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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 SSEC. 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-0Objective

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 element (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 algorithm for converting a satellite picture élement 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 validity
must be referenced to some measurement derived from the image
itself. For this wgrk, 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 navigation
model. TIdeally these should always differ by less than one pixel.
In general, this navigation model is 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 two satellites
showed agreement on the order of one meter per second. In 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. TFor 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 accurately, the attitude changes must be measured
and accounted for.

In addition to attitude changes of the satellite, we find that
we must also account %or image distortions caused 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 function 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

P ———
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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 varies from equal-angle sampling

by 2 or 3 pixels 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 measurements; 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 sampling. 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 one 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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IT. Using 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. For specific
commands and data inputs to the various programs see Section TLIEIES
The general organization of the main programs is indicated in

Fig. II.1.

B. 1Image 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
image is not viewed before rumning this program it is not known if some
of the computed offset points will be computed for locations 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 facéor, which 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 cbrrelations done entirely from off-earth data must be
eliminated from the curve-fitting process. To do this the user
must scan through the listing of offset and weight values 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 offset data.
[OFSTG]

Fit polynomial to offset data.

[OFSTF]

e

Read earth edge

image sectors.

[LATSF]

N

Read landmark

image sector.

[LATSF]

Measure earth
edge shifts.

[WINDCO]

11

Fit polynomial to

earth edge shift.

[EDGFT]

Compute satellite attitude.

Emeanen I P U—

Compute residuals.

. [ATSNV]

NAVCOM ready for
~ use by SATEAR in

applications programs.

Figure II.1. General organization of ATS-6 image correction and

navigation software.

pPrograms 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 are 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 the
tapes. This program requires input data specifying the date and
time of the image for image identifier entries. This program reads
a standard size image area which is 512 lines by 512 elements on
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.

Attitude Determination

The initial satellite attitude is determined from landmarks
and the satellite's orbit. The attitude computation is done using
several widely spaced landmarks on the first image (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 t2). Then the wind tracking

1
procedure using a correlation tracking metric is used to track

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

set to zero so that the correlation peak search is done by moving
the target grid only horizontally (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 line are

stored in common block NAVCOM. Reference 3, especially Section III,

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

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 (latitude, longitude) transformations and ES for the
inverse. For compatibility with SMS systems a subroutine SATEAR,

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

This section descgibes the command formats for using the ATS-6
navigation programs. There are two versions, one on the AOIPS and
one on the McIDAS. Part A covers the use of the AOIPS version.
AOIPS 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 installation command file
RDP:[1,162]ATSINS.CMD is available. Operation must be initiated
by first running METPAK to restore the global common. Once the
common has been restored, the EXIT option is taken and the ATS-6
menu driver ATSF2 is initiated (i.e. RUN DB@:[35¢,62]ATSF2). The

system is now ready to run.
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A. AOIPS Version of November 1977
1. A6INT - Initialize COMMON/NAVCOM/

Initiate by requesting option: 1 — INITTALIZE NAVCOM
on the ATS-6 PROCESSING menu.

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

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

before A6INT exits. Otherwise, not.

Input request:

ENTER DAY NUMBER

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

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

Input request:

ENTER 3 PICTURE START TIMES - HHMMSS

Response: Enter 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,
seconds), 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 as noted, the default response causes a

return to the ATS-6 processing menu.

Program output: AG6INT will enter values into COMMON/NAVCOM/

which is part of the saved global common.

OFSTG - Generate alternate scan offset data points.

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

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

Input request:

MOUNT TAPE. ENTER DRIVE NUMBER.

Response: After mounting the tape, enter a # or 1 for MMJ

or MMl respectively.
Default: The default is tape unit MM@.

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.

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
OFSTG. It mayﬂélso be initiated by requesting 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 element numger of the points at each end of the continuous
midsection of the data. For example, for day 74195 164223Z
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 A6INT, OFSTG, and OFSTF should have
been run to set up COMMON/NAVCOM/ entries. Mount the E.H.T.
on tape drive MMJ 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 A6INT above.)

Input request:

ENTER START LINE AND ELEMENT

Response: Enter the image coordinates for the upper left

hand corner of Ehe 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 number for a given area for all

three picture times.
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Input request: .

ENTER TAPE UNIT (@,1)

Response: Enter # or 1 according to which drive the tape is

mounted on (MM or MM1).

Default: If a default entry is made, the system returns to

the ATS-6 PROCESSING menu.

Program output: This program loads 512 x 512 element image

segments onto digital disk files. Both visible 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
TO EARTH EDGE DATA. Earth edge measurements should be

stored in the wind file. There are no requests for input.

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.

Initiate this program by requesting option 6 - RUN NAVIGATION.
Landmark measurements from ATS-6 should be stored on the
landmark file. (Currently this program reads 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. McIDAS 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 run 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 HHMM882 HHMMSS3

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

and ON. Entries are:

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

DQ FIRST SSYYDDD HHMMSS X, Y (decameters)

Ly ) Tl Zl
DQ SECOND SSYYDDD HHMMSS X2 Y2 22 (decameters)
(e.g. DQ FIRST 1474195 175531 -1198560 4041970 -43760)

DQ SECOND 1474195 164223 133380 4214050 =5950)

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

2. Generate alternate scan offset data points.

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

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 values 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/NAVCOM/.

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 Chébyshev'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 tl - 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 Chebyshev 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 tl 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 SSYYDDD ¢ ¢ (P)

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 fo} 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 allow 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 (SSP) and are not documented here. Appendix E of this report
contains source code listings for the McIDAS and AOIPS versions of the
main programs and for most subroutines. Fig. IV.1 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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ATS-6 Image Coordinate Systems. The ATS-6 satellite
scans from south to north with 1200 scans per image.

In a visible image each scan consists of 2 lines for

a total of 2400 lines per image. The satellite coordinate
lines used are numbered 1 to 2400, north to south to be
consistent with the convention for SMS images. Satellite
coordinate elements are numbered 1 to 2400 left to right.
Infrared image data only have one line per scan (but

2400 elements per line). Infrared lines are repeated

on image sector loads by LATSF to keep the aspect ratio
1:1 and to keep the coordinates the same for visible

and infrared.
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This section gives a description of the procedure executed by

each of the main programs.

A6INT - Initialize NAVCOM

1s
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 AOIPS.

OFSTG - Generate offset data

i3

Advance to first even numbered scan to be used (scan 800) by:
a) Read tape record (IOTPIN)
b) Crack out scan number (CRKTHR)
c) If desired scan missed print message and modify,

start scan number
d) Loop back to a.
Check to see that following record contains next lower numbered
odd scan. If not, modify desired even scan number and return
to 1.
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 values for
each element position.
Print table of element numbers, offsets, and weights.
Store number of points and element numbers in common block
BUFFl. 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.

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.



V=3

Call subroutine APFS to invert matrix and compute coefficients
for least squares set of Chebyshev polynomials.
Store coefficienpg, 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

c) Call CRKTHR to crack out scan number

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

Back up one record so eﬁtire 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.

c) 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-1 data to subroutine LINGRB to select and
repack desired line segment.

f) Write image line segmeﬁt 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 now; rewind tape.
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EDGFT - Fit polynomials to earth edges

1.

Do curve fit for_tl - t2 image pair then for t1 = 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.

¢) 1If element position of vector less than picture center
element, store scan number, shift in array for left edge.

d) If element position of vector greater than picture center
element, store scan number, shift in array for right edge.

e) Loop back to 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 polynomials.

h) Store coefficients, scaling factors in common block NAVCOM.

i) Repeat steps f, g, h for data from right edge.

j) Determine valid argument range for left and right edges.
Determine the overlapping portion of valid argument range
for left and right edges and store this oveflapping portion

in common block NAVCOM.

ATSNV - Navigate ATS-6 image from landmarks

15

s
3.

Read landmarks from landmark file.

Convert integer values to floating point.

Pass landmark data to subroutine ATTTUD to compute satellite

attitude.

The McIDAS version stores the attitude in the navigation file

by SQing DX. :

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 values and loop back to a through all landmarks.



Entries in common block NAVCOM.

NAVN

INAV

IYR

IDAY

TOTLIN

DEGLIN

TOTIEL

DEGELE

PICLIN

PICELE

TMPSCL

IOYR

IODAY

™

R1X

R1Y

R1Z

R1DX

R1DY

R1DZ

PITCH

ROLL

YAW

Navigation sequence number.

Flag to indicate type of navigation.

Year of date for which navigation is wvalid.

Day of year for which navigation is wvalid.

Total number of lines in

image (= 2400.).

IV-5

Total sweep angle in line direction (= 19.92 degrees).

Total number of elements across image (= 2400.).

Total scan angle in element direction (= 20.07 degrees).

Picture center line.

Picture center element.

Scan period (nom. .02 minutes).

Year of date for orbit values (IOYR = IYR).

Day of year for orbit values (IODAY - IDAY).

Time of orbit location (minutes, GMT).

X component of location of time TM (earth

Y component of satellite
Z component of satellite

X component of satellite
radii/minute).

Y component of satellite
radii/mtnute).

Z component of satellite
radii/minute).

location of time
location of time

location of time
velocity at time

velocity at time

radii).

M

™

™

™

(earth radii).
(earth radii).

(earth

(earth

(earth

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

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

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



PTIM(3)

TMN(3)

TMX (3)

Note:
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Picture start times for the three images for which
earthedge correction applies. PTIM(1l) 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). o

For earthedge correction arrays, dimensions of value 2 refer

to image pair. 1 => PTIM(1l) - PTIM(2) shifts; 2 => PTIM(L)
- PTIM(3) shifts. .

NLCOEF (2)
NRCOEF (2)

SCLL@ (2)

SCLL1(2)

ELCOEF(11,2)

SCLR@ (2)

SCLR1 (2)

ERCOEF(11,2)

NASCEF

SCLAS(®

SCLAS1

IELEMN

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 scaling argument value (scan number)
for left edges.

Coefficients of set of Chebyshev polynomial for left
edges.

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

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

Coefficients of set of Chebyshev polynomial for right
edge.

Number of coefficients in polynomial for alternate
scan correction.

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

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

Minimum element number for which alternate scan correction

applies.
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TELEMX 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: BCTOPF

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

Input Parameters:

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

IDIR Direction to rotation

IDIR = 1 Body centered to picture frame
IDIR = 2 Picture frame to body centered

Returned Values:

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

Algorithm:

BCTOPT uses subroutine ROTATE to create a rotation matrix from the yaw,
roll and pitch angles computed by the navigation program. It then
multiplies the vector (X, Y, Z) by the matrix (IDIR = 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 (N, 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:

ATS-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 - Number of 12-bit 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 whole words.

Function:

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

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

Input Parameters:

PTIME - Picture start time (minutes, GMT).

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

Returned Values:
DELLIN - Line correction value.

DELELE - Element correction value.

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 coordinates of a point on the earth from latitude, longitude
to rotating Cartesian 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 ERTOST.



Name: ERTOST
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Call: CALL ERTOST (XE, YE, ZE, X, Y, Z, IDIR, TIME)

Parameters:

XE, YE, ZF

TIME

Function:

Cartesian coordinates (kilometers) of a point on earth's
surface in rotating coordinate system.

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

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

Time of day (minutes, GMT)

ERTOST a unit vector 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 earth'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:

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

XELE - Element coordinate in image picture frame coordinate system.

Function:
Subroutine ES does an earth (latitude, longitude) to satellite (line,
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.



Name: FLALO

Call: XLAT = FLALO (ILAT)

Input Value:

ILAT = Latitude (or longitude) integer value in the format +DDDMMSS.

(For PDP-11 an INTEGER*4 value.)

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, I, 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.

Reference:

This subroutine 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.)

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 in minutes (floating point).
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Name: GASORB

Call: CALL GASORB (R1, Tl1, R2, T2)

Input Parameters:

R1 Position vector of satellite at time Tl in earth inertial
reference frame.

T1 Time (minutes, GMT) at which satellite is a position RI.
R2 Position vector of satellite at time T2.
T2 Time (minutes, GMT) of position R2.

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

T™ - Time of position. T™M = T1

R1X, R1Y, R1Z- Position of satellite at TM.
(R1X, R1Y, R1Z) = RI1/RE
Where RE = radius of earth.

R1DX, R1DY, 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 & Somns, 1965,
pp. 196, 197.

See also subroutine ORBIT.
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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 COMMON/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/.
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Name: INVERT

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

Input Parameters:
AA - an NxN matrix

N - dimension of AA and B

Return 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. If AA is singular,
ALTRET is set to .TRUE.

Reference:

See also subroutines FLIP, MINMIZ.
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Name: LINGRB

Call: CALL LINGRB (INDATA, ISDIR, IELE, NELES, IBDF, IOUTD)

Input Parameters:

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

ISDIR Indicates scan direction. 0 => 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:

IOUTD 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 scan 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: LS

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

Input Parameters:

X Starting point for line search (a vector).

y —— P,
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 function 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 S(Y) in "VAL". On call, "DD" is the unnormalized directional
derivative VS ¢ DIR. This line search routine returns in Y the point

X + 2-N#DIR where N is the least nonnegative integer such that -S(2~N*DIR)
represents at least 407% of the functional drop in the linearization of S

at X in moving from X to X + 2-NxDIR.

References:

See also subrountine MINMIZ and function S. See the report for 17 Nov. 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 vector)

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 function at PTOUT.

VAL The value of the objective function at PTOUT.
ITN 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, vy, VZ Cartesian components of any vector.

Returned Values:

VX, VY, VZ - Normalized components of the input vector.

VNORM - Length of the input vector.

Function:

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, Y, 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 & Sons, 1965,
pp. 427, 428.
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Name: PFTOTC

Call: CALL PFTOTC (XLIN, XELE, X, Y, Z, IDIR, INIT)

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

Xy 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:

PFTOTC converts from picture frame cartesian (X, Y, 7) 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:

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

References:

See also subroutine MINMIZ. See the reports of 17 November 1975 Appendix
page 10 ff 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.

Function:

This routine returns in "A" the product of the input matrix "A" and a
matrix RM, where, if "IDERIV=1", RM represents a rotation 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 PRTIAL.
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Name: S

Call: SVAL = S (PT)

Input Parameter:

PT The point (a vector) 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 November 1975 Appendix equation 15.

References:

See also the subroutines MINMIZ and LS.



Name :

Call:

Parameters:

PICTIM

XLIN

XELE

XLAT

XLON

ITYPE

INAV

BETAIN
BETDOT
ATFRAC

Function:

SATEAR

BETDOT, ATFRAC)

Picture start time (minutes, GMT)

Satellite image line (master coordinate)
Satellite image element (master coordinate)
Latitude (degrees, +North, ~South)
Longitude (degrees, +East, -West)

Type of conversion

1 => Satellite to earth
2 => Earth to satellite

Dummy variable used so call will match SMS version.

Subroutine SATEAR calls subroutines SE or ES.
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CALL SATEAR (PICTIM, XLIN, XELE, XLAT, XLON, ITYPE, INAV, BETAIN,
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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 ATS-6 image.

XELE - 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 STTIOLV ( X, Y, Z, IDIR, TIME)

Parameters:

X, Y, 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:

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

Reference:

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

See also subroutines ERTOST, LVTOBC, and BCTOPF.



Name: UNIT
Call: CALL UNIT (A)

Returned Values:

A - a 3x3 identity matrix

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 ] ,er,e = attitude yaw, roll,
y pitch angles
ER = Earth-centered Rotating
eL’¢L = geodetic latitude, longitude
LV = Local Vertical
(satellite-centered) 0. = sidereal time of Greenwich prime
meridian
BC = Body Centered
(satellite~centered) pL,pE = 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. *i = optimized navigation parameter

RBC = rotation into BC C.S.

RPF = rotation in PF C.S.

RA = optimized '"nmavigation"
matrix

R(6,k) = rotation about axis
k (k-1,2,3) in a ccw
sense by an angle 0

Vectors
r = unit vector
?s = satellite radius vector
?1 = landmark pointing vector
?2 = earth-coordinate, EI é.S.
?E = earth-coordinate, ER C.S.
;LV = pointing vector in LV C.S.
;BC = pointing vector in BC C.S.
EPF = pointing vector in PF C.S.
e, = (0,0,1)"

LIN,ELE = satellite image coordinates:
Line, Element

L ,E = plcture-center coordinates
(line, element)

e = eccentricity of earth oblate
spheriod model

req = earth's equatorial radius
rp = earth's polar radius
s = distance from satellite to landmark

t = time

t., = epoch time, lies within image
M
frame interval

l" ”A= Euclidean norm

|-| = absolute value operator




1ok 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 equatorial 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 ;'= —rs(t)/”¥é(t)“’ where ?S is the satellite radius vector (Fig. A.1l).
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 alignment are measured by the yaw, pitch, and roll time dépendent
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 thellast 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

midpoint of the mirror sweep angle for the mid-mirror scan number of a full



Greenwich
Meridian

Figure A.1l.

satellite

Satellite-Earth Geometry (See
Text for definition of symbols)



LIN

v
>4

PITCH

g—J

ROLL

PSR S ¢

Figure A.2. Picture Frame (PF) Coordinate System
(See Text for explanation of symbols)



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

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 navigation
model depending on convenience or available information.

: 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 7 whose components are expressed in terms
of the primed system, i.e. T' = Rr.

The first form R can take is, in matrix representation, R = [%!;l;]T,
where §, §, z are the unit column vectors of the primed coordinate axes
whose components are expressed in the unprimed coordinate system. The
"I" refers to the transpose of the matrix. To see that this transformation
is valid, one need only to carry out the 6peration implied,

> Apar A T A A A>T
r' = [xlylz]Tr = (2°r, y'F, 2°%) .

A> A > Ay -
Thus, x°*r, y*r, z°r represent the projections of r onto the x', y', z

]

>
axes respectively. This is precisely the representation of r in the primed
system.

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

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




clockwise about the k-th axis as viewed from above where k=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 6 counterclockwise relative to the xyz system about the z-axis,
cos 6 sin 6 0
-, 5 N
r' = R(6,3)r= | ~-sin ® cos ® O0|r . [ROTATE ]*
0 0 1

In general for R(GK,k),

: Ri = cos 0, 1#k;_Rij = —Rji = gin O,

i < j and 1i,j#k .

-

With this notation, the sequence of Euler rotations can be represented
in a compact form. TFor 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 ey about the BC z-axis (yaw),
folléwed by a ccw rotation by an angle Gr about the BC x-axis (roll),

followed by a cw rotation by an angle ep 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:
T = R(-6_,2) R(6_,1) R(6_,3) ¥ ]
rBC = p’ - v’ rLV s [LVTOBCJ

where the angles Gy, 6r, Bp are generally dependent on time.

G. Orbit Methods Used in Predicting Satellite Position, ;s(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 (¥s) and velocity (;s) components expressed in the EI coordinate

system approximately every three seconds of ephemeris time. For 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 theoretically

" sufficient to uniquely determine the orbit. However, the velocity vectors,
unlike the position vectors, are not given with sufficient 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,
~ & e >
t t ¥ s A
r_( 1),rs( 2) rs(tl),rs(tl), 1:1 # t,2 [GASORB ]
>
The vector spread between rs(t ) and ;s(t ) must be less than 70°. Once
® 1 2

> > ; . 3. :
rs(tl), rs(tl) are determined, the satellite's position for any other time

is determined by an iterative f, g computational procedure:
- - >
t) = + ;
rs( ) £ rs(tl) g rs(tl) [ORBIT]

The details of the computational algorithms 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 NAVIGATION MODEL

A. Earth Coordinates to Satellite Image Coordinates (Subroutine ES)

Let t be the instant at which a point on the earth (landmark) is imaged
by the satellite scanning system and let fl(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 liﬁe to get a better

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

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




. > >
of this vector to the satellite radius vector rs and the landmark r {ig

given by:

-
T (£) = ?:‘2(::) " 'r*s(t) ¢ [ERTOST] (1)

> > >
where r?, T and therefore rl, are expressed in EI coordinates (Figure 1).

3 3 ‘+ 3 3 *
The position of the satellite rs(t) is determined from the orbit routine

discussed above, while ; is derived as follows:
2

-y -
§ R{~8..3) 3 . [ERTOST] (2)
where ; = p(cos 6. cos ‘A, sin ¢ (L' - e2) sin 6 )T
B k G e ¥ A
p = req/Jl - e?sin? 0,
6L’¢L = the geodetic latitude and longitude of the landmark,
e = eccentricity of the oblate spheriod earth model = 8.1812X10-2 |
req = earth's equatorial radius = 6378.15 km.

_).
The landmark Iy expressed in ER coordinates is transformed into the ET
coordinate system via the transformation R(—GE,B) where, GE, the angle
between the x-axes of the two systems at time t is given by

6. =a +a *DDD+a * t ERTOST
E 1 2 3 [ 5T

where, 06_ is the sidereal time of the Greenwich prime meridian,

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

a ,a ,a 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.



It is convenient at this stage to transform the pointing vector ;
" ~ > - ~
into a unit vector, rl(t) = rl(t)/”rl(t)”. Transformation of r into
1

the LV frame is accomplished by RLV’

: : Arara T
Ty ™ Ry T, = [x]y]|z] r [STTOLV] (3)

where, from the definition of the LV coordinate system,

x > T

z = —rs(t)/”x?s(t)n = =(x_»¥,2) s

A “ oA A a T
x = (z )(ea)/”z x’eBH = (—ys/d, xs/d, 0)",
§=2xx = (xz/d, yz /4, -4,

d='2+{

\/XS yS’

where x2 + y2 + z2 = 1, :
s s s

In matrix form,

—yS XS ¢

RLV - %‘. *s%s Vg2 -4
—dxs -dyS -sz .
The transformation from LV to BC coordinates is accomplished by
using the attitude telemetry data. However, since we have found these

data to be unusable for our purposes, the LV and BC coordinates are set

equal to each other. Thus:

) Tsc T 'Ly ()
'The transformation of_;:BC into the image frame vector, ;PF’ is
P = (s YomeZon) L = R, T (5a)
PF  “PF’’PF’%PF RpF Tnc

where R, = R(Ep,z) R(Er,l) R("e"y,3), (5b)
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and 6&, Gr, ep are the optimized angles resulting from the least-squares

navigation technique 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 6&, er, 6; over a period of time on the order of days is some-

thing that can only be deduced indirectly by updating the navigation.
With £PF determined from equations (5a) and (5b) and adding line and

element corrections deduced from earth edges, the satellite image coordinates

can be calculated

LIN = L_+ (sin~! yPF)/pL + AL, [PFTOTC] (6a)
ELE = EC + (tan(xPF/zPF))/pE + AEe and [EDGCOR] (6b)
where,
LIN = line number,
ELE = element number,
ALe = line correction due to attitude shifts,
AEe = element correction due to attitude shifts,
L = picture center line = 1200 for visible, 600 for IR ATS-6 image
5 data,
Ec = pilcture center element = 1200 for ATS-6 image data,

p number of radians/line
L nominal ATS-6 scanned field is 20° X 20°.

number of radians/element

Summarizing equations (1) - (5),

r = . E 7a

*pr = Rpp Rpc Rov 7,0 [ES] (78}

where © +||F || = T (t) - T _(t) = R(~6.,3) T - T _(t) . (7b)
1 1 2 s E’ E s

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 8§, -sin XA, cos Acos 6)T [PFTOTC] (8a)
where
A= (LC - LIN + ALe) Py, = mirror step angle (8b)
§ = (Ec - ELE + AEe) pE = mirror sweep angle (8c)
From equation (7a),
£ - RT, Ri. Ri Too [SE] ©)

(The three successive transformations in equation (9) are orthogonal
matrices; therefore the inverse of each is equal to its transpose).
> -5 ~
Now ’ r =r_ + sr , (10)
s 1
->
where s = “rl(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,

(xE2 + yEz)/req2 + zEz/rp2 =1 (11)
where,
req = earth's equatorial radius = 6378.15 km,
rp = earth's polar radius = 6356.77 km,
XpsYps 2 are the vector components of the landmark, ;E’ in the ER frame.

Equations (2), (10) and (11) represent 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,
T A =T %+ sr % (12)
2 S 1
where,
> > T
% = R(- ’3 * = s
L (~8,,3) To* = R eE,B)(XE/req,yE/req,zE/rp) .
> T
r*=(x/r I .z Ir
1 1" Teq?? 1 Teqg’ P) ’
> T
& i
T (xS/req,ys/req,zs/rp) ;
NOWII¥2*”2 =||R(—9E,3ﬂ|2 .II?E*” = 1, since R(GE,B) is an orthogonal
matrix, and]l?EHZ equals the left side of equation (11). Therefore
the equation i
> > -
r *| =1=|r %+ sr ¥, i3
IZ A1 = 2 = 12w+ oF A a
contains only s as an unknown. The solution of (13), expressed in a
form to minimize computational round-off errors, is:
s = —-(B + VYRAD) /24, (14)
where
RAD = B2 - 4AC,
A =F+ @Q-TF)z?2,
)|
B==2(xx +yy)F+2z 2z,
1 8 1@ 18 [ERTOST]
2 (xl 5 92) F 4 o2 - g8
C (xS ys) zg rp,
F = r2/r?2 .
P e€eq

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

>
r

> ~ T
= = RTOST
. R(BE,3)(rS + srl) (xE,yE,zE) , [ERTOST] (15)-

and hence

g = t.an‘l[zE/((l - ez)JxE + y}%)], [ERTOER]  (16a)
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¢L = tan_l[yE/xE], [ERTOER] (16b)
where
GL = geodetic latitude,
¢L = longitude
e? = (r2 - r2)/r? = earth's eccentricity squared.
eq P eq

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

coordinates to earth coordinates - transformation.

C. Navigation Optimization Procedure (Subroutine ATTTUD]

Navigation of the satellite image data base consists of finding
a time dependent transformation to predict the earth coordinates from
the associated satellite image coordinates. This is accomplished by
using landmark measurements from the data base and the model discussed
above to determine the optimal transforhation in a least-squares sense.
A landmark measurement consists of the earth coordinates, (GL,¢L), the
associated image coordinates, (LIN,ELE), and the time, t, at which the
landmark was imaged.

Let

th

a, = i parameter to be optimized,

RA(ai) = transformation associated with the ays

;k' = unit pointing vector of the kth landmark derived from (GL,¢L)k,
Ek = unit pointing vector of the kth landmark derived from (LIN,ELE)k,
. - vls _ S o2 '
and s(a,) l)iﬂrk R, (a,) 7, "l [s] (17)

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

The navigation is complete when a set of parameters ai are found (call
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them a;) which minimizes S. The optimized values E; are then used in
the transformation to predict (eL,¢L) from an arbitrary (LIN,ELE).
As an example, consider equation (5a),

where Top = RPF oo [BCTOPF]

and let us assume that the atfitude telemetry data i1s known with a
reasonable degree of accuracy bdt that the orientation of the PF frame
relative to the BC frame is not. Thus, we wish to optimize ey, Sr, Gp

in the transformation RPF' Using the landmark measurements. and the attitude

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

BC F

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

form

5(6,,0,,0.) = 12";||(1-1,F)k = Rpp(0,,0,,0.) (ryedy 1% [s]

and the values 5}, Gr, ep which minimize S are the ones then used in
equation (5b).
The method used to minimize S(ai) is an iterative procedure which

uses a modified Newton's method.

Let

a = {ai} for convenience,

n th

a = value of o resulting from the n iteration,

N = total number of parameters o

H = N XN matrix (Hessian) whose ijth component 1is [H]ij = BZS/aaiaaj,
VS = gradient of S, (VS)i = BS/Bai.

‘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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-M

s(e™ - s(® - 277 wlyse™)) & (432 T HOUNSLE) N Vela). [LS]

2) When the inequality is satisfied, set

+ M
Bt o 0B L oM g ivsin®y, [MINMIZ]

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

n+l

[s(™™) - s@@™] s 10728]s@@™] .

; ' I
If not, set o« an+l and go to 1); if yes, then ol b a and the

procedure is finished.
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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 (SSP) image coordinate changes between successive
images resulting from attitude changes during the image-scan time. Appendix C

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

in the process of computing accurate cloud displacements.

1. Method

Let T;, Tp designate two successive ATS-6 data images where T; is the
"earlier" of the two images and (Lc’ Ec) (Line scan and Element numbers)
are its SSP image coordinates (Fig. B.l) determined from the ATS-6 navigation
model. 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 edges. (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 cléuds.
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 fo compute the displacement coordinates (AL,AE)
of the Tp-SSP relative to the Tj- SSP at line L using the measured values

of AEr,AEL.



\rLines
”’::;::"‘”“~ ™~
N
AEL \ AER
/2 5
1552 ; 4
7 p=!
/ T an T\
| ' \
! ;
OI’
\ _+‘ (L6+AL’ E6+AE) .
S
T, T, (Lc’Ec) - l Elements

(SSP)T1

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 5 is the bisect point for the Tpo-chord coinciding with line L, and
both Ti- and Ty~earth circles have equal radii a.

Letting 5;_:—§;.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 - P5 = PS = P2 s O

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

~solving for AE, .

AE = (AEp + AE;)/2 . ®
The second identity is
P, - P, - AE, =P, - P. - AE_ , where (2)

4 2 R 3 1 L
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=2 \/(P3 = P2 - (B, - Pyo)

=2V - L)2+ (E-E)2-[L- (L + L)I?, and (3)
P3 - Pl = 2(E - Ec) . (4)

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

§=Vx2 +Y2 - (Y - AL)Z - X, where (5)

§ = (bEy - BE )/2
X=E-E

c
Y=L_’Lu

e

Since ¢ and (L,E) are obtained from the AE ,AEL measurements and a nominal

R

value used for (Lc’Ec)’ AL can be solved in (5) to yield

AL = Y + \VVRAD , where (6)

RAD = Y2 - 2 X &8 - 62 .

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

§ in Eq. (5) in RAD; the result is

AL = Y 4+ (Y - AL)2 =Y+ VRAD , Y > AL
- : (7
Y- VRAD , Y < AL .

The 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 IYI is usually >> IALI. For most cases then, the conditions are

<

AL =Y+ VRAD , Y< O, (8)

RAD = Y2 - 2 X 68 - 62 ,




B~-4

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

Equations (1) and (8), then, ¢ e the displacement in image coordinates
of the Tp,-SSP relative to the T;-St or line L. By repeating this entire
process for other scan lines the SSP-shifts (AL,AE) as function of Ty-line
position are obtained. 1In 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 edgeé 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 uéed in (1) and (8) to

compute AL,AE curves.



- 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 relative attitude changes in a sequence of ATS-6 data
images using the earth-edge measurements derived by the technique discussed
in the main portion of the report and APPENDIX B, 1In 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, o leles 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,
Pori = rPF(Li,Ei) = unit pointing vector in Picture Frame coordinates
derived from (Li’Ei) using the ATS-6 scan-camera geometry,
4 i : 5 : Lt ; . A
v unit Local Vertical pointing vector associated with S
Ri = 3x3 rotation matrix which transforms without error Ty vi
into fPFi at the time the feature was scanned, i.e.
Tppi - Ni TLvi 1)

1. A Two-Image Sequence

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

ship between LV and PF coordinates are given by

e~ R Ty 2)

(3)

rPF2 = R2 rLV2 .



The relationship of the cloud feature in LV coordinates for image T2
can be related to Tl as follows:

~

~ -
Foms ™ Spup ArLV(Ale) ’ (4)

where A;LV is the displacement of the cloud in LV coordinates from T1 to

T2 and results from two effects:

(1) apparent change in the earth's orientation over the time
interval ATl2 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)
(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
af fLVl and 2LV2 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
td 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 frame between T1 and T2; they are rela?ed to each other

by an infinitesimal rotation I + E__ where I is the unit matrix and E12’

12

an antisymmetic matrix whose elements are the small-angle differences between

the PF axes at times T1 and T2. Thus
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R, = (I + E12) R, 3 (5)
substituting (4) and (5) in (3) and expanding
... =R T __ +E RZT _ +RAr _(AT. ) + E. R AT._(AT..)
Tpr2 1°LV1 1217 Lv1 ATy (8T 5) 128 8Ty (AT, (6)

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

RET

(~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 theAtwo changes in the LV frame discussed above. Using
(4) to combine the first and third terms, equation (6) then can be rewritten'as.

~ =RA

Tpro 15pye T E

125pF1 ° (7

Comparison of (7) with (2) implies that if E12 and Rl were known, ELVI

and £LV2 - and therefore the cloud displacement - could be computed with
a high degree of accuracy.

A good approximation to E12 is obtained from the earth-edge displacement
measurements which provide the displacement in image coordinates Ale(L),
AEIZ(L) of T2 relative to ’1’1 as a function of line number L. The line shift
AL12 is proportional to a smzll change in roll AR12 about the PF-X axis and
the element shift is proportional to small changes in pitch AP12 about the

PF-Y axis, i.e.

ALy,

bR, /6 (82)

T AE

15 APIZ/D 3 (8b)

where p is the angular size of a pixel = 1.45 X 10" radians.

Letting T = [X, Y, Z]T where T is the transpose, the explicit form of

PF1

E12 and the last term in (7) is
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E12rPF1 - ) O il K
-AP -AR 0 J |z
= [APZ, ARZ, -~ (APX + ARY)]T, €D

where it is understood that AR, AP refer to the T1 to T2 changes in attitude
at the times the cloud was scanned.

Note Ej, contains no non-zero yaw angle element (small rotation about
the axis passing through the image SSP) 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 wind measurements (displacements) for ya& changes is generally
small. Analysis of landmark measurements 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 and hence the last term in (7) determined, equation (7) can
be rewritten as

~

4\' = "~ i = ~
Tppo = Tpr2 T F12TPR) erLVZ i (M
where f%Fz is interpreted as the T2 cloud pointing vector with the attitude
changes removed.
. oy X .
2. Computing Tors in Practice
Cloud displacement measurements and computation of r! is accomplished

PF2

as follows:

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



G=5

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

T

(AL", AET) from T1 to T2 are measured on McIDAS using an

image matching technique,

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

the displacement coordinates Ale, AE12 due to relative

attitude changes are computed and subtracted from ALT, AET,

These differences are added to Ll’ E1 and the associated
PF vector computed. That this vector is a good approximation

of is shown below.

ol |
Tpr2

By definition,

Topy = Tpplly E;) (11)
r =r_ (L. + ALY, B & AET) =r (L ,E) (12)
PF2 PF'™1 Y "1 PE* 22 2

i i T

i T + AL™ - =
Expanding r (L1 T, Ale(Lz)’ E1 + AE AElZ(Lz)) about (L1 + AL,

PF

E1 + AET) keeping first order terms, we have

f-PF(L1 + ALT, B, + AET) & §%~fPF(L2,E2) AL, - g%-QPF(LZ,EZ) AE,, . (13)
From the geometry of the ATS-6 scan-camera,
EPF = [~cosAsind, -sin], cosAcosG]T (14)
= [X, Y, Z]T
~ where )

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

§=(E - E)p
c

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 r__ in (14) with respect to L,E, and retaining

PF

first order terms with the partials evaluated at (LZ,EZ):

s AE

A
12 T BE TpF "1z

B
oL TpF
_ : T T

= [0, PZ, -PY] AL+ [PZ, 0, -PX]OE , , (15)

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

vectors in (15) yields

T
ZAP ZAR - (XAP + YA
[ 1z* 12* ( 12 = R12)] i
which is equivalent to (9); therefore (15)‘is the same as ElZfPFl' Since
the first term in (13) is %PFz’ we have
f,UJ+MF-M,(L),E + AET ~ AE (L)) =
PF 1272 1 122
(16)
~ = ~ =o\|
rPFz E12rPF rPFz by

comparison with (10). Thus the method discussed above correctly yields
=1
rPFz'

3. Transforming PF to LV coordinates

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

R a7

Tpry 1LV

A
]

rPFz (see (10)) (18)

R T
1 LV2
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 T1 landmarks were scanned, i.e. R

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



attitude changes over the Tl scan time and, in addition, will differ from
R1 (assumed to be the error-free transformation) due to mirror scan
nonlinearities. Similarly, as above, we can relate R to Rl by an infinitesimal

transformation

E=R1 (1 -e), (19)

where ¢ is the infinitesimal antisymmetric error ﬁatrix which is a function
of line and element. It is important to realize that the elements of e
contain absolute errors which the ATS-6 model cannot account for.

However, our previous work using landmark measurements has provided us with
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 dispiacement measurements (corresponding to tens of pixels),
e can be considered to be a constant locally. (It would be appropriate to
remind the reader at this point that the absolute mirror scan nonlinearities
aé a function of image coordinates repeat from image to image.)

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

B =Ri . =(I+e)RRE. =% __+7
Vi PF1 1717 LV1 LV1 e (20a)
~ —TaA T ~ - ->
' = ' t—3 -
Frgp = Rfppy = B+ @R B, = fpe + 1, 5 gl
where
-> ~
r, T ery - | (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 reference 3 that this

- constant has a negligible effect in computing cloud velocities or displacements.
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. . 3 —*. . .
In addition location errors on the earth due to r, is given in this

appendix.

4. General Case of n-image Sequence

The case for images Tl’ T oo 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 R1 by the image pair relative-attitude transformation matrices Ei 141
b
where
R.n = (I + En—l,n) w2 (1 + Eza)(l + Elz)Ri
n-1
= (? s .Z Ei,i+1 R.l y (22)
i=1

where only first order terms are retained. Thus the analog to (10),generalized

to n imagesjyis

~
]

n-1
prn = Tpr '< 2 Ei,i+l) Em - S

i=1
where in practice §§Fn is computed by evaluating the expression
n-1 n-1
A' = - - .
TpFn rPF(Ln IOALy gy Ty )y B Z AE1,1+1(L1+1)) (23)
i=1 i=1
where Li,i+l(Li+l)’ Ei,i+l(Li+l) are evaluated from the Ti to Ti+l earth-edge
displacement measurements evaluated at Li+l’ where L is the Ti+1 line number

i+l
of the "center of gravity" of the feature being tracked.

Application of (19) to the EéFi results in

’Efm = ELVi + i—’e i=1,2, ...n . (24)



APPENDIX D. METHOD OF OBTAINING MIRROR-SCAN-OFFSET CORRECTION CURVES

The nature of the mirror-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) function). For our initial efforts to produce a AE(E) function,
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 (¥ig. D.l.).

In the automated method of computing the AE(E) function a correlation
value is computed for the match between a small segment of an odd scan and a
shifted segment 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
value 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 values are then smoothed
by using a least squares fit polynomial. In more detail the method is.as
.follows: -

Let:

element number (1 < e < 2400)

(1]
1l

0]
il

scan number (1 < s < 1200)

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



po(S,e) = pixel digital value at a given odd-scan, element position
8 = 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:
e+t )
C(s,e,8) = z [po(s,e') = p (s + 1, e + §)12 (s odd)

e'=e~t

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

of 6 that gives a minimum value to C:
C(s,e,AE(s,e)) < C(s,e,0) 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(e) =
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(p_(s,e')) - MIN(p_(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 (s = 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 points off the earth. When
off-earth and on-earth points are averaged together the weighting factor will
give only a very small or zero weighting to the off-earth points. For some
element values no on—-earth 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 meehod of gorrecting the alternate scan offset has
also been developed. 1In 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 looked up
in a table, for each pixel in the even scans. Thus the amount of shift varies
from one side of the image to the other. Pixels are dropped or doubled, as

appropriate, between regions of different shift values.
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Appendix E

Source Code Listings (FORTRAN)

of Programs and Subroutines

This appendix contains FORTRAN source 1istings for the
main programs and subroutines for the ATS-6 image correction
and navigation system. For main programs both AOIPS and McIDAS
versions are given. For subroutines only the McIDAS version is

given as the AOIPS version would be identical.



-711

712
713
714
715
716
717

718

990

99y

ATSF2/AOTPS

DIMENSION MINC10)

FORMAT(//7/77°

FORMAT(

¥

FORMAT(
¥
FURMAT(
*
FORMAT(
3
FURMAT(
¥
FORMAL(
¥
FORMAT (
%
1T=5

744
744
74d
7144
74d
741

74H

rE¥ aTs 6 PROCESSING XEEL)
1 INITLALIZE NAVCUOR

2  GENERATE ELEMENT OFFSET DATA FROM E.H.T.
3 CURVE #¢IT TO DFFSéT DaTa

4 READILMAGE SEGMENT FROM E.H.T.

5 CURVE #LT TO EARLH EDGE DATA

6 RUN NAVIGAT1ON

7 EXIT ALS6 PRUCESSING

WRITE(IT,711)

aRITE(IT,712)
GRITE(IT,713)
wRITE(LT,714)
AKLLIECLIT,T715)
WRITE(LIT,716)
WRITE(LIT.717)
wKITE(1Y,718)

NL=8
MENU=1

CALL luwCOMC(C?

'L0,NL, 1, MIN,MENU,1,1)

1F (MENU,LE.0) GU TD 990
IJ=MInCy)
GO T0 (1,2,3,4,5,6,7),0J
CALL REQUES(RADSO('AOINTZ'Y;
GO TO 999
‘CALL REQUES(RADS0('OFSTG2'))/
GO TO 999

CALL REQUES(RAD30('OFSTF2'})

GU TU %99
CALL KEQUES(RADSO('LATSF2'))
G0 TO 999
CALL REQUES(RADSOQ('LUGFT2'))
GO TO 999
CALL REGUES(RADSO('ATSNV2'))
GU 10 999
CALL REQUES (RADSQ('MET2'))
GU TO 943

CONTIWUE

A ;

CALL KEQUES(RADSO('mMET2'))

CONTLNUE

END



C

10

730

40

708
51

7006

780
100

ATSNV/AOIPS

PROGRAM TO NAVIGATE ATS6 1MAGES FROM LANDMARKS,
INTEGER#*% ILAT,1LON,1YD,I1TIME

DIMENSION PTIME(150) ., ALINC150) ,AELEC150) ALAT(150) . ALON(150)
DIMENSLON IPIME(150),1LINCLI50),IELEC150),2LAT(150),1L0ONCL150),.IC00E

¥(150)
DIMENSIUN MIN(10),M0UT(24)

CumMuN/NaVCUM/NaviN, TuAv,1YR, L0OAY, TOTULIN,DEGLIN, TOT1EL, DEGELE ,PICLE
¥N,PI1CelE, IMPSCL, LUOYR,I0ODAY , T, K14,R1Y,KL1Z,RIDX.,R1DY,RIDZ,PITCH,.ROL
*h:xaw.rIlMLS).IMN(B).1MX(3),NLCUEFL2).NR:UEF(Z),SCLbO(z).bCLh1[2).
FELCUEF(11,2),5C0k002) ,SCLRYI(2),ERCOEF(11,2) ,NASCEF.SCLASO,SCLASE,

¥LELEMN, LELEYX , ASCUEK(16)
DATA PL/3.1415926535/
OWIA IT1/57.LP/6/
RADDEG=P1/180.0

LUH=10

OPEN(UNII=LUN,NAME='D802(350,62)]R6LMKS.DAT!, TYPE='0LD' ,READORLY)

CUNTINOE
NL=0
CUNTLINUE
NL=NL+L

READ(LUN,730,88U=40)120,ITIME(NL), 1000 (NL) , ILLN(NL) ,IELE(NL) , LLAT

$(NL),ILON(NL)
FORMAL(2X,819)
GO 10 to
CONTINUE
NL=NL=1
CLOSE(UNLT=LON)
KC=2HDL
DU 50 I=1,NL

WRITE(LP,708)1TIME(CL), ICODE(L),1LINCI), ILLECL)  LLALCL)LLONCL)"

FORMAT(1X,819)
ConNTINUE
CONPINUE
WRITE(LT,706)IDAY,NL
FUORMAT(1X,'DAY=',L5,"' NUMBER OF LANDMARKS=',I3)
NLMK=0
DU 100 I=1,NDL
LF ¢MUDCICODE(LI)/100,10).NEL.0) GO TO 100
NLMEK=NLMK+1 -
PYIME(NLMK)=FTIME(LTIME(CL))
ALIN(NLMK)=FLOAT(ILINCL))
AELE (NLMK)=FLUAT(LELE(L))
ALAL (NLMK)SFLALUCLLAT(I))
ALON(NLMK)=FLALUCLLONCL))
WRLITE(LP, 7180 )PTLINE(NLMK) ,ALIN(VLMK) , ALLE(NLMK) ,
FALAT(NLMK) ,ALON(NLMK)
FURMAT(L1A,0F15.5)
CONT LUk
CLISE(UNIL=LP)
IF(NLAK.LEO) GO [0 990
CALL ALYIUp(PLIME,ALLN,AELE,ALAT, ALON, NLMK)
PU=pPlICH/RADDEG
RU=ROLL/RACDEG



DT

701
195

200
201
710

999
999

ATSNV/AOIPS ’

Y0=YAW/RADDEG

WRITE(LY,701)PD,RD,xD
FORMAY(180,1X.'PLICH=" ,£16.9+" ROLL=',E16.9,"
CUNTINUE

DU 200 LI=1,NL

PTM=FTIME(ITIME(L))

XLa=FLALOCILAT(LY)

XLO=FLALOCILONCL)Y)

CALL ES(PIM,XLA,XLO,XULIN,XELE)
RUINSLLINCL)=XLIN

RELE=LELE (1) =XELE

WRIFE(LP, /10)LTIME(L) 1C0ODL(L),RLIN,RELE
CONTINUE

CONTINUE

FORMAT(3X,16,5X,15,5X,2F10.2)

G9 TO 999

CONIINUE

CUNTINUE

CALL REQUES(RADSO('ATSF2%))

END

‘)’)

YaW=',E16.9)



m
)
-

*xkrkk  ATSNV/MCIDAS Asxkwk DA’

DELTsL AF.ATSNV/MCIDAS
ELTO007 RLIB62 12/22-17:01:39-(04)

000001 000 $JO0B ATSNAV U3200

000002 000 SOPTION 84,9420

000003 000 $FORTRAN

000004 000 3 SUBROUTINE MAIN

000005 000 C PROGRAM TO NAVIGATE ATS6 IMAGES FROM LANDMARKS,

000006 000 LOGICAL OPTION

ooo0Qo07? 000 INTEGER POS,GLEB

000008 000 EQUIVALENCE (ICOMyNAVN)

000009 000 DIMENSION ICOM(1)

000010 000 DIMENSION PTIMECTISOY,ALINCISO) jAELECTISO)Y ,ALATC(IS0) ALONCTIS0)
000011 000 DIMENSION ITIMEC1S50),ILINCISO) IELECTIS0) ILATC(1I50) 4ILONCI50),ICODE
Q00012 000 *(150)

000013 000 DIMENSION MSQ(C10)

000014 000 DIMENSION MINCIO) ,MOUT (24)

000015 000 DIMENSION GLEB(672)

000016 000 COMMON/NAVCOM/NAVN yINAV 3 IYRyIDAY yTOTLINsDEGLIN, TOTIELyDEGELE,PICLE
000017 000 *NyPICELE ,TMPSCLyIOYR,IODAY TMyRIX RI1Y,RT1ZyRT1DXsRIDY,RI1DZ,PITCH,;ROL
000018 000 *L g YAWZPTIM(3) s TMNC(3)yTMX(3) g NLCOEF(2) yNRCOEF(2),SCLLOC2),SCLLT1C2),
000019 000 *ELCOEF(11,42)ySCLRO(2) ySCLRTC2) yERCOEF(1142) yNASCEF,SCLASO,SCLAST
000020 000 *TELEMN,TELEMX,ASCOEF(16)

000021 000 DATA P1/3.1415926535¢

000022 000 DATA MSQG/6HDEFATD8%0/ y

000023 000 DATA I1CODE/150%0/¢ s

000024 0oo DATA MIN/GHATSNAV 820/

000025 000 CALL Ia(MIN)

000026 000 NDAY=MINCT)

000027 000 JouTt=1

000028 000 IFCOPTIONCMINCL) ;3H P)) JOUT=2

000029 000 IFCeNOTOPTIONCMINC2) 33H A) cANDeoNOT.(MIN(2).EQ.D ))GO TO 195
000030 000 IPT1=MINC(S)

000031 000 IPTZ2=MINC(6) =

000032 000 IPT3=MIN(T7) -

000033 000 NAVDAY=MOD (NDAY, 100000)

000034 000 1SS=NDAY/100000

000035 000 1SS=(15872)*2

000036 000 KDAY=ISS*100000+NAVDAY

000037 000 RADDEG=PI1/180.0

000038 000 IFCMINCS) «NEo3HNEW) GO TO 2

000039 000 DO 3 1=1,203

000040 000 3 ICOM(I2=0

000041 000 CALL WCOM

000042 ) 000 2 CONTINUE

000043 000 CALL GETNAV(KDAY,IEXIST)

000044 000 IFCIPTIeNE«OIPTIMCII=FTIRE(CIPTT)

000045 000 IFCIPTCoRESOIPTIMC2)=FTIMECIPT2)

000046 0oo IFCIPT3NELOIPTIMC(3)=FTIMNE(IPT3)

000047 000 IFCIEXIST.GEL.A10)60 TO 990

000048 000 CALL- HEDDER(KDAY,GLEB,POS)

000049 000 IF(GLEE(POS+1) NE«KDAY .OR.GLEB(POS+2).LT.0)G0 T0 990

000050 000 INDEX=6*GLER(POS+2)+88

000051 000 NL=0

000052 000 10 CALL SCRA(30,INDEX)

000053 : 000 CALL READW(30,672,GLEB)

000054 000 D0 30 I=1,661,6

000055 000 KIND=GLEB(I)/100G0Q



EhRA KA

000056
000057
000058
000059
000060
000061
000062
000063
000064
000065
000066
000067
000068
000069
000070 .
oooor1
000072
000073
000074
000G75
0oDo076
000077
000078
00007¢9
000080
000081
000082
000083
000084
000085
000086
000087
0000¢&8
000089
000090
000091
000092
000093
000094
000095
000096
000097
000098
000099
000100
000101
000102
000103
000104
000105
000106
000107
000108
000109
000110
000111
000112

ATSNV/MCIDAS

000
000
000
000
000
000
000
000
000
000
000
000
000
Cc00
000
000
000

000.

000
000
000
000
000
000
000
000
000
000
000
000
000

30

40

708

51

706

100

701

195

ko ok ok

IF(KIND.EQWaO) GO TO 4O

IFCKINDeNE.T) GO TO 30

IF(NL.GE«150) GO TO 30

NL=NL+1

ITIME(NL)=GLEB(I+1)
ICODEC(RL)=MOD(GLEBC(I),100000)
ILINCNL)=GLEB(I+2)

IELEC(NL)=GLEB(1+3)

ILAT(NL)=GLEB(I+4)

ILONC(NL)=GLEB(L+5)

CONTINUE

JJ=GLEB(672)

IF{JJ.LT.0) GO TO 40 .

INDEX=6%JJ+88

G0 T0 10

CONTINUE

KC=2HDL

IF(.NOT.OPTION(MIN(3),3H L)) GO TO 51

DO SO0 I=1,NL

ENCODE(132,708 yMUUTIKC yNDAY ITIMEC(I) ,ICODECI) ¢ILINCI)LZIELECT),
*1LATC(I) 3 ILONCI)

CALL TPC(JOUT,HOUT)

FORMAT(1X,A2,819)

CONTINUE

CONTINUE

ENCODE(132,706,MOUTIIDAY ¢NL

CALL TPCJOUT,MOUT?

FORMAT(1Xy“DAY="31I5," NUMBER OF LANDMARKS="413)
NLMK=0

DO 100 I=1,NL

IF(MOD(CICODECI)/1004,10)NE.O0) GO TO 100
NLMK=NLMK+1 .
PTIMEC(NLMK)=FTIMECITIMEC(CI)) ; .
ALIN(NLMK)=FLOAT(ILINCI))

AELE (NLMK)=FLOATC(IELECI)) -
ALAT(NLMK)=FLALOCILATCI))

ALON (NLMK)=FLALOCILONCI))

CONTINUE

IF(NLMK.LE.Q) GO TO 990

CALL ATTTUDC(PTIME ALIN,JAELEyALAT ;ALON,NLMK)
PD=PITCH/RADDEG

RD=ROLL/RADDEG

YD=YAW/RADDEG

ENCODE(132,701,MOUTIPD ,RD,YD

CALL TPCJOUT,MOUT)
FORMAT(THO,1X,“PITCH="3E16.9,7 ROLL="4E16:9,7 VYAW="3E16.9)
CALL wWcon

MSQ(3)=KDAY

MSQ(4)=TILALOCRD)

MSQ(S)=ILALOCRD)

MSQ(6)=ILALOCYD)

CALL Sa(msa)

CONTINUE

IFCNOTLOPTIONCMINC2) y3H R) «AND+oNOT(MIN(2).EQ.0 ))GO TO 201
CALL GETNAV(KDAY,IEXIST)
00 200 1I=1,NL

PTM=FTIMECITIMECL))

DAT



kxwexrx  ATSNV/MCIDAS

000113
000114
000115
000116
000117
000118
000119
000120
000121
000122
000123
000124
000125
000126
000127
coo12e
000129
000130
000131
000132
600133
000134
000135
000136

END ELT.

000
000
000
000
000
000
000
000
ooo
000
co0
000
000
000
000
000
000

000~

000
000
000
000
000
000

BHDG ¢ P  HEkkdkkx

200
201
710

990

$SFILE
DELET
SINCL
SCATA
NAME=
TYPE=
LIB=A
BEG IN
SEOJ

ATTTUD

ok kg ok R

XLA=FLALOCILAT(1I)?
XLO=FLALOCILONCI))
CALL ESCPTMyXLAyXLOsXLINGXELE)
RLIN=ILINCID-XLIN
RELE=IELE(I)-XELE
ENCODE(13247104MOUT)ITIMEC(L) TCODECI) RLIN,RELE
CALL TPCJOUT,MOUT)
CONTINUE
CONTINUE
FORMAT(3X,I16,5X3515,5%42F10.2)
RETURN
CONTINUE
CALL EMESS(3HREQ NDAY) ‘
RETURN
ENDS
MA
E ATSNAV,;GORP
UDE HEDDER
LOG
ATSNAV ¢54R W 4D
FG
TSFLBsLL

okt d ok

DAT



Hodk ko k

SELT,L AFATTTUD/MCIDAS

ATTTUD/MCIDAS

Ak kA& DAT]

ELTO07 RLIB62 12/22-17:01:41-(0,)

000001
000002
000003
000004
000005
Goooo6
000007
000008
000009
000010
000011
000012
000013
000014
000015
000016
000017
000018
000019
000020
000021
000022
000023
000024
000G25
000026
000027
000028
000029
000030
000031
000032
000033
000034
000035
000036
c00037
006038
000039
000040
000041
000042
000043
000044
000045
000046
000047
000048
000049
000050
000051
000052
000053
000054
000055

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

000 -

000
000
000
000
000
000
000
000
goo
000
ooo
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

s asNalal

100

200

702

SUGROUTINE ATTTUD(PTIME ALINGAELE ALAT;ALONyNLMK)

SUBROUTINE TO COMPUTE ATS6 ATTITUDE FROM LANDMARKS.

YAW, PITCH, AND ROLL VALUES FOR A SMALL OFFSET OF THE PICTURE
FRAME COORDINATES FROM BODY CENTERED COORDINATE SYSTEM,

7 JUNE 1977 Ge Co CHATTERS

DIMENSION PTIMECT) yALINCI) JAELECT) JALAT(1)ALONCT)

DIMENSION X(3,150),Y(3,150),TIMEC150)PRY(3)
COMMON/NAVCOM/NAVN g INAV,IYRyIDAY ,TOTLIN,DEGLIN,TOTIELsDEGELE,PICLI
*NyPICELEyTMPSCLyIOYRyJODAY TMyRIX,R1Y4RT1ZRIDX,RIDY,K1DZ,PITCH,ROL
L gYAWZPTIM(3)Y yTMNC3)gTHX (2) yNLCOEF(2) gNRCOEF(2),SCLLOC2) 4SCLLT(2),
*ELCOEF(11,2),SCLRO(2)4SCURT(2) yERCOEF(1142) 4yNASCEF,SCLASD,SCLAST,
*IELEMN,IELEMX,ASCOEF(16)

COMMON/MINCOM/ XY, TIME NP

DIMENSION MOUT(24)

DATA PI1/3.141592065/7

DATA LPZ6/

KDPDG=PI/180,0

RADLIN=RDPDG*DEGLIN/TOTL IN

RADELE=RDPDG*DEGELE/TOTIEL

NP=NLMK

DO 100 I=1,NLMK

ISCAN=1200-CIFIXCALINCI))-13/42

TIMECI)=PTIME(I)+ISCANXTMPSCL

IDIR=1

CONVERT LAT 5 LON TO ROTATING EARTH CO-OR

CALL ERTOERCALAT(I) ALON(CI)¢XTERyX2ER,X3ER,IDIR)

CONVERT ROTATING EARTH TO INERTIAL EARTH COORDINATES

CALL ERTOST(XT1ERyXZERyX3ER,X1,X2¢X3,IDIR,TIMECID))

EARTH INERTIAL TO SATELLITE LOCAL VERTICAL

CALL STTOLV(XT14XZyX34IDIR,TIME(I))

NOTE :ATTITUDE DATA NOT USED THUS LOCAL VERTICAL SAME AS BODY CENTE
X(1,1)=X1

X(2,1)=X2

X(3,1)=x3

CONTINUE

DO 200 I=1,NLMK

ELEANG=(PICELE-AELEC(I))*RADELE

ALNANG=(PICLIN=-ALINCI))*RADLIN

Y(141)==-SINCELEANG)*COS CALNANG)

Y(2,1)==SINCALNANG)

Y(3,1)=COSCELEANG) *COS CALNANG)

CONTINUE

PRY(1)=0. .

PRY(2)=0.,

CALL MINMIZ(PRY,PRY ;GNORMN,VALUE,ITER)

PITCH=PRY (1) -

ROLL=PRY (2)

YAW=PRY(3)

ENCCDE(132,702,MOUT)ITER ,GNORM ;VALUE

FORMAT(1HO,5X, "CONVERGENCE AT ITERATION ;16,//6X; GRADIENT NORM=",
*E16.9y7 S FINAL VALUE=",E169)

CCALL Ta(rouT)

RETURN
ENDS



«

100

A6INT/AOIPS

INTEGER%4 ITIME

DIMENSLON MINC10),RMINCLI0) R1IC3),R2(3)
CUMMON/NAVCUM/NAVIN , INAV,LYR,IDAY, TOLLIN,DEGLIN, TOTIL,OLGELE,PICLI
¥N,PICELE, ITMPSCL,L0YR,1UDAY, LM, K1X,R1Y,R1Z,R10X, R1DY,R10Z,PILCH,ROL
FL,YANSPTLIM(3)  IMNC3), IMA(3),NLCURFC2)  NRCUEF(2),SCLLO(2),5CLLic2),
+LC0EF(11,2),8CLRO(2),SCLR1(2),ERCOEF(11,2).NASCEF,5CLASO,SCLAST,
FIELEMY, leukitX, ASCUOEF(16)

DATA PL/3.1415926535/

DAL1A LEB/6/

PRUGRAM TO LnLLIALIZE ATS 6 NAVCOM

RADDEG=P1/180.0

MENU=1

CALL INCOM(' NAVCOM 20 BE PRINTEV? (1=YeS, DEFAULT=NO)',42.1,1.4IN
$,MENU,1,1)

1F(tiEVU.LT.0) GU TO 999

JPRI=MINCL)

MENU=1 .

CALL INCOM(' ENTER DAY NUMBER',17,1.1.MIN,MENU,1,1)

IF(MENU.LEL.0) GO TO 999

lNav=1111

TUILINS2400.0

DEGLIN=19,92

TUrielL=2400.0

DEGELE=40,07

PICLIN=(TOTLIN+1,0)7240

PICELE=(T0L11EL+1.0)/2.0

TMPSCL=0,02

1xR=74

LUyR=74

IvaY=MIN(L)

100AY=1DAY

MENU=3

CALL INCOM(' ENTER 3 PICTURE START TIMES = HHMMSS',37.1.1,RMIN,MEN
¥0,3,1)

IF(MENULLE.0) GO TO 899
LTIME=RMIN(CL)
PLIM(L)=FTLMECITIME)
ITIME=RMINCR)
PLIA(2)=FTIME(LTLME)
ITIME=RMINC3)
PITS(3)=FIINECLITIMNE)

DO 100 I=1,3

IMN(1)=0.0

IMX(1)=0.0

CONTLINUE

MeNU=4

CALL LBCOM(' ENl®&R FIRST ORSIT PUSITIUN: T(HHMAMSS), X+ Y. Z (KM)',
*52,1,1,RMIN, MU, 3,1) '
lFE(mEVU,LLE.O) GU 10 999

ITIME=RNINCYL)

L1k PIME(LTLog)

R1(1)=RoilN(2)

R1(2)=R4LIN(3)




99y

761

762

763
7164
765

766

161

Ted

769
770
771

1000

A6INT/AOIPS

Ri(3)=RMINCA)
MnU=¢

CALL INCOM(! ENFER SeCOND ORBIL POSITIONS T(HHMMSS), X, Y, Z (Ku)!

2,53,1,1,RMIN,MENU,3¢1)
IF(MEnU.LEL.0) GO [0 999
1TIMESRMINCY)

T2zt FAME(IT1IMNE)
R2(1)SKMINCE)
Ré(2)=RMINCI)
RZ(3)=KNIN(&)

CALL GASORB(R1,T1,R2,T2)
CUNTLNUE

1 (JPRI.LE.O) GO TO 1000
WRITE(LP,T01)INAVNeLINAV,L1ER,IDAY

FORMAE(lHl.'NAVN:'.15.Iz7,'lNAV='.110.I52.'YEAR='.12-T77-'DA!='.13

+)
WRITE(LP,?762) TUTLIN,DEGL1N,TOTIEL,DEGELE

bDKMAE(f2.‘TUTth='.E10.2.T27.'DEGblN=',FIO.Z.T52.‘TUf1Eh='.F10.2.

#T777,'DEGELe=',F10.,2)
WK1lE(LP,703)PLlCLIN,PICELE, TMPSCL

PURMAL(IZ.'FlCL1N=',FIU.Z,T27.'PICELE='.F10.2.T52.'IMPSC =',F10.2)

WRIIE(LP, /64)L0OYR,10DAY

FURMAT (T2, 'OKB1T YEAK=',14,T727,'0RBIL Day=1,14)

WRITE(LP,T65)TH
FUKMAT(TZz,'ORBII TIME, TM=',F15.4)
WRITE(LP,T766)RLIX,R1Y,R12

FOrmAL(L2, 'POSLTION (KM)',T27,"K1X5',F15.3.052, 'R1Y=",F15.4,T77,'R

$1¢=',F15.4)
WKITE(LP,767)R1IDX,R1DY,R1DE

EURMAf(TZ.'VLLUCLTI'.1&7.'k101='.515.9.F52.'R1D!='

= ,E15.9)
pD=PLICH/RADDEG
KU=ROLL/RADDEG
yw=raAA/RADLLEG
WRITE(LP,768)PD,RD,YD

,€15.9,177,'R1D2Z

FURMAL(1e, "ALLLIUDK (DEG)',T27.'PIICH='.515.9'T52-'RULh='.ElS.9nT7

+7,'YAN=",EL5.9)

WRITE(LP,769)1PTIM

FOKMAT(TZ, 'PICTUKE TlMes',127,3F25.4)
FURMAL(1X,5025)

FUKMAT(1X,5E25.9)

WKLITE(LP, 770)NLCOEF, NKCURF , NASCEF
ARITE(LE,771)TmN,THX

WRITE(LP, 770)NLCUEF ,NRCOEF
WRITE(LP,771) SCLLO,SCLLL
WRKITE(LP,771)ELCORF

WRLITE(LP,771) SCLRO,SCLRY
WKLTE(LP,771) EKCOEF
WRITE(LP,770)INASCEF,LELEMN, JIELEHX
WRILTE(LP,771) SCLAS0,SCLASL
WRITE(LP,771) ASCOLF

CONTINUE

CALL RuQUES(RADSO('afSF2'))

END
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ELTO07 RLIB62 12/22-17:01:42~(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

END ELT.

dHDG 4P

000
000
000
000
000
000
coo
000
0co
000

000
000
000
000
000

L2 & & & ¢

10

SUBROUTINE BCTOPF(X,Y,2,IDIR)
DIMENSION A(3,3) .
COMMON/NAVCOM/NAVN s INAV 3 1YRy IDAY,TOTLIN ,DEGLIN,TOTIEL ,DEGELE,PICLI
*NyPICELE,TMPSCL,IOYR,IODAY THMyR1X4R1Y,R1Z,R1DX,R1DY,R1DZ,PITCH,ROL
*LyYAWSPTIK(3) , TMN(3) 4 TMX(3) g NLCOEF(2) yNRCOEF (2) ySCLLOC2) ,SCLLI(2) ,
*ELCOEF(11,42),SCLRO(2) 4SCLRT(2) yERCOEF(1142) yNASCEF,SCLASOsSCLAST,
*IELEMN,TELEMX,ASCOEF(16) _

PT(3) = YAW, PT(Z) = ROLL, PT(1) = PITCH

CALL UNIT(A) :

CALL ROTATECA,YAW;3,1)

CALL ROTATE(A,ROLL,1,1)

CALL ROTATE(A,PITCHy2,1)

IF(IDIR.EQ.2)60 TO 10 b

XT X*A(T,1)4Y*A(1,2)42%0(1,3)

YT = X*AQ2,1)+Y*A(2,2)+4Z%A(2,3)

ras X#A(341)+Y*A(3,42)42%A(3,3)

X=XT

Y=YT

2=21

RETURN

XT=X#*ACT,1)+Y*A(2,1)+¢2%A(3,1)

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

Z = X*A(T1,3)4Y*A(2,3)+2Z%A(3,3) -

X=XT

Y=YT

RETURN

ENDS

"nonon

CNPS/IBMSSP #%xtsx%

_,,O

DAY




il

knkkkk EATOST/MCIDAS  wawntw DAT

QELTyL AF.EATOST/MCIDAS
ELT007 RLIB62 12/22-17:01:43-(0,)

0600001 000 SUBROUTINE EATOSTC(PICTIMsLNS yTESsLA,LO,IUNKyINAVBETA;BETDQT,AF)
000002 000 PTIME=PICTIM .
000003 000 IF(IUNK.EQ.1T) GO TO 1

000004 000 1F(IUNK.EQ.2) GO TO 2

Goooo0s 000 RETURN

000006 000 1 CONTINUE

000007 -000 XLIN=LNS

000008 000 XELE=IES

000009 000 CALL SECPTIME,XLINyXELEyXLAT4XLON)

000010 000 LA=ILALOCXLAT)

000011 000 - LO=ILALOCXLON)

000012 000 RETURN

-000013 000 2 CONTINUE .
000014 000 XLAT=FLALOCLA)

000015 000 XLON=FLALOCLO)

000016 000 CALL ESC(PTIMEs XLAT¢XLONgXLINgXELE)D

000017 000 LNS=XLIN .

000018 000 1ES=XELE

000019 000 RETURN

000020 000 END 9

END ELT.

AHDG,P #%x*x%x EDGCOR/MCIDAS  kixkk#
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DELT L AF.EDGCOR/MCIDAS

EDGCOR/MCIDAS

AR kkk R

ELTOC7 RLIB62 12/22-17:01:44-(0,)

000001
000002
000003
000004
000005
000006
000007
000008
000009
000010
000011
000012
000013
000014
000015
000016
000017
000018
Qooo19
000020
000021
000022
000023
000024
0o00e2s
000026
000027
000028
000029

END ELTo
aHDG 4P

000
000
ooo
000
000
000
000
000
000
000
000
000
000

000
000

000

ok k Aok

100

SUBROUTINE EDPGCOR(PTIMEZALIN DELLIN,DELELE)

COMMON/NAVCOM/NAVN g INAVgIYRy IDAY o TOTLINGDEGLIN, TOTIELy DEGELE,PICLE
*NyPICELE,TMPSCL,IOYRyIODAY ,TMyRIXyR1Y4R1Z4RI1DXyRIDY4RIDZ4PITCH,ROL
*LoYAWyPTIM(3) , THMN(3) 3 TMX(3)  NLCOEF(2)yNRCOEF(2),SCLLOC2),SCLLTC2),
*ELCOEF(17142)3SCLROC2) ySCLRT1(23 sERCOEF(1142) ¢NASCEF3SCLASOySCLAST,

*TELEMN,IELEMX,ASCOEF(T16)

DATA A/522.07/,LC71235/
ISCAN=1200-CIFIX(ALIN=-T)DI/2
TIME=PTIME+ISCAN.ATMPSCL

DO 20 1C=2,3
IFCTMNCIC) eLEeTIME «AND s TIMELLE THXC(IC)) GO TO 100
DELLIN=0,.0 .
DELELE=0.0

RETURN

CONTINUE

IX=1C-1

XL=1SCANASCLLTC(IX)+SCLLOCIX)

CALL CNPSCEL yXLyELCOEF(14IX)yNLCOEFC(IX))
XR=ISCAN*#SCLRTCIX)+SCLROCIX)

CALL CNPSCER,XR,ERCOEF(1,IX) NRCOEFC(IX))
DELELE=(EL+ER) /2.0

MSC=1200~CLC=1)/42

Y=ISCAN-MSC

XX=SQRT(Ax*2~yx%x2)

DELTA=(ER~-EL)/ 2.0
RAD=Y*#2-2%XX*DELTA-DELTA*%2
DELLIN=SQRT(RAD)-Y

RETURN

ENDS

EDGFT /MCIDAS *kkwk¥

e P S

DAT



kot kh ok EDGFT/MCIDAS 222221 DA

DELT,L AF.EDGFT/MCIDAS
ELT007 RLIB62 12/22-17:01:44-(0,)

GooC01 000 $J0B EDGFIT 13200
000002 goo SOPTION o8,9,13,20
000003 000 $FORTRAN
000004 ooo SUBROUTINE MAIN
000005 000 DIMENSION JWINCT1,10)
000006 000 DIMENSION DATI(601) WORK(231),CO0EF(21)
0oQoo7 000 DIMENSION ISCNL(300),I15CNR(300),IULC300),IURC300I;NOUT(17)
000008 000 DIMENSION MINCIO0)
000009 000 DIMENSION MOUT(44)
000010 000 COMMON/NAVCOM/NAVN 4 I} ReyIDAY yTOTLINGDEGLIN,TOTIEL,DEGELE,PICLI
000011 000 *N,PICELE, TMPSCL,I0YR, ¢TMsRIXyR1Y4R1Z4yR1DXyRI1DY,R1DZ,PITCHyROL
000012 000 *L4YAWSPTINC(Z),TMNC3), 5)yNLCOEF(2) yNRCOEF (2),SCLLCCR2),SCLLTI(2),
000013 000 *ELCOEF(11,2),4SCLROC(2) LR1(2) dERCOEF(11452) yNASCEF;SCLASO,SCLAST,
000014 000 *JELEMN,IELEMX,ASCOEF(1G2
000015 ooo DATA THNL/1440.0/4TMXL/ 0.0/ TMNR/1464060/4TMXR/00/
000016 000- DATA LUN/10/,JSECSVI-1/,NUHPET/10/,NUMLHT/11I,JOUTIZI
000017 600 DATA MIN/O6HGCCGCC ,8%0/
000018 000 CALL IQCHIN)
~ 000019 000 1P=11
000020 000 CALL RCOM
000021 000 ENCODE(132,701sMOUTIPTIN
000022 000 701 FORMAT(S5X;3F2046)
000023 000 CALL TPC1;MOUT)
0000z4 000 CALL VARASG(“WINZ LUK)
000025 0Co CALL OPNCLUN)
000026 000 DO 500 IPAIR=1,2
000027 000 NL=0
000028 000 NR=0
000029 000 TMNL=1440.0
000030 000 TMXL=0.0 N
000031 000 TMNR=1640.0 -
000032 000 TMXR=0.0
c00033 000 CALL SCRA(LUN,O?
000034 ooo 1K=0
000035 000 S0 CONTINUE
000036 000 100 CONTINUE
000037 goo JSEC=IK/NUMPER
000038 000 JVEC=MOD (IK,NUMPER) 41
c0003% 000 IF(JSECeNELJSECSY) CALL READWC(LUN,T10,JWIN)
000040 000 IF(JSEC.NECJSECSV) JSECSV=JSEC
000041 000 IK=IK+1
000042 000 IF(IWINCTZJVEC).EQ.D) GO TO 400
000043 000 IH=MOD(JWINC4 4 JVEC)10)
000044 000 IF(IH.GT.4) 6O TO 100
000045 000 TI=FTINECJWINC(2,JVEC))
000046 000 T2=FTIMECJWINL3,JVEC))
000047 000 IF(TT1NE.PTINMC(1 YeORT2.NE.PTIMCIPAIR+1))G0 T0 100
000048 000 IF(MOD(UJWINCL,JVEC)/100,1000) .NEL.100) GO TO 100
000049 000 IVI=JWIN(S,JVEC)
000050 000 IY2=JWINC7,JVEC)
000051 000 IF(IYT.NE.1Y2) GO TO 100
000052 . 000 IX1=JWINCG6,JVEC) ¢
000053 000 C1FCIXT.GE.PICELE) GO TO 200
000054 000 NL=NL+1

000055 000 IF(NL.GT.300) GO TO 100



EhA AR K

000056
000057
000058
000059
000060
000061
000062
000063
000064
000065
000066
000067
000068
000069
000070
000071
000072
000073
000074
000075
000076
oooo77?
000078
000079
000080
0000281
000082
000083
000084
000085
000086
000087
000088
000089
000090
000091
000092
000093
000094
000095
000096
000097
000098
000099
000100
000101
000102
000103
000104
000105
000106
000107
000108
000109
000110
000111
000112

EDGFT/MCIDAS

000
000
000
000
000
000
000
000
000

000

000
000
000
000
000
000
000

000-

000
0oo
000
000
000
000
000
000
0oo
0c0
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
oo
000
000
000
000
000

000
000
000
000
000
000
000

200

400

410

705

420
459

460

L2 8 % 8 8

ISCNLC(NL)=1200~-C1Y1-1)/2
TULINL)=JWINC(O 3 JVECI*(T2-T13/60.0
GO0 TO 100

CONTINUE

NR=NR+1

IF(NR.GT.200) 60 T0 100
ISCNR(NR)=1200-CIYT=-1)/2
IURCNRI=JWIN(D ,JVECI*(T2-T1)/60.0
G0 T0 100

CONTINUE

IF(NL.LT«IP*+1) GO TO 459

DO 410 I=14NL
TS=PTIMCIPAIR+1)+ISCNLC(I>*THMPSCL
TMNL=AMINT(TMNL,TS)
THXL=AMAXTC(THXL,TS)
DATICIX=ISCNL(CI)
DATI(I+NL)=TULCI)>/100.0
DATI(2*NL+1)==1.0

CALL APCH(DATI NL,IPsXD,X0,WORK,IER)
IFC(IER.LT.0) GO TO 990
SCLLOCIPAIR)=XO

SCLLTCIPAIR)=XD

EPS=1.0E~&

10P=+1

ETA=1.0E-3 ‘

CALL APFS(WORK,IP;IRES,I0P,EPS,ETAzIER)
IFCIERLLT0) GO TO 9%0
NLCOEF(IPAIR)=IRES
ENCODE(132,706yMOUTIIRES

CALL TQ(MOUT)

IX=IRES*(IRES~=1)/2

PO 420 1=1,1IRES
COEF(I)=WORK(I+IX)
ENCODE(132,705,MOUTIILCOEF(I)
FORMAT(2Xy “COEF( 412,70="43E20.9)
CALL TG(MOUT)
ELCOEF(I,IPAIR)=COEF(]I)

CONTINUE

IF(NR.LT.IP+1) GO TO 490

DO 460 I=1,NR
TS=PTIM(IPAIR+T)I+ISCNRCII*THPSCL
TMNR=AMINT(TMNR,TS)
TMXR=AMAXT(TMXR,TS)
DATICI)=ISCNR(I)
DATICI+NR)=IUR(I)/100.0
DATI(2*NR+1)==1.0

CALL APCH(DATI NR,yIP¢XD,XOsWORK4IER)
IF(IER«LT.0) GO TO 990
SCLRKOCIPAIR)=X0

SCLRTCIPAIRI=XD

EPS=1.0E-4

I0P=+1

ETA=1.0E~-3

CALL APFS(WORK,;IP,IRES,I0P,EPS ETA,IER)
IF(IER.LT.C) GO TO 990

" NRCOEF(IPAIR)I=IRES

ENCODE(132,706,MOUT)IIRES

DA



o ok d ok ok

000113
G00114
000115
000116
000117
000118
00C1149
000120
000121
000122
000123

000124,

000125
000126
000127
000128
000129
000130
000131
000132
000133
000134
000135
000136
C00137
000138
000139
000140
000141

END ELT.

aHDG ¢ P

EDGFT/MCIDAS

000
000
000
000
000
000
000
000
000
000
00C
' 000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

*xk kA Kk

706

470
490

500

990

L2 2 2 2 8

FORMAT(2X, “DIMENSION="413)
CALL TQ(MOUT)
IX=IRES*(IRES~1)/2

DO 470 1=1,1IRES
COEF(I)=WORK(I+IX)
ENCODE(1324705,M0UTIICOEFCI)
CALL TQ(MOUT)
ERCOEF(I,IPAIR)=COEF(I)
CONTINUE
THMNCIPAIR+T)=AMAXT(TMNL ,THNR)
TMXCIPAIR41)=AMINT (TMXL, TMXR)
CONTINUE

_ CALL WCOH

CALL EMESS(3HFIN,0)

RETURN

CONTINUE

CALL Ta(72H ERROR RETURN FROM APCH, APFS.
*

RETURN

ENDS

SFILEMA

DELETE GCCGCCyGORP
$INCLUDE ATSSSP
SCATALOG
NAME=6CCGCC 4SyRyWeD
TYPE=FG
LIB=ATSFLByLL

BEG IN
3EO0J

ERTOER

LR 22 &

\

5

DAT
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*xkkt* ERTOER/MCIDAS PP

QELTyL AF.ERTOER/MCIDAS
ELTO07 RLIB62 12/22-17:01:46~(0,)

000001 000 SUBROUTINE ERTOER(XLATyXLON ¢XEpYEyZEgIDR)
000002 000 PI=3.14159265

000003 000 RDPDG=PI/180.0

000004 00 A=6378.15

000005 000 B=6356.77

000006 000 ESQ=(A-B)*(A+B)/A*%2

000007 000 IFC(IDK «EQ. 2)GO TO 10

000008 000 XLT=XLAT*RDPDG

C00009 000 XLN=XLON*RDPDG

000010 000 CLT=COS(XLT) ¢

000011 ' 000 . SLT=SIN(XLT)

000012 000 CLN=COS (XLN)

ae0013 000 SLN=SIN(XLN)

000014 000 RR=A/SQRT(1.-ESQ#SLT#»2)

000015 000G XE=CLT*CLN*RR

000016 000 YE=CLT*SLN#*RR

oeoonz 000 ZE=SLT*RR*(1.~ESQ)

000018 000 RETURN

000019 000 10 CONTINUE :
000020 c00 IFCCOCXE*X*24YE**242E%%2) oLT. B*#%2) ORs ((XE*%2+4YE%*242E*%2)
000021 000 *  oGTe AXx%2))G0O TO 15

000022 000 XLON=ATANZ2(YE,XE)/RDPDG

000023 oco XLAT=ATANCZE/((T1.~ESQ)*SQRT(XE**24YE**2)))/RDPDG
000024 000 RETURN

000025 000 115 XLAT=100e

000026 000 XLON=200.

000027 000 RETURN

000028 000 ENDS

END ELT.

&HDG,P Kkt khd ERTOST TRk kA

DA



ek ok ok kR

BELT,L AF.ERTOST/MCIDAS

ERTOST/MCIDAS

X2 2 2 %

ELTOG? RLIB62 12/22-17:01:47-(0,)

000061
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
000032
000033
000034
000035
000036
000037
000038
200039
000040
000041
000042
000043
000044
000045
000046
000047
000048
000049
000050
000051
000052
000053
000054

000
000
000
000
000
000
000
oo
000
0co
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
000
000
000
000
000
000
000

OO0

10

15

1000

SUBROUTINE ERTOST(XEGYERZEsXeYeZypID

PARAMETER LIST

IR TIMED

XEsYE4ZEZEARTH COORDS OF LANDMARK

X,YsZ=POINTING VEC IN INERT
1F IDIR=1, EARTH TO POINTING
IF IDIR=2, POINTING TO EARTH

1AL COORDS TO LANDMARK

ITIME=HHMMSS OF CURRENT POINTING VECTOR
COMMON/NAVCOM/NAVN,INAV,IYR,IDAY,TOTLIN,DEGLZN'TOTIEL,DEGELE.PICLI

*N'PICELE'THPSCLyloYR,IODAV;TM,R1X.R1Y
*LyYAh,PTIM(S),TMh(B),TMX(B),HLCOEF(?)

sR1ZyRIDX,RIDY,R1DZ,PITCH,ROL
¢NRCOEF(2),SCLLOC2) 4SCLLT(Z2)y

*ELCOEF(11,2),SCLRO(2),SCLRl(Z),ERCOEF(11,2)gNASCEF,SCLASO,SCLAS1,

*IELEMN,I&LEHX,ASCOEF(16)
DDD=FLOAT(MOD(IDAY,1000))
A:6370.15
B=6356.77
R1=99.59477026
R2=.985647336
R3=.2506844773
PI=3.14159265
RDPDG=PI/180.0
R=(R1+R2*DDD+R3I*TIME)
R=AMOD(R,360+)*RDPDG
CALL ORBIT(XS,YS,2ZS,TIME)
CR=COS(R)
SR=SIN(R)
IFCIDIR .EQs 2)GO TO 10
X1=CR*XE~-SR*YE
Y1=SR*XE+CR*YE
Z1=1E
X=X1~-X$S
Y=Y1-¥Y$
2=21-Z8S
CALL NRHLIZ(X,Y,Z,RNORM)
RETURN
CONTINUE
F=Bxx2/A**%2
AQ=F+(1.=F)*2%x%2
BG=2.*((X*XS+Y*YS)*F+Z*ZS)
CO=(XS**2+YS*#*2) xF+2S*x %2 ~B**x2
RAD=BQ*x*2=4 *xAQ*(Q
IF(RAD.LT.0.) GO TO 15
=-(EQ+SQRT(RAD) I/ (2. xAQ)
X2=XS+X*S
Y2=YS+Y=xS
12=1S+1*S
XE=CR*X2+SR=*YZ2
YE==SR*X2+CR*Y2
1E=12
RETURN ]
WRITE(6,1000)

FORMAT(1X, “THE SUBROUTINE ERTOST (IDIR=2) HAS RECEIVED BAD

* INPUT DATA.”)
RETURN
ENDJ

DAT



wxkakk ES/MCIDAS #Atdwsn
QELT 4L AF.ES/MCIDAS
ELTOO07 RLIBG2 12/22~17:01:68=(0,)
000001 000 SUBROUTINE ES(PTIME jXLAT XLON,XLINGXELE)
000002 000 COMMON/NAVCOM/NAVN,INAV,IYR,IDAYrTOTLINyDEGLINyTOTIEL'DEGELE,PICLI
000003 000 *NyPICELE,TMPSCL,1OYR,TODAY ,THyR1XyR1Y,R1Z,R10X,R1DY4R1DZ ,PITCH ROL
000004 000 *LpYAU,PTlM(S),THN(S),TMX(3),NLCOEF(2),NRCOEF(Z),SCLLO(Z),SCLLT(2),
000005 000 *ELCOEF(11,2).SCLhO(2),SCLR1(2).[RCOEF(11,2),NRSCEF.SCLASO,SCLAS1.
000006 000 *IELEMN,JELEMX,ASCOEF(16) :
000007 000 DATA INITZ/0/
000008 ooo ALON=XLON
00000¢9 00O ALAT=XLAT
000010 000 TIME=PTIME
000011 000 _IDIR=1
000012 - 000 ALINSV=0
000013 000 AELESV=0
000014 000 DO 100 11=1,5 ]
000015 goo CALL ERTOER(ALAT,ALON'X1ER,X2ER,X3ER,IDIR)
000016 000 CALL ERTOST(XT1ER¢XZERyX3ERyXTyX24X34IDIR,TIME)
000017 000 CALL STTOLV(XT3X24X3,IDIR,TIKE) :
000018 000 C BC SAML AS LV HERE.
000019 000 CALL BCTOPF(X14X24X3,ID1IR)
000020 000 CALL PFTOTC(ALIN,AELE,X1,XZ,X3,IDIR,IN1T)
000021 000 CALL EDGCOR(PTIME yALIN,DELLINGDELELE)
000022 000 AELEC=AELE+DELELE
000023 000 ALINC=ALIN4DELLIN
000024 000 IF(ABSCALINC=ALINSV)eLE«D«5) GO TO 150
cooo02s 000 ALINSV=ALINC
000026 000 AELESV=AELEC
000027 000 ISCAN=1200-CIFIXCALIN=-1))/2
000028 000 TIME=PTIME+ISCAN*THKPSCL
0000¢9 000 100 CONTINUE |
0000230 000 150 CONTINUE y
G0C031 000 XLIN=ALINC 5
000032 000 XELE=AELEC
000033 000 RETURN
000034 000 END
END ELT.

SHDG,P Rk kokk FLALO d ok kkkok
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DA
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FLALO/MCIDAS

LS 22 % &3

ELTC07 RLIB62 12/22-17:01:469~(0,)

000001
000002

006003
000004

000005
000006
000007
000008
000009
000010
000011

000012

END ELT.
dHDG P

000
000
000
000
000
000 1
000
000 2
000
000
000
000

khkkk® FLIP

FUNCTION FLALO(M)

IF (M LT 0)GO TO 1
N=HM

X=1.0

GO TO 2

==M

X==1.0 ’

* 3600

FLALO=FLALO®X

RETURN
ENDS

hhkkkk&

y¥7

8

DA’
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QELTsL AFLFLIP/MCIDAS
ELTO07 RLIB6Z2 12/22-17:01:50~(€0,)

000001 000 SUBROUTINE FLIP(A¢B,I,N,ALTRET?
000002 000 ¢

000003 000 C 'THIS ROUTINE IS CALLED ONLY BY SUBROUTINE INVERT AND 1S USED TO
000004 000 C PERFORM AN ELEMENTARY ROW OPERATION ON MATRICES A AND B
000005 000 C .

000006 000 LOGICAL ALTRET

000007 000 DIMENSION A(NyN) B(NeND

000008 000 ALTRET=oFALSE.

000009 000 LIM=1+1

000010 000 DO 2 L=LIM,N

000011 000 IFC ABSCA(L 1)) eLTe1.0E-32)60T0 2

000012 - 000 " D0 1 M=1,N

000013 000 ACI MYI=SACTIgMIFACL ¢M)

000014 000 1 BCIyMI=B(I,MI+BCLyH)

000015 600 RETURN

000016 000 2 CONTINUE

0000147 000 ALTRET=.TRUE,

000018 000 RETURN

000019 000 ENDS .

END ELT.

DHDG yP k%kkuk  FTIME /MCIDAS  Aktwnt
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QELT,L AF.FTIME/MCIDAS
ELT007 RLIB62 12/22-17:01:51-(0,)

000001 000 FUNCTION FTIMECITIME)

000002 000 IN=ITIME/10000

000003 000 HRS=IH*60.

000004 000 AMNS=FLOATC(ITIME-C(ITIME/10000)+10000)>/1003
000005 000 SECS=FLOAT(MOD(ITIME, 10033760,

000006 000 FTIME=HRS+AMNS+SECS

000007 000 RETURN

000008 000 ENDS

END ELT.

BHDG 4P #%%%*%* GASORB/MCIDAS *#*waw
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QELT,L AF.GASORB/MCIDAS
ELTO007 RLIB62 12/22-17:01:51-(0,)

000001 000 SUBROUTINE GASORo (R1,T1,R2,T2)

000002 000 REAL KEglL¢MyMU

000003 000 DIMENSION R1(3),R2(3)

000004 000 COMHON/NAVCOM/NAVN,INAV,IYR;IDAY,TOTLINyDEGLIN,TOTIEL.DEGELE,PICLX
000005 000 *N'PICELE,TMPSCL,IOYR,IODAY,TMqR1X,RTY.R1Z'R1DX.R1DY'R1DZ.PXTCH.ROL
000006 000 *L.YAH.PTIM(S),TMN(B),TMX(3),NLCOEF(2),NRCOEF(Z),SCLLU(Z),SCLL1(2).
000007 000 SELCOEF(11,2) ySCLROC2) ySCLR1(2) ERCOEF(1142) yNASCEF,SCLASOsSCLAST,
000008 000 *IELEMNyIELEMX.ASCOEF(16) .

000009 000 DATA REJKE MU/ 6378015,0.07436574,1.0/

000010 000 TM=T1

000011 000 DO 5 I=1,43

000012 000 R1C1)=R1(I)/RE

000013 . 000 - R2(1)=R2CI)/RE

000014 000 5 CONTINUE

000015 000 R1X=R1(1)

000016 000 R1Y=R1(2)

000017 000 R12=R1(3)

000018 000 RINORM=SGRT (R1 (1) *#2+R1(2) ##24R1(3)##2)

000019 000 R2NORM=SQRT(RZ (1) **24R2(2) % 24R2(3) %% 2)

000020 000 TAU=KE*(T2=T1)

000021 000 R1IRZNM=RINORM*RZNORM

000022 000 COSANM=C(RT (1) *R2(1)+R1 (2)*R2(2)+R1(3)*R2(3)) /RIR2NH
000023 000 CSHFANSSQRTC((14COSANN) /2) _

000024 000 L=(R1NORM*R2NORM)/(Q*SQRT(R1RZNM)*CSHFAN)“.S

000025 000 M= (MU*TAU##2)/ (2*SQRT(R1RZNMI & CSHFANI %3

000026 000 yu=1

000027 000 10 YL=YU

000028 000 XL=M/YL#*2-L

000029 000 CHFEAN=T=-2#XL

000030 000 SHFEAN=SGRT (4*xXL*(1~XL))

000031 000 ECANOM=2*ATAN2 (SHFEAN CHFEAN)

000032 000 XU=(ECANOM—SIN(ECANOM))/SHFEAN**S

000033 000 YUS14XUX (L+XL) -
000034 000 IFCABS(YU=YL)+6E.1.00=6)G0T010

000035 000 YL=YU

000036 000 A=((TAU*SGRT(MU))/(Z*YL*SQRT(R1R2NM)*CSHFAN*SHFEAN))**2
000037 000 F=1-A/RINORM%(1-COS(ECANOM))

000038 000 G=TAU-A**1.SISGRT(MU)*(ECANOM-SIN(ECANON))

000039 000 R1DX=(R2(1)-F*R1(1))/6

000040 000 R1DY=(R2(2)=F*R1(2))/6

000041 000 R1DZ=(R2(3)=F*R1(3))/6

000042 000 RETURN

000043 000 END

END ELT.

GHDG P A%xkkx INVERT/MCIDAS akstw
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BELT,L AFINVERT/MCIDAS
ELT007 RLIB62 12/22-17:01:52-(0y)

000001 000 SUBROUTINE INVERTCAA;BsNsALTRET)

000002 000 ¢

000003 000 € THIS ROUTINE RETURNS IN B THE INVERSE OF THE N-DIMENSIONAL MATRIX AR,
000004 000 C IF AA 1S SINGULARe A RETURN IS TAKEN THROUGH LABEL $.
000005 000 €

000006 000 LOGICAL ALTRET,LOGTHMP

oooooz 000 DIMENSION AA(NyZN) ,B(NygNI,A(3,3)

000008 000 DATA TV/1.0E35/

000009 000 ALTRET=«FALSEo

000010 000 D0 1 I=14N

000011 000 DO 1 J=14N .

000012 000 1 ACI,Jd)=AA(I,Jd)

000013 000 DO 2 I=14N

000014 000 DO 2 J=T,4N

000015 000 B(I,J)=0

opoan1e 000- 2 IF(I.EQedIB(I4d2=160

000017 000 LIM=N=-1

ooo018 000 DO 4 I=T,LIM

000019 000 IF(ABS(A(IZI)) L Te1.0E-30) CALL FLIPCA,ByI N;ALTRET)
000020 000 LOGTMP=ALTRET

000021 000 ALTRET=.FALSE.

000022 000 IFCLOGTHP) GO TO 101

000023 000 LIMZ=1+1

000024 000 DO 4 J=LIMZ,N

000025 000 IFCTV*ABS(ACI,I))eLEcABSCACI,I))) ALTRET=.TRUE,.
0000246 000 IF(TV*ABRS(ACI, 1)) LE.ABS(ACJ;1))) RETURN

000027 000 FACTOR=A(JI)/ACI,L1)

000028 oo DO 3 K=LIMZ2,N

000029 000 3 ACIaKI=ACIK)=FACTOR®A (]I 4K)

000030 000 DO 4 K=14N

000031 000 4 ECJ K)=B(J,K)~-FACTOR#B (I ¢K) . ki 2
000032 ooo DO 5 I=Ny2s=1

000033 000 LIM3=1~-1

000034 000 DO S J=LIM3,;1,-1

000035 000 IFCTVXABSCACIZI))LE.ABSCACI,ZI2)) ALTRET=.TRUE.
00003¢ 000 IFCTV*ABS(ACI 1)) o LECABS(ACI4I))) RETURN

000037 000 FACTOR=ACI,1)/ACL;1)

000038 000 DO 5 K=1,4N

000039 000 S B(JyK)=B(J,K)-FACTOR*B (I (K)

000040 000 DO 6 I=14N

000041 000 FACTOR=A(I,I)

000042 000 DO 6 J=1,4N

000043 000 IF(TV*ABS(FACTOR) eLE.ABS(B(I4J))) ALTRET=.TRUE.
000044 000 IF(TV*ABS(FACTOR) «LE.ABS(B(I,4J))) RETURN

000045 000 6 B(I;J)=B(I,J)/FACTOR

000046 000 RETURN =

000047 000 101 ALTRET=,TRUE.

000048 000 RETURN

000049 000 ENDS

END ELT.

AHDG 4P  kxkkxx  LATSF /MCIDAS  H*kk*% )
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LATSF/AOIPS

PROGRAM TD READ LHMAGES FROM ATS«6 TAPES.

INTEGER*% LTIMX

LUGICAL IFV1S,1FlR,0PTION

DIMENSLUN MIN(CL0),RMENCLU), LARKAY(5600)

LUUIVALENCE (LIDLIR,LARUW)

DIMENSLIOW IDIR(256),LAR0W(456) 2

DLIMENSLUN 4UDAY(12)

CUMMUN/NAVCOM/NAVIN, INAV,IYR,104),TOTLIN,DEGLIN,TCILEL, DEGRLE,PICLI
¥n,PI1CELE, IMPSCL, LUYR,100AY, 4, R1X,R1X,K12,R1DA,R1DY,R10%,P1TCH,ROL
L, YAW,PTIN(3), I'MN(3), 0a(3),NLCUOEF(2),NRCUOEF(2),8CLLOLZ2),SCLLLC2),
FELCOLE(L11,2),5CLROCZ),SCLKLI(2),ERCOEL(11,2) NASCEL ,SCLASO,SCLAST,
#1ELEMN, LIELEMY,ASCOLF(16)

DA]A MUDL\!/O:SloDQ-’U-l&O.131p181:2120243;273'304,3.’4/

DATA LUN/4/,LP/06/,1CR/5/

DATA 11/5/,NELES/512/

DATA NLLINS/512/

PLCK UP INPUL PARAMETERS

NAA=5600

MENU=]

CALL INCOM(' ENTER PICTURE TIME (HHMMSS)',28+1,1,RMIN,MENU-3.1)-

le(MENULEL.0) GO TD 999

11IMK=KMln(l)

Pr=F DIME(LIIMX)

DO 5 I=1.3

IF(PI.EQ.PTLH(L)) GO TO 6

WRITE(LIT,710)ITIMX

FORMAL(1X, "NAVCOM NOT INIIELALIZED FOR ',17)

GU I0 999
CONTINUE

1PIC=1I

MENU=2
CALL ANCOM(' ENTER START LINE AND ELEMENT'.29,3,1,MIN,MENU.1.1)

1E(MelU.LEL,O0) GU 70 999

LINE=MIN(L)

ILLE=MLIN(2)

MENU=L

1F(MENU,LE.0) GO 10 939
LAREA=ALIN(L)

LRNVIS=IAREA+54+ (IPIC=1)%7
LENIRSLRUVIS+21
MENU=1 N
CALL INCOM(' ENTER TaPE UNLLY (0,1)',22.,7,1.MIN,MENU,1,1)
LE(MENULLELCG) GU TJ 999
IMUNLT=MENCL)
1BoF=1
IFVIS=,TRUk,

IFIR=,IRUE.

CUMPULE UPPER LEFT COORDINATES
TULING=LINE
IUELE=lE0LE .
1UM8=1200-CIULINE=1)/2
ILLINE=LULLINE+ (NULINS=1)¥IBOF

£-24



N\

10

12
13

LATSF/AOIPS

ILMS=3400=(lLLINKE=1)/2
ESTABLLSH aARLA DIRECTORY
VO 10 I=1,256
101R(I)=0

IDIR(C1)='AT?Y
LOIR(2)='S6¢

IDIR(3)=" v
IDIR(4)=v1s¢
IDIR(S)='E,!
IDIK(e)=", ¢
IVIR(7)=tT 0

loIREB)=r ¢
IDIR(g)='pT?
1DIR(C10)="56"
IpIr(it)sr v
IOIR(12)='E,°"
IDIRC13)=fy, ¢
LDIR(14)='T 0
LDIR(iIS)=Y 0
IDIRCYB)= ¢

DO 12 1=12,1,=1

It (IDAY.GT,.0DAYCL))GO TO 13
CONTIWUE

MON=] -
IDIRC19)=IYR*100+MON

LDIK(20)=(IVAY=MODAY (MON))*100+IFIK(pT]

Ih=pTIM(IPIC)
1S=PTLIM(IPIC) 400, =1M%60,
15=M00(15,60)

IM=v00(IM:60)
IDIR(21)=1M%100+IS
IDIR(2¢)=1

1D1IR(25)=1

IDIR(26)=IPIC

1D1IR(2y)="EF?

IDIR(30)='CY

IDIR(s1)=1

IDIR(32)=LRNVLS

IDIR(33)=3512

IDIR(34)=513

IDIR(37)=512

IDIR(38)=512

IDIR(39)=IULLE
IDIR(40)=LULINE

1DIR(41)=1

IDIR(42) =1

IDIR(43)=t

IDER(44) =1

IDIR(4Y9)=1

1DIR(46)=1

1DIR(47) =1

WIR(48) =1
IDIR(51)=10004(IMJINT+1)
ILDIK(53)=1 =
NWD=(NELES+1)/2

CALL UPEN(LRNVIS,NLINS+1,NWD)
CALL OPEN(LRNIR,NLINS+1,NWD)
CALL LobLwKT(LRNVLS,LluLlK,256)
LDIR(32)=LKRNIR

IDIR(3)=t ¢

10IR(4)="1RY

CALL LoLwRI(LRNLK,101R,256)
GENEKATE JFFSLT TABLE

CALL GrNUFF(IUnLE,NELES)
CALL ASNLUN(CLUN, 'wMY, IMUNIL)
ADVANCE 10 FIKST SCanN Tu INPUT

M(IPIC)/60.)

Y
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711

511

712

601

690
922

999

LATSF/AQIPS ' - .

WRITE(IT,?211)

FURMAT(' TAPE SEAKCH STARTS')

CALL LUTPSRILUN,+2,1STAL)

LU 510 I=1,1200 )

CablL IO0IPIN(LUN,IAKRAY,NWA,LE,ISTAT)

CALL CRRIHK(195,LARRAY,1ARGH)

INMS=1ARUW(195)

IF(INMS . LE.IUMS) GO TO s511

CONTINUE

GO TO 922 : o

CabL 1UIPSR(LUN,=1,ISTAT)

#RITE(LT1,712)

FORMAI (' IMAGE LDAD SIARTS')

START MALN LOUF 0 READ DATA IN AND STUORE

READ A sCan

CALL 1OLPINCLUN,1ARRAY,NWA,LE,1STAT)

CALL CRKIHR(195,1AKRAY,LARON)

INMS=1ARIN(19S5)

IF(INMS.LT.LLMS) GO TOo 690

mAp SCAN WuMBER IU awkkp ROw

L1=(1200=1nNm3)¥2¢(3=2)

L2=(1200=LNMS) %2+ (3=1)

LA1=L1<lULINE

LA2=L2<1uLing

LR1=MOD(LAL,IBDF)

LR2=MOD(LA2, LEDE)

LECLRIeNE.O AND, LR2.NE.O) GO TO 60§

IROW1=LAL/IBDF

IROw2=LAZ/IBOF

1SD=M0D(INUS,2)

ISEC1=NS*#IRUOW]

ISEC¢=NS+IKOWe

PICK OUT LINE SEGHENT .

FIRST VISIBLE LINE

lF(IFVIS.AND.LRL ,EQ,0) CALL LINGRB(IARRAY(3745),1S0,1UELE,NELES, 1B
#Dt, LAROW)

LF(IFVLIS ,aND, LR1,EQ.0) CALL ARITE(LRNVIS,IAROW,0)

SECOND vISIBLE LINE 3
1F(IFVIS . AND.LR2.E3.0)CALL LINGRB(IARRAY(1945),1ISD,1ULLE,NELES, IBD
*F, LAROwW)

IFCIFV1S<AND.LR2.£Q.0) CALL ARITE(LRNVIS.1ARDW,0)

INFRARED :
IF(IfLR) CALL LINGR3(IAKRAY(145),18D,IUELE.NELES,1BDF, IAROW)
LE(IEIR.AND LRI U.0) CALL SRLITE(LKNLR, LAROW,O0)
IF(1IFIR.AND.LRZ.EW,0) CALL WRITK(LRNLIR,1AROW,0)

GO 10 601

CONTINUE

CUNLINUE

CALL CLOUSEF(LRNVIS)

CALL CLUSHF(LRNLR)

CALL IOTPRW(LUWN)

GU TO 999

CONIINUE

CALL REQUES(RAD50('alSF21))

END
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LATSF/MCIDAS

LR 2 2%

ELT007 RLIB62 12/22-17:01:53-(0,)
$J0B LDATSF u3e200
SOPTION «¢&49,13,20
SFORTRAN

000001
000002
000003
000004
000005
000006
0ogoo?
000008
000009
000010
000011
‘000012
000013
000014
000015
000016
000017
000018
000019
000020
000021
000022
000023
000024
000025
0000¢6
000027
000028
000029
000030
000031
000032
000033
000034
000035
000036
000037
000038
000039
000040
000041
000042
000043
000044
C00045
000046
000047
000048
000049
000050
000051
000052
000053
000054
000055

000
000
000
ooo
000
000
000
000
000
000
000
000
000
000
coo
000
000
000
000
000
000
coo
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

c

SUBROUTINE MAIN
PROGRAM TO READ IMAGES FROM ATS-6 TAPES.

LOGICAL IFVIS,IFIR,OPTION ]

DIMENSION MINC12)y IARRAY(3732),IAR0OM(672)

DATA LUNZ1C/,LP/ 6/ ,ICRZSY/

DATA MIN/GHLDATSF,10%0/,NHA/ 3732/

PICK UP INPUT PARAMETERS

CALL IGQ(MIN)

INPUT: SSYYDDD HHMMSS AREA LINE ELEMENT .
IDAY=MINC1T)

ITIME=MIN(2)

IAREA=MIN(3)

LINE=MINC4)

IELE=MINCS)

IBDF=1

IREEL=0

KEY=3H

COMPUTE DERIVED PARAMETERS

I1SS=1bpAYZ100000 -

IFILE=1

IVSS=(ISS/2) %2

IRSS=IVSS+1

IFVIS=1SS.EQ.IVSS

IFIR=ISSeEQeIRSS.ORIAREACLT .9

IRAREA=IAREA

IFCIFIReANDIFVIS) IRAREA=IAREA+8

PICK UP AREA SIZE =
CALL HOWBIGCIAREA,NLINS,NELES)

IF(NELES.GT.672) GO TO 922

COMPUTE UPPER LEFT COORDINATES

IULINE=LINE

IUELE=IELE

IF(OPTIONCKEY,3H C€)) IULINE=LINE-(NLINS/2)*IBDF
IFCOPTIONCKEY,3H €)) IUELE=IELE~-(NELES/2)*IBDF
IUMS=1200~-CJULINL=1)/2

ILLINE=IULINE+(NLINS=T)*IBDF

ILMS=1¢00~CILLINE=1)/2

CREATE IR AREA FOR COMBINED LOAD

IFCIFIR.AND.IFVIS) CALL ARASIZ(IAREA+8,NLINS,NELES)
ESTABLISH AREA DIRECTORY

1GE=0 v

CALL ENAREACIAREAZIREEL,IDAY ITIME,TULINE ;IUELE 4IBDF,IBDF,IGE)
IRREEL=IRSS*10C00C+MOD(IREEL,T1C0000)

IFCIREEL.EG.O) IRREEL=0

IRDAY=IRSS*100000+MODC(IDAY,100000)

IFCIFVIS.AND.IFIR) CALL ENAREA(CIAREA+8,IRREEL,IRDAY,ITIME,IULINE

*UELLyIBDF,IBDF,IGE)

GENERATE OFFSET TABLE

CALL GENOFF(IUELE,NELES)
IRR=MAXC(1,MODC(IREEL,10000))
CALL GTAPCT4,1IRR,LUN)
ADVANCE TO FILE

y 1

DAT
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000056 000 IFILE=1IFILE=-1

000057 000 IFCIFILE«LT1)60 70 502

000058 000 G0 TO 922

000059 000 502 CONTINUE

000060 0oo ¢ ADVANCE TO FIRST SCAN TO INPUT

000061 000 CALL READW(LUNyNWA,IARRAY)

000062 000 CALL READWCLUNgNWA,IARRAY)

000063 000 D0 510 1=1,1200

000064 000 CALL READW(LUNyNuwA,IARRAY)

000065 000 CALL CRKTHR(195;1ARRAY,IARQOW)

000066 000 INMS=IAROW(195)

000067 000 IFCINMS.LE.IUMS) GO TO 511

000068 000 510 CONTINUE
_0Co069 000 T GO0 TO 922

000070 000 11 CALL BSRCLUN)

000071 000 (4 START MAIN LOOP TO READ DATA IN AND STORE

C00072 coo C READ A SCAN

000073 000 601 CALL READWCLUN,NWA,IARRAY)

000074 000 CALL CRKTHR(195,1ARRAY yIAROW]

000075 000 INMS=TAROW(T195)

000076 000 IFCINMS.LT.ILMS) GO TO 690

000077 000 d MAP SCAN NUMEER TO AREA ROW

000078 000 L1=C1200~INMS) x2+(3=2)

000079 000 L2=C1200-INMS)*24+(3~1)

000080 000 LAT=LT1-IULINE

000081 000 LA2=L2-IULINE

000082 000 LRT1=MOD(LAT,IBDF)

000083 000 LR2=MOD(LA2,1IBDF)

0000&4 000 IF(LRT.NE.O oANDo LR2.NE.D) GO TO 601

000035 000 IROWI=LA1/1IBDF

000086 000 IROW2=LA2/1BDF

000087 000 NS=NSECL(NELES) ]

000088 000 ISD=MODCINMS,2) IF -
000089 000 ISECT=NS*IROWT

000090 000 ISEC2=NS*IROW2

000091 000 (© PICK OUT LINE SEGMENT

000092 000 o FIRST VISIBLE LINE

000093 000 IF(IFVIS.ANDeLR1¢EQs0) CALL LINGREBCIARRAY(2497),1SD,IUELE,NELES,IB
000094 000 *DF,JARQW)

000095 000 IFCIFVIS.AND.LRT.EQ.0) CALL WRITACIAREA,ISECT¢NS*172,1ARO0U)
000096 000 C SECOND VISIBLE LINE

000097 000 IFCIFVIS«ANDeLR2:EQ.D0)CALL LINGRBC(IARRAY(1297),1ISD,JUELE yNELES,IGD
0000%8 000 *F, IAROW)

000099 000 IF(IFVIS .AND.LR2.EQ.0) CALL WRITACIAREA,ISEC2,NS*1712,1AR0OH)
000100 000 C INFRARED

000101 000 IFCIFIR) CALL LINGRB(IARRAY(97),ISD,IUELE NELES,IBDF,IAROQW)
000102 000 IF(IFIR.AND.LRT1.EG.0) CALL WRITACIRAREA,ISECT1,NS%112,TAROW)
000103 000 IFCIFIRCAND oLR2etQe0) CALL WRITACIRAREA,ISECZ24NS*112,1ARCU)
000104 000 GO TO 601

000105 000 690 CONTINUE

000106 000 : CALL MARKOK(IAREA)

000107 000 CALL MARKOK(IRAREA)

000108 000 CALL REWC(LUN)

000109 000 RETURN :

000110 000 910 CONTINUE

000111 000 912 CONTINUE

co0112 000 913 CONTINUE



ook ke kR

000113
000114
000115
000116
0001147
000118
000119
000120
000121
000122
000123
000124
000125
-000126
000127
000128
000129
000130
000131
000132
000133
000134
000135
000136
000137
000138
000139
000140
000141
000142
000143
000144
000145
000146
000147
000148
000149
000150
000151
000152
000153
000154
000155
000156
000157
000158
000159
000160
000161
000162
000163
000164
000165
000166
000167
000168
000169

LATSF/MCIDAS

000
0oo
000
0oo
000
000
000
000
000
000
000
000
000
000
000
0oo
000
000
0G0
000
oo
000
000
000
000
000
000
000
00D
000
000
000
000
000
000
000
000
0oo
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

921
701

922

100

1222337 DA

CALL EMESS(3HREQ,0)

RETURN

WRITE(LP,701)

FORMAT(1X, “E-~0~-F TERMINATES LOAD")

CALL MARKOK(IAREA)

CALL MARKOK(IRAREA)

CALL REWCLUN)

RETURN

CONTINUE

CALL EMESS(ZHREQ,0)

RETURN

END

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

IMPLICIT INTEGER(A=1)

DIMENSION INDATAC(T1),0UTDAT(1) .

DIMENSION TDAT(2406),DLELE(ST72)

COMMON/OFFSET/DLELE

DATA WOFF/6/ NEF24D6/

IF(EDFeNE-T) CALL EMESS(3HREQyBDF)

1F(BDF.NE-1) CALL EXIT

102=ELE-1

CALL CRKATS(NE,INDATA,TDAT)

IF(SDIR.EQ.T) GO TO 100

SHIFT EVEN SCANS

PO SO I=1,NELES

DE=14I024DLELE(I)+WOFF

OUTDAT(I)=TDAT(DE)

CONTINUE

CALL PACK(NELES,OUTDAT ,OUTDAT}

RETURN

CONTINUE

LOAD QUD SCANS 9

DO 150 I=1,NELES -

OUTDAT(I)=TDAT(I+I02+HOFF)

CONTINUE

CALL PACK(NELES,OUTDAT,OUTDAT)

RETURN

END

SUBROUTINE GENOFF(IUELE,NELES)

COMMON/NAVCOM/NAVN ; INAV,IYR, IDAY ,TOTLIN,DEGLIN,TOTIEL,DEGELE,PICLI
*NPICELE ,THPSCLsIOYR,IODAY,TMsR1X,R1YyRT1Z4RI1DX,RI1DY,RT1DZ,PITCH,ROL
L YAWyPTIMC(Z) 3 TMN (3D, TMX(2) 3 NLCOEF(2) yNRCOEF (2)4SCLLOC2),SCLLT(2),
*ELCOEF(1152)ySCLRO(2) 3 SCLR1(2) JERCOEF(1142) yNASCEF,SCLASO,SCLAST,
*ELEMNSJELEMX,ASCOEF(16)

COMMON/OFFSET/IDLELE(6T2)

DATA NOMOFF/3/

CALL RCOM

NEND=IUELE+NELES~1

po 100 1=1,NELES

IDLELECI)=NOMOFF

IELE=IUELE+I-1

IFCIELE«LT+IELEMNOR-IELEMX«LT-IELEIGO TO 100

T=IELE*SCLAST1+SCLASO

CALL CNPSCY,T,ASCOEF,NASCEF)

IDLELECI)=Y+0.5

CONTINUE

RETURN



#tnkhs  LATSF/MCIDAS wawews

a00170 0oo ENDS

000171 o000 $FILEMA

000172 000 DELETE LDATSF,GORP
000173 000 $SINCLUDE IFLD
000174 000 SCATALOG

000175 000 NAME=LDATSF¢5;,Rs¥D
000176 000 TYPE=FG

060177 000 LIE=ATSFLBsLL
000178 000 BEG IN

000179 000 SEOJ

END ELT.

aHDG 4P ktehkkd LDATSF Ssdeww

DA’



*khkkx LS/MCIDAS

QELT,L AF.LS/MCIDAS

ELTO07 RLIB62 12/22~

000001 000
000002 000 C
0000G3 0oo o
000004 000 C
000005 000 C
000006 000 ¢
goooo7? 000 C
000008 000 o
000009 000 C
000010 600 2
000011 000 C
- 000012 000
000013 000
000014 0oo
000015 000
000016 000
000017 coo
000018 000
000019 000
000020 000
000021 000
000022 000
000023 000
.00002¢4 000
000025 000

END ELT.

fokkk ok k DAT

17:01:56-(0,)
SUBROUTINE LS(XyY4VALDD,DIR)

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 VALUE S(Y) IN ™VAL"™. ON CALLe "DD*

IS THE UNNORMALIZED DIRECTIONAL DERIVATIVE <GRAD(S(X))4DIR>.

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

IN THE LINEARIZATION OF S AT X IN MOVING FROM X TO X+2#%+%(=N)*DIR.

DIMENSION X(3),Y(3),DIR(3)
DATA FAC WALK/SoUE-1410E-5/
RLAM=1.0
TSTVAL=u4*RUAK*ABS (DD)
OLDVAL=S (X)

1 IF(RLAMoLT.WALKIRETURN
DO 2 ¥=1,3

2 YC(ID)=X(CID+RLAM*DIRCE)
VAL=S(Y)
IF(OLDVAL~VAL.GE.TSTVAL)RETURN
TSTVAL=FAC*TSTVAL .
RLAM=FAC*RLAM ' :
GoTo 1
ENDS

BHDG 4P  krxk%xxr  MINMIZ/MCIDAS #xxk4x
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MINMIZ/MCIDAS  wewnxa DA

RELTyL AFMINMIZ/MCIDAS
ELTOU? RLIB62 12/22~-17:01:56-(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
000032
000033
000034
000035
000036
000037
000038
000039
000040
000041
000042
000043
000044,
000045
000046
000047
000048
000049
000050
000051

END ELT.
@dHDG,P

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

000"

000
000
000
coo
000
000
000
000
060
000
000
000
600

000
000
000
000

(s NaNaNaNaNale Nyl

SUBROUTINE MINMIZ(PTIN,PTOUT ;GNORMVAL,ITR)}

THIS ROUTINE PERFORKS A MODIFIED NEWTON METHOD MINIMIZATION. 1IT
BEGINS AY THE POINT “PTIN® AND RETURNS IN ™PTOUT®™ THE POINT
SELECTED AS THE OPTIMAL POINT, IN “GNORMY THE NORM OF THE GRADIENT
OF S AT ™PTOUT"™, AND IN "VAL"™ THE VALUE OF THE OBJECCTIVE FUNCTION
S AT "PTOuUT". A POINT X(K+1) IS DEEMED OPTIMAL WHEN

ABS (SCX(K+1))=S(X(K))II<=(10**=-T0) *ABS(S(X(K)I))e

LOGICAL ALTRET ,

DIMENSION PTINC(C3),PTOUT(3)

DIMENSION HESS(3,3),GRAD(3)4PT(3),DIR(3)

DATA CONVRG,ITERAT,EQUALU/1.0E-18,25,1.0E-30/

ITN=0
PO 5 1=1 13
5 PT(I)=PTINC(I)
OLDVAL=S(PT)
DO 50 I=1,ITERAT
ITN=ITN+1
CALL PRTIAL(PT,GRAD;HESS)
CALL INVERT(HESSyHESS¢3,ALTRET)
IFCALTRET) GO TO 16
DO 10 4=1,3
DIRCJ2I=0
DO 10 K=1,3
10 DIRCJII=DIR(JII-HESS (JyKI*GRAD (K)
bDD=0
DO 15 J=1,3
15 DDD=DDD+DIR(JI*GRAD (J) ~
IF(DDD«LTe~EGUALU)GOTO 25
IF(DDD.GT+EGUALU)GOTO 19
16 bDD=0 1
DO 17 J4=1,3
DDD=DDD+GRAD (J DI **2
1?7 DIR(JII==-GRAD(J)
GOTO 25
19 D0 20 J4=1,3
20 DIRCJI=-DIRCJ)
25 CALL LS(PT,PTOUT,VAL.DDD,4DIR)
" 1F(ABS(VAL-OLDVAL) «LE+CONVRG*ABS(OLDVALY) 60 TO 60
OLDVAL=VAL
DO 30 J4=1,3
30 PTCII=PTOUT ()
50 CONTINUE
60 GNORM=0 ~
DO 65 1I=1,3
65 GNORM=GNORM+GRAD(I)*%2
GNORM=SQRT(GNORM?
RETURN
ENDS

kkkkxk  NRMLIZ/MCIDAS  *xkxwx



AR AAR NRMLfZIMCIDAS S22 % %1

DELTsL AFNRMLIZ/MCIDAS
ELTQ07 RLIB62 12/22~-17:01:57-(0,)

000001 000 SUBROUTINE NRMLIZ(VX,VY,VZ ,VNORR)
0co002 000 VNORM=SQRT(VX*#2+VY*22+VZ*%2)
COo003 000 VX=VX/VNORM

000004 000 VY=VY/VNORM

000005 000 V2=VZ/VNORM

000006 000 RETURN

ocoaoz 000 ENDS

END ELT.

QHDG P xAxwkk  OFFSETFIT #wacaw

e

DAY
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OFSTF/AOIPS

PROGRAM TO FLT POLYNOMIAL TO ALTEKNATE SCAN OFFSET UATA STORED IN
UNIT 10 8Y PRUGKAM OFFSEIGEN. INPUT DATAS

CARD1: FIRSI=PUINT=ELEMENI=COORDINATE LAST=POLNT

LOGICAL uPTlON

DIMENSTION ICORLMU2),XSCALE(10),0FSTLM(2),YSCALE(L10Q)

DIMENSION DATL(690),wORK(231) ’

DIMENSION COEF(21),LABEL(L2)

DIvenNSION ¥In(10),MO0T(37)

DIMEWSIUY LCOUK(230),UbFSET(230) ., wATE(230)
COMMUN/BUFFER/WAYE,QF FSET

CUMMUN/BUFF1/nNCUREX, 1COOR
COWMUN/NAVCJM/NAVN.1NAV.I¥R,IDA¥.TUTLIN.DEGLIN.TUTIEL.DEGELE.PICLI
*N.PICEDL.IMPSCL,lUYH-lUDA!.IM,RIX.RII.KIZ.RIDX.RIDX.KlDZ~EIICH-RUL
‘b:kAwnPIlﬂ(Sl.TMN(S).ldA[3).NLCOtF(2)-Nh:OEF(?):SCLLU(ZJ.SCbL1(2).
#&LCUhF(II.ZJ.SCuxO(Z).SCbKl(Z).LHCUEF(ll.Zl.NASCLF.SCLASU.SCDASIa
#lELEMN, IELEMA»ASCOEF(16) :
Dara ICORLM/V,2400/,0FSTLM/5,,15.7

DATA LP/6/ i

Data 11/5/

DATA MINDEG/15/

MENU=2

CALL INCOM(' ENTER LEFI, RIGHT ELEMENTS FROM PRINIER LISTING.',49,
¥3,1,80N,1,1)

1F(MENU.,LE.0) GO TO 999

READ LIBIIS UF USEFUL DATA (1COOR LIMIIS) FPROM CARDS.,
LLE=¥MIN(L}

IRE=MIN(2)

KEAD IN OFFSETS AND WEIGHTS AND COORDINATESS(ELEMENT NUMBER)
VU 10 1=1,NCURMX

1F(ICOUR(1).£Q.1LE) ILEAE=1

LECICOOK(L) JEu . iRE)IREAE=L

CONTINUE

NPpIs=zlREAL=JLEAE+1

FLI LEASI SQUARLS POLYNOMIAL.

InN=0

DO 25 1=ILEAE, [REAE

IN=Intl

DATICIN)=ICOORC(CI)

DATLULNSNPTS)=0FFSET(L)

DAYL(Inte#NPLS)=wATE(L)

ConTInuE

CALL APCH(DATI,uPIS,MINDEG,XD,X0,WORKsIER)

LE(IERNE.O) GU 10 990

ETa=].0b=3 :

EFS=1,0k-4

1UP==1 '

CALL APFS(WURK,mINDEG,M,LluP,EPS,ErA, 1ER)

IF(IER)Y990,28,28

CONTINUE

NASCub =M

SCLASU=X0 .

SCLASL=XD

LELEMN=ILE

3¢



29

120

721

30
122

990
999

730

OFSTF/AOIPS

LELEMX=1RE
IazMe(M=1)/2

00 29 1=0.1

COLF(I41)=WORK(141¢1X)

ASCOEF (1+¢1)=C0uF(l¢1)

PRINT COEFFLICLENY, DEGREE SCALING

WRITE(LD,7201M

FURMAT (10X, "OLGREL=F,12)

WRITu(L11,721)X0.XD

FORMALC(2X, 'SCALING PAKAMEIERS. X0=',E15.,9,' XD=',E15.9)
DG 30 I=0.i

FORMAT(10X,'D(',12,')=',E15.9)

GU TO 998

CUNLINUE

WKITE(LL,T730)IER

CONTLINUE

CALL REQUES(RADSO('ATSF2'))

FURMAT(1X, '"&RROK CODE=',12) 5

END

M

-2
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QELT,L AF.OFSTF/MCIDAS

OFSTF/MCIDAS

[ 2 22 2 24

ELTO07 RLIB62 12/22-17:01:58-(0,)
$J0B OFSTFT u3200
SOPTION o8,9413,20
$FORTRAN

000001
ooooo2
0ocoo3
000004
000005
000006
000007
000008
000009
co00010
000011
00oo12
000013
000014
000015
000016
000017
000018
000019
000020
000021
000022
000023
000024
gooo2s
000026
ooooez7
Co0028
000029
000030
000031
000032
000033
000034
000035
000036
co0037
000038
000039
000040
000041
000042
000043
000044
000045
000046
000047
000048
000049
000050
000051
000052
000053
000054
000055

000
000
000
000
000
0oo
000
000
000
000
000
000
ooo
000
000

00w

000
000
ooo
000
000
000
ooo
000
000
000
geo
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
0oo
000
000
000

000
000
000
000
000
0ao
000

C
C
C

10

25

238

SUBROUTINE MAIN
PROGRAM TO FIT POLYNOMIAL TO ALTERNATE SCAN OFFSET DATA STORED IN
UNIT 10 BY PROGRAM OFFSETGEN. INPUT DATA:

CARD1:z FIRST-POINT—ELEMENT=-COORDINATE LAST-POINT

LOGICAL OPTION

DIMENSION ICORLM(2)¢XSCALECT10) y0FSTLM(2), YSCALE(lO)

DIMENSION DATI(690),WORK(231)

DIMENSION COEF(¢1),LABEL(12)

DIMENSION MINCTO) ¢MOUT (24)
COMMON/OFFDAT/NCORKX,ICOORC230),0FFSET(230) yWATE(230)
COMIMON/NAVCOM/NAVNgINAV 3 IYRy IDAY s TOTLIN,DEGLIN, TOTIEL DEGELE,PICLI
*N o PICELE TMPSCLyIOYR,IODAY ,THsR1X,R1Y,R1Z4,R10X,R1DYyR1DZ,PITCH,ROL
*L YAW,PTIFMC2) ,TMNC3Y,TMX (2) 4y NLCOEF(2),NRCOEF(2),SCLLOCZ) ySCLLT(2) ¢
*ELCOEF(1142),SCLROC2)ySCLR1C2) ,ERCOEF(11,2) yNASCEFSCLASO,SCLAST,
*IELEMN,IELEMX,ASCOEF(16)

DATA ICORLM/Q,240G0/,0FSTLM/S5 41547/

DATA LP/G/

DATA MINDEG/15/

DATA MIN/GHGCCGCC,8%0/ LUNFZ10/

CALL IGCMIN)

READ LIMITS OF USEFUL DATA (ICOOR LIMITS) FROM CARDS.

ILE=MINCT)

IRE=MINC2)

JOouT=1

IFCOPTLIONC(MINC3) ,3H PJ)) JOUT=2

READ IN OFFSETS AND WEIGHTS AND COCRDINATESS(ELEMENT NUMBER)

CALL DYNASG( OFFSTD 3LUNF) -

CALL OPNCLUNF)

CALL READW(LUNF,1151,NCORMX)

DO 10 1=1,NCORMX

IFCICOOR(I) EQ.ILE) ILEAE=I

IFCICOOR(I)&EG.IRE)IREAE=]

CONTINUE

NPTS=IREAE-ILEAE+1

FIT LEAST SQUARES POLYNOMIAL.

IN=0

DO 25 I=ILEAE,IREAE

IN=IN+1T

DATIC(IN)=ICOOR(I)

DATI(IN4NPTS)=0FFSET(I)

DATICIN+#2*NPTS)=WATE(T)

CONTINUE

CALL APCH(DATI,NPTS MINDEG,XD,X0,HORK;IER)

IF(IER.NE.O) GO TO 990

ETA=1.0E-3

EPS=1.0E-4

10P=-1

CALL APFS(WORK yMINDEG,M,I0P,EPS,ETA,IER)

IF(IER)P90,28,28

- CONTINUE

CALL RCOM
NASCEF=M

~26

DA



khh ok

000056
000057
000058
000059
000060
000061
000062
000063
0000064
000065
000066
000067
000068
000069
000070
“000071
000072
000073
000074
oooo7s
000076
000077
000078
000079
000080
000081
000082
000083
000084
000085
000086
000087
0000388
000089
000090
000091
000092

END ELT.

dHDG 4P

OFSTF/MCIDAS uswuw BA
000 SCLASO=X0
0oo SCLAST=XD
000 IELEMN=ILE
000 IELEMX=IRE
000 IX=ur(K~1)/2
000 DO 29 1=0,M
000 COEFCI+T)=WORK(I+T+1IX)
000 29 ASCOEF(I+1)=COEF(I+1)
000 C STORE DATA
000 CALL WCOM
000 C PRINT COEFFICIENT, DEGREE SCALING
000 ENCODE(132,720,M0UTIH
0oa CALL TPCJOUT,MOUT) .
000 720 FORMAT (10X, “DEGREE=",12)
000 ENCODE(C132,721,MOUTIX0 XD
oo CALL TP(JOUT,MOUT)
000 721 FORMAT(2X;s “SCALING PARAMETERSe X0=",E15.9,7 XD=",E15.9)
00a DO 30 1=0,M
000 ENCODE(132,722,MOUTII,COEF(TI+1)
000 30 CALL TPCJOUT,MOUT)
000 722 FORMAT(10X,y“D(“412,°)="4E15:9)
000 RETURN
000 990 CONTINUE
000 ENCODE(132,720,MOUTIIER
000 CALL Ta(MOUT)
000 RETURN
000 730 FORMAT(1X, “ERROR CODE=",412)
000 ENDS
000 SFILEMA
000 DELETE GCCGCC,GORP
000 $INCLUDE ATSSSP
000 $SCATALOG )
000 NAME=GCCGCCy53RyWeD -
000 TYPE=FG
000 LIB=ATSFLB,LL
000 BEG IN
000 $E0J

KAk A A K QFSTG/MCIDAS EZ &% 2%



00N

10

7072

100

200

701

OFSTG/AOQIPS

PROGRAM 10 GENERATE [ABLE
OF ALTERNATE SCAN OFFSELS. CORRELATIONS DONE ON IR.
ASSIGN TAPE 10 UwlI TEN, OUIPUT 1S TO PRINTER AND GLOBAL COMMON
LOGLIZAL %M1ISSNG,ISLAST .

DiMepnsiund LODATA(SB00) . LEVATA(S5600)
EQUIVALENCE(IODALA, LEDATA)

DIMEWSION MINCL10J),M0UT(37)

DIMENSTION lUBKL(2598)IEBRT(2598)

DINENSION WALE(230),0FFSET(230),1CU0R(230).FLPARY(9)
COMMUN/BUFFER/&ALE,OFFSET

COMMON/BUFE1/NCURMK, ICOOR

DAIA 1STALG/0/,NLAG/S/,NCOR/220/,LPRT/E/

DASA NW1/147/,Nw2/1949/,Nd3/5598/

paTA LUN/10/,MLSSNG/.FALSE./.

Data LE/Z6/.1L/5/

DATA LFIRSL/B00/,INISCN/ 8/,LSTSCN/400/ : 3
DATA LELESL/100/,8IS12715/NONOFF/ +8/.,IELINT/10/
DATA §8P/2&598/,1D0FF/198/ 2
UATA LLUSTREZE1/

In1T1ALIZE SCAN SEARCH

IFIRSI=((IFLIRST+1)72)%2

INTSCN=(INTSCN/R)*2

LSTSCN=((LSTSCN+1)/2)%2

1ESCAN=LFIRST+INTSCN

NCORMX=0

DO 19 I=1,230

WATE(L)=0,

OFFSET(I)=0.0

1CO0R(L)=0

CUNTINUE

ENCODE(T74,702,0M0UF)

FORMAT(1Xs'HMOUNT TAPE. ENTER DRIVE NUMBER')

MENU=1 '

CALL INCOM(MOUT,36,1,1 . MIN,MENU,1,1)

LNUNLIT=0d0 (1)

IF(MENU.LT.V) GO TO 9299

LE(MENU . EQ0)IMUNIT=0

CALL ASNLUN(LUW,'MM*,IMUNLIT)

CALL IUTPRW(LUN)

SK1P HeADEK RECORDS

CALL LUTPSR(LUN,+2,L1STAT)

1F(M1SSNG) LESCANSIESCAN=2

LEC.NOT MLSSNG) LuSCAN=LESCAN=LNTSCN

IOSCAN=LESCAN=] .

1SLAST=1ESCAN Lk LSTSCN

CALL IOIPLN(LUN,IEDATA,NWL,LE,ISTAT)

CALL CRRIHK(195,1u0ALA,1EBRT)

JESCAN=1EBRT(195)

MLSSNG=JESCAN LI LESCAN
IF(MISSNG)WRLIIL(IT,701)1ESCAN

FURMAT (14, 'SCAN NUMBER',15,' NOT FOUND.')

IF(MISSHG) GU TO 100
LF(JESCAN,GL..LESCAN) GU TO 200

~ e A~

-28
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QNN

400
~

500

510

600

(@]

610

OFSTG/AOIPS

LVEN SCAN FUUND, NUW CHECK FOK UDD dCAn,
CALL LOTPINCLUN,LODAYA,NWL,LE,LSEAL)
CALL CKKIHR(195,1UDATA,I0BKYT)
JUSCANSLOBRT(195)
M1SSNG=JOSCAN.NE.IUSCAN
1E(MLISSNG)WRILTE(IT,701)L0SCAN

IF(MLSSNG) GO o 100

BACK UP TO REAOD IN DATA,

CALL IUIPSR(LUN,=2,1STAT)

INPUT PALlK UF SCANS,

CAGL lUTPIN(LUN,I&EDATA,Nw2,LE,1STAT)
CALL CRKIHR(195,1EDALA,IEBRYY
JESCANSLEBRT(195)

CALL CKKAIS(NBP,LEDATA,IEBRT)

CALL lOTPIN(LUNSIOOATA,vw2,LEsISTAT)
CALL CHRKTHR(195,10DATA,10BRL)
JUSCAN=LUBRI(195)

CALL CRKALS(wwP,I0DATA,I0BRT)

IF(JESCAN oNE IESCaN UR,JUSCAN . NEL,LOSCAN) GO TO 990

DO CORRELATIONS.

DO 600 KCUR=1,NCOR

IELE=LELEST+ (KCOR=1)*1ELINT
ICUQR(KCOR)=LELE

MAXLAGS(NLAG=1)/2

MINLAG==MAXLAG

DU 500 KLAG=MINLAG,MAXLAG

MAXBRI=0Q

MINBRI=512

NTS1Z=(NTSIZ=1)/2%2¢1

Flp=o

DO 40U KVAL=1,NTSIZ
ICT=IELE+&KVAL=1=NTS12/2
1CS=1ELE+KVAL=1 +KLAG+NONOFF=NTS12/2
Lerx=LCi4 1 DORE

1CSX=1CS+100FF

IPIXT=10BRICICTA)

IPIXS=1EBRI(CICSX)
MAXBRI=MAX0(MAXBRT ,1PIXT)
MINBRT=MINO(MLNBRT, IPL1XAT)
FLe=v'LP+(LPLXT=1PLXS)*%2

CONFLINUE

STUORE LP(2) MEASUKE VALUE

FLPARY (KLAGeMIWLAGYL1)=FLP

CONLLNUE

SEARCH TABLE OF VALUES OF LP(2) MEASURE FOR MIN,
LOFF=nunUrFF+MEInbLAG

FLEMINTSFLPARY (L)

DU 510 K=2,NLAG
IF(FLPMIN.GT FLPAKY(K)) IOFF=NOMUFF+(K=1)+MINLAG
IF(FLPHIN.GL.FLPARY(K)) FLPMLIN=FLPARY(K)
CUNIINUE N
wEIGHD OFFSETS BY BRIGHINESS RANGE,.
WI=FLUAL(MAXBRU=MINBKT) /512,
WATE(KCUR)=4ATE(KCOR) ¢WT
UFESET(KCUR)=UFE SET(KCUR)+LOFF*KUT
CONTLINUE

IF(,N0F.1SLAST) GO TO 100

COMPULE AVARAGE OFESEIS,

DU 610 KCOk=1,dCOR
LE(nAlE(KCOK) LT 1.06=3) GO TO 610
OFFSET(KCUR)=0FFSET(KRCUK)/WATE(KCOR)
CUNLINUE

DUMP TABLE VALURS,
NICOL=(NCOR=1)/541

™

W~



550
710
990

715
989

OFSTG/AOIPS :

JUuur=2

DO 650 lww=1,0IC00L

WRITE(LP,710) (ICUOR(1IW),OFFSET(IW),WALECLIW) , IW=1WW.NCOR,NICOL)
CUNTINUE

FURMAL ((5(5X,14,1X,F8.3,F8.,4)))

NCOKMX=NCOR

"GO TO 999

COnNTINUE

WRITE(S,718)

FORMAT(2X,'OFFSETGEN ERROR RETURN.')
CONTINUE

CALL LUTPRW(LUN)

CALL REQUES(RADSO('OFSTF2'))

END
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DELT,L AF.OFSTG/MCIDAS

OFSTG/MCIDAS

kA AA

ELTO07 RLIBG62 12/22~17:01:59-(0,)
$J08B ATS6 L3200
SOPTION8¢94+20

$FORTRAN

000001
000002
000003
000004
000005
000006
goooo7
uooo08
000009
000010
000011
000012
000013
000014
000015
000016
000017
000018
000019
000020
000021
0000ze2
000023
000024
0000625
000026
000027
000028
ooooze
000030
000031
000032
000023
000034
000035
000036
000037
000038
000039
000040
000041
000042
000043
000044
000045
0C0046
000047
000048
000049
000050
000051
000052
000053
000054
000055

000
000
000
000
000
000
000
000
000
000
000
0060
000
0oo
000

000

000
000
000
000
000
000
000
000
000
000
000
000
000
0G0
000
000
aoo
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

000

C
C

100

200

701

SUBROUTINE MAIN

OF ALTERNATE SCAN OFFSETS. CORRELATIONS DONE ON IR,
ASSIGN TAPE TO UNIT 10. OUTPUT IS TO PRINTER AND UNIT 20,
LOGICAL MISSNG,ISLAST

DIMENSION IODATA(1299) ,IEDATAC1I299)

DIMENSION MINCTI0),MOUT(24)

DIMENSION IOBRT(2598),IEBRT(2598)

DIMENSION WATE(230),0FFSET(230),I1CO0R(230),;FLPARY(D)
COMMON/OFFDAT/NCORMX,ICOOR,OFFSET (WATE

DATA ISTATG/O/ NLAG/9/ ¢NCOR/220/4LPRT/6/

DATA MIN/GHGCCGCC ,8%D/

DATA NW1/G8/ NW2/1299/ 4NW3/43732/

DATA LUN/10/,MISSNG/ FALSEs/

DATA LUNF/20/

DATA IFIRST/&600/,INTSCN/ B/,LSTSCN/4DO/

DATA ITELEST/100/ 4 NTSIZ/15/4NOMOFF/ +8/4IELINT/10/
DATA NBP/2598/:1D0FF/198/

DATA IDSTRT/Z67/

CALL IQCMIN)

IREEL=0

INITIALIZE SCAN SEARCH

IFIRST=C(CIFIRST+1)/2)%2

INTSCN=CINTSCN/2)*2

LSTSCN=C(LSTSCN%1)/2)%2

IESCANSIFIRST+INTSCN

CALL GTAP(14,IREEL yLUN)

CALL REW(LUN)

SKIP HEADER RECORDS ~
CALL READW(LUN Nu1,IEDATA)

CALL READW(LUN,Nw1,IEDATA)

IF(MISSNG) IESCAN=IESCAN=2

IFCoNOTeMISSNG) 1ESCAN=IESCAN-INTSCH
10SCAN=IESCAN-1

ISLAST=JESCANLE.LSTSCN

CALL READW(LUN,Nw1,IEDATA)

CALL CRKTHRC195,1EDATA;IEBRT)

JESCAN=IEBRT(195)

MISSNG=JESCANL.LT.IESCAN

IF(MISSNG) ENCODE(132,701yMOUTIIESCAN

IF(MISSNG) CALL TQMOUT)

FORMAT(1X, “SCAN NUMBER”,15,° NOT FOUND.")
IF(MISSNG) GO TO 100

IF(JESCAN.GT,IESCAN) GO TO 200

EVEN SCAN FOUND. NOW CHECK FOR ODD SCANe

CALL READWC(LUN,Nw1,I0DATA)

CALL CRKTHR(195,10DATA,IOBRT)

JOSCAN=TOBRT(195)

MISSNG=JOSCAN.NE.IOSCAN

IF(MISSNG) ENCODE(132,701,MOUT) 10SCAN

IF(MISSNG) CALL TQ(MOUT)

- IF(MISSNG) GO TO0 100

BACK UP TO READ IN DATA.

kT

DATI



ok o ok

000056
000057
000058
000059
000000
000061
000062
300063
000064
000065
000066
000067
000068
000069
000070
ocao71
000072
000673
000074
- 000075
000076
coocov7
000078
000079
000080
000081
000082
0000383
000084
0o0ass
000086
oooog?
poooes
000089
000090
000091
000092
000093
000094
000095
000096
000097
000098
000099
000100
000101
0001G2
000103
000104
000105
000106
000107
000108
c00109
000110
000111
000112

OFSTG/MCIDAS

000
000
000
000
000
000
0oo
000
000
000
000
000
000
000
000
000
000

(al

400

500

510

600

610

Ak AR A&

CALL BSRCLUN)

CALL BSR(LUN)

INPUT PAIR OF SCANSe.

CALL READW(LUN NW2,IEDATA)
CALL READWC(LUN NW2,I0DATA)
CALL CRKTHR(195¢1EDATAZIEBRT)
JESCAN=1EBRT(195)

CALL CRKATS(NBP,IEDATA,IEBRT)
CALL CRKTHR(195,10DATA;10BRT)
JOSCAN=IOBRT(195)

CALL CRKATS(NBP,10DATA,IO0BRT)
IF(JESCAN-NE-IESCAN-OR.JQSCAN.NE.IOSCAN) GO TO 990

DO CORRELATIONSS

pO0 600 KCOR=1,NCOR
JELE=IELEST+(KCOR=-1)*TELINT

ICOOR(KCQR)=IELE

MAXLAG=(NLAG=1)/2

MINLAG==MAXLAG

DO 500 KLAG=MINLAG ,MAXLAG a
MAXBERT=0

MINBRT=S512

NTSIZ=(NTSIZ=1)/2*2+1

FLP=0

DO 400 KVAL=1,NTSIZ

ICT=1ELE+KVAL=1=NTS1Z/2
1CS=IELE+KVAL=-T1+KLAG+NOMOFF=-NTSIZ/2
ICTX=ICT+IDOFF

ICSX=ICS+IDOFF

IPIXT=10BRTCICTX)

IPIXS=1EBRTC(ICSX) —Z
MAXBRT=MAXQ(MAXBRT yIPIXT) -
MINBRT=MINOCMINBRT ;IPIXT)
FLP=FLP+(IPIXT~IPIXS)**2

CONTINUE

STORE LP(2) MEASURE VALUE
FLPARY(KLAG=MINLAG+1)=FLP

CONTINUE

SEARCH TABLE OF VALUES OF LP(2) MEASURE FOR MIN.
IOFF=NOMOFF+MINLAG

FLPMINSFLPARY(1)

DO 510 K=2,NLAG

IFCFLPMINGZGT.FLPARY(K)) IOFF=NOMOFF+(K-1)+MINLAG
1FC(FLPMIN.GT.FLPARY(K)) FLPMIN=FLPARY(K)
CONTINUE

WEIGHT OFFSETS BY BRIGHTNESS RANGE.

WT=FLOAT (MAXBRT=MINBRT)/512.

WATE (KCOR)=WATE(KCOR) +WT
OFFSET(KCOR)=OFFSET(KCOR)I+I0OFF*uT

CONTINUE ,

IFC.NOT.ISLAST) GO TO 100

COMPUTE AVARAGE OFFSETS.

DO ¢10 KCOR=1,NCOR

CIF(WATE(KCOR) «LT.1.,0E-3) GO TO 610

OFFSET(KCOR)=0FFSET(KCOR)/WATE (KCOR)
CONTINUE

.

DATI



LR R R

000113
000114
000115
000116
000117
000118
000119
000120
000121
000122
000123
000124
000125
000126
000127
000128
000129
000130
000131
000132
000133
000134
000135
000136
000137
000138
000139
000140

END ELTe

AHDG P

e

DAT

OFSTG/MCIDAS  ksks®
000 C DUMP TABLE VALUES,
000 NICOL=(NCOR=1)/5+1
000 Jout=2
000 DO 650 IWW=T,NICOL
000 ENCODE(132, 710 MOUTYCICOORCIW) ;OFFSETC(IW) ¢WATEC(IW) yIW= xwu.ncoa.
000 *NICOL)
000 CALL TP(JOUT,MOUT)
000 650 CONTINUE
000 710 FORMAT ((S5(5Xs14y1X;F8e34F8.4)))
c00 NCORMX=NCOR
000 CALL DYNASG(“OFFSTD yLUNF)
000 CALL OPNCLUNFE)
coo CALL WRITWC(LUNFs1151;NCORMX)
000 RETURN
000 990 CONTINUE
000 CALL TQ(72H OFFSETGEN ERROR RETURN.
000 *
000 RETURN
000 ENDS
000 $F1LERA
ooe DELETE GCCGCCyGORP
000 $INCLUDE IFLD
000 $CATALOG
000 NAME=GCCGCC ySpRe¥WsD
000 TYPE=FG *
000 LIB=ATSFLB,LL
000 BEG IN
000 $EQJ

kXA XA R OFSTVL I E2 8 & &
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QELT4L AF.ORBYIT/MCIDAS
ELTOO07 RLIB62 12/22~17:02:01-(0,)

000001 000 SUBROUTINE ORBIT(X,YeZ,T?

000002 000 REAL KE,MU,MMINMO :
000003 000 COMMON/NAVCOM/NAVN g INAV 4 IYR,IDAY ; TOTLINDEGLIN,TOTIEL DEGELE,PICLI
000004 000 *NyP1CELE ;TMPSCL,IOYR,IODAY s THMyRIXyRT1Y,R1Z;R1DXyR1DY,R1DZ,PITCH,ROL
000005 000 *L o YAW;PTIM(3) g TMNC3) g THX (3) 4 NLCOEF(2) yNRCOEF(2) ySCLLOC2) ,SCLLTC2),
000006 000 *ELCOEF(11 2)y SCLRD(Z) SCLR1C2), ERCOEF(11 2),NAscaf,SCLAso.SCLAs1.
000007 000 *ELEMNGIELEMX, ASCOEF(16)

000008 000 DATA RESKE,MU,EPSILN/G 578.15,0,07A36574,1.0.1.05—7/

000009 000 san1mu=sanr(mu> '

000010 000 ROSSQRT(RIX**2+R1Y*424R1Z%%2)

000011 000 DO=(RIX*RIDX+RIY*RI1DY+R12*RT1DZ)/SQRTHU

000042 000 VOSGMU=(RIDX**24RIDY**2+R1DZ**2) /SQRTHU

000013 000 A=RO/ (Ze~RO*VOSQMU) .

000014 000 CE=(A-RO)/A

600015 000 SE=DO0/SGRT(A)

000016 000 MMINMO=KE*(T~TM)*SQRTMU/ A*%1 .5

00017 000 GL=« S*MMINMO

000018 000 5 SINGL=SIN(GL)

000019 000 SNCSGL=SINGL*COS(GL)

000020 000 XNUM=GL+SE*SINGL*%2~CE*SNCSGL=oS*MMINMO

000021 000G DENOM=T42*SE*SNCSGL-CE*(1-2*SINGL*%*2)

000022 000 G=(GL*DENOM=XNUM) /DENOM

000023 000 IF(ABS(GL~G) «LT<EPSILNIGOTO10 )

000024 000 6L=6

000025 000 GOTO S

000026 000 10 ECANOM=2%G

000027 000 C=A*(1-COS(ECANOM))

000028 000 S=SQRT(A)*SINCECANOM)

000029 000 F=(RO=-C) /RO

000030 000 6=1/SQRTMU*(RO*S+Db0*C) %

000031 000 X=(F*RIX+G*RI1DX)*RE =

000032 000 Y=(F*R1Y+G*RI1DY) *RE

000033 000 Z=(F*R1Z+G*R1DZ) *RE

000034 000 RETURN

000035 000 ENDS

END ELT.

FHDG yP *kkAkx PACK Hrskki
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wkukks  PFTOTC/MCIDAS #xuwsnd

RELT4L AF.PFTOTC/MCIPDAS
ELTO0? RLIB62 12/22-17:02:02-(0,)

000001 000 SUBROUTINE PFTOTCCXLIN XELE¢XyYy4ZIDIRZINIT)

000002 000 COMMON/NAVCOM/NAVN g INAV 3 IYR, IDAY y TOTLIN,DEGLINy TOTIEL ¢ DEGELE,PICLT
000003 ooeC *N PICELETMPSCLsIOYR;IODAY ;TMeRIXyRIY4RTZ,RI1DXyRIDYsRIDZ,PITCHoROL
000004 000 Ly YAWPTIM(Z) g TMN(3), THX(2) ,NLCOEF(2) ,NRCOEF (2),SCLLOC2),SCLLT(2),
000005 000 *ELCOEF(1142)ySCLROC2) ySCLR1C(2) yERCOEF(1142) yNASCEF,SCLASOySCLAST,
000006 000 *IELEMN,IELEMX,ASCOEF(16)

pooooav? 000 (5 IF IDIR = 15 X9YsZ TO LINy ELE

oooows 0oo € 1F IDIR = 2y LINy ELE TO X,Y,2

000009 000 DATA PI4RE,GRACON/3.14159265,6378615,007636574/

000010 000 IFC(INIT.EQe2)GO TO 1 ,

000011 000 INIT = 2

000012 000 RDPDG = PI/180,

000013 000 RADLIN = RDPDG*DEGLIN/TOTLIN

000014 000 RADELE = RDPDG*DEGELE/TOTIEL

000015 ooo 1 IFCIDIK.EQ.2)60 TO 10

000016 000’ ELEANG = ATAN(XZ2)

000017 000 XLNANG = ASINCY)

000018 000 XELE=PICELE+ELEANG/RADELE

000019 000 XLIN = PICLIN+#XLNANG/RADLIN

000020 000 RETURN

000021 000 10 ELEANG=(PICELE-XELE)*RADELE

0000¢2 000 XLNANG = (PICLIN-XLIN)%=RADLIN

000023 000 X==COS(XLNANG) *SINCELEANG)

000024 000 ==SINCXLNANG)

000025 600 2=COSC(XLNANG)*COS (ELEANG?)

000026 000 RETURN

000G27 goo ENDS

END ELTo

QHDG P r*xxknx  PRTIAL/MCIDAS #x%hin

DAY
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QELTyL AF.PRTIAL/MCIDAS
ELTO07 RLIB62 12/22-17:02:03~-(0,)

000001 Doo SUBROUTINE PRTIALC(PT GRAD,HESS)
000002 ooo C

000003 000 € THIS ROUTINE RETURNS IN "GRAD®™ THE GRADIENT OF S AT “PT® ANMD IN
000004 000 C "HESS" THE HESSIAN OF S AT “PT".

000005 000 C

000006 000 DIMENSION X(3,150),Y(3,150),TIME(150)

600007 G6oo COMMON/MINCOM/ X Y, TIME ¢NP

000008 ooo DIMENSIONPT(3) ,GRAD(3) yHESS(3,3) gH(33) HA(3,3),HB(3,3),HC(3,3),
000009 000 *HAA(3,3) yHAB(3,33) 3 HAC(333) yHBB(343) )HBC(3,3),HCC(343)
000010 000 A=PT(1)

000011 000 BE=PT(2) .

000012 000 C=PT(3)

000013 000 - PSPA=0

000014 000 PsPB=0

000015 000 PSPC=0

000016 000. PSPASQ=0

0000137 000 PSPAPB=0

000018 000 PSPAPC=0

000019 000 PSPBSQ=0 5,
000020 000 PSPBPC=0

000021 000 PSPCSC=0

000022 000 CALL UNIT(H)

000023 000 CALL ROTATE(HyC33,1)

000024 000 CALL ROTATE(H:B,s1,+1)

000025 000 CALL ROTATE(H A,241)

000026 000 CALL UNITC(HA)

000027 000 CALL ROTATE(HA,C,3,1)

0000¢8 000 CALL RUTATE(HA4B;1,:1)

£00029 000 CALL ROTATE(HAzA,242)

000030 000 CALL UNIT(HRB)

000031 000 CALL ROTATE(HB,C,3,1) 3 5
000032 000 CALL ROTATE(HB;B,;1,:2)

000033 000 CALL ROTATE(HB,sA,2,1)

000034 000 CALL UNITC(HC)

00C035 000 CALL ROTATECHC,C:342)

000036 000 CALL ROTATEC(HC,B,;1,1)

000037 000 CALL ROTATE(HC,A:2,:1)

000038 000 CALL UNITC(HAA)

000039 coo CALL ROTATECHAA,Cy3,:1)

000040 000 CALL ROTATE(HAA,B,141)

000041 co0 CALL ROTATE(HAAZ;A;,2,3)

000042 000 CALL UNIT(HAG)

000043 000 CALL ROTATE(HAB,C,}v‘)

000044 000 CALL ROTATE(HAByBy142)

000045 000 CALL RCTATE(HAB.Ay242)

000046 000 CALL UNIT(HAC)

000047 000 CALL ROTATEC(HAC,Cy3,2)

00048 000 5 CALL ROTATE(HAC,B,1,1)

000049 000 CALL ROTATE(HAC,A;2,2)

600050 000 ' CALL UNIT(HEB®)

000051 000 CALL ROUTATE(HBBsCs3,1)

000052 . 000 CALL ROTATE(HBBL,bys143)

000053 000 CALL ROTATE(HBB,4A,2,1)

000054 000 T CALL UNITC(HRC)

000055 000 CALL ROTATE(HBC;Cs3,2)

DA



i ok Aok

000056
000057
000058
000059
000060
C00061
000062
000063
000064
000065
000066
000067
000068
000069
000070
000071
000072
000073
000074
000075
000076
000077
000078
a00079
000080
000Go1
000082
000083
0000c4
0000o5
000086
oocos7?
0000¢&8
000089
000090
000091
000092
000093
000094
000095
00009¢

END ELT.
SHDGyP

PRTIAL/MCIDAS

000
000
0oo
000
000
000
000
oo
000
000
0090
000
000
000
000
000
cocao

0CO0.

000
000
000
000
000
000
000
000
000
000
000
coo
000
000
000
000
000
000
000
000
000
000
000

kEkAhx%h Kk

10

LE 2 2 & &1

CALL ROTATE(HBC,:B41,42)

CALL ROTATE(HBC,Ay251)

CALL UNIT(HCC)

CALL ROTATE(HCC4Cyp343)

CALL ROTATECHCCyBo1412

CALL ROTATECHCC,Ap2,1)

DOT0J=1,NP

p0101I=1,3
T=Y(I.J)-H(I,1)*x(1,J)-H(I,2)*X(2,J)-H(I,3)*X(3.J)
TASHACI 1) *X (1) +HACT 42) %X (24 ) +HACL3)*X(3,4)
TB=HB(L1g1)%X (1, J)+HBCI42)*X(2,J)+HB(1:3)*X(344)
TC=HCCIo1)2XCT13J)+HCCTI2)%X(2yJ)+HCC(1,32%X(3,J)
TAA=HAACT 1) *X (14 J)4HAACT2) X (2, J)+HAAC(T 33 2X(3,d)
TAB=HAG(I,1)*X(14J)+HAB(I1,2) *X(2,J)+HAB(I3)*X(3,J)
TAC=HACCI y 1) *X (1, ) +HACCI2) *X(23J)+HACCI3)*X(3,4)
TBB=HBE(I 41)*X(1,J)+HBB(I,2)*X(2,J)+HBB(1,3)%*X(3,J)
TBC=HBC(1,1>*X(1,J)+HBC(I.2)*X(Z,J)#HBC(I,3)*X(3.J)
TCC=HCC(I 1) *X (1 3J)+HCCCI2) *X(23d)+HCCCI43)%X(3,J)
PSPA=PSPA=-T*TA

PSPL=PSPB-~T*TB

PSPC=PSPC-T*TC

PSPASQ=PSPASQ~-T*TAA+TA%%2 ~
PSPAPB=PSPAPE~T*TAR+TA*TB

PSPAPC=PSPAPC~T*TAC+TA%TC

PSPESQ=PSPBSG-T*TBB4TB®%2

PSPEPC=PSPBP(~T*TBC+TB*TC

PSPCSQ=PSPCSG~T*#TCC+TC2%2

GRAD(1)=2%PSPA

GRAD (2)=2%PSPB

GRAD(3)=2%*PSPC

HESS(1,1)=2*PSPASQ

HESS(1,2)=2*PSPAPB

HESS(2,1)=2%PSPAPB i

HESS (1,3)=2%PSPAPC
HESS(3,1)=2*PSPAPC
HESS(2,2)=2*PSPBSQ
HESS(2,3)=2*PSPBPC
HESS (3,2)=2*PSPBPC
HESS (3,3)=2*PSPCSQ
RETURN

ENDS

ROTATE/MCIDAS  xxaxix

E-47

DAT
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DELTyL AF.ROTATE/MCIDAS
ELTO07 RLIB62 12/22-17:02:03-(0,)

000001
000002
000003
000004
000005
000006
000007
000008
000009
000010
000011
000012
000013
000014
000015
000016
000017

000018.

000019
0000z0
000021
000022
co00z3
000024
000025
000026
000Gz27
000028
000029
000030
000031
000032
000033
000034
000035
000036
000037
000038
000039
600040
000041

END ELT.

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000,
oco
000
000
000
000
000
000
000
000
000
000
000
00a
000
000
000
0oG
G000
000
000
000
000
000
000
000

sEsRsNaRaRa ks

SUBROUTINE ROTATECA RGIR,IDERIV)

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

A" AND A 4ATRIX RM, WHERE, IF “IDERIV"=1, RM REPRESENTS A

ROTATION THROUGH AN ANGLE “R*®™ (IN RADIANS) ABOUT THE AXIS "“IR®™, IF
IDERIV=2y THE FIRST DERIVATIVE OF RM IS OPERATED ON Ay AND IFf
IDERIV=3; THE SECOND DERIVATIVE OF RM IS USED.

DIMENSION A(C3,3),INDXT(3),INDX2(3)
DATA INDXT4INDX2/2:114:3 s 3¢ /4
IRT=INDXT(IR) .
JR2=INDX2(IR)
CR=DCOS(R)
SR=DSEIN(R)
IFCIDERIVeNEL.1)GO TO 2
DO 1 J=1,3
T1=AC(IRT,4)
T2=AC1k24d 2}
ACIKT gJ)=CR*TT1+SR*T2
A(IRZC4JI==SR*TT+CR2T2
1 CONTINUE
RETURN
2 IFCIDERIV.NE.2)GO0 TO &
DO 3 J=1,3
A(IRyJ):OOO
T1=ACIRT44)
T2=A(IR24J)
ACIR14J)==SR*TI1+CR*T2
ACIRZ yJ)==CRxT]~SR*T2
3 CONTINUE
RETURN =
4 CONTINUE
0O 5 J=1,3
A(IR,J)=0.0
T1=ACIR1,J)
T2=A(IR2,4)
ACIRT4J)==CR*T{-SR%T?2
ACIR2,4J)=SR*T1-CR*T2
5 CONTINUE
RETURN
ENDS

AHDG P xx%xkxx S/MCIDAS *kk kR

DA



’;;*t* S/MCIDAS t***t;

FELT,L AFS/MCIDAS
ELTO07 RLIB62 12/22-17:02:04~-(0,)

000001 000 FUNCTION SCPT)

000002 000 C

000003 000 C THIS FUNCTION RETURNS AS ITS VALUE THE VALUE OF THE OBJECTIVE
000004 000 C  FUNCTION S AT THE PCINT “PT*",

000005 000 C

000006 000 DIMENSION X(3;150),Y(3,150), TIMEC150)

000007 000 COMMON/MINCOM/ X, Y, TIME (NP

000008 000 DIMENSION PT(3),H{3,43)

000009 000 SRES=0

000010 000 CALL UNIT(H) .

000011 000 ) CALL ROTATE(H¢PT(3),3,1)

000012 000 CALL ROTATE(H,PT(2)41¢1)

000013 000 CALL ROTATE(HsPT(1),241)

000014 000 DO 10 J=1,NP

000015 000. b0 10 1=1,3

000016 000 10 SRES=SRES+(Y(I.J)-H(I,1)*x(1.J)-H(I.2)*X(2.J)-H(1.3)*X(3,J))*tZ
000017 000 S=SRES :
000018 000 RETURN

000019 000 ENDS -

END ELT.

GHDG P KAk hk ok SATEARIMCIDAS AR Ak R

DA
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QELT,L AFSATEAR/MCIDAS

3

SATEAR/MCIDAS

hEkAL R

ELTU07 RLIB62 12/22-17:02:05-€0,)

000001
000002
000003
000004
000005
000006
000007
000008
000009
000010
000011
000012
000013
000014
000015

END ELT,

AHDG 4P

ki khk &

000
000
000
000
000 1
000
000 2
000
000 3
000
o0 4
000
000 5
000
000

SUBROUTINE SATEARCPICTIMyXLINy XELE ¢ XLAT ¢ XLON,ITYPE;INAV
*DOT,ATFRAC)

PTIME=PICTIN

GO TO €1,243,4,5),ITYPE

CALL SE(PTIME XLINGXELE XLAT ¢XLON)D

RETURN

CALL ES(PTIME XLAT ¢XLONyXLIN XELE)-

RETURN

CONTINUE

RETURN

CONTINUE

RETURN

CONTINUE .
RETURN

END

SE/MCIDAS  haknkw

yBETAINGBET



ek o SE/MCIDAS hAAE AR DA

QELT,L AF.SE/MCIDAS
ELTO07 RLIB62 12/22-17:02:06-(05)

000001 000 SUBROUTINE SE(PTIME XLIN XELE,ALAT;ALON) y
000002 000 COMMON/NAVCON/NAVN,INAV,IYR.IDAY,TOTLIN.DEGLIN.TOTIEL,DEGELE.PICLI
000003 000 *N,PICELE,TMPSCL,loYR,IODAY.TM,R1X.R1Y.R1Z.R1DX,R1DY,R1DZ.PITCH,ROL
000004 000 *L,YAH,PTIM(S).TMN(3),TMX(3),NLCOEF(2).NRCOEF(2).SCLLO(Z).SCLL1(2),
000005 000 *ELCOEF(11,2),SCLRO(Z).SﬁLR1(2).ERCOEF(11.2).NAsCEF.SCLASO,SCLAS1s
000006 000 *lELEMN,IELEMX,ASCOEF(16) .

000007 000 DATA INIT/O/

000008 000 CALL EDGCORCPTIME yXLIN,DELLIN,DELELE)

ocoooo9 000 ALIN=XLIN-DELLIN

000010 000 AELE=XELE-DELELE

000011 000 ISCAN=1200~-CIFIX(XLIN=13)/2

000012 000 TIME=PTIME+ISCAN*TMPSCL

000013 000 IDIR=2 )

000014 000 CALL PFTOTCCALIN,ZAELE (X1 ,X2,X3,IDIRLINIT)

000015 000 CALL BCTOPF(X14X2,X3,1DIR) :

000016 000 c BC SAME AS LV HERE.

000017 0eo CALL STTOLV(XT14X2,X3,IDIR,TIME)

000018 000 CALL ERTOST(X1ER.XZER.X3ER.X1.x2,x3,IDIR,T1ME)

000019 000 CALL ERTOER(ALAT.ALON,XTER.XZER,X3ER.IDIR)

000020 000 RETURN

000021 000 END

END ELT.
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DELT,L AF.STTOLV/MCIDAS
- ELTO07 RLIB62 12/22-17:02:08~(0,)
3 000001 000 SUBROUTINE STTOLV (X,Y,Z,IDIR,TIKE)

000002 000 ¢ IF IDIK=1, POINTING VECTOR (X,Y,Z) IS TRANSFORMED
000003 000 C FROM SAT INERTIAL TO LOCAL VERTICAL FRAME.
000004 ooo ¢ 1F IDIR=2, POINTING VECTOR (X,Y4Z) IS TRANSFORMED FROWM
000005 00o L LOCAL VERTICAL TO SAT INERTIAL FRAME.
000006 000 CALL ORBIT(XSsVSyZS,TIME)
000007 000 CALL NKMLIZ(XS YS,3ZS¢XNORM)
oooooe 000 Xi=x
000009 000 Yi=Y
000010 000 11=2
000011 ooo D=SQRT(XS#*#2+YS*#2) )
000012 000 IF (IDIREG.2Z) GO TO 10
000013 0Co X=(=YS*X1+XS*xY1)/D
000014 000 Y=(XS*ZSAXT4YS*ZIS*xYT1~Z14Dx%2)}/D
000015 0oo L==(XS*XT1+YS*Y1425%71)
00Q016 000. RETURN
000017 000G 10 X==YS*X1/D+XS*#ZS*Y1/D-XS*Z ]
000018 000 i Y=XS*XT/D+YS#2S%YT/D~-YS*Z1
000019 000 2==D*xY1-25%21
000020 000 RETURN
000021 000 ENDS
END ELT.
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*hkthk  UNIT/MCIDAS R hARE ) . DAT

BELT,L AF.UNIT/MCIDAS
ELTO07 RLIB62 12/22-17:02:09=C0,)

000001 ooo SUBROUTINE UNIT(R)
000062 000 C THIS ROUTINE RETURNS IN ™A"™ A 3 X 3 IDENTITY MATRIX.
000003 000 c
000004 000 DIMENSLION A(9),B(9)
000005 000 DATA B/1.0,0.0,0.0,
000006 600 * 0e057:050.0,
000007 000 * 0:050e045%.0¢
000008 000 DO 10 I=1,9
000009 000 10 ACI)=B(I)
000010 000 RETURN
000011 000 ENDS
" END ELT. .
GHDG N

QFIN



