unmodelled effects and represent equivalent calibra-
tions fc i+ the particular data processing arc utilized. However, the magnitud.
of the ENTREE-derived calibrations can be tested for reasonableness by com-
paring with the preliminary values (the stability of the ENTREE estimates can
be indicated by the corresponding formal uncertainty suggested therein but, in
actuality, must be determined from the usual complement of estimation results
for various data arcs and solution parameters incorporated). Further, the pre-
liminary calibrations can provide insight as to which instrument parameters
should be included in the expanded ENTREL esti.nation parameter list, though
again, the accuracy with which the particular selected parameter is determinable
resides within ENTREE.

Even with the preceding '"qualifying'' remarks, it is useful to determine
preliminary instrument calitrations. The error model incorporsted is as fol-
lows (Note the assumption that there are three independent gyros per platform
rather than the actual configuration that emplovs only two):

-23~



\Y% 8 -5 6 (b
x X z y - X
Vy = cz sy -ox R Vyso? by (t-t )
\' -8 ] 8 b
z y x z - Z
where: R is the REFSMAT matrix,
VM 50 is the selected observation vector (3 vector),
8 scale factor coefficients, nominally 1.0
bi accelerometer bias terms, nominally 0.0
and 6 total misalignment about the respective sub-scripted

axes comprised of a fixed and drifting component, i.e.,
i=6i +5i t-t)
o
No g-sensitive drift terms were incorporated.
There are twelve(12) parameters per IMU in the adopted model. The
M50 triplets. These

eight (8) represent individual IMU measurements (3), average measurements

selected observable is chosen from one of eight potential V

of any two (3), ensemble average measurements (1), and mid-value selected
measurements (1). The selected triplet is expanded as a nine(9) vector obser-
vable which corresponds to, equivalently, what each of the three IMUs would

have measured assuming the selected V triplet were axact. The expansion

M50
is nominally done using the individual REFSMAT matrices. Instrument cali-
brations are determined, therefore, to minimize the sum-of-squares of the

cbgervation residuals in the platform axes. A weighted least squares filter is

utilized.
1. 4.2 Results
Preliminary IMU calibrations are presented in Table I. All eight

VM50 set of observables were selected for these determinations. Units utilized on

Table I have been converted to those more commonly used by IMU investigators.
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For reference, specified accuracy levels (1 ¢) are approximate'y:

50ug - acceierometer bias
0.022 deg/hr platform drift bias

80 £§8 -  platform misalignments (assuining
star tracker alignment on-orbit)

100 ppm - accelerometer scale factor

and 0.025 deg/hr/g g-sensitive gyro drift

Shown on Table I are accelerometer scale factors, acceierometer biases,
initial misalignments, and fixed drifts determined for each IMU based on the
eight potential fiducfal references. Null determin:'tions for each IMU when that
particular IMU was chosen for calibrations are seen thereon. Table IT shows
a measure of the fit to the selectz2d observables in terms of pre-and post -cal
means and @'s.

It can be seen in Table I that the outlic:'s, for the most part, in each

determination are obtained when the mid~-value V 0 observables were selected,

Table II suggests that the tits to this measuremen]\tdsset are not as good, viz., the
pest-cal 0's. This is an expected result since the nature of such an observable

is quite unique. Over some of the interval a particular IMU is exactly the mid-
value measurement which would imply null corrections. Throughout the remainder
of the interval pre-cal residuals exist which require calibrations that are to the
contrary.

Generally speaking, again referring to Table I, the Jetermined acceler-
ometer biares are less than 4 the expected level. Further, neglecting determina-
tions cast versus the mid~value measurements, scale factors are, at most, 1.2
times the specified level. Initial misalignments do exhibit larger than expected
values (as much as 4 to 5 times greater) though many determinations are less
than 1¢. For the most part, the fixed drift terms do exceed the specified Jevel.
The simple model adopted herein would, however, absorb g-sensitive drifts in
both the initial alignment and fixed drift parameters.

Four columns of Table I are composite determinations from the ensemble
values presented in the first eight (8) columns. Mean calibrations and 1¢ var-

jations of same are presented for all eight sets. In two of these columns
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are sin ilar composite determinations neglecting the mic-value determinations.
Both sets of composite determinations show accelecometer biases less than

10 g g (£ 7) which compares to the actual flight expectation since on-board cal-
ibrations were performed prior to the STS-1 re-entry. Again, neglecting the
mid-value contributions, scale-factor determinations are less than 1 ¢ (3 0);
initial alignments are within 2¢ & 1.70). Even neglecting the mid-value
contributions, fixed drift terms are as much as 4¢ in the composite deter-
minations with * 2¢ variations,

Residuals are presented as Figures 11, 12, 13 for IMU1, IMUZ2, and
IMU3, respectively, for the results based on the ensemble average VM5 0 obser-
vables. Uncalibrated (based on nominal instrument parameters) and calibrated
(based on updated instrument parameters) residuals are plotted. Mean and sigma
computed for each plot are shown thereon. There is still signal remaining in
the calibrated residuals which suggests the need to adop. additional model par-
ameters. As pointed out previorsly g-sensitive drift coefficients would be
potential candidates, particularly in view of the fact that the simpler model
(assuming fixed drift) yields coefficients which, on a relative basis, would
appear the most out of spec. Consideration for an expanded model, however,
must be weighted against the somewhat arbitrary observable selection (required)

from which any calibrations can be determinad.

0.5 STS-1 IMU Performance Summary

Though these preliminary calibrations cannot be taken as absolutes it is
quite apparent that the IMU performance was essentially as expected. Selection
of the best IMU for post-flight entry reconstruction is somewhat arbitrary. No
real critical choice is suggested by the comparisons and calibrations presented

herein.
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III. Software Descriptions

III.1 PRETM

II. 1.1 Functional description

PRETM (see Appendix A for software listing) represents the first
level of IMU processing, the main function of which is to generate an edited
file of tri-redundant IMU quaternion and AVMSO
in the PREIMU routine (Ref. 1)(1) Editing is required to eliminate blunder
points to assure the input file for PREIMU is differentiable, Data gap detec-

measurements for processing

tion is also performed.

Editing performed is basically first difference comparisons of successive
components to assure that such differences are within a specified input tolerance.
Further, the quaterniomns are tested for orthonormality. Finally, selected data
not otherwise identified as bad by simple first difference tests can be rejected
by user input. Also, to insure differentiability, the sense of the quaternions

are tested and "flipped" if appropriate.

I1.1.2 File interfaces
a. Input file

The input file (TAPES) corresponds to the NASA JSC/TRW

Teleme’ry tape as documented in their ICD, specifically, OFT Ascent/Descent
Auxillary Data Products Program Input/Output Interface Control Document
79.6435.14-019 (revised October 1, 1979). This fi'e is also defined in Ref. 3
as published by the LaRC OEX Data Manager. As received from LaRC this

file contains six files orderec as VM50 for IMUs 1 through 3 and quaternions
from IMUs 1 through 3, respectively. This file is in a standard ’I‘IFT(Z) format
with a header record written ag the first record on each file. For input pur-
poses to PRETM, this multi-file file is reordered 15!ng system job control

(I)For STS-1 Orbiter Instrumentation data were received pricr to the planned
interface T/M tape from JSC/TRW which required develcyir.ent of another
utility, PREOI, to provide an input file for PRETM. PREOI is contideres
auxillary software to the IMU data processing flow and a: such is not documented
herein,

(Z)Time history Interface File Tape
-32-



language (JCL) to provice quaternion, VM50 ordering for each of the IMUs.
Figure 14 shows sample JCL required to execute the software. Notation
thereon shows the file manipulation required to obtain the properly ordered
input file,

b. Output files

Apart from hard-copy printout two output files are generated.
The first file (TAPEY) is the necessary input file for PREIMU and consists
of eight (8) records per IMU. The first seven(7) records contain the IMU
identifier, the number of records (Ni) for each measurement, and the corres-

ponding array of Ni times and measurements, viz:

Record
1 IMU, N, , @), Q) i=1, N))
2 IMU, N, , (t,(0) Q) 1=1, N,)
3 IMU, N, , (t,(0), Qg 1=1, Ny)
4 MU, N, , (t, () Q) 1=1, N,)
5 IMU, Ny, (t (), V_ (1), i=1, N)
6

7 IMU, N, (t, (), V (i), 1=1, N,
where IMU =1, 2, or 3 and the N's and actual time arrays are, in

general, not identical due to editing.

The eighth record is simply the number, M , and corresponding time
array which would correspond to a contiguous time array for PREIMU to
fill in any missing (or edited) quaternion elements to complete the required

set of four, i.e.,
Record
8 M, (tref(i), i=1, M

Noted on Figure 14 is the JCL which saves this file on a physical reel
for PREIMU processing.
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A second output file (TAPE10) is written which summarizes the relevant

information in the generation of the PREIMU file.

This file can be saved,

e.g., see Fig. 14, to provide quick review of the pre-processing results. A

partial listing of this summary file is presented as Figure 15 for IMU1 data

processing, i.e., from the first two files on the T/M tape.

Written on the summary file are:

1)
(2)
3)
(4)

and (5)

a summary of the user inputs,

headers as read from the input file (TAPES),

the first ten(10) data records of each file,

a summary of the file contents of TAPE9 which is generated for

PREIMU

the number of times the quaternions were "flipped'" for differen-

tiability.

This information is repeated for each IMU.

III.1.3 User Inputs

Inputs are accomplished via NAMELIST/INPT/. Variables and

default values are defined as follows:

NAME

Type Dimension

Description

TOLN

TOLQ

TOLV

TSTART

TEND

real 1

real 1

real 1

real 1

real 1

criterion for orthonor-
mality test, i.e., ortho-
normal within input
tolerance

tolerance for 1st differ-
ence test on quaternion
components

tolerance for 1st differ-
ence test on V com-

M50
ponents

Start time for file
generation (TAPEY)

stop time for file
generation (TAPE9Y)

-34-

Units

N/A

N/A

seconds
of DOY

seconds
of DQY

. 00001

100.0

0.0

1.E8



NAME Type Dimension Descs}iption Units Default

TOLVX real 1 tolerance on V, ft/sec 1. E10
component magnﬁ:ude
test

NDX integer (400,7,3) input array (by index(3) N/A 84000

number, measurement
and IMU number for
selected data rejection

DOY real 1 day of year extracted days 0.
from times on input
file

TBIASS real 1 time bias between seconds 0.
station and spacecraft
clocks

II. 1.4 Outputs

Besides the previously mentioned output files,the software generates
an input data summary, defines the edit code utilized, and generates a complete
listing of all data within the specified time span (TSTART <t< TEND). The hard
copy printout is column-formatted to show time (referenced as seconds of the current
DOY), flag(4), measured components (four(4) for quaternions, three(3) for
VMSO)’ record counter, gap indication column, time spacing ( At) between
successive points, 1st difference in respective components, and an edit column.
Figure 16 shows the edit keys as utilized internally and written in the appropri-
ate column. Gaps are denoted as ** in the gap column and the At column

provides immediate indication of the extent of the gap. Information written to

the summary file (TAPE10) is also written as hardcopy output.

(S)This array can only be established after at least one initial pass through the
input data file. Points not otherwise rejected can then be isolated if required.
The index number corresponds to a running record counter (from 1 to NMAX)
which is referenced to the first puint on the input file, independent of TSTART
or TEND.

4
( )This variable is constant for a given file and corresponds to the following:

1.0 Vy50 measurements for IMU1
2.0 V50 measurements for IMU2
3.0 V)50 measurements for IMU3
4.0 Quaternion measurements for IMU1
5.0 Quaternion measurements for IMU2
6.0 Quaternion measurements for IMU3
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/JOk

/NOSEQ

KETM,T1500,C8270000. BING3F  FINDLAY

:1322527:2.;- LKC ORIGINAL PAGE IS
GET.PRETN. OF POOR QUALITY

FTN,I=PRETH,F.220000.
USN. TAFE90=NN0733.
ILABEL, TAPE9O,NT,D=PE,F=1 ,FO=R,K.
COFYEI, TAPE90, TAFEBO.
REWIND, TAPESO, TAPE90.
RETURN, TAPE90.

UNLDAD, TAFE90.

COFYBR, TAPEBO,DUN, 3. O
COFYBR, TAPES0, TAPES.
REWIND, TAPESO.

COPYBR, TAFES0, TAPES.
REWIND, TAFESO.

COPYBR, TAPESO, UN, 4.

Input TIFT file of T/M dala

Re-ordering as: IMU1

COFYBR,TAFEBO, TAFES.
REVIND,TAFESO.
COFYBK, TAPEBO,DUN.
COFYBR, TAPEBO,TAPES.
REWIND,TAFEBO.

< O

M50 IMU1

IMU2

M50 IMU2

IMU3

COPYER, TAPEBO,DUN.5.
COPYBR, TAFEBO, TAFES. M50 MU3
REWIND, TAFEBO.
COFYER, TAFEBO,DUN, 2.
COFYBR, TAFEB0, TAFES.
REWIND, TAFEBO, TAFES. _
RETURN, TAFEBO.

RETURN, IUN.

LGO.

REWIND, TAPES. N
CATALOG, TAPES.

REWIND, TAPES.

VSN, TAPE90=NY1010.

LABEL ,TAPE90 NT,D=PE ,F=1,PO=U.U.
COPYEI, TAPES, TAPE9O. P
REWIND,TAPE9,TAFE9O,

CATALOG, TAPE90.
REWIND, TAPEO.
KETURN, TAPE9, TAPE90. J
UNLOAD, TAPES0.

REWIND, TAFES.

CATALOG, TAPES.

REWIND, TAFE10.

REPLACE , TAPE10=THSUN. )
DAYFILE, THGOOD.

REPLACE, THGOOD.

EXIT.

STATUS,F.

DAYFILE, THBAL.

REPLACE , THBAD.

/EOR
SINPT
TSTART=236544, ,TEND=238936.,
b0Y=2.,TB1ASS=0.007,
TOLV=1,E50,
SEND

/EOR

/EOF

<O <O

Saves processed file for
PREIMU input

Saves summary file

User inputs

Figure 14 Sample JCL for PRETM execution
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Code

® 3 O,

blank

IQI(I) - Ql(l-l)l > TOLQ or ) VM50 (1) - vmsox(x-l)l > TOLV or
Ivmsoxa)l > TOLVX

|Q2(I) - Q,(1-1) |> ToLq or| VM0, (1) - VMSOy(I-l)l > TOLV or
Imsoy(l)l > TOLVX

lQgm - Q,(1-1) |> ToLQ or | VMS0_() - VM50_(I-1)| > TOLV or
lVMSOz(I)l > TOLVX

lQ,m - Q,a-1|>ToLQ

[1.0 -./;f Qm?|> ToLN

le or VMSOX(I) rejected by input in NDX array

Qzu‘) or VMSOy(I) rejected by input in NDX array

Qa(l) oerMSOZ(I) rejected by input in NDX array

Q4(I) rejected by Input in NDX array

No editing required

Figure 16 Definition of PRET %4 edit codes
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III.2 PREVEL

IIl. 2.1 Functional description

Attached as Appendix B is a source listing of PREVEL. PREVEL
generates velocity comparisons for the various IMUs. Genemfed are VMSO
corrr.onent comparisons, total magnitude comparisons, mid-value selection
cornputation:; and associzted comﬂarisons, ensemble average computations and
comparisons, and finally, though the results are not reported herein, dual IMU
averaging and comparisons. All such differences are written to a special TIFT
file for plotting purpnses. A file of ""pseudo' observations in a TIFT format is
alsc generate : + - be ised as input to CALIBRT (see Section III. 4).

As indicated earlier, each component is nulled initially and this initial value
is extracted thereafter to yield changes in the VM50 data over the interval.
Some editing is done to eliminate blunder points.

II. 2.2 File interfaces

a. Input file
The same JSC/TRW T/M formatted tape as discussed in Section

I1I. 1.2 is the required file for PREVEL. Only the first three(3) files are ncces-

sary since they contain V data for the respective IMUs. JCL to obtain these

M50
data is shown in Figure 17. Each file is read as a separate input file, i.e.,

TAPES (IMU1), TAPES(IMU2), and TAPE10 (IMUS3).
b. Output files

Two(2) output files are generated. The first file (TAPE12) is
a TIFT formatted file containing all the possible component and magnitude
differences, i.e., a total of seventy-six (76) differences are written at each
time. This file is plotted using the LaRC QUIKPLT utility develoved by
SDC. Perusal of the software listing in Appendix B for a precise definition

of all differences generated is recommended.
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A second output file, TAPE11, is generated. This file contains = tirie

ordered file of '"pseudo’ observables for the CALIBRT utility.

observables written are:

@™
@)

@)
and (4)

measurements from each IMU

Potertial

dual, averages, i.e., average of IMUs 1 and 2, TMUs 1 and 3,

and IMUs 2 and 3,

ensemble average components,

selected mid-value components.

As shown in Figure 17, this file is saved to a physical reel to be used

in the generation of preliminary calibration.

III. 2.3 User inputs

A namelist input NAMELIST/INPT/) is provided. Input variables zre

defined as follows:

NAME Type Dimension
TTOL real 1
VTOL real 1
DVTOL real 1
TSTART real 1
TEND real i
TEPOCH real 1

Description

Time tolerance to assure
all IMU date¢ valid at same
time

Velocity component re-
jection criterion for
blunder point detection
and elimination

First difference re-
jection criterion for
blunder point rejection

Start time for gener-
ation of differences and
pseudo cbservation files

Stop time for above file
generation

Epoch (reference) time
desired, i.e., time
treated as zero from
TEPOCH

-41-

Units

seconds

seconds

seconds

seconds

Default

0.1

1.E10

100.0

0.0

1.E8

0.0



II1.2.4 Outputs

The most relevant outputs are the two files previcusly discussed, more
specifically, QUIKPLTS of the computed differences and, after CALIBRT
execution, estimates of preliminary instrument calibrations. Hardcopy out-
put generated is minimal. The first ten(10) time points are printed to show
IMU component measurements, dual averages, ensemble average, and in-
dication as to number of consecutive times each IMU component was selected
as the mid~value measurement. Additional output generated presents the
total number of records written (TSTART < t <TEND) and a summary of the
total number of times each IMU was selected as the mid-value by component.
Finally, statistics (mean and standard deviations) are presented for each dif-

ference generated.
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£ 15
ORIGINAL PAGE
OF POOR QUALITY

/JUB

/NOSEQ

FREIMUC,.T1000,CH200000. BINGINC MCCONNELL
USER,274885C.

CHAKGE , gl , LKC.

GET,PREVEL.

FTN, I=PREVEL K. 3
USN.TAFEBO=NY1001.

LABEL, TAFES0.NT, D=FE,F=1,F0=F,k.
COFYER.TAFEBO,TAFES. gets first three(3) files of
COPYER, TAFESO, TAFES. } JSC/TM tape as TAPES (V

gg”“’wggg’}gigéoiarm TAFE10 TAPE(Vprs0> IMU2), and
WIND,TAFESOQ, ' ' . TAPE10(V IMU3)

KETURN, TAFEBO.
UNLOAD, TAFESO. ,
LDSET,FRESET=INLEF.

LGO.

REWIND, TAFE12,TAFETT.
GET,QUIKFLT/UN=149141C.
|
J

Mso» IMUL),

M50’

CALL ., QUIKFLT(TAFE1=TAFE12) plots differences
KEWIND,SAVFLT.
FLOT.CALPOST, 11 (XM=0.5,Yf=0.5)
REWIND, TAFE11.
YSN, TAFES0=NY1016.
LABEL,TAFEY0,NT,D=PE,F=1,F0=U,U.
COFYEI,TAFE11,TAFESO.
REWIND.TAFE11,TAPESO.
KETURN, TAFE11, TAFESO.
UNLOAD, TAFESD.
DAYFILE,FLGOOL.
REFLACE,FLGOOD.
EXIT.
BAYFILE.FCGOOF .
KEPLACE .FCGOOF .
/EOK
$INFT
TSTAKT=0..TEFOCH=,904920371807E7,TEND=1,E11,
pvToL=200. ,
$END
/EOK
/EOF
EOI ENCOUNTERED.
/

saves ""pseudo'’ observable file for CALIBRT

User inputs

Figure 17 Sample JCL for PREVEL execution
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III. 3 ABSATT

iII. 3.1 Functional description

ABSATT, the source for which is attached as Appendix C, generates
"absolute'" attitude comparisons as suggested by the tri-redundant IMU measure-
ments. Equivalent Euler angles relating spacecraft to the inertial M50 system
are computed and differences are formed for plotting purposes. Comparisons
are also generated (by component) versus dual averages, ensemble averages,
and selected mid-value measurements. The Euler angles are computed for
each IMU using the reported quaternion data (derived from the platform to
outer roll gimbal resolver angles), the two fixed rotations which relate outer
roll to the Nav base and the latter to the bedy reference system, and finally,
the respective REFSMAT matrix which nominally orients each IMU with

respect to the M50 system. An ordered sequence (-z, -y, -X) is assumed.

II.3.2 File interfaces

a. Input file

The previously discussed JSC/TRW T/M tape provides the in-
put data for ABSATT. The last three files are obtained as TAPES, TAPEY,
and TAPE10 to read in the quaternion data from IMU1l, IMU2, and IMUS3,
respectively. Figure 18 depicts the necessary JCL to enable the proper input
file manipulation and execute ABSATT as well.

b. Output file

Only a single output file, TAPE12, is generated. This file, in
standard TIFT format, contains all possible differences generated and serves

as input to the QUIKPLT utility.
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III. 3.3 User Inputs

NAMELIST/INPT/ permits minimal user control. Input variables are

sure all IMU data valid

orthonormality detection
of quaternions and pos-

Start time for generation

Stop time for above file

Epoch (reference) time

Nav base to outer roll

defined as:

NAME Type Dimension Definition

TTOL Real 1 Time tolerance to as~
at same time.

TOLN Real 1 Criterion for non-
sible rejection

TSTART Real 1
of differences

TEND Real 1
generation

TEPOCH Real 1
desired, i.e., time
treated as zero from
TEPOCH

NR Integer 1 Number of records
printed to hardcopy
output

REF1 Real (3,3) M50 to platform
rotation matrix for
IMU1

REF2 Real (3,3) As above except for
IMU2

REF3 Real (3,3) As above except for
IMU3

RNBTOR1 Real 3,3)
rotation matrix for
IMU1

RNBTOR2 Real (3,3) As above except for
IMU2

RNBTOR3 Real (3,3) As above except for
IMU3

RNBTB Real 3,3) Nav base to body

rotation matrix

-45~

Units

seconds

N/A

seconds
seconds

seconds

N/A

N/A

N/A
N/A

N/A

N/A
N/A

N/A

Default

.1

. 00001

0.0

1.E8

0.0

25

none

none

none

none

none

none

none



III. 3.4 Outputs

The most significant output of ABSATT are the QUIKPLTs which
display the various comparisons as Euler angle differences. Hardcopy output
is minimal and includes, for the first NR points, printout of the computed Euler
angles, averages, midvalues, and number of consecutive times each IMU was
selected as the mid-value. A summary of the mid-value selection results, {.e.,
by Euler angle component for each IMU, is printed as are the difference sta-

tistics (mean, ¢ ) for the file generated.
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/J0k

/NOSEQ

FREATT,71000,CN200000, BINGINC MCCONNELL
USER,2/4885C.

CHARGE ,ummme@m, L RC .

A ORIGINAL PAGE 15
FIN ISABSATI &, OF POOR QUALITY

VSN, TAFEBO=NNO/33.

LABEL, TAPEBO,NT,D=PE,F=1,P0:R, K. )
COFYBR,TAPEBO,DUM,3.

(o APES.
ggmg: mgggg’hpgg Obtains last three(3) files

, .

CUPYBR: TAPEBO, TAFE10. $ of JSC/TRW telemetry data
REWIND, TAPEBO,TAPES, TAPE9, TAPE10. as TAPES(IMUl), TAPES
RETURN, TAPEBO. (IMU2), TAPE10 (IMU3),
UNLOAD, TAPESD. respectively.
LDSET,PRESETA=INDEF. o
LGO.
REWIND, TAPE12,
GET,QUIKPLT/UN=149141C.
CALL,QUIKPLT(TAFE1=TAPE12) Plots Euler angle
REWIND,SAVFLT. differences

PLOT.CALFDST,11(XN=0.5.YH=0.5)
UAYFILE,PCGOOD.
REPLACE,FCGOOD.
EXIT.
DAYFILE,PCGOOF.
REFLACE,PCGOOF.
JEOR
$INPT N
TSTART=0., TEFOCH=.904920371807E7, TEND=1.E11,
KEF1(1,1)=-.79266172,-.44474863, . 41499473,
REF1(1,2)=-.57519790,.77224827,-.26971874,
REF1(1,3)=-.20207602,-.45365167,-.86796603,
REF2(1,1)=.39075335,.73866444,.54925742,
REF2(1,2)=-.886816900,.45929717,.01417890,
REF2(1,3)=-.24179873,-.49337438,.83553258,
REF3(1,1)=-.11996126,.22795183,-.96625435,

KEF3(1,2)=-.55783236..78963381,.25553983, User
KEF3(1,3)=.82123822..56966257,.032413344, ot
CRNBTOR1(1,1)=.99999938,3.9528871E-4,1.0380260E-3, nputs

KNETORT(1,2)=-3.9528892E-4,.99999992,0.,
RNETUR1(1,3)=-1,0380259E-3,-4.1032019E-7, 99999946,
RNETOK2(1,1)=.9999979,-1.9876E-3,5.693E-4,
KNETOR2(1,2)=1.9876E-3,.9999980,7.5E-6.
RNETOR2(1,3)=-5,693E-4,-6.3E-4,.9999998,
KNBTOR3(1,1)=.9999934,-3.7771382E-1,3.9459304E-4,
RNETOK3(1,2)23.7771341E-3,.99999338,1.1723317E-5,
KNETOR3(1,2)=-3.9463471E-4,-1.0690797E-5,1. ,
KNBTE(1,1)=.98293535,0.,.18395135,

KNBTB(1,2)=0.,1.,0., Y
KNBTB(1,3)=-.18395135,0,,.98293535,

$END

/EDR

JEOF

EOI ENCOUNTERED.

/

Figure 18 Sample JCL to execute ABSATT
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II1.4 CALIBRT

IT. 4. 1 Functional description

Software CALIBRT (Appendix D) estimates preliminary IMU in-
strument parameters using the model as discussed in Section II.4. Twelve(12)
parameters are estimated per IMU. The input file of "pseudo' observations is
that file (TAPE11) generated by PREVEL (see Figure 19 for sample JCL).
Calibrations computed are relative parameters since the selected observables

represent an arbitrary choice of IMU. Any particular IMU V., _ data or combinations

M50
thereof (e.g., averages or mid-value selects) can serve as the source for
relative calibrations. Selected M50 data are rotated to each platform axis and
compared versus said platform actual measurements to derive the individual

platform calibrations. A least squares algorithm is employed.

1. 4.2 File interfaces

(@) Input file

The input file of observations is generated by PREVEL and
read into CALIBRT as TAPES. Contained thereon are time-ordered measure-
ments from each of the IMU's, dual and ensemble averages, and selected mid-
values. Each record is written as:

1 2 3

Z z X Z
Time I U1 INYU2 U3 12 Y12 "1z
n AVGl&2 g

N\ /:'—-{_\——.:\ Ve e
v, A A AT A A
X13 Y13 %13 23 Y23 Za3 xy =z M YM  *m

AVG. 1& 3 LVG. 2 &3 ENSEMBLE MID-VALUES

AVG

5
= e
A" A\Y

Any of the eight(8) triplets caa be selected by user input for processing.

(b) Output files

Three(3) output files are generated. TAPEY contains the first
pass residuals. The final residuals, based on applying the determined
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calibrations, are written as TAPE10. Both are written in TIFT format to
utilize QUIKPLT, The third file, TAPE1l, contains information for an auxil-

iary solve routine, ESOLVE, which is not documented as yet. This file con-

tains the 36 x 36 normal matrix T AiTAi , assembled from the vectors of

partials of the observables with respect to the solution parameters as well as

the right~-hand-side vector, I AiTAyi , where the Ayi are the observational

residuals.

II. 4.3 User inputs

A namelist input is incorporated. Input parameters for NAMELIST/

INPT/ are:
NAME Type Dimension Description Units
REF1 Real 3,3 IMUl1 REFSMAT N/A
REF2 Real 3,3 IMU2 REFSMAT N/A
REF3 Real 3,3 IMU3 REFSMAT N/A
JCHOOSE Integer 1 Index to select desired N/A

set of triplets as obser-

vables, (1,2,...8)
TSTART Real 1 Start time seconds
TEND Real 1 Stop time seconds
PP Real 36 Initial parameter See

estimates NOTE

below

NOTE: Units must correspond to model as described in
Se:¢ n II.4 - Scale factors unitless, misalignment
angles and drifts in rad/sec, and accelerometer
biases in ft/sec2.
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Default

NONE
NONE
NONE
NONE

0.
1. E8

et to
norinals:
i.e., all
zervs except
scale factor

terms



The correspondence between the parameters in the PP array and the

model parametevrs is as follows:

PP array Model parameter
1 8 N
X
2 -8
Z
3 -8
z
4 )
LYy
5 6
y
6 bx > IMU1
7 8
y
8 )
X
9 -5’.{
10 by
11 sZ
12 b J
z
13 s 3
14 -bz
15 5,
16 Gy
17 6y
18 b ? IMU2
X
319 Sy {
20 -6y
21 —olax
22 by
23 sZ
(2]
24
b, J
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PP array Model Parameter

25 8 b
x
26 -5
z
27 -5
z
28 )
Ly
29 8
y
30 b > IMU3
31 8
oo
32 -6)( ’
33 -§. ;
X )
34 b
y !
35 8 :

z
36 b J
z

1. 4. 4 Outputs

@)
(4)
()
(6)
(M

Output generated includes:

a summary of the initial parameter estimates

total sum of squares, root mean square, and individual statistics

(4 » 0) for each of the expanded nine observables based on the initial
parameter values;

aTwa

updates to the stimates of the instrument parameteis;

predicted total sum_cif squares and predicted RMSQ;

covariance (ATW A ) in normalized form to show correlations;

revised parameters (including updates) and associated 1¢ uncertainties;
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ORIGINAL PAGE 1S
OF POUR QUALITY

/ JOB
/NOSEQ

JCALBRT, 12500,CH150000. BING3N  MCCONNELL
USEK,274885C.

CHARGE , S, L RC.

GET,CALIBKT.

FIN.1=CALIERT,K.

USN. TAFEBO=NY1016.

LABEL ,TAPEBO,NT.I=FE.F=1.FO=K,K.

COPYEL,TAFEBO,TAFES. Obtain file of observables as
REVIND.TAFEBO, TAFES. generated by PREVEL
RETURN,TAFESBO.

UNLOAL,TAFESO.

ATTACH(F TNMLIB/UN=LIBRARY)

LOSET(FRESETA=INDEF ,LIB=FTNNLIB)

LGO.

REWIND,TAFETT,

REFLACE,TAFET1=EINFUT, ) Save results for ESOLVE
REWIND, TAFEY,TAFENO.

GET,QUIKFLT/UN=149141C.

CALL,QUIKFLT(TAFET=TAFETO) Plot initial and final pass residuals
REWIND(SAVELIT,TAFE2)

LALLLOQUIKFLTCTAFE) =TAFEY)

DAYFILE,CALGOOD.

REFLACE,CALGOOD.

EXIT.

DAYFILE,CALEAD,

KEFLACE LCALEAD.

EOR
$INFI
REF 150926617~ 44474865, . 41699673, .5/519,90, 77226527,
28971874, -.20207607.-. 45365167 - . 86796603,
REF22.39075335,.73866644, 54925742, -.88816900,.45929717, User inputs

L01417690,-.24179873,-.49337438,.83553253,

REF3=-,11996126,.22790183.,-.96625435,-.55783236.,.78543381,
L25553983,.82103822,.56966257,.03243344,

JCHOOSE=7,

$SEND

/EOK

/EGF

EOI ENCOUNTEKED.

/

Figure 19 Sample JCL to execute CALIBRT
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APPENDIX A
Software Listing of PRETM




FRETH

[y

FI

Th

ro

A 1S
ORIGINAL P& " !

FROGRAN FRETNCINFUT,OUTFUT, TAPES=INFUT. TAPE&=0UTFUT,

*TAFEB, TAPE9, TAPE10)

RT LEVEL S/W FOR AMA,INC. TO KEFORMAT JSC T/M DATA

INFUT FILE (TAPEBIFROM SDC/LARC IN TIFT FORMAT

FES KEORDERED WITH JCL AS G,V FRON INUS 1,2,3,RESPECTIVELY
TAFES CREATED FROM JSC UNIVAC TAPE RE JSC/TRW ICD

TAFES IS REFORNATTED OUTFUT FILE FOR FREIMU

TAFE11 15 SHORT SUMMARY FILE FG% INFO EACK AT THE RANCH

COMNON/FYLE/ TRAY(3000,7),DRAY(3000.7) NN(7).TR(3000) . MM, L1.L2,
*TSTART,TEND, TOLN, TOLV.TOLO. TOLYX,NIX(400.7.3) ,D0Y, THIASS

UIMENSION ALFA(100),UNIT(100),HEAD(14) ,0AT(106)

DIMENSION DSAV(4) . FRST(4) . ENIT(9) EDYES(9)

DATA FRST/64G.0/,0SAV/6+0,0/ ,BLNK/2H /,ASTR/2H++/ ,EDNOT/1H /,
®ENIT/9+1H /, EDYES/1H1,1H2, 1H3, 1H4, 1H5, 1H6, 1H7, 1H8, 1H?/ , D0OY/0. /.
+TB1A85/0./

DATA NDX/8400%0/

DATA NN/7#0/,70/3000%0.0/,DRAY/2100040,0/, TRAY/2100040,0/,
*TSTART/0.0/,TEND/1.EB/

DATA TOLN/.G0O01/,TOLG/1.0/,TOLY/100.0/,TOLT/1.5/,TOLYX/1.E10/

DATA L1/0/,L2/07,MH/0/,N/0/

NAMELIST/INFT/TOLN,TOLA,TOLV,TSTART,TEND, TOLVX,NDX,D0Y, TEIASS
READ(S, INFT)

CALL COMMENT
REWIND 8

REWIND %

GO 70 &

CONTINUE
IF(IS.GT.3360 T0 &

IMU=1s _
CALL FILWRTC(INUD
D0 66 I=1,6
DSAV(1)=0.0
CONTINUE
CONTINUE

READ(B)IS,NUIS. (ALFACI),I=1,NUDS), (UNIT(I),I=1,NUDS) ,HEAD
IF(EOF(8))1,2

CONTINUE

WRITE(10,1000) 1S, NUDS

WRITE(10,1001) (ALPACI), I=1,NUDS)

WRITE(10,1002) (UNIT(I),I=1,NVDS)

WKITE(10,1003) (HEAD{I),I=1,14)
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ORIGINAL PAGE IS
OF POOR QUALITY

WKITE(6,1000)1S5,NWDS
WRITE(S,1001 ) (ALFACD) , I=1,NUDG)
WRITE(6,1002) (UNIT(I),1=1,NUDS)
WRITE(6.1003) (HEAD(1),I=1,14)
LIN=G
IF(NUDS.EQ.4)WRITE(4,2050)
IF(NUDS.EQ.S)URITE(6,2031)
LIN=LIN+3

CONTINUE

READ(B){DAT(1),I=1,NUDS)

IF(EOF(8))3,4

CONTINUE

N=N+1

--------------- SELECT DATA INTERVAL--------=m-=mmmmmmmm
IF(DAT(L) LLT.TSTARTIGO T0 &

IFCUAT(1),GT.TEND)GO TO 5

DAT{1)=DAT(1)-10Y+B&400. + TBIASS

--------------- CHECK SENSE OF GUATERNIONG--=------==---==-==-

IF(NUDS.EQR.S)GD TO 49
QTST=DAT(4)+DSAV () +IAT{SI+DSAV(D)+DAT (6 )+ IS4V (4)
IF(QIST.GE.0.0)GD TQ 44
L2=L2+1

UG 45 I=1,4
DATC(I42)=~1.040AT(I+2)
CONTINUE

CONTINUE

MH=MN+1

TA(HM)=DAT(1)

CONTINUE

MMM=MMH+1

IF (MMM .GT.1)G0 TO 7

0 9 I=3,NUDS
DSAV(I=DAT(I)

CONTINUE

TSAV=DAT(1)

CONTINUE

B0 10 I=1,9
ENIT(I)=EDNOT

CONTINUE
DELT=DAT(1)-TSAV
GAF=BLNK
IF(DELT.GT.TOLT)GAF=ASTR
0 8 I=3,NWIS
FRST(I)=AT(I)-DSAV(I)
DSAV(II=DAT(I)

CONTINUE

TSAV=DAT(1)
IF(NWDS.EQ.5)G0 T0 12



L~ ~m===-em=e oo =--FRE-EDIT UUATERNIQNS- ---~====-=m=-~ -

ONORN=SORT (DAT(3)4#240AT(4) %£24TAT (5) #+2+DAT(6)#42)
QTST=1.0-QNOKMN

IFCABS(QTST).GT. TOLNIEDIT(S)=EDYES(S)

DD 13 J=1,4

IED=0

IF (ABS(FRST(J+2)).6T. TOLA)EDIT(J)=EDYES (J)
IFCEDIT(J) .NE.EDNOT.ANDLEDIT(S) .NE.EDNOT) IED=1

0 134 K=1,400
Inu=15-4
IF(NDX(K,J,IHU) LER.NIGO TO 135

134 CONTINUE
60 T0 136

135 ELIT(J45)=ELYES(J43)
60 TO0 133

136 CONTINUE
IF(IED.ER.1)GO TO 133
NNCJ)I=NN(J)+1
TRAY(NN{J) , J)=DAT (1)
DRAY(NN(J) ,J)=DAT(J+2)

133 COMTINUE

13 CONTINUE
GO 7O 14

12 CONTINUE

0o 15 J=t,3
TFCABS (DAT (J+2)) LGT. TOLVX)EDIT () =EDYES (J)
IFCERITCJ) JEQLEDYES(J)IGO TO 155

NO NEED 10 WK1TE OF FURTHER TEST OBVIDUS KLUNDER FOINTS
IED=0
IECABS(FRST(J+2)).6T.TOLVIEDIT(J)=EDYES(J)
IF(EDIT(J) .NE.EDNOT.AND. GAF .EQ. BLNK) IED=1

10 150 K=1,400
IF(NDY(K,J+4,15) .EG.N)GO T0 151
150 CONTINUE
GO TO 152
151 CONTINUE
EDIT(J+5)=EDYES(J+5)
GO TO 155
152 CONTINUE
IF(IED.EQ.1)60 TO 155
NNCJ+4) =NN (J+4)+1
TRAY(NN(J44), J+4) =DAT (1)
DRAY CNN(J+4), J+4) =DAT(J+2)
CONTINUE
CONTINUE

—
— N

o oen

i



14 CUNTINUE
I# (MMM.EG. 1)NRITE(10.1004)
IF ONMMLLT L TDWRITE(10,1005) (DAT(I),I=1,NUDS)
IF(NWDS.EQ.6)WRKITE(S,1050) (DAT(I),1=1,NWLS) ,N,GAP, DELT,
#(FRST(I),1=3,NWDS) , (EDIT(I),1=1,9)
1F (NWDS.ER.S)WRKITE(6,1051) (LATC(I) . I=1,NWES),N,GAF, DELT,
*(FRST(1),1=3,NWDS), (EDIT(I),1=1,9)
LIN=LIN+1
1FGE=0
IF (MOD(LIN,45).E2.0) IFGE=1
IF(IFGE.EQ.0)GO TO 11
IF (NWDS.EQ.6)WRITE(4,2050)
IF (NUDS.EQ.S)WURITE(4,2051)
LIN=3
11 CONTINUE
G0 10 5
1 CONTINUE
ENDFILE 9
REWIND 9
1000 FORMAT(1H1,720,"1S = “I14,10X,"NWDS = "14)
1001 FORMAT(T20,"ALFA = "8A10)
{002 FORNAT(T20,"UNIT = "8410)
1003 FORMAT(T20,"HEAD = "10A10)
1004 FORMAT(T30,” FIKST 10 RECOKDS FER FILE")
1005 FORMAT(T2,6E20.14)
1050 FORMAT(1X,F9.2,F4.1,4E13.6,2X,14,1X.A2,1X,5E10.3.2X.941)
1051 FORMAT(IX,F9.2,F4.1,3E13.6,2%,14,1X,A2,1X.4F10.3,2X,941)
2050 FORMAT(IH1/T4,"TINE",T11,"FLAG",T20,"B{1)", 733, 0(2)",
#T46,"003)",159,"C(4)" , T68, "NREC", 173, "GAF", 180, "LELT",
+788,"IEL Q(1)",T98,"DEL 6(2)",T108,"NEL G(3)",Ti18,"IEL Gi4)".
+7129,"ED1T"/)
2051 FORMAT(IHI/T4,"TINE",T11,"FLAG",T22,"VX", 135, vy,
¥T48,"V2",T55,"NREC",T40,"GAF",T67, "IELT",
¥176,"IEL VX",T86,"DEL VY",T96,"DEL VZ",T104,"EDIT"/)

END

COMHENT
SUBROUTINE COMMENT

C
COMMON/F YLE/ TRAY(3000,7),DKAY(3000,7) ,NN(7),TR(3000) ,MK,L1,L2,
+TSTART,TEND, TOLN, TOLY, TOLQ, TOLVX, NIX(400,7,3) ,10Y, THIASS

¢

DIMENSION YLAR(3),XLAB(Z)
IATA XLAB/BHR(1), N=,BHQ(2), N=,8HO(3), N=,BHQ(4), W=,
+GHVELX, N=,8HVELY, N=,BHVELZ, N=/
IATA YLAB/6HIMUC1) ,6HINU(2) ,6HINUC(T)/
WRKITE(6,4000)
4000 FORMAT(IH1,///T20,"FRETH PREFROCESSES JSC/TRU /M TAPE AND FERFORM
*5 SOME EDITTING"//)
WRITE(6,4001)
4001 FORMAT(T20,"TAFE 8 IS THE INFUT TAFE VIA JSC/TRW/LARC/SDC IN TIFT
*FORNAT")



WRITE(6,4003)

4003 FORMAT(T25,"SIX(4) FILES [F ALL THKEE IMU S ARE AVAILABLE")

WRITE(6,4002)

4002 FOKNAT(T20,"TAFE9 IS REFURNATTED INFUT TAFE FOK FREINU, THKEE FILES

¥, /725,"IF ALL THREE INU MEASURKEMENTS AKE BEING FROCESSED")
WRITE(4,4004)

4004 FORMAT(//T135,"EDIT KEYS ARE AS FOLLOWS"/,
¥720,"1",T4C,"1ST COMFONENT (G(1) OR VZ) CXCEEDS TOLERANCE" /,
#720,"2",T40,"2ND CONFONENT (Q(2) OR VY) EXCEEDS TOLERANCE"/,
#720,"3",740,"3RD COMFONENT (Q(3) OK VZ) EXCEEDS TOLERANCE"/,
£720,"4",T40,"4TH COMFONENT (Q(4)) EXCEEDS TOLERANCE"/,
#720,"5",T40,"QUATERNIONS ARE NOT OKTHOGUNAL"/,
£720,"6",T40,"1ST COMPONENT (@(1) OR VX) KEJECTED BY INFUT'/,
¥120,"7",T40,"2ND CONFONENT (B(2) OR VY) REJECTED BY INFUT"/,
+720,"8",740,"3kD COMFONENT (Q(3) OR VZ) REJECTED BY INPUT"/,
#720,"9",T40,"4TH COMFONENT (Q(4)) REJECTED BY INFUT"/)

WRITE(6,4005)
4005 FORMAT(T35,"NANELIST INPUTS IDENTIFIED 10 DATE ARE:"/)
WRITE(6,4006)

4006 FORMAT(T20,"TOLT",T40,"TIME TOLERANCE FOK GAF DETERMINATION"/,
#720,"TOLV",140,"15T D1FF VELOCITY TOLERANCE TO DETECT EAD DATA"/,
$720,"TOLVX",T40,"TOTAL VELOCITY TOLERANCE T0 DETECT BAD DATA"/,
+120,°T0L0",T40,"151 UIFF QUATERNION TOLEKANCE TO DETECT KAD DATA"/
+.720,"TOLN".T40,"ORTHOGONALITY TOLEKANCE"/,
+120,"TSTART".T40,"START TIME FOK FILE WRITE FOR FREINU"/,
£720,"TEND",T40,"FINAL TIME FORK FILE WRITE FOR PREINMU"/,

#7120, "NIX", T40, "ARRAY OF INTEGERS TO REJECT DATA ON INFUT"/,
#T42,"ANY NDX(J,MEASUKENENT,IMU)=N REJECTS DATA"/,
#T42,"WHEKE: J 15 INFUT EQUAL TO INDEX ON INFUT FILE(TAFE 8)"/,
#T49,"HEASURENENT 1S 1-7 FOR 0(1)-VI,RESFECTIVELY"/.
¥149," 18U IS EITHER 1,2 ORK 3 FOK THE DESIKED ING")
WRITE(4,5000)
WEITE(10,5000)
SCO0 FORMAT(IHT L T4G,"—==-m -~ INFUT DATA SUMRARY=------- "/7)
WKITE(6,5001) TSTAKT, TEND
WRITE(10,5001) TSTART, TEND

5001 FORNAT(T20,"FREIMU FILE 70 BE URITIEN BETWEEN ",F15.4," AND ",

+F15.4," SECONDS™)
WRITE(6,5002)T10LY, TOLVA,TOL, TOLN
WRITE(10,5002)TOLV, TGLYX,TOLA, TULN

5002 FORMAT(/T43,"INFUT EDIT TOLERANCES ARE-"/,
£725,"15T DIFF VEL",T40,"TOTAL VEL",TS5,"1ST DIFF QuAT",
+770,"ORTHOGONALITY"/,
+725,E10.4,T40,E10.4,755,E10.4,170,E10,4/)

WKITE(6,6001)00Y,TBIASS
WRITE(10,6001)D0Y, THIASS

4001 FORMAT(T20,"DAY OF YEAK EXTRACTED FROM TIME ="F8.2," TINE BIAS ALD
¥ED = "F10.4/)

C DETERMINE SELECTED DELETIONS BASED ON INPUT INIEX AKKAY
WRITE(6,5004)
WKITE(10,5004)



004 FOKMAT(/150,"SELECIED DAIA TELETEL"/)
NONE=0
oG 1 1=1,3
00 2 J=1.7
D0 3 K=1,400
NFICK=NDX (K,J, 1)
1F (NPICK.EQ.0)GO TO §
WRITE(6.5003)YLAB(1) XLAB(J) NFICK
WRITE(10,5003)YLAB (1), XLAB(J) ,NPICK
NONE=NONE +1
CONTINUE
CONTINUE
CONT INUE
1 CONTINUE
5003 FORMAT(T45,A6,756,A8,15)
IF (NONE.EQ.O)NKITE(6,5005)
IF (NONE.EQ.O)URITE(10,5005)
5005 FORMAT(TS7,"NONE")
RETURN
END
FILURT
SUEROUTINE FILWRT(IS)

rY 3 Ln

L
COMMON/FYLE/ TRAY(3000,7),DRAY(3060,7),NN(7),TRC3000) ,MN,L1,L2,
#TSTART, TEND, TOLN, TOLY,TOLG, TOLYX,NIX{400,7,3),007, TEIASS

N1=HNN(T)
NZ=NN(2)
NI=NN(3)
N4=HN{4)
NS=HNLS)
HE=NN(8)
N7=ZHN(7)
WHITECS)TS, NT, CTRAYCIL 1), OKAY (T, 1) ,1=1,K1)
WKITE(S)IS,N2, (TRAY(I,2) ,DRAY(I.2),I=1,N2)
WKITE(9)1S,N3, (TRAY(I.3),DRAY(I,3),1=1,N3)
WKITE(9)IS, N4, (TRAY(I,4),IRAY(I,4),1=1,N4)
WRITE(9)IS,NS, (TRAY(I,5),DRAY(1,5),1=1,N5)
WKITE(9)1S,Nb, (TRAY(I,6),DRAY(1,6),1=1,N6)
WRITE(9)IS,N7, (TRAY(I,7),0RAY(I,7),1=1,N7)
WRITE(9)MM, (TR(I),1=1,MM)

Commmmmmmmmmmm e e WRITE FREIMY FILE SUMMAKIES--=--=-mnmmmmmmmmmme
WKITE(6,3000)15
WRITE(10,3000)1S

3000 FORMAT(IK1/////77,120,"FILE HAS BEEN WKITTEN FOK IMU #",12//)
WKITE(6,3001)N1,N2,N3,N4, N5 N6, N7 , N1t
WRITE(10,3001)N1,N2,N3,N4,NS,N&, N7, HH

3001 FORMAT(T20,"THERE ARE "16," FOINTS IN Q(1) ARRAY"/,

* T20,"THERE ARE "1é," FOINTS IN Q(2) ARRAY"/,
* T20,"THERE ARE "14," POINTS IN G(3) ARKAY"/,
* T20,"THERE ARE "14," POINTS IN Q(4) ARRAY"/,



120,"THERE ARE "14," FUINIS IN VX AKKAY"/,
120,"THERE ARE "16," FOINIS IN VY ARKAY'/,
120,"THERE AKE "16," FOINIS IN VZ ARKAY"/,
T20,"THERKE AKE "16," FOINTS ON QUAT.REF.TIME
WRITE(6,3002) TRAY(1,1), TRAY (N1, 1)
WRITE(4,3003) TRAY(1,2),TRAY(NZ,2)
WKITE(6,3004) TRAY(1,3),TRAY (N3,3)
WRITE(4,3005) TRAY(1,4), TRAY(N4,4)
WRITE(6,3008) IRAY(1,5), TRAY(NS,S)
WRITE(6,3007)TRAY(1,6),TRAY(N4,8)
WRITE(6,3008) TRAY(1,7), TRAY(N7,7
WRITE(10,3002)TRAY(1,1), TRAY(NT,1)
WRITE(10,3003)TRAY(1,2), TRAY(N2,2)
WRITE(10,3004)TRAY(1,3), TRAY(N3,3)
WRITE(10,3005) TRAY(1,4), TRAY(N4,4)
WRITE(10,3006)TRAY(1,5), TRAY(N5,5)
WKITE(10,3007)TRAY(1,6)  TRAY(NG,6)
WRITE(10,3008)TRAY(1,7), TRAY(N?,7
WRITE(6,3009)TAC1), TR(NM)
WRITE(10,3009)7Q(1),TR(NN)
WRITE(6,30100L1,L2
WRITE(10.3010)L1,L2

e W -

ARRAY"/ /)

3010 FORMAT(//720,"QUATERNIONS FLIFPED ",16," TIMES BASED ON SIGN Q(1)
#"/,T20,"GUATERNIONS FLIFFED ",16," TIMES BASED ON ZND TEST™)

3002 FORMAT(]20,"QC1) ARKAY GOES FROM "F15.4," 10 "F13.4,
3003 FORMATI(T20,"0(2) ARKAY GOES FROM "F15.4," TO "F139.4,
3004 FURMAT(TZ0,"Q(3) ARKAY GCZS FROM "F15.4," 10 "F15.4,
3009 FORMAT{(T20,"0(4) ARKAY GOES FROM "F15.4," TD "F15.4,

3006 FORMAT(T20,"VX AKKAY GOES FROM "F15.4," TO "F15.4,"
3007 FOKMAT(T20,"VY AKKAY GOES FROM “F15.4," TO "F15.4,"
3008 FORMAT(T20,"VZ ARRAY GOES FROM "F15.4," 10 "F15.4,"
3009 FORMAT(TZ20,"REFERENCE TIME ARKAY FOR QUATERNIONS IS

#F15.4," AND "F15.4," SECONDS™)

ENDFILE 9

NN(1)=0

NNC2)=0

NN(3)=0

NN (4)=0

NN{SI=0

ANCE) =0

NH(7)=0

L1=0

L2=0

HhM=0

RETURN

END
EOl ENCOUNTEKED,
/

" SECONDS™)
" SECUNIS")
* SECONDS™)
" SECONDS"/)
SECONDS")
SECONDIS™)
SECONDIS™)
RETWEEN",



APPENDIX B
Software Listing of PREVEL



OO O OO0 o0

(e}

FROGKAM FREVEL (INFUT,OUTFUT,TAFES=INFUT,TAFPES=0UTFUT, TAPES,
.TAFE?,TAPE10, TAPET, TAFET2)

FREFROCESSOR FOR FUTURE S/W THAT WILL DETERMINE CALIBRATION
COEFFICIENTS FOR THE VARIOUS INU-S
INFUT FOR THIS FROGRAM IS JSC T/N DATA.
TAFEB CONTAINS VELOCITIES IN M50 CONFONENTS FOR IMU 413
1AFE9, FOR IMU #2; TAPE10, FOR INU R3. (THIS IS ACCOMFLISHED
THROUGH Jrt )

AN OBSERVABLES FILE IS CREATED(TAFE11) WHICH WILL BE USED AS
INFUT FOR IMU CALIBRATION. THIS FILE CONTAINS
KECORDS OF 25 WORDS EACH. WHICH INCLUDE THE VELOCITIES IN
M50 COMFONENTS FOR EACH IMU AND VARIOUS COMBINATIONS OF THESE
VELOCITIES.

DIFFTERENCES ARE WRITTEN TO TAFE12 FOR FLOTTING FURFOSES

(QUIKFLT 1S UTILIZED HERE:

REAL MIDVALU(J) ,MEAN(76)
LOGICAL COMBACK

DIMENSION DPAT(5,3),V12AV6(3),V13AVG6(3) ,V23AVE(3),VTOTAVG(3)
DIMENSION ICOUNT(3,3),KK(3),KFREV(3),KCOUNT(3).FIKST(3,3)
UIMENSION ALFHA(?7),UNITS(77) ,HEADER(8),RESIN(76)

UDIMENSION SSG(76),TOTAL(76),SIGKHA(76),05AV(3,5) VINIFF(3,3)
DIMENSION UNTS(25),ALFA(23) ,HEADER2(8)

DATA 1S/1/

DIATA NWDS/77/

DATA ALFHA/
AHTINE,SHUX1-2,5HVY!-2,5HVZ1-2,5HVX1-3,5HVY1-4,5HVZ1-3,
.TOHVX1-AVE2,3,10HVY1-AVG2,3,10HVZ1-AVG2,3,10HVX1-10TAVG,
1OHVY1-TOTAVG, 1 OHVZI-TOTAVG, 10HVX1-MIDVAL, 10HVY1-MIDVAL,
STOHVZT-MILVAL L HHYX2-3,GHVY2-3 ,5HVZ2-3,10HVX2-AVGE, 3,
TOHVYZ2-AVG1.3.10HVZ2-AVG1,3, 10HVX2-TOTAVG, 10HVY2-TOTAVG,
JIOHVZ2-TO0TAVG. 1OHVX2-MIDVAL, 1OHVY2-HIDVAL , 1 OHVZ2-MIDVAL,
LJOHVX3-AVGT.2,10HVYI-AVGE, 2, 10HVZ3-AV61,2, 1OHVX3-TCTAVG,
L1O0HVYZ-TOTAVG, 10HVZ3-TOTAVG, 10HVUXI-HIDVAL, 1OHVY3-NIDVAL,
1OHVZ3-MIDVAL,10HVXAVGT,2-T,10HVYAVGT,2-T,10HVZAVGE,2-T,
. 1OHVXAVGY,2-M, 10HVYAVGT,2-M, 10HVZAVGY,2-M, 1OHVXAVGT,3-T,
.JOHVYAVGY, 3-T,10HVZAVGY,3-T,10HVXAVGT, 3-H, TOHVYAVGT, 3-H,
.10HVZAVGY,3-K, 10HVXAVG2,3-T, 10HVYAVG2,3-T,10HVZAVG2Z,3-T,
. 10HVXAVG2,3-M, I0HVYAVGZ,3-M,10HVZAVG2, 3-8, FHVXTOT-NID,
LIHVYTOT-MID,9HVZTOT-H1D,7HVRAGT-2, 7RVHAGT -3,
.JOHVH1-AVG2,3, 1 OHUNT-TOTAVG, 10HVMI -NIDVAL , 7HYRAG2-3,
.10HVM2-AVG1 .3, 10HUN2-TOTAVG, SOHVM2-NIDVAL, TOHVN3-AVGT, 2,
.10HVN3-TOTAVG, 1OHVMI-NIGVAL, 10HVMAVGT, 2-T, 1OHUMAVGT ,2-M,
. 10HVMAVGY,3-T,10HVNAVGY, 3-N, 1 OHVMAVG2,3-T, 1OHVMAVE2, 3-M,
SHVMTOT-NID/

DATA UNITS/



ORIGINAL PAGE 1S
OF POOR QUALITY

GHSFL, . 6+ 6HET/SEC/

bilA AEADEK/TOHINU VS, In.9HU VS. IMU,641H /

DATA NOWDG/25/

ATA UNIS/IHSEC.24+6HFT/SEL/

bATA HEADER2/10HOBSERVAERLE.10HS FLOTIED ,é#1H /

DAIA ALFA/

AR TRE GIHVX T JHUY L 3RV 3HVX2 (3HVY 2, JHV22 , 3HVX3, 3hVY 3, 3KV,
STHVIZAVGX, ZHVI2AVGY . ZHVI 2AVGZ . ZHY T 3AVGX, PHV T JAVGY, THV13AVGZ.,
LTHV23AVEX, 7HV23AVEY, 7HV23AVGZ. 8HVTOTAVGX, BHVTOTAVGY , BHVTG TAVGZ,
.BHHIDVALUX,8HMIDIVALUY BHMIDVALUZ/

c
DATA TTOL/.1/
DATA VTOL/1.E10/
DATA DVTOL/1.E2/
IATA COMBACK/.FALSE./
DATA T_TART/0.0/.TEND/1.E8/,TEFOCH/0.0/
DATA KFREV/340/
¢
NAMELTST/ INF(/TTOL,VTGL, BVTOL. TSTARKT , TEND, TEFOCH
C
READ(S, INFT)
WRITECS.INFT)
REWIND 8
REWIND ¢
REWIND 10
NCOUNT = 0
¢
Lmmmmmm e DUMMY READ"S TO SKIP UVER HLADER -==m=-m-mmmmcmmmom
C
READ(B)
READI(9)
READ(10)
C
(mmmmmmmem WKITE HEADER FOR DIFFERENCE TAFE (TIF FORNAT)--------
L-mmmmmmn- ALSO FOR OBSERVABLES FILE----=-==-mmmmmommmeemmmmee e
C
WRITE(12) 15,NWDS,ALFHA,UNITS, HEADER
WRITE(11) IS,NOWLS.ALFA,UNTS.HEADER?
C
C
C----INITIALIZE COUNTERS---m--m===n" = mmmmmmmmmmoon omeos
c
b0 20 1=1,3
10 20 J=1.3
ILOUNT(1,0) = 0
20 CONTINUE
Do 25 1:1.7
550(1) = 0.
TUTAL(I) = 0.
25 CONTINUE

S CUNTINUE



C-m == oo oo -READ IN DATA= == o s smmmmms oo e e

1 KEAD(B) (DAT(I,1).1=21,3)
1F(EOF(B)) 100,64
6 CONTINUE

------- SELECT DATA INTERVAL-------------mmomsommc e mc e s s m s s s e o
IF(DAT(1,1).LT.TSTART) GO TO !
TF(DATO1, 1) GT.TEND) GO T0 Y
IF(CONBACK) GO TO 9

2 READ(9) (DATCIL2).1=1,5)
IF(EOF(9)) 100.7

7 CONTINUE
IF(COMBACK) GO 10 ¢

3 READC10) (DAT(I.3).I=1,%)
IF(EOF(10)) 100.8

8 COUNTINUE

---------------- INSURE TIME DIFFERENCES FOR EACH INTERVAL FOR EACH
---------- IMU ARE WITHIN SFPECIFIED TOLERANCE,TTOL-----=----=-=---=--

9 CONTINUE
DIFF12 = DAT(1,1) - DAT(1,2)
DIFF13 = DAT(1,1) - DAT(1,3)
DIFF23 = DAT(1,2) - DAT(1,3)
COMBACK = .TRUE.
IF (ABS(DIFF12).LE.TTOL) GO TO 10
IF(DIFF12.67.0.) GO 10 2
GO T0 1

10 CONTINUE
IFCABS(DIFF13).LE.TTOL) GO TO 11
IF(DIFF13.61.0.) GO 10 3
GU 10 ¢

11 CONTINUE
IF (ABS(DIFFZ3).LE.TTOL) GO TO 12
IF(LIFF23.67.0.) GO 10 3
60 TU 2

12 CONTINUE
COMBACK = .FALSE.

o 15 1=1,3
o 15 J=3.5
IF (ABSCDAT(J, 1)).6T.VTOL)Y GO TO 1
15 CONTINUE
NCOUNT = NCOUNT + 1

———————— SAVE INITIAL VELOCITIY COMPONENTS WHICH UILL BE SUBTRACTED FRON
------------- EACH COMFONENT FOR MEANINGFUL COMPARISOHG--------=------------



(o e e ALSO CHEUK DELTA V'S TU SEE It THEY EXLEEL-----------

IF (NCOUNT.NEL 1) GO TU 38
po 3% I=1,3
po 35 J=1.3
FIRST(J,1) = DAT(J+2,1)
DSav(l. 1) = DAT(J42,1)
35 CONTINUE
38 CONTINUE
DO 45 1=1,3
DO 45 J=1.3
VOIFF(J, D) = DAT(J42,1) - IS¢V I, 1)
BSAV(J, 1) = DAT(J+2,1)
IF CABSYVDIFF(J,1)).GT.IVIOL) GO TO 43
GO TO 44
43 NCOUNT = NCOUNT - 1t
GO 10
44 COUNTINUE
DATC(I42,1) = DAT(J+2,1) - FIKST(J, 1)
4% CONTINUE

L
C--------FOKn AKITH.AVERAGES FOR ALL FOSSIBLE FAIRS OF IMU
L---------LUOMFONCNTS AND' AVERAGE FOR ALL 3 IMU ' S---------- memm e
C--(SUESCRIFT 1 WILL KE RESFECTIVELY X, Y, OR Z COMFUNENT)---------
g 30 11,3

J=1+12

DATC1,1) = DAT(1,.1) - TEFOCH

VIZAVGID) = (DATGJ. 1) + DAT(J,2)2/2.

VIZAVG(I) = (DAT(J,1) + DAT(J,3))/2.

V2IAVG(1) = (DAT(J.2) + DAT(J.3))/2.

VIOTAVG(I) = (DATCI, 1) + DAT(J,2) + DAT(J.3))/3.
¢
C------ FIND MIDVALUE OF ALL 3 IMU COMFUNENIS----------m--m-mrmomo

IFCLDATOO, 1) JBGLDATCS,2)) 60 TO 32
IFCDAT OO 1 JEQLDAT O, 3)) 60 10 32
IFCDATOS,2)EQ. AT (U, 3)) 6O 1D 34

60 10 17
32 k=1

60 10 18
34 K =12

69 70 18

17 CONTINUE
XNIN = AMINV(DAT(S, 1) DATCS, 20 AT (U, 3))
XNAX = AMAXT(DAT(J.1),bAT(J,2),0AT(J,3))
po 16 L=1,3
K =1
IF ((DAT(J,L) NE,XHIN).AND.(DAT(JS,L) .NE.XNAX)) GO TO 18
16 CONTINUE
18 HIDVALUCT) = DAT(J.K)
ICOUNT(I,K) = ICOUNT(I,K) +1
KE(1) = K



IFCRKECI) URECEPREVOTL) ) KLuuR ()
IFCKK(D) JEQLKFREV(I) ) KCOUNT(D)
KFREV(I) = KK(])

30 CONTINUE

0
KCOUNT(I) + 1

H

ommemmes COMFUTE MAGNIJUDES OF ALL 3-VECTOR OBSERVABLES

UNAGY = SORT(DAT(3,1)4%2 ¢ DAT(4,1)442 + DAT(S,1)942)
UVMAG2 = SORT(DAT(3,2)%42 + DAT(4,2)%42 + DAT(S.2)4%2)
VHAG3 = SORT(DAT(3.3)#%2 + DBAT(4,3)442 + DAT(S,3)442)

UMAVGT2 = SART(VIZAVG(1) %42 + VIZ2AVI(2) 442 ¢ VI2AVG(3)442)
UMAVG13 = SGRT{VIZAVG(1)¥42 + ViZAVG(2) 4+ + VIJAUG(3)*42)
VNAVG23 - SGRT(V2IAVG(1)422 4 VZIAVG(2)4+2 4+ V2IAVG(I) #42)
UHTOTAV = SART(VTOTAVG(1)#42 + VTOTAVG(2)#42 + VTOTAVG(3)#+2)
UMMIDYA = SORT(MIDVALUCT)#42 + MIDVALU(2)#%2 + NINVALU(3)442)

-------- WKITE FIRST 10 UK SU RECOKDS ONTO OUTFUT FILE TO CHECK
e VALIDITY OF CODE--===-=-==mmmmo oo mommo e

IF (NCOUMT.OT.10) 60 TC 40
WEITE(6,1040)
WHITE(6,1045)
WRITEC&.1050) (DAT. 1) 1L (DATC,1),J=3,0).1=1,3)
WKITE(6,1060) (VI2AVG(1Y,I=1,3)
VRITE(6,1070) (V13AVG6(1),1=1,3)
WRITE(6,1080) (V23AVG(]1),1=1,3)
WRITE(6,1090) (VIGTAVG(1),1=1,3)
WRITE(4,1092) (KK(I),KCOUNT((),1=1,3)
WRITE(6,1094)
40 CONTINUE
WRITEC11) DATCI, 1), ((DATCL, ), 173.9),0=1,0) , (V12aV6(]1),1=.,3),
SOVIZAVOCT) L I=1 .3 L (N23AVGCTD L T=1,3) L (VIOTAVG(T) . 1=1,3),
(HIDVALU(D) ,1=1.3)

———————— FOKM DIFFERENCES FOR FLOTTING-- = ---=-mon-mmns

g 47 1=1,3
J=1+2
DAT1 = DAT(J,1)
DATZ = DAT(J.2)

DAT3 = DBAT(J,3)

KESID(I) = DAT1 - DAT2
RESIDCI+3) = DATY - DAT3
RESID(I+6) = DAT1 - V23IAVG(T)
KESID(1+9) DATY - VTOTAVG(I)
RESIU{I+12) = DATY - MIDVALU(I)
RESIV(I+15) = DAT2 - DAT3

"o "

KESID(I+18) = DAI2 - VI3AVG(])
RESID(I+21) = DAT2 - VTOTAVG(I)
KESID(]+24) = LAT2 - MIDVLUCD)

B-5



RESILC(I+27) BAT3 - VI2AVG(D)

RESIDCI+ST)
RESIDCT+54)
47 CONTINUE

V23AVG(I) - NIDVALUCI)
VTOTAVG(I) - MIDVALULI)

RESID(I+30) = DAT3 - VTCGTAVG(I)

RESID(I+33) = DAT3 - MIDVALUCI)

RESID(I+36) = V12AVG(I) - VTOTAVG(I)
RESIDCI+39) = VI2AVGH{I) - WIDVALU(I)
RESID(I+42) = V13AVG(I) - VTOTAVG(L)
RESID(I+4%) = VI3AVG(I) - MIDVALU(I)
RESID(I+48) = V23AVG(1) - VTOTAVG(I)

RESID{(4) VMAG2 - VMAVG13
RESID(63) VHAG2 - vdTOTAV
RESID{66)= VMAG2 - ViMIDVA
RESIL(&) VMAG3 - VUMAVG!2
RESID(68) UMAG3 - VHTOTAV
RESIL(&F) UNAG3 - VMMIDVA
RESID(70) VMAVE12 - UMTOTAY
RESID(71) UMRYG12 - UMMIDVA

RESID(58) = VHAG! - VKAG2
RESIN(S39) = VUMAG! - VMAG3
RESID(60) = UMAG! - VMAVG23
RESID(61) = VMAGY - VMTOTAV
RESIL(62) = VMAG! - ViMIDVA
RESID(63) = VMAG2 - VHAG3

KESIDN(72) VMAVG13 - UNMTOTAV
RESID(73) UNAVG13 - VHNIDVA
RESIN(74) VMAVG23 - UMTOTAV
R =TL(75) VMaY 23 - UNMIDVA

LU A A | N F AN E I LN | S}

RESID(76) Vb AV - UMMIDVA
WRITE(12) DAT:..,1),{RESID(I),I=1.76)
=== COMPUTATIONS NEEDED FOR MEAN AND STD.DEVIATION------------
g 50 I=1.76
TGTAL(I) = T0TAL(I) + RESID(I)
3SA(I) = S5Q(1) + RESID(I)#=*2
90 CONTINUE
GG 10 5
100 CONTINUE

' m e COMFUTE MEAN AND STU.DEVIATION FOR EACH DIFFERENCE--------
D0 110 I=1,7
MEAN(I) = TOTAL(I)/NCOUNT
SIGMACI) = S@RT((SSA(IY - MEA%(I)*TOTALC(I)}/(NCOUNT - 1))
110 € TINUE
WRITE(6.1095) NCOUNT
b0 50 I=1,3
UKITEC,2000) I
JRITE(6.2010) ICOUNT(1,I)
WKITE(6.2020) ICOUNT(2,1)
WRITE(6.2030) ICOUNT(3,3)
5S¢ CONTINUE

B-6



WRITE(S6.2040) NLOUNI
WRITE(6,2043)
WRITE(6,2050) (ALFHACI+1) ,MEANCI),SIGMA(D),I=1,76)

1040 FORMATCIH1/T4," IME”,T18, TITLE",T37,"VX",T54,"VY",T71,"VZ")
1045 FORMAT(1H+,T4," ", T18," "OT37,0 L TSA, T2, M)
1050 FORMATCIX,F9.2,5X,"INU",12,6X,3E17.6/)
1060 FORMAT(15X,"AVG--INU182",3E17.6/)
1070 FORMAT(15X,"AVG--18U183",3E17.6/;
1080 FORMAT(15X."AVG--1XU283",3E17.6/)
1090 FORMAT(15X,"TOTAL AVG",2X,3E17.6/)
1092 FORMAT(15X,"MIDVALUE™,3X,T37,14,"¢",14,") ", T54,14," (", 14,"}",
J71,04,0(",14,0)
1094 FORK 1(T39," (NUMBER IN FARENTHESIS iS NUMBER OF CONSECUTIVE TIMES
. THI5 INU HAS BEEN SELECTEM™)
1095 FORMAT(TH1."TOTAL NUMBER OF RECORDS WRITTEN =",18)
2000 FORMAT{1HO,"IMU&",I1," CHOSEN AS MIUVALUE FOLLOWING HTIMES:")
2010 FORMAT(1H ,T30,"X-IIRECTION",T45,14)
2020 FORMAT(1H .T30,"Y-DIRECTION".T45,14)
2030 FOKKAT(IH ,T30."2-IIRECTION".T45,14)
2040 FORMAT(1H1,"N =",14//718,"LIFFERENCE",T37,"MEAN", 154,
L"STD DEVIATION")
2045 FORMAT(1H+,T18."
2050 FORMAT(18X,R10,2817,10/)
ENDFIZE 11
ENDFILE 12
REWIND 8
REWIND 9
REWIND 10
REWIND 11
REWIND 12
STOF
END
EOI ENCOUNTERED.
/

_‘".TS;’_‘"____m"'TSA..“_‘__‘ u/l/')
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APPENDIX C
Software Listing of ABSATT
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o

PROGRAN ABSATT(INPUT,OUTFUT, TAPES=INFUT, TAPE4=0UTFUT,TAFES,
.TAPE9,TAFE10,TAFE!2)
INFUT FOR THIS FROGRAM IS JSC T/M DATA.
TAPES CONTAINS QUATERNIONS IN M50 COMFONENIS FOR IMU #1;
TarE9, FOR IMU #2; TAFE10, FOR INU #3. (THIS IS ACCOMFLISHED
THROUGH JCL.)

PLATFORM TO BODY QUATERNIONS (EULER ANGLES) ARE CREATED.

A FLOT FILE IS CAEATED(TAPEI2---TIF FORMAT) WHICH CONTAIS

DIFFERENCES OF COMEINATIONS OF THE EULER ANGLES.

REAL MIDVALU(3),HEAN(S7)
LOGICAL COMEACK

DIMENSION DAT(6,3) E124VG(3),E134VG(3),E23AV6(3) ,ETOTAVG(3)
DINENSION ICOUNT(3,3),KK(3),KFREV(3),KCOUNT(3),AC0(3)
DIMENSION ALFHA(S8) ,UNITS(58) HEADER(8),RESID(57),LL(3,3)
DIHENSION @(4),0V(4,3),RPT0(3,3),k0TB(3,3),KFTE(3,3)
IIMENSION KMSOTOE(3,3).E(4,3),550¢57),T0TAL(S7),SIGMA(S?)

COMMON /MAT/REF1(3,3),REF2(3,3),REF3(3,3) ,RNBTB(3,3)
. KNETOR1¢3,3) ,RNBTOR2¢(3,3) ,RNETOR3(3,3),REF(3,3) ,RNBTOK(3,3)

DATA 1871/

IATA NWIS/58/

DATA ALFHA/
JAHTIME,SHEX1-2,SHEY1-2,5HEZ1-2,SHEX1-3,5HEY1~3,SHEZ1-3,
JIOHEX1-AV62,3,10HEY{-AVG2,3, 10HEX1-AVG2,3, 1OHEX1-TOTAVG,
JIOHEY1-TOTAVG, 10HEZ1-TOTAVG, 10HEXT-H1IVAL , 1OHEY1-MIDVAL.
J1OHEZ1-MIDVAL,SHEX2-3,SHEY2-3,5HEZ2-3, 10HEX2-AVG1, 3,
L10HEY2-AVG1,3,10HEZ2-AY61,3, 10HEX2-TOTAVG, 1OHEYZ-TOTAVG,
J1OHEZ2-TOTAVG, 1OHEX2-MIDVAL, 10REY2-NIDVAL , 1OHEZ2-KIDVAL,
L1OHEX3-AVG1,2, 10HEY3-AVG1,2,10HEZ3-AVG1,2, 1OHEX3-TOTAVG,
L1OHEYZ-TOTAVG, 10HEZ3-TOTAVG, 10HEX3-HIDVAL , 1OHEY3-MIDVAL,
{OHEZ3-KIDVAL,10HEXAVG1,2-T,10HEYAVGT,2-T, 10HEZAVGT,2-T,
.1OHEXAUG?,2-H, 10HE (AVG1,2-M, 10HEZAVGT, 2-M, T0HEXAVG! ,3-T,
L1OHEYAYG1,3-T,10HEZAYG1,3-T, 10HEXAVGT,3-M, 1OHEYAVGT,3-H,
.10HEZAVG1,3-n, 10HEXAY62,3-T, 10HEYAVG2,3-T, 10HEZAVG2,3-T,
.1OHEXAVG2,3-M, 10HEYAVG2,3-M, 10HEZAVG2, 3-H,IHEXTOT-N1T,
LHEYTOT-MI1D,9HEZTOT-HID/

DATA UNITS/

.3HSEC,57*7HDEGREES/

DATA HEADER/10HIKU VS, IM,9HU VS. IMU,10H(EULER ANG,4HLES),
A%/

DATA TTOL/.Y/



DATA VIGL/Y.EYO/

DATA TOLN/.00001/

[IATA COMBACK/.FALSE./

bATA TSTART/0.0/,TEND/1.E8/,TEFOCH/0.0/

DATA KPREV/3#0/

DATA IFLAG/1/,QC0/3%0./,LL/940/

DATA NI1/3/,N2/3/,N3/2/ ,N&/1/ NS/1/ N6/2/ ,F1/3.1415926536/
DATA NE/253/

DATA NRES/S7/

C

NAMELIST/INFT/TTOL,VTOL,TOLN, TSTART, TEND, TEFOCH,NR

KEF1,REF2,REF3,RisTORT,KNBTOR2,RNBTOR3, RNETE

C

CONV = 180./FI

AZF1 = 2.4F1

AHFT = .S*F1

A3HFT = 1.54F1

ODDFI = 25.+P1/18.
c

REAL(S, INFT)

WRITEC6, INFT)

REWIND 8

REWIND 9

REWIND 10

NCOUNT = 0
c
Lmmmmmmmn DUMKY READ'S TO SKIF OVER HEADER--=--====-======n===n-m=
C

REAL(8)

READ(9)

REAL(10)
C
R WRITE HEADER FOK LIFFERENCE TAFE (TIFT FORNAT)--------
C

WRITE(12) IS,NWDS,ALFHA,UNITS,HEADER
C
C
C-~--INITIALIZE COUNTERS-=--==-=mm-mmmmmmmmm=mmmmmm e mme o m
C

b0 20 I=1,3

B0 20 J=1,3

ICOUNT(I, ) = 0

20 CONTINUE
DO 25 I=1,NRES
ssadl) = 0,
TOTAL(I) = 0.
25 CONTINUE
5 CONTINUE

CcC-2



1 READ(8) (DAT(I,1),1=1,6)
IF(ECF(8)) 100,6
6 CONTINUE

Cmmmmmme SELECT DATA INTERVAL === === mm == mmmmmm s m et
IF(DAT(1,1) . LT.TSTART) GO TO 1
IF(UAT(1,1).GT.TEND) GO TO 1
IF(COMBACK) GO T0 9

2 READ(9) (DAT(I,2),1=1,6)
IF(EOF(9)) 100.7

7 CONTINUE
IF (COMBACK) GO TO 9

3 READ(10) (DAT(I,3),1=1,6)
IF(EOF (10)) 100,8

8 CONTINUE

9 CONTINUE
DIFFY2 = DAT(1,1) - DAT(1,2)
DIFF13 = DATC1,1) - DAT(1,3)
DIFF23 = DAT(1,2) - DAT(1,3)
COMBACK = .TRUE.
IF(ARS(DIFF12).LE.TTOL) 60 TO 1Q
IF(OIFF12.67.0.) GO T0 2
GO 10

10 CONTINUE
IF(ABSt(IIFF13),LE.TTOL) GO TO 11
IF(DIFF13.6T7.0.) GO 70 3
GO 10 1

11 CONTINUE
IFCABS(DIFF23).LE.TTOL) GO TO 12
IF(DIFF23.61.0.) GO 10 3
6o 10 2

12 CONTINUE
COMEACK = .FALSE.

now n

po 14 1=1,3
(ONORM = SQRT(DAT(3,1)#%2 + DAT(4,1)#22 + DAT(S,1)**2
.4 DAT(6,1)4%2)
1TST = 1.0 - ONORM
IF (ABS(QTST).GT.TOLN) GO TO 1
14 CONTINUE
NCOUNT = NCOUNT + 1
po 13 1=1,3
C
C #x+ (BTAIN THE M5S0 TO PLATFORM (CONSTANT) ROTATION MATKRIX
C *++ FOR THIS IMU.



CALL GETMAT(D)

w4 UBIAIN THE OUTER ROLL TO BODY (CONSTANT) ROTATION MATRIX ROTE
CALL ROT(ROTE)

C #+% CONFUTE THE FLATFORN TO OUTER KOLL ROTATION MATRIX
o 70 J=1,4
70 @(J)=DAT(J+2,1)
CALL QMAT(Q,RFTO)

C ##x COMPUTE THE FLATFORM TO BOIY ROTATION MATRIX
D0 80 ;=1.3
D0 8% K=1,3
RPTE(J,K)=0,
10 80 N=1,3
80 RPTB(J,K)=RETE(J,K)+ROTECJ M) +RFTO(M,K)

C 44+ CONFUTE THE NS0 TO BOLY ROTATION MATRIX
i 90 J=1,3
b0 90 K=1,3
RHSOTOR(J,K)=0.
10 90 M=1,3
90 RMSOTOE(J,K)=RNSOTOK(J,K)+RFTB(J,M)*REF (N, )

C #++ EXTKACT THE PLATFORN TO EODY EULER ANGLES AND STORE IN QV(1-3,1)
GV(4,1)=ATAN2 (-IFLAG*KHS0TOB(N3,N2) , JIFLAG*RMSOTOR(3,3))
ABVU=ABS(QCO(I)-QV(4,1))

IF(ABY.GT.AHFI.ANI.ABY.LT.A3HF1) IFLAG=-IFLAG
QU(1,1)=ATANZ(-IFLAGHRASOTOR(N3,N2) , IFLAGHRNS0TOR(3,3))
TEMF=RNSOTOR(3,3)/COS(RV(1,1))

QV(2,1)=ATAN2 (RHSOTOE(N4,N1), TEKF)

QU(3,1)=ATAN2 (-IFLAG*RMSOTOB (N5, N&) , IFLAGHRMSOTOR(1,1))
QCO(I)=GV(1,1)

C +#+ INSURE CONTINUITY OF THE EULER ANGLES THKOUGH 360 DEGREES
IF (NCOUNT.NE.1) GO T0 77
Lo 76 J=1,3
E(J,1) = QV(d, D)
76 CONTINUE
77 D0 13 J=1,3
IFCECS, 1)-QY(J, 1)) .BT.OODFIDLLCJ, 1) =LL¢J, 1) +1
IFCCECJ, 1)-0V(J, 1)) LT.-0DIFIILL (J, D)=L L (J, 1) -1
E(J,1)=aVed, 1)
13 0V(J,1)=v(J, 1 +LL(J, 1) #A2F]
10 15 1=1,3
Do 15 J=1,3
DAT(J42,1) = GV(J,1)+CONY
15 CONTINUE

C
C-mmmmmmee FORM ARITH.AVERAGES FOR ALL FOSSIELE FAIRS OF IMU
o COMPONENTS AND AVEKAGE FORK ALL 3 IMU‘§--------------==--



ORIGINAL PAGE IS
OF POOR QUALITY

C--(SUBSCRIFT 1 WILL BE KESFECTIVELY X, Y. OR Z LUMFUORENT) - - ----

16
18

30

40

uo 30 1=1,3
J=1+2
LAT(1,1) = DAT(1,1) - TEPOCH

E12AVG(1) = (DAT(J,1) + DAT(J,2))/2,
E13AVG(I) = (DATCJ,1) + DAT(J,3))/2.
E23AVG(I) = (DAT(J.2) + DAT(J,3))/2.

ETOTAVG(I) = (DAT(J,1) + DAT(J,2) + DAT(J,23))/3.

IF(DAT(J,1).EQ.DAT(J,2)) GO TO 32
IF(DAT(J,1).EQ.DAT(J,3)) GO TO 32
IF(IAT(J,2) .EQ.DAT(J,3)) GO T0 34
GO TO 17
ko= 1
6O 10 18
K= 2
GO T0 18
CONTINUE
XNIN = AMINT(DAT(J.1),DAT(J,2),0AT(J,3))
XMAX = ANAXT(DAT(J.1),DAT(J,2),DAT(J,3))
10 16 L=1,3
K =L
IF ((DAT(J,L).NE.XMIN).AND.(DAT(J,L).NE.XNAX)) GO TO 18
CONTINUE
MIDVALU(I) = DAT(J,K)
ICOUNT(I,K) = ICOUNT(ILK) + 1
KK(I) = K
IF(KK(I) .NELKPREV(1)) KCOUNT(I)
IF(KE(I) . EQ.KFREV(I)) KCOUNT(D)
KFREVII) = KK(D)
CONTIHUE

0
KCOUNT(I) + 1

oW

---UKITE FIKST NK RECGRDS ONTO OUTFUT FILE TO CHECK
------ VALIDITY QF CODE--==-==-mommmmmmomom oo

IF (NCOUNT.GT.NK) GO TO 40
WRITE(6,1040)

WRITE(6,1045)

WKITE(6,1050) (DATCI,1),1,(BAT(J.1),J=3,5),1=1,3)
WRITE(6,1060) (E124V6(1),1=1,3)
WRITEC6,1070) (E13AVG(1),1=1,3)
WRITE(6,1080) (E23AVG(I),I1=1,3)
WKITE(6,1090) (ETOTAVG(I),I=1,3)
WRITE(4,1092) (KK(1),KCOUNT(I),1=1,3)
WRITE(6,1094)

CONTINUE



47

110

FUSM DIFFERENCES FOR FLOTTING- -« = === =

N0 47 1=1,3
J=1+2
DAT! = DAT(J,1)
DAT2 = DAT(J,2)
DAT3 = DAT(J,3)
RESID(I) = DATI - DAT2
RESID(I+3) = DAT! - DAT3
RESII(1+4) = DAT! - E23AVG(I)
RESID(I+9) = DATI - ETOTAVG(I)
RESIN(I+12) = DAT1 - MIDVALU(I)

RESTU(I+13)
RESID(I+18)
RESID(I+21)

DAT2 - DATI
DAT2 - E13AVG(D)
DAT2 - ETOTAVG(I)

nouw o ouon

RESID(I+24) = DAT2 - NIDVALU(I)
KESID(1+27) = DATI - E12AVG(I)
RESID(I+30) = DATI - ETOTAVG(D)
RESID(I+33) = DAT3 - MIDVALUC(I)
RESID(I+36) = E12AVG(1) - ETOTAVG(I)
RESID(I+39) = E12AVG(I) - MIDVALU(I)
RESID(I+42) = E13AVG(I) - ETOTAVG(I)
RESID(I+45) = E13AVG(I) - MIDVALUCD)
RESID(I+48) = E23AVG(L) - ETOTAVG(I)
RESID(I+51 - = E23AVG(I) - MIDVALUCD)
RESID(I+54) = ETOTAVG(I) - MIDVALU(I)
CONTINUE

WRITEC12) DAT(1,1),(RESID(I),I=1,37)
D0 95 I=1,NRES
TOTAL(I) = TOTAL(I) + RESID(I)
35Q(I) = SSG(I) + RESID(I)*%2
CONTINUE
60 10 3
CONTINUE

COMFUTE MEAN AND STL.DEVIATION FOR EACH DIFFERENCE------------

X = FLOAT(NCOUNT)
XN1 = FLOAT(NCOUNT - 1)
B0 110 I=1,NKES
MEAN(I) = TOTAL(I)/X
SIGMA(I) = SORT((SSQ(I) - MEAN(I)#TOTAL(I))/XH1)
CONTINUE
WRITE(6,1095) NCOUNT
10 S0 1=1,3
WRITE(6,2000) 1
WRITE(6,2010) ICOUNT(1,1)
WRITE(6,2020) ICOUNT(2,1)
URITE(6,2030) ICOUNT(3,1)
CONTINUE
WKITE(6.2040) NCOUNT



WRITE(6,2040)
WKITE(£.2050) (ALFHACI+Y) JMEANCL) (STLMACE) JI=1  NRES)

1040 FORMATCTH1/T4,"TINE", (18, T1TLE", 137, EC1)", TS4,"E(2)", 171, "E(3)")

1045 FORNATC1H+,T4," " T18," " T37," ", 154,"_ " I71,"__"///)

1050 FORMAT(1X,F9.2,5X,"INU",12,6X,3E17.4/)

1060 FORNAT(15X,"AVG--INU1382",3E17.6/)

1070 FORMATC15X,"AVG--INU183",3E17.6/)

1060 FORMAT(15X,"AVG--INU283",3E17.6/)

1090 FORMAT(15X,"TOTAL WG",2X,3E17.6/)

1092 FOKMAT(15X,"NIDVALUE",3X,137.14,"(",14,")",154,14," (", 14,")",
JI70, 14, (0, 14,0

1094 FORMAT(T39,"(NUMBER IN FARENTHESIS 1S NUMBEK OF CONSECUTIVE TIMES
. THIS IMU HAS BEEN SELECTEI)")

1095 FORMAT(141,"TOTAL NUMEER OF RECORDS UKITTEN =",13)

2000 FOLMATCIHO, “INUK" . 11." CHOSEN 4S5 MIDVALUE FOLLOWING HTIMES:™)

2010 FOKMAT(IH ,T70."X-DIRECTION",145.14)

2020 FORMAT(TH .T30."Y-DIRECTION".T45,14)

2030 FORMAT(IH ,T30,"Z-DIRECTION".T45,14)

2040 FORMATCIHT, "N =", 14//7T18,"DIFFERENCE" ,T37, "HEAN" . TS4,
ST DEVIATION®)

2045 FORMAT(1H+.T18," L T37," L T54,”

"/7)
2050 FORMAT(18X.A10.2F17.10/)

ENDFILE 12
REWIND 8
REWIND 9
REWIHD 10
KEWIND 12
STOF
END
SUBKOUTINE GETMAT(N)
COMMON/MAT/REF1(3,3)  REF2(3.3) ,REF3(3,3) . KNETE(3,3)
. RNBTOK1(3.3) . KNKTOK2(3,3) RNETOK3(3.3) . REF(3.3) . RNETOR(3.3)
GO TO (10.20.30).N

10 REF(1.1)=REFI(i.1)
REF(2.17=KEF1i2, .
KEF(3,1)=REF1(3.1)
REF(1,2)=REF1(. ™)
REF (2.2)=REF1(2.2)
REF (3.2)=REF1(3,2)
KEF(1,3)=REF1(1,3)
REF(2,37=REF1(2,3)
REF(3,3)=KEF1(3,3)

KNBTOR(1,1)=RNETOR1(1,1)
RNBIOR(2,1)=KNETOR1(2,1)
RNBTOK(3.1)=kNBTORT(3,1)
KNBTOR(1,2)=RNETOR1(1,2)
RNETOR(2,2)=KNBTOR1(2,2)



30

40

RNBTOR(3,2)=RNBIOK1(3,2)
RNBTOR(Y,3)=RNETOR1(1,3)
RNBTOR(2,3)=KNBTOK1(2,3)
RNBTOR(3,3)=KENBTOR1(3,3)
GO 10 40

REF (i, 1)=REF2¢1,1)
REF(2,1)=REF2(2,1)
REF(3,1)=REF2(3,1)
REF (1,2)=REF2(1,2)
REF(2,2)=REF2(2,2)
REF(3,2)=REF2(3,2)
REF(1,3)=REF2(1,3)
KEF(2,3)=REF2(2,3)
KEF(3.3)=REF2(3,3)

RNBTOR(1,1)=kNBTOR2(1,1)
KNETOR(2,1)=RNBTOR2(2.1)
KNBTOR(3,1)=RNETOR2(3,1)
KNBTOR(1,2)=KNBTOR2(1,2)
RNETOK(2,2)=RNBTOR2(2,2)
KNBTOR(3,2)=KNBTOR2(3,2)
RNBTOR(1,3)=kNBTOR2(1,3)
KNBTOR(2,3)=KNBTOR2(2,3)
KNETOR(3,3)=RNBTOK2(3,3)
GO TO 40

REF(1,1)=KEF3(1,1)
REF(2.,1)=REF3(2,1)
KEF(3,1)=REF3:(2,1)
REF(1,2)=REF3(1,2)
REF(2,2)=REF3(2,2)
REF (3,2)=REF3(3,2)
REF (1,3)=REF3(1,3)
REF i2,3)=REF3(2.,3)
REF (3,3)=REF3(3,3)

RNBTOR(1,1)=KNBTOR3(1,1)
KNBTOR(Z,1)=KNBTOR3(Z.1)
KNBTOR(3,1)=RNKTOR3(3,1)
KNBTOK(1,2)=RNBTOR3(1,2)
RNKTOR(2,2)=KNBTOR3(2,2)
KNETOR(3,2)=KNBTOR3(3,2)
RNBTOR(1,3)=RNBTOR3(1,3)
RNBTOR(2,3)=KRNBTOR3(2,3)
KNBTOR(3,3)=KNBTOR3(3,3)

CONTINUE
RETURN
END
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SUBKOUTINE ROT¢A)
UIMENSION A(3,3)
CONMON/MAT/KEF1 (3,3, REF2(3,3),REFI¢3.3) .KRNFTE (D, 3)

L RHEIOR1(3,3) RNEIORZ(3,3) ,RNETOR3(3,3) . KEF (3, 3)  RNBIOR(3,3)

A = OUTFUT OUTEF RULL 10 BODY KOTATION &/ IRIA
RNETE = NAV BASE 10 BUDY ROTAIION MARTRIX (FAD-LUAL)

KNETOR = WAV KASE TO OUTEK ROLL ROTATION MASKIX (DIFFEKENI

FOR EACH INU (FAL LOAD))

50 10 1=1,3
1o 10 J=1,
ACl,J)=0.
10 10 K=1,3
ACI, ) =ACT, ) +RNETR (T, K)#RNETOR (J,K)
RETURN
END

SUBKOUTINE GMAT(Q,A)
DIMENSION 0(4),A(3,3)

G
f

INFUT GUATERNION
CUTFUT KGTATION MATRIX

t

P2=0(2)4G(2)
F3=003)+0(3)
P4=0(4)+0(4)
FO=F246(2)
Fé=PA+0(4)
TENP=1.0-P3+0(3)
AT, 1)=TENF-F6
£(2,2)21,0-F5-Fé
AC3,3)=VENE-FS
FO=F240(3)
Po=Fa+a(1)
A1, 2)=F5-F6
AC2,1)=FS4F6
PS=F240(4)
Fo=F340(1)
A1, 3)=PSHRG
A3, 1):F5-F6
FS=P340(4)
Fo=F24G(1)
AC2,3)=F5-Fb
A(3,2)=P5+P6
RETURN

END

EOI ENCOUNTERED.
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Listing of CALIL*XT



FROGRAM UCALIBRT (INFUT,OUTPUT,TAFES=INFUT, TAFES=0UTFUT, TAFES,
JJAPESL TAFETO, TAFETT)

S/W 10 VETERMINE CALIBRATION FARAMETERS (E.G..SCALE FACITORS,
KIASES.KISALIGNMENTS) FOR THE VARIOUS INMU'S UTILIZING A
LEAST-SQUARES EATCH FILTER.

AN OKSERVABLES FILE(TAFES) IS InPUT. IV IS5 A TIMI-ORDERED
FiLE OF VM50 DATA FKOM EACH INU AS WELL AS POSSIHLG
AVERAGE AND NIDVALUE SELECT MEASUREMENTS.

RESIDUALS(OBSERVABLES MINUS COMPUTED VALUES) ARE URITTEN 10
TAPE9(BREFORE THE FIRST ITERATION) AND' TAFE10(AFTERWARDS),
THE QUIKPLT ROUTINE 1S UTILIZED FOR FLOTTING.

TAFETTCEINFUT) 1S 70 BE INFUT FOR ES0LVE(GHE 5).

OoOCcoOoOCoOoOOOO0Omn

COMMON /SUNM/SFTF(36,36),S5F1T1(36) ,FTF(36,36),FTY(3s)

o

KEAL MEAN(9)

o

DIMENSION SAFEXT(:6),XAPR(36) XPREV(38) XTITLE(36),E(9)
DIMENSION REF1(3,7),REF2(3,3),REF3(3,3),0B5(%),0KS[RSO(T)
DIMENSIUN OBSIN(24),IFICK(B),COVAR(34,36),F(9,36),LON0F0RS(Y)
DIMENSION Wi9) FFe36) . A(9,9) FTPINV(36,36)

DIMENSION DY(9),IFIVOT(34, ,WK{72), TENF1(38,348)  IFF {36
DIMENSION LARCOV(S) ,LAEFTFI(S),LABC(36)  ALFRACTO) ,UNTTS(TD
DIMENSION HEADERE(8),HEADERA{(B) ,SIGMA(T),55G(9),T01AL(YT)

DATA 1S/1/

DATA NUL'S/10/

DATA UNITS/3HSEC,9+¢4F /SEC,

UATA HEADEKE/1O0HOESEKVAELL.10H - COMFUTE, 10D (BEFUKE C,
LTOHALIERATION, 1H; . 341H /

DATA HEADERA/1OHOBSERVABLE,10H - COMFUTE.1OHD(AF TEK CA.
CTOHLIERATION; (4#1H /

LATH ALFHA/AHTINE, 1OHXO0ES1-CONP,10HYOES  -NONF , 10HZOKS 1-LONE,
.1OHXOUS2-CONF, 10HYURS2-CONF, 10HZOBS2-COMK, 10MX0BS3-LONE,
.10HYCES3-CIMF, 10HZOKS 3-CONF/

DATA UFF/3640./

IATA IFICK/1.4,7,10,13,16,19,22/

DATA FF/1,.590.,1.,340.,1.,0..1.
J1.,390.,1.,0./

e 9%0,,1,,340.,1.,0.,1.,940.,

DATA XPREV/1.,5%0. ,1..339,,1.,0,,1.,540.,1..,340.,1.,0.,1..510,

J1.,380.,1.,0./

DATA XAPR/1.,5%0.,1.,340.,1.,0.,1.,540.,1.,380.,1..0..5..5¢0.
J1.,300.,1..0./

DATA NTOTX/36/

DATA TSTARIZ0./

DATA TEND/1.E8.
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DATA SAFEX(/36%0. -

DATA XTITLE/3HSX1,4HA121 ,4HC121,4HA1 31, 4HC 131, 3HEXT, 3H5Y1,
LAHA23Y  AHC231, 3HEY 1, 3HSZ1, 3HEZ 1, JHSX2, 4HA122 ,4HC122, 4HAT 32,
L4HC132,3HEX2,3H5Y2, 4HA232,4HC232, 3HEY 2, 3HSZ2, JHEZ2, 3H5X3,
L4HAT23,4HC123,4HAT33,4HC133, JKEX3, 3HSY3, 4HA233,4HT 233, IHEY3,
.3H523,3HBZ3/

DATA LABFTPI/SHFTFINYG = ,441H /

DATA LABC/SHCOL 1,5HCOL 2,5HCOL 3,5HCOL 4,5HCOL 5,5HCOL 6,
.SHCOL 7,5HCOL 8,5HCOL 9,6HCOL 10,6HCOL 11,6HCOL 12,4HCOL 13.
.6HCOL 14,4HCOL 15,6HCOL 16,6HCUL 17,4HCOL 18,6HCOL 19,
L4HCOL 20,6HCOL 21,6HCOL 22,44COL 23,4HCOL 24,6HCOL 23,
LGHCOL 26,6HCOL 27,&HCOL 28,6HCOL 29,6HCOL 30,4HCOL 31,
L6HCOL 32.6HCOL 33.6HCOL 34,4HCOL 35,8HCOL 36/

DATA LAKCOV/1OHCOVARIANCE ,2H =, 3#1H /

(]

C

NAMELIST /INF{/KEF1,REF2,REF3,JCROOSE, TS5TART.TEND,PF
€

READ(S,INFT)

WRITE(S, INPT)
c

C +++ URITE HEADERS FOR RESIDUAL FLOTS TAFZ(TIF FORMAT)
‘

WRITE{(7) IS,NWDS,ALFHA,UNITS,HEADERE
WRITE(10) IS5,NUDS,ALFHA,UNITS,HEADERA

ICOUNT = ¢
1 CUNTINUE

C
C +++ SKIF OVER HEADER ON OBSERVAERLES FILE
C

REWIND &

REAL(8)

IFCEQF(8).NE.G) GO0 TO 500

o

NCOUNT = 0
00 20 1=1,36
00 10 J=1.34
SETP(1,4) = 0.
10 CONIINUE
SFTY(I) =
FP(I) = FF
20 CONTIHUE
WRITE(4,1050) (YTITLECI),FF(I).SAFEXT (1), 1=1,NTOTX)
1o 30 I=1,9
T0TAL(]) = 0.
§8(1) = ).
30 CONTINUS
40 CONTINUE

0.
(1) + DFF(D)

C
C +++ READ IN DATA

T YU,



KCATCS) [IME,OQESIN
IFCEOF () .NE.Q) GO T0 500
C +++ SELECT DATA INTERVAL
IF(TIME.LT.TSTART) GO 1O 40
IF (TIME.GT.TEND) GO O 500
IF(EQF () .NE.O) GO TO 500
KCOUNT = NCOUNT +
IF (NCOUNT.EQ.1) TINIT = TIME
TAU = TINE - TINIT
C +++ FICK & DESIRED SET OF M50 DATA
ICHUOSE = IFICK(JCHOOSE)
1o 50 J=1,32
K = ICHOOSE - 1 + J
OESTNS0(J) = DESTN(K)
50 COMTINUE

o O

+++ ROTATE SZLECTED M50 SET 10 RESFECTIVE FLATFORM USING REF1.Z Ck 3

<

g 60 I=1,

OES(I) GES(I+3) = O65(I+6) = 0,

ViD= WiI43) = YiI+g) = 0.

o 60 J=1,3
ORS(I) = OES{1) + REF1(1,J)+0B5DK3O(J)
WeI) = W{l) + REF1(L,J1#0BSINC)
OBS(I+3} = OBS5(I+3) + REF2(1,J}=*0BSIH50(])
W(I+3) = W{I+3) + REF2(I, J):0BSINT 4+3)
CBS(I+6) = OBS{I+4) + ReF3(1, ) #0HSIMS0 ()
WiI+6) = U(I+d) + REFI(I,J)#QBSIN(I+S)

60 CONTINUE

oo

C +++ FOXN COMFUTED OBSERVABLES

06 70 1=1,
g 20 J=1,
AL,
70 CONTINUE
ALY = PE(1)

9
9
= 0,

A(1.2) = —{FF(2) + FP(R#TAD)
ACTL3) = FF(4) + FR(5)%TAI
£L2,1) = -A01 D)

4(2,2) = FF(7)

AL2,3) = -(PF(B) + FF(9)4TAU)
AL3,1) = -AC1 )

AL3,2) = -A(2.3)

AC3,3) = Print)

A(4,4) = PF(13)

AC4,5) = -(PF(14) + FF(15)*TAU)
"At4,6) = FF(14) + PP(17)%TaU
ALS,4) = -A(4,5)

£15.5) = FF(19)
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AlS.60 = (FF(20) + FF(2114TAU)
ALh,4) = -A(4,4)
AL4.5) = -A(5.6)
ALS,6) = FP(23)
AL7.7) = FP(25)
AL7.8) = -(FP(26) + FF(27)+TAU)
AU7.9) = FP(28) + FF(29)#TAU
ATE.T) = -A(7,8)
£(8.6) = FF{31)
A(8.9) = -(PF(32) + FP(33)+TAU)
409,70 = -AL7,9)
AC9.8) = -A(8,9)
4(9,9) = PP(3I5)
Bi1) = PF(4)
F(2) = FR(10)
B(3) = PF(12)
E(4) = FF(18)
BiS) = PP(22)
B(6) = FP(24)
B(7) = PP(30)
E(8) = PF{34)
E(9) = FP(3¢)
B0 90 I1=1,9
TENF = 0.

o 80 K=1.%
TENF = TEMF + A(I,KI*W(K)
8¢ CONTINUE
COMFOESt1) = TEHF + B(I)*TAU
BY(I) = OFS(I) - COYFOES(I)
90 CONTINUE
IFCICOUNT.ER.O) WRITE(?) TIME.(DY(I),1=1.9)
IFCICOUNT.ER.Y) WRITE(10) TIME,(DY(I).I=1.9)
e 160 I1=1.9
TOTAL(I) = TOTAL(L) + Dvil)
SSR{I) = SSW(I) + DY{I)##l
100 CONTINUE

+++ FORM FARTIAL MATRIX

00 116 I=1,9
DG 110 J=1,36

F(1,J) = 0.
110 CONTINUE

F(1.1) = F(2,2) = U(1)
F(3,4) = -W(1)

F(2,3) = TAU*L(1)
F(3,5 = -F(2,3)
PE1,2) = -W(2)

F(2,7) = F(3,8) = U(2
PC1.3) = -TAU*W(2)



L]

(0]

[oF]

FA = -k L)

FUl,4) = F(3,11) = Wi
Fi2z,8) = -W(3)

FO1.5) = TAU+W(3)

FI2,9) = -F(1,5)

Fl1.6) = F(2,10) = F(3,12) = TAU
Fi4.13) = F(5,14) = W(4)
Fl6,16) = -W(4)

F(5,15) = TAU*W(4)
F(4.17) = -F(5,15)
Fid,14) = -U(5)

F(5.,19) = F(6,20) = W(S)
F(4,15) = -TAU#W(S)
F(6,21) = -F(4,15)
F(4,14) = F(6,23) = W(4)
FI5,20) = -U(8)

FU4.17) = TAUW(6)
FI5.21) = -F(4,17)
F(4,18) = F(5.,22) = F(4,24) = TaU
F(7,25) = F{8,26) = U(?)
F(9.28) = -W(7)

FUB.27) = TAURW(D)
F(7.29) = -F(8.,27
Fi2.26) = -U(8)

F(S,315 = F(9,32) = WB)
F(7,27) = ~TAU+W(B)
F(9,33) = -F(7,27)
F(7,28) = P(9,35) = W(9)
F(8,32) = -U(9)

F(7.29) = TAUW(S)
F(8,33) = -F(7,29)
F(7,30) = F(8,34) = F(7,36) = TAU

+++ FORNM NORMAL MATRIX AND RIGHT-HAND-SIDE VECTOK

1 120 1=1,36
DO 120 J=1,36
FIP(1,0) = 0.
DO 120 K=1.9
FIF(1,J) = PTE(I,J) + PAKLDHF (KL D)
120 CONTINUE
L0 130 1=1,36
FT1(I) = 0.
1o 130 J=1,9
PIY(I) = PTYCD) + P(J,1D#DY(J)
130 CONTINUE
CALL SUMS(NTOTX)

GO T0 40
500 CONTINUE



Loty LUAFUIE MEAN, S5I6MA, TOTAL S50 AND Ri5Q «NOTE: WEIGH! = 1,

{500 = v,
B0 135 I=1.9
MEANCL) = TUTAL(I1)/NCOUNT
SIGHA(L) = SORTU(SSQ(I) - MEAN(ID#TOTAL (1))/(NCOUNT - 1))
1558 = 1550+ 5S50¢(I)
135 CONTINUE
RMSQ = SERT(TSSH/(F.*NCOUNT))
IFCICOUNT.NE.O) GO 10 137
MCOUNT = 9+#NCOUNT
WRITE(11) TSTART,TEND,36,MCOUNT.TSS@,RA50
WRITEC11) (XTITLECI), XPFREV(I) ,XAFR(I),SAFEXT(1),1=1,NTOTX)
WRITE(I1) C(SFTFCI,J),J=1,NTOTX),I=1.NTOTX),
SASPFTY(KY JK=1,NTOTX)
END FILE 11
137 CONTINUE
WRITE(6,1030) TS5G.RHSQ
WRITE(6,1070) (ALFHACI+1) ,MEANCD),5I6GHACD) (I=1,9)

U0 140 1=1,36
I8 140 J=1.36
FIFINV(ILJ) = SPTF(I.J)
140 CONTINUE
CALL MATINV(36,36,FTFINV,0,TOUN,O,DETERA, ISCALE, TFIVOT,NK)
CALL FRIMAT(34.1,36.36.FTFINV,LAEFTFI,LARC.1.0)

+++ SUM ENTRIES OF [FTFJ] TIMES ITS INVERSE 70 CHECK RANK

OO

SUM = 0.
D0 150 I=1.34
UG 150 J=1,36
TEMFICILD) = 0.
00 150 K=1,36
TEMPI(I,J) = TENFI(I,J) + SETRF(I,K)#FIFINVIK. J)
150 CONTINUE
DO 160 1=1.306
L0 160 J=1,3¢4
SUM = SUN + TEMF1(I,J)
166G CONTINUE
WKITE(6,1000) SUM
WRITE(6,1010) DETERN

C +++ SUM ENTRIES FOR NORMAL MATRIX ANIl RH-SILE

L) 170 1=1,34
DFF(I) = 0.
DO 170 J=1,36
DFF(I) = DFPCI) + FTRINV(I, Q) #SPTY ()
170 CONTINUE

D-6



WRITECE 100 (ATTILE D) JOFF UL D=1 NTUTR)
C +++ COMFUTE PREDICTEL SS0,.RMS@ FOR UOnFARISON

IF (ICOUNT.NE.0) GO TO 177
TENF = 0.
B0 175 I=1,NTOTX
TEMP = TEMF + SETY(D)#DFF(I)
175 CONTINUE
FSOS = TS5 - TEMP
FRMS@ = SORT(FS0S/(9.+NCOUNT))
WKITE(6.1040) F505,FRNSQ
60 TD 179
177 CORTINUE
DIFFSU = FS05 - 1SS0
WRITE(6.1060) DIFF5Q
179 CONTINUE
C
C +++ NOKMALIZE COVARIANCE
C
[0 185 1=1,36
D0 180 J=1.36
COVAR(I.J) = FTRINV(I,J)/(SORT(FTFIAY(I, 1))+
. SORT(RTFINV(J.J)))
180 CONTINUE
SAFEXT(I) = SORT(FIFINV(I, 1))
185 CONTINUE
CALL FRIMAT(34,1,34,36.C0viR,LAKCOV,LABC.1,0)

c
IF(ICOUNT.GE.1) GO T0 200
ICOUNT = ICOUNT + 1
GO 10 1

c

C

1000 FORMAT(IHT." THE SUM OF [FTF] TIMES ITS INVERSE 15",E12.%)
1010 FORMAT(1H0,"THE DETERMINANT OF [SFTFI =",E12.9)
1020 FORMATC(IHT,5X,"FARAMETER" 13X, "UELTA FF"//(9X,A10.E20.12))
1030 FORMAT(IHI,SX,"TGTAL SUM OF SQUARES =",E20.12//
J5X,"RNSG =" ,E20.12/)
1040 FORMAT({H1.5X,"FREDICTED T5SG =".E20.12//
LSX,"FREDICTED RMSQ =",E20.12/)
1050 FORMAT(IHT,5X,"PARAMETER",9X, "SOLUTION", 12X, "SIGNA"//
L(9X,A10,2E20.12))
1060 FORMAT(1HO,SX,"FREDICTED - ACTUAL $0S =".E20.12)
1070 FORMATC1HI,5X, "RESIDUAL"™, 13X, "NEAN", 13X, "SIGHA"//
9X,A10,2E20.12))

200 CONTINUE
END FILE %
END FILE 10



[

/

FElinmg B

REWIND 9

REWIND 10

ST0F

END

SUBROUTINE SUMS(NSOLW)

COMMON /SUM/SFTF(36,36),5FTY(38),FTF{36,36).FTY(36)

UG 20 I=1,NSOLV
L0 10 J=1,NSULV
SETE(1.J) = SETR(I,J) + FTF(1,0)
10 CONTINUE
SPTY(1) = SFTY(I) + PTY(I)
20 CONTINUE
RETURN
END
EGI ENCOUNTERED.
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