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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 McTDAS 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-Objective
 

If a satellite image or sequence of images of the earth is
 

to be useful for quantitative measurement, it is necessary to be
 

able to determine the earth location (latitude and longitude) 

that corresponds to any given picture 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 element location
 

to earth location and vice versa; 2) Defining a procedure for
 

measuring the set of constants needed by the algorithm in 1) above.
 

Previous progress reports for this project describe how the ATS-6
 

navigation model was developed. This user manual briefly describes
 

the current version of the navigation model (this section) and 

how to use the computer programs developed for it (following sectin). 

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 work, two tests were used. First, the line and
 

element position of identifiable earth points (landmarks) was
 

measured and compared to the values predicted by the navigation
 

model. Ideally 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-l 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.
 

B. Nature of the Problem
 

A three-axis stabilized satellite contains an attitude
 

measuring and correcting system which attempts to keep the satellite
 

and its camera pointed at some selected point. For ATS-6 the
 

camera is generally aimed at the point on the earth's equator
 

which is closest to the subsatellite point. In order to keep
 

the satellite camera pointing in its desired direction within
 

its required range of accuracy, the satellite's attitude may be
 

changed by significant and unpredictable amounts about all three
 

axes several times during the scanning of an image. If wind speeds
 

are to be measured 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 for 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 
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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.
 

C. 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
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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.
 



II. 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 III.
 

The general organization of the main programs is indicated in
 

Fig. II.1.
 

B. Image Correction
 

The alternate scan element shift function AE(E) which is used
 

to correct for mirror-scan offsets (Appendix D) is computed from
 

infrared image data. The program OFSTG computes values of AE and
 

a weighting 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 running 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 factor, 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 correlations 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] 

Read earth edge Read landmark 

image sectors, image sector. 

[LATSF] [LATSF] 

Measure earth
 

edge shifts.
 

[WINDCo] Compute satellite attitude.
 

Compute residuals.
 

[ATSNV]
Fit polynomial to 
earth edge shift. 

[EDGFT]
 

NAVCOM ready for
 

use by SATEAR in
 

applications programs.
 

Figure II.1. General organization of ATS-6 image correction and
 
navigation software. Names of corresponding computer
 
programs in brackets.
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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 image 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 f 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.
 

C. 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 t1 and t2). Then the wind tracking
 

procedure using a correlation tracking metric is used to track
 

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

set to zero so that the correlation peak search is done by moving
 

the target grid only 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 II,
 

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

D. 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.
 



II. Program Command Format 

This section describes the command formats for using the ATS-6 

navigation programs. There are two versions, one on the AOIPS and
 

one on the MeIDAS. 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. McTDAS uses a command
 

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

A. AOIPS VersLon 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 NETPAK 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 

RD:[1,162]ATSINS.CD 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 DBO:[350,62]ATSF2). The
 

system is now ready to run.
 

http:RD:[1,162]ATSINS.CD
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A. AOIPS Version of November 1977
 

1. A6INT - Initialize COMMON/NAVCOM/
 

Initiate by requesting option: 1 - INITIALIZE NAVCOM 

on the ATS-6 PROCESSING menu. 

Input request:
 

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

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 - HHWMSS
 

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(RHMMSS), X, Y, Z (K1M)
 

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 reqluest:
 

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: A61NT will enter values into COMMON/NAVCOM/
 

which is part of the saved global common.
 

2. 	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 MKO or M11. 

Input request: 

MOUNT TAPE. ENTER DRIVE NUMBER. 

Response: After mounting the tape, enter a 0 or I for MM0 

or 	11 respectively.
 

Default: The default is tape unit MM0.
 

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/BUFFl/
 

for use by program OFSTF.
 

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

3. 	OFSTF - Yit 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 may also 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 number 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/.
 

4. 	LATSF - Read image segments from ATS-6 experimenter history
 

tapes.
 

Initiate by requesting option 4 - READ IMAGE SEGMENT FROM 

E.H.T. The programs A61NT, OFSTG, and OFSTF should have 

been run to set up COMON/NAVCOM/ entries. Mount the E.H.T. 

on tape drive MNW or NMI.
 

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 the desired image. 

Input request: 

ENTER ZOOM AREA (1-7)
 

Response: Select a number from 1 to 7 to designate this region 

of the earth. Use the same number for a given area for all
 

three picture times.
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Input request: 

ENTER TAPE UNIT (0,1) 

Response: Enter 0 or 1 according to which drive the tape is 
mounted on (NM0 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.
 

5. 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 COMItON/NAVCOM/. 

6. 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 DB0:[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 rmr to initialize COMMON/NAVCOM/
 

and to set the three picture start,times used for earth edge
 

corrections. To zero NAVCOM enter:
 

AN 0 0 0 0 NEW
 

To set 	picture start times enter:
 

AN 0 0 0 0 HHMMSS 1 HH1MSS 2 HHMMSS3 

Orbit, frame geometry and scan perigd are to be stored in the
 

McIDAS navigation file using standard MeIDAS commands DQ, DS
 

and ON. Entries are:
 

DS SSYYDDD scan period (lsec)
 

(e.g. 	DS 1474195 1200000)
 

DQ FIRST SSYYDDD HHMMSS X1 Y1 Z1 (decameters) 

DQ SECOND SSYYDDD HHMMSS X2 Y2 Z2 (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 +DDDNMSS 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 0. 

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.
 

3. 	Fit a set of Chebyshev polynomials to the data points stored
 

in file OFFSTD.
 

Set- p: The program to generate the data points must have
 

been run first (see 2 above).
 

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

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/NAVGOM/.
 

4. 	 Read image segments from ATS-6 experimenter history tapes 

into digital areas. 

Set-up: Mount tape. COlMON/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.
 

5. 	Fit a set of Chebyshev polynomials to earth edge measurements
 

stored in the wind file.
 

Set-up: Use WINDCO with image coordinates (WC I) and line lag
 

size zero (LS 0 X) to measure earth edge displacement of both 
left and right earth edges between times t1 and tI - t3.
- t2 


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

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/.
 

6. Compute-attitude from landmarks (navigate).
 

Set-up: Several landmark measurements should have been made
 

from the ATS-6 images and stored in the regular McIDAS
 

navigation file. The t1 landmarks, from at least three
 

different locations, should have computation code 0. Landmarks
 

for later times should use code 300 and be used as a check on
 

the navigation.
 

Running program: Enter the keyin and parameters:
 

AN SSYYDDD 0 -0 (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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IV. Software Internal Description
 

This section contains descriptions of the computer programs and 

subroutines developed for the ATS-6 navigation model. These programs 

are available on NASA's AOIPS, on SSEC's McIDAS and most are also
 

available on the University of Wisconsin'.s Univac 1110. There are
 

some variations in the main programs to 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
 

maim programs and for most subroutines. Fig. IV.l 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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ELEMENT 
1 2 2400 

1 _1200
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LINE MIRROR 
SCAN 

24001
 

Figure IV.1. 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 lints 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.
 

QIvoo
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A. 	This section gives a description of the procedure executed by
 

each of the main programs.
 

A6INT - Initialize NAVCOM 

1. 	Make selected entries in COMMON/NAVCOM/.
 

2. 	Print all entries in COMMON/NAVCOM/.
 

3. 	If two satellite orbit positions entered, call GASORB
 

to convert to position and velocity.'
 

4. 	Note: This program only used on AOIPS.
 

OFSTG - Generate offset data 

1. 	Advance to first even numbered scan to he 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.
 

2. 	'Check to see that following record contains next lower numbered
 

odd scan. If not, modify desired even scan number and return
 

to 1.
 

3. 	Desired even and odd scans found. Back up and read whole
 

records into arrays and crack out IR brightness values (CRKATS). 

4. 	Compute offsets for this scan pair. See report of 31 October
 

1977 Appendix G for details.
 

5. 	Add computed offsets and weights to accumulated values for
 

each element position.
 

6. 	Print table of element numbers, offsets, and weights.
 

7. 	 Store number of points and element numbers in common block 

BUFF1. 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. 	 Pick up valid element range as input. 

2. 	Transfer selected range of element numbers, with corresponding
 

offsets and weights to array'DATI.
 

3. 	Call subroutine APCH to set up matrix for least squares fit.
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4. 	Call subroutine APFS to invert matrix and compute coefficients
 

for least squares set of Chebyshev polynomials.
 

5. 	Store coefficients, scaling factors, number of coefficients
 

and valid element range in common block NAVCOM.
 

LATSF - Load ATS-6 image segment
 

1. 	Input information on data request (coordinates, etc.)
 

2. 	Set up image label and write to disk.
 

3. 	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.
 

4. 	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. 

;5. 	 Back up one record so entire record can be read.
 

6. 	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-I data to subroutine LTNGRB to select and 

repack desired line segment. 

f) Write image line segment to digital disk. 

g) Pass Infrared data to subroutine LINGRB to select and 

repack desired line segment. 

h) Write infrared image line to digital disk. 

i) Write infrared image line to digital disk a second time 

so that visible and infrared coordinates .match. 

7. 	Done now; rewind tape.
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EDGFT - Fit polynomials to earth edges 

1. 	 Do curve fit for t1 - t2 image pair then for t1 - t 3 image pair. 

a) Read a wind from disk file. 

b) Check for valid year, day, times, error code. If invalid, 

return to step a. 

c) If 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 overlapping portion
 

in common block NAVCOM.
 

ATSNV - Navigate ATS-6 image from landmarks 

1. 	 Read landmarks from landmark file. 

2. 	Convert integer values to floating point.
 

3.. 	Pass landmark data to subroutine ATTTIJD to compute satellite 

attitude.
 

4.' The 
IDAS version stores the attitude in the navigation file
 

by SQing DX.
 

5. 	Compute and list residuals.
 

a) Pass picture time, latitude, longitude of landmark to
 

subroutine ES to compute line and element.
 

b) Compute residual equals measured value minus computed value
 

for 	lines and for elements.
 

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

NAVN Navigation sequence number.
 

INAV Flag to indicate type of navigation.
 

IYR Year of date for which navigation is valid.
 

IDAY Day of year for which navigation is valid.
 

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

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

TOTIEL 	 Total ndmber of elements across image ( 2400.).
 

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

PICLIN Picture center line.
 

PICELE- Picture center element.
 

TMCL Scan period (nom. .02 minutes).
 

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

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

TM Time of orbit location (minutes, GMT).
 

REX X-component of location of time TM (earth radii).
 

RlY Y component of satellite location of time TM (earth radii).
 

RIZ Z component of satellite location of time TM (earth radii).
 

RIDX X component of satellite location of time TM (earth
 
radii/minute). 

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

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

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

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

YAW 	 Yaw angle of rotation from BC to PF coordinates.
 
Satellite attitude (radians).
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PTIM(3) 	 Picture start times for the three images for which
 
earthedge correction applies. PTIM(l) is the time
 
of the reference image. (Time in minutes, GMT)
 

TMN(3) 
 Minimum time of time over which earthedge correction
 
valid. Subscript corresponds to image number as in
 
PTIM.
 

TNX(3) 
 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). Units are minutes, GMT. PTIM(i) < 
T4N(i) < ndx(ij. 

Note: For earthedge correction arrays, dimensions of value 2 refer
 
to image pair. I => PTIM(l) - PTIM(2) shifts; 2 => PTIM(l)
 
- PTIM(3) shifts.
 

NLCOEF(2) 	 Number of coefficients in polynomial for left edges.
 

NRCOEF(2) 	 Number of coefficients in polynomial for right edge.
 

SCLLO(2) 	 Offset for scaling argument value (scan number) for left
 
edges.
 

SCLLI(2) 	 Multiplier for scaling argument value (scan number)
 
for left edges.
 

ELCOEF(ll,2) 	 Coefficients of set of Chebyshev polynomial for left
 
edges.
 

SCLR0(2) 	 Offset for scaling argument value (scan number) for
 
right edges.
 

SCLR (2) 	 Multiplier for scaling argument values (scan number) 
for right edges. 

ERCOEF(Il,2) 	 Coefficients of set of Chebyshev polynomial for right
 
edge. 

NASCEF 	 Number of coefficients in polynomial for alternate 
scan correction. 

SCLAS0 	 Offset for scaling argument (scan number) for alternate 
scan offset.
 

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

IELENN Minimum element number for which alternate scan correction 
applies.
 

ORIGINAL PA(EI,
OF POOR QUALITY/ 
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IELEMX 
 Maximum element number for which alternate scan
 
correction applies.
 

ASCOEF(16) Coefficients to 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, Y, 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:
 

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

Algorithm:
 

BCTOPF 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 Applied
 
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 COW4ON/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. 

YLON Longitude (degrees) of same point on the earth. 

X6, 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.
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Name: ERTOST
 

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

Parameters: 

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

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

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

TIME Time of day (minutes, GMT) 

Function:
 

ERTOST a unit vettor 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.
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Name: FLALO 

Call: XLAT = FLALO (ILAT) 

Input Value: 

ILAT = Latitude (or longitude) integer value in the format +DDDIIMSS. 
(For PDP-ll 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
 
fornat to floating point degrees.
 



IV-16 

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) 

Re turn: 

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 (Rl, TI, R2, T2)
 

Input Parameterd:
 

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

Ti 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 CO4M4ON/NAVCOM/.
 

TM -Time of position. TM = T1
 

RIX, RlY, RlZ- Position of satellite at TM.
 
(RIx, RIY, RlZ) = RI/RE 
Where RE = radius of earth.
 

RIDX, RiDY, RIDZ - Velocity of satellite at time TM.
 

Function:
 

Given two position vectors and their corresponding times, GASORB computes
 
the position and velocity of the satellite at the time of the first given
 
position vector. The method used in an f,g series from the method of Gauss.
 

Reference:
 

Escobal, P. R. Methods of Orbit Determination, John Wiley & Sons, 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 CMMON/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 COMON/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)
 

InputParameters:
 

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

ISDIR Indicates scan direction. 
1 => Odd numbered scan. 

0 => Even 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.
 



X 
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Name: LS
 

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

Input Parameters:
 

Starting point for line search (a vector).
 

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 valve 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 40% of the functional drop in the linearization of S 
at X in moving from X to X + 2-N*DIR. 

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: NINMIZ 

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:
 

MINNIZ 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
 
MINIZ serves as a driver for PRTIAL, INVERT and LS.
 

References: See also subroutine ATTTUD.
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Name: NKILIZ 

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. 

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

IDIR Direction of coordinate transformation. 

INIT Initialization flag. Set INIT = 1 before first call. 

Function:
 

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

References:
 

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

for coordinates.
 

See also subroutine BCTOPF.
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Name: PRTIAL 

Call: CALL PRTIAL (PT, GRAD, HESS) 

Input Parameters:
 

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

Returned Values:
 

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

HESS The hessian of the gradient function evaluated at PT.
 

Function:
 

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

References:
 

See also subroutine IINMIZ. 
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=l", RM represents a rotation through an
 
angle "R" (in radians) about the axis "IR". IF IDERIV=2, the first 
deriiative 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 coiputing 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.
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Name: SATEAR
 

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

Parameters:
 

PICTIM Picture start time (minutes, GMT)
 

XLIN Satellite image line (master coordinate)
 

XELE Satellite image element (master coordinate)
 

XLAT Latitude (degrees, +North, -South)
 

XLON Longitude (degrees, +East, -West)
 

ITYPE Type of conversion
 
1 => Satellite to earth
 
2 => Earth to satellite
 

INAV
 
BETAIN Dummy variable used so call will match SMS version.
 
BETDOT
 
ATFRAC
 

Function:
 

Subroutine SATEAR calls subroutines SE or ES.
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Name: SE 

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

Input Parameters:
 

PTIME - Picture start time (minutes, GMT).
 

XLIN - Line number of a point on the 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 STTOLV ( 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 
Local vertical to satellite vertical (IDIR 

= 1) 
= 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.
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Name: UNIT
 

Call: CALL UNIT (A)
 

Returned Values:
 

A - a 3x3 identity matrix
 

Function:
 

Subroutine UNIT returns a 3x3 identity matrix in array A.
 



References
 

1. 	Kuhlow, W. W., Design and Testing of the Navigation Model for Three
 

Axis Stabilized Earth Oriented Satellites Applied to the ATS-6
 

Satellite Image Data Base, Progress Report for Period Ending
 

17 November 1975, Contract Number NAS5-20974, University of Wisconsin.
 

2. 	Kuhlow, W. W., G. C. Chatters, Design and Testing of the Navigation
 

Model for Three Axis Stabilized Earth Oriented Satellites Applied
 

to the ATS-6 Satellite Image Data Base, Progress Report for Period
 

Ending 31 June 1976, Contract Number NAS5-20974, University of
 

Wisconsin.
 

3. 	Kuhlow, W. W., G. C. Chatters, Design and Testing of the Navigation
 

Model for Three Axis Stabilized Earth Oriented Satellites Applied
 

to the ATS-6 Satellite Image Data Base, Progress Report for Period
 

Ending 31 October 1977, Contract Number NAS5-20974, University of
 

Wisconsin.
 



APPENDIX A
 

BASIC NAVIGATION MODEL APPLIED TO ATS-6 IMAGE DATA BASE
 

Contents
 
page
 

NOMENCLATURE ............ .............. ... A-


I. PRELIMINARIES ................... A-2
 

A. Coordinate Systems ............... A-2
 

B. Convention for Orthogonal Matrices ... .... ...A-5
 

C. Orbit Methods Used in Predicting Satellite
 

Position t (t). ................ A-6
 
S 

II. THE NAVIGATION MODEL .......... ......... ..A-6
 

A. Earth -)-Satellite Transformation .... .... ... A-6
 

B. Satellite + Earth Transformation .... .... A-il 

C. Navigation Optimization Procedure ..... ... A-13
 



A-i 

NOMENCLATURE
 

Coordinate Systems (C.S.) 
 Other
 

E1 = Earth-centered Inertial 

ER = Earth-centered Rotating 

y, r,ep 
Yr 

= attitude yaw, roll, 
pitch angles 

LV = Local Vertical e, geodetic latitude, longitude 

(satellite-centered) 
' 

eE = sidereal time of Greenwich primemeiridian 

BC = Body Centered 

(satellite-centered) PL'PE = radians/line, radians/element 

PF = Picture Frame 

(satellite-centered) 
X = mirror step angle 

6= mirror sweep angle 

Orthogonal Matrices a, = navigation parameter 

V = rotation into LV C.S. ai = optimized navigation parameter 

RC = rotation into BC C.S. LIN,ELE = satellite image coordinates: 

RPF = rotation in PE C.S. 
Line, Element 

L ,Ec = picture-center coordinates 
A = optimized "navigation"

matrix (line, element) 

R(6,k) = rotation about axis 
e = eccentricity of earth oblate 

spheriod model 
k (k-1,2,3) in a ccw 
sense by an angle 0 r earth's equatorial radius 

eq 

VectorsP r = earth's polar radius 

s = distance from satellite to landmark 
r = unit vector
 

t time
 
rs = satellite radius vector
 

tM epoch time, lies within image

= landmark painting vector N frame interval
 

P2 = earth-coordinate, El C.S. 
 Euclidean norm
 

SE = earth-coordinate, ER C.S. 
 - = absolute value operator 
rLV = pointing vector in LV C.S. 

rBc = pointing vector in BC C.S. 

rpF = pointing vector in PF C.S. 

e =̂ p 1)Ti e i C 
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I. 	 PRELIMINARIES
 

A. 	 Coordinate Systems
 

All coordinate systems used in the model are 3-D right-handed orthogonal
 

coordinate systems. There are five all together. Two have their origins
 

placed at the dynamical center of the earth.
 

The plane formed by the x- and y-axes of the earth-centered inertial
 

coordinate system (El) 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 El z-axis
 

(Fig., A.1).
 

In the local vertical (LV) system, the z-axis points to the center of
 

the earth, i.e. the unit vector representing this axis at time t is given
 

= as z -rs(t)/Irst(t)I ' where rm is the satellite radius vector (Fig. A.l).s 


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 dependent
 

angles which in part make up the attitude telemetry data. These rotations
 

are explicitly defined later on. Also nominally coincident with these
 

coordinates systems is the last to be defined, the image or picture frame
 

(PF) 	coordinate system (Fig. A.2). The z-axis.points to the picture center
 

(earth image center) which for ATS-6, is the image point occurring at the
 

midpoint of the mirror sweep angle for the mid-mirror'scan number of a full
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Z,Z E 
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Greenwich 
Meridian rI = sr 

satellite 
X 

XE 

Figure A.l. Satellite-Earth Geometry (See 
Text for definition of symbols) 
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rPF/
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Figure A.2. Picture Frame (PF) Coordinate System
 
(See Text for explanation of symbols) 
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image frame scan. (For ATS-6, one complete image scan consists of 1200
 

mirror scans with 2400 samples or elements per scan line.) The PF x-axis
 

is parallel to the center mirror sweep scan at the picture center and
 

nominally points east..
 

B. Convention for Orthogonal Matrices
 

Two basic orthogonal transformation representations in transforming
 

a vector from one coordinata 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

+ 

tiansformation of the vector r, (whose components 
are expressed in the
 

unprimed system) to the vector r 
whose components are expressed in terms
 
+ 4 

of the primed system, i.e. r' = Rr. 

The first form R can take is, in matrix representation, R = 

where x, y, z are the unit column vectors of the primed coordinate axes 

whose components are expressed in the unprimed coordinate system. The
 

"T" refers to the transpose of the matrix. 
To see that this transformation
 

is valid, one need only to carry out the operation implied, 
=' .... T± A4 + ^4 TF 

= Ix yz] r = (x'r, yr, zr) 

Thus, xr, 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(e,k) represents a rotation by an angle Q counter­
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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,
 

'r R(E,3) = -sin 0 cos 0r. [ROTATE]* 

0 0 1 

In general for R(8K'k),
 

R {= i # k R = cos 0, ik; R.. -R = sin 8, 
i ik 1 if i iiij i, 

i < j and i,j#k 

With this notation, the sequence of Euler rotations can be represented 

in a compact form. For example, the three rotations about the ATS-6 body 

axes to define the ATS-6 attitude relative to the LV coordinate system are, 

in sequence, a ccw rotation by an angle 0 about the BC z-axis (yaw), 
y 

followed by a ccw rotation by an angle 0 about the BC x-axis (roll),r 

followed by a cw rotation by an angle 0 about the BC y-axis (pitch). Thus
 
p
 

a vector expressed in the LV system rLV is transformed to the BC system
, 


(rBC) by the operation:
 

rBC = R(-8 ,2) R( rl) R(Gy,3) rLV [LVTOBC]
 

where the angles 0y, 8, 8p are generally dependent on time.
 

C. 	 Orbit Methods Used in Predicting Satellite Position, r (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 (r ) and velocity (r ) components expressed in the EI coordinate
s


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.
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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,
 

(t ),rs (t2) r s(t ),r (t ), t1 t2 [GASORB] 

The 	vector spread between rt ) and rs(t) must be less than 700. Once
 

rs(t 	), tt ) are determined, the satellite's position for any other time
 

is determined by an iterative f, g computational procedure:
 

rs (t) = f s(t ) + g rs(t) 	 [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 £1 (t) be the vector which points
 

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

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

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

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



A-8
 

of this vector to the satellite radius vector r and the landmark r is

s2 

given by: 

t(t) = 2(t) - (t) , [ERTOST] (1)
1 2
 

where r 2, r s, and therefore r , are expressed in EI coordinates (Figure 1). 

The position of the satellite r (t) is determined from the orbit routine 
s 

discussed above, while r is derived as follows:

2 

r =R(-SE 3) rE ,[ERTOST] (2) 

where rE = p(cos 8L cos L' Cos DL sin (- sinL) 

p = te/1 - e2sin2 e
 
eqL
 

SLOL = the geodetic latitude and longitude of the landmark,
 

e = eccentricity of the oblate spheriod earth model = 8.1812X10- 2
 

r = earth's equatorial radius = 6378.15 km.
eq
 

+ 

The landmark rE expressed in ER coordinates is transformed into the EI 

coordinate system via the transformation R(-OE'3) where, 0 E' the angle 

between the x-axes of the two systems at time t is given by 

0E = a + a * DDD + a *t [ERTOST]

E 1 2 3 

where, BE 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
 

a = 99.59477026 degrees

I
 

a = .985647336 degrees/DDD

2
 

a = .2506844773 degrees/decimal minute.
 
3 
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It is convenient at this stage to transform the pointing vector r
 

into a unit vector, r (t) = t (t)/jt (t)j. Transformation of r into

1 1i 1
 

the LV frame is accomplished by RLV
 

rLV r [STTOLV] (3)
 

where, from the definition of the LV coordinate system,
 

Z = -r(t)/1r(t)II = -( , y,z )T 

s /d O )T "
 x (z e)Iz I (-Ys/d x , 
3 3. 

5
­

y zX x = (xsZs/d, yzls/d, -d2)T 

d= 2 + 2 

2 2 2
where x + y + z = 1. 
s s s 

In matrix form,
 

x 01 
1 -d2
 

PV d XsZs Yss
 

dxs -dysa -dzs.
 

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:
 

rBC rLV (4) 

The transformation of rBC into the image frame vector, rp , is
 

rpF = (rF'YPF'ZPF) T = F rBC ' (5a) 

where P= R( p,2) R(O r,1) R( ,3), (Sb) 
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and 0y, 0r, 0 are -the optimized angles resulting from the least-squares 

navigation technique employing landmark measurements. Since PF 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 0y, 0r, 0pover a period of time on the order of days is some­

thing that can only be deduced indirectly by updating the navigation.
 

With r.. determined from equations (5a) and (5b) and adding line and
 

element corrections deduced from earth edges, the satellite image coordinates
 

can be calculated
 

LIN = Lc + (sin- I YF)/PL + ALe [PFTOTC] (6a) 

ELE = E + (tan(xPlF/zP))/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
 
c data,
 

EC = picture center element = 1200 for ATS-6 image data,
 

PL = number of radians/line I nominal ATS-6 scanned field is 200 X 200.
 

PE = number of radians/element
 

Summarizing equations (1) - (5),
 

rPF = rPF RB RV , [ES] (7a) 

wherer IItII (t) -t(t) = R(-E,3) rE - (t) . (7b)
1 1 2 E' E s 

Equations (7a) and (Tb) 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 

rpF = (-cos Xsin S, -sin A, Cos ?cos 6) [PFTOTC] (8a) 

where 

A = (Lc - LIN + ALe) pL = mirror step angle (8b) 

6- (Ec - ELE + AEe) PE = mirror sweep angle (8c) 

From 	equation (7a),
 

A 	 F r PF [SE] (9) 

(The three successive transformations in equation (9) are orthogonal 

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

Now r = r + sr , (10)s 1 

where s ir (t) JJequals the distance from the satellite-center to the1 

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

of the earth spheroid,
 

2
(xE2 + YE2 )/req + z 2/rp2 = (1) 
eq E p 

where, 

req = earth's equatorial radius = 6378.15 km, 

r = earth's polar radius = 6356.77 km, 

XE,YEZE are'the vector components of the landmark, r in the ER frame. 

Equations (2), (10) and (11) represent'a system of equations of four
 

unknowns (xEYEZEs). The solution of s can easily be accomplished as
 

follows:
 

Divide the x and y components by r and the z component by r in (10).

eq 	 p
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This results in the equation,
 

r sr * (12)
2 s 1 

where,
 
T
 

r* R(-8E,3) E ,R(-E,3)(x/reqyE/re q ,z /r p )
 

+ T 
r * = (x /r ,y Ir ,z I/r )1 1 eq 1 eq 1 p 

rs (xs/r y/r zs/r)T
s eq s eq' s p 

Now I *1 2 = 11 R(-6E, 3I 2 . E *11 1, since R(OE, 3 ) is an orthogonal 

matrix, and r2lI the left side of equation (11). ThereforeEI equals 

the equation
 

=1 i'*jjt * + sr*+ (13) 

contains only s as an unknown. The solution of (13), expressed in a 

form to minimize computational round-off errors, is: 

s -(B +q U)/2A, (14) 

where 

RAD = B2 - 4AC, 

A F + (1 - F) z I 
2 , 

B ==2(x x + yly) F + 2z 3 5 , [ERIOST] 

Z2 2C = (X + y 2 ) F + - r ,
S S s p 

F =r2/r
2
 

p eq 

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

rE R(6E,3)(rs + sr) = (XE'YE'z)T [ERTOST] (15) 

and hence
 

8L = tan-[zE _ e2) 4s' + y2) [ERTOER] (16a)
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L = 
tan- yE/XE], [ERTOER] (16b)
 

where
 

aL = geodetic latitude,
 

L = longitude
 

2
e = (r2 - r2 )/r2 = 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 transformation in a least-squares sense.
 

A landmark measurement consists of the earth coordinates, (6L,) the
, 


associated image coordinates, (LIN,ELE), and the time, t, at which the
 

landmark was imaged.
 

Let
 

it h 
a. = parameter to be optimized,
1 

RA(a.) = transformation associated with the a., 

A u p 

rk = unit pointing vector of the kth landmark derived from (aLNL)k, 

rk = unit pointing vector of the kt landmark derived from (LIN,ELE)k
 ,
 

and S(i) = 'Irk - RA(ai) r112 IS] (17) 
k 

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

The navigation is complete when a set of parameters a. are found (call

1 
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them a.) which minimizes S. The optimized values a. are then used in
 

the transformation to predict (0L,#L) from an arbitrary (LIN,ELE).
 

As an example, consider equation (5a),
 

where r = F rB0 [BCTOPF]
 

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

reasonable degree of accuracy but that the orientation of the PF frame
 

relative to the BC frame is not. Thus, we wish to optimize 8 ,
y, rp
 

in the transformation RF" Using the landmark measurements and the attitude
 

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

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

form
 

S(8 ,O ,O ) = EII(rpF)k - RPF(y,,eop)(rBC)0J2, IS]
k 

and the values e, 6, 6 which minimize S are the ones then used in
 

equation (5b).
 

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

uses a modified Newton's method.
 

Let
 

a = {ai} for convenience,
 

n th
 
a= value of a resulting from the n iteration,
 

N = total number of parameters a.,
 

R = N X N matrix (Hessian) whose ijth component is [H]i j = 2S/DiD,
 

VS = gradient of S, (VS). = aS/9aa.
 

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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S(an) - S(an - 2-M H-iVS(an)) > (.4)2 -m H-IVS(an) " VS(an), ELS]
 

2) When the inequality is satisfied, set 

n+ - n 2-M H-IVS(an), [MINMIZ]
 

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

jS(an+l) - s(an) I < lO- 8 S(tn)j 

TI n+l n+1 
If not, set an + a and go to l);-if yes, then a = aand the 

procedure is finished. 
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APPENDIX B. ANALYSIS OF METHOD WFHICH 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 T1, T2 designate two successive ATS-6 data images where T1 is the 

"earlier" of the two images and (Le, E ) (Line scan and Element numbers)
 

are its SSP image coordinates (Fig. B.1) determined from the ATS-6 navigation
 

model. Let (LE)be the T1 image coordinates for a point on the right
 

earth edge and AE., AE1 the measured displacements along line L of the
 

Right and Left T2- earth edges relative to the T1 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 clouds.
 

This is not surprising since the greatest contrast is between earth and
 

space - not within features near the earth's edge.)
 

The object, then, is to compute the displacement coordinates (ALAE)
 

of the T2-SSP relative to the T1- SSP at line L using the measured values
 

of AEr,AEL '
 



L~ (A, -9(L LE AE R 

c ~ I~ ~ L E) lmet 

T1 T2 (SSP)T 1
 

FIGURE B.l. 
 Earth-edge Displacement Measurement
 
Geometry
 

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

in the figure, and points 0 and 0' the T1-SSP 
and T2-SSP. Furthermore, 

point 5 is the bisect point for the T2-chord coinciding with line L, and 

both T1- and T2-earth circles have equal radii a. 

Letting Pi - P " be the distance (always non-negative) between points
1ji and j, AL,AE can be derived from two simple geometrical identities:
 

The first is
 

P4 - F-= P5 J'o 

(E +AER) 
- (Ec + AE) =CE c + AE) - (2Ee- E +AE1 ) 

solving for AE,
 
AE= (AER + AEL)/2 .()
 

The second identity is
 
P4 -P -AE =P 
 P 1 -AE 1 where 
 (2)
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'
P4 -P 2 =2/(P 4 -O )2 -P-0 )2 

=2/(3 - P0 z - (P5 - P0 9 )
2 

-2 Vp p )2 

- 2 /(L - L )2 + (E - E )2 - [L - (L + L)]2 , and (3) 

P3 - P = 2(E - Ec ) . (4) 

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

26= /X + y - (Y - AL) 2 X , where (5) 

6= (AER - AEL)/ 2
 

X= E- E 
C 

Y=L-L 
C 

Since 6 and (L,E) are obtained from the AER'AEL measurements and a nominal
 

value used for (L,Ec), AL can be solved in (5) to yield
 

AL = Y + V , where (6) 

RAD = y2 - 2 X S - 62 . 

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

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

AL = Y + NY- AL)2 = Y + , Y > AL 
(7)
 

= Y- vE , 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 >> jALI. For most cases then,the conditions are
 

AL= Y+ Y< , (8)
 

RAD -Y22 X 6 - 62 .
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For the case where JY[ approachs (AL) in value there are other problems;
 

these are discussed at the end of this appendix.
 

Equations (1) and (8), 
then, define the displacement in image coordinates 

of the T2-SSP relative to the TI-SSP for line L. By repeating this entire
 

process for other scan lines the SSP-shifts (AL,AE) as function of T1-line
 

position are obtained. 
 In practice the right and left earth-edge displace­

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

durves are then separately fit to the right and left edges measurements
 

resulting in a AER 
vs L and a AEL vs L curve over the scan-line range of
 

interest. 
The curve values themselves are then used in (1) and (8), to
 

compute AL,AE curves.
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APPENDIX 	 C. ANALYSIS OF ALGORITHM WHICH ACCOUNTS FOR RELATIVE ATTITUDE 
CHANGES IN SUCCESSIVE ATS-6 DATA IMAGES USING EARTH-EDGE
 
SHIFT IIEASUREMENTS
 

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. In effect, this appendix
 

shows why the algorithm "works"; the following appendices discuss in more 

detail the limitations of and the errors associated with this method. 

Consider a sequence of n ATS-6 images designated by TI, T2' ... Tn 

from which the displacements in earth coordinates of a feature (cloud) 

between successive images are to be determined. Let 

(Li,E.) = 	image coordinates (Line, Element) of the cloud feature 

for the T.th image,
1
 

tPFi = iEi)
(pF(L unit pointing vector in Picture Frame coordinates
 

derived-from (L.,Ei) using the ATS-6 scan-camera geometry,
 

= unit Local Vertical pointing vector associated with
 

Ri = 3x3 rotation matrix which transforms without error rLVi
 

into fFi at the time the feature was scanned, i.e.
 

rFri i 	 LVi 

1. 	A Two-Image Sequence
 

Consider now the first two images T1, in the sequence whose relation-
T2 


ship between LV and PF coordinates are given by
 

PF1 R1 	 LVI (2)rlJV 

rpF R A " ORrGLVn (30rTz 
rPF2 = R2 r LV2 OF 1?L~'4 (3) 
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2 

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

can be-related to T as follows:1
 

=
rLV2 rLVl + ArLV(AT ) (4) 

where ArLV is the displacement of the cloud in LV coordinates from T to
 

T and results from two effects:
 

(i) apparent change in the earth's orientation over the time
 

interval AT caused by a non-zero angle of inclination in

12
 

the satellite's orbit (the eccentricity of the ATS-6 orbit
 

was so small (10 -4 ) 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
 

if and r were accurately known, the displacement of the cloud over

rLV1 LV2
 

the time interval associated with these two vectors could-be calculated
 

with an accuracy limited only by the equations describing the dynamical
 

relationship between the satellite orbit and the earth's position relative
 

to celestial coordinates. It is assumed that for ATS-6 that this transformation
 

produces negligible error.
 

Returning to equations (2) and (3), the rotation matrices R1, 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 related to each other
 

by an infinitesimal rotation I +'E2 where I is the unit matrix and E2'
 

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

the PF axes at times T and T . Thus1 2 
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R =(I + E 1) R ; (5)
 

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

= +
rpF2 R1LV1 + 12RJLVI R, rLV(T12) + E12RIArLv(AT12) (6)
 

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

(10 4 times smaller than the first order terms), the second term is the change 

in PF coordinates due to an attitude change and the third term is the change 

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

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

=Rr E ^ 
rPF2 = R1LV2 + 12rpF1 (7) 

Comparison of (7) with (2) implies that if E12 and R were known, rLVI
 

and rLV2 - 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 AL12 (L), 

AE 2(L) of T2 relative to TI as a function of line number L. The line shift 

AL12 is proportional to a small change in roll AR12 about the PF-X axis and 

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

FF-Y axis, i.e. 

AL2 = AR I2/p , (8a) 

AE12 = AP 2/P , (8b)
 

where p is the angular size of a pixel = 1.45 X 10- 4 radians.
 

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

E12 and the last term in (7) is 
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E 2rPAP 
 -AR j0jj 

[APZ, ARZ, - (APX + ARY)]T, (9) 

where it is understood that AR, AP refer to the T to T changes in attitude
1 2
 

at the times the cloud was scanned.
 

Note E1 2 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 yaw changes is generally
 

small. Analysis of landmark heasurements 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
 

r = rF -E 12rPF i LVa (10) 

where r' is interpreted as the T cloud pointing vector with the attitude 

PFZ 2 

changes removed. 

2. Computing rpF2 an Practice
 

Cloud displacement measurements and computation of rF2 is accomplished
 

as follows:
 

(1) the T1 image coordinates (Lt,E1 ) of the cloud are recorded,
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(2) the total displacement of the cloud in image coordinates
 

(ALT , AE T) from TI to T2 are measured on McIlDAS using an
 

image matching technique,
 

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

the displacement coordinates AL12, AE1, due to relative
 

attitude changes are computed and subtracted from ALT , AET.
 

These differences are added to L1 , E and the associated
 

PF vector computed. That this vector is a good approximation
 

of -' is shown below.
 
PF2
 

By definition,
 

rPFI =rpF(L,EL) ( 

rpF rF L A (12) 

AL
 r (L1 + , E1 + AE
T) = rpF(L2 E2) (12) 

(L L ) E + AET - AE(L)) about (L + AL, 

Expanding r Fl + AL-A 12  2' 1 E E12 (L2 1aot(LI+A 

E1 + AE
T ) keeping first order terms, we have
 

rPF(Li + ALT, E + AET) -Z pF(L2 ,E2 ) ALl2 - - rPF(L2 ,E2) AE12 . (13) 

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

T
 
rpF = [-cosXsin6, -sinX, coslcos6] (14)
 

= [X, Y, Z]T 

where 

X = (L - L)p = mirror step angle,c 


6 = (E - E)p = mirror sweep angle,
 
c 

(L, Bc) = image center line and element value,
 

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

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

-rpF AL12 + rp AE12. 

[0, rz, -Py]TAL12 +[PZ, 0, -PX) TAE , (15) 

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

vectors in (15) yields
 

[ZAP , ZAR2' - (XAP2 + YAR2
 

which is equivalent to (9); therefore (15) is the same as Er Since
1 


the first term in (13) is rpF2 we have
 

A 	 T T­rpF(L1+AL - AL 2(L2), E + AE - AE 2(L2))_ 

(16) 
- r =' by

pF2 E12 PF pF2 

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

^ipF 2
 "
 

3. 	Transforming PF to LV coordinates
 

With the attitude changes between T and T removed, we have
 
1 2 

rpF 1 RirLVi (17) 

^P rpF= 1LV2	 (18)2 RrLV (see (10)) 

-Let R be the transformation from LV to PF coordinates derived from
 

T landmark measurements in a least squares sense assuming a constant
 

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

is a 	constant matrix. R then will differ slightly from R due to small 
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attitude changes over the TI scan time and, in addition, will differ from
 

R (assumed to be the error-free transformation) due to mirror scan
 

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

transformation 

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

1
 

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

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

contaLn 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 10-4 radians). The errors tend to be oscillatory as a function of 

line or element position with a period of 100 to 200 pixels. Thus for 

typical feature displacement measurements (corresponding to tens of pixels), 

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 

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

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

-TR = (I + e)R rLVI +
FF1 11LV1 LV e (20a)
 

riv2= RTrpF2 = (I + e)R1RrLV2 rLV 2 + r , (20b) 

where
 

r e erLV (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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In addition location errors on the earth due to re is given in this
 

appendix.
 

4. General Case of n-image Sequence
 

The case for images T1, T22 Tnis simply a generalization of the
 

2-image case. The error-free LV to PF frame matrix for T. can be related
21 

to RI by the image pair relative-attitude transformation matrices El
 

where
 

R (I + E n -l,n " (I + E 23)(I + E 2)RI 

(I n-l i~i 

= + E. RI (22) 

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

to n images~is
 

^' = -=:1: E±±+l = R1rtvnrp~nrpF i=1
 

^I
 

where in practice r is computed by evaluating the expression
 
1F~n FFn SA±+ L+) EgSp
(L 1
 

L AL (L E Z'nn-iA (Li+i (23)n il
iFn ipFi 2) 


where Li,i+l (Li+l), E i,i+l(Li+l) are evaluatdfrom the Ti to Ti+1 earth-edge
 

displacement measurements evaluated at Li+l, where Li+1 is the Ti+1 line number
 

of the "center of gravity" of the feature being tracked. 

Application of (19) to the r' results in 

rFi 
rL rV +r 1,2,..n . A (24)

r~vir~i +a
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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 (Fig. D.1.).
 

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:
 

e = element number (1 < e < 2400)
 

s = scan number (1 < s < 1200)
 

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



D-2 

PO(S,e)= pixel digital value at a given odd-scan, element position
 

6 = 	an element shift value 

t 	 a small number defining the length of the scan segment used
 

for a correlation
 

C(s,e,6) = a measure of the match between line segments from adjacent 
0 

odd and even scans.
 

Now 	define C by:
 

e+t 

C(s,e,6 ) = Z [p (s,e') - p (s + 1, e' + 6)]2 (s odd)
e =e-t 0o
 

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

of & that gives a minimum value to C:
 

C(s,e,AE(s,e)) < C(s,e,6) for all values of 6 

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

is taken:
 

Z w(s,e)AE(s,e)
 
AE(e) =
 

E w(s,e) 
s 

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(po(s,e')) 

where e - t < e' < e + t.
 

The reason for using this weighting is simply that high contrast features
 

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

features of nearly uniform brightness.
 



The computer program to do this used the values: t = 7 and +4 < 6 < 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 method of correcting thealternate scan offset has
 

also been developed. In the old method a fixed shift value was used across
 

the width of a McTDAS 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 listings 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.
 



ATSF2/AOIPS
 

DIMENSIOJ MIN(1O)
 

711 FORMAT(/////' 

712 FORMAT( 74H 


713 FORMATC 74$ 


714 FURMATC 748 


715 FORMAT( 74H 


716 -FURMA 74H 


717 FORMAT( 748 


718 FOKMAIt 74H 

-IT=5
 

WRITE(IT.711)
 
-xRIrE(IT,712)
 
WRITELlT.713)
 
wRITE(IT.714)
 
WRILECIT,715I
 
wRITE(IT,715)
 
WRITE(IT,717)
 
hkITE(iT,718)
 

MENU=I
 

$** ATs 6 PROCESSING *yw) 

1 INITIALIZE NAVCOM 

2 GENERATE ELEMENT OFFSET DATA FROM 8.H.T. 

3 CURVE FIT TO OFFSET DATA 

4 READ IMAGE SEGENT FROM E.H.T. 

5 CURVE e'I1TO EARfR EDGE DATA 

6 RUN NAVIGATION 

7 EXIT A£S6 PROCESSING 

CALL ICOM' ' ,ONL,1.M1N,MENU,1,1)
 
IFCMENU.LE.O) GU TO 990
 
IJ=MLNC )
 
GO TO (1.2,3.4.5b,7)IJ
 
CALL REQUES(RAD50(IA61NT2'3<
 
GO TO 999 

2 CALL REQES(RAD5O'FSTG2 ') 
GO TO 999 / 

3 CALL REQUES(RAD5O('OFSTF2v)J -

GO TO 999 ­

4 CALL REQUES(RAD50('LATSF2')) 
,.0 TO 999 

5 CALL REQUE5(RADOf'_UGFT2')) 
GO tO 999 

6 CALL R&QOES(RAD50('ATSNV2')) 
GO 10 999 

7 CALL REQUES (RAD5OC'MEI2')) 
GO TO 999 

990 CUNTI.d0E 
CALL REQULS(RA0O0'MET2').) 

999 CONTINUE
 
LND-
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ATSITV/AOIPS
 

C 	 PROGRAM TO NAVIGAT& AT66 IMAGES FRUM UANUMARKS.
 
INTEGER44 I&ArIbQNlYDlTIME
 
OlMeNSION PTIME(150),ALIU(lbO),AEbE(150),ALAT(150),ALUN(150)
 
VIMENSION ITIME(150),ILINC150),IELb[150).ILAT(150).ILUN[150).ICDDE
 

*(150)
 
DIMEN61UN MIN(IO).MOUT[24)
 
CUMMUN/AAVCUM/NAVNLNAVIYRIDAY.TOTUINDEGLINTOTIELULGEbE.PIC6I
 

VE6COEF(I1,2),SCbkOL2),5CLR1(2).ERCUEF(II.2).Nk6'EF.SCbASO.SCLASI.
 
t-lEbE4NlEbEAX,ASCUEF(16)
 
DATA PI/3.1415926535/
 
DATA IT/5/.GP/6/.
 
RADDEG=Pl/180.0
 
bu(4=10 
OPENCUNir=LUNNAME=tD6O:E350,62IA66MKS.DATITYPL=IOLD-IREADE)NLY).
 

2 CONTINUE
 
HL,=0 

10 	 CONriNOE
 
db=Nh+l
 
READCLUN.730,LWU=40)IIDITIMECNL),JCUUECNG).ILLN(Nb),IELE(NL).16AT
 

*(NL).IbGN(NL)
 
730 FURMAT(2X,8193
 

GO TO 10
 
40 CONTINUE
 

Ni,=NG-l
 
ClOSE(UhlT=LUN)
 
KC=2HD6
 
ou 50 1=1,vb
 
WRTTL(bP,70elITIMELI).ICQDECII.1blUCI).IEbE(13,ILAT(l).LLON(I)­

708 FOROIArclL.siq)
 
50 CONTINUE
 
51 	 CON rl NUE 

hRITE(IT,706)IDAYNL
 
70b FURMAT(lX,'DAY=',15,1 NUMBER OF LANDRARKS=I.I3)
 

NbMKzo
 
UO 100 1=1,Nb
 
IF(MuD(ICOD ,tIj/I00,jo).NE.0) GO TO 100
 
NbMK=NbKK+l
 
PTIME(NbMK)=FTlME(IrIME(l))
 
AbIN(NbKK)=FbOATtIbIN[I))
 
AEb&(NbMK)=Fb0Af(l-Kb&(I))
 
AbAl(NbMK)=FLALd(lbAr(l))
 
A60N(6LMK,)=FbAb0(ib0h(I))
 

4RIft(UP,?80jpriXECNbMK),AUIN(NLMK),AEbE(NLMK).
 
*AbAl('NbMK),AL0N(NLAK) 

760 FORMAI(lL.6FL5.5) 
100 CUNTiNUK 

-Cj,3SF( UN I r=bP) 
IF(NbMK.bt .0) Go-rO 990
 
CAL6 ALITUD(PfIMLkblN.ALbEALATAUON.NLMKI
 
PO=PITCH/RAD0E(; 

RD=ROUL/RADUEG ROOF
 

cp",T
 

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


ATSNV/AOIPS
 

XD=YAW/RA0DL ,
 
wRIELIT.,7O1)PD.RO,iD
 

701 	 FOflid.1X,'P1IC8=,.b.9.' ROYL*=.EE6.9.' 

196 	 CUNIINUE
 

DO 200 1=i.NL
 
PTM=FTIMtLIIXME(IN)
 
XbA=FLAbU(lLA1(13)
 
XbO=FLALO(ILQN(1)J
 
CALL LS( rM.XLA.XLO ,X bLINXELE)
 
RIIN=ISlLI)-XbIN
 

WHIIE(LP,?1O}I IMEC1),ICOD [IE],RLIN.R&LE
 

200 CONTINUE
 
201 CONtINUE
 
710 FORMAI(3X,16,5X,I5,5X,2F10.2)
 

GO TO 999
 
990 CONTINUE
 
999 	 CONTINUE
 

CALL RLQUES(RAD50('ATSF2'))
 
END
 

yAn'.E16.9)
 



000005 

000010 

000015 

000020 

000025 

000030 

000035 

000040 

000045 

000050 

000055 

***** ATSNV/MCIDAS
 

ZELTL AF.ATSNV/MCIDAS
 
ELTO07-RLIB62 12/22-17:01:39-(0,)
 
000001 000 SJOB ATSNAV U3200
 
000002 000 SOPTION .8,9,20
 
000003 000 $FORTRAN
 
000004 000 

000 C 
000006 000 
000007 000 
000008 000 
000009 000 

000 
000011 000 

000012 000 
000013 000 
000014 000 

000 
000016 000 
000017 000 
000018 000 
000019 000 

000 
000021 000 
000022 000 
000023 000 
000024 000 

000 
000026 000 
000027 000 
000028 000 
000029 000 

000 
000031 000 
000032 000 
000033 000 
000034 '000 

000 
000036 000 
000037 000 
000038 000 
000039 000 

000 3 
000041 000 
000042 000 2 
000043 000 
000044 000 

000 
000046 000 
000047 000 
000048 000 
000049 000 

000 
000051 000 
000052 000 10 
0U0053 000 

SUBROUTINE MAIN
 
PROGRAM TO NAVIGATE ATS6 IMAGES FROM LANDMARKS.
 
LOGICAL OPTION
 
INTEGER POSGLEB
 
EQUIVALENCE (ICOMNAVN)
 
DIMENSION ICOM(1)
 
DIMENSION PTIME(150);ALIli(150),AELE(150),ALAT(150),ALON(150)
 
DIMENSION ITIME(150)ILINC(1SO)1ELE (15)uILAT(10),ILON(15U) ICODE
 

*(150)
 
DIMENSION MSQ(10)
 
DIMENSION MIN(10),MOUT(24)
 
DIMENSION GLEB(672)
 
COMMON/NAVCOM/NAVN INAV, IYRDAYTOTLIN,DEGLIN,TOTIELDEGELEPICLI
 
*NPICELETMPSCLIOYR,IODAYTMR1X,RIY,RiZ,R1DX,R1DYR1DZPITCHROL
 
*L,YAW,PTIM(3),T!4[(3),TMX(3),NLCOEF(2),NRCOEF(2),SCLLO(2),SCLLI(2),
 
*ELCOEF(11,2),SCLRO(2),SCLR1(2)ERCOEF(112),NASCEFSCLASOSCLASI1
 

*IELEMN,IELEMX,ASCOEF(16)
 
DATA PI/3.14159265351
 
DATA MSO/6NDEFATD,8*0/
 
DATA ICODE/150*0/
 
DATA MIN/6HATSNAV,8*0/
 
CALL IQ(MIN)
 
NDAY=MIN(1)
 
JOUT=1
 
IF(OPTION(MIN(4),3H P)) 

IFC.NOT.OPTION(NIN(2),3H 


IPT1=MIN(5)
 
IPT2=MIN(6)
 
IPT3=MIN(7)
 
NAVDAYEMOD(NDAY,Oo0000)
 
ISS=NDAY/100000
 
ISS=(ISS/2)* 2
 
KDAY=ISS*100000+NAVDAY
 
RADDEG=PI/180.0
 

JOUT=2
 
A).AND..NOT.(rIN(2).EQ.O ))G0 TO 195
 

IF(MIN(5).NE.3HNEW) GO TO 2
 
DO 3 1=1,203
 
ICOM(I)=0
 
CALL WCOM
 
CONTINUE
 
CALL GLTNAV(KDAYIEXIST)
 
IF(IPTI.NE.O)PTIM(1)=FTIME(TPT1)
 
IF(IPTZ.NE.O)PTIM(2)=FTIMEcIPT2)
 
1F(IPT3.NE.0)PTIM(3)=FTIME(IPT3)
 
IF(IEXIST.GE.lO)GO TO 990
 
CALL- HEDER(KDAYGLEBPOS)
 
IF(GLEB(POS+I).NE.KDAY.OR.GLEB(POS+2).LT.O)GO TO 990
 
1NDEX=6*GLEB(POS+2)+88
 

NL=O
 
CALL SCRA(30,INDEX)
 
CALL READW(30,672,GLEB)
 

000054 000 -DO 
30 1=1,661,6
 
000 KIND=GLEB(I)/10OGO0o
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ATSNV/MCIDAS 

000056 000 
000057 000 
000058" 000 
000059 000 
000060 000 
000061 000 
000062 000 
000063 000 
000064 000 
000065 000 
000066 000 30 
000067 000 
000068 000 
000069 000 
000070 000 
000071 000 40 
000072 000 
000073 000. 
000074 000 
000075 000 
000076 000 
000077 000 
000078 000 708 
000079 000 50 
000080 000 51 
000081 000 
000082 000 
000083 000 706 
000084 000 
000085 000 
000086 000 

000087 000 
000088 000 
000089 000 
000090 000 
000091 000 
000092 000 
000093 000 100 
000094 000 
000095 000 
000096 000 
000097 000 
000098 000 
000099 000 
000100 000 
000101 000 701 
000102 000 
000103 000 
000104 000 
000105 000 
000106 000 
000107 000 
000108 000 195 
000109 000 
000110 000 
000111 000 
000112 000 

IF(KIND.EQ.O) GO TO 40
 
IF(KIND.NE.1) GO TO 30
 
IF(NL.GE.150) GD TO 30
 
NL=NL41
 
ITIME(NL)=GLEB(I+)
 
ICODE(NL)=MOD(,LEB(I),100000)
 
ILIN(NL)=GLEB(I*2)
 
IELE(NL)=GLEB(It3)
 
ILAT(NL)=GLEB(I+4)
 
ILONCNL)=GLEB(I+5)
 
CONTINUE
 
JJ=GLEB(672)
 
IF(JJ.LT.0) GO TO 40-

INDEX=*JJ+88
 
GO TO 10
 
CONTINUE
 
KC=2HDL
 
IF(.NOT.OPTION(IN(3),3H ) GO TO 51
 
DO 50 I=1,NL
 
ENCODE(132,708,I4OUT)KC NDAY, ITIME(I),ICODE(1).ILINCI)IELE(I)
 
*ILAT(I),ILONCI)
 
CALL TP(JOUT,MOUT)
 
FORMAT(1X,A2,819)
 
CONTINUE
 
CONTINUE
 
ENCODE(132,706,MOUTI)IDAY,NL
 
CALL TP(JOUTMOUT)
 
FORFAT(1X,'DAY=-,I5,- NUMBER OF LANDMARKS=',I3)
 
NLMK=O
 
DO 100 I=I,NL
 
IF(NlOD(ICODE(I)/0O,I0).NE.O) GO TO 100
 
NLMK=NLMK+I
 
PTIME(NLMK)=FTIME(ITIME(1))
 
ALIN(NLMK)=FLOAT(ILIN(I))
 
AELE(NLMK)=FLOAT(IELE(I))
 
ALAT(NLMK)=FLALO(ILAT(I))
 
ALON(NLMK)=FLALO(ILON(I))
 
CONTINUE
 
IF(NLMK.LE.0) GO TO 990
 
CALL ATTTUD(PTIMEALI?4,AELEALATALONNLMK)
 
PD=PITCH/RADDEG
 
RD=ROLL/RADDEG
 
YD=YAW/RADDEG
 
ENCODE(132,701,MOUT)PDRDYD
 
CALL TP(JOUTMOUT)
 
FORFAT(1IO01X,'PITCH=',E16.9- ROLL='tEI6.9- YAW='tE16.9)
 
CALL WCOM
 
MSQ(3)=KDAY
 
NSQ(4)=ILALO(PD)
 
MSQ(5)=ILALO(RD)
 
MSQ(6)=ILALO(YD)
 
CALL SQ(MSQ)
 
CONTINUE
 
IF(.NOT.OPTION(f4IN(2),3H R).AND..NOT.(MIN(2).EQ.0 ))GO TO 201
 
CALL GETNAV(KDAYIEXIST)
 
DO 200 I=1,NL
 
PTM=FTIMH(ITIME(I))
 

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


****** 0ATSNV/MCIDAS 


000113 000 
000114 000 
000115 000 
000116 000 
000117 000 
000118 000 
000119 000 
000120 000 
000121 000 
000122 000 
000123 000 
000124 000 
000125 000 
000126 000 
000127 000 
000128 000 
000129 000 
000130 000-
000131 000 
000132 000 
000133 000 
000134 000 
000135 000 
000136 000 

END ELT. 
@HDGP ****** 


200 

201 

710 


990 


*****
 

XLA=FLALO(ILAT(I))
 
XLO=FLALO(1LON(I))
 
CALL ES(PTM,XLA,XLOXLINXELE)
 
RLIN=ILIN(I)-XLIN
 
RELE=IELE(1)-XELE
 
ENCODE(132,710,MOUT)ITIME() ,CODECI)RLIfRELE
 
CALL TP(JOUTMOUT)
 
CONTINUE
 
CONTINUE
 
FORMAT(3X,I6,5X,15,SX,2F10.2)
 
RETURN
 
CONTINUE
 
CALL EMESS(3HREQNDAY)
 
RETURN
 
ENDS
 

$FILEMA
 
DELETE ATSNAVGORP
 
SINCLUDE HEDDER
 
SCATALOG
 
NAME=ATSNAV,5,R,WD
 
TYPE=FG
 
LIB=ATSFLBLL
 
BEGIN
 
SEOJ
 

ATTTUD
 



ATTTUD/MCIDAS
 

2ELTL AF.ATTTUD/MCIDAS
 

ELTO07 RLIB62 12122-17:01:41-(0,)
 
000001 

000002 

000003 

000004 

000005 

000006 

000007 

000008 

000009 

000010 


-000011 

000012 

000013 

000014 

000015 

000016 

000017 

000018 

000019 

000020-

O000ozi 

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 

000052 

000053 

000054 

000055 


000 
000 C 
000 C 
000 C 
000 C 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000-
000 
000 
000 
000 
000 
000 
000 
000 
000 C 
000 
000 C 

.000 
000 C 
000 
000 C 
000 
000 
000 
000 100 
000 
000 
000 
000 
000 
000 
000 200 
000 
000 
000 
000 
000 
000 
000 
000 
000 702 
000 
000 
000 
000 

SUBROUTINE ATTTUD(PTIME,ALINAELE,ALATALON,NLMK)
 
SUBROUTINE TO COMPUTE ATS6 ATTITUDE FROM LANDMARKSo
 

YAW, PITCHi AND ROLL VALUES FOR A SMALL OFFSET OF THE PICTURE
 

FRAME COORDINATES FROM BODY CENTERED COORDINATE SYSTEM.
 

7 JUNE 1977 G. C. CHATTERS
 
DIMENSION PTIME(1),ALIN(1),AELE(l),ALAT(l),ALON(1)
 
DIMENSION X(3,150),Y(3,150),TIME(15O),PRY(3)
 
COMMON/NAVCOM/NAVNINAVIYRIDAYTOTLINDEGLINTOTIEL,DEGELEPICLI
 
*NPICELETMPSCLIOYRIODAYTMRIXR1Y,R1ZRIDXRIDYRIDZPITCHROL
2
 
*LYAWPTIM(3),TMN(3),TMX(3),NLCOEF(2),NRCOEF(2SCLLOCZ),SCLL1( ).
 

*ELCOEF(11,2),SCLRO(2),SC'R1(2),ERCOEF(11,2),NASCEFSCLASOSCLASI,
 
*IELEN,IELEMXASCOEF(16)
 
COMMONIMINCOM/X,Y,TIMENP
 
DIMENSION MOUT(24)
 
DATA PI/3.141592651
 
DATA LPI6
 
EDPDG=PI/180.0
 
RADLIN=RDPDG*DEGLIN/TOTLIN
 
RADELE=RDPDG*DEGELE/TOTIEL
 
NP=NLMK
 
DO 100 I=,NLMK
 
ISCAN=1200-(IFIX(ALIN(I))-1)12
 
TIME(I)=PTIME(I)+ISCAN*TMPSCL
 
IDIR=1
 
CONVERT LAT , LOU TO ROTATING EARTH CO-OR
 
CALL ERTOER(ALAT(I),ALON(I),XIER,X2ERX3ERID!R)
 
CONVERT ROTATING EARTH TO INERTIAL EARTH COORDINATES
 

CALL ERTOST(X1ERXZERX3ER,XlX2,X3,IDIRTIME(I))
 
EARTH INERTIAL TO SATELLITE LOCAL VERTICAL
 

CALL STTOLV(X1,X2,X3,IDIR,TIME(I))
 
NOTE:ATTITUDE DATA NOT USED THUS LOCAL VERTICAL SAME AS BODY CENTE
 
X(1,1)=X1
 
X(2,1)=X2
 
X(3,I)=X3
 
CONTINUE
 
DO 200 I=INLMK
 
ELEANG (PICELE-AELE(I))*RADELE
 
ALNANG=(PICLIN-ALIN(I))*RADLIN
 
y(1,I)=-SIN(ELEAthG)*COSCALNANG)
 
Y(2,I)=-SIN(ALNANG)
 
Y(3,I)=COS(ELEANG)*COS(ALNANG)
 
CONTINUE
 
PRY(1)=O.
 
PRY(2)=O.
 
PRY(3)=O.
 
CALL MINMIZ(PRYPRYGNORMVALUEITER)
 
PITCH=PRY(1)
 
ROLL=PRY(2)
 
YAW=PRY(3)
 
ENCODE(132,702,MDUT)ITER,GNORMVALUE
 
FORMAT(1HO,5XCONVERGENCE AT ITERATION'I6,//OX,'GRADIENT NORM,
 

*E16.9,- S FINAL VALUE=',E16.9)
 
CALL TQ(MOUT)
 
RETURN
 
ENDS
 

ORPIGINAL ?AG F L
 
OF POOR QflAIXMY
 



C 

A61NT/AOIPS 

ItdTEGSR*4 IDIME
 
DIMENSION M1fLtIO),RM1N(10) .R1C3)lR2(3)
 
CUHMON/11AVCO,4/uAVW.INAVIXRtIDAY.LOE6INOEGL1N~tOTIL.LGE'E.P2tC-L1
 

fl.bZOEF(11.2) ,SCLR0(2),SCLR1(2),SRCOLF(I1.2a.NASCLFSCLAS0.SCLAS1.
 
#16 [A & OK.*ASBCO SF(C16)
.0M~*1 

DATA P1/3.1415926535/
 
DAIA &P/6/
 
PROGRAM TO Lrt11tAtLZE ATS 6 NAYCOM
 
RADDEG=PI/180.0
 
MENU=1
 
CALL 1f.COt4C NAqCOM TO BE PRINTED? (lflS nEFAULT=No)s,42.1.i.Mxu
 

* ,MENU * 1,) 
lr(M tJO.LT.0) GO TO 999
 
JPRIZMIflC1)
 
MLNU=1
 
CALL IHCOMC' ENTER DAY NUMBER',17,1.1.M1I4.MENU.1.i]
 
IE(MLNU.UE.OY CO TO 999
 
INAV ll1
 
TUILIN:240 .0
 
DtGLIN=i9.92
 
TOTIL=2400.O
 
DtGE6t=iO.*07
 
PICbIN=(TOTfULN+1.0)/2.0
 
P1CE=(ao (Efjti * )/.
 
TMPSZ (co.o2 __
 

1IR=74
 
LOX R=74
 

IOAY=IDAT
 

CAzbb INCUMt' L-NTER 3 PICTURE SEART TIMES -HtMMSSI.37.$.1,RMIN.M&N
 

*U,3,11
 
1F(4E'It.DE.Q) GO TO 999
 
1T1ME=ROIIC)
 
PJ141M(I zilIMEC ITINS)
 
ITIM E= RdIN(2 )
 
LflA2wrFl ILME(LTh!4S)
 
IXIM6ZR.41N(3)
 
P IC(3): I£ME (ITlI E)
 
DO 100 1=1,3
 
IMrI)=O.0
 
MX(I]:0.O
 

10o CONTINUE
 

CAbL IflCQM(' ErdIR FIRST Okbit POSItIOtN TrRtldblSS), X, Y. Z (KM)'.
 
*52,1. 1. RN. MLNJ.3. 1]
 
IF(MENrU.bL.O) GO TO 999
 

IT*IMEEttlrim)
 

RI(1]=RAiINJ(2)
 
RI (2] R'4 IN()
 

http:DtGLIN=i9.92
http:IE(MLNU.UE.OY


999 


761 


762 


763 


764 


7bs' 


766 


767 


76d 


769 

770 

771 


1000 


A61NT/AOIPS
 

Hi(3)=RMLUC4)
 
M INU=4
 
CALL INCOW ENTER SECOND ORbIr POSIfION: l(HHMMSS). X. Y. Z CKH)l
 

+,53.1,1,RMINMENU.3.1)
 
IF(MKNU.LE.G) 60 ED 999
 
ITIME=kMLNEIJ
 
T2=FrIMEE111ME)
 
R2m=RMlN(2)
 
R,(2J=KMINC3)
 
Rz(3)=KmIN(4)
 
CALL GASOR5(Rl.rl.R2.T2)
 
cuinujE
 
IFIJPRI.uE.0) GO TO 1000
 
VRIIE(LP,7f)l)NAVN-lNAVItRIDAY
 
FORMAr(ldl.'NAVO ',15.TZ7,'INAV=',110.f52,tXEAR='.12.r77-IDAYZ'.13
 
j 
4RITE.(lP,7b2) rUJWO6GLINTOTIE6.D6GELE
 
ORMAfCT2,'XDTLI,9=1,FIO.2,T27,IDF.GLlN=I.Flo.2.T52.'TUTIt l,='.FlO.2.
 

*T,77.1DEGFb ='.Fl0.2)
 
fKll ,ELP.7o3)PICUIU,91-,ELEIMPSCL
 
FORMAlCf2,'LICLiN=TFIO.2,T27.1?1-,ELE=I.Flo.2.r52,91MPS L=IFIO.2)
 
WRIl&(LP,/b4)lOtR.IODAY
 
FURMh1(T2,'Ohblr YEAK=1,14,127,'ORBII OAY=f.I4)
 
wHIJEELe,765)EM
 
FURMATEr2.'ORSIT TIMM, TM=IFI5.4)
 
WRIlE(bP,7b6)RlX.RlY.RlZ
 
FOKMAj(f2,1PUSjTION (Km)',r27,$RIX=',FI5.3.T52,'RIY=I.FlS.4.T77.IR
 
*iz=,,FiS.4)
 
WkITE(LP.7b7)RlDXR1OY.RlDZ
 
EORMAI(12.'VtLOCIT11,L27,'klDX='.LI5.9.T52.IRIDi=1.615.9.T77.'RIDZ
 

PD=PLfCfilRAOOEG
 
RU=RULL/RADDEG
 
Ju=JAA/RADUEG
 
"RIT&(LP.768)PDRD.YD
 
kURMAr(lz.'APllfUDE (DEG)IT27,'Pll.H=IEI5.9,r52-'ROLL=IEJ5.9.T7
 

*7,'YA4=1.E15.9)
 
akITE(LP,7693PTIM
 
tORMATLr2,lPICTUkE TIMES',127,3F25.4)
 
FORNAT(IX,5125)
 
FORMATCIXSE25.9)
 
WKiTE(UP.IIOINLCU FNk" ,FNASCEF
 
dRlr&(LP,771)TmN-TMX
 
WKITE(LP,7?0)NbCJEFNRCOEF
 
wRlrE(LP.771) SCbb0,oCb4l
 
ORITECLP,771)ELCOEF
 
WRIIE(bP,771) bCLR0,SCLRl
 
wHil&(0.771) ERCUEF
 
vRlre(uP,770)NA6CEFIELEMNIEUEi4X
 
w&lrE(LP,771j SCLASO.SCUA61
 
-IRIIE(LP.771) ASCOLF
 
CONTINUE
 
CALL R&QUES(RAD50(lAfSF2f))
 
END
 

ORIGINAL PAGE IS
 
OF POOR QUALITY
 

http:RIT&(LP.768)PDRD.YD
http:Km)',r27,$RIX=',FI5.3.T52,'RIY=I.FlS.4.T77.IR
http:OAY=f.I4
http:15.TZ7,'INAV=',110.f52,tXEAR='.12.r77-IDAYZ'.13
http:GASOR5(Rl.rl.R2.T2


000005 

000010 

000015 

000020 

000025 

****** BCTOPF/MCIDAS
 

aELTL AF.BCTOPF/MCIDAS
 
ELT007 RLIB62 12/22-17:01:42-(0,)
 
000001 000 

000002 000 

000003 000 

000004 000 


000 

000006 000 

000007 o00 

000008 000 C 

000009 000 


000 

000011 000 

000012 000 

000013 000 

000014 000 


000 

000016 000 

000017 000 

000018 000 

000019 000 


000 

000021 000 10 

000022 000 

000023 000 

000024 000 


000 

000026 000 

000027 000 


END ELT.
 

SUBROUTINE BCTOPF(XY,Z,IDIR)
 
DIMENSION A(3,3)
 
COM!ON/NAVCOMINAVNINAVIYRIDAYTOTLINDEGLINTOTIELDEGELEPICLI
 

*N,PICELETMPSCL,IOYR,IODAY,TM,RlX,RIYRlZ,RIDX,RlDY,RlDZPITCH,ROL
 
*LYAW,PTIM(3),TMN(3),TMX(3),NLCOEF(2),NRCOEF(2),SCLLO(2),SCLL1(2),
 
*ELCOEF(11,2),SCLRO(2),SCLR1(2),ERCOEF(lI,2),NASCEFSCLASOSCLASl.
 
*IELEMNIELEMX,ASCOEF(16)
 
PT(3) = YAW, PTC2) = ROLL, PT(1) = PITCH
 
CALL UNIT(A)
 
CALL ROTATE(A,YAW,3,1)
 
CALL ROTATE(A,ROLL,1,1)
 
CALL ROTATE(A,PITCH,2,1)
 
IF(IDIR.EQ.2)GO TO 10
 
XT = X*A(1,1)+Y*A(1,2)+Z*A(1,3)
 
YT X*A(2,1)4Y*A(2,2)+Z*A(2,3)
 
ZT = X*A(3,1)+Y*A(3,2)+Z*A(3,3)
 
X=XT
 
Y=YT
 
Z=ZT
 
RETURN
 
XT=X*A(I,1)+Y*A(2,1)+Z*A(3,1)
 
YT s X*A(1,2)+Y*A(2,2)+Z*A(3,2)
 
Z = X*A(1,3)+Y*A(2,3)+Z*A(3,3)
 
X=XT
 
Y=YT
 
RETURN
 
ENDS
 

@HDGP ****** CNPS/IBMSSP 



BCTOPF/MCIDAS
 

@ELTL AF.BCTOPF/IMCIDAS 
ELT007 RLI62 12/22-17:01:42-(0,) 
000001 000 SUBROUTINE BCTOPF(XYZIDIR) 
000602 000 DIMENSION A-(3,3) 
000003 000 - COMMON/NAVCOM/NAVNINAVIYRTIDAYTOTLINDEGLINTOTIELTDEGELEPICLI 
000004 000 *NPICELE,TMPSCLIOYRIoDAYT,,RIX,RYRZRlDXRIDYRIDZPITCHROL 

3 -

000005 000 *L,YAW,PTIM( ),TMIN(3),TMX(3),NLCOEF(2),NRCOEF(2)SCLLO(2),SCLL(2),
 
000006 000 	 *ELCOEF(11,z),SCLR0(2),SCLR1(2)ERCOEFI11,2),NASCEFSCLASOSCLAS1I
 

t
000007 000 IELEMNIELEMX,ASCOEF(16)
 
000008 
 000 C PT(3) = YAW, PT(2) = ROLL, PT(I) = PI-TCH 
000009 000 CALL UNIT(A) 
000010 000 CALL ROTATE(AYAW,3,1) 
000011 000 CALL ROTATE(AROLL,Ii) 
000012 000 CALL ROTATE(APITCH,2,I) 
000013 000 IF(IDIR.EQ.2)GO TO 10 
000014' 000 XT = X*A(1,1)+Y*A(1,2)+Z*A(1,3) 
000015 000 YT = X*A(2,1) Y*A(2,2)+Z*A(2,3) 
000016 000 ZT = X*A(3,1)+Y*A(3,2)+Z*A(3,3) 
000017 000 X=XT 
000018 000 Y=YT 
000019 000 Z=ZT 
000020 000 RETURN 
000021 000 10 XT=X*A(I,1)+Y*AC2,1)+Z*A(3,1) 
000022 000 YT X*A(1,2) Y*A(2,2)+Z*A(3t2) 
000023 000 Z = X*A(1,3)+Y*A(2,3)+Z*A(3,3) 
000024 000 X=XT
 
000025 000 Y=YT
 
000026 000 RETURN
 
000027 000 ENDS
 

END ELT.
 
@HDG,P ****** CNPS/lBMSSP
 

pAGEiv3 
oRGI' 



****** UNIT/MCIDAS ***** 

&ELTL AF.UNITIMCIDAS
 
ELT007 RLIB62 12122-17:02:09-(0,)
 
000001 000 SUBROUTINE UNIT(A)
 
000002 000 C THIS ROUTINE RETURNS IN "A" A 3 X 3 IDENTITY HATRIX.
 
000003 000 C
 
000004 000 DIMENSION A(9),B(9)
 
000005 000 DATA B/1.0,0.0,0.0,
 
000006 000 * 0.0,1.0,0.0,
 
000007 000 * 0.0,0.0,1.0/
 
000008 000 Do 10 1=1 ,9
 
000009 000 10 A(I)=B(I)
 
000010 000 RETURN
 
000011 000 ENDS
 

END ELT.
 
gHDGN
 
@FIN
 



STTOLV/MCIDAS
 

9ELTL AF.STTOLV/MCIDAS
 
ELTO07 RL1862 12/22-17:02:08-(,)
 
000001 000 

000002 000 C 

000003 000 C 

000004 000 C 

000005 000 C 

000006 000 

000007 000 

000008 000 

000009 000 

000010 000 

000011 000 

000012 000 

000013, 000 

000014 000 

000015 000 

000016 000-

000017 000 10 

000016 000 

000019 000 

000020 000 

000021 000 


END ELT. 


SUBROUTINE STTOLV (XpZIDIRTIME)
 
IF IDIR=I, POINTING VECTOR (XYZ) IS TRANSFORMED
 
FROM SAT INERTIAL TO LOCAL VERTICAL FRAFME.
 
IF IDIR 2, POINTING VECTOR (X,Y,Z) IS TRANSFORMED FROM
 
LOCALJVERTICAL TO SAT INERTIAL FRAME.
 
CALL ORSIT(XSYSZS,TIE)
 
CALL NRMLIZ(XSYS,ZSXNORM)
 
XI=X
 
YI=Y
 

ZI=Z
 
D=SQRT(XS *2+YTS*2)
 
IF CIDIR.EQo.2) GO TO 10
 
X=C-YS*XI+XS*Yl)/D
 
Y=zXS*ZS*X1+YS*ZS*Y1-ZI*D*rZ)/D
 
Z=-(XS*XI+YS*Y1+ZS*Z1)
 
RETURN
 
X=-YS*Xl/D+XS*ZS*YlID-XS*Z1
 
Y=XS*X1/D+YS*ZS*Y1LD-YS*Z1
 
Z=-D*YI-ZS*Z1
 
RETURN
 
ENDS
 

I 

@HDGP ****** UNIT/MCIDAS
 



****tt SE/MCIDAS **** 

@ELTL AF.SE/MCIDAS
 
ELTO07 RLIB62 12/22-17:02:06-(0,)
 
000001 000 SUBROUTINE SE(PTIMEXLINXELEALATALON)­
000002 000 COI1MONNAVCOM/NAVNINAVIYRIDAYTOTLINDEGLINTOTIELDEGELEPICLI
 
000003 000 *N,PICELETMPSCLIOYRIODAYTMRIXR1YRIZRIDXR1DYRIDZPITCHROL
 
000004 000 *L,YAWPTIM(3),TMN(3),TMX(3),NLCOEF(2),NRCOEF(2),SCLLO(2),SCLL1(2)
 
000005 000 *ELCOEF(l,2)SCLRO(2),SCLR1(2),ERCOEF(112) NASCEF SCLASO,SCLAS1
 
000006 000 *IELEMNIELEMXASCOEF(16)
 
000007 000 DATA INIT/O
 
000008 000 CALL EDGCOR(PTIMEXLINDELLINDELELE)
 
000009 000 ALIN=XLIN-DELLIN
 
000010 000 AELE=XLLE-DELELE
 
000011 000 ISCAN=1200-(IFIX(XLIN-1))IZ
 
000012 000 TIME=PTIME+ISCAN*TMPSCL
 
000013 000 IDIR=2
 
000014 000 CALL PFTOTC('ALINAELEXI,X2X3.IDIRINIT)
 
000015 000 CALL ACTOPF(X1,X2,X3,IDIR)
 
000016 000 C BC SAME AS LV HERE.
 
000017 000 CALL STTOLV(XIX2,X3,IDIR,TIME)
 
'000018 000 CALL ERTOST(XIERX2ERX3ERXlX2,X3,IDIR ,TINE) 
000019 000 CALL ERTOER(ALAT,ALONXIERX2ERtX3ERIDIR) -­

000020 000 RETURN 
000021 000 END 

END ELT.
 
@HDGtP ****** STTOLV/MCIDAS
 

ORIGNAL PAGE IS
 

0OF POOR QUALITY.
 



****** SATEAR/MCIDAS ***kte 

@ELTL AF.SATEAR/MCIDAS
 
ELT007 RLIB62 12122-17:02:05-(0,)

000001 000 
 SUBROUTINE SATEAR(PICTIMXLIN, XELEXLAT.,XLON ,ITYPEINAV,BETAINBET
 
000002 000 
 *DOTATFRAC)
 
000003 
 000 PTINEI2PICTIM
 
000004 000 
 GO TO (1,2,3,4,5),ITYPE
000005 COD 
 1 CALL SE(PTIMEXLINXELEXLAT,XLON)
 
000006 000 
 RETURN
 
000007 000 
 2 CALL ES(PTIMEXLATXLONXLINXELE)­
000008 000 
 RETURN
 
000009 000 
 3 CONTINUE
 
000010. 000 
 RETURN
 
000011 000 4 CONTINUE
 
'000012 000 
 -RETURN
 
000013 000 5 CONTINUE
 
900014 
 000 RETURN
 
00001-5 
 000 
 END
 

END ELT.
 
aHDGP ***** SE/MCIDAS
 

DRIGINAL PAGE IS
 
0' POOR QUALITy
 



****S/MCIDAS *** 

2ELTL AF.S/MCIDAS
 
ELTO07 RLIB62 12/22-17:02:04-(0,)
 
000001 000 FUNCTION S(PT)
 
000002 000 C
 
000003 000 C THIS FUNCTION RETURNS AS ITS VALUE THE VALUE OF THE OBJECTIVE
 
000004 000 C FUNCTION S AT THE POINT "PT .
 
000005 000 C
 
000006 000 DIMENSION X(3,150),Y(3,150),TIME(150)
 
000007 000 COMMON/NINCOM/XYTIElP
 
000008 000 DIMENSION PT(3),H(3,3)
 
000009 000 SRES=O
 
000010 000 CALL UNITCH)
 
000011 000 CALL ROTATE(H,PT(3).3,1)
 
000012 000 CALL ROTATE(HPT(2),11)
 
000013 000 CALL ROTATE(HPT(1),2,1)
 
000014 000 DO 10 J=I,NP
 
000015 000 D0 10 1=1,3
 
000016 000 10 SRES=SRES+(Y(IJ)-H(I,I)*X(1,J)-HCI,2)*X(2,J)-HCI,3)*X(3,3J))**2
 
000017 000 S=SRES
 
000018 000 RETURN
 
000019 000 ENDS
 

END ELT.
 
@HDGIP ****** SATEAR/MCIDAS
 



000005 

000010 

000015 

000020 

000025 

000030 

000035 

000040 

*+***** ROTATE/MCIDAS *** 

@ELTL AF.ROTATEiMCIDAS 
ELTO07 RLIB62 12/22-17:02:03-(0,) 
000001 000 SUBROUTINE ROTATE(A,R,IR,IDERIV) 
000002 000 C 
000003 000 C THIS ROUTINE RETURNS IN "A" THE PRODUCT OF THE INPUT MATRIX 
000004 000 C "A" AND A MATRIX RM, WHERE, IF "IDERIV"=1, RM REPRESENTS A 

000 C ROTATION THROUGH AN ANGLE "R" (IN RADIANS) ABOUT THE AXIS "IR", IF 
000006 000 C IDERIV=2, THE FIRST DERIVATIVE OF RM IS OPERATED ON A, AND IF 
000007 000 C IDERIV=3, THE SECOND DERIVATIVE OF RM IS USED. 
000008 000 C 
000009 000 DIMENSION A(3,3),INDX1(3),INDX2(3)
 

000 DATA INDX1,INDX2/2,1,1,3,3,2/
 
000011 000 IR1=INDX1(IR)
 
000012 000 IR2=INDX2(IR)
 
000013 000 CR=DCOS(R)
 
000014 000 SR=DSIN(R)
 

000 IF(IDERIV.NE.1)GO TO 2
 
000016 000 DO 1 J=1,3
 
000017 000 TI=A(IRIJ)
 
000018 000 T2=A(IR2,J)
 
000019 000 A(IklJ)=CR*TI+SR*T2
 

000 A(IR2,J)=-SR*T1+CR*T2
 
000021 000 1 CONTINUE
 
000022 000 RETURN
 
000023 000 2 IF(IDERIV.NE.2)GO TO 4
 
000024 000 DO 3 J=1,3
 

000 A(IRJ)=OO
 
000026 000 TI=A(IR1,J)
 
000027 000 T2=A(IR2,J)
 
000028 000 A(IRIJ)=-SR*T*CR*T2
 
000029 000 A(IR2,J)=-CR*T1-SR*TZ
 

000 3 CONTINUE
 
000031 000 RETURN
 
000032 000 4 CONTINUE
 
000033 000 DO 5 J=1,3
 
000034 000 A(IRJ)=O.0
 

000 TI=A(IR1,J)
 
000036 000 T2=A(IR2,J)
 
000037 000 A(IR1,J)=-CR*TI-SR*T2
 
000038 000 A(IR2,J)=SR*T1-CR*T2
 
000039 000 5 CONTINUE 

000 RETURN 
000041 000 ENDS 

END ELT.
 
@HDGP ****** S/MCIDAS
 

OF 2 QOIQN3M 



****** PRTIALiICIDAS 


000056 000 

000057 000 

000058 000 

000059 000 

000060 000 

000061 000 

000062 000 

000063 000 

000064 000 

000065 000 

000066 000 

000067 000 

000068 000 

000069 000 

000070 000 

000071 000 

000072 000 

000073 000 

000074 000 

000075 000 

000076 000 

000077 000 

000078 000 

000079 000 

000080 000 

00Qbl 000 

000082 000 10 

000083 000 

000084 000 

0000t5 000 

000086 000 

000087 000 

000088 000 

000089 000 

000090 000 

000091 000 

000092 000 

000093 000 

000094 000 

000095 000 

000096 000 


END ELT.
 

******
 

CALL ROTATE(HBCB,19 2)
 
CALL ROTATE(HBCA,2,1)
 
CALL UNIT(HCC)
 
CALL ROTATE(HCCC,3,3)
 
CALL ROTATE(FCC,5,1,1)
 
CALL ROTATE(HCC,A,2,I)
 
D010J=1,NP
 
D010I=1,3
 
TY(1,J)-f(I I)*x(1,J)-H(I,2>*X(2,J)-H(1,3)*X(3,J)
 
TA=HA(I,1)*X(1,J)+HACI,2)*X(2.J)+HA(1,3)*X(3,J)
 
TB=HB(1,1)*X(IJ)+RB(I,2)*X(2.J)+HB(1,3)*X(3,J)
 
TC=HC(1,1)*X(1,J)+HC(I,2)*X(2,J)+HC(I,3)*X(3,J)
 
TAA=HAA(,1)*X(1,J)+HAA(I,2)*X(2,J)+HAA(I,3)*X(3,J)
 
TAB=HAb(I,1)*X(,J) HAB(I,2)*X(2,J)+HAS(I,3)*X(3,J)
 
TAC=HAC(I,1)*X(IJ)+HAC(I,2)*X(2,J)+HAC(I,3)*X(3,J)
 
TBB=HBB(I,1)*X(1,J)4HBB(I,2)*X(2,J)+HBB(I,3)*X(3,J)
 
TBC=HBC(1,1)*X(IJ)+HBC(I,2)*X(2,J) HBC(I,3)*X(3,J)
 
TCC=HCC(I,1)*X(IJ)+HCC(I,2)*X(2,J)+HCC(CI3)*X(3,J)
 
PSPA=PSPA-T*TA
 
PSPB=PSPB-T*TB
 
PSPC=PSPC-T*TC
 
PSPASQ=PSPASO-T*TAA+TA**2
 
PSPAPB=PSPAPB-T*TA$+TA*TB
 
PSPAPC=PSPAPC-T*TAC+TA*TC
 
PSPBSQ=PSPBSsQ-T*TBB+TB**a
 
PSPbPC=PSPBPC-T*TBCTB*TC
 
PSPCSQ=PSPCSQ-T*TCC+TC**2
 
GRAD(1)=2*PSPA
 
GRAD(2)=2tPSPB
 
GRAD(3)=2*PSPC
 
HESS(1,1)=2*PSPASQ
 
HESS(1,2)=2*PSPAPB
 
HESS(2,1)=2*PSPAPB
 
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
 

&HDGP ****** ROTATE/MCIDAS
 



000005 

000010 

000015 

000020 

000025 

000030 

000035 

000040 

000045 

000050 

000055 

**t** PRTIAL/MCIDAS ***** 

@ELTL AF.PRTIAL/MCIDAS
 
ELT007 RLI62 12/22-17:02:03-(0,)
 
000001 000 SUBROUTINE PRTIAL(PTGRADtHESS) 
000002 000 c 
000003 000 C THIS ROUTINE RETURNS IN "GRAD" THE GRADIENT OF S AT "PT" AND IN 
000004 000 C "HESS" THE HESSIAN OF S AT "PT". 

000 C 
000006 000 DIMENSION X(3,150),Y(3,150),TIME(150) 
000007 000 COMMONIMINCOM/XYTIMENP 
000008 000 DIMENSIONPT(3),GRAD(3),NESS(3,3),HC3,3),HA(3,3),HB(3,3),HC(3,3), 
000009 000 *HAA(3,3),HAB(3,3) HAC(3,3),HBB(3,3),HBC(3,3),HCC(3,3) 

000 A=PT(1) 
000011 000 B=PT(2) 
000012 000 C=PT(3) 
000013 000 PSPA=O 
000014 000 PSPB=0 

000 PSPC=O 
000016 000. PSPASQ=O 
000017 000 PSPAPB=D 
000018 000 PSPAPC=O 
000019 000 PSPBSQ=O 

000 PSPBPC=O 
000021 000 PSPCSQ=O 
000022 000 CALL UNIT(H) 
000023 000 CALL ROTATE(H,C,3,1) 
000024 000 CALL ROTATE(H,B,1,1) 

000 CALL ROTATE(H,A,2ti) 
000026 00 CALL UNIT(HA) 
000027 000 CALL ROTATE(HA,C,3,I) 
000028 000 CALL ROTATE(HAB,1,1) 
000029 000 CALL ROTATE(HAA,2,2) 

000 CALL UNIT(HB) 
000031 000 CALL ROTATE(HBC,3,1) 
000032 000 CALL 

000033 000 -CALL 

000034 000 CALL 


000 CALL 

000036 000 CALL 

.000037 000 CALL 

000038 n0'o CALL 

0"00039 000 CALL 


000 CALL 

000041 000 CALL 

000042 000 CALL 

000043 000 CALL 

000044 000, CALL 


000 CALL 


ROTATE(HB,8,1,2)
 
ROTATE(HBA, ,1)
 
UNIT(HC)
 
ROTATE(HC,C,3,2)
 
ROTATE(HC,,1,1)
 
ROTATE(HCA,2,1)
 
UNIT(HAA)
 
ROTATE(HAAC,3,I)
 
ROTATE(HAAtb,1,1)
 
ROTATE(HAAA,2,3)
 
UIT(HAB)
 
ROTATE(HABC,3,1)
 
ROTATE(HAB,B,1,2)
 
ROTATE(HAb,A,2,2)
 

000046 000 CALL UNIT(HAC)
 
000047 000 CALL ROTATECHACC,3,2)
 
000048 000 CALL ROTATE(HACB,1,1)
 
000049 000 CALL ROTATE(HACA,2,2)
 

000 CALL UNIT(HB8)
 
000051 000 CALL ROTATE(HBBC,3,1)
 
000052 000 CALL ROTATE(HBbb,1,3)
 
000053 000 CALL ROTATE(IBB,A,2,1)
 
000054 000 CALL UNIT(HBC)
 

000 CALL ROTATE(HBCC,3,2)
 

ALs
P 

0F POORQIAJT 



***** PPFTOTC/NCIDAS 

@ELTL AF.PFTOTC/MCIDAS
 
ELTO0 RL162 12/22-17:02:02-(0,)

000001 
 000 SUBROUTINE PFTOTC(XLINXELEXTY,ZIDIRINIT)

000002 000 
 COMMON/NAVCOM/NAVNrNAVIYRIDAYTOTLIUDEGLINTOTIELDEGELEPICLI
 
000003 000 
 *NtPICELE,TMPSCLIOYPIODAYTMMRIXRIYRIZRIDX 


RIDYRIDZPITCHROL
*LYAW,PTIM(3) ,Tf4N(3),TMX (3),NLCOEF(2) tRCOEF(2),SCLLO(2),SCLLI(2),
 
000004 000 

000005 
 000 *ELCOEF(11,2),SLRO(2),SCLR(2)ERCOEF(11,2),NASCEFSCLASOSCLASI,
 
000006. 000 
 *IELEMN,IELEMX,ASCOEF(16)

000007 000 
 c IF IDIR = 1, XYZ TO LIN, ELE

000008 000 C 
 IF IDR = 2, LIN, ELE TO XYZ
000009 000 
 DATA PIREGRACON/3.14159265,6378.15,.07436574J
 
000010 000 
 IF(INI1.EQ.2)GO TO 
I
 
000011 000 
 INIT = 2
 
000012 
 000 RDPDG PI/180.

000013 000 
 RADLIN = RDPDG*DEGLIN/TOTLIN

000014 000 
 RADELE = RDPDG*DEGELE/TOTIEL

000015' 000 
 1 IF(IDIR.EQ.2)GO TO 10
 
000016 000" 
 ELEANG = ATAN(X/Z)

000017 
 000 XLNANG = ASIN(Y)

000018 
 000 XELE=PICELE+ELEANG/RADELE

000019 000 
 XLI/w = PICLIN+XLNANG/RADLIN 
000020 000 RETURN
 
000021 
 000 10 ELEANG=(PICELE-XELE)*RADELE

000022 000 
 XLNANG = (PICLIN-XLIN)*RADLIN

000023 000 
 X=-COS(XLNANG)*SIN(ELEANG)
 
000024 000 
 Y=-SIN(XLNANG)

000025 
 000 Z=COS(XLNANG)*QOS(ELEANG)
 
000026 
 000 RETURN
 
000027 
 000 ENDS
 

END ELT.'
 

@HDGP ****** PRTIAL/MCIDAS
 



000005 

000010 

000015 

000020 

000025 

000030 

000035 

*** ** ORBIT/MCILAS
 

aELTL AF.ORBIT/MCIDAS
 
ELTO07 RL1862 12/22-17:02:01-C0)
 
000001 000 SUBROUTINE ORBIT(XYZT)
 
000002 000 REAL KE,MUMMINMO
 
000003 000 COMMONINAVCOM/NAVN INAV, IYR, DAY, TOTLIN DEGLlNTOTIEL, DEGELE PICLI
 
000004 000 *NPICELETMPSCLICYR,IODAYTMRIXR1YRZ,RIDXRIDYRIDZPITCHROL
 

000 *L,YAWPTIM(3),TMN(3),TMX(3),NLCOEF(2),NRCOEF(2),SCLLO(2),SCLLI(2),
 
000006 000 *ELCOEF(11,2),SCLROC(2),SCLR1( 2)ERCOEF(11,2),NASCEFSCLASOSCLASI,
 
000007 000 *IELEMNIELEMXASCOEF(16)
 
000005 000 DATA REKE,MU,EPSILN/6378.15,0.07436574,1.0,1.OE-7/
 
000009 000 SQRTMU=SQRT(MU)
 

000 RO=SQRT(RIX*t2+RIY**2+RIZ**2)
 
000011 000 DO=(R1X*RIDX+R1Y*R1DY+RIZRIDZ)/SQRTU
 
000012 000 VOSUJU=(R1DX**2+RIDY**2+RIDZ**2)/SGRTHU
 
000013 000 A=RO/(2.-RO*V0SQMU)
 
000014 000 CE=(A-R0)/A
 

000 SE=DO/SQRT(A)
 

000016 000 MMINMO=KE*(T-TM)*SQRTMUtA**1.5
 
000017 000 GL=.5*MMIJMO
 

000018 000 5 SINGL=SIN(GL)
 
000019 000 SNCSGL=SINGL*COS(GL)
 

000 	 XNUN=GL+SE*SINGL**2-CE*SNCSGL-.5*RINO
 

000021 000 DENOM=142*SE*SNCSGL-CE*(1-2*SINGLt*2)
 
000022 000 G=(GL*DENOM-XNUM)/DENOM
 
000023 000 IF(ABS(GL-G).LT.EPSILN)GOT010
 
000024 000 GL=G
 

000 GOTO 5
 

000026 000 10 ECANOM=2*G
 
000027 000 =A*(I-COSCECANOM))
 
000028 000 S=SQRT(A)*SIN(ECANOM)
 
000029 000 F=(RO-C)/RO
 

000 	 G=1JSQRTMU*(RO*S+D*C)
 
000031 000 X=(F*RIXtG*R1DX)*RE
 
000032 000 Y=(F*RIY+G*RIDY)*RE
 
000033 000 Z=(F*RIZ+G*RIDZ)tRE
 
000034 	 000 RETURN
 

000 END$
 

END ELT.
 
@HDGP ***a'** PACK
 

OF ?O J~T
 



****** OFSTGJMCIDAS 


000113 000 C 

000114 000 

000115 000 

000116 000 

000117 000 

000118 000 

000119 000 

000120 000 650 

000121 000 710 

000122 000 

000123 000 

000124 000 

000125 000 

000126 000 

000127 000 990 

000128 000 

000129 000 

000130 000 

000131 000 


******
 

DUMP TABLE VALUES.
 
NICOL=(NCOR-1)/5+1
 
JOUT=2
 
DO 650 IWW=INICOL
 
ENCODE(132,710,MOUT)CICOOR(IW) GFFSET(IU),WATE(16)116=IWWNCOR,
 

*NICOt)
 
CALL TP(JOUTMOUT)
 
CONTINUE
 
FORMAT ((5(5X,14,1X,F8.3,FA.4)))
 
NCORMX=NCOR
 
CALL DYNASG('OFFSTD-,LUNF)
 
CALL OPN(LUNF)
 
CALL WRITW(LUNF,1151,NCORMX)
 
RETURN
 
CONTINUE
 
CALL TQ(72H OFFSETGEN ERROR RETURN.
 

* 
RETURN
 
ENDS
 

000132 000 SF1 LEMA
 
000133 000 DELETE GCCGCCGORP
 
000134 000 SINCLUDE IFLD
 
000135 000 $CATALOG
 
000136 000 NAME=GCCGCC,5,RWO
 
000137 000 TYPE=FG
 
000138 000 LIB=ATSFLBLL
 
000139 000 BEGIN
 
000140 000 SEOJ
 

END ELT.
 
@HDGP ****** OFSTVL
 



****e* OFSTGJMCIDAS 

000056 000 
000057 000 
000058 000 C 
000059' 000 
000000 000 
000061 000 
000062 000 
000063 000 
000064 000 
000065 000 
000066 000 
000067 000 
000068 000 C 
000069 000 £ 
000070 000 C 
000071 000 
000072 000 
000073 000" 
000074 000 
000075 000 
000076 000 
000077 000 
000078 000 
000079 000 
000080 000 
000081 000 
000082 000 
000083 000 
000084 000 
000085 000 
000086 000 
000087 000 
000088 000 
000089 000 
000090 000 
000091 000 400 
000092 000 C 
000093 000 
000094 000 500 
000095 000 C 
000096 000 
000097 000 
000098 000 
000099 000 
000100 000 
000101 000 510 
000102 000 C 
000103 000 
000104 000 
000105 000 
000106 000 600 
000107 000 
000108 000 C 
000109 000 
000110 000 
000111 000 
000112 000 610 

***** 

CALL BSRCLUN)
 
CALL BSR(LUN)
 
INPUT PAIR OE SCANS.
 
CALL READW(LUNNw2,IEOATA)
 
CALL READW(LUNNWZ,IODATA)
 
CALL CRKTHR(195,IEDATAIEBRT)
 
JESCAN=IEBRT(195)
 
CALL CRKATS(NBPIEDATAIEBRT)
 
CALL CRKTHR(195,IODATAIOBRT)
 
JOSCAN=IOBRT(195)
 
CALL CRKATS(NBP,IODATAtIOBRT)
 
IF(JESCAN.NE.IESCAN.UR.JOSCAN.NE.IOSCAN) GO TO 990
 

DO CORRELATIONS.
 

D0 600 KCOR=1,NCOR
 
]ELE:IELEST+(KCOr-)*IELINT
 
ICOOR(KCOR)=IELE
 
NAXLAG=(NLAG-1)/2
 
MINLAG=-MAXLAG
 
DO 500 KLAG=MINLAGMAXLAG
 
MAXBRT=O
 
MINBRT=512
 
NTSIZ=(NTSIZ-1)/2*2+1
 
FLP=O
 
DO 400 KVAL=,NTSIZ
 
ICT=IELE+KVAL-I-NTSIZ/2
 
ICS=IELEeKVAL-1+KLAG+NOMOFF-NTSIZ/2
 
ICTX=ICT+IDOEF
 
ICSX=ICS+IDOFF
 
IPIXT=IOBRT(ICTX)
 
IPIXS=IERT(ICSX)
 
MAXbRT=MAXO(MAXBRT,IPIXT)
 
NINBRT=MI10(MINBRT,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
 
FLPNIN=FLPARY(1)
 
00 510 K=2,NLAG
 
IF(FLPMIN.GT.FLPARY(K)) IOFF=NOMOFF+(K-I)+MINLAG
 
IF(FLPMIN.GT.FLPARY(K)) FLPMIN=FLPARY(K)
 
CONTINUE
 
WEIGHT OFFSETS BY BRIGHTNESS RANGE.
 
WT=FLOAT(MAXBRT-MINERT)1512.
 
WATE(KCOR)=WATE(KCOR).WT
 
OFFSET(KCOR)=OFFSET(KCOR)+IOFF*IT
 
CONTINUE
 
IF(.NOT.ISLAST) GO TO 100
 
COMPUTE AVARAGE OFFSETS.
 
DO 610 KCOR=1,NCOR
 
IF(WATECKC0R).LT.1.0E-3) GO TO 610
 
OFFSET(KCOR)=OFFSET(KCOR)/WATE(KCOR)
 
CONTINUE
 

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


000005 

000010 

000015 

000020 

000025 

000030 

000035 

000040 

000045 

000050 

000055 

****** OFSTGIMCIDAS **** 

@ELTL AF.OFSTG/MCIDAS
 
ELTO07 RLIB62 12/22-17:01:59-(0,)
 
000001 000 $JOB ATS6 U3200
 
000002 000 $OPTION.8,9,20
 
000003 000 SFORTRAN
 
000004 000 

000 C 
000006 000 C 
000007 000 
000008 000 
000009 000 

000 
000011 000 
000012 000 
000013 000 
000014 000 

000 
000016 000. 
000017 000 
000018 000 
000019 000 

000 
000021 000 
000022 000 
000023 000 
000024 000 C 

000 
000026 000 
000027 000 
000028 000 
000029 000 

000 
000031 000 C 
000032 000 
000033 000 
000034 000 100 

000 
000036 000 
000037 000 
000038 000 200 
000039 000 

000 
000041 000 
000042 000 
000043 000 
000044 000 701 

000 
000046 000 
000047 000 C 
000048 000 
000049 000 

000 
000051 000 
000052 000 
000053 000 
000054 000 

000 C 

SUBROUTINE MAIN
 
OF ALTERNATE SCAN OFFSETS. CORRELATIONS DONE ON IR.
 
ASSIGN TAPE TO UNIT 10. OUTPUT IS TO PRINTER AND UNIT 20.
 
LOGICAL MISSNGvSLAST
 
DIMENSION IODATA(1299),IEDATA(1299)
 
DIMENSION MIN(1O),MOUT(24)
 
DIMENSION IORTCZ598),IE8RT(2598)
 
DIMENSION WATE(230),0FFS T(230),ICOOR(230),FLPARY(9)
 
COMMON/OFFDAT/NCORMXICOOROFFSETWATE
 
DATA ISTATG/O/,NLAG/9/,NCOR/220/,LPRT6/
 
DATA MIN/6HGCCGCC,8*0l
 
DATA NW1/98/,NW2/1299/,NW3/37321
 
DATA LUN/1O/,MISSNG/.FALSE./
 
DATA LUNFJ20I
 
DATA IFIRST/60O/,INTSCN/ 8/,LSTSCN/400/
 
DATA IELEST/100/,NTSIZ/15/,NOMOFF/ +8/,IELINT/1O/
 
DATA NBP/2598/,IDOFF/198/
 
DATA IDSTRT/67/
 
CALL IQ(MIN)
 
IREEL=O
 
INITIALIZE SCAN SEARCH
 
IFIRST=(CIrIRST+I)/2)*2
 
INTSCN=(INTSCNI2)*2
 
LSTSCN=((LSTSCN+I)/2)*2
 
IESCAN=IFIRST+INTSCN
 
CALL GTAP(14,IREELLUN)
 
CALL REW(LUN)
 

SKIP HEADER RECORDS
 
CALL READW(LUNN1,IEDATA)
 
CALL READW(LUNNalIEDATA)
 
IF(MISSNG) IESCAN=IESCAN-2
 
IF(.NOT.MISSNG) IESCAN=IESCAN-INTSCN
 
IOSCAN=IESCAN-1
 
ISLAST=IESCAN.LE.LSTSCN
 
CALL READW(LUNNwlIEDATA)
 
CALL CRKTNR(195,IEDATAIEBRT)
 
JESCAN=IEBRT(195)
 
MISSNG=JESCAN.LT.IESCAN
 
IF(r.ISSNG) ENCODE(132,701,MOUT)IESCAN
 
IF(MISSNG) CALL TQ(MOUT)
 
FORNAT1X'SCAN NUMBER-,15,/ NOT FOUND.')
 
IF(MISSNG) GO TO 100
 
IF(JESCAN.GT.IESCAN) GO TO 200
 
EVEN SCAN FOUND. NOW CHECK FOR ODD SCAN.
 
CALL READW(LUN,N.1,IODATA)
 
CALL CRKTHR(195,IODATAIOBRT)
 
JOSCAN=IOBRT(195)
 
MISSNG=JOSCAN.NE.IOSCAN
 
IF(MISSNG) ENCODC(132,701,MOUT) IOSCAN
 
IF(MISSNG) CALL TQ(MOUT)
 
IF(ISSNG) GO TO 100
 

BACK UP TO READ IN DATA.
 



OFSTG/AOIPS
 

dOUr=2
 
D0 650 IwW=lICL
 
WRITE(LP.710)(ICuOR(I ),DFFSETCIW),hAIECIW).IW=IwaNO, NCL
 

650 CUNTINUE
 
710 FURMAr ((6(5X.14,XFB.3,F8.4)))
 

NCORMX=NCDR 
GO TO 999
 

99U CONTINUE
 
hRIMEC5,715)
 

715 FORMAr(2X,'OFFSfjGE.N tkROR RLTURN.' )
 

999 CONTINUE
 
CALL iQPRifbUN)
 
CALL REQUbS(RADSO('OFSTF2' )
 
END
 



OFSTG/AOIPS
 

C - tVEN SCAN FUUD. NUM CHk.K FOR UOD CAN. 
CAbb IQTPIN(bU,I0OAIA,r1 ,L ,IiAr) 
CAbL CH&iHR(195.XUDAXA.IOBRT) 
JUSCAN=IOBRT(195) 
MISSdG=JOSCAN.UE.IQSCAN
 
IF(MISSNG)dRIlE(IT,70I)IOSCAN
 
IF(MISSaG) GO YO 100 

C HACK UP 1O READ IN DATA. 
CALL IOIPSR(bUt,-2,ISAT) 

C 	 INPUT, PAIR UF SCANS.
 
CALL IQTPIN(CUN,I&DATANu2.bEISTATl
 
CAL CHKJHR(195,IEDAA,IEBRX)
 
JESCAN=IEBRT(195)

CAb CKKAIS(NBP,IEDATA,IEBRT)
 
CALL IOTPfdIJUN,0DATA.hN2,LEISTAr)
 
CALL CKKTHR(195,IODATA.IOBRI)
 
JOSCA4=I0RIC(195)
 
CALL CRKA1S{-tP,IODhIAIOBRT)
 
IF(JESCAN.NL.ItSCAN.OR.JOSCAN.N .IOSCAI) 


C 
C 	 DO CORRELATIONS.
 
C-

DO bOO KCOR=I,NCOR
 
IEbs=IELESr+(KCOR1)4IREbINT
 
ICOR(KCORJ=isLe
 
MAXLAG=(NLAG-I1/2
 
MIhAG=-MAKLAG
 
DO 500 KLAG=MINLAGMAXLAG
 
MAXBRI=0
 
MINbRL=512
 
NTSIZ=thTSIZ°1)/2t2t1
 

DO 400 KVA=ItNSIZ
 
ICT=IELE+KVAb-I.NTSIZ/2
 
ICS=IELE +4VAL-I±Kb AG+NOMFF-NTSIZ/2 
ICrx:ICT+IDOFV 
ICSX=ICS+IDOFF 
IPIXT=IOsRr(ICTA)
 
IPIXS=IadRr(ICSX)
 
MAXRRI=AXO(MAXBRTiPixr)
 
MIN&RT=MIN0(AIbRTIPlXT)
 

eL=LP+(IPIxT-I'IXS)*#2
 
400 CONrINUE
 
C STORE LP(2) MEASURE VAbUL
 

ELPARY(AAG-MIWbAGtI)=FbP
 
500 CONIINUE
 

GO TO 990
 

C 	 SEARCH TABLE OF VALUES OF LP(2) MEASURE FOR MIN.
 
IOFF=NUMOFF+MLNbAG
 
FbRMIN=FbPARX(I)
 
DO 510 K=:2dJAG
 
IF(FrPMIt.GT.FLPARY(K)) IOFF=NOMOFF+K-I)+MINLAG
 
IFMFLPMIN.Gf.F6PARX(K)) FUPMIU=FLARX(K)
 

510 	 CONrINUE
 
C 	 rtIGa1 OFFSETS BY BRIGHrNESS RANGE. 

'i=FFOAI(MAXBRI-MINBRT)/512. 
wArt (KCORJ=.'Al(KCOaJtNT 
OFFbE£CKCOR)=zF b I(COR)*IOFF*WT 

600 CONTINUE
 
IF(.NOT.ISLAST) GO 10 100
 

C CUMPUE AqARAGE OFFSeTS.
 
D0 610 KCOK=I,NCOR
 
iF(AAE[KCOJ.T.I.0&-3) GO TO 610
 
OFFb IC CORJ=OFFSEIT(KCO)/wATE(KCOR)
 

610 CONEINUL 
C DUMP IABLE VALUES. 

NICOb=0hCOR-11/5+1
 ORIGINAL PAGE IS
 

OF POOR QUALITY
 



C 

C 

C 


C 


10 


702 


C 


100 


200 


701 


OFSTG/AOIPS
 

PROGRAM 10 GENERATE £ABLE
 
OF AbTERAfE SCAN OFFR&rS. CORRt.LATIONS DONE ON IR.
 
A6biGN TaPV 10 dIl1 TEN. OUTPUT 1 rO PkMNIER AND GbOBAL COMMON
 
LOGICAb G
 
DIMLNSIUN IOOATADb00),ISATA(5600)
 
EOUIVALENCE(IODA'A.IEDATA)
 
DIMENSIONl AIN(10JMOUI(37)
 
DIMENSION lOdK(29S),IEBRT(2598)
 
DUh.N610 WAI(Z30),OSET(230),ICOR(230),FLPARY(9)
 
COMMUN/bUFFER/nAIS OtSEr
 
CO lOt/bUFk1INCORNK,ICOOR 
DATA ISPAIGIO/,LAG9/.lNOR/220/,LPRT/6/
 
DAfA NWlI1'/,N /1949/ NW3/5598/
 
DATA LuN/10/.MISSNG/.FALSE./
 

DATA IFIRo,/80O/,IhISCN/ 8/,LSTSCN/400/
 
DAfA IEbES£/100/,NTSIZ/15/,NOMOFFI +/,ISINT/1O/
 
DATA NP/z598/,IDOFF/198/
 
DATA IU6TKR/6I/
 
INITIALIZE SCAN SEARCH
 
.kIRSf=tLFISTt1I/2) 2
 
INTSCN tNItSCW/2)' 2
 
L&TSCN(tSTSCN+1)/2)42
 
15SCAN:IFIR T+INfSCN
 
NCORM=0
 
DO 10 1=1,230
 
tATEI)=0.
 
OFF5ET(I3=o.O
 
1COORtI)=O
 
CONTINUE
 
L.ACOODL(4. 702.FOUt)
 
FORMAT(IXs'MOUNT TAPE. ENTER DRIVE IUMBERt )
 

MLNOn= 
CAbL LNCOM(MOUT,36,,,MINMENu,I,i)
 
IMUNITIMiN ( 1)
 
IF(MENU.LT.0) GO TO 999
 
I(MNU.EQ.O)I,4UNIT=0
 
CAbb ASNLUN(LUN,tM' ,IMONIT)
 
CALL IOTPRW(LUN)
 
SKIP READER RECORDS
 
CAbL IUTPSR(LUN,+Z.ITAT)
 
IttMIS6SG) lESCAN=I.SCAN-2 
lF(.NOL.MSSNG) I&SCAN=ISCAN-INTSCN 
IOSCAN=ISCAN-1
 
ISLASr=IESCAN.b. LSTSCN
 
CADL IorPIN(bUN,ILDATANW£,LL,ISTAT
 
CALL CR&IHK(195,14DAPA,ItbR)
 
JLSCAN=IEBRT(195)
 
Aij SNG=JEbCAN.bl.IESCAN
 
IF(MISSNG)nRLIE(IT,7O1)IESCAN
 
eURMAI(1A,'SCAN uMtbtR'.I5,' NOT FOUND.')
 
IF(MISSG) GO TO £00
 
I! (JESCAN.Gf.IlSCAI GU 10 200
 

http:uMtbtR'.I5


000056 

000057 

000058 

000059 

000060 

000061 

000062 

000063 

000064 

000065 

000066 


000067 

000068 

000069 

000070 

'000071 

000072 


000073 

000074 

000075 

000076 


000077 

000078 

000079 


000080 

000081 

000032 


000083 

000084 

000085 

000086 

000087 

000088 

000089 

000090 


000091 


000092 


END ELT.
 
@HDGP 


OFSTFIMCIDAS
 

000 SCLASO=xO 
000 SCLAS1=XD 
000 - IELEMN=ILE 
000 IELEMX=IRE 
000 
000 

IX=P)(M-I)/Z 
DO 29 I=O,M 

000 COEF(I+1)=WORK(I+I+IX) 
000 29 ASCOEF(I+1)=COEF(I+l) 
000 C STORE DATA 
000 
000 C 

CALL WCOM 
PRINT COEFFICIENT, DEGREE SCALING 

000 ENCODE(132,720,MOUT)M 
000 CALL TP(JOUTMOUT) 
000 720 ,FORMAT(1OX,'DEGREE=,I2) 
000 ENCODE(132,721,MOUT)XO,XD 
000 
000 

000 
000 

721 
CALL TP(JOUT MOUT)
FORMAT(2X,'SCALING PARAMETERS. xO=',E5.9, " 
DO 30 I=O,M 
ENCODE(132,722,MOUT)ICOEF(I+1) 

XD='El5.9) 

000 
000 

000 

30 
722 

CALL TP(JOUTMOUT) 
FORMAT(10X,'D(',I2,)=- El5.9) 
RETURN 

000 990 CONTINUE 
000 ENCODE(132,720,MOUT)IER 
000 CALL TQ(MOUT), 
000 RETURN 
000 730 FORMAT(IX,-ERROR CODE='1I2) 
000 ENDS 
000 SFI LEMA 
000 DELETE GCCGCCGORP 
000 $INCLUDE ATSSSP 
000 $CATALOG 
000 NAME=GCCGCCt5,R,WD 
000 TYPE=FG 
000 LIS=ATSFLBLL 

000 BEGIN 
000 SEOJ 

****** OFSTG/MCIDAS
 

v
 



000005 

000010 

000015 

000020 

000025 

000030 

000035 

000040 

000045 

000050 

000055 

****** OFSTF/MCIDAS
 

@ELTL AF.OFSTF/MCIDAS
 
ELTO07 RLIB62 12122-1701:58-(,)
 
000001 000 $JOB OFSTFT U3200
 
000002 000 $OPTION .8,9,13,20
 
000003 000 SFORTRAN
 
000004. 000 

000 C 
000006 000 C 
000007 000 C 
000008 000 
000009 000 

000 
000011 000 
000012 000 
000013 000 
000014 000 

000 
000016 000 
000017. 000 
000018 000 
000019 000 

000 
000021 000 
000022 000 
000023 000 
000024 000 C 

000 
000026 000 
000027 000 
00002O 000 
000029 000 C 

000 
000031 000 
000032 000 
000033 000 
000034 000 

000 
000036 000 10 
000037 000 
000038 000 C 
000039 000 

000 
000041 000 
000042 000 
000043 000 
000044 000 

000 25 
000046 000 
000047 000 
000048 000 
000049 000 

000 
000051 000 
000052 000 
000053 000 28 
000054 000 

000 

SUBROUTINE MAIN
 
PROGRAM TO FIT POLYNOMIAL TO ALTERNATE SCAN OFFSET DATA STORED IN
 
UNIT 10 BY PROGRAM OFFSETGEN. INPUT DATA:
 
CARD1: FIRST-POINT-ELEMENT-COORDINATE LAST-POINT
 
LOGICAL OPTION
 
DIMENSION ICORLM(2),XSCALE(10),OFSTLM(2),YSCALE(10)
 
DIMENSION DATI(690),.ORK(231)
 
DIMENSION COEF(21),LABEL(12)
 
DIMENSION MIN(I0),MOUT(24)
 
COMMON/OFFOAT/tCORMXICOOR(230),OFFSET(230) WATE(230)
 
COMMON/NAVCOM/NAVNINAVIYRIDAYTOTLINDEGLINTOTIEL,DEGELEPICLI
 
NPICELE,TMPSCLIOYR,IODAY,T,RXRIY,RIZ,RIDX,RIDY,RIDZPITCHROL
 

*LYAW,PTIM(3),TMN(3),TMX(3),NLCOEF(2),NRCOEF(2),SCLLO(2),SCLLI(2)
 
*ELCOEF(i1,2),SCLRO(2),SCLR1(2),ERCOEF(11,2),NASCEFSCLASOSCLASIg
 
*IELEMNIELEMX,ASCOEF(16)
 
DATA ICORLM/O,2400/,OFSTLMI.,15.I
 
DATA LP/61
 
DATA MINDEG/15
 
DATA MIN/6HGCCGCC,8*0/,LUNF/10/
 
CALL IQ(MIN)
 
READ LIMITS OF USEFUL DATA (ICOOR LIMITS) FROM CARDS.
 
ILE=MIN(1)
 
IRE=MIN(2)
 
JOUT=1
 
IF(OPTION(MIN(3),3H P)) JOUT=2
 
READ IN OFFSETS AND WEIGHTS AND COORDINATESSCELE4ENT NUMBER)
 
CALL DYNASG('OFFSTD',LUNF)
 
CALL OPN(LUNF)
 
CALL READW(LUNI%1151,NCORMX)
 
DO 10 1=1,NCORMX
 
IF(ICOOR(I).EQ.ILE) ILEAE=l
 
IFCICOOR(I).EQ.IRE)IREAE=I
 
CONTINUE
 
NPTS=IREAE-ILEAE+1
 
FIT LEAST SQUARES POLYNOMIAL.
 
IN=O
 
DO 25 I=ILEAE,IREAE
 
IN=IN+1
 
DATI(IN)=ICOOR(C)
 
DATI(Ih+NPTS)=OFFSET(I)
 
DATI(IN42*NPTS)=WATE(I)
 
CONTINUE
 
CALL APCH(DATI,NPTSMINDEGXDX0,WORKIER)
 
IF(IER.NE.0) GO TO 990
 
ETA=I.UE-3
 
EPS=I.0E-4
 
IOP=-1
 
CALL APFS(ORKMINDEG,M,IOPEPS,ETAIER)
 
IFCIER)990,28,28
 
CONTINUE
 
CALL RCOM
 
NASCEF=M
 



OFSTF/AOIPS
 

O0 29 I=04,
 
COEF[I+I)=WORKCI+I+IX)
 

29 ASCOEF(It)=COmF(I+I)
 
C PRINr COEFFICIENT, DEGREE SCAhING
 

dRIr;( I1, 720 JM
 
720 tURMArciOx,rO.GRt=r.12)


vRIT&CII.721)X0,XD
 

7d1 EORMAI(2X.'SCAbING PAkAME£ERS, X0='.EI5.9,' XD=',E15.91
 
0O 30 I=OM
 

30 *RITE(Ir.7l2)iCOKF(I+I)
 

722 FORMAr(IOXTO('.I12.1=''.EI.92
 
GO TO 999
 

,990 COIQINIJE

hHITE(I ,1730)IER
 

999 CONTINUE
 
CAfb RLQUES(AD50C'AlSF21))
 

731) FRMAT(IX,'RROR CODE=I,12)
 
END
 

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


OFSTF/AGIPS
 

C PROGRAM TO FIT P06YNOMrAL TO ALTERNATE SCAN OFFSET UATA STORED IN 
C UIT I BY PROGRAM OFEbLIGEN. INPUT DATA: 
C CAROl: FIRbI-PUINT-LE:iNI-CORDIATE LAST-POINT 

L0 GICAL UPTION
 
DIMENSION ICORLt(2).XSCAL(IO) .OFSrLM(2).YSCALE(OIO
 
OIMENSIUN OA1(690).W0R&(23 1 )
 
DIMENSION COEa(21),&Abg(12)
 
DIMENSION MIN(IO),MUI(37]
 
OIMENSIU ICOURt230).OrFSET(230).WAIS(230)
 
COMMOV/bJIFiR/wAkE,OFFEr 
CUMMON/BUFFI/NCORAX,ICOOR 
COMMUZ /NAVCJM/IfVN,IN AV,IYR,IDAyTOTL,IN, DGLIt,.TOTIEL.D6GELE.PICLI

*(,PICEL6,VMPbCL,10Y.IUA.VM.RXRY.R1ZRIDXRIDXH1DZ.PICM.RU 
*L,kAd.PEI'i(3TN(3),IMA3,NLCOE,[(21,NRCOEF(23.SCLL().SCLL1(2). 

*EbCOEFrIi,2)$CLH(O2)]SCLR(2).aRCUEF(I.2),NASCEF.SCLASO,SCLASI.
 
4IbEA4,IEbEAxASCOEF(16)
 
DAIA ICORLM/O,2400/,OF&EM/5..15./
 
DATA bP/b/
 
DATA IT/S/
 
DATA MINDEG/15/ 
MENU=2 
CALL INCOMC' SNEER LEFt. RIGHT ELEMENTS FROM PRINIER LISVING.1,49. 

4m3, I.MIN,i1, 1) 
IFrMENO.(S.O) GO TO 999 

C READ M11S OF USEFU OAT A (ICUOR uIMITS] FROM CARDS. 
iLE MINc) 
I1E=MIA(21 
KtLAD IN OFFSETS AND ,EIGHTS AND COOR0INATESS(ELEMENT NUMBER)
 
)0 10 II,NCURMX 
IF(ICOOR(I).O.ILE) ILEAE:1
 
If(ICOOR(I).E.IRE)IREAE=I
 

10 CONIINOE 
NPIS=IREAE-lEAE+I 

C FIf LEAST SQOUARES POLYNOMIAL. 

DO 25 I=ILEAEIRSAE 
INZITi 
UATI(IN]=ICOORCI)
UAfICI NPTS)=O FSt T(l)
 

DArI(IN1-~#NPlSJ:VAr9(I] 
25 CONinUE
 

CALL APC(DAII,ijP1S,MINDEGXD.XO ,WDRKIER)
 
IFIIER.Nb..O) GO 10 99U
 
ESA:I.UE-3 
EIS=I.OE-4
 
IOP:-I" 

CALL APFS (OxK,nINDEGM,IUP,EPS,EfAIER)
 
IF(ISR)990,28,28
 

28 CONTINUE 
dASCP:M.
 

SCbAbIlX0 0p 

http:IFIIER.Nb
http:APC(DAII,ijP1S,MINDEGXD.XO
http:ICORLM/O,2400/,OF&EM/5..15
http:PICEL6,VMPbCL,10Y.IUA.VM.RXRY.R1ZRIDXRIDXH1DZ.PICM.RU


****** NRMLIZ/MCIDAS ****** 

@ELTL AF.NRMLIZ/MCIDAS
 
ELTO07 RLIB62 12/22-17:01:57-(0,)
 
000001 000 SUBROUTINE NRMLIZ(VXVYVZVNORti)
 
000002 000 VNORM=SQRT(VX**2+VY-*2+VZ**2)
 
000003 000 VXzVX/VNORM
 
000004 000 VY=VY/VNORM
 
000005 000 VZ VZIVNORM
 
000006 000 RETURN
 
000007 000 ENDS
 

END ELT.
 
@HDGP ****** OFFSETFIT *****
 



MINIZ/MCIDAS
 

@ELTL AF.MINMIZ/MCIDAS
 
ELTO07 RLI62 12/22-17:01:56-(0,)
 
000001 000 SUBROUTINE MINMIZ(PTINPTOUTGNORMVALITN)
 
000002 000 C
 
000003 000 C THIS ROUTINE PERFORMS A MODIFIED NEWTON METHOD MINIMIZATION. IT
 
000004 000 C BEGINS AT THE POINT "PTIN" AND RETURNS IN "PTOUT" THE POINT
 
000005 000 C SELECTED AS THE OPTIMAL POINT, IN "GNORM' THE NQRM OF THE GRADIENT
 
000006 000 C OF S AT. "PTOUT", AND IN "VAL" THE VALUE OF THE OBJECCTIVE FUNCTION
 
000007 000 C S AT "PTOuT'. A POINT X(K+I) IS DEEMED OPTIVAL WHEN
 
000008 000 C ABS(S(XCK+I))-S(X(K)))<=(10**-10)*ABSCS(X(K)))o
 
000009 000 C
 
0,00010 000 LOGICAL ALTRET
 
000011 000 DIMENSION PTIN(3),PTOUT(3)
 
000012 000 DIMENSION HESS(3,3),GRAD(3),PT(3),DIR(3)
 
000013 000 DATA CONVRGITERATEQUALO/1.OE-18,25,1.OE-30/
 
000014 000 C
 
000015 000 ITN=O
 
000016 000' DO 5 I=13
 
000017 000 5 PT(I)=PTINiI)
 
000018 000 OLDVAL=SCPT)
 
000019 000 DO 50 I=1,ITERAT
 
000020 000 ITN=ITN+1
 
000021 000 CALL PRTIAL(PTGRADHESS)
 
000022 000 CALL INVERT(HESSHESS,3,ALTRET)
 
000023 000 IF(ALTRET) GO TO 16
 
000024 000 DO 10 J=1,3
 
000025 000 DIR(J)=O
 
000026 000 DO 10 K=1,3
 
000027 000 10 DIR(J)=DIR(J)-HESS(JK)*GRAD(K)
 
000028 000 DDD=O
 
000029 000 DO 15 J=1,3
 
000030 000 15 DDD=DDD+DIR(J)*GRAD(J)
 
000031 000 IF(DDD.LT.-EQUALO)GOTO 25
 
000032 000 IF(DDD.GT. EQUALO)GOTO 19
 
000033 000 16 DDD=O
 
000034 000 DO 17 j=1,3
 
000035 000 DDD=DDD+GRAD(J)**2
 
000036 000 17 DIR(J)=-GRAD(J)
 
000037 000 GOTO 25
 
000038 000 19 DO 20 J=1,3
 
000039 000 20 DIR(J)=-DIR(J)
 
000040 000 25 CALL LS(PTPTOUTVALDDDDIR)
 
,000041 000 > IF(ABS(VAL-OLDVAL) .LE.CONVRG*ABS(OLDVAL)) GO TO 60 
000042 000 OLDVAL=VAL 
000043 000 Do 30 J=1,3 
000044 000 30 PT(J)=PTOUT(J) 
000045 000 50 CONTINUE 
000046 000 60 GNORM=O 
000047 000 DO 65 1=1,3 
000048 000 65 GNORM=GNORM+CRAD(I)**2
 
000049 000 GNORM=SQRT(GNORM)
 
000050 000 RETURN
 
000051 000 ENDS
 

END ELT.
 
@HDGP '***** NRMLIZ/MCIDAS
 

http:IF(DDD.GT


****LSIMCIDAS
 

@ELTL AF.LS/NCIDAS
 
ELTO07 RLIB62 12/22-17:01:56-(0)
 
000001 000 SUBROUTINE LS(XYVALDDDIR)
 
000002 000 C
 
000003 000 C THIS ROUTINE PERFORMS AN ARMIJO LINE SEARCH FROM THE POINT "X"
 
000004 000 C IN THE DIRECTION "DIR" AND RETURNS THE SELECTED POINT IN "Y"
 
000005 AOO C AND THE OBJECTIIUE FUNCTION VALUE S(Y) IN "VAL". ON CALL, "DO"
 
000006 000 C IS THE UNNORMALIZED DIRECTIONAL DERIVATIVE <GRAD(S(X)),DIR>.
 
000007 000 C THIS LINE SEARCH ROUTINE RETURNS IN Y THE POINT X+2-*(-Ni)*DIR,
 
000008 000 C WHERE N IS THE LEAST NONNEBATIVE INTEGER SUCH THAT
 

000009 000 C -SC2**(-N)*DIR) REPRESENTS AT LEAST 40% OF THE FUNCTIONAL DROP
 
000010 000 C IN THE LINEARIZATION OF S AT X IN MOVING FROM X TO X+2**(-N)*bIRo
 
000011 000 C
 
-000012 000 DIMENSION X(3),Y(3),DIR(3)
 
000013 000 DATA FACWALK/5.6E-1,1.OE-5/
 
000014 000 RLAM=1.0
 
000015 000 TSTVAL=.4*RLA4*ABS(DD)
 
000016 000 OLDVAL=S(X)
 
000017 000 1 IF(RLAM.LT.WALK)RETURN
 
000018 000 DO 2 1=1,3
 
000019 000 2 Y(I)=X(I)tRLAM*DIR(I)
 
000020 000 VAL=S(Y)
 
000021 000 IFCOLDVAL-VAL.GE.TSTVAL)RETURN
 
000022 000 TSTVAL=FAC*TSTVAL
 
000023 000 RLAM=FAC*RLAM
 
000024 000 GOTO 1
 
000025 000 ENDS
 

END ELT.
 
@HDGP ****** MINMIZ/MEIDAS
 

ORIGINAL PAGE IS 
OF POOR QUAII 



****** LATSF/MCIDAS ****** 

000170 000 
000171 000 
000172 000 
000173 000 
000174 000 
000175 000 
000176 000 
000177 000 
000178 000 
000179 000 

END ELT. 
@HDGP ****** 

ENDS
 
SFILEMA
 
DELETE LDATSF,GORP
 
$INCLUDE IFLD
 
$CATALOG
 
NAME=LDATSF,5,Ru t
 
TYPE=FG
 
LIb=ATSFLB,LL
 
BEGIN
 
SEOJ
 

LDATSF
 

TS1~V 



****** LATSFIMCIDAS 

000113 000 
000114 000 
000115 000 921 
000116 000 701 
000117 000 
000118 000 
000119 000 
000120 000 
000121 000 922 
000122 000 

000123 000 
000124 000 
000125 000 
000126 000 
000127- 000 
000128 000 
000129 000 
000130 000 
000131 000 
000132 000 
000133 000 
000134 000 
000135 000 
000136 000 C 
000137 000 
000138 000 
000139 000 
000140 000 50 
000141 000 
000142 000 
000143 000 100 
000144 000 C 
000145 000 
000146 000 
000147 000 150 
000148 000 
000149 000 
000150 000 
000151 000 
000152 000 
000153 000 
000154 000 
000155 000 
000156 000 
000157 000 
000158 000 
000159 000 
000160 000 
000161 000 

000162 000 
000163 000 
000164 000 
000165 000 
000166 000 
000167 000 
000168 000 100 
000169 000 

****** 

CALL EMESS(3HREQtO)
 
RETURN
 
WRITE(LP,701)
 
FORMAT(1X,'E-0-F TERMINATES LOAD)
 
CALL MARKOKCIAREA)
 
CALL MARKOK(IRAREA)
 
CALL REW(LUN)
 
RETURN
 
CONTINUE
 
CALL EMESS(3HREQ,0)
 
RETURN
 
END
 
SUBROUTINE LINGRB(INDATASDIR,ELENELES,BDFOUTDAT)
 
IMPLICIT INTEGER(A-Z)
 
DIMENSION INDATA(1),OUTDAT(1)
 
DIMENSION TDAT(2406),DLELEC672)
 
COMMON/OFFSETIDLLLE
 
DATA WOFF/6/,NE/2406/
 
IF(BDF.NE.1) CALL EMESS(3HREQBDF)
 
IF(BDF.NE.1) CALL EXIT
 
I02=ELE-1
 
CALL CRKATS(NE INDATATDAT)
 
IF(SDIR.EQ.1) GO TO 100
 
SHIFT EVEN SCANS
 
DO 50 1=1,NELES
 
DE=1+I02+DLELE(I)+WOFF
 
OUTDAT(I)=TDAT(DE)
 
CONTINUE
 
CALL PACK(NELES,OUTDATOUTDAT)
 
RETURN
 
CONTINUE
 
LOAD ODD SCANS
 
DO 150 I=INELES
 
OUTDAT(I)=TDAT(I+IO2+WOFF)
 
CONTINUE
 
CALL PACK(NELES,OUTDATOUTDAT)
 
RETURN
 
END
 
SUBROUTINE GENOFF(IUELENELES)
 
COMMON/NAVCOM/NAVNINAVIYR,IDAY,TOTLINDEGLIN.TOTIELDEGELEPICLI
 
*N,PICELETMPSCLIOYR,IODAYTMRIXRIYRZRDX,RDY,RlDZPITCHROL


2
 
*LYAW,PTIM(3),TMi(3),TMX(2).NLCOEF(2),NRCOEF(2),SCLLO(2)ISCLLl( ),
 

*ELCOEF(11,2),SCLRO(2),SCLR1(2),ERCOEF(11,2),NASCEFSCLASOSCLAS1,
 
*IELEMNIELEMX,ASCOEF(16)
 
COMMON/OFFSET/IDLELE(672)
 
DATA NOMOFF/8/
 
CALL RCOM
 
NEND=IUELE+NELES-1
 
DO 100 I=I,NELES
 

IDLELE(I)=NOMOFF
 
IELE=IUELF+I-1
 
IF(IELE.LT.IELEMN.OR.IELEMX.LT.IELE)GO TO 100
 
T=IELE*SCLAS1+SCLASO
 
CALL CNPS(Y,TASCOEF,NASCEF)
 
IDLELE(I)=Y+0.5
 
CONTINUE
 
RETURN O1IGINTL PAGE IS 

OF POOR QUALITY 



LATSF NCIDAS
 

000056 000 
-000057 000 
000058 000 
000059 000 502 
000060 000 C 
000061 000 
000062 000 
000063 000 
000064 000 
000065 000 
000066 000 
000067 000 
000066 000 510 
000069 000-
000070 000 511 
000071 000 C 
000072 000 C 
000073 000 601 
000074 000 
000075 000 
000076 000 
000077 000 C 
000078 000 
000079 000 
000080 000 
000081 000 
000082 000 
000083 000 
000084 000 
000085 000 
000086 000 
000087 000 
000088 000 
000089 000 
000090 000 
000091 000 C 
000092 000 C 
000093 000 
000094 000 
000095 000 
000096 000 C 
000097 000 
000098 000 
000099 000 
000100 000 C 
000101 000 
000102 000 
000103 000 
000104 000 
000105 000 690 
000106 000 
000107 000 

- 000108 000 
000109 000 
000110 000 910 
000111 000 912 
000112 000 913 

IFILE=IFILE-1
 
IF(IFILE.LT.1)GO TO 502
 
GO TO 922
 
CONTINUE
 
ADVANCE TO FIRST SCAN TO INPUT
 
CALL REAOW(LUNNWAIIARRAY)
 
CALL READW(LUNNWALIARRAY)
 
DO 510 1=1,1200
 
CALL READW(LUN,NA,IARRAY)
 
CALL CRKTHR(195,IARRAYIAROW)
 
INMS=IAROW(195)
 
IF(INMS.LE.IUMS) GO TO 511
 
CONTINUE
 
GO TO 922
 
CALL BSR(LUN)
 
START MAIN LOOP TO READ DATA 

READ A SCAN
 
CALL READW(LUNNWAIARRAY)
 
CALL CRKTHR(195,IARRAYIAROW)
 
INMS=IAROWC195)
 
IF(INMS.LT.ILMS) GO TO 690
 
MAP SCAN NUMBER TO AREA ROW
 
L1=(1200-INMS)*2+(3-2)
 
L2=(1200-INMS)*24(3-1)
 
LAI=L-IULINE
 
LA2=L2-IULINE
 
LRI=MOD(LA1,IBDF)
 
LRZ=MOD(LA2,IBDF)
 

IN AND STORE
 

IF(LRI.NE.0 .AND. LR2.NE.O) GO TO 601
 
IROWI=LA1/IBDF
 
IROW2=LA2/IBDF
 
US=NSECL(NELES)
 
ISD=MOD(INMS,2)
 
ISEC1=NS*IROWI
 
ISEC2=NS*IROW2
 
PICK OUT LINE SEGMENT
 
FIRST VISIBLE LINE
 
IF(IFVIS.AND.LR1.EQ.O) CALL LINGRB(IARRAY(2497),ISDIUELENELESIB
 
*DFIAROW)
 
IF(IFVIS.AND.LR1.EQ.O) CALL WRITACIAREAISECINS*112,IAROW)
 
SECOND VISIBLE LINE
 
IF(IFVIS.AND.LR2.EQ.0) CALL LINGRB(IARRAY(1297>,ISDIUELENELESIBt
 

*FtIAROW)
 
IFCIFVIS.AND.LR2.EQ.O) CALL WRITA(IAREA,ISEC2,NS*112,IAROW)
 
INFRARED
 
IF(IFIR) CALL LINGRB(IARRAY(97)ISDIUELENELESIBDFIAROW)
 
IF(IFIR.AND.LRI.EQ.O) CALL WRITA(IRAREAISECINS*112,IAROW)
 
IFCIFIR.AND.LR2.EQ.O) CALL WRITA(IRAREAISEC2,NS*112,IAROW)
 
GO TO 601
 
CONTINUE
 
CALL MARKOK(IAREA)
 
CALL MARKOK(IRAREA)
 
CALL REW(LUN)
 
RETURN
 
CONTINUE
 
CONTINUE
 
CONTINUE
 



000005 

000010 

000015 

000020 

000025 

000030 

000035 

000040 

000045 

000050 

000055 

****** LATSF/MCIDAS
 

@ELTL AF.LATSF/MCIDAS
 
ELTO07 RLIB62 12/22-17:01:53-(0,) 
000001 000 SJOB LDATSF U3200 
000002 000 $OPTION .8,9,13,20 
000003 - 000 SFORTRAN 
000004 000 

000 C 
000006 000 
000007 000 
000008 000 
000009 000 

000 C 
000011 000 
-000012 000 C 
000013 000 
000014 000 

000 
000016 000 
000017 000 
000018 000 
000019 000 

000 
000021 000 C 
000022 000 
000023 000 
000024 000 

000 
000026 000 
000027 000 
000028 000 
000029 000 

000 C 
000031 000 
000032 000 
000033 000 C 
000034 000 

000 
000036 000 
000037 000 
000038 000 
000039 000 

DO0 
000041 000 C 
000042 000 
000043 000 C 
000044 000 

000 
000046 000 
000047 000 
000048 000 
000049 000 

000 
000051 000 C 
000052 000 
000053 000 
000054 000 

000 C 

SUBROUTINE MAIN
 
PROGRAM TO READ IMAGES FROM ATS-6 TAPES.
 
LOGICAL IFVISIFIROPTION
 
DIMENSION MIN(12),IARRAY(3732),IAROW(672)
 
DATA LUN/10/,LP/6/,ICR/5/
 
DATA MIN/6HLDATSF,10*0/,NWA/3732/
 
PICK UP INPUT PARAMETERS
 
CALL IQ(MIN)
 
INPUT: SSYYDDD HHM4SS AREA LINE 

IDAY=MIN(1)
 
ITIME=MIN(2)
 
IAREA=MIN(3)
 
LINE=MN(4)
 
IELE=MIN(5)
 
IBDF=
 
IREEL=O
 
KEY=3H
 
COMPUTE DERIVED PARAMETERS
 
ISS=IDAY/100000
 
IFILE=I
 
IVSS=(ISS/2)*2
 
IRSS=IVSS+l
 
IFVIS=ISS.EO.IVSS
 
IFIR=ISS.EQ.IRSS.OR.IAREA.LT.9
 
IRAREA=IAREA
 
IF(IFIR.AND.1FVIS) IRAREA=IAREA+8
 
PICK UP AREA SIZE
 
CALL HOWBIG(IAREANLINS,NELES)
 
IF(NELES.GT.672) GO TO 922
 
COMPUTE UPPER LEFT COORDINATES
 
IULINE=LINE
 
IUELE=IELE
 

ELEMENT
 

IF(OPTION(KEY,3H C)) IULINE=LINE-(NLINS/2)*IBDF
 
IF(OPTION(KEY,38 C)) IUELE=IELE-(NELES/2)tIBDF
 
IUMS=1200-(IULINL-1)/2
 
ILLINE=IULINEC+(NLINS-1)*IBDF
 
ILMS=10O-(ILLINE-)I2
 
CREATE IR AREA FOR COMBINED LOAD
 
IF(IFIR.AND.IFVIS) CALL ARASIZ(IAREA+8,NLINSNELES)
 
ESTABLISH AqEA DIRECTORY
 
IGE=O
 
CALL ENAREA(IAREAIREELIDAYITIMEIULINEIUELEIBDF,IBDFIGE)
 
IRREEL=IRSS*100000*MOD(IREEL,100000)
 
IF(IREEL.EQO.) IRREEL=O
 
IRDAY=IRSS*100000+MOD(IDAY,100000)
 
IF(IFVIS.AND.IFIR) CALL ENAREA(IAREA+8,IRREEL,IRDAYITIME,IULINE,I
 
*UELEIBDFIBDFIbE)
 
GENERATE OFFSET TABLE
 
CALL GENOFF(IUELE,NELES)
 
IRR=MAXO(1,MOD(IREEL,10000))
 
CALL GTAP(14,IRR,LUN)
 
ADVANCE TO FILE
 

O)RIGINAL PNGE, IS
 

OF, pooR Q1JAIXEX
 



LATSF/AOIPS
 

WKITE(IT.7111
 
711 FURMATC' TAPE SEARCd bTARTS')
 

CALL lOPoRLUN,+e.ISTAT3
 
UU 510 I=11200
 
CALL IOIPiN[LduIARRANWA.L6.ISrAr)
 
CALL CHKfdR(195,1ARKAr.1ARon3
 
INMS:IARUI195)
 
IF{INMS.LS.IUMS)-G0 TO 511
 

510 CONTINUE
 
GO TO 922
 

511 CALL IOIPSR(uN.-1.tSrAT)
 
oRITII,7121
 

712 EORMAI(' IMAGE LOAD SIARTS' )
 

C SrARr MAIN LOUP 10 EAD DATA IN AkD STORE
 
C READ A SCAN
 
601 	 CALL IOIIN(LUN,IARRAXNdA,LE.ISTAT)
 

CAWn CRKTHR(I95,IARRAX.iAROr)
 
INMS=IARO(I9S)
 
IF(INMS.UT.ILMS GO TO 690
 

C 	 MAP SCAN NUMBER TO AALA RON
 
LI:(12OV-INMS)2t(3-2)
 
L2:(100-INM6)*2+(3-1)
 
LAI='1-fULINE
 
LA2=L2-IOLLNE
 
LR1=MOD(LAI,IOF)
 
LR2=MOD(LA2 ,1D8)
 
lf(DRI.NL.O .A&D. LR2.NE.O) GO TO 601
 
IROQWI=LAI/IBDF
 
IROa2=LA2/IbDF
 
ISDMOD(EINMS.2)
 
ISECI=NS IROI
 
1bEC2=N0fROK2
 

C PICK OU LINE SEGMENT
 
C FIRST VISIBLE LINE
 

iF IFVIS.AND.LRZ.EO.O) CALL IINGRBSIARRAYC3745),ISDIUELE.NELES.I8
 
*Dk.IAROW)
 
IFf]FVIS.AND.RI.E).O CALL WRIT[L(RNVIS.IAROh.,o)
 

C SLCOND VISIbl& LINE
 
IF(IFVIS.A0D.LR2.EQ.O)CALL LINGRS(IARRAY(1945).ISD.ILJLLENELEb.ISD
 

4F,IAROd)
 
IF(1 VIS. ANO.LR2.EQ.0) CALL tRIIE(LRNVIS,IARDw.,)
 

C INFRARED
 
IF(IFIR) CALL LINGRB(IARRAYCI45I.ISD.IUEE.NELES.olDFIAROW)
 
IF(IFIR.AND.LR1.LU.03 CALL RTtALKNIR,IAROI4,O)
 
IF(IFIR.AhD.LR2.Ew.O) CALL ,RIb(LRNIR,IAROWO)
 
GO 10 601
 

690 CONTINOE
 
922 CUNIINub.
 

CALL CLOSEF(LRNVIS)
 
CALu CLObtF(LRNIR)
 
CALL IOIPRW(UJN)
 
GU 1o 999
 

999 COMfINOE
 
CALL RELEJS(RAD50('AtSF2'))
 
ENO
 

http:IF(IFIR.AND.LR1.LU.03
http:IINGRBSIARRAYC3745),ISDIUELE.NELES.I8


LATSF/AOTP S 

C EbEA6I1SH ARSA UIR&CTORX 
00 10 l=l.256 

10 lDIr(I)clo 
1DIR(l)='Ar' 
1UIR(23='Sb 
£Dtp(33* V, 

IDIRE83=I I 

IDIR(91 AT 

1vIR(10)=S6.' 

IDIR(14)z't.I 

.lGIR(lbj=' 
DO 12 1=12.1,ni 

12 1?(I0AY.GZ.MODAY(I))G0 TO013 
13 CONTINUES 

M4LN=I­
10 R(19) :1 R~100 +M0N 
101R(2OJ=(1OAt-M0UAY(fl0N3)*100+1F1X(PT1M(IP1C)/6O.) 

hi5 pT I'm(I IC) 

15gMob(Is,bO) 
IM:VjoD(l,b0) 
1DlRflI)=IM4LOO+IS 
1DIR(24)=1 
101RC25)z1 
IOIR(26)=IPIC 

IDIR(51)=tlC 

IDIR(34)=513 
IDIR(31)=512 
X1 3 1R(39)=512 
10IR(39)=lut.US 
XDIFR('*)=IULINE 

IDIg(4'flzj 

IDIR(43)=l 

IOIR(4b1=I 

101Rt47)tj 

1DIR(4b:1l 
IDIR(51 )1000#CIMdINTtl) 
.LDIR(53)tI 
fWD=(UELtbtl)/2 
CALLflctLtVSNIStN0 
CALL OPLNLDRfl1R,NL1NS+1,N4iO) 
CALL Ldb*iKr(URNv1b,.IuR.2563 
IDIR(32):LMJNLR 
.lD1R(3)z'I 
iDIR(4)t' 
CALL L6dlwRfjb~lgF1,j~jg,256) 

C G;EtNhAt 3FFoI,.r tAdbt. 
CALL G~tJF'(IU~.tb~lebS) 

C 
CALL ASnLoN(bUN,'''.MUUITJ 
AOVANCk. 10 -FIRbf0&N TU InPUt-

ORIGINAL PAGE 1:
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C 


C 

5 


710 


6 


C 


LATSF/AOIPS
 

PROGRAM £0 READ IMAGES FROM ATS6 TAPES. 
INTEGER*4 iTIMX
 
LOGICAL IFVIS,IFIR.OP'ION
 
DIMENSION MIN(lU),RlIN(jQ),IARRAY(5600)
 
UUIvAaLECE CIDIRIARuw)
 
DIMENSION IDIR(256),IAROW[Z56)
 
Di'4tNSIfl MUDAY(12)
 
CUMlMU4/HAVCOM/vAV,1AVI1R,IDA ,TOTLIN.DEGLINTOTIEb,DEGELEPICbI
 

fn,PICELt, 4pSCL.IuIR,iOOAY, fM,RIX,RIYRIZ,RIDARIDY.RDZ,PTCH.ROb 
*b,YAW.PrI4(3) ,TMNC3JIOA(3),NLCOEFL2),NRCOEF(2) SCLL0t).SCLLI(2).
+SLCO£f (11.21,.CLROC2),SCLR1(2J.SRCOEF (11 .fl.ASChFSCLASO.SCLASL.
 

+IELEMNIEbMX,ASCOEF(o)
 
DAIA MOUAY/O.31,9.90,120,151,181,212.243,273,304.334/
 
DATA LIN/4/.LP/6/,ICR/5/
 
DATA I1/5/,ELEb/512/
 
DATA NMltS/512/
 

PICK UP INPUT PARAMETERS
 
N4A=5600
 

CALL ICOM(l ENTER PICTURE TIME (HdtMSS)',28,1.I,RMIN,MENU.3.1)
 
It(MeNU.tE.O) Go To 999
 
IIIMXXmMI(1)
 
P=rtFIMa(Ir1Mx) 
DO 5 I=j,3
 
IFCP2.EQ.PTLM(I)) GO TO 6
 
WRIrE(1I.710)ITI4X
 
FORMAI(IX,'NAVCOM NOT INIIIALIZED FOR f.17)
 
GO tO 999
 
CONTINUE
 
IPIC=I
 
MENU=2
 
CALL INCOI(W ETER START LINE AND ELEMENT'29,3,1,MIN,MEnU-II.
 
IEEMEIgU.LE.O) GO TO 999
 
bINS=MIu(I]
 
IELE=4LN(2)
 
MENU=1
 
CALL INCOM(t ENTER ZOOM AREA[17).21,5,I,MIN,MEU,I,1
 
IF(MENU.LE.O) GO TO 999
 
1AHEA=MIN(1)
 
LRNVIS=IAREAt54 IPIC-I]7
 
bRNIR=LrzVIS+2I 
MENU:I
 

CALb INCOM(' ENt£R TAPE UNIt CO1I.22.7,1.M1 ,MENUI3
 
Ifr(ENU.Lt.0L GU TO 999
 
IMOUII=MIN(l)
 
IBDF=I
 
IIFVIS=.TRUE.
 
IFIR.fEROE.
 
COMPUIE UPPER LEFT COORDINATES
 
IULINELIUE
 
IUEbL=IELS
 
IUMS=I2bO-(lULNS-I)/2
 
ILbL1N=iULINE+(abINS- ItFIB0F
 

http:Ifr(ENU.Lt.0L
http:CO1I.22.7,1.M1


INVERT/MCIDAS
 

aELTL AF.INVERT/MCIDAS
 
ELT007 RLIEB62 12/22-17;01:5Z-(,)
 
000001 000 
000002 000 " 
000003 000 C 
000004 000 C 
000005 000 C 
000006 000 
000007 000 
000008 000 
000009 000 
000010 000 
000011 000 
000012 000 1 
000013 000 
,000014 000 
000015 000 
000016 000- 2 
000017 000 
000018 000 
000019 000 
000020 000 
000021 000 
000022 000 
000023 000 
000024 000 
000025 000 
000026 000 
000027 000 
000028 000 
000029 000 3 
000030 000 
000031 000 4 
000032 000 
000033 000 
000034 000 
000035 000 
000036 000 
000037 000 
000038 000 
000039 000 5 
000040 000 
000041 000 
000042 000 
000043 000 
000044 000 
000045 000 6 
000046 000 
000047 000 101 
000048 000 
000049 000 

END ELT. 
@HDGP k***** LATSF/MCIDAS
 

SUBROUTINE INVERTCAA,BNALTRET3
 

THIS ROUTINE RETURNS IN B THE INVERSE OF THE N-DIMENSIONAL MATRIX AA.
 
IF AA IS SINGULAR, A RETURN IS TAKEN THROUGH LABEL S.
 

LOGICAL ALTRET,LOGTMP
 
DIMENSION AA(NN),B(NN),A(3,3)
 
DATA TV/I.0E35/
 
ALTRET .FALSE.
 
Do 1 1=1-,N
 
DO 1 J=1,N
 
A(I,J)=AA(IJ)
 
DO 2 I=1,N
 
Do 2 J=I,N
 
B(IJ)=O
 
IF(I.EQ.J)B(IJ) 1.0
 
LIM=N-1
 
Do 4 I=I,LIM
 
IF(ABS(A(II)).LT.1.OE-30) 

LOGTMP=ALTRET
 
ALTRET=.FALSE.
 
IF(LOGTMP) GO TO 101
 
LIMZ=I+1
 
DO 4 J=LIM2,N
 

CALL FLIP(AB,I,N,ALTRET)
 

IF(TV*ABS(A(I,I)).LE.ABS(A(J,I))) ALTRET=.TRUE.
 
IF(TV*ABS(A(II)).LE.ABS(A(JI))) RETURN
 
FACTOR=A(JI)/A(II)
 
DO 3 K=LIM2,N
 
A(J,K)=A(J,K)-FACTOR*A(I,K)
 
DO 4 K=I,N
 
B(J,K)=BU(JK)-FACTOR*B(IK)
 
DO 5 I=N2,-1
 
LIM3=I-1
 
DO 5 J=L1M3,1,-i
 
IF(TV*ABS(A(II)).LE.ABS(A(JI))) ALTRET=.TRUE.
 
IF(TV-ABS(A(Il)).LE.ABS(A(JI))) 

FACTOR=A(JI)/A(II)
 
DO 5 K=1,N
 
B(JK)=B(JK)-FACTOR*B(IK)
 
DO 6 =11,N
 
FACTOR=A(II)
 
DO 6 J=1,N
 
IF(TV*ABS(FACTOR).LE.ABS(B(IVJ))) 

IF(TV*ABS(FACTOR).LE.ABS(B(I,J))) 

B(I,J)=B(IJ)/FACTOR
 
RETURN
 
ALTRET=.TRUE.
 
RETURN
 
ENDS
 

RETURN
 

ALTRET=.TRUE.
 
RETURN
 

ORIGINAL PAGE
OF POOR QUALITY 



000005 

000010 

000015 

000020 

000025 

000030 

000035 

000040 

****** GASORBIMCIDAS ***** 

@ELTL AF.GASORBJMCIDAS
 
ELT007 RLIB62 12i22-17:01:51-(0t)
 
000001 000 
000002 000 
000003 000 
000004 000 

000 
000006 000 
000007 000 

000008 000 
000009 000 

000 
000011 000 
00DO12 000 
0000131 000 
000014 000 

000 
000016 000 
000017 000 
000018 000 
000019 000 

000 
000021 000 
000022 000 
000023 000 
000024 000 

000 
000026 000 
000027 000 
000028 000 
000029 000 

000 
000031 000 

000032 000 
000033 000 
000034 000 

000 
000036 000 
000037 000 
000038 000 
000039 000 

000 
000041 000 
000042 000 
000043 000 

END ELT. 
DHDGP ****** 


SUBROUTINE GASOR(RIT1,R2,T2)
 
REAL KEL.M,IIU
 
DIMENSION R1(3),R2(3)
 
COMMON/NAVCOM/NAVN,INAVIYRIDAYTOTLTNDEGLINTOTIEL.DEGELEPICLI
I I D X
 

YR1Z,R R1DYRlDZPITCH.ROL
*NPICELETMPSCLIOYRIODAY,TMRIXR
 
*LYAW,PTIM(3),TMN(3),TMX(3),NLCOEF(2),NRCOEF(2),SCELLO(2),SCLLI(2),
O
 SCLASl
*ELCOEF(11,2),SCLRO(2),SCLR1(2),ERCOEF(11,2),NASCEFSCLAS
 
*IELEMNIELEMX,ASCOEF(16)
 3 65 7 4 
DATA RE,KEMU/6378.15,0.074 ,l.0I 
TM=T1
 
DO 5 I=1,3
 
R1(I)=R1(I)/RE


) =
 
-	 R2(C R2(I)IRE 
5 	CONTINUE
 

RIX=RI(1)
 
RIY=R(2)
 
R1Z=RI(3)
 1 (3 2 )
 = S Q ( *
 
RINORM RT R1(1) *2+RI(2)*2+R )*t


R2NORM=SQRT(R2(1)**2+RZZ)t*2+RZ(3)*t2)
 
TAU=KE*CT2-T1)
 

= R I 2

RIR2NM NORM*R NORM
 

COSANIM=(RI(1)*R2(1)+R1(2)*R2(2)+Rl(3)*R2( 
3 ))/RIR 2 NM
 

CSHFAN=SQRT((1ICOSANM)/2) 5 -
I N O O R M Q I S H -

L= (R RM+R2N )/(4*S RT(R R2NM)*C FAN)
 

/ (2 I

M=(MU*IAU**2) SQRT(R R2NM)*CSHFAN)**3
 
YU=1
 

10 YL=YU
 
= 2 - L


XL M/YL**

=
 1-
CHFEAN 2*XL
 
= * -


SHFEAN SQRT(4 XL*(1 XL))
 
ECANOM=2*ATAN2(SXFEANCHFEAN)
 
XU=(ECANOM-SIN(ECANOM))/SHFEAN**3
 
YU=1+XUCL+XL)
 
IF(ABS(YU-YL).GE..0D-6)GOT010
 

=
 YL YU.
 
A=((TAUSQRT(MU))/(2*YL*SQRT(RIR2NM)*CSHFAN*SHFEAN))**2
 

-

F=1-A/RNORM*C1 COS(ECANOM))


M ) )
 
G=TAU

-A**1.5/S0RT(MU)* 
(ECANO

- SIN(ECANOM
 

R1DX=(R2(1)-F*R1(1))/G
 
= - F* R I
 

RIDY (R2(2) (2))/G
 
( - R / G
 

RIDZ= R2C3) F* 1(3))

RETURN
 
END
 

INVERT/MCIDAS *****t 

http:IF(ABS(YU-YL).GE


****** FTIME/MCIDAS
 

@ELTL AF.FTIME/MCIDAS
 
ELTO07 RLIB62 12/22-17:01:51-(0,)
 
000001 000 FUNCTION FTIME(ITIME)
 
000002 000 IH=ITIME/I10000
 
000003 000 HRS=IH60o.
 
000004 000 AMNS=FLOAT((ITIME-(ITIME100D0)*10000)/100)
 
000005 000 SECS=FLOAT(MOD(ITIME,1O0))/60.
 
000006 000 FTIME HRS+AMNS+SECS
 
000007 000 RETURN
 
000008 000 ENDS
 

END ELT.
 
@HDGP ****** GASORBIMCIDAS
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****** FLIP/MCIDAS ***** 

@ELTL AF.FLIP/MCIDAS
 
ELTO07 RL1B62 12/22-17:01:50-(O,)
 
000001 000 

000002 000 C
 
000003 000 C 

000004 000 C 

000005 000 C
 
000006 000 

000007 000 

000008 000 

000009 000 

000010 000 

000011 000 

000012 000 

000013 000 

000014 000 1 

000015 000 

000016 000 2 

000017 000 

000018 000 

000019 000 


END ELT.
 

SUBROUTINE FLIP(A,BINALTRET)
 

THIS ROUTINE IS CALLED ONLY BY SUBROUTINE INVERT AND IS USED TO 
PERFORM AN ELEMENTARY ROW OPERATION ON MATRICES A AND S. 

LOGICAL ALTRET
 
DIMENSION A(NN),B(NN)
 
ALTRET=.FALSE.
 
LIM=I+1
 
DO 2 L=LIMN
 
IF( ABS(A(L,1)).LT.1.OE-32)GOTO 2
 
DO 1 M=I,N
 
A(IM)=A(IM)+A(LM)
 
BIM)B(IM)4BCLM)
 
RETURN
 
CONTINUE
 
ALTRET=.TRUE.
 
RETURN
 
ENDS
 

@HDGP ****** FTIME/MCIDAS *f**t* 



- -

**.*** "FLALO/MCIDAS
 

@ELT,L AF.FLALO/MCIDAS
 
ELTO07 RLIB62 12/22-17:01:49-(0,)

000001 000 FUNCTION FLALOCN)
 
000002 000 IF (M aLT. 0)GO TO 1 
000003 000 N=1 
000004 000 X=1.0 
000005 000 GO TO 2 
000006 000 1 N=-M 
000007 000 -X=-1.0
 
000008 000 2 FLALO=FLOAT(N/10000)+FLOAT(MOD((N/100,.100) 3/60.+FLOAT(I4OD0N,l00) ).
 
000009 000 * 3600.
 
000010. 000 FLALO=FLALO*X
 
000011 '000 RETURN
 
000012 000 ENDS
 

END. ELT.
 
@HDGP ****** FLIP ***
 

ORGINAL pAG1M1$or 2oo. QAL



000005 

000010 

000015 

000020 

000025 

000030 

****ES/MCIDAS
 

@ELTL AF.ESIMCIDAS
 
ELTO07 RLI162 12/22-17:01:48-(0,)
 
000001 000 SUBROUTINE ES(PTIMEXLATXLONXLINXELE) 
000002 000 COMMON/NAVCOM/NANINAVIYRIDAYYTOTLINDEGLINTOTIELDEGELE,PICLI 
000003 
000004 

000 
000 

*NPICELE TMPSCLIOYPIODAYTMRlXRlY,RlZ ,RIDX,RDY,R1 DZPITCH.ROL 
*LYAWPTIM(3),TMN(3),TMX(3),NLCOEF(2)NRCOEF(2),SCLLO(2),SCLL1(2), 

000 *ELCOEF(11,2),SCLRO(2),SCLR1(2),ERCOEF(112),NASCEF SCLASOSCLASI 
000006 000 *IELEMN,IELEMX,ASCOEF(16) 
000007 000 DATA INIT/Of 
000008 000 ALON=XLON 
000009 000 ALAT=XLAT 

000 TIME=PTIME 
000011 000 IDIR=1 
000012 000 ALINSV=O 
000013 000 AELESV=O 
000014 000 DO 100 11=1,5 

000 CALL ERTOER(ALATALON,XlERX2ERX3ERIDR) 
000016 000 CALL ERTOST(XIER,X2ER,X3ERX1,X2,X3,IDIRTIME) 
000017 000 CALL STTOLVCX1,X2,X3,IDIRTIME) 
000018 000 C BC SAML AS LV HERE. I 
000019 000 CALL BCTOPF(X1,X2,X3,IDIR) 

000 CALL PFTOTC(ALINAELE,X1,X2,X3,IDIRINIT) 
000021 000 CALL EDGCOR(PTIMEALIN,DELLINDELELE) 
000022 000 AELEC=AELE+DELELE 
000023 000 ALINC=ALN+DELLIN 
000024 000 IF(ABS(ALINC-ALINSV).LE.O5) GO TO 150 

000 ALINSV=ALINC 
000026 000 AELESV=AELEC 
000027 000 ISCAN=1200-(lFIX(ALIN-1))/2 
000028 000 TIME=PTIME+ISCAN*TMPSCL 
000029 000 100 CONTINUE 

000 150 CONTINUE 
000031 000 XLIN=ALINC 
000032 000 XELE=AELEC 
000033 000 RETURN 
000034 000 END 

END ELT. 
@HDGP ****** FLALO ***** 



000005 

000010 

000015 

000020 

000025 

000030 

000035 

000040 

000045 

000050 

****** ERTOST/MCIbAS
 

@ELT,L AF.ERTOST/MCIDAS
 
ELTO0T RLIB62 12122-17:01:47-(0,)
 
000001 000 
000002 000 C 
000003 000 C 
000004 000 C 

000 C 
000006 000 C 
000007 000 C 
000008 000 
000009 000 

000 
000011 000 
000012 000 
000013 000 
000014 000 

000 
000016 000 
000017 000 
000018 000 
000019 000 

000 
000021 000 
000022 000 
000023 000 
000024 000 

000 
000026 000 
000027 000 
000028 000 
000029 000 

000 
000031 000 
000032 000 
000033 000 
000034 000 

000 10 
000036 000 
000037 000 
000038 000 
000039 000 

000 
000041 000 
00004? 000 
000043 000 
000044 000 

000 
000046 000 
000047 o00 
000048 000 
000049 000 

000 15 
000051 000 1000 
000052 000 
000053 000 
000054 000 

SUbROUTINE ERTOST(XE,YEZE,X,Y,ZIDIRTIME)
 
PARAMETER LIST
 

XEYEZE=EARTH COORDS OF LANDMARK
 
XYZ=POINTING VEC IN INERTIAL OORDS TO LANDARK
 
IF IrlR=I, EARTH TO POINTING
 
IF IbiR=2, POINTING TO EARTH
 
ITIME=HHMSS Or CURRENT POINTING VECTOR
 

COMNON/NAVCONl/NAVN,INAVIYRIDAYTDTLIN,DEGLItTOTIELDEGELEPICLI
 
*NPICELETMPSCLIOYRIODAYTItR1X,R1YRIZ,R1DX.RIDYR1DZPITCHROL
 
*L,YAWPTIM(3),TMN(3),TMX(3),NLCOEF(2),NRCOEFC(),SCLLO(Z),SCLL1(2),
 
*ELCOEF(11,2),SCLRO(2),SCLRI(2),ERCOEF(11,2),NASCEFSCLASOSCLAS1,
 
*IELEMN,IELE;IX,ASCOEF(16)
 
DDD=FLOAT(MOD(IDAY,1000))
 
A=6378.15
 
B=635o.77
 
RI=99.59477026
 
R2=.9&5647336
 
R3=.2506844773
 
P=3.14159265
 
RDPDG=PI/180.0
 
R=(R+R2*DDD+R3*TIME)
 
R=AMODCR,360.)*RDPDG
 
CALL ORBIT(XSYSZSTIME)
 
CR=COS(R)
 
SRSXNCR)
 
IF(IDIR .EO. 2)GO TO 10
 
X1=CRXE-SR*YE
 
YI=SR*XE+CR*YE
 
Zl=ZE
 
X=X1-XS
 
Y:YI-YS
 
Z=Z1-Zs
 
CALL NRMLIZ(XYZ,RNORM)
 
RETURN
 
CONTINUE
 
F=B**2/A**2
 
AQ=F+(l-F)*Z**2
 
BQ=2.*((X*XS+Y*YS)*F+Z*ZS)
 
CQ=(XS**2+YS**2)*F+ZS**2-B**2
 
RAD=O**2-4.*AQ*CQ
 
IF(RAD.LT.O.) GO TO 15
 
S=-CBQ SQRT(RAD))/(2.*AQ)
 
X2=XS4X*S
 
YZ=YS+Y*S
 
Z2=ZS*Z*S
 
XE=CR*X2+SR*Y2
 
YE=-SR*X2+CR*Y2
 
ZE=Z2
 
RETURN
 

WRITE(6,1000)
 
FORMAT(X,-THE SUBROUTINE ERTOST (IDIR=2) HAS-RECEIVED DAD
 

* INPUT DATA.') 
RETURN
 

ENDS
 

http:B=635o.77
http:A=6378.15


000005 

000010 

000015 

000020 

000025 

****** ERTOERJMCIDAS **t*** 

@ELT,L AF.ERTOER/MCIDAS
 
ELT007 RL1B62 12122-17:01:46-(0,)
 
000001 000 

000002 000 

000003 000 

000004 000 


000 

000006 000 

000007 000 

000008 000 

000009 000 


000 

000011 000 

000012 000 

000013 000 

000014 000 


000 

000016 000 

000017 000 

000018 000 

000019 000 10 


000 
000021 000 * 
000022 000 
000023 000 
000024 000 

000 15 

000026 000 

000027 000 

000028 000 


END ELT.
 
oHDGp ****** ERTOST
 

SUBROUTINE ERTOER(XLAT,XLONEYEZEIDR)
 
PI=3.14159265
 
RDPDG=PI180.0
 
A=6378.15
 
0=635o.77
 
ESQ=(A-B)*(A*B)/A**Z
 
IF(IDk .EQ. 2)G0 TO 10
 
XLT=XLAT*RDPDG
 
XLN=XLON*RDPDG
 
CLT=COS(XLT)
 
SLT=SIN(XLT)
 
CLN=COS(XLN)
 
SLN=SIN(XLN)
 
RR=A/SQRT(1.-ESQ*SLT**Z)
 
XE=CLT*CLN*RR
 
YE=CLT*SLN*RR
 
ZE=SLT*RR*C1I-ESQ)
 
RETURN
 
CONTINUE
 
IF(((XE**24YE**2+ZE**2) .LT. B**2) °OR. ((XE**2+YE**Z+ZE**2)
 
.GT. A**2))GO TO 15
 

XLON=ATAN2(YEXE)IRDPDG
 
XLAT=ATAN(E/C(1 .-ESQ)*SQRT(XE**2+YE**2)))/RDPDG
 
RETURN
 
XLAT=100°
 
XLCN=200.
 
RETURN
 

ENDS
 

http:0=635o.77
http:A=6378.15


-****** EDGFT/MCIDAS 

000113 000 706 

000114 000 

000115 000 

000116 000 

0001'17 000 

000118 000 

000119 000 

000120 000 470 

000121 000 490 

000122 000 

000123 000 

000124 000 500 

006125 000 

000126 000 

000127- 000 

000128 000 990 

000129 000 

000130 000 

000131 000 

000132 000 


***** 

FORMAT(2X,'DIMENSION=',I3)
 
CALL TQ(MOUT)
 
IX=IRES*(IRES-1)IZ
 
DO 470 I=I,IRES
 
COEF(I)=WORK(I+IX)
 
ENCODE(132,705,MOUT)ICOEF(I)
 
CALL TQ(MOUT)
 
ERCOEF(I,IPAIR)=COEF(I)
 
CONTINUE
 
TMNCIPAIR+I)=AMAX1(TMNL,TMNR)
 
TMX(IPAIR+1)=AMINI1(TMXL,TMXR)
 
CONTINUE
 
CALL WCOM
 
CALL EMESS(3HFINO)
 
RETURN
 
CONTINUE
 
CALL TQ(72H ERROR RETURN 


* 

RETURN
 
ENDS
 

000133 000 SFILENA
 
000134 000 DELETE GCCGCCGORP
 
000135 000 SINCLUDE ATSSSP
 
000136 000 $CATALOG
 
000137 000 NAME=GCCGCC,5,RWD
 
000138 000' TYPE=FG
 
000139 000 LIB=ATSFLBLL
 
000140 000 BEGIN
 
000141 000 SEOJ
 

END ELT.'
 
@HDGP ****** ERTOER
 

FROM APCH, APFS.
 

Of o ,RQULOIGNApAG



EDGFT/HCIDAS
 

000056 000 
000057 000 
000058 000 
000059 000 200 
000060 000 
000061 000 
000062 000 
000063 000 
000064 000 
000065 000 400 
000066 000 
000067 000 
000068 000 
000069 000 
000070 000 
000071 000 
000072 000 410 
000073 000-

-000074 000 
000075 000 
000076 000 
000077 000 
000078 000 
000079 000 
000080 000 
000081 000 
000082 000 
000083 000 
000084 000 
000085 000 
000086 000 
000087 000 
000088 000 
000089 000 
000090 000 705 
000091 000 
000092 000 420 
000093 000 459 
000094 000 
000095 000 
000096 000 
000097 000 
000098 000 
000099 000 
000100 000 460 
000101 000 
000102 000 
000103 000 
000104 000 
000105 000 
000106 000 
000107 000 
000108 000 
000109 000 
000110 000 
000111 000 
000112 000 

ISCNL(NL)=1200-(IY1-1)12
 
IUL(NL)=JWIN(9,JVEC)t(T2-T1)/60.0
 
60 TO '100
 
CONTINUE
 
NR=NR+1
 
IFCNR.GT.300) GO TO 100
 
ISCNR(NR)=1200-(IY1-1)/2
 

IUR(NR)=JWIN(9,JVEC)*(T2-T1)/60.0
 
GO TO 100
 
CONTINUE
 
IF(NL.LT.IP+I)-60 TO 459
 
DO 410 1=1,NL
 
TS=PTIM(IPAIR+1) ISCNL(I>*TMPSCL
 
TMNL=AMIN1(TFNL.TS)
 
TMXL=AMAX1(TliXLTS)
 
DATI(C)=ISCNL(1)
 
DATI(I+NL)=IUL(I)/100.0
 
DATI(2*NL+I)=-1.0
 
CALL APCH(DATINLIPXD,X0,WORKIER) 
IF(IER.LT.0) GO TO 990 
SCLLO(IPAIR)=XO -
SCLL1(IPAIR)=XD
 
EPS=1.OE-4
 
lOP=+1
 
ETA=1.0E-3
 
CALL APFS(WORKIPIRES,IOPtEPS,ETAIER)
 
IF(IER.LT.0) GO TO 990
 
NLCOEF(IPAIR)=IRES
 
ENCODE(132,706,MOUT)IRES
 
CALL TQ(fOUT)
 
IX=IRES-CIRES-1)/2
 
DO 420 I=IIRES
 
COEFCI)=wORKI+IX)
 
ENCODE(132,705,MOUT)ICOEF(I)
 
FORMAT(2X,<COEF(',I2,')=E20.9)
 
CALL TQ(MOUT)
 
ELCOEF(IIPAIR)=CEF(I)
 
CONTINUE 
IF(NR.LT.IP+1) GO TO 490 
DO 460 I=,NR 
TS=PTIM(IPAI R+1)+ISCNR(I)*TMPSCL
 
TMNR=AMINI(TMNRTS)
 
TMXR=AAX1(TMXRTS)
 
DATI(I)=ISCNR(I)
 
DATICI+NR)=IUR(I)/100.0
 
DATI(2*NR+1)=-IO
 
CALL APCH(DATI,NRIPXDX0,WORKIER)
 
IF(IER.LT.0) GO TO 990
 
SCLROCIPAIR)=XO
 
SCLRI(IPAIR)=XD
 
EPS=I.OE-4
 
IOP=41
 
ETA=1.OE-3
 
CALL APFS(WORK,IPIRESI0P,EPSETAVIER)
 
IF(IER.LT.0) GO TO 990
 
NRCOEF(IPAIR)=IRES
 
ENCODE(132,706,PMOUT)IRES
 

http:TMNL=AMIN1(TFNL.TS
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**r** EDGFT/MCIDAS t*** 

@ELTL AF.EDGFT/MCIDAS
 
ELTO07 RLIB62 12/22-17:01:44-(0,)
 
000001 000 $JOB EDGFIT U3200
 
000002 000 SOPTION .8,9,13,20
 
000003 000 SFORTRAN
 
000004 000 

000 
000006 000 
000007 000 
000008 000 
000009 000 

000 
000011 000 
000012 000 
000013 000 
000014 000 

000 
000016 000-
000017 000 
000018 000 
000019 000 

000 
000021 000 
000022 000 701 
000023 000 
000024 000 

000 
000026 000 
000027 000 
000028 000 
000029 000 

000 
000031 000 
000032 000 

000033 000 
000034 000 

000 90 
000036 000 100 
000037 000 
000038 000 
000039 000 

000 
000041 000 
000042 000 
000043 000 
000044 000 

000 
000046 000 
000047 000 
000048 000 
000049 000 

000 

000051 000 
000052 000 
000053 000 
000054 000 

000 

SUBROUTINE MAIN
 
DIMENSION JWIN(11,10)
 
DIMENSION DATI(601),WORK(231),COEF(21)
 
DIMENSION ]SCNL(300),ISCNR(300),IUL(300),IUR(300),NOUT(17)
 
DIMENSION MIN(10)
 
DIMENSION MOUT(44)
 
COMION/NAVCOM/NAVNINAV,IYR, IDAYTOTLINDEGLINTOTIELDEGELE,PICLI
 
*NPICELETMPSCLIOYRIODAYTM,RIX,RIY,R1Z ,R1DXRlfY,RIDZ,PITCHROL
 
*L,YAW,PTIM(3),TMt,(3),TMX(3),NLCOEF(2),NRCOEF(2),SCLLO(2),SCLLI(2),
 
*ELCOEF(11,2),SCLRO(2),SCLR1(2),ERCOEF(11,2),NASCEFSCLASOSCLASI,
 
*IELEMN,IELEMXASCOEF(16)
 
DATA TMNL/1440.0/,TMXL/0.0/,TMNR/1440.0/,TMXR/0.0/
 
DATA LUN/10/,JSECSV/-1/,NUMPER/10/,NUMENT/11/,JOUT/2/
 
DATA MIN/6HGCCGCC,8*0I
 
CALL IQCMIN)
 
IP=11
 
CALL RCOM
 
ENCODE(132,701,MOUT)PTI
 
FORMAT(5X,3FZO.6)
 
CALL TP(lMOUT)
 
CALL VARASG(UWIN-tLUN)
 
CALL OPN(LUN)
 
DO 500 IPAIR=1tz
 
NL=0
 
NR=0
 
TMNL=1440.0
 
TMXL=O.0
 
TMNR=1440.0
 
TMXR=0.0
 
CALL SCRA(LUNO)
 
IK=0
 
CONTINUE
 
CONTINUE
 
JSEC=IKNUMPER
 
JVEC=MO(IKNUMPER)t1
 
IF(JSEC.NE.JSECSV) CALL READW(LUN,110,JuIN)
 
IFCJSEC.NE.JSECSV) JSECSV=JSEC
 
IK1IK+1
 
IF(JWIN(IJVEC).LQ.0) GO TO 400
 
IH=MOD(JWIN(4,JVEC),10)
 
IF(IH.GT.4) 6O TO 100
 
TIFTIME(JIIN(2,JVEC))
 
T2=FTIME(JWIN(3,JVEC))
 
IF(T1.NE.PTIM(1 ).OR.T2.NE.PTIM(IPAIR+I))GO TO 100
 
IF(MOD(JWIN(4,JVEC)/100,1000).NE.100) GO TO 100
 
IYI=JWIN(5,JVEC)
 
IY2=JWIN(7,JVEC)
 
IF(IY1.NE.IY2) GO TO 100
 
IX1=JWIN(6,JVEC)
 
IF(IX1.GE.PICELE) GO TO 200
 
NL=NL+1
 

IF(.L.GT.300) GO TO 100 


oaplt 
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****** EDGCOR/MCIDAS ***** 

2ELTL AF.EDGCOR/MCIDAS
 
ELT007 RLI862 12/22-17:01:44-(0,)
 
000001 000 SUBROUTINE EDGCOR(PTIMEALINDELLINDELELE)
 
000002 000 COMMON/NAVCOM/NAVNINAV,IYRIDAYTOTLINDEGLINTOTIELDEGELEPICLI
 
000003 000 *NPICELETMRSCL,1OYRIODAYTtR1X,RIY,R1ZR1DXRIDYRIDZPITCHROL
 
000004 000 *L,YAWPTIM(3),TM.(3),TMX(3),tNLCOEF(2),NRCOEF(2),SCLLO(2),SCLLI(2),
 

000 *ELCOEF(11,2),SCLRO(2),SCLR1(2),ERCOEF(11,2),NASCEFSCLASOSCLAS1.
 
000006 000 *IELEMNIELEMX,ASCOEF(16)
 
000007 000 DATA A/522.07/,LC/1235/
 
000008 000 ISCAN=1200-(IFIX(ALIN-1))/2
 
000009 000 TIME=PTIME+ISCAN*TMPSCL
 

000 DO 2O IC=2,3
 
000011 000 20 IF(TMN(IC).LE.TIME.AND.TIME.LE.TMX(IC)) GO TO 100
 
000012 000 DELLIN=0.0
 
000013 000 DELELE=0.0
 
000014 000 RETURN
 

000 100 CONTINUE
 
000016 000 IX=IC-I
 
000017 000 XL=ISCAN*SCLL1(IX)4SCLLO(IX)
 
000018 000 CALL ChPS(ELXLELCOEF(IIX),NLCOEF(IX))
 
000019 000 XR=ISCAN*SCLR1(IX)4SCLRO(IX)
 

000 CALL CIPS(ERXR,ERCOEF(1,IX),NRCOEF(IX))
 
000021 000 DELELE=(EL+ER)/2.0
 
000022 000 MSC=12O0-(LC-1)/2
 
000023 000 Y=ISCAN-NSC
 
000024 000 XX=SORT(A**2-Y**2)
 

000 DELTA=(ER-EL)/2.0
 
000026 000 RAD=Y**2-2*XX*DELTA-DELTA**2
 
000027 000 DELLIN=SQRT(RAD)-Y
 
000028 000 RETURN
 
000029 000 ENDS
 

END ELT.
 
@HDGP ****** EDGFTIICIDAS
 



***** EATOST/MCIDAS *** 

@ELT,L AF.EATOST/MCIDAS
 
ELTO07 RL1862 12122-17:01:43-(O,)
 
000001 000 SUBROUTINE EATOST(PICTIM,LNSIESLALOIUNKINAVBETABETDOTAF)
 
000002 000 PTIME=PICTIM
 
000003 000 IF(IUNK.EQ.1) GO TO 1
 
000004 000 IF(IUNK.EQ.2) GO TO 2
 
000005 000 RETURN
 
000006 000 1 CONTINUE
 
000007 -000 XLIN=LNS
 
000008 000 XELE=IES
 
000009 000 CALL SECPTIME,XLINXELEXLATtXLON)
 
000010 000 LA=ILALO(XLAT)
 
000011 000 LO=ILALO(XLON)
 

000012 000 RETURN
 
000013 000 2 CONTINUE
 
000014 000 XLAT=FLALO(LA)
 
000015 000 XLON=FLALO(LO)
 
000016 000 CALL ES(PTIMEXLATXLONXLIN.XELE)
 
000017 000 LNS=XLIN
 
000018 000 IES=XELE
 
000019 000 RETURN
 
000020 000 END
 

END ELT.
 
aHDGP ****** EDGCOR/MCIDAS
 

opooL)
 



***** STTOLV/MCIDAS
 

@ELT,L AF.STTOLV/CIDAS
 
ELTOD? RLIB62 12122-17:02:08-(0,)
 
000001 000 

000002 000 C 

000003 000 C 

000004 000 C 

000005 '000 C 

000006 000 

000007 000 

000008 000 

000009 000 

000010 000 

000011 000 

000012 000 

000013 000 

000014 000 

000015 000 

000016 000. 

000017 000 10 

000016 G0 

000019 000 

000020 000 

000021 000 


END ELT.
 

SUBROUTINE STTOLV (XY,Z,IDIRTIHE)
 
IF 1DR=, POINTING VECTOR (XYZ) IS TRANSFORMED
 
FROM SAT INERTIAL TO LOCAL VERTICAL FRAME.
 
IF IDIR=2, POINTING VECTOR (XYZ) IS TRANSFORMED FROK
 
LOCAL VERTICAL TO SAT INERTIAL FRAME.
 
CALL ORSIT(XSYSZS,TIME)
 
CALL NRnLIZ(XSYSZStXNORM)
 
XI=X
 
YI=Y
 
ZI=Z
 
D=SQRTCXS**2+YS**2)
 
iF (IDIR.EQ"2) GO TO 10
 
X=(-YS*XI.XS*Y1)/D
 
Y=(XS*ZS*Xl+YS*ZStYI-Z1*D**2)ID
 
Z=-(XStXl+YS YltZS*Z1)
 
RETURN
 
X=-YS*XI/D+XS*ZS*YI/D-XS*Z1
 
Y=XS*X/D+YS*ZS*YIID-YStZ1
 
Z=-D*Y1-ZS*Z1
 

RETURN
 
ENDS
 

&HDGP ****** UNIT/MCIDAS
 



*****t UNIT/MCIDAS ***** 

@ELTL AF.UNITIMCIDAS
 
ELTOO7 RLIB62 12/22-17:02:09-(0,)
 
000001 000 

000002 000 C 

000003 000 C
 
000004 000 

000005 000 

000006 000 

000007 000 

000008 000 

000009 000 

000010 000 

000011 000 


'END ELT.
 
&HDGN 
@FIN 

SUBROUTINE UNIT(A)
 
THIS ROUTINE RETURNS IN "A" A 3 X 3 IDENTITY MATRIX.
 

DIMENSION A(9)B(9)
 
DATA B/1.0,0.0,0.0,
 

* 0.0,I.0,0.0, 
* 0.0,0.0,1.0 
DO 	10 1=1,9
 

10 	A(I)=B(I)
 
RETURN
 
ENDS
 

a ri N
 

-POO
 


