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Preface

This user and programmer reference manual together with the Progress
Report for the Period Ending 31 October 1977 constitute the Final Report
for Contract NAS5-20974. This manual describes the computer programs
developed to implement the ATS~6 navigation model on both the AOIPS at
GSFC and the McIDAS at 8SEC. The above mentioned-progress report
describes the theory of the navigation model and the results obtained
with it. Some of the Appendices of that report have been updated and

included here.
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I. The ATS-6 Navigation Problem
A, Introduction-Objective
If a satellite image or sequence of images of the earth is
to be useful for quantitative measurement, it Is necessary to be
able to determine the earth location (latitude and longitude)
that corresponds to any given picture el;ment (line and element)
in that image or sequence of images. Development of a navigation
system for a given satellite involves two procedures: 1) Defining
an algorithn for converting a satellite picture element location
to earth location and vice versa; 2) Defining a procedure for
measuring the set of constants needed by the algorithm in 1) above.
Previous progress reports for this project describe how the ATS-6
navigation model was developed, This user manual briefly describes
the current version of the navigation model (this section) and
how to use the computer programs developed for it (following sections).
In the process of developing a navigation model for satellite
images we must establish criteria of validity for the resulting
model. Since there is no way to precisely relate the image
location to other satellite sensors, the criteria of wvalidity
must be referenced to some measurement derived from the image
itself. For this work, two tests were used. First, the line and
element position of identifiable earth points (Landmarks) was
measured and compared to the values predicted by the mavigation
model. Ideally these should always differ by less than one pixel.
In general, this navigation model 1is capable of predicting positions

within an error of the order of one pixel. Second, a set of cloud
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tracer winds was derived from a three—image time sequence. These
winds were compared to measurements made on the same clouds in
SMS-1 images from approximately the same time. Winds, averaged
over approximately one hour, from each of the tvo satellites
showed agreement on the order of one meter per second. 1In the

following sections we describe the model used in making these

measurements.

Nature of the Problem

A three-axis stabilized satellite contains an attitude
measuring and correcting system which attempts to keep the satellite
and its camera pointed at some selected point. For ATS-6 the
camera is generally aimed at the point on the earth's equator
which is closest to the subsatellite point. In order to keep
the satellite camera pointing in its desired direction within
its required range of accuracy, the satellite’s attitude may be
changed by significant and unpredictable amounts about all three
axes several times during the scanning of an image. If wind speeds
are to be measured accurétely, the attitude changes must be measured
and zccounted for,

In addition to attitude changes of the satellite, we find that
we must also account for image distortioms cauged by the scanning
mechanism. We refer to this problem as mirror-scan nonlinearity.
Ideally the images would be generated by sampling at equal-angle
intervals {angular position a linear fumction of picture element
number) as the camera's mirror scans across the earth. However, the

ATS-6 camera scans in both left to right and right to left directions



and therefore the camera's scanning mirror must change direction
and accelerate for each scan, Two resulting effects are evident
in the images: scan lines of opposite direction are offset by

7 to 11 pixels and each scan line wvaries from equal-angle sampling

by 2 or 3 pizels maximum over a 200 pixel range.

The Solutions to the Problems

In this section we describe the methods currently used for
attitude determination and for correcting mirror-scan nonlinearity
in ATS-6.

The satellite has attitude sensors and data from these sensors
are recorded on magnetic tape along with the image data. Unfortun-
ately, we found that these attitude telemetry data did not accurately
reflect changes in satellite attitude as seen in the images. As a
result we developed a method to correct for attitude changes using
the images themselves. This is the earth edge displacement technique
described in Section III of reference 3. These earth edge displace-
ment measurements enable us to compute the changes in attitude with
time, We must also compute a reference attitude, usually the mean
attitude for the first image in a sequence of three to be studied.
This reference attitude is computed from landmark measurementg; the
technique is described in references 1 and 2.

The problem of mirror—scan nonlinearity cannot be solved
completely, but a correction scheme adequate for our purpose of
cloud tracking has been developed. Ideally, we would like to
define some reference coordinate system to use in converting the

images to equal-angle séﬁpling. Unfortunately, we have no way



to define such a coordinate system which would be independent
of the images. Thus, we use one scan direction (odd numbered
scans) as a reference and shift scans of the opposite direction
to match. This method corrects the alternate scan offset but
leaves an uncorrected nonlinearity of up to two to three pixels
at some points in the image. This error is reasonably constant
from éne image to the next and is small enough and varies slowly

enough that the images may still be used for cloud tracking.
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TI. TUsing the ATS-6 Navigation System
A. Introduction
This section gives a general discussion of the use of the
ATS-6 image correction and navigation software. TFor specific
commands and data inputs to the various programs see Section III.
The general organization of the main programs is indicated in

Fig. II.l.

B. Image Correction

The alternate scan element shift function AE(E) which is used
to correct for mirror-scan offsets {Appendix D) is computed from
infrared image data. The program OFSTG computes values of AE and
a weightiﬁg function at points at equal intervals across the image.
This procedure is described in detail in Appendix D. Since the
iﬁége is not viewed before running this program it is not known if some
of the computed offset points will be computed for loéations off
the earth. Some offset points will be averages of computations
from data entirely on the earth, some entirely off the earth and
some mixed. Because the brightness off the earth is almost uniform,
the weighting factor, whicﬂ is the brightness range in the line
segment used in the correlation computation, will cause the off-
earth points to have negligible effect on the averaged offset. Data
points for correlations done entirely from off-earth data must be
eliminated from the curve-fitting process. To do this the user
m;;é scan throﬁgh the listing of offset and weight wvalues from

OFSTG. There is a fairly sharp discontinuity at both earth edges.

The element location of these edges are then input to program OFSTF.
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Read IR data from E.H.T.,

compute offs%t data.

[OFSTC)

i

Fit polynomial to offset data.

[OFSTF}

/

Read earth edge
image sectors.

[LATST]

‘f

Measure earth
edge shifts.

[WINDCO} .

AN

Read landmark

image sector.

[LATSF]

/

1

Fit polynomial to
earth edge shift.

[EDGFT]

Compute satellite attitude.

Compute residuals.

LATSNVi

NAVCOM ready for
use by SATEAR in

applications programs.

Figure II.l. General organization of ATS-6 image correction and

navigation software.

programs in brackets.

Names of corresponding computer
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The offset data points generated are not only discontinuous
but also very noisy. Therefore we fit a smoothing and interpolating

polynomial to the data points. This is done by program OFSTF. As

" stated above OFSTF must have the limits of valid data. The program

OFSTF sets up arrays for subroutines APCH and APFS. These least-
squares polynomial fitting subroutines a;e standard procedures
from the IBM Scientific Subroutine Package (SSP).

Once the alternate scan correction polynomial has been deter-—
mined, program LATSF may be used to read imége segments from tﬁe
tapes. This program requires input data sﬁecifying the date and
time of the image for iﬁage identifier entries. This program reads
a standard size image area which is 512 lines by 512 elements om ‘
AOIPS or 500 lines by 672 elements on McIDAS. The location of this
segment with respect to the whole image is specified as input data
in terms .of line and element of the upper left corner of the image
segment.

It should be noted here’ that this alternate scan correction
method only shifts data.from one scan direction to match that of

the other. It does not correct the data to true equal—-angle sampling.

Atrtitude Determination

The iniéial satellite attitude is determined from landmarks
and thesatéllite's orbit. The attitude computation is done using
several widely spaced landmarks on the first imaée (tl) of the
sequence to be used. A minimum of three landmark areas should be
used. One or, preferably, more landmark points may be measured in

each area. Landmarks should also be measured for other images in
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the sequence to serve as a check on the computations and on the
stability of the attitude.

Attitude changes from one image to the next are determined
from earth edge displacement measurements. These displacements
are measured using the regular AOIPS or McIDAS cloud tracking
program (WINDCO). For this procedure a pair of images at the

earth edge are loaded (say t, and tz). Then the wind tracking

1
procedure using a correlation tracking metric is used to track

the displacements of the edges. The line direction lag size is

set to zero so that the correlation peak search is done by moving
the target grid only hoxizontally (i.e. in element direction)
within the search grid. This measurement is made approximately
every 5 to 10 lines along the edge. It need only be done for the
same range of lines as is covered by the area to be used for

cloud tracking; but must be done for both edges. As in the case
of the alternate scan data, these measurements form a discontinuous
and slightly noisy function. The program EDGFT is used to fit a
set of Chebyshev polynomials to the data points for each edge.

The coefficients, number of coefficients, scaling factors and
valid range of use in terms of time of day at a given iine are

stored in common block NAVCOM, Reference 3, especially Section TIIT,

gives more of a discussion of the earth edge correction technigques.

Measuring Cloud Tracer Winds -
Once the attitude and earth edge displacement polynomial coefficients
have been computed and placed in common block NAVCOM along with

the orbit and frame constants, the coordinate transform functions
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are ready for use in cloud tracking. The functions available are
SE for satellite image coordinate (line, element) to earth
coordinate (1atitude; longitude) transformations and ES for the
inverse. TFor compatibility with SMS systems a subroutine SATEAR,

which links to ES and SE is supplied.
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Program Commwand Format

This section describes the command formats for using the ATS-6
navigation programs. There are two versions, one on the ACIPS and
one on the McIDAS. Part A covers the use of the AQIPS version.
AQTPS uses a prompting system; the appropriate responses to each
of the prompting requests are explained. McIDAS uses a command

input system; the command sequence and input parameters are explained.

A. AOIPS Version of November 1977
There are currently six main programs plus the main menu

driver for ATS-6 processing on AOIPS. These are set up to
work with the METPAK driver MET2 or Terminal 2. The system
is started up by mounting the METPAK disk on RD@:, then installing
the tasks. The main menu driver expects them to have a name
ending in 2 (e.g. LATSF2). The installatiorn command file
RDP:[1,162 JATSINS.CMD is available, Operation must be initiated
by firstggagning METPAK to restore the global common. Once the
common has been restored, the EXIT option 1s taken and the AT5-6

menu driver ATSF2 is initiated (i.e. RUN DBf: [35¢,62]ATSF2). The

system is now ready to rum.


http:RD:[1,162]ATSINS.CD
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A, AOIPS Version of November 1977
1. AGINT - Initialize COMMON/NAVCOM/

Initiate by requesting option: 1 — INITIALIZE NAVCOM
on the ATS-6 PROCESSING menu,

<

Input request:

NAVCOM TO BE PRINTED? (1 = YES, DEFAULT = NO)

Besponse: 1If a 1 is entered, the updated contents of
COMMON/NAVCOM/ will be output to the line printer just

before AGINT exits. Otherwise, not.

Input reguest:
ENTER DAY NUMBER

Response: Enter the Julian day number (1-365) of the data

to be worked with. Ygar is assumed to be 1974.

Input request:
ENTER 3 PICTURE START TIMES - HHMMSS

Response: Eanter the picture start time, to nearest second,
for the three images to be worked with. As currently set
up COMMON/NAVCOM/ can only hold enough coefficients for

earth edge correction for three image times.

Input request:

ENTER FIRST ORBIT POSITION: T(HHMMSS), X, Y, Z (KM)

Response: Enter a satellite orbit position vector as read
from orbit data on the experimenter history tape. T is the
time of the position in packed integer format (hours, minutes,
gseconds), X, Y, Z are the location in the earth inertial

co-ordinate system in floating point kilometers.

Input request:
ENTER SECOND ORBIT POSITION: T(HHMMSS), X, Y, Z (KM)

Response: Same as above for a second satellite orbit position.
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Default: Except zs noted, the default response causes a

return to the ATS3-6 processing menu.

Program output: AGINT will enter values into COMMON/NAVCOM/

which is part of the saved global common,

OFSTG -~ Generate azlternate scan offset data points.

i)

Initiate OFSTG by requesting option:
2 - GENERATE ELEMENT OFFSET DATA FROM E.H.T.
from the ATS-6 PROCESSING MENU.

Set up: Mownt an ATS~-6 Experimenter History Tape on tape
drive MM} or MML.

Input reguest:
MOUNT TAPE. ENTER DRIVE NUMBER.

Response: After mounting the tape, enter a §§ or 1 for MMp

or M1l respectively.
Default: The default is tape unit MMJ.

Program output: OFSTG will print a table of element numbers,

offsets and weights on the line printer. These same values
are stored in global common in COMMON/BUFFER/ and COMMON/BUFF1/
for use by program OFSTF,

Note: This program is a heavy user of CPU cycles.

A

-t

5

OFSTF - Fit a set of Chebyshev polynomials to the data points
generated by program OFSTG.

This program is automatically initiated at the end of program
QOFSTG. It may also be initiated by requasting option 3 -
CURVE FIT TO OFFSET DATA.

Input request:
ENTER LEFT, RIGHT ELEMENTS FROM PRINTER LISTING.

Response: The printer output of offset values should show a

fairly continuous variation in the mid-portion of the element
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range with a noticeable discontinuity near each end. Enter
the elemerit number of the points at each end of the continuous
midsection .of the data. For example, for day 74185 1642237
data these values were 180 and 2270.

Default: On default entry the system returns to the ATS-6
PROCESSING menu. '

Program output: The program fits a set of Chebyshev polynomials

to the data points and store the coefficients in the global

COMMON /NAVCOM/ .

LATSF - Read image segments from ATS-6 experimenter history

tapes.

Initiate by requesting option 4 - READ IMAGE SEGMENT FROM
E.H.T, The programs AGINT, OfSTG, and OFSTIF should have
been run to set up COMMON/NAVCOM/ entries. Mount the E.H.T.
on tape drive MM§ or MML.

Input request:
ENTER PICTURE TIME (HHMMSS)

Response: Enter the picture start time in packed hours,
minutes, seconds format. This must be exactly the same

as one of the three entries made while initializing NAVCOM.
(See ARINT abowve.)

Input request:

ENTER START LINE AND ELEMENT

Response: Enter the image coordinates for the upper left

hand corner of the desired image.

Input request:
ENTER ZOOM AREA (1-7)

Response: Select a number from 1 to 7 to designate this region
of the earth. Use the same nuwber for a given area for all

three picture times.
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Input reguest:
ENTER TAPE UNIT (@,1)

Responge: Enter'Q or 1 according to which drive the tape is
mounted on (MMF or MML).

Default: If a default entry is made, the system returns to
the ATS-6 PROCESSING menu.

Program cutput: This program loads 512 x 512 element image

segments onto digital disk files. Both wvisible and infrared

data are loaded for each request.

EDGFT —~ Fit a set of Chebyshev polynomials to earth edge

measurements stored in the wind file.

Initiate this program by requesting option 5 — CURVE FIT
TC EARTH EDGE DATA. Earth edge measurements should be

stored in the wind file. There are no requests for imput,

Program output: This program fits a set of Chebyshev

polynomials to left and right earth edge data. The
coefficients are stored in COMMON/NAVCOM/.

ATSNV - Compute a nominal attitude from landmarks.

Tnitiate this program by requesting option 6 - RUN NAVIGATION.
Landmark measurements from ATS-6 should be stored on the
landmark file. (Currently this program readé test landmarks
from the file DB@:[350,62]A6LMKS.DAT., however, the program
should be modified before general use,) There is no request

for keyed in data.

Program output: This program computes yaw, pitch and roll

values and stores them in global COMMON/NAVCOM/. In addition.
these values are displayed on the operator terminal. The '

landmarks and computed residuals are output to the line printer.
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B. MeIDAS Version of November 1977

1.

Set up and initializing COMMON/NAVCOM/.

The current ATS-6 navigation system uses the files OFFSTD
and ATSCOM. These two twenty sector files should be created
before attempting to use the McIDAS ATS-6 navigation.

The navigation program should be rum to initialize COMMON/NAVCOM/
and to set the three picture start times used for earth edge

corrections. To zero NAVCOM enter:
AN ¢ @ @ ¢ NEW
To set picture start times enter:

AN ¢ ¢ ¢ ¢ HHMMSSl HHMM532 HHMMSS3

Orbit, frame geometry and scan perigd are to be stored in the
McIDAS navigation file using standard MeIDAS commands DQ, DS

and ON. Entries are:

DS SSYYDDD scan period (Usec)
(e.g. DS 1474195 1200000)

DQ FIRST  SSYYDDD HHMMSS X1 Yl Zl {decameters)

DQ SECOND SSYYDDD HHMMSS X2 Y2 Z2 (decameters)
(e.g. DQ FIRST 1474195 175531 -1198560 4041970 -43760)

DQ SECOND 1474195 164223 133380 4214050 -5850)

ON SSYYDDD Line-angle Total—iines Element-angle Total-elements
Angle are in +DDDMMSS format
(e.g. ON 1474195 195512 2400 200412 2400)

Generate alternate scan cffset data points.

Set-up: Mount an ATS-6 experimenter history tape on a tape
drive. Enter: MT .14 .8. )

Running program: Enter the two letter keyin (currently GC).

There are no parameters.
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Program output: This program will print a table of element

numbers, offsets and weights on the line printer. These same

values are stored in the file OFFSTD.

Fit a set of Chebyshev polynomials to the data points stored
in file OFFSTD.

Set—up: The program to generate the data points must have

been run first (see 2 above).

Running program: Enter the two letter keyin (currently GC).

The parameters are the left and right ends of the valid element
range. These values are determined from the printer listing

of offset wvalues generated in 2 above.

Program output: This program does a least squares fit of a

set of Chebyshev polynomials to the alternate scan data. The
coefficients are stored in COMMON/NAVQOM/.

Read image segments from ATS-6 experimenter history tapes

into digital areas.

Set-up: Mount tape. COMMON/NAVCOM/ should have been set

up by previous programs.

Running program: Enter the two letter keyin and parameters:
BK SSYYDDD HHMMSS Area Line Element

Program output: This program loads a visible, infrared or

combined area onto digital disk areas. Only standard size

areas (500 x 672) may be used.

Fit a set of Chebyshev polynomials to earth edge measurements

stored in the wind file.

Set~up: Use WINDCO with image coordinates (WC I) and line lag
size zero (LS ¢ X) to measure earth edge displacement of both

left and right earth edges between times t, - t2 and t1 - t3.

Running program: Enter the two letter keyin (currently GC)

to initiate the program. There are no parameters.
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Program output: This program computes coefficients for a

set of Chebyshey polynomials for left and right earth edges. -
These coefficients are stored in COMMON/NAVCOM/.

Compute- attitude from landmarks (navigate).

Set-up: Several landmark measurements should have been made
from the ATS-6 images and stored in the regular McIDAS
navigation file., The t1 landmarks, from at least three
different locations, should have computation code $. Landmarks
for later times should use code 3¢ and be used as a check on

the navigation.

Running program: Enter the keyin and parameters:
AN sSSYYDDD ¢ @ (P) .

£

Is

Program output: This program computes a satellite attitude
and stores the yaw, pitch and roll values in COMMON/NAVCOM/
and, via an SQ call to DX, in the McIDAS navigation file.
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Software Internal Description

This section contains descriptions of the computer programs and
subroutines developed for the ATS-6 navigation model, These programs
are available on NASA's AOIPS, on SSEC's McIDAS and most are also

available on the University of Wisconsin's Univac 1110. There are
some variations in the main programs to allo; for peculiarities of
each system. The code for the tape read subroutines and for subroutines
CRKTHR and CRKATS are unique to each system but yield identical results.
Subroutines APCH, APFS and CNPS are from IBM's Scientific Subroutine
Package (55P) and are not documented here. Appendix E_of this report
contains source code listings for the McIDAS and AOIPS versions of the
mair programs and for most subroutines. ¥Fig, IV.1l illustrates the
coordinate system used in these programs. This section contains three
parts:

A. Description of procedure used by main programs

B. Entries in common block NAVCOM

C. Subroutine function descriptions
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A. This section gives a description of the procedure executed by

each of the main programs.

AGINT ~ Initialize NAVCOM

1.
2.
3.

4.

Make selected entries in COMMON/NAVCOM/.
Print all entries in COMMON/NAVCOM/.
If two satellite orbit positions entered, call GASORB
to convert to position and velocity.”
Note: This program only used on AQIPS,
}

OFSTG - Generate offset data

1.

L

Advance to first even numbered scan to be used (scan SQQ) by:
a) Read tape record (IOTPIN)

b) Crack out scan number (CRKTHR)
: ¢) If desired scan missed print message and m;dify,

start scan number '

d) Loop back to a.

Chieck to see that following record contains next lower numbered
odd scan. If not, modify desired even scan number and return
to L.~

Desired even and odd scans found. Back up and read whole
records into arrays and crack out IR brightness values (CRKATS).
Compute offsets for this scan pair. See report of 31 October
1977 Appendix G for details.

Add computed offsets and weights to accumulated walues for

cach element position.

Print table of element nuﬁbers, offsets, and weights.

Store number of points and element numbers in common block
BUFFlL. Store weights and offsets in common block BUFFER.

On McIDAS these values are stored in the file OFFSTD.

OFSTF - Fit polynomial for offset data

1.
2.

3.

Pick up valid element range as input.
Transfer selected range of element numbers, with corresponding
offsets and weights to array DATI.

Call subroutine APCH to set up matrix for least squares fit.
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Call subroutine APFS to invert matrix and. compute coefficients
for least squares set of Chebyshev poiynomials.
Store coefficients, scaling factors, number of coefficients

and valid element range in common block NAVCOM.

LATSF -~ Load ATS-6 image segment

1.
2.
3.

Input information on data request (coordinates, etc.)

Set up image label and write to disk.

Call subroutine GENOFF to set up a table of offsets, for
every element position to be read in, by evaluating the set
of Chebyshev polynomials stored in common block NAVCOM.
Advance to first data record.

a) Skip two header records

b) Read a partial record from tape

“+ec) Call CRKTHR to crack out scan number

d) If desired start scan not reached, go back to b.

Back up one record so entire record can be read.

Read image segment

a) Read a record,

b) Check scan number. If less than last scan to be read in,

terminate image load.

¢) Pass Visible-2 data to subroutine LINGRB to select and
repack desired line segment.

d) Write image line segment to digital disk area.

e) Pass Visible-l data to subrontine LINGRB to select and
repack desired line segment.

f) Write image line segment to digital disk.

g) Pass Infrared data to subroutine LINGRB to select and
repack desired line segment.

h) Write infrared image line to digital disk.

i) Write infrared image line to digital disk a second time
so that visible and infrared coordinates .match.

Done nowj; rewind tape.
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ggggz_- Fit polynomials to earth edges
L. Do curve fit for tl - t2 image ﬁair then for tl - t3 image pair.
a) Read a wind from disk file. ’
b) Check for valid year, day, times, error code. if invalid,
return to step a.
¢} If element position of vector less than picture‘center
element, store scan number,’shifp in array for left edge.
d) If element position of vector greater than picture center
element, store scan number; ghift in array for right edge.
e} Loop back te a till end of wind file encountered.
_f) Fill array DATI with scan numbers, shifts for left edge.
Pass array to subroutine APCH to set‘up matrix.
g) Pass matrix from APCH to subroutine.APFS to invert matrix
and compute coefficients for set of Chebyshev polynonials.
h) Store coefficients, scaling factors in common block NAVCOM,
i) Repeat steps f, g, h for data from righﬁ edge.
j) Determine valid argument range for left and right edges.
" Determine the o%erlapping portion of valid argument range
"for left and right edges and store this overlapping portion
in common block NAVCOM.

ATSNV - Navigate ATS-6 image from landmarks

1. Read landmarks from landmark file.

2. Convert integer values to floating point.

3.. Pass landmark data to subroutine ATTTUD to compute satellite
attitude.

‘4, The McIDAS version stores the attitude in the mavigation file
by SQing DX. )

5. Compute and list residuals. .
a) Pass picture time, latitude, longitude of landmark to

subroutine ES to compute line and element,

b) Compute residual equals measured value minus computed value

for lines and for elements.

c) List valués and loop back to a through all landmarks.
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Entries in common block NAVCOM,

NAVN Navigation sequence number.

INAV Flag to indicate type of navigation.

IYR Year of date for which navigation is valid.

IDAY Day of year for which navigatidn is walid.

TOTLIN Total number of lines.in image (= 2400.).

DEGLIN ‘ Total sweep angle in line direction (f 19.92 degrees).
TOTIEL Total ndmber of elements across image (= 2400.).

DEGELE Total scan angle in element direction (= 20.07 degrees).
PICLIN Picture center line.

PICELE Picture center element.

‘TﬁgﬁCL Scan period (nom. .02 minutes).‘

IOYR Year of date for orbit wvalues (I0YR =JIYR).

I0DAY Day of year for orbit-values {IODAY - IDAX).‘

™ Time of orbit location tminutes, GMT) .

RiX i‘cowponent of location of time TM (eazrth radii).

R1Y oy component of satellite loéation of time TM (earth radii).
R1Z Z component of satellite location of time TM (earth radii).

R1DX X component of satellite location of time TM (earth
radii/minute). - :

RlDY ) Y component of satellite veloecity at time TM (earth
radii/minute). :

R1DZ Z component of satellite velocity at time T™ (earth
radii/minute).

PILTICH Pitch angle of rotation from BC to PF coordinates.
’ Satellite attitude (radians).

ROLL Boll angle of rotation from BC to PF coordinates.
Satellite attitude (radians).

YAW Yaw angle of rotation from BC to PF coordinates.
Satellite attitude (radians).



PTIM(3)
TMN(3)

TMX(3)

Note:

NLCOEF (2)
NRCOEF(2)

SCLLE (2)
SCLL1(2)
ELCOEF(11,2)
SCLR# (2)
SCLR1 (2)
ERCOEF(11,2)
NASCEF
SCLAS@
SCLASL

IELEMN

V-6

Picture start times for the three images for which
earthedge correction applies. PTIM(1) is the time
of the reference image. (Time in minutes, GMT)

Minimum time of time over which earthedge correction
valid. Subscript corresponds to image number as in
PTIM,

Maximum time of time over which earthedge correction
valid. (e.g. earth edge correction may be used for

scan -time t within image starting at PTIM(2) only if
TMN(2) < t < TMX(2). TUnits are minutes, GMT. PTIM(i) <
TMN(i) < TMX(i).

For earthedge correction arrays, dimensions of value 2 refer
to image pair.
- PTIM(3) shifts,

1 => PTIM(1) - PTIM(2) shifts; 2 => PTIM(1)

Number of coefficients in polynomial for left edges.
Number of coefficients in polynomial for right edge.

Offset for scaling argument value (scan number) for left
edges. .

Multiplier for scéling argument value (scan number)
for left edges.

Coefficients of set of Chebyshev polynomial for left
edges.

Offset for scaiing argument value (scan number) for
right edges.

Multiplier for scaling argument values (scan number)
for right edges.

Coefficients of set of Chebysﬁev polyndmial for right

edge.

Number of coefficients in polynomial for alternate
scan correction,

Offset for scaling argument (scan number) for alternate
scan offset.

L

Multiplier for scaling argument value (scan number) for
alternate scan correction.

Minimum element number for which alternate scan correciion
applies.

ORIGINAL PAGE:IS.
OF POOR QUALITY /
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IELEMX Maximum element number for which alternate scan

correction applies,

ASCOEF(16) Coefficients fo set of Chebyshev polynomials for

alternate scan correction.
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C. Subroutine Function Description”

Name: BCTOPTF

Call: CALL BCTOPF (X, Y, Z, IDIR)

Input Parameters:

X Y, Z Satellite orientation in body centered (IDIR = 1) or
picture frame (IDIR = 2) coordinates

TDIR Direction to rotation
IDIR = 1 Body centered to picture frame
IDIR = 2 Picture frame to body centered

Returned Values:

X Y, Z Satellite orientation in picture frame (IDIR = 1) or
hody centered (IDIR = 2) coordinates.

Al gorithm:

BCTOPF uses subroutine ROTATE to create a rotation matrix from the vyaw,
roll and pitch angles computed by the navigation program. It then
multiplies the vector (X, Y, Z) by the matrix (IDPIR = 1) or its transpose
(IDIR = 2).

Reference:

For discussion of the coordinate systems see "Design and Testing of the
Navigation Model for Three Axis Stabilized Earth Oriented Satellites Apnlied
to the ATS-6 Satellite Image Data Base" progress report for 17 Nov. 1975,
appendix pp. 2-4 or progress report for 31 June 1976, appendix pp. 2-4.
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Name: CRKATS

Call: CALL CRKATS (W, S, D)

Input Values:

N - Number of data words to crack out.

S - Source array of 12-bit words stored in sequence as a continuous
bit string after being read from tape.

Returned Values:

D - Destination array of full words.

Function:

ATS5~6 experimenter history tapes are written with the image data stored in
the 9 least significant bits of successive 12-bit words. CRKATS extracts

the 8 most significant data bits (bits 8-1 of a 12-bit word numbered 11-0)
and stores the resulting data value in a full computer word.
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Name: CRKTHR
Call: CALL CRKTHR (N, S, D)

Input Values:

N'—‘ﬁumber of 12-bit words to crack aut.

S =~ Source array of 12-bit words stored in sequence as a continuous
bit string after being read from tape.

Returned Values:

D - Destination array of whole words.

Funetion:

ATS-6 experiménter history tapes are written with the data stored in
12-bit words (actually thitds of 36-bit words). CRKTHR places these
12-bit words in whole words (16-bits for PDP-11).



Iv-11

Name: EDGCOR

Call: CALL EDGCOR (PTIME, ALIN, DELLIN, DELELE)

Input Parameters:

PTIME - Picture start time (minutes, GMT).

ALTN - Line coordinate value at which correction is to apply.

Returned Values:

DELLIN - Line correction wvalue.

DELELE - Element correction wvalue,

Function:

EDGCOR requires that left and right earth edge shift polynomials be stored
in COMMON/NAVCOM/. The current version only allows for three picture start
times to be in use at once.

EDGCOR evaluates the earth edge shift polynomials for left and right edges,
then converts these values to line and element shifts. The polynomial

only applies to the line range for which earth edges were measured. Outside
this range, the value zero will be returned.
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Name: ERTOER

Call: CALL ERTOER (XLAT, XLON, SE, YE, ZE, IDIR)

Parameters: ‘
XLAT Latitude (degrees) of a point on the earth.
XLON Longitude (degrees) of same point on the earth.

XE, YE, ZE Cartesian coordinates in coordinate system rotating with
earth (kilometers).

IDIR Direction of transformation.

Function:

Converts coordinateg of a point on the earth from latitude, longitude
to rotating Cartesian coordinates (IDIR = 1) or vice versa (IDIR = Z).

3
o~

References:

See progress report of 17 Nov., 1975 or 31 June 1976, appendix pp. 2-4
for coordinates.

See also subroutine ERTOST.
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Name: ERTOST
Call: CALL ERTOST (XE, YE, ZE, X, ¥, Z, IDIR, TIME)

Parameters:

XE, YE, ZE Carteslan coordinates (kilometers} of a point om earth's
surface in rotating coordinate system.

X Y, Z Unit vector in inertial coordinates pointing from satellite
to point (XE, YE, ZE) on Earth's surface.

IDIR Direction of transformation
) IDIR = 1 => (XE, YE, ZB) » (X,"Y, Z)
IDIR = 2 => (X, Y, Z) = (XE, YE, ZE)

TIME Time of day (minutes, GMT)

Function:

ERTOST a unit veétor pointing from the satellite to a given point on the
earth (IDIR = 1) or given a pointing vector it computes the location, if
any, on the carth's surface that the vector is pointing at (IDIR = 2).

Reference:

-

See progress report of 17 Nov. 1975 or 31 June 1976, appendix pp. 2-4
. for coordinate. - -

Related subroutine ERTOER, STTOLV.
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Name:_ ES

Call: CALL ES (PTIME, XLAT, XLON, XLIN, XELE)

Input Parameters:

PTIME ~ Picture start time (minutes, GMT).
XLAT - Latitude (degrees) of a point on the earth's surface.

XLON ~ Longitude (degrees) of that point.

Returned Values:

ALIN - Line coordinate in the image picture frame coordinate system.

XFLE - Element coordinate in image picture frame coordinate system.

Function:

Subroutine ES does an earth (latitude, longitude) to satellite (1ine,
element) coordinate transform based on the satellite's attitude, orbit
position, and, if available, attitude correction based on measurement
of earthedge shifts. -

References:

" See subroutine SE.
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Name: FLALO

Call: XLAT = FLALO (ILAT)

Input Value:

ILAT = Latitude (or longitude) integer value in the format +DDDMMSS.
(For PDP-11 an INTEGER*4 wvalue.)

Return Value:

XLAT = Latitude (or longitude) in degrees (floating point).

Function:

Converts an angle stored as an integer in degrees, minutes, seconds
format to floating point degrees.
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Name: FLIP
Call: CALL FLIP (A, B, T, N. ALTRET)

Parameters:
A - an NxN matrix
B - an NxN matrix

I

row on which to perform operation

N dimension of A and B

ALTRET - flag indicating an error (LOGICAL)

Return:

A, B are returned in modified form.

Function:

All rows greater-‘than I are added to row I. The same operation is
performed on matrices A and B.

3

Reference: B

" This subroutiné is used only by subroutine INVERT.
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Name: FTIME

Call: TIME = FTIME (ITIME)

Input Parameters:

ITIME = Integer time of day in the form HHMMSS. (INTEGER*4 on the PDP-11.)

2

Returned Value:

TIME = Time of day in minutes (floating point).

Function:

Converts a time of day in the packed integer format hours, minutes,
seconds to time of day im minutes (floating point).
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Name: GASORB

Call: CALL GASORB (RL, TL, R2, T2)

Input Parameters:

Rl Position vector of satellite at time TI in earth inertial
reference frame. )

a

TL Time (minutes, GMT) at which satellite is a pesition R1.
R2 Position vector of satellite at time TZ.
T2 Time (minutes, GMT) of position RZ.

Returned Values: Note - results are stored in COMMON/NAVCOM/.

™ — Time of position. TM = Tl

R1X, R1lY, RlZ- Position of satellite at TM.
(R1X, R1Y, R1Z) = R1/RE
Where RE = radius. of earth.

R1DX, RiDY, RIDZ - Velocity of satellite at time TM,

Function:
Given two position vectors and their corresponding times, GASORB computes

the position and velocity of the satellite at the time of the first given
position vector. The method used in an f,g series from the method of Gauss.

Reference:

Escobal, P. R. Methods of Orbit Determination, John Wiley & Soms, 1965,
pp. 196, 197. )

See also subroutine OREBIT.
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Name: GENOFF

)
Call: CALL GENOFF (IUELE, NELES)

Input Parameters:

IUELE First element of offset array.
NELES Number of elements in offset array."
Function:

The subroutine GENOFF evaluates the alternate scan correction polynomial
for all element values across the image to be read In. The values are
stored in an array in COMMOW/OFFSET/. This array is then used by the
program which loads ATS~6 images (LATSF or LDATSF).

References:

See information on programs LATSF and OFSTF and on COMMON/NAVCOM/.



Name: INVERT

Call: CALL INVERT (AA, B, N, ALTRET)

Input Parameters:

AA -~ an NxN matrix

H -~ dimension of AA and B

Raturn Values:
B - the inverse of AA

ALTRET — a flag to indicate AA is singular (LOGICAL)

Function:

INVERT returns in B the NxN inverse of the matrix AA.
ALTRET is set to .TRUE.

Reference:

See also subroutines FLIP, MINMIZ.

Iv-29

If AA is singular,
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Name: LINGRB
Call: CALL LINGRB (INDATA, ISDIR, IELE, NELES, IBDF, IOUTD)

Inguﬁ Parameters:

INDATA An array containing the bit string for either the Visible-1l,
Visible-2 or Infrared sensor as read from tape. Array actually
starts 72 bits before first data word.

ISDIR Indicates scan direction. O => Even numbered scan.
1 => 0dd numbered scan.

IELE First element of desired line segment.
NELES Number of elements in line segment.
IBDF Sampling factor. (IBDF = 1 only)

Returned Values:

“TOUTD Output array with data packed one pixel per 8-bit byte.

Function:
This subroutine unpacks pixel data from the bit string read from magnetic
tape. It then selects out the-desired line segment (512 elements on AOIPS),

. shifts the even scans based on the evaluation of the alternate sgcan correction
polynomial, and stores the pixels in an array to be written in the image file.

References:

See main program LATSF,
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Name: IS

Call: CALL LS(X, Y, VAL, DD, DIR)

Input Parameters:

X Starting point for line search (a vector).

- 5 N
DD Unnormalized directional derivative VS(Y) + DIR.
DIR Direction to do search (a vector).

Returned Values:

Y The selected point (a vector).
VAL Value of the objective fumection S evaluated at Y.
Function:

This routine performs an Armijo line search from the point "X" in the
direction "DIR" and returns the selected point in "Y" and the objective
function valye 5(¥) in "VAL". On call, "DD" is the unnormalized directional
derivative VS * DIR. This line search routine returns in ¥ the point

X + 2-N%DIR where N is the least nonnegative integer such that —S(Z“N*DIR)
represents at least 40% of the functional drop in the linearization of S

at X in moving from X to X + 2 NDIR.

References:

See also subrountine MINMIZ and function S. See the report for 17 Wov. 1975
Appendix section IV or report for 31 June 1976 Appendix section II.C.
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Name: MINMIZ
Call: CALL MINMIZ (PTIN, PTOUT, GNORM, VAL, ITN) ’

Input Parameter:

PTIN Starting point for search for minimum value of objective function
{(PTIN is a wvector)

Returned Values:

PTOUT -Optimal point. The objective function has a minimum at PTOUT.
: (PTOUT is a vector)

. GNORM  The norm of the gradient of the objective fumction at PTOUT.
VAL The value of the objective function at PTOUT.

ITNH Number of iterations done.

Function:

MINMIZ finds the point PTOUT at which an objective function is a minimum.
In this case PTOUT is the satellite's attitude (PITCH, ROLL, YAW). The
objective function is defined in the reports (report of 17 Nov. 1975
Appendix eqn. 15, report of 31 June 1976 Appendix eqn. 17). Basically
MINMIZ serves as a driver for PRTIAL, INVERT and LS.

References: See also subroutine ATTTUD,
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Name: NRMLIZ

Call: CALL NRMLIZ (VX, VY, VZ, VNORM)

Input Parameters:

VX, v, V2 Cartesian components of any vector.

Returned Values:

VX, V¥, VZ - Normalized components of the input vector.

VNORM -~ Length of the input vector.

Funetieon:

NRMLIZ computes the length of the vector with components (VX, VY, VZ)
then divides each component by that length to return a unit vector.
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Name: ORBIT
Call: CALL ORBIT (X, ¥, Z, T)

Input Parameters:

T - Time of day (minutes, GMT)

Returned Values:

X, Y, Z -~ Position of satellite at time T (kilometers)

Function:

Given the position and velocity of the satellite at some reference time
as computed by GASORB, the subroutine ORBIT computes the satellite's
position at the time T.

Reference:

Escobal, P.R. Methods of Orbit Determination, John Wiley & Soms, 1965,
pp. 427, 428,
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Name: PFTOTC
Call: CALL PFTOTC (XLIN, XELE, X, Y, 2, IDIR, INIT)

Parameters:
XLIN Line number of a point on the ATS-6 image.
XELE The element nunber of that point.

X, Y, Z Unit vector, in the picture frame coordinate system, pointing
at location defined by (XLIN, XELE).

IDIR Direction of coordinate transformation.
INIT Initialization flag. Set INIT = 1 before first call.
Function:

PFIOTC converts from picture frame cartesian (X, Y, Z) coordinates to
picture frame image (LINE, ELEMENT) coordinates (IDIR = 1) or vice versa
{IDIR = 2),

References:

See progress report of 17 Nov. 1975 or 31 June 1976, appendix, pp. 2-4,
for coordinates.

See also subroutine BCTOPF.
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Name: PRTIAL

Call: CALL PRTIAL (PT, GRAD, HESS)

Input Parameters:

PT Point (vector) at which to evaluate GRAD and HESS.

Returned Values:

GRAD The gradient of the objective function, evaluated at PT.

HESS The hessian of the gradient function evaluated at PT,

Function:

PRITAL .computes values of gradient and hessian for a given function.

References:
Selerences

See also subroutine MINMTZ. See the reports of 17 November 1975 Appendix
page 10 £f or report of 31 June 1976 Appendix page 13 ff.
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Name: ROTATE
Call: CALL ROTATE (A, R, IR, IDERIV)

Parameters:

A - A matrix.

R An angle of rotation (radians)
IR Axis number (1, 2, 3) .

IDERIV Derivative of rotation matrix.

Funetion:

This routine returns in "A" the preduct of the imput matrix "A" and a
matrix RM, where, if "IDERIV=1", RM represents a rotatiom through an
angle "R" (in radians) about the axis "IR". IF IDERIV=2, the first
derivative of RM is operated on A, and if IDERIV=3, the second derivative
of RM is used.

References: See also subroutine PRTIAT,
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Name: S

Call: SVAL = S (PT)

Input Parameter:

PT The point (a wvector) at which S is evaluated.

Returned Value:

S The objective function which is minimized in computing the
satellite attitude.

Function:
S is the objective function which is minimized by MINMIZ in computing

the satellites attitude. See the report of 31 June 1976 Appendix
equation 17 or report of 17 Novenber 1975 Appendix equation 15.

References:

See also the subroutines MINMIZ and LS.
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Name: SATEAR

Call: CALL SATEAR (PICTIM, XLIN, XELE, XLAT, XLON, ITYPE, INAV, BETAIN,
' BETDOT, ATFRAC)

Parameters:
PICTIM- Picture start time (minutes, GMT)
XLIN Satellite image line (master coordinate)
XELE Satellite image element (master coordinate)
XLAT Latitude (degrees, +North, -South)
XLON Longitude (degrees, +East, -West)
ITYPE Type of conversion
1 => Satellite to earth
2 => Earth to satellite
INAY ) -
BETATN Dummy variable used so call will match SMS version.
BETDOT
ATFRAC

Function:

. Subroutine SATEAR calls subroutines SE or ES.
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Name: SE

Call: CALL SE (PTIME, XLIN, XELE, ALOT, ALON)

Input Parameters:

PTIME - Picture start time (minutes, GMT).
XLIN - Line number of a point on the ATS5-6 image.

XFLE - Element number of that point.

Returned Values:

ALAT ~ Latitude (degrees) of the point on the earth's surface at (XLIN, XELE).

ALON - Longitude (degrees) of that point.

Function:

Subroutine SE does a satellite (line, element) to earth (latitude, longitude)
coordinate transform based on the satellite's attitude, orbit position, and,
if available, attitude corrections based on measurement of earthedge shifts.

References:

See also subroutine ES.
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Name: STTOLV

Call: CALL STTOLV ( X, ¥, Z, IDIR, TIME)

Parameters:

X, ¥, Z Unit pointing vector in the satellite inertial coordinate
system or in the satellite local vertical coordinate
system. -

IDIR ) Direction of transformation. ’
Satellite inertial to local vertical (IDIR = 1)

Local vertical to satellite vertical (IDIR = 2)

TIME Time at which transform applies.

(minutes, GMT)
Function:

STTCLV uses the satellite's position at time TIME, and converts a unit
vectoxr in the satellite inertial coordinate system to the satellite's
local vertical system (IDIR = 1) or vice versa (IDIR = 2).

Referénce:

See progress report for 17 Nov. 1975 or 31 June 1976, appendix, pp. 2-4.

See also subroutines ERTOST, LVTOBC, and BCTOPF.
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Name: UNIT

Call: CALL UNIT (A)

Returned Values:

A ~ a 3x3 identity matwxix

Function:

Subroutine UNIT returns a 3x3 identity matrix in array A.
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NOMENCLATURE
Coordinate Systems (C.S.) Other
EI = Earth-centered Inertial 8 .8 _,6 = attitude vaw, roll,
y T pitch angles
ER = Earth-centered Rotating
eL’¢L = geodetic latitude, longitude
LV = Local Vertical )
(satellite—centered) Co. 8, = sidereal time of Greenwich prime
' meridian
BC = Body Centered
(satellite-centered) PraPp = radians/line, radians/element
PF = Picture Frame A = mirror step angle
(satellite~centered)
8 = mirror sweep angle
Orthogonal Matrices a, = navigation parameter
RLV = rotation into LV C.S. Ei = optimized navigation parameter
RBC = rotation into BC C.S8. - LIN,ELE = satellite image coordinates:
Line, Element
RPF = rotation in PE C.8S. )
L ,E = plcture-center coordinates
R.A = optimized "navigation ¢ {(line, element) ’
matrix
e = eccentricity of earth oblate
R(6,k) = rotation about axis spheriod model
k (k-1,2,3) in a ccw
sense by an angle 6 req = earth's equatorial radius
r_ = earth's polar radius
Vectors P
. s = distance from satellite to landmark
r = unit vector
t = time
%; = satellite radius vector
tM = epoch time, lies within image
?1 = landmark pointing vector _ frame interval
?E = earth-coordinate, EI C.S. ) ]l- ”‘= Buclidean norm
?ﬁ = earth-coordinate, ER C.S. . |*] = absolute value operator
ALV = pointing vector in LV C.S.
QBC = pointing vector in BC C.S.
APF = pointing vector in PF C.S.

(0,0,1)T

>
w
)



I. PRELIMINARIES
A, Coordinate Systems

All coordinate systems used in the model are 3-D right-handed orthogonal
coordinate systems. There are five all together. Two have their origins
placed at the dynamical center of the earth.

The plane formed by the x— and y-axes of the earth-centered inertial
coordinate system (EI) lies in the earth's equatoéial plane. The x-axis
points at the vernal equinox (y) which is assumed to be inertially fixed
and the z-axis points north. Rotating relative to this inertial frame is
the earth-centered rotating coordinate system (ER) with its x—axis passing
through the Greenwich meridian and its z-axis coincident with the EI z-axis
(Fig.. A.1).

In the local vertical (LV) system, the z-~axis points to the center of
the earth, i.e. the unit vector representing this axis at time t is given
as z = —rS(t)/"?s(t}", where ?S is the satellite radius vector (Fig. A.l).
The x-axis is parallel to the earth's equatorial plane and nominally points
east.

Fixed in the satellite body is the body~centered (BC) coordinate
system whose axes are nominally coincident with the LV system, Departures
from this align;ent are measured by the yaw, pitch, and roll time dependent
angles which in part make up the attitude telemetry data. These rotations
are explicitly defined later on. Also nominally coincident with these
coordinates systems is the last to be defined, the image or picture frame
(PF) coordinate system (Fig. A.2). The z-axis.points to the picture center
{earth image center) which for ATS~6, is the image point occurring at the

Ay

midpoint of the mirror sweep angle for the mid-mirror’ scan number of a full
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Picture Frame (PF) Coordinate System
(See Text for explanation of symbols)
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image frame scan. (For ATS-6, one complete image scan consists of 1200
mirror scans with 2400 samples or elements per scan line.} The PF x—axis
is parallel to the center mirror sweep scan at the picture center and

nominally points east.. -

B. Convention for Orthogonal Matrices . N

Two basic orthogonal transformation representations in transforming
a vector from one coordinate system to another with common_origin are given
here. Their forms arise naturally in the development of the ﬁavigation
model depending on convenience or available i;formation.

‘ Given two coordinate systems with a common origin whose axes are
unprimed xyz and primed x'y'z' respectively, let R represent the orthogonal
transformation of the vector ?, (whose components are expressed in the
unprimed system) to the vector ¥’ whose components are expressed in terms
of the primed system, i.e. It = R;. .

The first form R can take is, in matrix representation, R = [%];l%]T,
wheré ﬁ, §, z are the unit column vectors of the primed coordinate axes
whose components are expressed in the unprimed co;rdinate gystem. The
"M refers to the transposé of the matrix. To see that this transformation
is valid, one need only to carry out the operation implied,

T = [&l5[217F = &7, 37, 2 DT
Thus, §';; ;-?; g'g-represent the projections of ¥ onto the x', y', z°'
axes respectively, This is precisely the representation of T in thé primed
system,

The second” form of R is expressed in terms of rotation angles where in

its simplest form R = R(®,k) represents a rotation by an angle 6 counter-



clockwise about the k~th axis as viewed from above where ¥=1,2,3 refers
respectively to the x,y,z-axes. Thus, using the conventions defined above,
if the z and z' axes were coincident and the x'y'z' system were rotated by
an angle ® counterclockwise relative to the xyz system about the z-axis,

cos B sin 8 0

T' =R(6,3)T= | -sin 8 cos 8 O|T .  [ROTATE]*
0 0 1
In general for R(GK,k),
_ _ (0 if i # ky | - . g, - -
Ry =Ry =15 15 5 2 i} 3 Ry = cos 8, ifk; Ris = Rji sin 8,

-

i< 3 and i,3i#k .

With this notatdon, the sequence of Euler rotations can be represented
in a compact form. For example, the three rotations about the ATS-6 body
axes to define the ATS-6 attitude relative to the LV coordinate system are,
in sequence, a ccw rotation by an angle GY about the BC Iz—axis (vaw),

followed by a ccw rotation by an angle Gr about the BC x-axis (roll),

followed by a cw yotation by an angle Bp about the BC y—~axis (pitch). Thus

a vector expressed in the LV system ;LV’ is transformed to the BC system
(;BC) by the operation:
> >

rp [LVTOBC)

C = R(“Bpsz) R(ersl) R(By,3) rLV >

where the angles Sy, Br, BP are generally dependent on time,

C. Orbit Methods Used in Predicting Satellite Position, ?;(t)
The orbit parameters used in the model are derived from the ephemeris
data available from the ATS-6 magnetic tapes. These data are in the form

& >
of position (rs) and veloecity (rs) components expressed in the EI coordinate

system approximately every three seconds of ephemeris time. TFor a two body

*Note: Label in brackets (e.g. [ROTATE}) is corresponding FORTRAN subroutine.
See Appendix E for listing.



orbit, a position and velocity vector at any time is theore%ically

sufficient to uniquely détermine the orbit. However, the velocity vectors,
unlike the position Gectors, are not given with suffiéient accuracy for

the purposes of this model. Therefore, a Gaussian orbit determination
method is used in which two position vectors at different times are used

to calculate an accurate velocity vector corresponding to one of the selected

position vectors. In symbols,

> > -5 >
r (c),r (t)=>+r (£),r (), t #¢t . GASORB
81,82) 51)’51’1 y [ ]
The vector spread between ;S(tl) and ;S(t ) must be less thamn 70°., Once
. . ‘ 2

> >
rs(tl), rs(tl) are determined, the satellite's position for any other time

is determined by an iterative £, g computational procedure: ] -

-> A ™

rs(t) = f rS(Fl)'+ g rs(tl) . [ORBIT]
The details of the computational algorithmé for these two procedures are
given elsewhere.+ A thorough testing of these two routines which are
incorporated into the ATS-6 model has indicated that any errors generated

by them or by uncertainties in the satellite’s position are negligibly

small compared to errors arising from other sources.

II. THE NAVIGATTON MODEL

A, Earth Coordinates to Satellite Image Coordinates (Subroutine ES)
Let t be the instant at which a point on the earth (landmark) iz imaged

by the satellite scanning system and let §1(t) be the vector which points

from the satellite-center to the landmark in question. However, t is not

known, Therefore, we make a guess then use the derived line to get a better

value and iterate till the solution converges to withim a line. The relation

*P. R. Escobal, Methods of Orbit Determination, J. Wiley and Sons, New York,
1965. Gaussian orbit algorithm, pp. 196-197, f, g method, p. 423.




of this vector to the satellite radius vector ;g and the landmark ?2 is
given by: N _

}*1 (t) = ’r*zct) -T (v, [ERTOST] (1)
where gé, ?S, and therefore ;;, are expressed in EI coordinates (Figure 1).

. . > . . . .
The position of the satellite rs(t) is determined from the orbit routine

discussed above, while ¥ is derived as follows: *©
2

>+ -
t, = R(-85,3) 15, [ERTOST] (2)
where T = {cos 6_ cos 6. sin ¢ (1 - e2) sin 6 )T
g P L by cos By sin o, v
= — plainl
p teq/Jl e4sin eL s
eL’¢L = the geodetic latitude and longitude of the landmérk,
e = eccentricity of the oblate spheriod earth model = 8,1812X1072 ,
req = earth's equatorial radius = 6378.15 km.
The landmark ?ﬁ expressed in ER coordinates is transformed into the EI
coordinate system via the transformation R(—BE,3) where, GE’ the angle
between the x—axes of the two systems at time t is given by
8_=a +a *DDD+a %t
E 1 > 5 [ERTOST]
where, SE is the sidereal time of the Greenwich prime meridian,

DDD is the day of the year,
t is universal time,

al,az,a3 are constants derived for a specific Julian date; for January 0, 1974

a1 = 99,59477026 degrees
a2 = ,985647336 degrees/DDD
a = ,2506844773 degrees/decimal minute.
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N >
It is convenient at this stage to transform the pointing vector r
. 1

. A 3 -3 ~
into a unit vector, rl(t) = rl(t)/"rl(t)”. Transformation of r into
. 1

~ .

the LV frame is accomplished by RLV’

f_;:-LV = Ry ;1 = [x3]21" 19:1 [STTOLV] "3

where, from the definition of the 1LV coordinate system,

~” - . T
z = -rsct)/[&*s(t) = -Gy 207,
x=Gxedlxell = -y /a, = /d, 0)F
3 3 s s >
F=EX % = G ld, vz 4, )T,
— 2 2
d "/XS + yS *

where x° + y2 + z2 = 1,
s s s

In matrix form,

RLV - %" *s%s Ys%s -a?
—dxs —dys wdzs .
The transformation from LV to BC coordinates is accomplished by
uging the attitude telemetry data. However, since we have found these
data to be unusable for our purposes, the LV and BC coardinates are set

equal to each other. Thus:

h: T (4)
The transformation of ;BC into the image frame vector, fPF,"is
r._ = ( Vo % )T = T {5a)
PF PP VPR CPF Ror Tpe °

where R = R(EP,z) R(0_,1) R(?a'y,s), (5b)
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and 6, 6, 5% are the optimized angles resulting from the least-squares
navigation technidque employing landmark measurements. Since RPF is the
transformation from the satellite's body—centered frame to its picture
(image) frame, it is expected that this transformation will be reasonably
time~independent. The effect of thermal and mechanical stresses on the

stability of g&, Br, Eﬁ,over a period of time on the order of days is some—
thing that can only be deduced indirectly by updating the navigation.
With EPF determined from equations (5a) and (5b) and adding line and

element corrections deduced from earth edges, the satellite image coordinates

can be calculated

= s =1
LIy Lc + (sin yPF)/pL + ALe [PFTOTC] (6a)
ELE = E_ + (tan(xPF/zPF))/pE + AR and [EDGCOR] (6b)
where,

LIN = line number,
ELE = element number,

ALe = line correction due to attitude shifts,

AEe = element correction due to attitude shifts,

I, = picture center line = 1200 for visible, 600 for IR ATS-6 image

¢ data,

Ec = picture center elemeni = 1200 for ATS~6 image data,

p. = number of radians/line

L nominal ATS-6 scanned field is 20° X 20°.

P = number of radians/element

Summarizing equations (1) - (5),

Tpp = Rpp Ry Ry ’;1’ (ES] (72)
where El-ll?:'l | = ?Z(t) - T_(8) = R(-8,,,3) ¥, - T (E) . (7b)

Equations (7a) and (7b) effectively define the earth coordinates to

satellite image coordinates-transformation.
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B. Satellite Image Coordinates to Earth Coordinates  (Subroutine SE)

For a given LIN, ELE, it is apparent from equations (6) and Figure 2

that
§PF = (-cos Asin §, —-sin XA, cos Acos G)T [PFTOIC] (8a)
where
= _— = i Bb
A= (L, - LIN + L) p; = mirror step angle | (8b)
§ = (Ec - ELE + AEe) Py = mirror sweep angle (8c)
From equation {7a),
- T T T =
T, T Ry Ree Rer Tpr - [sE] ©)

~

-{The three successive transfofgations in equation (9) are orthogonal

matrices; therefore the inverse of each is equal to its transpose).

>

Now . g T = gé + st , (10)
where s = “;l(t),] equals the distance from the satellite—center to the

landmark. The solution of s is achieved by using eq. (10) and the equation

of the earth spheroid,

(2 + YE2)/1‘eq2 + zEzlrp2 =1 (1)
ﬁhere,
req = earth's equatorial radius = 6378.15 km,
rp = earth's polar radius = 6356.77 km,

-3
Xpr Ve Zg are ‘the vector components of the landmark, Tps in the ER frame.

| Equations (2), (10) and (11) ;eﬁresent'a system of equations of four

unknowns (xE;yE,zE,s). The solution of s can easily be accomplished as

" follows:

Divide the x and y components by req and the z component by rp in (10).
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This results in the equation,

THA=T % 4 g7 % (12)
2 s 1
where,
-3 he gl T
% = R(-6_.3 % = R
r2 ( B ) T R( BE,S)(xE/req,yE/req,zEfrp) .
> T
r*=(x/r Ir .,z /r
1 1" %eq?¥ Teq’ P) ?
> T 2
% =
Ty (xS/req,YS/req,zS/r?) .

wa||;2*H2 =|]R(—6E,3XI2 -[|;E*” = 1, sdince R(BE,S) 1s an orthogonal
matrix, and"_r}E”2 equals the left side of equation (11)}. Therefore
the equation
- N > -
HE 1 = o= 75 + ST A a

contains only s as an unknown. The solution of (i3), expressed in a

form to minimize computational round-off errors, is:

s = ~(B +VRAD) /24, as)
where
RAD = B? - 4AC,
A =F+ Q@ - F;_;;zs
B==2xx +yy)F+2z, [ERTOST]
¢ = 24y F-i-zg—r;,
F = ré/ri_q .

With the solution of s, it follows from (1) and (10) that

-

- = 2y o T
= R(BE,3){rS + srl) = (xE,yE,zE) , [ERTOST]  (15)

-

g
and hence

B, = tan‘“l[zE/((l — e2)y x}% + yé)], [ERTOER]  (16a)
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where
GL = geodetic latitude,
¢L = longitude
2 = (rgq - rg)/rzq = earth's eccentricity squared.

Equations (9), (15), and (16) constitute the basic - satellite image

)

coordinates to earth coordinates - transformation.

C. RNavigation Optimization Procedure (Subroutine ATTTUD]

Navigation of the satellite image data base consists-of finding
a time dependent transformation to predict the éérth coordinates from
the associated satellite image coordinates. This is accomplished by
using landmark measurements from the data base and thé model discussed
above to dqtermine the optimal transformation in a least-squares sense.

A landmark measurement consists of the earth coordinates, (8 )}, the

L°%L
associated image coordinates, (LIN,ELE), and the time, t, at which the
landmark was imaged. ——

Let

@, = ith parameter to be optimized,
RA(ai) = transformation associated with the Gy
;kl = unit pointing vector of the kth landmark derived from (BL’¢ﬁ)k’

3

¥, = unit pointing vector of the kth landmark derived from (LIN,ELE)R,

and S(a,) = 12c IS NCRH R [s] 17)

which is a sum over all landmark measurements included in the optimization.

The navigation is complete when a set of parameters o, are found (call
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them Eg) which minimizes S. The optimized values Ei are then used in

the transformation to predict (6 ) from an arbitrary (LIN,ELE).

L’¢L

As an example, consider equation (52),
-where Top = RPF Tae [RCTOPF]

and let us assume that the attitude telemetry data is known with a

reasonable degree of accuracy but that the orientation of the PF frame
relative to the BC frame is net. Thus, we wish to optimize By’ Br, Bp
in the transformation RPF' Using the landmark measurements and the attitude

telemetry data, calculate r.. as given by equations (1) to (4a) and z

BC PF

from equations (8) for each lanamark; therefore 8 in this case takes the

form
S(8,50,,6.) = 1Ecll(rPF)k - Rpp(0.,0,,0 ) (), %, [s]

and the wvalues 5}, 6;, E; which minimize S are the ones then used in
equation (5b).

The method used to minimize S(ui) is an iterative procedure which

uses a modified Wewton's method.

Let

o = {ai} for convenience,

n, . th |

o = value of ¢ resulting from the n~ iteration,

N = total number of parameters s -

H = N XN matrix (Hessian) whose ijth component is [H]ij = 328/3a18aj,
Vs =

gradient of S, (VS)i = as/aai.

The iterative procedure works as follows:
1) Start with m = 0 and increase m by 1 until a value M is found

such that
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5" - s(a" - oM Blvs@™) 3 (627 5 lvs@e®) - vs(e®), [15]

2) When the inequality is satisfied, set

e 1 lvs (™), [MINMIZ]

3) Check to see if the following convergence criteria is met

Is@™) - s@™] < 10718[s@™ | .

Ifnot, set o - un+l and go to 1);.if yes, then an+1 = o and the

procedure is finished.



APPENDIX B, ANALYSIS OF METHOD WHICH DETERMINES ATS—6 SSP IMAGE COORDINATE
DISPLACEMENTS BETWEEN SUCCESSIVE IMAGES RESULTING FROM ATTITUDE
CHANGES
This appendix presents an analysis of the technique used to calculate
the ATS-6 Subsatellite Point (8SP) image coordinate changes between successive
images resulting from attitude changes during the image-scan time. Appendix C

kel
shows how these measurements are used to account for the attitude changes

in the process of computing accurate cloud displacements.

1. Method

Let T, T, designate two successive ATS-6 data images where T; is the
Yearlier" of the two images and (Lc’ Ec) (Line scan and Element numbers)
are its SSP image coordinates (Fig. B.1l) determined from the ATS-6 navigation
nodel. Let (L,E) be the T; image coordinates for a point on the right
earth edge and AER, AEL the measured displacements along line L of the
Right and Left T,- earth edges relative to the T; earth sdges., (These
measurements are obtained in practice on McIDAS using the infrared ATS-6
data images and an image-matching technique which is constrained to measure
displacements of the earth edge only along a scan line. It is worth
emphasizing that the image-matching method indeed measures displacements
of the geometrical earth edge and not features near it - such as clouds.
This is not surprising since the greatest contrast is between earth and
space -~ not within features near the earth's edge.)

The object, then, is to compute the displacement coordinates (AL, AE)
of the Tp-SSP relative to the T)— SSP at line L using the measured values

of AEr,AEL.
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FIGURE B.1. Earth-edge Displacement Measurement
Geometry -

Let points 1-5 be on line L containing the earth edge points indicated

in the figure, and points 0 and 0' the T;-SSP and T,-SSP.

Furthermore,

point 3 is the bisect point for the Ts-chord coinciding with line L, and

both T;~ and Ty-earth circles have equal radii a.

Letting Pi - Pj be the distance (always non-negative) between points

‘i and j, AL,AE -can be derived from two simple geometrical identities:

- The first is

P4 - Ps = P5 - P2 , OT

(E + 8EQ) - (B + 4E) = (B, + AE) - (2E_ - E + AE ) ,

_solving for AE,

The second identity is

P, - P, -

& 2

3

AE = (AER + AEL) /2 .

bER = P3 - P1 - AEL s Where

1

(2).



7, -2, =2 \/(P4 - Pgi)® = (Bg - Ppo)?

VT G

=2V@-1)2+ @-EJ)Z-[L- (L _+ L)IZ, and (3)
P.-F =20E-E) . )

Substitution of (3) and (4) into (2) and rearranging yields

§=Vx2 +Y2 - (Y - aL)Z - X, where (5)
§ = (AE, - AE )/2
X=E-E
C
Y=L-1 .
[ o

Since § and (L,E) are obtained from the AER,AEL measurements and a nominal

value used for (LC,EC), AL can be solved in (5) to yield
AL = Y + “/RAD , where (6)
RAD = Y2 - 2 X 6 - 82 .

The choice of sign in (6} is determined by substituting the expression for

6 in Eq. (5) in RAD; the result is

AL =Y+ (Y- AL)2 =Y+ VRAD , Y > AL

N

1t

Y~ VRAD , Y < AL .

~

Thé peculiar condition implied by (7) that AL must be known before AL can
be calculated is really not a problem since generally AL is small (+ 5 lines).

and |Y| is usually >> ]AL[. For most cases then, the conditions are
>
AL =Y+ VRAD , Y<O0, - (8)

RAD = Y2 - 2X6 - 62 .



For the case where |Y| approachs (AL) in value there are other problems;
these are discussed at the end of this appendix.

Equations (1) and (8), then, definé the displacement in imagé coordinates
of the T,-SSP relative to the T}-SSP for lime L. By repeating this entire
process for other scan lines the SSP-shifts (AL,AE) as function of Fi~Lline
position are obtained. In practice the right and left earth—edge displace-

ments are first measured over the entire range of scan lines of interest.

-

———

Curves are then separately fit to the right and left edges measurements
resulting in a AER vs L and a AEL vs L curve over the scan-line range of
interest. The curve values themselves are then used in (1) and (8) to

compute AL,AE curves.
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APPENDIX C. ANALYSIS OF ALGORITHM WHICH ACCOUNTS FOR RELATIVE ATTITUDE
CHANGES IN SUCCESSIVE ATS-6 DATA IMAGES USING EARTH-EDGE
SHIFT MEASUREMENTS
This appendix provides a semi-rigorous analysis of the algorithm used
to account for the relatiye attitude changes in a sequence of ATS-6 data
images using the earth-edge measurementg derived by the technique discussed
in the main portion of the report and APPENDIX B.‘1 In effect, this appendix
shows why the algorithm “works"; the following appendices discuss in more
detail the limitations of and the errors associated with this-method.
Consider a sequence of n ATS-6 images designated by Tl’ T2, . Tn’
from which the displacements in earth coordinates of a feature (cloud)

between successive imagesare to be determined. Let

(Li’Ei) = image coordinates (Line, Element) of the cloud feature

for the Tith image,

>
I

rPF(Li’Ei) = unit pointing vector in Picture Frame coordinates

PFi
derived from (Li,Ei) using the ATS-6 scan-camera geometry,
Ly = unit Local Vertical pointing vector associated with Eowi?
Ri = 3x3 rotation matrix which transforms without error Trvi
into fPFi at the time the feature was scanned, i.e.
Tppi - By TLvi C L

1. A Two—-Tmage Sequence

Consider now the first two images Tl’ T2 in the sequence whose relation-

ship between LV and PF coordinates are given by

T R, b (2)
(3)

. AL\:I.‘Y
rPFZ = R2 erz . OF Cﬂn& .U



The relationship of the cloud feature in LV coordinates for image T2

can be- related to Tl as Follows:

- _ = > \
rLVZ rLVl + ArLV(ATlZ) , (4}

where A¥£V is the displacement of the cloud in LV coordinates from Tl to

T2 and results from two effects:

at

{1) apparent change in the earth's orientation over the time
interval AT12 caused by a non-zero angle of inclination in
the satellite's orbit (the eccentricity of the ATS-6 orbit
was so small (~ 10°%) that no significant: change in angular

size occurs) . 2 -
(ii) motion of the cloud relative to the earth's surface.

Now the orientation of the earth relative to the LV frame depends only on
the orbit and the earth's position relative to celestial coordinates; thus
if fﬁﬁl and fLV2 were accurately known, the displacement of the cloud over
the time interval associated with these two vectors could be calculated
with an accuracy limited only by the equations describing the dynamical
relationship between the satellite orbit and the earth's position relative
to celestial coordinates. It is assumed that for ATS-6 that this transformation
produces negligible error.

Returning to equations (2) and (3), the rotation matrices Rl’ R2 differ
from each other slightly because of an attitude change of the PF frame
relative to the LV fFame-between T1 and Tz; they are related to each other
by an infinitesimal rotation I +‘E12 where I is the unit matrix and E,,
an antisymmetic matrix whose elements are the small-angle differences between

the PF axes at times T1 and Tz' Thus



R, = (I + E12) R, 3 (3

substituting (4) and (5) in (3) and expanding

"~ A - -
= R + + +
r E Rr Rlﬁr v(Ale) ElZRIAr

PF2 ~ 1tLv1 127171 v 8T),) (6)

L

The first term on the RHS of (6) is T__ , the last term is negligible

PF1
(~10“ times smaller than the first order terms), the second term is the change
in PF coordinates due to an attitude change and the third term is the change

in PF coordinates due to the two changes in the LV frame discussed above. Using

(4) to combine the first and third terms, equation (6) then can be rewritten as

-

Tore = Mt B Tem ™
Comparison of (7) with (2) implies that if E12 and R1 were known, QLVI
and T — and therefore the cloud displacement - could be computed with

vz

a high degree of accuracy.

A good approximation to El2 is obtained from the earth-edge displacement
measurements which provide the displacement in image coordinates ALIZ(L),
AElz(L) of T2 relative to T1 as a function of line number L. The line shift
Ale is proportional to a small change in roll ARlz about the PF-X axis and

the element shift is proportional to small changes in pitch AP12 about the

PF-Y axis, i.e.

AL

12 ARlzlp , (8a)

A
E12

i

AP12/p s (8b)
where p is the angular size of a pixel = 1.45 X 107" radians.

Letting r = [X%, ¥, Z]T where T is the transpose, the explicit form of

FF1

E12 and the last term in (7) is



12rPF1 = 0 0 ARJtY
-AP —-AR ( Z
= [APZ, MRZ, - (APX + ARY)]", (9)

where it is understood that AR, AP refer to the il to T2 changes in attitude
at the times the cloud was s;anned.

Note Ej1» ceontains no non-zero vaw angle element (small rotation about
the axis passing through the igage S8P) since there is no way that the earth-
edge displacement measurement technique can provide this angle; however, the
analysis given in Appendix E of reference 3 shows that the effect on the
accuracy of Win@ measurements (displacements) for yaw changes is generally
small. Analysis of landmark measuréments and the ATS-6 wind sets shown in
this report, indicate that for the data images studied thus far, the yaw
changes are negligible.

With E12 éﬁd hence the last ﬁerm in (7) determined, equation (7) can

be rewritten as

T =T - E T = R

, PF2  'PF2 _ 12 PF1 (10)

1Ly °

where fﬁFz is interpreted as the T2 cloud pointing vector with the attitude

changes removed.

* el | i - .
Z.P-Computlng Thp, 10 Practice

Cloud displacement measurements and computation of E%Fz is accomplished

as follows:

(1) the T1 image coordinates (Ll,El) of the cloud are recorded,



(2) the total displacement of the cloud in image coordinates

(ALT, AET) from Tl to '1‘2 are measured on McIDAS using an

image matching technique,

(3) from previously determined earth-edge displacement parameters,

AE due to relative

the displacement coordinates Ale’ 12

attitude changes are computed and subtracted from ALT, AET,
These differences are added to Ll’ El and the associated

PF vector computed. That this vector is a good approximation

~y .
of rPFz is shown below.

By definition,

rPFl N rPF(Ll’El) (1)
r =r_ (L. + it B o+ AET) =% (L ,E) (12)
PFz PF'1 S| PFY 272 .
Expanding 2. (L + ALY - AL (L), E, + AET - 8E__(L )) about (L, + an'
PEYT3 12¥2°* 71 1272 1 ?

E1 + AET) keeping first order terms, we have

o T T, 3 = 9 A
+ - = - .
fop(ly + AL, B+ AB) = g £, (L ,E) AL~ 5 B0 (L, LB, BE,, . (13)

From the geometry of the ATS-6 scan—camera,

£PF [~cosAsind, -sinA, cosAcosGJT is)

T
x, ¥, z]

]

where

A= (Lc - L)p = mirror step angle,

§ = (Ec - E)p = mirror sweep angle,

(Lc’Ec) = image center line and element value,

p = angular size of a line or element.
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Taking the partials of §P in (14) with respect to L,E, and retaining

F
first order terms with the partials evaluated at (L2,E2):

a ~ a ~
oL Tpr ALy, T 3E Tpp 2B,

= [0, Pz, -PY]TALIZ + [Pz, 0, —PX]TAEIZ , (15)

substituting (8a) and (8b) into the above expression and adding the two

vectors in (15) vields
[ZAP _, ZAR , - (XAP _ + YAR. )T
12° ;2’ 12 12 ’

which is egquivalent to (9); therefore (15)‘is the same as ElszFl' Since

the first term in (13) is r__, , we have

PF2

T T

r (L +AL™ = A - IE <
rPF( . L12(L2), El + AE AEIZ(LZ))

(16)

oy |

Tpr, " EioTer T Tpp, DY

comparison with (10). Thus the method discussed above correctly yields
bol |
rPle

3. Transforming PF to LV coordinates

With the attitude changes between T1 and T2 removed, we have

$ =R T an

PF1 1fLvy

A

I:I',F2 = R (see (10)) {18)

T

171v2
~Let R be the transformation from LV to PF coordinates derived from

T1 landmark measurements in a least squares sense assuming a constant

attitude over the time interval the T, landmarks were scanned, i.e. R

is a constant matrix. R then will differ slightly from R1 due to small



attitude changes over the Tl scan time and, in addition, will differ from
Rl (assumed to be the error-free transformation) due to mirror scan

nonlinearities. Similarly, as above, we can relate R to R1 by an infinitesimal

y

transformation

R=R (I-e), (19)

where ¢ is the infinitesimal antisymmetric error matrix which is a function

of line and element. It is important to realize that the elements of e

__contain absolute errors Whlch the ATS-6 model canmnot account for._ - - - -

-

However, our previous work using landmark measurements has provided usvwith
bounds on these errors and the rate at which they change as a function of
image coordinates. The worst-case estimates correspond to about ¥+ 2.5 pixels
(+ 3.6 X 107" radians). The errors tend to be oscillatory as a function of
line or element position with a period of 100 to 200 pixels. Thus for
typical feature displacement measurements (corresponding to tens of pixels),
€ can be considered to be a constant loecally. (It would be appropriate to
remind the reader aE_Eﬁis point that the absolute mirror scan nonlinearities

as a function of image coordinates repeat from image to image.)

Taking the transpose of (19) and operating on (17) and (18)

2 =Rp = (IL+e)RR =F 4T
V1 PF1 11 LVl V1 e (20a)
A' - —TJ\' = = A —_
Ty, = RiIpp, = I+ e)R] R1 w2 - Ty T Te 0 (20b)
where
-5 A~
r, = €y - (21)

Application of R then, results in the correct LV vectors to within the same

additive vector constant. It is shown in Appendix C of réference 3 that this

constant has a negligible effect in computing cloud velocities or displacements.



. L) - + I3 . -
In addition location errors on the earth due to T is given in this

appendix.

4. General Case of n—image Sequence\

The case for images Tl, T .. Tn,is simply a generalization of the

2,

© 2-image case. The error-free LV to PF frame matrix for Ti can be related

to Rl by the image pair relative-attitude transformation matrices Ei 141
»

where

el
1

(T+E ) (T+E, )T +E R

~

n-1
(I + iil Ei’i_!_l)Rl . (22)

where only first order terms are retained. Thus the analog to (10),generalized
to n imagessis
n~1
A' = ~ _ ~ = -~
"pFn ~ PP (5_51 E:‘.,i—!-l) Tpr1 - N TLvn

1

where in practice T is computed by evzluating the expression

PFn
R . n—-1 n-1 .
1 - - ;
*pEn ~ TPF (Ln ALy gy Tyga)s Bym I OB, (Li+l)) (23)
i=1 i=] :
where L:i_,i+1(Li +1)’ Ei, 141 (L:i.+l) are evaluatéd from the Ti to T:L 41 earth-edge
displacement measurements evaluated at Li+l’ where Li+1’is the Ti+1 line number
of the "center of gravity" of the feature being tracked.
Application of (19) to the éiFi results in
o | = & > - ' -
Tivi © TLvi + £, i=1,2, ...n . - (24)
- GE ].S
ALP



APPENDIY D. METHOD OF OBTAINING MIRROR-SCAN-QFFSET CORRECTION CURVES

The nature of the mi¥ror~scan nonlinearity problem has been discussed
in previous reports. In order to correct the alternate scan offset caused
by this effect, we need a table of offset values as a function of element number
(i.e. a AE(E) fﬁnction). For our initial efforts to produce a AE(E) functiom,
we used the McIDAS cloud-tracking program to measure the displacement of
a feature seen in the odd number scans of an image to its position in the
even numbered scans of the same image. The method described here is a
somewhat more automated scheme and does not require viewing the ATS-6 images.
The method has been applied to an IR image (74195 173134Z) and gives good
agreement with the old method with less scatter of individual points about
a polynomial least—squares fit-curve (Fig. DLI.).- -

In the automated method of computing the AE(E) fuﬂction a correlation
value is computed for the match between a small segment of an odd scan and a
shifted sepgment of an adjacent even scan. The amount of shift which gives
the best correlation for that small line segment is taken to be the AE
§a1ue for that scan line and element location. Values are computed over
many scans and elements, then averaged over the scans. The result is a table
of AE values as a function of E{element). The table wvalues are then sgoothed
by using ; least squares fit polynomial. In more detail the method is as
.follows:

Let:

14
1

element number (1 < e < 2400)

6/
i

scan number (I < s < 1200)

pe(s,e) pixel digital value at a given even-scan, element position



Po(sse) = pixel digital value at a glven odd-scan, element position

§ = an element shift value
t = a small number defining the length of the scan segment used
for a correlation
C(s,e,8) =

a measure of the match between line segments from adjacent

odd and even scans.
Now define C by:

ett

C(s,e,8) = % [po(s,e‘) - pe(s + 1, e' + 8)]2 (s odd)
e'=e-t

The element shift, AE, for a given point on the image (s,e) is the value

of & that gives a minimum value to C:
C(s,e,AE(s,e)) < C(s,e,f) for all values of §

After an array of these values is generated, a weighted average over scans

is taken:

g w(s,e)AE(s,e)

AE(Q) =
g'w(s,e)

The weighting factor is the range of brightness values from the odd scan

;used in computing C.

w(s,e) = MAX(po(s,e')) - MIN(po(s,e‘))
where e - t < e' <e + t.
The reason for using this weighting is simply that high contrast features

should, in general, produce a correlation value of more significance than

features of nearly uniform brightness.



The computer program to do this used the values: t = 7 and +4 < § < 12,
Values of AE(s,e) were computed for every eight scans for the middle third
of the image (g = 399, 407, ...., 799) and for every 10 elements across most
of the width of the image (e = 100, 110, ..., 2300). Using this line and
element range some AE values will be computed for péints off the earth. When
off-earth and on-earth poinfé are averaged together the weighting factor will
giv; only a very small‘or zero weighting to the off-earth points. For some
element values no on—éarth points are encountered. We found that these
points could be determined from the table of AE(e) values. There is a
discontinuity between the on-earth and off-earth values.

The AE(e) function is then used to create a corrected image by shifting
even scans. An improved meéhod of correcting the, alternate scan offset has
also been developed. In the old method‘a fixed shift value was used across
the width of a McIDAS image (672 pixels). Although this gave‘fairly good
results, there could be a one or two element alignment error near the edges
of the image. The new method, as before, uses the odd scans as a fixed
" reference. However, the required amount of shift is computed, or locked up
in a table, for each pixel in the even scans. Thus the_amount of shift vari;s

from one side of the image to the other. Pixels are dropped or doubled, as

appropriate, between regious of diffefent shift values.
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ALTERNATE SCAN OFFSET. ATS-6 IR 74195 1731347.
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FIGURE D.1. Mirror-Scan Nenlinearity Curve AE(e) using newly developed procedure.
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Appendix E-

Source Code Listings (FORTRAN)

of Programs and Subroutines

This appendix contains FORTRAN source listings for the
main programs and subroutines for the ATS-6 image correction

and navigation system. TFor main programs both AOTPS and McIDAS

versions are given. For subroutines only the McIDAS version is

given as the AQIPS wversion would be identical.



ATSF2/AOIPS

DIMENSION MINC10) T
* 71t FORMAT{(/ /771 F¥% aTs 6 PROCESSING EEET)
712 FORMAT( 74H i INIFPIALIZE NAVCOM ,
- %
713 FORMATC( 74H 2 GENERATE ELEMENT OFFSET DATA FROM E.H.T.
£ .
714 FURMAT( 744 . 3 CURVE FIv TO OFFSET DATA
* .
715 “FORMATC T4H
£ -
716 -FUORMAT( 74H
®
717 FORMAT( 74H RN HAVIGATION
¥ }
718 FORMATL T4H 7 EXIT AfS6 PRUCESSING
¥ - - 4
IT=5 - ’
WRITECIT.711) °
-4RITECIT,T712)
WRITELLIT,783)
WRITE{1IT,714}
WRILECLIT, 715}
WRITE(IT,716)
WRITECIT.717)
wRITE(IT,718)
HL=38 -
MENUD=E
CALh 1NCDM(' '.O.NL.i.MlN.HENU.lnl]
- 1F (HENy,LE.OY GU TD 990
Ig=uIN{1)
G0 T0 (1,2.3,4,5.6,7).1J
1 CALL REQUES[RADSO('AélﬂTZ'Y{
GO TDB 959
2 CALL Reauzscﬂaasot'npsrcgtJJ/
60 TO 999 - J//
3 CALL REQUES(RADSO('OFSTF2!))
GO T0 999
4 CALL REQUES(RAD5S0('LATSF2')}
Ll I0 999
5 CALL REQUES{RADSQG('LUGFT2'})
GO ID 999
6 CALL REGUES(RADSO{'ATSNYZ2'))
GO 10 999
7 call REGUES (RAD5Q{'HET27)}
GO T0 393
999 CONT1HUE
. CALL KEQUES(RADSO{'MET21))
394 CONTIHUE
END-

READ IMAGE SEGHENT FRoM E_H,.T.

CURVE rLT TO EARCR EDGE DATA

o Lh -3

ORIGINAL PAGE 15 .
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10

730

40

798
51

706

780
100

ATSNV/AOIPS

PROGRAM TO NAVIGATE ATS56 IMAGES FROM LANDMARKS.

IHTEGER*4 ILAT,ILON,1YD,1TINE

DIMENSION PTLINE(150),ALIN(150) ,AELE(150),ALAT(15G), ﬁLBN{lSO)

DINENSLON ITIME(L130),ILINCLIS50),IELECE50)., 1LAT£150).ILON(150J ICDCE
¥(150)

DIMERSLUN HIN(1Q).400UT(25)

CunMuN/EAVCUA/Rave, LyAY,1YR, (DAY, TOTLLIN,DEGLIN, TOTLEL, DEGELE,PECLI
*d,P10LE, T8PSCL, LOYR, IODAY , T8, K14, R1Y,R12,R1DX. R1DY ,/RIVZ,PITCH,ROL
;h,lnn.911M(3J.Tﬁn(3).1ﬁ&(3).NLCUEthJ.mRCOEth).SCLha(zJ.bCLL1[2),
tELCOEF(11,2),8C0LK00Z),SOLRLI(2),ERCOEF (11,2}, NASCEF.SCLASD,5CLASE,
¥IELEMN, IELEXAL ,ASCUEX(16])

DaTa Pr/3,1415926535/

DATA IT/S57.LP/b/.

RADDEG=PL1/180.0

LUR=10 . )

OPEN(UNITI=LUN,RANE='Du30:1350,62)A6LAKS.DAT!, TYPL='0LD ,READONLY] .

CONTINUE

NL=90

CONTLINVUE

NE=NL+Y ™

READ{LUN, 730, 6NU=40)11D,ITIMEINL),1C00ECNLY ILLN(NL), IELE(ND), LLAT

F(NL) ,ILON(NL)

FURMAT(2X,819)
GO TO0 10O
CONTINUE
HL=NL=1
CLOSELUNLT=LUN)
KC=2HDL
DU 50 I1=1,4L
VRITE(LP,708) ITIME(L}, ICODE(L) ,1LINCI), IELECI) L SLATCL), LLONCL)"
EORMAT(1X,819)
CONTLINUE
CONTLNUE
WRITECIT, 7056} L0DAY,NL
FURMAT(LX,'DAY=1,15,' NUMBER OF DANDMARKS=+,I3)
NLME=0
0O 100 I=1,NL
LF (MUDCICODELTIJ/100,10),NE.0) GO TO 100
NLMK=NLMK+]
PTIME(NLMK)=FTIME(LTIME(L))
ALYR(RLMKI=FLOATLILINCLY)
AELE(HLMK)=FLOAT(LELE (L))
ALAL (LMK )SFLALOCLILAT(IY)
ALONCHLMK)sFLALUCLLONCLY)
WRILE(LP, 180)P LN INLML), ALIN(NLMK);A&LL(NLMKJ.
FALALONLEK) ,ALON{NLYK)
FORMAL(L1A.8F15,5)

CONTLNVE

LLOSE(UNIT=LP) ‘ =
LECHLAK, Le0) 60 13 990 . \ AL P qE I8
CALL AiLfUp(PrIfE,ALIN,ARLE,ADAT, ALDN, NLAKY
PD=pLICH/RADDEG oRIGIN R Qﬂjhlﬂﬂri

RO=ROLL/RAGDEG (ﬂ?


http:IF(NbMK.bt
http:LANDRARKS=I.I3

701
195

200
201
110

9990
3399

ATSNV/AOIPS

ID=YAW/RADDREG S
WRILEC(LT,701L)PD,RO, 2D

FORMAL(1d0,1K,'PLECHS" ,£16,9-' ROLL=',E16.9,'

CUNTINUE
DO 200 1=%,NL

PTH=FTIMNL (ITIHE(I})

KLasFLALD(LILALCLY)

ALO=FLALO(ILONCL)) .

CALL ES3{PIt,ALA,XLO,XLIN,XRLE)
RLINZLILIN(I)=XLIN

REVE=JELE(I)=XELE

WRIITE(LP, 710} LTIME(L), 1CODL{I},RLIN,RELE
CONTLINUE

CONTINUE

FORMAT(3%,16,5%X,15,5%X,2F10,2}

GO TD 999

CONTINUE

CONTINUE

CALL REQUES(RADSQ('ATISF2'))

END

YAwst,E16,9)
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ATSNV/MCIDAS

QELTsL AF.ATSNV/MCIDAS
ELTOO7_RLIBGZ 12/22-17:01:39-(0,)
$408 ATSNAV U3200
IOPTION «8,9,20

000001
000002
000003
000004
000005
000006
000007
000008
000009
000010
0oo011
000012
000013
" 000014
000015
000016
006017
000018
000019
000020
000021
000022
000023
000024
000025
000026
000027
000028
000029
000030
000031
000032
000033
000034
000035
000036
000037
000038
0006039
000040
000041
000042
000043
000044
000045
000046
000047
000048
000049
000050
000051
000052
000053
000054
000055

000
600
ooo
000
0oo
000
0oo
000
000
000
000
000
000
000
0G0
0o _
000
000
000
o000
000
ao0o
000
000
000
ooo
000
006
080
000
o0oo
000
000
"000
000
0oo
000
000
000
000
000
000
000
000
000
000
o0o
000
000
000
000
000
000
000
600

$FORTRAN

¢

Ahkkk ok

SUBROUTINE MAIN

PROGRAM TO NAVIGATE ATS6 IMAGES FROM LANDMARKS.

LOGICAL OPTION N

INTEGER POS,GLEB

EQUIVALENCE (ICOM,NAYN)

DIMENSION ICOM(1)

DIMENSION PTIMECTS0); ALINCISO0) JAELECTS0) ,ALATCIS0) ,ALONCTSO)
DIMENSION ITINECTI50),ILIRCI50) yJELECTI50) yILAT(I5GY ILONCI5G) ,ICODE
*(150)

DIMENSION MSG{(10)

DIMENSION MINCI0) , MOUTC24)

DPIMENSION GLEB(672)
COMMONINAVCOHINAVN,INAV,IYR,IDAY,TOTLIN,DEGLIN,TOTIEL,DEGELE,PICLI

) *N,PICELE,TMPSCL,IOYR,IODAY,Tﬁ,R1X,RTY,R1Z,R1DX,R?DY,RTDZ,PIICH,ROL

10

*L,YAW,PTIM(S),TM&(B),TMX(3),NLCOEF(Z),NRCOEF(Z),SCLLG(Z),SCLL1(2),
*ELCOEF(11.2),SCLRD(2),SCLR1(2),ERCDEF(11,2),NASCEF,SCLASO,SCLAS1,
*IELEMN,IELEMX,ASCOEF(1&)
DATA P1/3.1415926535/
DATA MSQSOHDEFATD, 80/
DATA ICODE/150x0/ .
DATA MIN/OGHATSNAV 820/
CALL IQ{NIND -
NDAY=MIN(1)
Jour=1
IFCOPTIONCMINCAY ,3H P)Y JouT=?
IFC.NOT.OPTIONCNINC2) y3H AY sAND«aHNOTe (HINCZ) «ERaD J)IGO T0 195
IPTI=HMINCS)
IPTZ2=MINC&)
IPTI=MIN(T)
NAVDAY=HOD (NDAY,1G0000)
ISS=RDAY/ 100000
I1SS=(158/2)*2
KDAY=ISS*100C00+NAYDAY
RADDEG=P1/180.0
IF{MINCS) .NE.3HNEW) GO TO 2
00 3 I=1,203
1Con(IX=0
CALL WCLOM
CONTINUE
CALL GETNAV{XDAY,IEXIST)
IFCIPTT.NESOIPTINCII=SFTIHRECIPTT)
IFCIPTZ2oHELOIPTIHC2)=FTIMECIPT2)
IF{IPT3.NELOIPTINC(3II=FTIME (1PT3)
IFCIEXIST.GE,.10)6L0 TO 990
CALL -HEDDER(KDAY,GLEB,P0S)
IF(GLE&(POS+1).NE.KDAY.OR.GLEB(POS+2).LT.0)GO To 990
INDEX=6*GLER(POS+2)+38
NL=0
CALL SCRA(30,INDEX)
CALL READW(30,672,GLEB)
DO 30 I=1,661,6
KIND=GLEBC(IX/100G0OQ

. GE 18
ORIGINAL P&
OF P0OR QUALTY
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RARXER

000056
000057
000058°
anoase
080060
000061
000062
0060063
000064
000065
000066
000067
000068
000069
000070
0co071
000072
gonors
G00074
000075
000076
600077
000078
gooore
000080
000081
oooo082
000083
000084
000085
000086
0G0Ga7
0000688
gooose
000090
a0go91
000092
000393
000094
000095
000096
0doDog?
000098
000099
306160
000101
000102
000103
000104
D30105
a00106
000107
000108
cooio9
000110
0007111
gogite

ATSNV/MCIDAS

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
~ 000
000
000
000
000
000
000
000
006
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

30

40

708

51

706

100

701

193

Tk EAARX

IF(KIND.EQ.O) GO TO 40

IFCKIND.NE.T) GO TO 30

IF(NL.GE«150) GO TO 30

NL=NL+1

ITIME(NL)=GLEB(I+1)
ICODE(RL)I=MOB(GLLEB(I),100000)
ILINCNL)=GLEB(I+2)

IELE(NL)=GLEB(I+3)

ILAT(NL}=GLEB{I+4)

ILON(NL)=GLEB(I+5)

CONTINUE

JI=GLEB(6T2)

IFCIJ.LT.0) GO TQ 40 - 4
INDEX=6*JJ+88

G0 T¢ 10

CONTINUE

K{=2ZHDL

IFC.NOTLOPTION{HINC3),3H L)) GO TO 51
PO 50 I=1,NL

ENCODEC132,708 yHOUTIKC NDAY, ITIME(I),ICODECI) LJILINCI) IELECTY,

*ILAT(I),ILONCT)

CALL TP{JOUT,HOUT)
FORMAT(1X,A2,81%)

CONTINUE

CONTINUE

ENCOBEC132,706,MOUTIIDAY 4NL

CALL TPUJOUT ROUTY

FORMATC(1Xy“DAY=",I5,7 NUMBER OF LANDMARKS=",13)
NLMK=0 .
PO 100 I=1,NL

IF(HNOBCICODECI)/{100,10).KELO) 60 TO 100
NLMK=NLMK+1

PTIME (NLMKI=FTINECITIME(D))
ALIN(NLNMK)=FLOAT(ILINCID)
AELE(NLMK)=FLOAT(IELEC(I))

ALAT (NLMKI=FLALOCILATCIY)

ALON (CHLMKI=FLALOCILONCI))

CONTINUE

IF(NLMK.LE.O) GO TO 950

CALL ATTTUD(PTIHE yALIN AELE,ALAT ALONsNLMK)
PD=PLITCH/RADDEG

RO=ROLL/RADDEG

Yb=YAW/RADDEG

ENCOPE(132,701,K0UTIPD,RD,YD

CALL TPCJOUT,MOUT? .
FORMATC(THO 11X, "PITCH="yE16499" ROLL=";E16.937 YAW=",E16.9}
CALL wcon

MSQR{3)=KDbAY

MSQU4AI=ILALOC(PD)

MSQES)Y=ILALOG(RD}

MSQCHI=ILALOLYD?}

CALL S@{MsS@)

CONTINUE

IFC.NOTLOPTIONCHIN{2) 434 RYLAND.NOT.{MINC2).EQ.D J2GO TG 201
CALL GETNAV(KDAY,IEXIST)

b0 200 I=1,NL

PTM=FTIME(ITIME(L))


http:R).AND..NOT.(MIN(2).EQ

Fekkkt ATSNV/MCIDAS Hhakfuw

000113 (1alh} XLA=FLALOCILATCI))

000114 poa XLO=FLALOCILONCIZ)

000115 000 CALL ES{PTM,XLAsALD,XLINJXELE)
000116 00o REIN=ILINCII-XLIN

000117 goo RELE=IELE(I)-XELE

000118 ooo ENCOPEC132,710,MOUTIITIMECI) TCOPECIIsRLIN,RELE
0o0oq19 000 CALL TP(JOUT,HMOUT)

goo1t120 (1]0]¢] 200 CONTINUE

goo121 000 201 CONTINUE

gbo122 000 _ 710 FORMAT(IX,I6,5X,15,5%,2F10.2)
000123 00g RETURN

000124 000 990 CONTINUE

ooo1z2s 000 CALL FMESS({IHREQ,NDAY)

000126 000 RETURN

o127 000 ENDS

¢oo128 000 $FILEMA

ooo129 0090 DELETE ATSNAV,GORP

000130 D0D- SINCLUDE HEDODER

p0D131 ooo SCATALOG

opo0132 000 NAMESATSNAV ¢S ,R W D

600133 000 TYPE=FG

000134 000 LIB=ATSFLByLL

000135 goo BEG IN

000136 000  sE0J

END ELT.

AHDG , P FExxkx ATTTUD xkkuw
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RELT,L AFLATTTUD/MCIDAS

ATTTUD/MCIDAS

ARETAKE

ELTO07 RLIBG2 12/22-17:01:41-(0,4)

000001
000002
000003
000004
00ao0s
000006
000007
000008
000009
Q00030
. 0000611
000012
060013
000014
800015
000016
000017
000018
oo0019
800020 -
000021
000022
ooonz3
000024
000025
000026
000027
poo0zes
000029
000030
000031
{00032
000033
000034
000035
000036
000037
006038
000039
000040
000041
000042

000043 |

000044
000045
000046
000047
000048
000049
anoaso
000051
000052
000053
000054
Q00055

000

000

000
ooo
000
000
000
0oo
0o0
Qoo
ooe
000
coo
00o
000

060 -

ooo
00G
o0o
000
0G0
000
060
600
goo
000
0oo
. 0oo
ooo
000
000
000
000
0oo
oo
000
Qoo
000
000
600
000
0co
goo
ooo
000
000
600
o
0oo
0ao
ooe
000
000
000
o0o

OO

100

200

702

SUBROUTINE ATTTUDCPTIME ALINJAELE +ALATyALONNLHK)D

SUBROUTINE TO COMPUTE ATS6 ATTITUDRE FROM LANDMARKS.

YAW, PITCHy; AND ROLL VALUES FOR A SMALL OFFSET OF THE PICTURE
FRAME COORDINATES FROM BODY CENTERED COORDINATE SYSTEH.,

7 JUNE 1977 G C« CHATTERS

DIMENSION PTIME(1) yALINCI),AELECTD, ALAT(1) ALon(1)

DIMENSION X(3,150),Y(3,150), TIME(?SU)'PRY(3)
COMMONINAVCOMINAVN,INAV,IYR,IDAY,TOTLIN,DEGLIN,TOTIEL,DEGELE,PICLI

*NyPICELE, THPSCLyIOYR,TODAY yTH4RIXyRIY4R1Z+RIDXRIOYRIDZ4PITCH,ROL

*L g YAW,PTIMCI) , THNC3) g THA () KLCOEF(2Y yNRCOEF (2)4SCLLOC2),5CLLIC2D,
*ELCOEF(T11423,5CLROC2),SCURT(2) 4ERTOEF(11,2) ,NASCEF SCLASDySCLAST,
*IELEMN,IELEMX,ASCOEF{16)
COMMONFMINCOM/ X, Y, TIME,LNP
DIMENSION MOUT(Z24)

DATA PLI/3.714159265/

PATA LP/G/

kPPPG=PI/180.0
RADLIN=RDPDG*DEGLIN/TOTLIN
RADELE=RDPDG*DEGELE/TOTIEL
NP=NLMK

b0 100 I=1,NLEK
ISCAN=1200~-(IFIXCALINCE) )12 /2

TIMEC(I)=PTIRECI)+ISCAN*THPSCL

IDIR=1 -

CONVERT LAT 4 LON TO ROTATING EARTH CO-OR

CALL ERTOERCALAT(I),ALON(IJ)4XTERX2ERXIERHIDIR)

CGNVERT ROTATING EARTH TO INERTIAL EARTH COORDINATES

CALL ERTOST(XTER,XZERsX3IER X1y X2+ X34IDIR,TIHKE(ID)

EARTH INERTIAL TO SATELLITE LOCAL VERTICAL

CALL STTOLV(XT,XE4X34IPIR, TIMEC(I))

NOTE:ATTITUDE DATA MNOT USED THUS LOCAL VERTICAL SAME AS BODY CENTE
x(111)=x1 .

X(2,I)=%2

X(3,I)=X3

CONTINUE

po Z00 I=TsNLMK

ELEANG=(PICELE—AELECII)I*RADELE

ALNANG=(PICLIN~ALIN{I))*RADLIN

¥(1,1)==-SINCELEARGI*COS{ALNANG)

Y(2,13=~SINCALNANG?

Y(3,1)=COSCELEARGI*L0S (ALNANG)

CONTINUE

PRY{1)=0.

PRY(2)=0|

PRY(3)=0.

CALL MINMIZ(PRY,PRY GNORM,VALUE,ITER)

PITEH=PRY (1)

ROLL=PRY(2)

YAW=PRY{(3)

ENCCDE(132,702 MOUT}ITER,GNORM ,VALUE :
FORMATCIHO,5X, "CONVERGENCE AT IVERATION”yI6+//0oX, GRADIENT NORM=",
*E16.,947 5 FINAL VALUE=";E16.9) .

. CALL Ta{HouT)

RETURN
ENDS

AGE I8
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100

ABINT/AOIPS

INTEGER®4 1TIME

DIMENSION ®LN(10),RMINCI0).R1(3),R2(3)
CUMMON/NAVCUA/NAVN, ENAY, LYR, IDAY, FOLLIN, DEGLIN, FOTLLL,ORGELE,PICLE
#N,PICENE, fHPSCL, LOYR,IUDAY, LM, H1X,R1Y,R1Z,RI1DX,R1UY,R1D2,PIFCH,ROL
FLyYRALIIME2), Lhn(3), MR (23), NLC0F(2). aRCUEF(2),8CLLu(22,5¢C0L1C2).,
FLLCOEFC1L,2),8CLR0(2),5CLRI(2),ERCORF(11,2) ,VASCEF,SCLAS0,S5CLAST,
*lELEMN, IELLAL,ASCUEF(16)

DATA P1/3.3415%925535/

DAlA LP/6/

PRUGRAM T0O [wilyALIZE ATS b HAVCOM

RADDEG=P1/180.0

MEQG=1

CALL 1lnCOM(' NAYCOM 70 BE PRINTEU? (1=YES, nEFAULT=ND)',42,%1,1.HIN
+,M4EN0,1,1)

1F(me¥U,LT,.0) GU TD 999

JPRI=MINCL)

MEHU=1 .

CALL 1#COM(* ENTER DAY NUMBERY,17,1,1,MIN,MENU.,1,12
LE{MEND,LE.O)Y GO TD 999

INavV=1111

TUILINS2400.0

DaGLIn=19,92

TUTrIeEL=2400.0

DeGELe=0,07

PICLIN=(TOTLIN4LI.D)/240

PICELE=(10C1EL+1.01/2.0

TMeSZL=0,02
1YR=74
IViR=74
IDayYy=MIf¢L}
10DAY=10AY
NEJU=3

CApl LucopML?! ENTER 3 PICIURE SPART TIMES = HHMHSSF,37,1,1,RMIN,MEN
+0,3,1)

IF{4ENU,LE.Q) GO TO 599

LPIME=RBINCL)

PLIM{1)=FlIMECLITINE)

ITIMESRAINCZ)

PLId(2)sFTEMECLTINE)

IrINESRALN(3)

PITY{3)=FIIHECITIME}

Lo 100 I=1,3

T (L)=0.0

TMECI1=0,0 -

COJTINUE

MENU=4

CALL INCOW('" EnltR FEIRST ORIl PUSLIION: IruHdW5S). X Y. 2 (KW,
#¥52,1,1,RNIN.HENY,3,1)

IF(MENU,LE.O) GU 10 999

ITIME=rnIN(1}

11=k PIMECITLak)

Ri(1)=Rali(2)

R1(2)=RALN(3)



http:DtGLIN=i9.92
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AGINT/AOIPS

REC(3I=RMENCA)
Hhyy=4
CALL LKCOM(' ENPFER SLCOpD ORBIT PDSITION: TCHHEMSS), X, Y, Z (Ka¥?
+,53,1,1,REIN,MENU,3,1)
IF(MENULLE.0) GO LD 999
ITIME=RALNCL}
T2=F FIME(ITLIME)
Rz(1)=uBLN{2)
ReC2)=RMIN{3)
Re{3)=KmIN{4&)
Calf GASORB(R1,T1.,R2,T2)
89y CunrLNUE
1F{JPRILLE,.0) GO TO 1000
ARITE(LP, TolINAYNLINAYV,11R,IDAY -
761 FORMBLIC(1HY, "6NAVN='515,T27, " INAV=2" , 110,052, tYEARS" , 12,777+ 'DAY=",13
$)
ARITE(LP,7b2) TOTLIN,DEGLIN,TOTIEL,DEGELE
762 PORMALCL2, " FOTLL=Y,FL0,. 2,727, DEGLLIN=Y,F10.2,T52,'TUTI L= ,Fi0.2,
#1777, 'DEGELE=! ,F10.2)
ARL1E(LP,T7o3)PICLIN, PLCELE, IMPSCL
763 FORMAL(IZ2, 'PICLLN=" ,F10,2,T27, PICELE="!,F10.2,T52, 'IHPSCL=!,F10.2)
WRILIE(LP, f64) LUOYR,IODAY
164 FURMAI(T2,'OHBITI YEAK=?,14,T27,1'0RBIL DAY=t,I4)
WR1IE{LP,?H5) N
705 FURMAT(LZ2,'ORBII TIMe, TH=',Fi5.4) . :
WRIIL(LP,766)R1X,R1Y,RLZ .
Ts6 FOKMAL(L2, 'PUSLTION (K#)',F27,'R1X=',F15.3,752,'RI1¥=",F15.4,I77,'R
21%=%,F15.4) e

WRITE(LP,767)R1DX,R1DY,R1DZ i s
167 FORMAP({IZ2,"VeLOCLTY, 227, "'K1DX=",b15,9,T52,'R1DY¥=?,£15.9,T77,'R102
$+=% ,E15,9) N

PO=0LLCH/RADDEG
RU=ROLL/RADDEG
1=fAA/RADDEG
wRITE(LP,768)PD,RD, YD
764 FURMAT(1e2,'ATLLTUDE (DEG)?',T27,'PIICH=',E15.9.752'ROLL="',E15.9.T7
£7,tyad="',£15,9)
#RITE(LP,769)1RTIM
769 FORMAT(IZ2,'PICTUKE TIMES?,127,3F25.4)
770 FOrMAL(1X,5025)
771 FORMAT(1X,5E25.9) —
EKLTE(LP, TTOINLCDeF ,nROUEF , NASCER
ARITE(LE,T71)Tun, THX
PRITE(LP, T70)}NLCUEF, NRCOEF
wRITE(LP, 771} SCLLO,oCLLL
WRITE(LP,T771}ELCOER
WHLIE(LP,771) SCLRY,SCULRY
WRLITE(LP,T771) &RCUEF
wRITECLP, 7TTOINASCEF,1ELEMY, IERLEMX
WRILECLP,771) SCLASO0.SCLAS]
WRIIE(LP,771) ASCOEF
1000 CONTINUE
{ALL REQUES(RADSQ('ATSF21))
gD
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skasxz  BCTOPF/MCIDAS wawntxw

FELT,L AF.BCTOPF/HCIDAS
ELTO07? RLIBS2 12/22-17:01:42-(0,)

000001 poo SUBROUTINE BCTOPF(XsY4+Z,IDIR)

0p00doe 0oo DIMENSLION A(3;3)

000003 poo COMMON/NAVCOM/NAVN INAV,IYR,IDAY,TOTLIN,DEGLIN,TOTIEL,DEGELE,PICLI
000004 coo *KyPICELE, THPSCL+IOYR,IODAY +»THsR1X,R1Y+R1Z,R1DX,RIDY,R1DZ,FITCH,ROL
000005 0co * Ly YAW PTIME3Y , THNC3Y 4 THX(3)4NLCOEF(2),NRCOEF (23 ,SCLLOC2) ,SCLLT(2),
googoe |, a1y *ELCOEF(11,2),5CLR0OC2),SCLRTC(2) ,ERCOEF{(11+2) 4 NASCEF+SCLASD+SCLAST,
000007 paoo *TELEMN,TELEMX,ASCOEL(T &)

000008 000 c PT(3) = YAW, PT(Z2) = ROLL; PT(1) = PITCH

000009 000 CALL UNITCAR)

opo010 noo CALL ROTATECA,YAW,3,1?

000011 0oo CALL ROTATE(A,ROLL,Ty1)

onD012 poo CALL ROTATEC(A,PITCH.2,1)

gooont3 ooo IF{IDIR.EQ.2IG0 TO 10

000014 oo XT = X*A(1,10+Y%a(1,22+2%4(1,3)}

0oo01s 000 YT & X*A(2,1)+Y*AL2,2)47%4(2,3)

0000146 000 ZT = X%AL3,1)+Y¥*A(3,2)+4Z2+7(3,3)

000017 j1l1]¢ X=XT i

pooo18 0G0 Y=YT !

D0oo01t9 goo Z2=27

goooz20 (tle] RETURN

000021 0G0 10 XT=X*A(T,T3+YxA (2, 12+T2xA(3,1)

ooooz22 000 YT = XxA(1,2)+4Y*%AC02,2)+2xA(3,2)

000023 000 2 0= X*A(1,304Y%A(2,3)+T%A(3,3)

000024 000 X=XT

0oG025 poo Y=YT

000026 000 RETURN

000027 goo ENDS

END ELT.

FHDG P  **xrxx  (NPS/IBHSSP  awixs



*¥xt4tk BCTOPF/MCIDAS sxaadd

BELT,L AF+BCTOPF/MCIDAS
ELTOO7 RLIB6Z 12/22-17:01:42-(0,)

000001 0oo SUBROUTINE BCTOPF(X,Y,2, 1DIR)

000002 000 DIMENSION A(3,3)

000003 000 - - COMMON/MAVCDMINAVNyINAV IYR,IDAY,TOTLIN,DEGLIN, TOTIEL,PEGELE,PICLI
000004 aoo %R PICELETMPSCLyIOYRy TODAY yTHy R1XyR1Y R 17 JRIDX,R1DY,RIDZ, PITCH,ROL -
000005 000 ALy YAWSPTINC3) 3 TN (3D, THX(3)  NLCOEF(2) \NRCOEF (2) ,SCLLO(2) SCLL1(2).
000006 , 00O *ELCOEF(11,2) »SELRO(2) s SCLR1C2) ,ERCOEF (11 223 s NASCEF,SCLASO,SCLASTY
600007 000 STELEMN,IELEMX, ASCOEF(S) )

gooo0s Doo o PT(3) = YAW, PT(2) = ROLLs PTC1) = PLTCH

000009 000 CALL URITCA) .

000010 000 CALL ROTATECA,YAW,3,1)

000011 000 CALL ROTATECA,ROLL,%,1)

000012 000 CALL ROTATE(A,PITCH,2,1)

000013 a1 e]] IFCIDIRLZEQ.2)60 TO 10

000014 ° oon XT = X2AC1,71)+Y%4(1,2Y4Z+A(1,3)

oopois 0o YT = X#AL2,1)4Y*A(2,2Y+2%4(2,3)

000016 000 IT = X*A(3,T0+V+4C3,2)+Z*A(3,3)

Q00017 0oon X=AT ,

000018 000 Y=YT /

000019 800 2=ZT

000020 000 RETURN

000024 000 10 XT=X*A (1, 10+Y%A (2, 12+Z*A(3,1)

0DD022 000 YT = X*ACT,2)+Y*A(2,2)+2%A(3,2)

0opoz3 ,000 T = X*A{1,3)+Y*A(2,3)+Z%A(3,3) -

000024 00D X=XT

000025 0oo Y=YT

0000246 600 RETURN

000027 poo ENDS

END ELT. -

AHDG 4P  *%rkxx  (NPS/IBMSSP hamdsw
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AEAERR UNIT/MCIDAS ET X223

DELT,L AF.UNIT/HMCIDAS
ELTOO7 RLIBSZ 12/22-17:02:09-(0,)

000001 000 SUBROUTINE UNITC(A)
gooooz 000 C THIS ROUTINE RETURNS IN ™A™ A 3 X 3 IDENYITY HATRIX.
000003 D00 ¢ .
000004 000 DIMENSLON AL9),B(9)
Qo0oos goo DATA B8/1.0,0.0,0.0,
000006 000 * 0.0,%.0,0.0,
000007 000 * 0.0;0.04%.07
000008 000 50 10 iI=1,9 :
000009 ooo 10 ACI}=B(I}

000010 000 RETURN

000011 000 ENDS

END ELT.

SHDG N

SFEN



*hxkkk  STTOLV/MCIDAS ##wkwnsk

DELT4L AF.STTOLV/MCIDAS

ELTO07 RLIBG&Z 12/22=17:02:08-(0,2

060001 000 SUBROUTINE STTOLY (X:Y4Z IDPIR¢TIME)

000002 000 C 1F IDIR=T, POINTING VECTOR (X,Y,Z) IS TRANSFORRKED
000003 000 c FROM SAT INERTIAL TO LOCAL VERTICAL FRAMHE.
000004 ooao o 1F IDIR=Z, POINTING VECTOR {(X,Y32Z) IS TRANSFORMED FROM
000005 poe C LOCAL VERTICAL TO SAT INERTIAL FRAME.
000006 000 CALL ORBIT(XS,YS425,TIME] .
Q00007 000 CALL NRMLIZ(XSYS:ZSsXNORM)

onoooe 000 X1=X

000009 600 Yi=yY

000010 ¢oo 21=2

ooootl goo D=SART(XS=*x24+YSe%x2]) -

000012 coo IF (IDIR.EQ.2) GO Ta 10

000013, 000 X=(=YS+XT1+XS5xY1)/b

000014 000 Y={XS*IS*X1+YS*ZS+YT1-Z14D%=x23 /D

000013 apo 2= (XS« X T+YS*Y14215%Z1)

oaogls g00. RETURN

000017 000 10 X=—YS*X1/D+XS*IS*Y1/D-X5*Z1

000018 000 Y=XS*X1/D+YSXZS*xYT/D-YS*2Z]

oo0019 ooo ==DxY]~25%21

goo0zo poo RETURN

0ogoz1 Qoo ENDS

END ELT. N

SHDG p P *dxhx®x  UNIT/MCIDAS  kexdas
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DELT, L AF.SEFMCIDAS

SEJMCIDAS

E R 2 8 3-1

ELTO07 RLIBG6Z 12/22-17:02:06-(04)

000001
000002
000003
000004
o00005
000006
000007
000008
000009
000010
000011
000012
000013
000014
000015
000016
000017
‘000018
000019
000020
000021

END ELT.
SBHDG P

LES 2 23

gop
Qo0
noo
000
Qo0
0pao
0oo
000
000
ooo -
ooo
ooa
000
6oo
000
eoo
000
000
Gog
e0o
goo

SUBROUTINE SE{PTLME,XLIN,KELELALAT,ALON) _ .
COMMON/NAVCOR/NAVN ,INAV,IYR, IDAY,TOTLIN,DEGLIN, TOTIFL,DEGELE,PICLY
*N,PICELE, THPS{L ;LOYRyIODAY,THyR1XyR1Y4R1ZyR1DXsRIDY,RIDZ s PITLCH ROL
Ly YAWSPTIM(3), TMNC3I, THX (3D 4y NLCOEFC2) 4 NRCOEF(2) ,SCLLOL2) ,5CLLT1(2)
*ELCOEF(11,2),5CLR0OC2), SCLR1(2) ,ERCOEF(11,2) ,NASCEF,SCLASD,SCLAST,
*1ELEMN IELEMX ASCOEF(16)

DATA INIT/O/

CALL EDGCORCPTIME ,XLIN,DELLIN,DELELE)

ALINSXLIN-DELLIN

AELE=XELE~DELELE

ISCAN=1Z00-CIFIXC(XLIN=-13)}/2

TIME=PTIME+ISCAN*THPSCL

IDIR=2

CALL PFTOTC(ALIN AELE X1 4X2, X3, IDIRLINIT)

CALL BCTOPF(X1'XZ XS,IDIR)

BC SAME AS LV HERE.

CALL STTOLV(X1,X2,X3,IDIR,TIKE)

CALL ERTOST(X1ER;X2ER yX3ER,X14X2,X341DIR,TINE)

CALL ERTOERCALAT ;ALONyX7TER, xZER,xBER,IDIR) -

RETURN

END

\

STTOLV/MCIDAS  #wwasx
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tutnnt  SATEAR/MCIDAS #sawns

BELT,L AF.SATEAR/HCIDAS
ELTO07 RLIB62 12/22-17:02:05-(0,)

000001 660 SUBROUTINE SATEAR(PICTIM )XLINyXELEsXLATyXLON,ITYPE INAV,BETALN,BET
000002 600 *DOTyATFRAC) ) :
oooo03 ooo PTIME=PICTIM

000004 als]y GO TO (142,344,52,ITYPE

0000065 0oo i CALL SEC(PTINE XLIN,XELE¢XLATXLON) ,

000006 oo RETURN -

ogooo? 000 2 CALL ES{PTIMEyXLAT4XLON,XLIN,XELE):

000008 000 RETURN

gooooe 000 2 CONTINUE

000010, 000 RETURN

000017 060 4 CONTINUE

‘000012 000 *RETURN

000013 0oo 5 CONTINUE

000014 - 0o RETURN

000015 - 000 END

END ELT.

BHDG P *x%%xx% SESMCIDAS aakaks
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TxhERE S/MCLIDBAS *****;

BELT,L AF.S/HCIDAS
ELT007 RLIBGZ2 12/22~17:02:04~(00,)

000001 000 FUNCTION S{PT)

000002 ooo C

000003 000 C THIS FUNCTION RETURNS AS ITS VALUE THE VALUE OF THE OBJECLTIVE
Coo004 poo € FUNCTION S AT THE POINT “PT%,.

oopoos goo C B

00000s 000 DIMENSION X(3,150)+Y¥(341503:TIHMECIS50)

goooo? 000 COMMON/HINCOM/ X, Y, TINE NP

000008 000 DIMENSION PT(3),H(3:+3)

000009 aoo ' SRES=D

aa0010 000 CALL UNITH) .

ogoo11 0oo CALE ROTATE(H,PT(3),3,12

gooniz 000 CALL ROTATE(HLPT(2)y141}

000013 000 CALL ROTATE(H,PT(1)42413

000014 Goo B0 10 J=1,NKP

000015 000. PO 10 1=143

000016 Qo0 0 SRES=SRES+(Y(I43)}-H(T ¢TI *X{Td)-HLI 2)%X (2,413 -HCE3)8X{3,d) %22
ooog17 600 $=5RES

000018 ooo RETURHN

000019 000 EKDS

END ELT.

AHDG yP kxdk*x®  SATEAR/MCIDAS *¥dwws
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ROTATE/MCIDAS zeasaw

SELTsL AFROTATE/sHMCIDAS
ELTOO7 RLIBG62 12722~17:02:03-(0,)

000001
000002
000003
000004
000005
000006
000007
000008
000009
000010
000011
000012
000013
000014
000015
000016
000017
000018
000019
000020
000021
000022
000023
000024
000025
000026
000027
000028
000029
000030
000031
600032
000033
000034
000035
000036
600037
000038
000039
600040
000041

END ELT.

2HDG P

oo
coo
000
coo
coo
000
noo
aoo
000
000
0oo
000
oo
0oo
000
060
oDo
000
ooo
000
006
000
000
coo
iy
000
ooo
000
00go
coo
000
000
0oc
000
i
000
060
000
000
0oo
0oo

Thh ks

xRN e Na Nl y]

SUBROUTINE ROTATEC(ALR,IR,IDERIV)

THIS ROUTINE RETURNS IN ™A' THE PRODUCT OF THE INPUT MATRIX

"AY AND A WATRIX RM, WHERE, IF “IDERIV"=1, RM REPRESENTS A
ROTATION THROUGH AN ANGLE “R*"™ (IN RADIANS) AGOUT THE AXIS “IR",
IDERIV=Z2, THE FIRST DERIVATIVE OF RM 1S OPERATED Ok Ay AND IF
IDERIV=3, THE SECOND DERIVATIVE OF RM IS USED.

DIMENSION AC3,3)4INDXYI(3),INDX2(3)
DATA Ifli1'INDx21271'193,3,2,
IRT=INDXTCIR) .
IRZ2Z=INDX2(IR)
CR=PCOS(R)
SR=DSIN(R)}
IF{IPERIV.NE.1260 TO 2
bo 1 J=1,3
T1=ACIRY,JD
T2=A(IRZ,43)
ACIRT 3 J)=CR*#TI+SR*T2
A(IRZ J)==SRaT1+CR*T2
T CONTINUE
RETURN
2 IF(IDERIV.NE.2)GO TO 4
DO 3 J=1,3
ACIR,43=0.0
T1=A{IRT,J)
T2=A(IR24J)
ACIRTJ)==SR+T1+LR*T2
A(IR24J3)==CRATT-5R%T2
3 CONTINUE
RETURN
4 CONTINUE
DO 5 J=1,3
A(IR,J)=O-D
T1=a(IR1,J)
T2=A(IR2,:4)
ACIRT,J)=—CR*T{-SR*T2
ACIR2,J)=SR*T1=~CR*T2
5 CONTINUE
RETURN
ENDS

S/MCIDAS *kxxxt
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E2 -5 2 43

Gooo056
000057
000058
oooas9y
000060
000061
000062
000063
0000564
000065
DRODs6
000067
0006468
000069
0000670
000071
oooorz
oooar3
000074
000075
000076
000077
000078
200079
600030
0DGGs1
¢0003B2
000083
000084
000005
00oa86
00CO87
goooes
00003¢%
o0c090
000091
000092
co0093
060094
000095
00009¢

END ELT.
SHDG 4P

PRTIAL/BCIDAS

(Ha1)
0DG
000
600
0oo
ey
000
ooo
0go
000
008
000
000
000
oo0o
oo¢
Goo
000
000
0ao
goo
2oo
000
000
060
0oo
gao
000
000
800
o0
¢o0o
opo
aog
000
0oo
o000
000
000
060
oo

*hkkEkuk
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LES2 & &

CALL ROTATE(HBC,B,1:2)

CALL ROTATE(HBC,A,241)

CALL URIT(HCE)

CALL ROTATE(HCC,Cy3¢3)

CALL ROUTATECHCC,B:1,1)

CALL ROTATE(HCC,Ay241)

DOTOJ=T4NP

pO10I=1,3

T=¥CL 8 —HOI 3% X {143 ~HUI 23 2XC(24J)~H(E,32*xX(3,44)
TASHACL 1) %X (T3 J)+HACT 3202 X (24 J)+BALL:3)%X{3,3)
TBEHBC(Ly 1) %X (1, JX+UBCT y20#X( 24 JIH+HB UL 43)%%X(3,4)
TCHCCLy T2 :N (T ) +HCCT 202X (2, 0)¢HC(T1,3)%x%{3,0)
TAATHAACE ;105X (1, JI4HAACT 2 #X (2,4 J)FHAACL,3)*X(3,4)
TAB=HAB(L, 1) *X (], JY+HAB{I,2)*»X (2, J)+HABCI 3 =X(3,4)
TAC=HAC(I ¢ 13 %X (14 JIHHACCT$ 20 *X (2,3 3)+HAC (I $33xX(3,J)
TBB=HBE(I 12 *X{1,J)+HEBB(I1,2) *X (2,J)+HBB(I,32+X{(3,4)
TBC=HBC(L 122X (1,J)+HBC(I,2) *X{Z,JI+HBL(I,3)&X(3,J)
TCC=HCCCL 31X *xX (3 JIHHCC (L, 2) X {2432 +RCL LT 435X (3,42
PSPA=PSPA-T*TA

PSPE=PSEB-T*TH

PSPL=PSPC~T*TC

PSPASQG=PSPASQ-T+*TAA+TA=x2
PSPAPB=PSPAPB-T*TAB+TA=%THB

PSPAPC=PSPAPL~T*TAC+TA%TC
PSPBSQA=PSPRSQR-T*TBB+TB%x%2
PSPBPC=PSPBPC-T*TBC4+TRB=*T(

PSPCSQ=PSPCSG~T*TCCHTC*#*2

GRABET)=Z2xPSPA

GRAD(23=2+PSPB

GRAD(3)=2xPSPC

HESS¢1,1)=2*P5PASR

HESS(1,2)=2+«PSPAPB

HESS(2,1)=2%PSPAPB

HESS(1,3)=2*PSPAPC

HESS(3,1)=2%PSPAPC

HES5(2,2)=2*PSPB5Q

HESS(2,3)=2%xPSPBPC

HESS(3,2)=2*PSPBPC

HESS(3,33=2+xPSPCSAQ

RETURHN

ENDS

ROTATE/MCIDAS  xsdkdx
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BELT L AF.PRTIAL/MCIDAS .
ELTOD7 RLIB62Z 12/22-17:02:02-{0,3

000001
000002
000003
000004
Do000S5
ooooos
ocooov
6000908
040009
000010
000011
oooo1t2
000013

T 000014

000015
000016
000017
000018
000019
000020
000021
006022
000023
000024
000025
000026
000027
000028
000029
000030
000031
000032
000033
000034
00GO35
000036

000037
000038
000039
000040
000041
000042
000043
000044
000045
000046
000047
000048
000049
000050
000051
000052
000053
8600054
Q00055

ITISIL

oeo SUBROUTINE PRTIALCPT,GRAD:HESS)
0Bo c . .
0oo C THIS ROUTINE RETURNS IN M™GRAD™ THE GRADIENT OF § AT “PT"™ AND IR
000 c “HESS'" THE HESSIAN OF S5 AT "“pPT".
000 C
aoo DIMENSION X(3,1502,Y(3,150), TIME(15D)
000 COMMON/MINCON/ X, Yy TIME NP .
000 DIMENSIONPT{3) ,6RAD(3) yHESS(343) yHL3 ;3),HAL3,3) jHB(3,3),4HC(3,3),
000 *HAACZ33)  HAB(3,3) s HAC( 3 3 oHBB {3433 ,BBCL3,43) HLC(3,;3)
Qoo A=PT(1) .
a0o B=PT(2) .
000 L=PT(3)
000 PSPA=D
000 pspPa=0
000 PSPL=0
000o. PS5PASQ=0
800 PSPAPE=0
000 PSPAPC=0
000 PSPB5SA=0
000 PSPBPC=0
000 PSPCSaG=0
oo CALL UNIT(H)
300 CALL ROTATE(H,C33,1)
ooo CALL ROTATE(H,B,1¢12
W] CALL ROTATE(H,Ay2:T1)
000 CALL UNITC(HA)
goo0 CALL ROTATE(HA,C;3,1)
oog CALL ROTATE{HA;By14+12
600 CALL ROTATE(HA,A.2¢2)
coo CALL UNIT(HB)
coo CALL ROTATE(HB,C;3;1>
oo CALL ROTATE(HBB,1.+2)
000 “CALL ROTATE(HB,A,2,1)
000 CALL UNITCHCO)
oo LALL ROTATE(HCC+3422
000 CALL ROTATE(HC 841,12
000 CALL ROTATEC(HC,842,1)
oo CALL UNIT(HAAD
Q0g CALL RGTATECHAA,Cy3,1)
000 CALL ROTATE(HAA E,1,1)
000 CALL ROTATE(HAA;A,2,3)
000 CALL UNITCHAB)
poo CALL ROTATE(HAB:Cy 3,12
ooo CALL ROTATE(hAB:Bs142)
0Go CALL ROTATE{HABsAs242)
000 LALL UNITC(HAC)
000 CALL ROTATELHAC,Cy3:2)
ooo CALL ROTATEC(HAC,8,1,1)
coo CALL ROTATE(HAC,A;2,2)
000 CALL UNIT(HEBR)
000 CALL ROTATE{HBB,Cs3,13
¢oo CALL ROTATE(HBG+bs 143D
000 CALL ROTATE(HBB,A,2,1)
goo T CALL UNITC(HBC)
000 CALL ROTATE(HBC,C,3,2) E}IS
PAG
ORIGINAL: S0 13T
o0R Q
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QELTyL AF-PFTOTC/MCIDAS
ELTOG7 RLIB62 12/22~17:02:02-(0,%

000001 000 SUBRQUTINE PFTOTCOXLIN GXELE s X, Y02 ,IDIR,INIT)

oopoo2 ooo COMMON!NAVCOHINAVN,INAV,IYR.IDAY,TOTLIN,DEGLIN.TOTIEL;DEGELE,PICLI
000003 000 *N,PICELE,TMPSCL,loYP,IonAY,TM,R1x,R1Y,R11.R1DX,R1DY,RTDZ,PITCH,ROL
020004 0060 *L,YAh,PTIH(E),TMN(3),THX(3},NLCOEF(2),NRCOEF(E),SCLLO(E),SCLL1(2)9
000005 0co *ELEOEF(11,2).SCLRD(2),SCLR1<ZJ,ERCOEF(11.2),NASCEF,SCLASD,SCLAS?,
000008, 000 *IELEMN IELEMX3ASCOEF(T6) .

coooo7 000 [ IF IDPIR = 1, X4YyZ TO LIN, ELE

000068 000 ¢ LF IDIR = 24 LINy ELE TO XsY42

600009 000 QRTA Pl RE,GRACON/3.14159265,6378.15,4074365747

000010 goo IFCINIT.EQG.2)60 TO 1

000011 000 INIT = 2

000012 000 ROPDE = PI/180.

600013 oo RABLIN = ROPDG*DEGLIN/TOTLIN

000014 0G0 RADELE = RDPDG*DEGELE/TOTIEL

000015 000 1 IFCIDIRLER.2)60 TO 10

000016 0og” ELEANG = ATAR(X/Z)

000017 goo XLNANG = ASIR(Y)

coonis 000 XELE=PICELE+ELEANG/RADELE

gooD19 000 XLIh = PICLIN+XLNANG/RADLIN

000020 090 RETURN

000021 000 10 ELEANG={PICELE-XELEJ*RADELE

opooze aoo XLNANG = (PICLIN-XLIN)*RADLIN

000023 0ao =—~CO0S(XLNANGY*SIN(ELEANG)

000024 pgoo Y==SIN(XLNANG)

0gcopo2s 00o 2=COS{XLNANGI*COSCELEANG)

000026 000 RETURN

000027 Qoo ENDS

END ELT,.

FHDG 4P #+x%*% PRTIAL/MCIDAS xtsss
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DELT,L AF.ORBIT/MCIDAS
ELTO07 RLIB6Z 12/22-17:02:01-(0y)

000001 000 SUBROUTINE ORBIT(X,;Yp2,T)

000002 oon REAL KE,MU,MHINMO

000003 oog COMMON/NAVCOM/NAVN,INAV,IYR,IDAY,TOTLIN,DEGLIN,TOTIEL ,DEGELE,PICL
000004 00aQ AN PICELE, THPSCLsIOYR,IODAY THyRIX,R1¥Y,RIZyRIDPX,RIDY,RTDZ,PITCH,ROL
000005 000 *L  YAWPTINC(3I) ,THNC(3) ,TMX (3D, hLCOEF{2) 4 NRCOEF(2) ,SCLLOC2) ;SCLLT{(2)
800006 000 *ELCOEFL{11,2),SCLRO(2)ySCLRT1C2) yERCOEF(1142) yNASCEF+SCLASO,SCLAS T,
ooo0o7 [elody *IELEMNSEELENX,ASCCEF(14)

000008 000 DATA RE+KE HMULEPSILN/O378415,0.07436574,7«0,1+0E-7/

Q00069 000 SQRTMU=SQRT {kU)

aooo10o 00g RO=SQART(RIX**2+RJY*x*2+RTZ%x2)

0000114 000 DO=(RIX*RTDX+R1Y*RIBPY+RT1Z*RTDZISSQARTHU

poogT2 [HH VOSQHUS(RTIDX**Z+RIDYx*2+RIDI**2) FSARTHY

0poot3 000 A=RO/ (2.~ROxvOSQMU)

000014 004g CE=(A=RO) /A

Gono15s goo SE=DQ/SGRT (A}

o001 e oo MMINMO=KE*(T~THI*SQRTHUL A%x®T 5

pooo17 000 GL=«S*MNINMO

000018 gog 5 SINGL=SINIGL)

000019 00a0 SNCSGL=SINGL*COS (GL)

000020 0ao XHUM=GL+SE*SINGL **2-CE*SNCSGL—o S*HMNINRD

gooozi (shly DENOR=T4+2*SEXSNCSGL-CE*(1-2*SINGL*#2}

000022 000 G={GL*DENOM-XNUM) /DENON

000023 oop IF(ABSCGL~GY LT<EPSILNIGOTOTO

000024 000 GL=G

000025 ~ 000 GOTO S

000026 QoQ 10 ECANOM=2%G

ooooe? Qoo C=Ax{T-COSLECANDM)D)

0oooes Goo S=SART(AI*SINCECANOH)

000029 pog F=(RO~-CJ /RO

Q00030 0ogo G=1/SARTMUX{RO*S+b0*C)

000031 ocoo X=(F*RIX+G*RIDXI*RE

000032 000 Y=(F*RI1Y+G*RIDYI*RE

gooo33 Doo 2={F*RI1Z+G*RID2)=2RE

000034 DoC RETURN

000035 gog ENDS

END ELT.

SHDG,P *x*xsx PACK Hkadwk
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Atk EAkk OFESTG/MCIDAS Ak kdkka

000113 ono C DUMP TABLE VALUES.

000114 000 . NICOL=(NCOR-1}/5+1%

000115 000 J0oUT=2

000116 000 PO 650 IWW=1,NICOL

000117 000 ENCODECI32,710,MOUTI(ICOORCIY) JOFFSETIIN) fWATELIRY ;T=IW,NCOR,
000118 Goo *NICOL)

000119 00o CALL TP{JOUT,MOUT)

000120 aog 650 CONTINUE .

300121 000 710 FORMAT C((S5(5X314,1X+F8+33FB:42))
pootz2 000 NCORMYX=NCOR

000123 000 CALL DYNASG( OFFSTD”,LUNF)
000124 000 CALL OPNCLUNE)

poQ12s 00¢ CALL WRITWC(LUNF,T1151,NCORBX)
000126 goo0 RETURN

ono127 (] o]V 990 CONTINUE

pooi28 000 CALL Ta{72H OFFSETGEN ERROR RETURN.
oo0i29 000 *

000130 200 RETURN

000131 oot ENDS

000132 00¢ SFILEMA

000133 040G DELETE GCCGCCyGORP

000134 ooo SINCLUDE IFLD

000133 200 SCATALOG

000136 noo NAME=GCCGCL ;SR H 4D

000137 Boo TYPE=FG ,

000138 0oo LIB=ATSFLB,LL

000139 o0g BEG IN

000140 000 SEQJ

END ELT.

BHDG P ##xx*x% QFSTVL  *ixxz®



thfkEx

Q00056
600057
00G058
000059 -
000060
000061
000062
200863
000064
000065
000066
000067
006068
Q00069
000070
800071
oooovz
000073
000074
000075
000076
000a7?
000078
000079
0000380
000089
000082
0000383
0000384
0ooass
0ooosé
000087
goooes
600089
000090
000091
000092
000093
0oco94
008095
060096
000097
0600098
00009y
000100
goo101
000102
000103
000104
000105
000106
oco107
000108
¢00109
0007110
000111
oooi1z

OFSTG/MCIDAS

000
000
ooo
000
goo
000
ano
Goo
000
000
ooo
000
000
000
0co
ooo
000

000~

c0o
Goo
ooo
ong
000
000
ooo
ooo
000
0G0
Hlaky]
oog
000
000
000
000
000
000
000
000
ooo
000
o0oo
000
0090
ooo
000
o0
0co
000
0eo
oo
000
o000
000

- Qoo

o000
oo
000

[ ule]

400

500

510

600

610

et kirkk

CALL BSR(LUN)

CALL BSR{LUN)

INPUT PALR OF SCANS.

CALL READW(LUN,NwZ,IEDATA}
CALL READW{LUN,NwZ,I0DATA)
CALL CRKTHR{195,1EPATAL,IEBRT)
JESCAN=IEBRT{(195)

CALL CRKATS{NBP,IEDATA,IEBRT)
CALL CRKTHR(195,10DATAI0BRT)
JOSCAN=IOBRT(195)

CALL CRKATS(KRBP,10DATA,I0OBRT)
IFCJESCANCNE+IESCANORSJOSCANSNELIOSCANY GO TO 990

0O CORRELATIONS.

00 &00 KCOR=1,.NCOR

IELE=IELEST+(KCOR-TIXIELINT

1COOR{KCORI=IELE

HAXLAG=(NLAG-1)/2

MINLAG=-HAXLAG

00 500 KLAG=NINLAG yMAXLAG

KAXBRT=0

MINBRT=512

NTSIZ=(NTSIZ-1)/72%2+1

FLP=0

L0 400 KVAL=%},NTSIZ

ICT=I1ELE+KVAL-1~nTS1Z/2

ICS=TELE+KVAL~1+KLAG+NONQFF~-NTSIZ/2

ICTX=ICT+IDOFF

ICSX=ICS+IDOFF

IPIXT=108RTCICTY)

IPIXS=IEBRT(ICSX)

MAXBRT=MAXG(HAXBRT ,IPIXT)

KINBRT=WINDCMINBRT ,IPTIXT)

FLP=FLP+(IPIXT-IPIXS)%=2

CONTINUE

STORE LP(2) MEASURE VALUE

FLPARY (KLAG-MINLAG+1}SFLP

CONTINUE

SEARCH TABLE OF VALUES OF LP(2) MEASURE FOR MIN.

10FF=NOMOFF+MINLAG

FLPHMIN=FLPARY (1)

B0 510 K=2,NLAG

IFCFLPMINLGTFLPARY (X)) IOFF=NOMOFF+(K-1)+HINLAG

IF(FLPHIN.GTLFLPARY(X)) FLPMIN=FLPARY(K)

CONTINUE

WEIGHT OFFSETS BY BRIGHTNESS RANGE.

WT=FLOAT(MAXBRT~MINERT}/512,

WATE (KCORI=WATE(KCOR)Y+WT

OFFSETC(KCORI=OFFSET(KCORI+IQFF*UT

CONTINUE

1F{.NOT.LSLASTY GO TO 100

COMPUTE AVARAGE OFFSETS.

00 610 KCOR=1,K{OR
CIF(uATECKCORY«LT.1.0E-3) GO TO 610

OFFSET(KCORY=0FFSET{XCOR)/WATE (KCOR)

CONTINUE


http:WATE(KCOR)=WATE(KCOR).WT

rrxidx QOFSTO/HEIDAS o serw

DELT L. AFOFSTG/MCIDAS
ELTOO0? RLIB6Z 12/22-17:01:59-00,)

elafefalyi [+ et] 3408 ATSSE u3200

Q00002 ooo SOPTIONL8,+9.20

000003 ~000 $FORTRAN

000004 000 SUBROUTINE RAIN

000005 ooo c OF ALTERNATE SCAN OFFSETS. CORRELATIONS DONE ON IR

o00006 poo C ASSIGN TAPE TC UNIT 10. CUTPUT IS TO PRINTER AND UNIT 20.

200007 goo LOGLCAL KWISSNG 41SLAST

600008 aoo PIMENSION IODATA(T1299),1EDATACIZ299)

00000y oo DIMENSION MINC10),MOUT(24)

¢oo010 ooo PIMENSION IQBRT(Z2598),IEBRT(2598)

0004011 ooo DIMENSION WATEC(230Q),0FFSET{(230),IC00R(230),FLPARY(D)}

000012 poa FOMKON/OFFDAT/NCORMYX,ICOOR,0FFSET WATE

000013 0oo PATA ISTATG/O/ ,NLAGSF/ 4NCOR/220/4LPRT/E/

000014 poo DATA MIN/6HGCCGCC,8%07

oooo1s 000 DATA WNW1/98/,NW2/1299/7 yNWIS3IT32/

000016 0G0, DPATA LUN/T10/,MISSNG/uFALSE/

ilthhik g 040 DATA LUNF/20/

000018 000 DATA IFIRST/500/7,IRTSCN/ B/,LSTSCH/400/

0b001% 000 DATA IELEST/100/ NTSIZ/15/,NOMGFF/ +B/,IELINT/10/

000020 ooc bATA NBP/Z2593/4+IDOFF/198/

goooei pog DATA IDSTRT/67/

00p0z2 ooo CALL IG(MIN) .

ap002z3 0go IREEL=0

000024 oo C INITIALIZE SCAN SEARCH

000525 00D IFIRST=C(CIFIRST+1)/2)%2

000026 0go INTSCN=CINTSCN/2I%?

0DoG2v 00o LSTSCN=C(LSTSCh+13/2) %2

poooze 000 IESCAN=IFIRST+INTSCN

000029 aoo CALL GTAP(14,IREEL 4LUN)

000030 [+Is]s] CALL REWCLUN)

000031 0oo C SKIP HEADER RECORDS

000032 0no CALL READW(LUN,NW1,IEDATA)

00033 000 “CALL READW({LUNk,Hal1,IlEDATA)

000034 Qoo 100 IF(MISSNG) IESCAN=IESCAN-2

000035 (e} IF{.NOT.M1ISSKG) IESCANSIESCAN-INTSCN

000036 000 10SCAN=IESCAN~T

008037 000 ISLAST=IESCAMN.LE.LSTSCH

0000338 ooo 200 CALL READW{LUN,Nw1,IEDATA)

000039 000 CALL CRKTHRC195,1EDATA,IEBRT)

000040 000 JESCAN=IEBRT(195)

00ag41 000 KISSNG=JESCAN,LT.IESCAN

000042 sl IF(ISSNG) ENCOGDEC(132,701,MOUTIIESCAN

000043 000 IF{MISSNG) CALL T@(hOUT)

000044 ¢no 701 FORMAT(1X, "SCAN NUMBER ,15,” NOT FOUND.")

400045 000 IF{MISSNG) GO T0O 100

gooo46 g0Q IF(JESCAN.GT.IESCAN} GO TO 200

000047 000 c EVEN SCAN FOUND. NOW CHECK FOR 0DD SCAN.

000048 oo CALL READPWI{LUN,N~1,I0DATA}

000049 000 CALL CRKTHR{i95,10DA2TA,IQ0BRT)

C00050 000 JOSCAN=IOBRT(195)

000051 000 MISSNG=JOSCAN.NE.IOSCAN

000052 006 IF(HMISSHNGY ENCODLC132,701,MO0UTY 10SCAN

000053 000 IF(MISSHGY CALL TQ{MOUT)

000654 Qoo IF(MISSNG) GO TO 100

000055 coo c BACK UP TO READ 1IN DBATA.

D BAE

Cﬁyﬁ} R Qﬂ)hl}
oF 200



650
710
29y

115
9949

OFSTG/AOIPS

Jour=2

bD 659 Iwwz1,8ICOL

WRITEL(LP,710) (ICUOR(LN) ,OFFSET(IN) ,,wATECLN), Iu=Ins,NCOR,NICDL]
CUNTINUE

FURMAL ((5(5X.1¢,1X,FB.3,F8.413})
NCOKMX=NROOR

GO TO 999

COnNTLINU®E

WRITE(S,T719)

FORMAT(2X, 'OFFSETGEN &KROR RLTURN. ')
CONTINUE

CALL LOTPRe(LUN)

CALL REQULS(RADS0('OFSTF2'))

END



OFSTG/ AQOTIPS

LYEN SCAN FUUND, NOUW CHEZK FOR UDD DCAN.
CALL 1O0TPINCLUN,LUDALVA,HH],LE,1SEAL)
CALL CHRALHKR{195,1UDATA,IUBKT)
JUSCAN=LIUBRT(195)
K1854G=J05CaAN.NE, IUSCANR
1E(MISSNG)WRITE(IT.701)I05CAN

LF{M188uG) GO [0 100

¢ BACZK UP I0Q READ IN Dall.

CALL IOLPSR{LUN,=2,I8]AT}

InPUT PALR UF SCANS,

CALL 1OUIPINCLYUN,I&DATA,NnZ,LE,ISTAT)
CALL CRKIHR(195,1EDALR,1EBRY)
JESCaN=16BRT(195)

Cabt CHRKAIS(NBP,LIEDATA,IEBRT)

CALL IOTPIN(LUNSIOUATA,ww2,LE,ISTAT)
CALL CRKTHR(195,luDATA,l10BRL)
JOSCAN=1OBRI{ 195}

CALL CRKALIS{WBP,10DATIA,10BRT)

IF(JESCAN  NE . IESCANJORLJUSCAN.NELIDSCA) GO TO 950

0

DO CORRELATIONS,

Q0N

00 b00 XTOR=1,NCOR
IELE={ELEST+(KCOR=1J%¥IELEINT
ICOOR(KCOR)I=1ELE
WAXLAS=(NLAG=1)/2
RINLAG==MALLAG
BU 500 KLAG=MINLAG,MAXLAG
MAXBRE=Q
AlNbRI=512
NTSIZs(NTSIZ=1)/2%2+41
FLp=o
PO 400 KvaL=1,NTSIZ
1CT=1ELE+RVAL=1-NFS1Z72
1Sz ELE+AVALal +KLAG+NOOFF «NTSIZ/ 2
ICIk=1CT+1D0OFF
1C5X=ICS+100FF
1PIXT=108RICICTA)
IPIAS=1E8RT(ICSX}
MAXBRI=MAXO(MAXBRT,IPIXT)
MINBRI=HINO(ALNBRT, IFLLT)
FLpe=rLP+(iPLaT~Ipv1X53452
400 coNplnuge
c STORE LP(2) MzASURE YALUE
FLPARY (KLAG=-HINLAGHLI=FLP
500 CONLINUE
¢ SEARCH TABLE OF VALUES OF LP(2) MEASURE FOR MWIN,
I9FF=nundFF+rInbaG
FLEMINSFLPARY (1)
DO 510 K=2,8LAG
IF(FLPMNGT.FLPAKY(KY) IOFF=NOMOFF+(K=1)+MINLAG "
IF(FLPHIN.GL.FLPARY(K)) FLPMIN=FLEFARY (K}
510 CONPLINUE
C neIGud OFFSETS 8Y BRIVHTRESS RaNGE,
WI=FLOAE(MAXBRI=-NINBRT)I/S12,
WATE(RCUR)=4A1E(KCORY +WT
OFFSET{KIURIZOFPSET(KCOR)Y+IOFF*uT
600 CONTINUE
IF(.NQF.ISLAST) GO TO 100
CUOMPUKE AYARAGE OFF SLTS,
D0 610 KZOk=1{,nCOR
IF(nAE(KCOR) sLTul.00=3) GO TO &1
QFFSET(KCOR)=0FFSET(RCOK) /WATE(KCQR)
610 CUNYINUE
c DUNP TABLE VALUES,
NLICOL=(NCOR-1)/541

[ ]
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OFSTG/AQIPS

PROGRAM 10 GERERATE FPABLE
OF AULTERWALE SCaN OFFSEDS, CORARRLATIONS DOnNE Od IR.
ASSIGN TaPr 10 Udll TEN, QUTPUL IS IO PINIER AND GLOBAL COMMON
LOGIZAL ¥ML1SS)G,ISLAST
Divensiyn 1ODATA(SH0U), LELDATA(SE600)
EQUIVALENCE(IODAJA,LEDATA)
DIMENSLION &LlN{10},4001(372
DIMENSION 108RIC(2598),1EBRT(2598)
DINENSION WALRC(£30),0rFSET(2303,2CO0R(230).FLPARY (D)
COMmUN/BUFFER/ #A1E, OF b SET
COMMON/BUFE1/78CORME, LCOOR
DATA LSLalG/0/,RLAG/S/,WZ0R/220/,LPRT/SE/
DALA NWL/Y 877, Na2/1949/,8N93/5568/
DATA buN/s10/,.M1ISSNG/ FALSE./
Dara LE/6/.11/5/7
DATA EFIROI/800/,INISCK/ B/ ,LSTSCN/400/
OAfA LELESP/100/.nwISIZ/15/2N0OKOFE/ +8/.JELINT/L0
' DATA NAP/£598/,10UFF/196/ N -
DATA LUSTRE/GI/
c INITLALIZE SJAN SEARCH
LEIRSI=(LIFILST+11/23%2
INrSCns(INISCR/2)%2
L5T3CA=({LSTSONF1)/72)%2
1ESCANSIFIRSTHINISON
NCORME=O0
Do 19 I=1,230
®ATECLI=0.
OFFSET(I)=0,0
1C0ORLE)=0
10 CUNTINUE
EAZODR(TA,TOZ,H0UL)
702 FORMAT(1Xs'HOUNT TaPE. ENTER DRIVE RUMBER')
MENUSE
CALL InCOM{MDUT,36,t,1 ., 0IN,HEND,L,1)
LHUNLT=mLH (L)
IF(MENU.LT.Y) GO TD 999
LECHENU ,EQ« 0} TAURI =0
CALL ASWLUN{LUWN, 'oid!, IMUNIT)
CALL IUTPHW(LUN)
c S41P HEADER RECORDS
Canly LUTPSRILUN,+2,I5TAT)
100 1f {0l5SkC) IESCANSILSCAN2
LF(.NOL,9188NG) 1£SCAN=ILSCAN~1NTSON
IOSCAN=[LSCAN=1
1SLASI=LESCAN, bL  LSTSCN
200 CalLi, IOTPIt{LUN,ILDATA,NW],LE,ISTAT)
CALL CHrIHKR{195,!150ALA,186RI)
JESCAN=IERRT(195)
- Bls6NG=JESCAN,. LT, LESCAN
IF(415SNGInRLILLIT, 701 ) IESCAN
701 tUR¥MAT (1L, *STAN OuMbeR',15.' NOT FOURD.')
IF(MISSHG) GO TO 100
If (JESCAN,GE,LESCAN) GU 1D 200

rmm Mmaa A

Qoo


http:uMtbtR'.I5

whaxks  OFSTF/MCIDAS s#hdkes

600056 poD SCLASO=xD
000057 [Ha ] SCLAST=XD
000058 000 - IELEMN=ILE
g00gs59 ogo IELEMX=IRE
00060 sl ]3] IX=px{K~13/2
000061 oog 00 29 I=0,M
00o0s&2 000 COEFCI+1)=UORK(I+F+1%)
000063 DGO 29 ASCOEF(I+1)Y=COEF(I+)
000064 ooQ [ STORE DATA
000065 o000 CALL UWCOM
000066 ooo C PRINT COEFFICIENT, DEGREE SCALING
000067 000 ERNCODE(132,720,M0UT)H
G000sR 000 CALL TPOJOUTsMOUT) .
000069 poo 720 -FORMAT(10X, "DEGREE=",12)
000070 00D . EHCODE(132,?21,MOUTJXU,XD
“o0o0T7 poo CALL TP(JOUT,MOUT)
o007z aoo 721 FORMAT(?X,’SCAL]NG PARAMETERS. X0=',515o91' XD='.E15=9)
Q00073 oo PO 30 1=0,n .
go00074 o ENCODE(132,722,MOUT)I,COEF(I+T)
ao0075 ooo 0 CALL TPUJOUT,MOUT)
000076 Doo 722 FORNAT(10X,'D(',12;')=’gE15.9)
(tfo]a1slrarg gpo RETURN
aopgye 000 990 CONTINUE
popo?e 000 ENCODE(7352,720,MOUT)IER
000080 [e]a]y] CALL Ta{mMOUT)
Q00031 000 RETURN
000082 080 730  FORNAT(1X,”ERROR CODE=~,I2)
DogO083 Joo ENDS
aoD0s4 a4 ]| SFILEMA
000035 0oo DELETE GCLGCC,GORP
000086 000 SINCLUDE ATSSSP
oogoay g0 SCATALOG
0000388 Q0o NAMEZGCCGCC:5pRyWeD
goooae 0oa TYPE=FG
000090 poo LIB=ATSFLB,LL
000091 000 BEG IN
006092 000  SEOJ .
END ELT.
BHDG P rkd%*x  OFSTG /MCIDAS 4x4dan
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AGE
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5JOB OFSTFT U3200
SOPTION .8,9413,20
$FORTRAN

gooom
000002z
000003
po00D¢
000003
oooaoos
ooooo7
0o0008
000009
co00010
000011t
goooqe2
©£00013
000014
000015
pooote
goao17
gocois
c00019
aboozn
6a0021
000022
o0ooz3
000024
00025
600026
gogoear
G00G2E
00002%
600030
000031
008032
000033
000034
000035
000036
600037
0000338
000039
000040
000041
000042
600043
000044
000045
ong0s4s
000047
000048
00C049
00050
Qo005
000052
oD0G53
00G0S4
G00055

oca
0¢o
000
004
000
gao
000
000
ocao
oco
0oo
oo
Goo
0co
Doo
006G
000
ooo
oap
000
600
goo
oQo
oo
08D
0ao0
oco
0co
caod
0oo
000
oo
oco
0oo
ooc
0co
0co
0Go
Heh)
000
ooo
0co
000
oco
]
000
0g0
oao
000
000
000
ooo
000
000
6Go

c
c
C
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28

SUBROUTINE MAIN

PROGRAM TO FIT POLYMNOMIAL TO ALTERNATE SCAN OFFSET DATA STORED IN
UNIT 10 BY PROGRAM OFFSETGER. INPUT PATAS:

CARD1: FIRST~POINT—ELEMENT-COORDINATE LAST-POINT

LOGICAL OPTION

DIMENSION ICORLM{2),XSCALE(TI0Y,0FSTLH(2)Y,YSCALECIO)

PIMENSION DATI(4690),W0RK(231)

DINENSION COEF{(21),LABEL(12)

DIMENSION MINCTO0),MOUT(24)

COMNMON/OFFDAT/ hCORMX;ICOORC2302,0FFSET(230) +WATE(230)

COMMON/NAVCOM/NAVN gINAY, IYR, IDAY » TOTLIN,DEGLIN, TOTIELyPEGELE,PICLE
*N PICELE, THPSCL:10YR,IODAY ,TH,RIXyR1Y,R1Z,RILX,RIDY,R1BZ,PITCH,ROL
*L G YAW,FTIK(Z) , THN(3), THX (3, NLCCEF(2)4NRCOEF(2),5CLLOCZ),SCLLTIC2),
*ELCOEF(T11+2)3SCLROC2) ySCLRT(2) yERCOEF(T11,2) ¢yNASCEF,SCLASO,S8CLAST,
*IELEMN,LELEMX,ASCOEF{16)

DATA ICORLR/O0,2400/,0FSTLE/S.415.7

DATA LP/6]

PATA MINDEG/15/

DATA MINSGHGCCGCLC,8%0/ ,LUNF/ 10/

CALL IGC(MIND

READ LIWMITS OF USEFUL DATA {ICOCR LIMITS) FROF CARDS.

TLe=MIN(1)

IRE=MIN(2)

JouT=1

IFCOPTIONLMINCE) ,3H P)) JOUT=2

READ 1IN OFFSETS AND WEIGHTS AND COORDINATESS(ELEMENT NUMBERY

CALL DYNASG( OFFSTD ,LUNF) -

CALL OPN{LUNF)

CALL READW(LUNF,1151sNCORKX)

B0 10 I=1yNCORMX

IFCLCOORCI).EQ.ILEY ILEAE=]

IFCICOOR(I)LEQ.IREIIREAE=]

CONTINUE

NPTS=IREAE-ILEAE+1

FIT LEAST SQUARES POLYNONIAL.

IN=0

DO 25 I=ILEAE,IREAE

IN=IN+1

DATICIN)=ICOORLI)

PATI(IN+NPTSI=0FFSET(I)

DATIC(IK+2*NPTS)=WATE(T)

CONTINUE

CALL APCH(DATI,NPTS,MINDEG,XD,X0,%0RK,I1ER)

IF(IER.NE.D) GO TO 990

ETA=1.UE-3

EPS=1.0E—4

10p=~1

CALL APFS{WORK MINDEG,M,I0P,EPS,ETA,LIER)

IF({IER}IF90,28,28

CORTIMNUE

CALL RCOM

NASCEF=M



29

720

121

30
722

8990
4995

130

OFSTF/AOQIPS

TIELESXSLIRE

Liz=Ms(l=1)/2

DO 29 1=0,H
CORFLI+1)=wORK(141¢1X}
ASCOEF(1+13=00eF(I+1)

PRINT COEFFICIENT, DEGREE SCALING
SRITECIT, 7203

FURMAT(10X, 'ORGRERS®,12)
wRITEC(LI,T721)X0,%D
FORMAL(2X,"SCALING PAKAMELERS, X0=',E15.9,!
0O 30 I=0.M
wRITE(LY,722)1,COEF(I+1)
EORMATCIOX, FD(Y,12,%)=1,E15.9)

GU TO 499

CONTINUE

WRITE(LY,730)IER

CONTLINUE

Call: REQUESCRADSO('ATISF2'))
FURMAT(1X,'LRROR CODE=!',I2)

END

XD=1,E15.9)


http:FORMAr(IOXTO('.I12.1=''.EI.92
http:XD=',E15.91
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OFSTF/ACIPS

PROGRAM TU FIT POLYNOMTAL TO ALTERNATE SCaN OFFSET uATA STORED IR
UNIT 10 BY PROGKAM OFFoblGEN. INPUT DATAS

CARD1: FIRS1=-PUINT=ELENLNI~CODRDINATE LAST<POINT

LOgiCcal, upPIilpN

DINENSION LCORLMCU2),X5CALEC(LIC),0FSTLM(2).YSCALECLIC)

DIMENSIUN DAT2(690)wORK(231)

RIMENSIDN CO&r (21),UABELC12]

O1uenSL0n MEn¢10),4001(37)

DiMEnsIud LCOUKL230),0FFSET(230),.wATE(Z30)

COMMDN/BUFFLR/WAIE ,OFFSET

CUMMON/BUFF1/nCORAEX, ICOOR
COMMUN/FAVCIM/WAYA, INAY, TYR, IDAY, TOTLIN,DEGLIN, TUPIEL,DEGELE, PISLL
*1,PICELE, IMPSCL, LOYR JUDAY, L8, R1IX, R1Y, H1Z, R1DX . R1LY, K1IDZ+PILCH ROL
FLoyANPFIYM(3),T8N(3),1da(3), NLCOLE {23, huIDEF(2),3CLLOT2),SCLLL(2).,
$ELCOLE(11,2),5CLKO(2),SCLRL(2),RCOEF(11,.2), ,NASCEY ,5CLASO,SCLASL,
L1ELEYMN,IELEYAASCOEF{16) -

Daia ICORLM/Y, 2400/,0F5TLM/54,15.7

DATA LP/&/ .

Data 17T/5/

DATAR MINDEG/LS/

BENg=2

CALL InNCOM(' ENIER LEFI, RIGHT ELEMENTS FROM PRINIEK LISIING.',49.
3,1, 4IN,1,1)

iF(HENU.LELD3 GO TOD 299

READ LIMILS OF USEFUL 0ala (ICGOR LiMITS) FROM CARDS.

ILE=MIN(L)

LRE=HMIN(2]}

KeAD IN OFFSETS AND wEIGHTS AND COOQRDINATESSCELEMENT NUNMBER)

Vo 10 1=1,NCURMX

IF(ICOOR(1).EQ.ILE) 1LEAE=I

IFCICO0RILI) Ry . LRE)IREAE=]

CON1 INUE

HpIS={REAE~ILEAE+E

FLI LEASI SQUARES POLYNDMIAL.

In=0

DO 25 I=ILEAE,IREBAE

IN=In+1

DATIC(LNI=IZOORCI)

DAPLCEN+WPTS ) =0E FSLT{L}

DAFL(IN+Z¥NPTIS)=wATE(L)

ConILaUE

CALL APCHIDATI.uPIS+HINDEG,XD.X0,HW0ORK,IER)

IFITER.NL.0) GU 10O 9%u

Efa=t.0E~3

LPS5=1,0k-4

I0p=~-1-

CALL APFS(WORK,mINDEG,M,1lyP,EPS,ELA,IER)

1F{IER)990,28,28

CONTIHUE 5
s, o
SCLASE=XD oF P00

ILLEHNEILE


http:IFIIER.Nb
http:APC(DAII,ijP1S,MINDEGXD.XO
http:ICORLM/O,2400/,OF&EM/5..15
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BELTyL AFNRMLIZ/MCIDAS
ELTO07 RLIBG&Z 12/22-17:01:57-(0,)

000001 0G0 SUBROUTINE NRMLIZ (VX VY, ,VZ,VRGRH)
opoooa 000 VNORM=S5QRT(VX**x2+VYAN24YZ*%2)
go0o03 080 VXsVX/VRORHK

0000G 4 000 VY=VY/VNORRM

800005 00d VZI=VZ/VNORH

000006 0G0 RETURN

goooov 000 ENDS

END ELT.

DHDG,P #kkaxk OFFSETFIT Fd#ans
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SELTsL AF.MINMIZ/MCIDAS
ELTO07 RLIBE2 12/22-17:01:56=C(04)

000001
ootoooz2
‘000003
co0004
000005
000006
0000607
goooos
000009
000010
000011
o000tz
000013
000014
000015
000016
000017
000018
000019
000020
000021
Go0022
ae0Ge3
000024.
000025
000026
0poozv
0co0z8
oogoze
000030
000031
000032
0600033
0000634
000035
000036
000037
oco038
00p039
000040
000041
000042
000043
000044
000045
000046
000047
000048
000049
000050
006051

END ELT.
FHOG 4P

Qo0
000

000

ooo
D0o
000
000
0oo
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Q00
000
000
00
ooc
ogo

000’

iy
000
000
000
000
0ao
oo
000
000
0G0
000
000
goo
000
000
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000
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0oo
coo
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000
000
000
000
coo
000
goo
o000
0oo
ooo
0G0
6oo
000
coo
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SUBROUTINE MINMIZ (PTIN,PTOUT ,GNORM VAL ,ITH)

THIS ROUTINE PERFORMS A MODIFIFD NEWTON HETHOD MINIMIZATION. IT
BEGINS AT THE POINT “PTIN® AND RETURNS IN YPTOQUT" THE POINT
SELECTED AS THE OPTIMAL POINT, IN ®GNORM®™ THE NQRM OF THE GRADIENT
OF S AT- “PTOUT™, AND IN “VAL™ THE VALUE OF THE OBJECCTIVE FUNCTION
S AT "PTOuT"« A POINT X(K+1) IS DEENED OPTIVAL WHEN

ABS (S {X{K+11 ) =S (X(KIII<=(T0*+=T0Y*ABSCSI{X(KIN)

LOGICAL ALTRET s

SIKENSION PTINC3),PTOUT(3)

DIMENSION HESS(3,3),6RAD{3),PT(3},DIRL3)

CATA CONVRG,ITERAT,EQUALDS/1.0E-18,25,1.0£~30/

ITH=0
DO 5 I=1,3

5 PTCL)=PTIN(I)
OLDVAL=S({PT)
DO 50 I=1,ITERAT
ITN=ITh+1
CALL PRTIALLPT +GRADHESS)
CALL INVERT(HESS,HESSy3,ALTRET)
IFCALTRET) GO TO0 16
0o 10 J=1:3
BIRCII=D
00 10 K=1,3

10 BIRCJI=DIRCII—HESS (I KI*GRAD(K)
epD=0
Do 15 J=1,3

15 BDD=DDD+DIR(IYI*GRAD (J)
IFCPDDLT.-EGUALOIGOTO 25
IF(DPD.GT.+EQUALDIGOTO 19

16 0bD=0
B0 17 Jd=1,3
DDD=DDD+GRAD{JI*%2

17 DIR{JI=—GRAD(J)
GOTO 25

12 20 20 4=1,3

20 pIRCJI==DIR(J)

25 CALL LS(PT,PTOUT,VAL,DDD,DIR3}

~“ 1F(ABS{VAL~OLDVAL) . LE+CONVRG*ABSCOLDVAL)Y &0 TO 60

OLDVAL=VAL
20 30 J=%1,3

30 PTCII=PTOUT(L)

50 CONTINUE

60 GRORM=0
Bo 65 I=1,3

65 GNORM=GNORM+GRAD(ID*%2
GNORM=SQRT(GNORM)
RETURN
END3

*xkxkx*  NRMLIZ/MLIDAS *xxxxx
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000001
0aoDoe
0000G3
0000604
0anoos
ocooos
goooo?
000008
000009
000810
000011
060012
090013
000014
gogots
000016
0Goo17
000018
gooo19
000020
0oo0et
ooooz2z
000023
a000z4
000025

END ELT.
2HDG,P
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600
ooo
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ooo
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0ogo
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000
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SUBROUTINE LS(X Y VAL+DD,DIR}

THIS ROUTINE PERFORMS AN ARMIJO LINE SEARCH FROM THE PDINT ®g®

IN THE DIRECTION YBIR™ AND RETURNS THE SELECTED POINT IN Hy*®

AND THE OBJECTIVE FUNCTION VALUE S{Y) IN *VAL". ON CALL. "pD"

1S THE UNMNORKALIZED DIRECTIONAL DERIVATIVE <GRAD(S{X))4DIR>.

THIS LINE SEARCH ROUTINE RETURNS IN Y THE POINT X#2=x(-N)*DIR,
WHERE v IS THE LFEAST NONNEGATIVE INTEGER SUCH THAT
~S{2*%(-N)*DIR) REPRESENTS AT LEAST 40X OF THE FUNCTIONAL DROP

IN THE LINEARIZATION OF § AT X IN MOVING FROK X TD X+2**{(=N)}®DIR.

PIMENSION X(3),Y{3),0IR(3}
DATA FAC,HALK/S5.GE=1,T.0E~-574
RLAM=1.0
TSTVAL=+4*RLAM%ABS (DD)
OLDVAL=S (X)

1 IF(RLAMCLT+WALKIRETURN
PO 2 I=1,3

€ YCIXI=X(I)+RLANM*DIR(I)
YAL=S(Y)
IF(OLDVAL-VAL.GE.TSTVALIRETURN
TSTVAL=FAL*TSTVAL
RLAM=FAC*RLAM
GOTC 1
ENDS

MINMIZ/MCIDAS  ®#xzadxk

ORIGINAL PAGE I8
OF POOR QUALITY]



wuhtnrt LATSFEIMCIDAS twawt

000170 0oo ENDS

2400171 ooD SFILENA

000172 00D DELETE LDATSF,GORP
000173 Goo $INCLUDE XIFLD
000174 oop SCATALOG

001?75 000 NAME=SLDATSF45,Ryleb
000176 oo0 TYPE=FG

600177 000 LIL=ATSFLB,LL
0o0ive 000 BEG IR

000179 000 SEDJ

END ELTe.

BHDG P xtsa® [ DATSF Axsinw
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000113
coD114
000115
00D11é
0001147
000118
000119
000120
000121
pootaz
gooq23
000124
000125
-00012¢6
000127 -
000128
00012¢
000130
000131
000132
0o0133
000134
000%35
000136
000137
000138
000139
000140
000141
poot4z
000143
000144
000145
000146
000147
006148
000149
000150
000151
000152
000153
co0154
000155
000156
000157
000158
000159
000160
000161
000762
000163
000164
000165
000166
Q00167
000168
00016%

LATSF/HCIDAS

gon
poo
oo
0oo
ooo
000
ooo
000
000
000
ooo
Hgy
000
000
0go0
000
(Hly
ooo
goo
000
0oo
ooo
oo
goo
000
000
oo
069
0oo
coo
000
ooo
000
000
0oo
000
000
000
000D
060
ocoo
ooo
0og
goo
o0o
000
0oo
000
000
coo
600
0oo
000
000
000
000
000

221
701

922

50

100

150

100

TARALE

CALL EMESSC3HREG,D)

RETURN

YRITE(LP,701)

FORMAT(1X, E-0~-F TERMINATES LOAD")

CALL MARKOK{IAREA)

CALL MARKOK(IRAREA)}

CALL REWILUN)

RETURN

CONTINUE

CALL EMESS(3HREQ,D)

RETURN

END

SUBROUTINE LINGRB(INDATA,SPIR,ELE,NELES,BDF,QUTDAT)

IMPLICIT INTEGERCA-Z)

DIMENSION INDATA(1),0UTPATC(T)

BIMENSION TDATC(2406),DLELE(ST2)

COMMON/OFFSET/DLELE

DATA WOFF/6/7«NESR2406/

IF(BDF.NE.1) CALL EMESS{3HREGyBDF)

IF{BDF.NE-TY CALL EXIT

102=ELE-~1 )

CALL CRKATS(NE,INDATA,TDAT)

IF(SPIR.EQG.T) GO TO 100

SHIFT EVEN SCANS

PO 50 I=7,NELES

PE=I+I02+DLELE{I)+HOFF

DUTDAT(IX=TDAT{(DE}

CONTINUE

CALL PACK(NELES,OUTDAT,0UTDAT)

RETURN

CONTINUE

LOAD ODD SCANS

PO 150 I=1,NELES

DUTLAT(II=TDAT(I+IQ2+WOFF)

CONTINUE

CALL PACK(NELES, OUTDAT QUTDAT)Y

RETURN

END

SUBROUTINE GENOFF(IUELE,NELES)
COMMON/NAVCOM/NAVN ,INAV,IYR,IDAY , TOTLIN,DEGLIN, TOTIEL,DEGELE,PICLT
#*N,PICELE, THPSCL,I0OYR,TODAY ,THyRI1X,R1Y,R1Z,RTDXR1DY,R1DZ,FITCH,ROL
KL YAWLPTIMCI) s THNC3) ) TMX(Z) o NLCOEF(2) ,NRCOEF(2),SCLLG(2)SCLLT(2)
*ELCOEF(11,2YsSCLROC2Y ySCLRTC2)Y ,ERCOEF(1T42) 4 NASCEF,SCLASO,5CLAST,
*IELEMNSIELEMX,ASCOEF(18)

COMMON/OFFSET/IDLELE(ST2)

DATA NOWOFF/8/

CALL RCOM

NEND=IUELE4NELES~]

po 100 1=1,NELES

IDLELECI)=NOMOFF

IELE=IUELE+I-}

IF(IELE«LToIELEMN+OReIELEMX LT IELEIGO TO 100
T=IELExSCLAS1+SCLASO

CAtL CNPS(Y,T,ASCOEF,NASCEF)

IDLELECI)=Y+0.5

CONTINUE

RETURN

ORIGINAL PAGE IS
OF POOR QUALITY
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000056
- 000057
000058
00005¢%
000060
000061
G000s2
onnons3
000064
000065
000066
600067

000068

000069
000070
000071
000072
000073
000074
300075
000076
000077
000078
000079
000080
0000&1
000082
000083
000084
000085
DO00SS
000087
000088
000089
000090
000091
000092
000093
000094
000095
000096
600097
000098
0000699
006100
000101
000102
000103
000104
000105
000106
000107
000108
000109
000110
000111
£00112

LATSF/MCIDAS

oo
000
coo
ooo
0040
ooo
ooo
00
004o
000
000
0oo
000

000

ooo
000
0oo
069
000
000
coo
0oo
000
0GD
0co
0oa
000
000
000
0ao
ooo
0oo
000
0G0
a0o
000

acg .

aca
oo
Goo
H)]
aoo
000
0ao
000
000
ooo
Qoo
ke
000
ooo
goo
000
ooo
000
aoo
000

502

510

511

601

690

910
212
913

L2 2.2 3

IFILE=IFILE-1
IFCIFILE.LT+1)60 T0 502

G0 TO 922

CONTINUE,

ADVANCE TO FIRST SCAN TO INPUT

CALL READWCLUN,NWA,IARRAY)

CALL READWCLUN4NWA,IARRAY)

PO 510 1=1,1200

CALL READW(LUN,NwA,TARRAY)

CALL CRKTHR(195,TARRAY,1AROW)

INMS=IAROW(T95)

IF(INMS.LE.IUMS) GO TO 511

CONTINUE

60 TO %22

CALL BSRCLUW)

START MAIN LOOP TO READ DATA IN AND STORE

READ A SCAN

CALL READYW (LUN,NWA,IARRAY)

CALL CRKTHR(19S,LARRAY,I1AROH)

IKMS=IAROW(195)

TFCINMS,LT.ILMS) 60 TO 690

MAP SCAN NUMEER TO AREA ROY

L1=C1200-INMS) #2+(3-2)

L2=01200-TNMS) #2+4(3~1)

LAT=L1-IULINE

LA2=L2-IULINE

LR1=M0D(LA1,1BDF)

LR2=MOD(LA2,IBDF)

IFCLRT.NE.D +AND. LR2.NE.O) GO TO 601
IROWT=LA/IBDF

IROWZ=LA2/ IBDF

NS=NSECL(NELES)

ISD=MODB(INMS,2)

ISECT1=NS*IROMT

ISEC2=NS*IROUW2

PICK OUT LINE SEGMENT

FIRST VISIBLE LINE

IFCIFVIS.AND.LRT1.EQ.0) CALL LINGRB(IARRAY(2497),15D,LUELE,NELES,1B
*DF 4 LTAROW) .
IFCIFVIS.AND.LRT.EQ.0) CALL WRITACIAREA,ISECT,NS*112,IAR0M)
SECOND VISIBLE LINE .
IFCLFVIS«ANDJLR2.EQ.0)CALL LINGRBC(IARRAY(1297),15D,IUELE,NELES,IBD

*FIAROK)

IF(IFVIS.ANDLLR2.FQ.0) CALL WRITACIAREA,ISEC2,NS*112,TIARQOHW)
INFRARED )

IF(IFIRY CALL LINGRBCIARRAY(O7),ISD,IVUELE,NELES,IBDF,IAROW)
IF(IFIRAND.LRT,EQ.0) CALL WRITACIRAREA,ISECT,NS5%112,T1AROHW)
IFCIFIRWANDSLRZ4EQ.0) CALL WRITACIRAREA,ISEC2,NS*112,IAROW)
GO TO0 601

CONTINUE

CALL MARKOK(IAREA)

CALL MARKOK(IRAREA}

CALL REW(LUN)

RETURN

CONTINUE

CONTINUE

CONTINUE
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kEEREN

ELTOO7 RLIB&2 12/22-17:01:53~-(0,)
5J0B LRATSF u320C
$OPTION .8,9,13,20
SFORTRAN

00000
gooooz
000003
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000005
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oocoGge?
000008
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00Q010
000G 11
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0Ccooi4
000015
000016
000017
000018
0000179
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000030
000031
000032
000033
000034
000035
000036
000037
000038
000039
000040
000041
000042
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000044
000045
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000047
000048
000049
000050
000051
000052
000053
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00o
000
0aoo
ooo
oo
000
oo0
000
0G0
0G0
000
0oo

C

SUBROUTINE MAIN A

PROGRAM TO READ IMAGES FROM ATS~-6 TAPES.
LOGICAL IFfVIS,IFIR,OPTION

DIMENSION MINC12),IARRAY(3732),IAROH(E72)

PATA LUN/1O/,LP/GS,ICRIS/

DATA MIN/OHLDATSFe10%0/ NHAZZT3I2/

PICK UP INPUT PARAMETERS

CALL IQ(MIN)

INPUT: SSYYDDD HHMMSS AREA LINE ELEMENT
IDAY=MINC(1T)

ITIME=MIN(Z)

IAREA=NMIK(3)

LINE=MIN(4)

IELE=MIN(S)

18DF=1

IREEL=0

KEY=3H

COMPUTE DERIVED PARAMETERS

ISS=IDAY /106000

IFILE=1

IvSS=(18s8/2)x2

IRSS=IVSS+1

IFVISSISS.EQ.IVSS
IFIR=ISS.EGWIRSS.OR.IAREA.LT.Y

IRAREA=IAREA

IFCIFIRLAND.IFVIS) IRAREA=IAREA+S

PICK UP AREA SIZE

CALL HOWBIG(IAREAyNLINS,NELES)

IF{NELES.G6T.5672) G0 TO 922

COMPUTE UPPER LEFT CQOORDINATES

IULINE=LINE

IUELE=]IELE

IFC(OPTIONCKEY,3H C)) IULINE=LINE~(NLINS/2)*IBDF
IF(OPTIONCKEY+3H £3) IVELE=IELE-~-(NELES/Z2}*1BDF
IUMS=1200-CIULINL=-1)/2
ILLINESIULINE+{NLINS~T)*IBDF
ILMS=1200-CILLINE-T3/2

CREATE IR AREA FOR COMBINED LOAD
IFCIFIRANDLIFVI®) CALL ARASIZ(IAREA+8,NLINS,NELES)
ESTABLISH AREA DIRECTORY

IGE=(

CALL ENAREACIAREA,IREEL yIDAY ITINE,JULINE,IUELE,IBDF,IBDF;IGE)
IRREEL=IRSS+*100000+M0D(IRELEL,100000)
IFCIREEL+EQ.0O) IRREEL=0
IRDAY=IRSS*100000+MODCIDAY,100000)
IF{IFVIS.ANDLIFIR) CALL ENAREACIAREA+8,IRREEL,IRDAY,ITIME,IULINE,I

"%UELL 4 IBDF,T8DF4IGE)

GENERATE OFFSET TABLE
CALL GENOFFC(IUELE,NELES)
IRR=MAXO(T,MODPCIREEL,10000))
CALL GTAP(14,1IRR,LUN)
ADVANCE TO FILE .

LIS
u}ﬂﬁPﬂL'PAIE
‘O POOR. QUALITY



114

51iu
511
712

601

690
922

999

LATSF/AQIPS

WRITE(IT,?2113 ~
FURMAT(' TAPE SEAKZH STARTS)

CALL 1OTPoK(LUN,#+2,1STAT)

pl 510 Ll=1,1200

CalL 101PidtLuN, TARRAY, NWA,LE,ISTAT)

CALL CRKIHR{195,1ARKAY,1ARDW)

INS=LARuw{195)

IF(INMS,.LE, IUuMs) 6o TO 511

CONTINUE

GO TV 922

CalLl 10[PSR{LUN,=1,I8LAT)

wRITe(1D,712)

FORMAL(" IMAGE LOAD SIARTS')

S5TCARI BALN LDUF LU READ DATA IN AnND STORE

READ A sSCad

CALL IOLpPLH{LUN.LARRAY,NA4,LE.ISTAT)

CALL CRKIHR(195,14RRAY, 1AROA)

LNMSTIARDACLES)

IFCINBS.LT.ELM3) GO TO s90

MAP SCAMN WwympBER I'0 Arkh ROw
Li=(120u~-Lyn3)%2+4(3=2)

L22{1200=LNM5)%2+(3-1)

LA1=L1=1ULINE

LAZ=L2~I0LInE

LRi=MQD(LAL,IBODF)

LR2=HOD(LA2,IBDEF)

LF(LR1.NE,O AND, LR2.NE.0J) GO TO 601
IRgw1=LAL/IBDF

IR042=LAZ/IBDF

ISD=u0D(INM5,2)

ISEC1=NS¥LRO¥W]

ISEC2=NS+ RO

PICK QUI LINE SEGMENT

FIRST VISLBLE LINE

IE(IFVIS.AWD.LR1.EG,Q0) CaLL LINGRB{IARHAY(3745),I80D,1UELE,NELES,IB
#DE , [AROW)

IF(1FVLIS,AND ,LR1.E2,0) CALE #RITEC(LRNYIS,IARON,Q)
SLCOND vISIBLE DINE

LF(1FV1S AND.LR2.€2,0)0ALL LINGRBC(ILARRAY(1645),1I8D,I0eLE, NELES,IBD
#F, TAROW)

IFUIFVIS<AND.LRZ.EQ,0) CALL wRIIE(LRHVIS.IARDw.0)
INFRARED

IF{IFLR} CALL LINGR3(IARRAY(145},15D,10ELE.NELES.1BDF,IAROW}
IF(IFIRLAND LR 9. 0) CALL WRITE(LRNIR,IAROW.0)
IF(LFIR,ALDLLRZ,EW,0) CAulL wRELE(LKNIR,1AROW,O)
GO 19D 801

CONTIAVE

CUuNI1NUE

CALL CLUSEF(LRNYIS}

CALL CLOSeF(LRRIR)

CALL IOTIPRM(LUN}

GU Id 999

CONTINVE

Capl REQUESC(RADSOCYALSF2')})

Enp


http:IF(IFIR.AND.LR1.LU.03
http:IINGRBSIARRAYC3745),ISDIUELE.NELES.I8

10

12
i3

LATSF/AOTIPS

ILMS31200=(IbLINR=])/2 ~
EoTABLISH AREA DIRECTORY
B0 10 I=t,256

IPrrely=p

IDIR(LISHRT!
I0FR¢2)=1Sp!

EDIR(33=" ¥
IDIR(4)=118"
IDIR(5)I=TE, "
IDIR(o)=1H, !
10IR(T7I=t1, ¢

IDIR(E}=! ¢
IPLr{gI="*ATS
1pIR(10)="5861

Ipracit)=sr ¢
LUIRE12)=FE,?
IDIK(L3)=td. ¢!
1DIR(14}="'T,"*

IDIR(1S)=Y ¥

I0fR{1b)=" *

DD 12 1z12.1,=1

It ¢Ipar.6L.u00aYC(L))G0 IO 13
CONTIRVE

HUN=I-
IDIR(19)=1IRFIQO+AOH

IDLK(20)=(10AY=HNODAY (RONIIF1 00+ LFIX(PTIN(IPICI/60.)

In=pPTIR(IPIC)
18zPIIM(IPICIto0.~1M260,
15=400(15,60)

I¥M=v0D(IN,60Q)
IDIREZ21)=1¥x100+IS8
IDIR{24)=1

1DIRE2D)=1

1DIR(26)=1PIC

IRIR{2y)}=VEF?

IDIR(30)=VICH

IDIR(s1)=1

IDIR{32)=LRNVIS
1D0IR(33)3512

ILDIR(341=513

Iprre37r=512

I0ipr(38)=512

IDIR(39)=IVLLE
IDIR(%0)=LULINE

IDIR{41)=E

IDir(a2)=1

IDIR(43)=

IDIR{44)=1

IDIR(4®)=1

IDIR{4u}=1

IDIR(47)=1

1PIR(4y )=t
IDIR(51)=2000#(IMJUINT+L)
ILDIR(53)=1

NWO=(NELESE1)/2

CALL UPtN(LRYVIS, NLINS+1.NwD)
CALL OPEM{LRNIK,NLInS+1,NdAD)
CALL LpLwRI(LRNVES,iuviR,256)
LDIR(32)=LRNIR

IDIR(3)=r !

IoDIR(4)=7IRY

CALL LubwRI{LANLIK,101R,256)
GENERALE JFFobT LABLE

CALL GuaurPF(IUeLE, NelES)
CALL ASHLUNCLUN,'w47,IMUNIT)
ADVANCE 10 rFlKst oJ&d Tu IHRULD

ORIGINAL PAGE I
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LATSF/AOIPS

EROGRAY F0 READ IMAGES FRO#® ATS=6& TAPES.

INTEGER+% 1TInX

LOGICAL IFVIS.IFLIR,QPTION

BivENSLION MINC10),REIN{10), JARRKAY(5600)

LUUIVALENCE {IDLR,LARUw)

DIMENSION IDIRE256),1AR0W(£56)

DivenSlUd MUDAY(12)

COMMUN/RAVCOM/ vAVN, INAV,IYR,1DAY, TOTLIN,DEGLIN, TGTLEL, DEGELE,PICLL
¥, P10kLL, IMPSCL, JUYR, LODAY, T4, R1XL,RIY,R1L,R1DA,RIDY,R102,P1ITCH. ROL
o, Yaw,PTIM(3), IMN(3),1aa (3 ), NLCOEF(2) ,NRCOEF(Z) ., SCLLOLZ} . SCLLLI(2),
FELCOEF(11,2).5CLROLZ),50LKRIC2)  ERCORE (L1, 2) NASCLF . SCLASO,5CLASL,
+IELEMN,, IELEMX, ASCOEF(10) h

DAYA BUDAY/0,34,29,90,120.151.,381,212,243,273,304,334/

DaTa LUN/e/.LP/6/.ICR/S/

DATA LI/5/,NELES/B12/

DATA RLINS/582/

PICK UP ltPufl PARAMETERS

NA4A=5600

Aenl=1

CALL INCOM(' EnTER PICTURE TIME (HUSMSS)!,28+1,1,RMIN,HNENU,3.1)

T (MENV.LE.D) GO TD 999

11IMX=KMIn(l)

Pr=FILIME(LTIMX)

DO 5 i=],3

IF(PL.EQ.PELACL))Y GO T0 &

WRITE(IT,71031ItINX

FORMAL(LX, 'NAVCOM NOT INIIIALIZED FOR ',17)

GO ID 999

COnlIRUE

IpiCc=1

MENU=Z

CALL INCON(' ENIER START LINE AND ELEMENT'.29,3.1,MIN,NMEHUs1.1)

16 (Mehd,LE.0) GU TD 999

LINE=MIR(L1) -

IRLE=MLN(2)

MENU=1

CALL INCOM{' ENTER 2008 AREA[1-7)',21,5.1,MIN,HMEND,1,1)

IF(MENU,LE,O) GO TO 939

1AREASALIN{L)

LRNVISSIAREA45+ (IPIC=1)%7

LRNIRSLuyYIS+21

MEnNU=L

CALDL INCOM(' ENIER TaPE UNLY (0,1)0',22,7,1,MIN,MENU,1,1)

1 {(MENU,LE.C) GU TO 999

LHYNLI=MLN(L)

1BDF=1
. JEVIS=,.TRUL,

IFIg=,fRUE,

CUMPULE UPPER LEFT COORDINATES

FULIneSLINE

IVELE=1ELE

IUMs=1200-CLULIRE=1}/2

1Lb1nb=1UL1N§+(Nulns-ll*IBDF


http:Ifr(ENU.Lt.0L
http:CO1I.22.7,1.M1

tsauks  INVERT/HMCIDAS sxsass

SELT,L AFINVERT/HMCIDAS
ELTO07 RLIBG6Z 12/22-17:01:52-(0,4)

ooo0001 gco SUBROUTINE INVERT(AAB,N,+ALTRET)

ocoooe 0o c -

000003 ooo c THIS ROUTINE RETURNS IN B THE INVERSE OF THE N-DIMENSIONAL MATRIX AA.
000004 600 c 1F AR IS SINGULAR,; A RETURN IS TAKEN THROUGH LABEL S.
0agoos 200 c . -

pooo0e Doo LOGICAL ALTRET,LOGTHP

gooopo7 000 DIMENSION AACN,NI,BIN,N),A,;3)

000008 0oo BATA TV/1.0E35/

gooope - 000 A TRET=.FALSE.

000010 000 po 1 I=1yN

000011 060 bo 1 J=1,N

oooo12 000 1 ACL,J)=AACT,J)

600013 000 0o 2 I=1,N

000014 009 DG 2 J=T,N

000015 000 B(I,J)=0

000016 goo- 2 IFCILLEQLI3IB(T4d)=1.0

pooe17 000 LIMN=N=-1

gooonT8 0o0 b0 & I=1,LIH

000019 ooo IF(ABSCA(TI 12 LT+1.0E-20) CALL FLIP(A,B,I,N,ALTRET)
00oo20 000 LOGTMP=ALTRET

co0o21 0oo ALTRET=.FALSE.

Qon0ez2 oo IF(LOGTKPY GO TO 101

000023 [114}0] LIMZ=1+1

0o0ozs 0oo DO & J=LIMZ,N

000025 000 IFCTV*ABS(A(I,I)) JLEJABS(ACS,I))) ALTRET=.TRUE.
000028 000 IF(TV*ABSC(A{I, 1)) LELABS(ACI,I2)) RETURHM

000027 000 FACTOR=A(J41)7A(1,41)

000028 000 PO 3 K=LIM2.N

000029 0oo 3 ALSyKI=A(I K)~FACTOR®A (]I X3

000030 . 000 DO 4 K=T,N

000031 000 4 BLJ KI=B(J4K)-FACTOR*B (T (K}

000032 goo DO 5 I=N,2,-1

000033 ooo LINZ=1-T

000034 t]ely) DO 5 J=LI¥341,-1

0o003s Goo IF(TV*ABSCACI 1)) o LELABSCACS 4123)) ALTRET=+TRUE,.
000036 ¢oo IFCTV*ABS(ACI4I1)) JLELABSCACS,130) RETURMN

000037 ¢oo FACTORZA(ILIDI/ACL, 1)

060038 000 DO 5 K=1,8

000039 ooo S B{J KI=B{J,KI~FACTOR*B{I,K)

0co040 ooo DO & I=1,N

000041 000 FACTOR=A(I,X)

000042 000 00 6 J=1,N

000043 000 IFCTV*ABS(FACTOR) LE.ABS(B{(I ,JJ)) ALTRET=.TRUE.
000044 goo IFCTV*ABS (FACTOR)ZLELABS(EB(I,J))) RETURHN

000045 0oo & B(I,J)=B(I,J}/FACTOR

000046 ooo RETURN

G0004Y 000 101 ALTRET=.TRUE.

0000438 0oo RETURN

000049 . oo . ENDS

END ELT.

GHDG ,P xx*xkxk  LATSF /MCIDAS *xix*%
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kknhkk GASORBIMCIDAS txx&x%

JELT,L AF.GASORB/MCIDAS
ELTO07 RLIB62 12422-17:01:531-(0y)

Q00001 000 SUBROUTINE GASORB (R1,T1,R2,T2)

000002 gog REAL KEsL M,HU

000003 0oo DIMENSION RT(3),R2(3)

000004 [elags] cOﬁMONINAVCOMIhAVN,INAV,IYR,IDAY,TOTLIN,DEGLIN.TOTIEL,DEGELE.PICLI
000005 Doo *N,PICELE,TM?SCL,IOVR,IODAY,TM,R1x.R1Y,R12,R1DX,R1DY,R1Dz.Pchn.ROL
0000046 00D *L,YAN,PTIM(S),THN(S),TMX(3),NLEOEF(2),NRCOEF(Z),SCLLO(Z).SCLL1(2),
elalikiayg 000 *ELCUEF(11,2),SCLRO(Z),SCLR1(2),ERCOEF(11,2),NASCEF,SCLASO,SCLAS1,
000008 poo *JELEMN,IELEMX,ASCOEF(162 : .

000009 s Ja]e] DATA RE,KE,HUIéS?B.15,0607536574.1.DI

000010 000 TH=T1

000011 000 PO 5 I=T,3

000012 000 R1{II=RI(II/RE

000013 " 0oo - R2{1>=R2(I1)/RE

000014 - 000 5 CONTINUE

0600015 eoo R1%X=R1(1)

gp0a16 000 R1Y=R 1(2)

Qcoo017? 000 R12Z=RT1{(3) -

ooog018 000 RINORM=SGRTC(RI (1) **2+R1(2)2%x2+RT1 (3I*22)

000019 000 R2NORM=SQRTI(R2(1)%22+R2(2Ix*x 2+R2(3I**2)

000020 000 TAU=KE*(T2-T13

000021 000 R1IRZNNMN=RINORM%RZNORN

poaoeze 0oo COSANM=(R1(1)*R2(1)+R1(2)*RZ(Z)+R1(3)*R2(3))1R1R2Nﬂ
080023 000 CSHFAN=SQRT({1+COSANMY/2) . :
000024 00o L=({RINORM+RZNORMI/ (4*SGRTC(RIRZHMI*CSHFANI =5

000025 000 = (HU*TAUA*2) / {2*SQRT(RIR2ZNMI*CSHFANDI #23

00opoz26 poo Yu=1

000027 000 10 YL=YU

000028 000 XL=HW/YL*®2~L

po0o29 400 CHFEAN=T1-2%3L

000030 000 SHFEANSSGRT (4xXL*x{1-%XL))

000031 000 ECANOM=2*ATANZ (SHFEAN,CHFEAN)

000032 000 XU=(ECANOM~SINCECANOM) )/SHFEAN#**3

00D033 goo YU=1+Xux(L+XL) .

600034 poo 1FCABS (YU=YL) «6E.1.0D=6)G0TO D

¢00035 000 YL=YU. .

000036 000 A=((TAU*SGRT(MU))I(Z*YL*SQRT(R1R2NH)*CSHFAN*SHFEAN))**2
G00037 000 F=1-a/RTHNORM*(1-COS(ECANOMI)

000038 0o0g G=TAU—-A+*1.5/50RT(MUI* (ECANON-SINCECANON}?

000039 000 RI1DX=(R2C1)~F*R1(122/G

600040 000 R1DY=(R2{2)-F*R1(2))/G

000041 goo RIpZ=(R2(3)-F*RT1(3)I/6G

000042 [Hfy; RETURN

BO0043 000 END

END ELT.

AHDG ¢ k¥ & xxx  INVERT/HCIDAS #xdedz


http:IF(ABS(YU-YL).GE

kakrsx  FTIME/MCIDAS  #w#azes

BELT L AFLFTIME/MCIDAS
ELTOO7 RLIB6Z 12/22+17:01:51-(0;)

000001 olal] FUNCTION FTIMECITIME)

000002 1] IH=ITIME/10000

000003 00a HRS=IHx&0,

000004 poao AMRS=FLOATC(ITIME~(ITIME/10000)=10000)/100)
po000s gaoo SECS=FLOAT(MODCITIME, 1003760,

¢00006 000 FTIME=HRS+AMNS+SELS

000007 ooo RETURN

000008 aon ENDS

END ELT.

DHDG,P #*#x%xx%x GASORB/MCIDAS  #**&ek
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kkx*nk FLIP/MCIDAS fxk&ze

BELTsL AF.FLIP/MCIDAS
ELTOO07 RLIBG62 12/22-17:01:50-(0,)

gopgot poo SUBROUTINE FLIPCA,R,I,N,ALTRET)

000002 goo o

000003 000 € THIS ROUTINE IS CALLED ONLY BY SUBROUTINE INVERT AND 1S USED TO
00C004 g0g c PERFORM AN ELEMENTAHY ROH OPERATION ON MATRICES A AMND 8B,
00Coos poo ¢

000006 000 LOGICAL ALTRET

000007 200 DIMENSIOR ACN;NYBCNgN)

600008 000 ALTRET=.FALSE.

000009 ooo LIN=1+1

00C010 aoo DO 2 L=LIMsN

000011 000 IFC ABSCA(L,1)24LT.1.0E~32360T0 2

goooie poo DO T H=T,N

00C013 noo ACT MI=ACT  MI4ALL 4H)

000014 DoO 1 BCIy¥I=B{I MI4BIL,H)

0000135 aao RETURN

gocoiée 000 P4 CONTINUE

£00017 000 ALTRET=.TRUE,

00co18 oo RETURN

G6oCo19 000 ENDS

END ELT.

IHDG 4P  kxxxkk FTIME /MCIDAS  krsis



*xwrkk FLALOS/MIIDAS s&%kwns

RELT,L AF.FLALO/HCIDAS
ELTG07 RLIBG62Z 12/22-17:01:49-(0,)

000001 000 FUNCTION FLALOCN)
coo0o02 o000 IF (M JLT. 0)GO TO 1

000003 000 N=H

00004 000 X=1.0

000005 000 G0 TO 2

¢00006 000 1 ==M

00co07? poo - X==1.0 ; ;
000008 000 2 FLALO=FLOAT(N/10000)+FLOATC(MOD(N/100,300)) /60,4 FLOAT(NOD(N,100)3/
£o0009 000 * 3600.

Q00010 aoo FLALO=FLALO*X

600011 “geo - RETURN

oooot1z 000 ENDS

END, ELT.

AHDG (P dhkxxx FELIP tauxxx
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*kkandt ES/HEIDAS ftakktsd

BELT.L AF.ESFMCIDAS
ELTO07 RL1B62 12/22-17:01:48~(0;)

000001 goo SUBROUTINE ES(PTIME XLAT,XLON,XLIN,XELE)

Q00002 000 COMMON/NAVCOM/NAVN,INAV IYR, IDAY , TOTLIN,DEGLIN,TOTIEL,DEGELE,PICLY
c00D03 000 NG PICELE, THPSCLI0OYP,I0DPAY ,TH,RI1X3RT1Y4,R1Z+RTDX,RIDY,RT1DZ,PITCH, ROL
000004 000 Ly YAW W PTIM(3), THN(3) , THE () 4 NLCOEF(2) yNRCOEF(2),SCLLOC2) 4SCLLTI(2),
000005 000 *ELCOEF(T1142),SCLROCZ) ySCLRI(2) yERCOEF{1152) + NASCEE,SCLASO,SCLAST,
000006 000 *IELEMN,IELEMX,ASCOEF{184)

000007 0go BATA InIT/OS

000008 000 ALON=XLON

000009 000 ALAT=XLAT

G30010 000 TIME=PTIHE

000011 000 _ IDIR=1

000012 - 000 ALINSV=0

000013 000 AELESV=0

000014 000 PO 100 II=1,5

¢ooo1s gog CALL ERTOERCALAT,ALON,X1ER,X2ER,X3ER,IDIRY

000016 gno CALL ERTOST(XTERyXZERyX3ERX1+X2,X3,IDIR,TIHE)

goo0i? [1]a34] ’ CALL STTOLV(A1,X2,X3,IDIR,TIHKE}

000018 000 [ BL SAML AS LV HERFE. |

000019 000 CALL BCTOPF(X1,XZ,X3,I0IR)

200020 0oo CALL PFTOTCCALIN,AELE, X1T,X24X3,IDIRLINIT)

aanp21 000 CALL EDGCOR(PTIME,ALIN,DELLIN,DELELE)

000022 ooo AELEC=AELE+DELELE

000023 (tlald] ALINC=ALIN+DELLIN

000024 000 1F(ABS(ALINC~ALINSV).LE.0.5) GO TO 150

¢oonzs 000 ALINSV=ALINC

000026 [Hlagd] AELESV=AELEC

000027 00D ISCAN=1200-CIFIX(ALIN=1)3/2

0000628 0G0 TIME=PTINKE+ISCAN*THPSCL

000029 000 100  CONTINUE

000030 000 150 CONTINUE

000031 oog ALIN=ALINC

000032 000 XELE=AELEC

000033 000 RETURN

C00034 000 END

END ELT.

QHDG,P ek kkk Kk FLALO LEE T



wkukkt  ERTOST/HCIDAS wtkuns

BELT,L AF.ERTOST/MCIDAS
ELTOUT RL1B62Z 12/22-17:01:47~C0,2

000001 000 SUBROUTINE ERTOSTU(XE yYELZE XYy Z4IDIR,yTIHED

000002 ooo o PARAMETER LIST

ehifeleleky (eeh] C XE+YE,ZE=EARTH COORDS OF LANDMARK

000004 (o] c X,Y,2=POINTING VEC IN INERTIAL COORDS TO LANDMARK
goocoas ooo C 1F 1bIR=1, EARTH TO POINTING

000006 000 c IF IBIR=2, POINTING TO EARTH

000007 [e]]1] 4 ITIME=HHMMSS OF CURRENT POINTING VECTOR

000008 opo COMMON/NAVCOM/NAVHN INAV 3 IYRyIDAY c TOTLINDEGLIN, TOTIEL,DEGELE,PICLI
goooony 000 *N G PLCELEs THPSCLsIOYR, IODAY s THie RIXSRTYsR1ZyRIPX,RIDY+RIDZ+PLiTCH,ROL
00Do010 0oo LG YAWSPTIMCI) , TUN(3), TUX (3D, NLCOEF(2) yNRCOEFLR2) 4SCLLO(2),SCLLIE2),
000011 , bbo *ELCOEF(1142),SCLROC2),SCLRI(2) yERCOEF(11+2) yNASCEF,SCLASO,SCLAST,
000012 080 *IELEMN,IELENX,ASCOEF(16) -

000013 600 POD=FLOATC(MOD{1IDAY,1000))

onGoi4 0o0o A=63T8.15

000015 00g B=6350.77

000016 (e]s1] R1=69,.59477026

600017 000 T R2=.9E5647336

00018 000 R3=.2506864773

600019 000 PI=3.14159265

000020 000 ROPDG=PI/180.0

ooo021 000 R=(RI1+R2%DDD+RI*TIME)

noooze oco R=AMOD{(R,360.)*RDPPG

oopo23 aon CALL GRBIT(XS,Y5,25,TIME)

000024 000 CR=COS(R)

6000325 goo SR=SIN(R)

000026 000 IFCIDIR +EGe 2260 TO 10

000027 000 XT=CR*XE-SR*YE

gopoze 0600 Y1=SR*¥XE+CRAYE

000029 0G0 Z1=1E

Q00030 o0 X=X1-XS

000031 000 Y=y1~-¥s

cooo3z 000 72=11-18%

0oDo33 000 CALL NRMLIZCX,YZ RNORM)

000034 000 RETURN

000035 000 10 CONTINUE

000036 090 F=B*x2fpx%2

000037 000 AQ=F+ (1 ~F)*2x22

Goo038 o000 BG=2* ((X*XSH+YXYSIAF+Z *T S}

J0003e Qg0 CR=(XNSk*2+YS**x2)xF+IS*k 42 -BX*x2

000040 000 RAD=BQ**2 -4 ,%AQ*{0Q

000041 000 IF(RAD.LT.0.) 60 TO 15

0c0042 600 S=—{3Q+SQRTI(RADI I/ (2.%xAQ)

000043 ol ]1] X2=KS4%*§

000044 000 Y2Z=YS5+Y*S

080045 000 I2=1S+1*S

000046 0%0 XE=CR*X2+5R*Y2

00Go047 0oo YE=~SR*XZ2+CRAY2

000048 oo TE=I2

000049 000 RETURN

goaoasa aon 15 WRITE(6,1000)

000051 000 1000 FORMAT(1X, THE SUBROUTINE ERTOST C(IDIR=2) HAS RECEIVED BAD
000052 000 * INPUT DATA.”) -

000053 600 RETURN

000054 000 ENDS
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000001 000 SUBROUTINE ERTOER(XLATXLON AE,YEsZE4+IDRY
Qoogooe 000 PI=3.14159265

000003 000 ROPDG=PIS180.0

Coo004 aon A=6378.15

coapos 0og B=6356.77

00006 000 ESQ=(A=BI*(A4B) fA*%Z

0000407 aco IF(IDk LEG. 2)G0 TO 10

{00008 aoo XLT=XLAT*RDPDG

coopo9 000 XLN=XLON*RDPDG

000010 . ooo CLT=COS(XLT)

£00011 opo SLT=SIN(XLT)

000012 000 CLN=COS (XLN)

000G¢1i3 coo SLN=SIN{XLN)

00014 o0on RR=AFSQRT(1.~ESQ=SLT*%2)

ooDpC1s Qoo XE=CLT*CLN*RR

pood16 000 YE=CLT=SLN*RR

000017 Goo ZE=SLT*RR*(1.—-E5Q)

g0oG18 3] HE] RETURN

000019 0go 10 CORTIRUE

0oQgz20 cog IFCCIXE**2+YER*242E4%2) L T. B*¥*2) o0OR, C({XE**Z2+YE&X%Z+IE*%2)
000621 000 ¥ L.GTs A%22))G0 TO 15

goocee 0o XLON=ATAN2(YE,XE)Y/RDPDG

0o0n0e3 000 XLAT=ATAN(ZE/CL1.,~ESRI*SQRT(XE**24YE+*2))} JRDPDG
000024 coo RETURN

poogQe2s oo 15 XLAT=100.

200026 0ogQ XLON=200.

oegaoav 00Q RETURN

000028 ih]4] ENDS

END ELT.

dHDG 4P x*x kst ERTOST =axddkas
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2wkt EDGFT/MCIDAS  whwwxx

000113 oo 706 FORMAT(2X,"DIMENSION=",1I3}
GO00114 goa CALL TadmouT)

000115 ooo IX=IRES*{IRES-1)/2

800116 (1]a]1] DO 470 I=1,IRES

000117 goo COEF(I)=WORK(I+IX)

DOD118 000 ENCODE(132,705,M0UTJ)I,COEF(I}
000119 000 CALL Ta{HOUT}

000120 000 L70 ERCGEF(I L IPAIRY=COEF(T)

ponT 21 0oqQ 490 CONTINUE

ooo01z22 000 TMNCIFPAIR+71)I=AMAX1(THNL,THNR)D
000123 aog . TMXC(IPAIR+TI=ARINT(THEL +THXR)
000124, ' pon sS00 CONTINUE

000125 000 _ CALL wWcoM

000126 ooo CALL EMESS(IHFIN,O)

000127 - 0G0 RETURN

000128 000 90 CONTINUE

pop129 000 CALL Ta(72H ERROR RETURN FROM APCH, APFS.
000130 000 *

000131 000 RETURN

000132 o600 ENDS

000133 0oo SFILENMA

000134 000 DELETE GCCGCL4GORP

Go0pt135 goo $INCLUDE ATSSSP

000336 000 SCATALOG

C00137 0Go NAME=GCCGCC 454RyWeD

000138 000" TYPE=FG

000139 000 LIB=ATSFLBoLL

000140 000 BEG IR

000141 000 SECJ

END ELT. -
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opnooss
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0DOO070
0ooo?71
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030073
- 000074
00075
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000077
000076
000079
000080
0000381
gooosz
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000084
000085
oooDgs
000087
000088
000089
ag0090
000091
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000093
0000%4
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000097
000098
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000100C
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Doo
poo
000
£oo
ooo
000
000
000
000
000
oo
000
000
800
000
000
600

000.

000
000
000
0go
000
000
000
000
000
000
600
000
000
000
000
000
000
DO
000
000
poO
0G0
000
000
000
Goo
000
060
000
000
000
800
000
000
000
000
000
000
000

200

400

410

705

420
459

460

kkkAtk i

ISCNLINLY=1200-{1Y¥1-1)/2
TULCNLISIHINC(D 4 JVECI=(T2~T1)/60.0
60 70 160

CONTINUE

NR=NR+1

IF(NR.GT.300) 60 TO 100
ISCNR{NRY=1200~-CIY1-1)/2
IUR(NRI=JHIN(I JJVECI*(T2-T1) /60.0
60 TO 100

CONTINUE

IF(NLJLTLIP+1)~60 TO 459

PO 410 I=1,NL
TS=PTIN(IPAIR+1}+ISCNLC(IY*THPSCL
TMNL=ARINT(THNL,TS) .
THXL=AMAXT(TUXL,TS8)
DATIC(I)=ISCNLCI}
DATECI+NLI=TUL(I}/100.0
DATIC(Z2*NL+1)==1.0

CALL APCH(CDATI NL,IP+XD4X04WORK,)IER)
IFC(IER.LT.0) 60 TO 990
SCLLOCIPAIRI=X0D

SELLTICIPAIRI=XD

EPS=1.0E~-4

10P=+1

.ETﬁ=1-DE"3

CALL APFS(MORK,IP+IRES;IOP4EPSETALIER)
IFCIER.LT.0) GO TO 990
NLCOEF(CIPAIRI=IRES
ENCODE{132,706+MOUTIIRES

CALL Tadlrout)

IX=IRES+{IRES-1)/2

DO 420 I=1,1RES
COEF{I)I=wORK(I+IX)
ENCODEC132,705,M0UTIICOEF(I)
FORMAT(2Xy "COEFC 31247 3="4yE20.9)
CALL TGC(MOUT)
ELCOEF(I,IPAIRI=LOEFCT)

CONTINUE N

IF(NR.LT.IP+1) GO TO 490

BO 460 I=1,NR A
TSSPTIMCIPAIR+TI+ISCNRCII*TMPSCL
THNR=AMINT(THNR;TS)
THXR=ANAXT(THMXR,TS)
PATI(I)X=ISCNRCI)
BATICI+NR)I=IUR(I}/100.0
PATI(2*NR+1)=~1.0

CALL APCH(DATI NR,IP,XD, X0,N0RK,IER}
IF(IER.LT.0} GO TO 990 .
SCLROCIPAIRYI=X0

SCLRTCIPAIRI=XD

£Eps=1,0E~4

10P=+1

ETA=1.0E-3

CALL APFS{WORKsIP4IRES,I0P,EPS,ETA,1ER)
IF(IER.LT.Q) GO TO 990

" NRCOEF(IPAIRI=LIRES .

ENCODE(132,706,M0UTIIRES
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ELTO07 RLIB62 12/22-17:01:44-C0,)
$J0B EDGFIT 03200
SOPTION +8,9:13520
SFORTRAN

coooot
006002
000003
000004
Go00o03s
oooo0s
000007
000608
000009
gooo10
000011
nonotz
000013
000014
gooo1s
000016
000017
000018
000019
ooooz0
000021
000022
aoo023
000024
goooz25
000G2s
000027
oooozs
000029
000030
000031
000032
GO0033
000034
080635
000034
000037
000038
000039
000D 40
003041
000042
000043
000044
000045
000046
000047
000048
C0004Y
000050
090051
000052
000053
000054
coooss

ooo
goo
000
ooe
(s
Goo
006
000
000
000
ooc
oo
oo0g
ooo
000

00G-

000
coo
ooo
coo
ooo
000
0oo
oao
0co
000
000
006
0o0
goo
goo
0G0
000
ooo
0ao
000
b ]}
coo
000
ooo
coo
000
coo
000
coo
000
aoo
ogo
0ao
000
00g
000
000
000
oco

701

90
100

SUBROUTINE MAIN

DPIMENSION JWIN(T11,10)

DIMENSION BATIC(6U1),HORK(Z231),C0EF(2T)

PIMENSL1ON ISCNL(300),ISCNR(3D0),IULC300),IURC3D0) NOUTCTY)
DIMENSION HMINCIO)

DIMENSION MOUT(44)
COMADN/NAVCOF/NAVYN ,INAV,IYR, IDAY ; TOTLINDEGLIN,TOTIELyDEGELE,PICL]
*N,PICELE s THPSCL,10YR,I0O0AY TH,RIX,R1Y,R1Z,R1DX,RIDY,RIDZ,PITCH4ROL
AL 2 YAW , PTIM(Z) , TMAC3Y, THX (3, NLCOEF(2),NRCOEF(2),5CLLOC(2),SCLLI (2},
*ELCOEF(11,2) 4SCLROC2),SCLRTI(2) yERCOEF(T1142) ,NASCEF,SCLAS0,5CLAST,
*IELEMN,IELEMX,ASCOEF(16) .

DATA THNL/1440.0/,TRXL/00/, THRRZ1440.0/,TUXR/0.0/

DATA LUNZT0/,JSECSV/=1/ NUMPER/1D/ ,HUMENT/11/,J0UT/2/

DATA MIN/GHGCCGCL, 80/

CALL IQ(MIN)

1P=11

CALL RCOM

ENCODE(132,701,MOUTIPTIH

FORMAT(5X43F2046)

CALL TR(1,MOUT)

CALL VARASGC( WIN™,LUN)

CALL OPNCLUN)

PO 500 IPAIR=T1,2

HL=0

NR=D ™

THNL=1440.0

THXL=0.0

THNR=1440.0

THXR=0.0

CALL SCRACLUN,D)

1x=0

CONTINUE

CONTINUE

JSEC=IK/NUMPER

JVEC=#0D (IK NUMPERI+]

IFCJSEC.NE.JSECSY) CALL READW(LUN,110,JuIN}
If(JSEC.NE.JSECSV)} JSECSY=JSEC

IK=1K+1

IFCIWINCTIVEC)eQ.0) GO TO 400

IH=MOD(IWINC4L,JVEC) ;102

1F(IH,6T.4) w0 TO 100

T1=FTIMECJNINCZ,JVECY)

TZ=FTIHECIWIN(3,JVEC))

IFCTTWNESPTINCT YJeOR.T2NELPTIN(IPAIR+11)GO TO 100
IF(MOD (UWINC4,JVECI/100,1000) +NE.100) 60 TG 100

IY1=JWINCS yJVEL)

IY2=JHINCT ,JVECY

IFCIYT.NE.LY2)Y GO TO 100

IX1=3WiINC6,IVEC)

IFCIX1.GE.PICELEY 60 TO 200

NL=NL+1

IF(NL.GT.300) 60 To 100 Al o bS]

ALY
% Foon QT



Ek ki ¥

BELT+L AF.EDGCORSMCIDAS

EDGCOR/MCIDAS

kdhkdd
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000

000001
000002
000003
000004
000005
000006
000607
000008
0coooe
000010
000011
ooonte
000013
000014
000015
000016
600017
000018
000019
pooo20
0000621
060022
0060023
000024
000025
000026
goona?
gooonzs
000029

END ELT.
AHDG, P

Doo
0048
ele]i]
coo
000
0og
ooo
000
ooc
ooo
gao
000
GooD
0og
000
000
ooo
aoo
000
000
aco
Qoo
goo
alslt]
000
000
000
000

—

khkkikk

100

SUBROUTINE EDGCOR(PTIME,ALIN,DELLIN,DELELE)

COMMON/NAVCOM/NAVN INAY y IYRy IDAY y TOTLINSDEGLIN, TOTIELy DEGELE,PILLT
*N,PICELE, TMPSCL,I0YR,IODAY,,TH,R1X,R1YsRIZRI1DX,RIDY4RIDZ+PITLHROL
Ly YAW gPTIMC3) g THN (33, THX (33 NLCOEF(2) yNRCOEF(2),5CLLO(2),,5CLLT(2),
*ELCOEF(1742)SCLROC2Y 4S5CLRT1(2) ERCOEF(11,2)NASCEF ,SCLASO,SCLAS T,
*TELEMN,IFLENXyASCOEF(16)

DATA A/522.07/7,LCF1235/

ISCAR=1200-CIFIXCALIN-12)/2

TIME=PTIME+ISCANATHPSCL

DO z0 1¢=2,3

IF(THNCICY sLE.TIME(AND . TIMELLE,.,THXCICY} GO TO 100

DELLIN=0.0

DELELE=0.0

RETURN

CONTINUE

ix=1¢-1

XL=ISCANXSCLLTCIX)+SELLOCIX)

CALL ChPSCEL,XLsELCOEF (1 +IX) 4NLCOEECIX])

XR=ISCAN*SCLRT(IX)I+SCLROCIX)

CALL CNPSC(ER,XR,ERCOEF(1,IX) NRCOEF{IX))

DELELE=(EL+ERY/2.D

MSC=12Z00~(LC=13/2

Y=1SCAN-MSC

XX=SQRT(AX*2-Yxx2)

DELTA=(ER-EL)/2.0

RAD=Y*%x2~-2%XX*kDELTA-DELTA%*Z

DELLIN=SRRT(RAD}I-Y

RETURN

ENDS

EDGFT/MNCIDAS A*xdxd
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RELT:L AF.EATOST/HMCIDAS
ELTOO7 RLIBO6Z 12/22-17:01:43~(04)

600001 Goo SUBROUTINE EATOST(PICTIM,LNS +TES;LAsL0,IUNK,INAV,BETA:BETDOTAF)
000002 goo PTIME=PICTIN

000003 000 IF(IUNK.EG.T) GO TO 1

000004 coo IF{IUNK.ER.2) GO TO 2

ooc0o0s ooo RETURN

006006 | 000 1 CONTINUE

oogoo? -000 XLIN=LNS

ooLoos 0ao XELE=IES

00L009 000 CALL SE(PTIME+XLIN,XELE,XLAT»XLON)
0000190 600 LA=ILALO(XLAT)

080011 aaa LOSILALOC(XLOND

ao0g1i2 0G0 RETURN

000013 ooo Z CONTINUE

000014 Doo XLAT=FLALOCLA)

000015 000 XLON=FLALO(LO)

600016 000 CALL ESC(PTIMEs XLAT+XLONy XULINXELE)
000017 ooQ LNS=XLIN

gooo1i8 000 1ES=XELE

600019 000 RETURN

0000z0 000 END

END ELT. .
BHOG F x*xed*x+ EDGCORSMCIDAS Hkxd¥n
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000001 goo SUBROUTINE STTOLV (XsY,Z,IDIRsTINE)

Qaoooz 0o [ 1F IDIR=1y POINTING VECTOR (X,Y4Z2) IS5 TRANSFORHED
000003 [13a]s] [ FROM SAT INERTIAL TO LOCAL VERTICAL FRAME,
000004 000 ¢ 1F IDIR=2, POIKTING VECTOR (X,Y,Z) 1S TRANSFORMED FROW
000005 wog ¢ LOCAL VERTICAL TO SAT INERTIAL FRAHE,
000006 poo CALL ORBITCXS,YS,ZS TIKE)

060007 000 CALL NRHLIZ(XS,YS,ZSsXNORM) .
0095008 000 x1=x

000009 000 Yi=vy

000010 000 2i=2

000011 000 D=SQRT(XS*#*2+Y 5% 42) .

o000tz ono IF (IDIR.ER.2) GO TO 10

000013 000 X=(=YS*XT+XS»¥ 13 /D

000014 oo Y= (XSH+ZS*X1+YSAZS&YI-214bx22)/D

ooggis poo I=—(X5=X1+YS*TI+I5%21)

000016 600. RETURN

000017 000 10 X=-YS*X1/D+XS#ZS*Y1/D=XS*Z1

000015 peo YSXS*X1/D+YS*ZSEYT1/D=YS*Z1

000019 600 2==BAY1-2S%71

gpoDeao ag0 RETURN

608021 000 ENDS

END ELY. )

SHDG P wkkkkdx  UNIT/MCIDAS  #=sk&a
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BELT,L AF.UNIT/HWCIDAS
ELTOD? RLIBG6Z 12/22-17:02:09-(0,2

000001 000 SUBROUTINE UNITCA) .
000002 000 € THIS ROUTINE RETURNS IN A" A 3 X 3 IDENTITY HATRIX.
000003 000 ¢

000004 000 DIMENSION A(9) ;B(9)

0008005 poo DATA B/1.0,0.0,0.0,

000006 000 * 0.0,1.040.0,

0000a7? poa * 0.0,0.0,1.0/

000008 600 pO 10 I=1,9

000609 noo 10 A(I}=8(I)

0008010 800 RETURHN

000011 a00 ENDS

END ELT.
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