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PREFACE

This is the final report on the IBM SAR-Landsat Image Registration Study performed
under NASA contract NAS6-2827. It summarizes the effort and results of the

entire study, and i1t 1s submitted in accordance with Item 2 of Article IX of the
study contract.
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Section 1

INTRODUCTION AND SUMMARY

1.1 PURPOSE

This 1s the final report on IBM's SAR-Landsat Image Registration Study. It
describes the work performed under contract NAS6-2827 and satisfies Item 2 of
Article IX of that contract. Some results of additional related studies outside
the scope of this contract performed by IBM under its Independent Research and
Development (IRAD) program are also described in this report.

1.2 SCOPE OF THE STUDY

The primary purpose of this study was to develop techniques and capabilities to
assemble SAR/Landsat data sets. To accomplish this, two SAR data sets were
extensively analyzed. Suitable algorithms and techniques were developed to

register SAR data with corrected Landsat-MSS data. Then an example of registered
SAR and Landsat-MSS data was produced. The results of this processing are presented
later in this report.

A second purpose of this study was to contribute to the writing of the SAR/Landsat
System Plan. This document, published by Wallops Flight Center, was edited by
Purdue/LARS and jointly authored by Wallops Flight Center, Purdue/LARS, IBM
Corporation, and Goodyear Aerospace Corporation.

A third purpose of this study was to design a software system that will be able
to produce registered SAR and Landsat data sets. If it is approved and funded by
NASA, the system will be implemented at Purdue/LARS in FY 1979. The Landsat
processing portion of the system was designed in detail. Documents (Appendixzes A
and B) describing this design were produced.

1.3 SUMMARY OF EFFORT

During the course of this study which began in April 1977, the following results
were accomplished:

a. One Landsat-MSS frame was geometrically corrected (using geodetic
control points) to a 50.8-meter pixel spacing. Two subimages of this

frame were corrected to a 25.4-meter pixel spacing.

b. SAR data sets were registered to each of the 25.4-meter corrected
Landsat subimages.

c. An informal report that represents IBM's contribution to the SAR/Landsat
System Plan was written and submitted to Purdue/LARS.

1-1



d. The Landsat-MSS portion of the SAR/Landsat Data Merging System was
designed in detail. A document describing the system was written.

e. Support of NASA planning activities was provided as required by NASA.

An IRAD program of related investigations outside the scope of this contract was
defined and completed. Some of the results:are included in this report.

1.4  CONCLUSIONS

The primary conclusion to be drawn from the results of this study is that digital
methods provide a viable technology for accurate registration of SAR and Landsat-SS
data. Existing software, developed previously by IBM, was used to produce an
example of registered SAR and Landsat-MSS data. Residual RMS errors at the
registration control points of this data set were on the order of 55 meters.

1.5 RECOMMENDATIONS

The results of this study lead to the following recommendations for future NASA
actions:

a. NASA should implement the SAR/Landsat Data Mexrging System at Purdue/LARS.
This will provide the means by which NASA and other users can create a
data base of registered SAR and Landsat-MSS data.

b. Experiments should be conducted to determine how the addition of a
registered SAR channel to the Landsat-MSS5 channels contributes to the
information extraction process.

c. NASA should fund a study to determine the differences (if any) involved
in registering digital images from Seasat-1 SAR data with corrected
Landsat-MSS images. Techniques for modeling geometric distortions
should be investigated thoroughly in this study.

d. The subject of registration of image data from different types of
instruments (that has been shown feasible by this study) should be

pursued with regard to other instruments. Sensors from both aircraft
and spacecraft devices should be studied.

1.6 NEW TECHNOLOGY

No new technology was discovered during the course of this contract.



Section 2

LANDSAT PROCESSING

2.1  SUMMARY OF LANDSAT PROCESSING

The fairst step in the registering of aircraft SAR image data and Landsat-MSS data
was the geometric correction of the Landsat data to a Universal Transverse Mercator
(UTM) map projection. This included the creation of both digital and enhanced
photographic images that were registered to a UIM map. The processing involved

was organized into the following parts:

a. Preprocessing
b. Control-Point Location
c. Scene Corrxection ,

d. Digital Filtering

e. Film Plotting and Photographic Processing
Fach of these is described below or in Section 4, following a brief summary of
Landsat-MSS digital data and its sources.
2.2  SOURCES OF LANDSAT IMAGERY
A multispectral scanner (MSS) is part of the payload of each of the first three
Landsat spacecraft. In addition, inclusion of an MSS device in the Landsat-D
payload 1s currently planned by NASA. The launch dates of the Landsat satellites
follow:

a. Landsat-1, July 1972

b. Landsat-2, Janvary 1975

c. Landsat-3, March 1978

d. Landsat~D, Scheduled in 1981
The 1MSS instruments on these spacecraft image the surface of the earth in four
{Landsat-1 and Landsat-2) oxr five (Landsat-3 and Landsat-D) spectral bands. Thas
15 done simultaneounsly through the same optical system. The first four bands
operate in the solar-reflected spectral region, and the fifth band operates in
the thermal (emissive) spectral region, as follows:

a. Band 1, 0.5 to 0.6 micrometers

b. Band 2, 0.6 to 0.7 micrometers



c. Band 3, 0.7 to 0.8 micrometers
g. Band 4, 0.8 to 1.1 micrometers
e. Band 5, 10.4 to 12.6 micrometers (Landsat-3 and Landsat-D only)

MSS computer compatible tapes (CCTs) may be purchased from EDC. If a user does
not know which scenes he requires, he may request a computer geographic search to
obtain a listing of available scenes in his area of interest. To place an order,

to inquire about the availabilaty of data, or to establish a standing order, a
user may contact:

User Services Unit
EROS Data Center
Sioux Falls, South Dakota 57198

Phone 605/594-6511, extension 151

Users within the NASA community may be able to obtain MSS data directly from
NASA~GSFC.

A new processing system at EDC will become operatiomal in 1978. Digital MSS data
sets obtained prior to this are im a two-pixel-interleaved (X) format. The new
system will produce data sets in either band-sequential (BSQ) or band-interleaved
{BIL) format.

The new EDC system will provide two levels of processing for MSS data: parxtial
processing and full processing. Partially processed data has been radiometrically
corrected. That is, decompression, gain, and offset adjustments have been applied
to the image data. TFully processed data has, 1n addition, been geometrically
corrected. That is, the image data has been resampled by either cubic convolution
or nearest neighbor techniques to present the data in one of several possible map
projections. Corrections dne to spacecraft altitude, ground truth, etc., have
been applied.

A complete description of the Landsat program, its available products, and how to
acquire them may be found in the Landsat Data Users Handbook, Revised. A new
version of this document is being prepared by NASA Goddard Space Flight Center
(GSFC) and USGS EROS Data Center (EDC) and is expected to be available in the
lattexr part of 1978.

2.3  PREPROCESSING

Preprocessing consisted of all work of a preparatory nature that was performed
before the major parts of the geometric correction process were started. It
involved reorganization, evaluation, and radiometric correction of the image
data.

The first step was the reformatting of the digital image data from the X format
to the BSQ format reguired by the existing software at IBM. There were some I/0
errors on the input CCTs, but the reformatting was eventnally completed for two
MSS scenes: 2579-14535 (the State of Delaware and the Eastern Shore area of
Maryland) and 2579-14541 (the southern part of the Delaware-Maryland-Virginia
peninsula}. .



The reformatted data was histogrammed to obtain knowledge about the distribu-
tion of the pixel intensities i1n each spectral band. The histogram program was
run once for each spectral band of each of the two Landsat-MSS scenes. The
output from this program consisted of absolute frequency distribution, cumulative
frequency distribution, arithmetic mean, standard deviation, and root of the mean
of the squares (RMS). Sample output is shown 1n Figure 2-1.

Using the mean and standard deviation of the pixel intensity distribution of the
image data and knowledge of the radiometric characteristics of the IBM Drum
Scanner/Plotter,1 gain and bias coefficients were computed for each spectral band
of each scene. The data from spectral band 3 (0.7 to 0.8 micron wavelength) of
each scene was radiometrically adjusted using the gain and bias coefficients 1mn a
first-degree polynomial transformation. This radiometric adjustment was merely a
contrast stretch that enabled the plotting device to produce a high-quality
image. The two adjusted images were plotted cn film (see Section 4.2), and the
resulting images were visually evaluated. The pictures appeared to be of good
quality.

At this point, at the request of NASA, the Landsat processing was limited to the
Delaware scene {2579-14535). All further Landsat processing was done on that
scene.

It 15 well known that Landsat-1 and Landsat-2 MSS data often exhibit an undesirable
striping pattern that occurs on a six-scan-line basis. This striping 1s especially
evident in spectral band 1 (0.5 to 0.6 micron wavelength). A striping reduction
program that uses a sweep mean and standard deviation equalization algorithm“ was
used on all four spectral bands of the Deleware scene (2579-14535). A gain and
bias correction function was used to perform this radiometric correction. A new
gain and bias were calculated for each image-scan-line in such a way that the

mean and standard deviation of each corrected image scan line equaled those of

the uncorrected six lines of that scan-mirror sweep. The resulting image data
st1ll displayed some striping, especially in the coastal regions. However, it

was an improvement over the uncorrected data. The radiometrically corrected data
was used as 1nput to all of the remaining Landsat processing.

2.4  CONTROL-POTINT LOCATTON

In order to perform precise gecmetric correction of Landsat-MSS data, it was
necessary to use scene data to define some of the error corrections.2,3,4,5,6,7,8,9
In particular, UTM map coordincates and input-image pixel coordinates of several
control points were needed. Twenty-five control points were found.
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Several years ago, IBM produced a mosaic image of the State of New Jersey. The
bottom scene (1079-15133) in that mosaic is of the same ground area as the Delaware
scene. An attempt was made to correlate the control points from the older scene

to the current scene. Six control points were located in this manner, using a
digital correlation program. Several points in the older scene either were not
found or had a correlation peak that was too small. The remaining control points
were found manually.

The first step in manual control-point location was to select some potential
control points. This was done by viewing the film image and locating features
that were visible both on the image and on a map. Next, computer generated
shadeprints were created for each potential control point. A shadeprint is a
display of a subimage on a computer listing as a two-dimensional array of printed
characters, on which gray levels are simulated by overstrike printing (see

Figure 2-2). The shadeprints and maps were then manually compared to determine
corresponding points in both pixel and map coordinates. Finally, the set of
control-point locations was checked for errors by an iterative process of evalu-
ating the geometric transformation (between corrected output space and uncorrected
input space) derived from a given set of control points and mapping those control
points through that transformation. Points at which the geometric errors were

largest were rechecked for location errors, and the process was repeated for the
refined set of points.

2.5 SCENE CORRECTION

Scene correction of Landsat-MSS data is the accurate geometric correction of the
data to a UTM map projection. It involved two steps: determining the geometric
transformation between the corrected and uncorrected images, and resampling

(interpolating) the uncorrected data to the data samples in the corrected data
Sk,

The geometric transformation used for the Delaware scene used fifth-degree least-
squares polynomials according to algorithms and techniques10 developed by IBM

under contract NAS5-21716. Twenty-five well-distributed control points were used

to generate the image error models. The error models were evaluated at a nine-by-nine
array of points, and the polynomial models were obtained by fitting to these
eighty-one points.

Cubic convolution2’10 resampling incorporating a high-frequency correction tech-
nique was used to remove some horizontal geometric errors. Resampling was done
at two different pixel lattices. First, the full frame was resampled to a hori-
zontal and vertical pixel spacing of 50.8 meters. Second, two subimages (one of
the Salisbury, MD area and one of the Cambridge, MD area) were resampled to a
spacing of 25.4 meters. These particular spacings were chosen to give images of
1:500,000 and 1:250,000 scales when the data was plotted on the IBM Drum Scanner/
Plotter with a nominal pixel spacing of .004 inches in both directions. The
Salisbury SAR data was spaced at 25 meters, and this led to the selection of

25.4 meter spacing for the Landsat subimages.

Copies of all digital data sets that represent processed Landsat images were sent
to NASA/WFC or to Purdue/LARS as requested by NASA.

2-8
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Section 3

SAR PROCESSING

3.1 SUMMARY OF SAR PROCESSING

Once the Landsat-MSS data was geometrically corrected to register with a UTM

map, the SAR data was geometrically corrected to register with the corrected
Landsat data. This included the creation of both digital and enhanced photographic
images having the same geometry as the corrected Landsat images. The processing
involved was organized inte the following parts:

a, Preprocessing

b. Temporal Registration

c. Digital Filtering

d. Film Plotting and Photographic Processing.

Each of these is described belew or in Section &.

3.2 PREPROCESSING

Ten aircraft SAR data sets were provided at the beginning of this contract.
There were two different pixel spacings of each of five ground areas. All
preprocessing done on this data was for the purpose of generating film images.
Histograms were created for each data set. That information was used to create
radiometrically adjusted (1.e., contrast-stretched) data suitable for film
plotting. That data was plotted on film, and various photographic products were
created from the resulting negatives. These ten images were of very marginal
quality. The data was extremely noisy, and landmarks were very difficult to
distinguish. A SAR data set containing Salisbury, MD was selected to be the
subject of further study.

A second SAR data set was obtained by scanning a black-and-white print of a SAR
image of Cambridge, M. The scanning was performed on the IBM Drum Scanner/Plotter.
A nominally square aperture of size .004 inches was used. The pixel spacing was
.004 inches in both the horizontal and the vertical directions. Although there

was still some noise evident in the data, the quality of the image was considerably
better than that of the Salisbury image. There were several lines in the image
that appeared to be noise. They are believed.-to be a result of scratches in the
negative used to produce the print from which the digital data was scanned.

The digital data produced by the scanning process was subjected to several
preprocessing steps to prepare it for further study. Histogramming, contrast
stretching, and film plotting were done as described above to verify the quality
of the digital data.


http:believed.to

3.3 TEMPORAL REGISTRATION

Temporal registration experiments were conducted with both the Salisbury and the
Cambridge images. One version of temporally registered data for each of these
data sets was created under IRAD funding. The Cambridge image was then subjected
to further study and a second version of temporally registered data was created.
The techniques used to register the SAR data were identical in each case and are
described below.

3.3.1 Processing Steps for Temporal Registration of SAR Image Data

The first step was to select potential registration control points (RCPs) in
both the corrected Landsat data and the uncorxrected SAR data. This was done by
viewing pictures made from each data set and locating features that were visible
in both pictures. For the Salisbury image, this was very difficult to do. The
high noise content of the SAR data resulted in few good features being visible.
Selecting potential control points was much easier for the Cambridge image,
since the noise content was much lower. However, there were still some regions
of the image in which control points could not be found.

The second step was to generate shadeprints (i.e., display of the subimage with
a computer line printer as a two dimensional array of printed characters, on
which gray levels are simulated by overstrike pranting)} for both the uncorrected
SAR and the corrected Landsat-~MSS data. One shadeprint was gemnerated for each
potential control point im each of three data sets: SAR, MSS band 2, and MSS
band 4. Some features visible in one MSS spectral band were not visible in
another band. Bands 2 and 4 were used because they are frequently the most
useful bands for control-point location.

The third step was to manually determine control-point locations (i.e., corre-
sponding pixel coordinates in each image space) by viewing the shadeprints. Thas
was very difficult for the Salisbury image. The noise content rendered most of
the SAR shadeprints useless. For the Cambridge image, this problem was not as

severe. Consequently, many more control points were located in the Cambridge
image.

The fourth step can be called refinement of control-point locations. Tt involved
checking the control-point locations for errors. This was done by obtaining the
geometric transformation resulting from a set of control points, evaluating the
geometric transformation at the control-point locations (in corrected Landsat-MSS
space), and computing the differences between the observed and computed values

of the control points (in uncorrected SAR space). These differences, or residual
errors, were then studied to see 1f any errors in control-point location could

be discovered. (Frequently the residual error for a mislocated point is larger
than that of the correctly located points.) The process was iterated until a
reasonable set of control points was obtained.

For Salisbury, a total of 14 control points were used. For Cambridge, a total
of 73 control points were used. In this particular example, many of these
control points were clustered in sets of two or three similar locations. The
important factor seems to be the distribution of the control points. Wherever
there was a relatively large region of the SAR image in which there were no
contrel points, registration accuracy observed in the photographic images seemed
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to be lower. This was evident in the Salisbury image and 1n the first two
processed versions of the Cambridge image.

The fifth step was the calculation of the coefficients of the geometric transfor-
mation that were used to correct the SAR data. least-squares polynomials in two
variables of degree five were used. Each point (y,x) in corrected Landsat-MSS

space was mapped to the point (v,u) 1n uncorrected SAR space. Here v = H{y,x)

and u = V(y,x), where H and V were fifth-degree polynomials. Each polynomial
contained 21 terms and the sum of the exponents in any term was less than or

equal to five. (See Section 3.3.2 for a description of the least-squares algoraithm.)

The sixth, and final step was the resampling of the S8AR image data. Cubic
convolutionZ>10 resampling was used.

3.3.2 Description of Least-Squares Fitting Algorithm

A direct polynomial fit to the registration control points was used to define
the transformation between corrected Landsat space and uncorrected SAR space.

This process involved the following steps:

a. Locating a set of RCPs in both the corrected Landsat data aznd the
uncorrected SAR data, as discussed above.

b. Selecting an appropriate polynomial form to use as a geometric transfor-
mation.

c. Determining the coefficients of the polynomials by a least-squares
fit.

The resulting polynomials were used by the resampling program to create a ceorrected
SAR image.

It can be very difficult to locate RCPs in the SAR data. The high noise content
in the Salisbury, MD image (see EVALUATION OF TECHNICAL RESULTS section below)
made precise location-of RCPs impossible for that image. The Cambridge, MD

image had much lower noise content, and RCP location was much easier. The

nature of SAR data i1tself contributes to the RCP location problem. The radiometry
of a feature in an SAR image is uswvally totally different to that of the same
feature in a landsat image. In addition, shadowing or apparent widenang of

edges 1s present in SAR data, but not 1n Landsat data.

A manual technique for RCP location was used by IBM 1in its experiments with the
Salisbury and Cambridge SAR data sets. Potential RCPs were displayed using a
computer printont in which overstrikes are used to simulate gray levels.

(These are called shadeprints.) RCPs were located by visually comparing Landsat
and SAR shadeprints.



To discuss the least-squares technique used to obtain the polynomials that
mapped corrected Landsat space into uncorrected SAR space, let

{y.,x,) = horizontal and vertical pixel coordinates of ith RCP in
i’74 P
corrected Landsat space.

Hj

(vi,ui) horizontal and vertical pixel coordinates of ith RCP in

uncorrected SAR space.

fl(ylsxl) e f21(y19x1)

. .

£ e xy) e le(yn’xn)J
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The columns of R will represent the coefficients of two polynomials. That
1s,



The polynomials H and V approximate the mapping

(yi,xi) 1————~—+-(vi,ui) for i=1,2,...,n
in the least square sense. That is,

H(Yi ,Xi) = Vi

¢ for i=1,2,...,n

v (yi, xi) £~ uy

A

The coefficients of H and V are found by solving the matrix equation T = W R
for R. The solution is

R=(w w) T 1)
The equations given above are for full, fifth-degree, bivariate polynomials. This
is the form selected to correct the Cambridge image. For the Salisbury image,
only 12 RCPs were found. Full, third-degree, bivariate polynomials were used
for that image.

In each case, the form of the polynomials was determined empirically. Several
polynomials were found by performing the least-squares fit, and the resulting
residual errors were computed. The ideal situation in doing a direct fit to

RCPs 1s to have a highly overdetermined system (equation 1) and to have very low
residual errors. This would indicate that the polynomials were good models of

the geometric distortions. This did not happen for the two images in questuion.

For the Salisbury image, the small number of RCPs led to a system that was only
slightly overdetermined. Polynomials of degree less than that used led to unaccept-
ably high residual errors. The Cambridge image had enough RCPs located to give a

very overdetermined system, and the corxresponding residual errors were acceptably
small.

Full bivariate polynomials of degrees three, four, five,. six, and seven were
considered for the processing of the Cambridge SAR image. Those of degree five
appeared to fit the control points best, especially near the edges of the SAR
image data. The results of the least-squnares fitting, using the final set of
73 control points, are shown in Section 5.
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Section &

IMAGE PROCESSING

Some of the processing performed on image data under this contract was identical
for both SAR and Landsat data. These standard image-processing techniques
include:

a. Enhancement

b. Film Plotting and Photographic Processing

~

c¢. Resampling Methods

which are discussed below.

4.1  ENHANCEMENT

It 1s possible to modify Landsat digital data in such a way as to enhance certain
aspects of the image. Two such aspects are contrast and edge definition. The
purpose of both types of enhancement is to make certain features more visible in
a photographic rendition of an image. An enhanced image ususally represents a
less accurate reconstruction of the true data than the original Landsat digital
radiometric data. However, enhanced images generally appear to be more pleasing
to view and to contain more informatiomn.

4.1.1 Contxrast Enhancement

The usual purpose of contrast enhancement is to enable an image display device
(such as a film plotter, a CRT display, or a computer line printer) to utilize
its full dynamic range capability. Consider a 256-level plotter being nsed with
64-level Landsat-MSS data. Unless some contrast stretching is done to the data,
the resulting image will be too dark (since only the lowest fourth of the dynamic
range of the plotter is being used). Another use for contrast enhancement is to
bring out the information in a particular regiom in an image.

A standard method of stretching the contrast of a digital image is to apply a
first-degree polynomial function to the image data. That is, let

C(l,j) =g I(:L’J) +b



where

I(i,3) = intensity value of 1th sample in jth line in the input data
g = gain cecefficient.
b = bias coefficient.
_ th . .th ..
C(1,3) = intensity value of 1 sample in j line in the

contrast-stretched data.

It is assumed that the valunes C(x1,j) have been clipped to fit the dynamic range
of the display device.

The gain and bias coefficients can be determined through a very simple statistical
technique:

g =‘S/S
b=M=-gmn
where
m = mean of the subimage of input data that 1s of interest.
s = standard deviation of the subimage of i1nput data.
M = desired mean of the subimage of output data.
5 = desired standard deviation of the subimage of output data.

The values of the statistical parameters of the subimage of output data are
determined empirically. However, reasonable values may be estimated by letting
M be the midpoint of the effective dynamic range of the image display device and
by letting S be ome sixth the length of the effective dynamic range of the
device.

For example, consider a plotter that accepts pixel values in the range #,1,...,255
and that plots the same gray level for all values in the range $,1,...,55. In
the range 56,57,...,255 assume that the response (gray level versus pixel value)
is approximately linear. The effective dynamic range of this hyopthetical
plotter 1s 56,57,...,255. Then M=155 and S$=33 should be reasonable values to
obtain a good plot with this plotter. Experience would enable these values to

be refined.



4.1.2 Digital Filtering for Edge Enhancement

Edge enhancement is an artificial sharpening of the features of a digital image.
It is often used to accentuate boundaries of features or to bring out linear
features of an image. Pictures of edge enhanced images are generally more
appealing than those of unenhanced images (although this is very subjective).

Digital edge enhancement can be performed by a digital filter (discrete convolution)
function of the form

3 3
BLD = ) D T(n-2,540-2) F(m,0)

m=1 mn=1

where
.o o th . .th . .
I(i,j) = intensity value of 1~ sample in j line in the input data
F(%,*) = 3 x 3 matrix of filter weights
.o .th th .
E(i,j) = intensity value of i sample 1n ] line in the edge-enhanced

data.
The particular algorithm depends only on the matrix of filter weights

To perform edge enhancement, the filter matrix F must define some kind of high-pass
filter. Four examples of Laplacian-type, high-pass filters are:

0-1 0 -1 -2 -1
Fp=]-1 5-1 F,=[-213 -2
0~-1 0 -1 -2 -1
-1 -1 -1 1 -2 1
Fg= |-1 9 -1 F,= |2 5-2
-1-1-1 1-2 1

Each of these examples has the property that the sum of the weights is one.

This results in an image that 1s the sum or the original image plus a Laplacian-
filtered image. Therefore, the resulting radiometry of an edge-enhanced image
w1ll be somewhat comparable (statistically) to that of the original image.



4£.1.3  Enhancement Processing

The Salisbury subimage, corrected to 25.4-meter pixel spacing, was digitally
filtered for edge enhancement in two ways. First, a Laplacian filter was used on
the data and the result added to the image data. HNumerically, this amounted to
multaiplying a given pixel value by faive and subtracting each of its fouxr (horizontal
and vertical) neighboring pixel values (filter ¥_. above). The resulting image
contained enhanced edges and also contained the Intensity distribution of the
original data.

The second method involved using a Laplacian filter on the data and adding a
constant to the result. This amounted to multiplying a given pixel value by four
and subtracting each of 1ts four neighboring pixel values. The resulting image
contained only edge information.

In addition, contrast enhancement (as described in Section 4.1.1) was performed

on all Landsat and SAR images that were created under this contract. The purpose

of this processing was to obtain digital data that was compatible with and well-suited
to the film plotting device that was used to make photographic negatives.

4.2  FIILM PLOTTING AND PHOTOGRAPHIC PROCESSING

Digital images were converted to film negatives on the IBM Drum Scanner/Plotterl.
From these negatives, two basic photographic products were made: black-and-white
contact prints, and false-color contact prxints. The false-color prints used MSS

" spectral bands 1, 2, and 4 to give yellow, magenta, and cyan colors on the prints.

Copies of all photographic products have been delivered to Dr. Harold Maurer
(NASA/WFC). Some pictures were also sent to Paul Anuta {(Purdue/LARS) for his use
in a related effort.

In addition, 35 mm slides and other transparencies were prepared and sent to
Dr. Harold Maurer as requested.

4.3  RESAMPLING METHODS

One of the requirements normally imposed upon image processing when the image 1s
1n digital form 1s that the ountput pixel lattice be regular, oxr equispaced, in
the output space. This is needed for two reasons: compact data storage, and the
limitations of many film recorders. If the output pixel lattice 1s not regular,
then additiopal information must be carried to specify pixel location. The last
requirement precludes the simple repositioning of the oxiginal image pixels. The
only way to change geometry and specify the target pixel location, too, is to
“resample' the orignal image. Resampling here consists of calculating the location
of a particular target pixel in the original image and interpoclating over the
surrounding original pixels to determine the output intensity. During processing,
the target pixels are considered output and the original pixels are considered
input. Figure 4-1 shows the relationship between input and output pixels.

In the following discussion, the calculation of the output pixel location in the
input image is presumed.
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Figure 4-1. Locating Output Points in Input Space

Cubic convelution is a family of resamplers that approxzimate the SINC, or SINE (x)/x
function. The SINC function is the theoretical pexfect resampler, but it requires
an 1nfinite number of terms. Cubic convolution substitutes a truncated piecewise
cubic approximation to the SINC function, so that the amount of processing is feasi-
ble for large image data sets. Cubic convolution is a one-dimensional process that
must be repeated to provide for two-dimensional resampling. This is illustrated in
Figure 4-2, where four horizontal resamplings provide the values for a final vextical
resampling. The final vertical resampling then provides the output intensity. Thas
15 for a so-called four-point resampler.

+ .+ +
_.._|D1I-q—-— N
2 1 to* 1 + 3

+ + 4+ + +
+ o+ + + o+

— g — = B
—.1 +
+ + +

Figure 4-2. Two-Way Cubic Convolution Resampling

The equation of the classic four-point cubic~convelution resampling algorithm
used for this contract is

o~ L 1) + (I_ -2l +11—Iz)] + (171 ) + I (2)

Lopr = D[DC-1_#1 0

ouT

An experimental program that evaluates this equation five times for each output

pixel and that uses 32-bit floating point arithemetic was used to resample both
Landsat and S5AR data.
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For SAR data, each of the four one-dimensional horizontal resamplings used the
same value for D in Eguation 1. That is, D = D, as in Figure 4-2. For Landsat-MSS
data, each one-dimensional resampling used a distinct value for D. This is due

to the use of the resampling program to remove high-frequency geometric errors

that occur in the hoxaizontal direction in MSS data.



Section 3

TECHNICAL EVALUATIONS

In this section, the evaluations of the geometry of the corrected Landsat-M5S

image and the corrected Salisbury SAR image, and the final versiocn of the corrected
Cambridge SAR image are described.

5.1  LANDSAT PROCESSING EVALUATION

Under contract NAS6-2827, IBM processed Landsat~2 MSS scene number 2579-14535.

The processing performed was scene correction. That 1s, the image was geometric-
ally corrected to a Universal Transverse Mercator {(UIM) map projection using
geodetic control points to model scene dependent errors (attitude and altitude).
Digital data at two scales was produced. First, the entire scene was processed,
resulting in an image with pixels at a spacing of 50.8 meters in both the hoxizontal
and the vertical directions. Second, two subimages of the scene were processed
with pixels spaced at 25.4 meters in both directions.

The geometric accuracy of the corrected Landsat images was evaluated by checking
the errors at the locations of the geodetic control points (GCPs) that were used
to correct the image. For each GCP, a nominal input-space location was found by
the following transformations:

a. Mapping the UTM coordinates into output-space pixel coordinates using
the elementary rotation, translation, and scale-change transformation
which exists between the two coordinate systems

b. Mapping the output-space coordinates into input-space pixel coordinates
using the mapping polynomials that define the geometric transformation
for thke scene.

These nominal input-space locations were compared with the corresponding observed
input-space locations that wexe found manually from the input data. The resulting
errors in meters were found. The RMS of these errors, as shown in Table 5-1, was
77.3 meters.

The corrected digital data was recorded on film. The resulting photographic
image products were of good quality.

5.2  SAR IMAGE PROCESSING EVALUATION

5.2.1 Salisbury SAR Image

A subset of the SAR image containing Salisbury, MD was chosen to be temporally
registered to the corrected Landsat data from MSS scene 2579-14535. Thas SAR
data had very high noise content which hindered the finding of registration
control-point (RCP) locations. Due to the sparsity of suitable visible features
in the SAR data, only 14 RCPs were located.
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Table 5-1.

Measured
UTM Map Coordinates

NORTHING

4368380
4319160
4254533
4281320
4265817
A269440
4243185
/4235348
4238490
4243210
4241585
43490078
4322940
4377045
~4350880
4378540
4381505
4372495
4367505
K3IT799S50
4373880
4357310
4319346
4317220
4273070

EASTING

99200
70520
450858
465530
4T7486
407370
379330
419500
420600
370290
5726
399120
408410
413810
BFO20
449931 0
451450
453540
453665
425480
422460
493810
516745
511740
484 460

Resunlts of Accuracy Check for Landsat Data

Observed
Input-Space
Coordinates

YoBS - X0bS

361.00 729.00
51.00 1402.00
161800 162300
1203.00 1629.00
215500 17E4.00
94500 1515400
5584.00 2236.00
13G3+00 2304.00
1308.00 2262.00
425,00 2333,00
S24«00 2333.00
26100 465400
454,00 529,00
S5T73.00 LHEG OO
24400 97100
118500 4 78.00
119600 426+ 00
127300 543 .00
1298.00 599,00
76000 523.00
73600 604400
202600 626400
2589400 1031 .00
251000 106700
2414400 1652400
MEAN

Nominal
Input-Space
Coordinates

YNOM - XKNOM-
359 .69 730.32
90 .57 1402.00
1618 .81 1622.84
1883.10 1625.06
2156.48 1784.25
D 4L o 6D [917.11
554 .46 2236.31
1303.69 2303.83
130849 2262.53
425 .45 2332.68
524.59 233389
260.61 46584
453.25 529.51
572 .66 S5 T.82
243.51 97212
1183.88 478.T0O
1197 .01 438.67
1272 .57 543. 26
1298.,92 599,61
760.06 522.99
735.36 604,63
2025.99 62698
2588468 1031,95
2510..85 1066.75
2414 .46 1652,81

OF EACH COLUMNZ
RMS OF RSSM:Z

Input-Space

Differences
In Pixels
DELY- DELX-
123081 ~—~1.3200
Q24348 ~0.0004
—Q.8133 01637
~0 20694 —0.055%
=1 4757 —0.2456
0«3063 —2.1149
“~Qs4646 =0.3072
~0 6935 0-1690
0 +4887 ~0.52064
~0 o 4 459 Te 3 T2
—0+5905 =~0,8859
03899 «0.8435
DeTA4T2 =~D45134
0, IA37TF —1s8218
Q946 —~11209
1.,1172 ~0.6984
~1.0054 —=0.6745
Ded295 —042596
09172 ~0.6115
~0 40573 Q0+0066
0«6420 —-0.,6303
Ce0latr —0,9790
03244 —-0.9549
—0 8480 Ge23TS
~( 44622 =—0.8053
—0+0726 ~0.5790

Radial
Exrror In
Meters

RESM

12B.517
24.843
AB .24 4
TeiasS
B6 537
1084413
36.014
41 4826
50.181
AS. 78T
TT 853
TO 425
58.959
145 .569
S93.167
84,470
TE«452
32,022
71.356
3.314
61,952
TT+ 609
77 .866
51 979
Le.032

67 261
77301



Full, bivariate, cubic, least-squares polynomials were used to define the trans-
formation between corrected and uncorrected SAR data. The RSS residual erroxs

{in pixels) of the least-squares fit at the RCP locations are shown in Table 5-2.
These results seem reasonable.

The resulting image that was produced using the least-squares fit summarized in
Table 5-2 had reasonable registration at the 14 RCP locations. However, some
severe misregistration is evident at locations between the RCPs For example, US
Route 50 east of Salisbury is clearly visible in both the SAR and the Landsat
data. In the corrected SAR image, that road 1s displaced to the north of its

proper location. RCPs above (lake) and below (airport) the misregistered road
are properly registered.

The conclusion that can be drawn 1s that the distortions in the SAR data are too
severe to be modeled by cubic polynomials. Since the maximopm number of terms in
a least-squares polynomial is directly related to the number of points being
fitted, 1t would be difficult to obtawin significant improvement in the correction
accuracy of the Salasbury SAR image.

5.2.2 Cambridge SAR Image

Exactly the same procedure as was used on the Salisbury image was used on the
Cambridge image. However, 73 control points and fifth-degree polynomials were
used for the least-squares fitting process. The results from the least-squares
fit are shown in Table 5~3. The mean RSS error of about 5 pixels is quite accept-
able, since the pixels in the Cambridge image are much smaller (about 10 meters)
than were those in the Salisbury image.

A visual check of false-color composite photographic images of this SAR image
merged with corrected Landsat-MSS data indicated that the SAR data were suitably
registered to the Landsat data. The visual check i1s evidently necessary. The
first two attempts at correcting the Cambridge SAR image used some incorrectly
located control points, but a similar mean RSS error of about 5 paxels at the
control-point locations was attained in each case. FEach of these first two

versions was easily found to be misregistered by visual inspection of false-color
composite pictures.

It can also be seen from the photographic products that the SAR data added infor-
mation that was not present in the landsat data. For example, highly detailed
information in the Cambridge urban area was present 1n the SAR data, but not in
the Landsat data.
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Table 5-2.

Obsearved
Gutput=-Space Coordinates

Yirl

1°37«€707
1163e”C0
ET3, L0770
77542000
1175077
585476007

QOeU 34

GET+CI00

xX{1}

1251,¢a00
1847.0300
18%3.C0rQ

Results of Accuracy Check for Salisbury SAR Data

Observed
Inpuc-Space Coordinates
YP{T} XP(3)

393.0700 205R,0C30
%0 Skl 2488.0000
J6Te LTG0 2570, 0C07
26« N0 2804,.90 0
68%.C00 2R812,9C¢00
2442000 2976.20212
24CeM02G 3265.2°2C
358, 0300 3402,9N000
655« 0500 25022,0000
685,000 2925.0550
S62400GO 2830. 0000
SClsn000 2879.0009
542« 000 FAQG,NINT
286.0C00 3011.0C20

Mapped
Input-Space Co

YEVAL

393.0143
GAR2. 3730
JEHe 6870
3274 R2M
£P5.0728
2473, %954
247 a 1565
257.5502
658, 8183
B4+ 6F24
5621898
49R, 9147
543, 6066
286, 1264

MEAN_OF, SAC

ordinates
XEvapL

275047749
24am 6. 4555
2560, 6415
284, 3825
2911,%775
29754295
A2RE L B2T2
342,932
25, 3.6959

2B7C."R36
205,04 34
3C1T 5673

H_COLUMN®

Input-Space Differances

In Pixels
DY

-NeL143
e 647
Qa3101
-1"A2"
-(e*728

fe9516
NaaD, "

T.t701

Radial
Error
in Pixels

RSS

CeSC9a
Qe 9263

ZIFIVOD H00d 0
§1 4OVd TVNIOIO



Table 5-3.

Results of Accuracy Check

LEAST-SQUARES FIT EVALUATION BY SURROUTINE LS2ZEV:

RESULTS OF LEASY SOUARES FITS
Obgarved
Output=5pace Coordinates

246.0000
81,0000

b 0000
d33.0008

235.0000
856 .0000
871 00
60840000

1380009
153.0000
S5 100 0
3460000
250,0000
I

o
782.0000
T1520000
538.0000

Sa2. 0000

14

&18,0000
&R5.0000
6250000
7 l:.DOOO

1178.0000

observed
Input~Space Coordinates
25440000 320000
IEa. 8000 44,000
115400600 340000
L4695 .0000 S50.000
1795 .,0000 2320000
1229.0000 1083.000
534 -0000 1T13,0000
12ba.0000 17980000
1062 000 184640000
179T.000 2680000
1779.0000 t892.0000
40R.0000 6840000
T17.0000 700000
#.30.0000 Sa.0000
9a7.9000 155640000
1120,0000 203,0000
7i-6oon 97,0000
30240000 46020000
420.0000 4510000
579.0000 &32.0000
1659 ,00040 J09.0000
17310000 4483000
1222.0000 44440000
@51.0000 H62.0000
116420800 T75.0000
621 .0000
[32.,0000
HO+0000
543 0000
44T 20009
12810000
61.+0000
154 46000
691 J0000
000

274 200000
82,0000
133.0000
4%1.0000

230036
1253.0000

Lb L HOD0
560.0000
14cA D000

137.0000

RETURNING NORMALLY FROW SUHRMITINL LT22EY

P452.0000

for Final Cambridge SAR Data

FEapped
Inpuc-Space Coordinates

619,2737
QT 2767
42,3350

589.6485

RiS5.5150

12835800
587962

13236481

1312234
147,0108
202.2046
1487

16615024
13009049
ToeGoT
3100807

PAaTe3TN

MEAN OF EACH COLUUN

ANS OF NS FRIORS
L0 NUMSER oF POINE wITH LARCEST RESIOUAL

Input-Space bifferences
n Pixela

Ie3519
~0.0000

@0 et

4,517
a3
~TaPill

2235629

=(e 0000

ERROR

540113

SeT¥230
&1

ok e e e 0
BND RSNSOI QO O PRUN= -

19


http:IM0:0.20
http:U81:0.00
http:16:.0.0.00
http:132:0.0.00

Section 6

SAR/LANDSAT PROCESSING CAPABILITY

Under this contract, a SAR/Landsat Data Merging System (SIDMS) was designed. The

documentation produced during this effort is included in the appendixes of this
report:

a. Appendix A - Functional Description of the SAR/Landsat Data Merging
System

b. Appendix B - Detailed Design of SAR/Landsat Data Merging System
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Section 7

SUPPORT TO NASA PLANNING ACTIVITIES

7.1 DOCUMENTATION

IBM generated documentation, as required by NASA, to support its planning activi-
ties. In particular, inputs were provided to support the 1978 RTOP on SAR/Landsat
Data Merging.

1

7.2  PHOTOGRAFPHIC PRODUCTS FOR PRESENTATIONS

At variouns times during the course of this contract, IBM generated photographic
products of the SAR and Landsat-MSS data being investigated. Some of these
products were produced in color transparency, 35 mm slide, or lantern siide
format for use as visual aids for oral presentations by NASA investigators.

7-1



Section 8

RESULTS AND CONCLUSIONS

8.1  FEASIBILITY OF SAR/LANDSAT REGISTRATION

The results from the experiment on the Cambridge SAR image indicate that temporal
registration of SAR data with Landsat-MSS data is both feasible (from a technical
viewpoint) and useful {from an information-content viewpoint). Multi-sensor
temperal registration is likely to be a very desirable process in the future. It
will enable users to make use of varied sources of information to solve their
problems. This experiment shows the viability of using SAR data in this way.

§.2  CONTROL-POINT LOCATION RESULTS

This 1nvestigation confirmed that the greatest difficulty in registering aircraft
SAR data to corrected Landsat~MSS data i1s control-point location. The difficulties
occur 1n the following areas:

a. Feature selection
b. Distribution of control points
c. Comparing Landsat and SAR features

d. Correctness of control-point locations.

The results and conclusions regarding control-point location that are implied by
this study are described below.

The selection of features that will sexrve as good control points is made difficult
by the differences 1n SAR and MSS data. Features that are usually high-qualaty
control peints in the M3S data (such as road intersections) were often unusable in
the SAR data. Features of normally lower quality in MSS data (such as agricul-
tural field boundaries) had to be used. This problem is compounded by the fact
that features often looked quite different in the data from the two sensors. For
axample, the shadowing in the SAR data did not occur in the MSS data.

The experiments on the Salisbury and Cambridge SAR images clearly demonstrated

the importance of having a set of control points that is well-distributed throughout
the image. In every case tried during this contract (and the related IRAD work),
there were geometric errors in any relatively large areas that contained no

control points.

The experience on this contract indicates that SAR and Landsat-MSS data are
unsuitable for automatic computer correlation of digital control-point data. It
1s clear that the gray-level data cannot be compared by computer, due to the
different response characteristics of the MSS and SAR images. The image data
could be processed by an edge-detection algorithm prior to machine correlation,
but the SAR shadowing would likely cause this method to be ineffective. However,
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the high noise content of the SAR data makes edge detection very difficult, 1f
not impossible. The rotational difference between the SAR and Landsat-MSS data
precluded any attempt at machine correlation of control points during this study.

All of the problems normally associated with checking for errors in control-point
location are present in the SAR/Landsat registration problem. However, exXtreme

care must be taken to avoid obvious errors. All points near the edges should ke
double checked, since errors in these points can easily go undetected. Errors in
control-point coordinates caused the first two versions of the corrected Cambridge
SAR data to have severe geometric errors. Most of these control-point location
errors were on points near the border of the SAR image. When a set of control

points that contained only correctly-located points was used, the resulting corrected
image had good registration with the corrected Landsat-lISS image.
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A.1  GENERAL SYSTEM REQUIREMENTS

A.1.1 Functional

The SAR/Landsat Data Merging System (SLDMS) will have the capability of pro-
ducing SAR and Landsat M33 images that are registered to each other and to a
Universal Transverse Mercator (UTM) map projection. A SLDMS user will accom-
plish this by processing the Landsat data to his own specifications and then
processing the SAR data to register with the corrected Landsat data. He then
can use the corrected SAR and Landsat data for multispectral classification and
other information extraction processes.

The specific Landsat processing functions that the SEDMS will have are radio-
metric correction and geometric correction. Radiometric correction is defined
to be a striping reduction process that i1s performed on MSS data that has been
radiometrically calibrated but not resampled. Geometric correction is defined
to be the resampling of MSS data to a UTM map projection. The user will be able
to specify both the spacing between pixels in the output UTM amage and the

orientation of the image (1.e., the direction of north relative to the image
scan lines).

The specific SAR processing function that the SIDMS waill have is registration.
Registration is defined to be the resampling of SAR data to have the same
geomebtry as a corrected Landsat-MSS data set. That is, the SAR data will be

resampled to the same lattice of pixels as was the geometrically corrected
Landsat-M55 data.

A.l1.2 Hardware

The SLDMS will run on the IBM 370/148 computer at LARS. The only hardware
requirements for the system are the tape drives needed for image data sets and
sufficient virtual memory for the resampling program. The system will be

designed to minimize the use of disk space by using tapes wherever it is reason-
able to do so.

The resampling program will require an internal input buffer large enough to
store the maximum number of ipput image lines that will be needed to create one
output image line. This is a function of the rotational difference between the

input and output images. Therefore, the memory requirement varies from image to
1mage. ;

A.1.3 Software

The SLDMS will be written in Fortran IV and IBM 370 Assembler Language, Gen-
erally, Fortran will be used wherever 1t 1s reascnable to do so. However,
Assembler Language will be used for those programs that would be significantly
more inefficient 1f written in Fortran.

The programs will use some local LARS programs to perform certain standard
functions. For example, the program TAPOP will be used to perform image data
set I/0.



A.2  TIMPLEMENTATION AT LARS

A.2.1 Landsat-MSS

Landsat-MSS processing software which will be implemented at LARS will be
defined 1n this section. Full use of techniques, algorithms, and software
developed under the Master Data Processor {NAS5~22999) and the Landsat-C Return
Beam Videcon (RBV) Software and Interactive Ground Control Point (GCP) System
(NAS5~23790) contracts will be made in implementing the SLDMS. In particular,
the Control Point Library Copy Tape, which is a back-up copy of NASA's control
point library, will be used by the SLDMS.

The Landsat-MSS software will consist of five programs:

Reformatting Program

Automatic Control-Point Location Program
Manual Control-Point Location Program
Geometric Transformation Program

. Resampling Program.

D" oo o

The inputs, functaions, and outputs of each of these programs are described
below.

There are three kinds of input MSS data that can be processed by the SLDMS:

a. Uncorrected Data -- This consists of four bands of M35 data in the X
format. The image data has been radiometrically corrected and line-
length adjusted, but no other corrections have been applied. Ancil-
lary data includes no geometric transformation.

b. Partially Processed Data -- This consists of four or five bands of MSS
data in the BSQ format. The only coxrection applied to the image data
1s radiometric correction. Ancillary data includes geometric trans-
formation information.

C. Fully Corrected Data -- This consists of four or five bands of MSS
data in the BSQ format. Both radiometric correction and geometric
correction have been applied to the data.

The SLDMS will be able to geometrically correct and perform a striping reduction
on both uncorrected and partially processed data. It will also be able to
‘resamnple fully corrected data in order to change the pixel spacing.

As shown in Figure A-1, there are three paths through the software. The first
path invelves the reformatting, automatic control-point location, geometric
transformation, and resampling programs. This path would normally be used for
an uncorracted MSS scene for which a corresponding control-point library exists.
The result from this path is a fully corrected MSS scene with user-selected
orientation and pixel spacing. This would be the most desirable path for pro-
cessing uncorrected data. It can also be used to correct partially processed
data. If no control-point library exists for an uncorrected M3S scene that 1s

to be processed, there are two alternate paths through the system that can be
used.



REFORMATTING

AUTOMATIC MANUAL
CONTROL~-POINT CONTROL-POINT
LOCATION LOCATION

i
GEOMETRIC
TRANSFORMATION
RESAMPLING

Figure A-1. Software Paths
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The second path involves the reformatting, geometric transformation, and resamp-
ling programs. This path would normally be used for an uncorrected MSS scene
for which no control-point library exists or for a partially processed MSS
scene. The result from using this path on an uncorrected MSS scenme would be a
systematically corrected MSS scene with user-selected orientation and pixel
spacing. From a partially processed scene, a fully corrected MSS sceme that has
been either systematically corrected or scene corrected (depending on the ori-
ginal ancillary data) can be produced with this path through the software.

The third path involves the reformatting, manual control-point location, geo-
metric correction, and resampling programs. This path would normally be used
for an uncorrected MSS scene for which no corresponding control-point library
exists or for a fully corrected MSS scene. The result from this path would be a
fully corrected MSS scene in either case. For a fully corrected input scene,
only the reformatting and the resamplaing portion of the manuval control-point
location program are used. In this case, the result i1s a fully corrected scene
with differept pixel spacing.

A.2.2 Airecraft S5AR

The aircraft SAR processing software which will be implemented at LARS will be

defined in this section. The techniques and algorithms were developed by IBM
under contract NAS6-2827.

The aircraft SAR software will consist of three programs:

a. Manual Control-Point Location Program
b. Geometric Transformation Program
c. Resampling Program.

These programs have the same functions as the corresponding Landsat programs.

The Geometric Transformation Program is a least-squares fitting program. It
will be a modification of an existing LARS program. This modification will be
performed by LARS, and it 1s not included in this document.

The other two programs are minor modifications of the corresponding Landsat
programs. That 1s, the MSS high-frequency corrections must be removed in order
to process SBAR data. These are included in this document.

The input to this portion of the SIDMS consists of digital image data from
arrcraft SAR imstruments. The first step i1s the location of contreol poants in
both the SAR data and the corrected Landsat data. Then a geometric transfor-
mation that maps points (X,Y) in the corrected Landsat image to points (U,V) in
the SAR image is obtained in the form of Zl-term fifth-degree polynomials u(X,Y)
and v(X,Y) such that U = u(¥X,Y) and V = v(X,Y). Finally, the SAR data is
resampled using the above geometric transformation. The result is a corrected
SAR data set that is registered to the corrected Landsat data set.
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A.2.3 Seasat SAR

The only difference between the Seasat and aircraft SAR processing software is
the Geometric Transformation Program. The Manual Control-Point Location Pro-
grams and the Resampling Program used for aircraft SAR data will also be usable
for Seasat SAR data (assuming that it is 8-bit data).

The Geometric Transformation Program will use the algorithms defined ain the
Seasat SAR Investigation described above.

The input to the Seasat SAR portion of the SLDMS i1s digital image data from the
Seasat SAR instrument and the corresponding Seasat ancillary parameters. The

ontput is a corrected SAR data set that is registered to the corrected Landsat
data set.

A.3 USER CONSIDERATIONS

Users of the SAR/ILandsat Data Merging System (SLDMS) have several choices to
make when processing a Landsat data set. These user options are discussed 1in
this section.

In some cases, a user will have a choice of using partially processed or fully
corrected input MSS data. Since fully corrected data is already resampled to a
standard map projection, further resampling may not be necessary. A common
reason for further resampling would be the need to have the corrected Landsat
data at a different pixzel spacing than the 57 meters (horizontal and vertical)
of the fully corrected data set. Although resampling the data only once is
clearly desirable, a recent study (Bi-resampled Data Study; Final Report for
Contract NAS5-23708; R. Benner, W. Young; IBM Corp., March 1977) has indicated
that a second resampling will degrade the data only slightly and-will not
essentially change multispectral classification results.

When processing uncorrected MSS data and some partially processed MSS data, a
SLDMS user must decide whether to use geodetic control points in determining the
geometric transformation between the corrected and uncorrected spaces. If a
systematic correction will provide satisfactory geometric accuracy to meet a
user's needs and if no control-point labrary exists for a particular scene, then
the expense of control-point location cam be avoided by using systematic cor-
rection.

The SLDMS will have the capability to resample with nearest neighbor or cubic
convolution. Although cubic convolution is widely regarded as a better algo-
rithm than nearest neighbor, it is considerably more expensive to perform on a
general purpose computer. Computer expense for resampling is directly propor-
tional to the number of pixels that are being created.

Pixel spacing 1n the corrected Landsat data i1s a user option in the SEDMS. MSS
input data i1s spaced at about 57 meters horizontally and at about 79 meters
vertically. ZFully corrected MSS data produced by the MDP will be spaced at 57
meters 1n both directioms. A particular spacing may be chosen because the SAR
data has a similar spacing. A second factor that a user must consider when
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choosing the pixel spacing is resampling cost. The number of output pixels that

are created in the resampling step is inversely proportional to the pixel spac-
ing.

Another user option for Landsat MSS processing is the orientation of the image.
Orientation is the angle between North and an image scan line at some point 1in
the i1mage. The standard orientation is such that the spacecraft velocity vector
1s approximately perpendicular to the image scan lipes. That is, input-space
scan lines are nearly parallel to output-space scan lines. Orientation affects
the resampling step. The memory required for the resampling program is directly
proportional to the angle between the input-space scan lines and the output-
space scan lines.

A.4  FUNCTIONAL REQUIREMENTS OF SLDMS PROGRAMS

A.4.1 Reformatting Program

The reformatting program converts Landsat MSS computer compatible tapes (CCTs)
into LARS Multispectral Image Storage Tape (MIST) format. The inputs, func-
tions, and outputs of this program are stated in Table A-2. It is important to
note that the reformatting program performs different functions on each of the

different kinds of input data. The different possibilities are shown in
Table A-1.

Table A-1. Reformatting Program Functions

Uncorrected

Partially Processed

Fully Corrected

Convert to MIST
Remove LCC pixels
Detector histograms
Striping red. tables
Striping reduction

Extract ancillary

Convert to MIST

Detector histograms
Stripaing red. tables
Striping reduction

Extract ancilliary

Convert to MIST

Extract ancillary

A.4.2  Automatic Control-Point Location Program

The automatic control-point location program is used to locate the input-space
coordinates of a set of points whose geodetic coordinates are known. The output
from this program is a set of pixel coordinates of control points. These
coordinates are specified to a fractiom of a pixel, and the location accuracy is
assumed to be within one tenth of a pixel for a good control point.

The specific functions of this program are shown in Table A-3. Basically, the
program extracts suitable prototype control points from a tape, creates cor-
responding scarch areas from an image tape, correlates the data, and determines
the search-area coordinates of the control points. The tape containing the
control points is a Controel Point Library Copy Tape, which is a back-up copy of
NASA's control-point library. It is also possible to obtain prototype control
points from an image tape.
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Table A-2. Reformatting Program Functions

Inpnt

Process

1. MSS computer tapes-
a. Uncorrected
b. Partially processed
e. Fully corrected

2. User's requests.

L~V

Convert uncorrected MSS data
from X format to MIST format.

Convert partially processed
MSS data from BSQ format to
MIST format.

Convert fully corrected MSS
data from BSQ format to MIST
format.

Remove line-length correction
(LLC) pixels from uncorrected
data.

Compute detector histograms.

Compute striping reduction
tables.

Perform striping reduction.

Extract ancillary data from
input tapes.

Qutput

1.

2.

3.

MIST format tape.
Ancillary data set,

Printer listing.
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Table A-3. Automatic Control-Point Location Program Functions

Input Process
1. Control Point Library Copy 1. Extract prototype contreol
Tape. points from:
2. Ancillary data set (from a. Control Point Library
Reformatting). Copy Tape
3. MIST format tape (from b. MIST format image tape
Reformatting).

2. Extract search areas from
4. User's requests. image tape.

3. Horizontally resample search
areas (and control points, 1f
from image tape) to correct
high-frequency errors.

4. Obtain correlation surface
for each control point.

5. Fit correlation surface to
find control point location
to sub-pixel accuracy.

6. Evaluate quality of each
control point.

Output

1.

2,

Enlarged ancillary data set
containing control peoint
locations.

Printer listing.



A.4.3 Manual Control-Point Location Program

The basic function of the manual control point location program is te process
image data in a way that will enable a user to determine control-point coordin-
ates manually. The specaific functions of this program are listed in Table A-4.

In order to assist a user to determine control-point coordinates manually, this
program produces two kinds of ountput. First, it generates a resampled image

data set for each control point. Second, it displays a control-point data set
on a computer listing by simulating pixel gray levels with printer overstrikes.

The resampling that is performed for a control-point location task has two
purposes. First, horizontal geometric distortions that are high-frequency in
nature are removed during the resampling process. These distortions are listed
in Table A-5. Second, a change of scale 1s performed. This is done toc enlarge
the control-point subimage so that a user may determine the control-point
coordinates to a sub-paxel accuracy level.

A.4.4  Geometric Transformation Program

The geometric transformation program has the following basic functions for
uncorrected or partially processed scenes:

a. To define the trarsformation between the corrected output space and
the high-frequency-corrected input space.

b. To assess the accuracy of the geometric transformation.

The resulting geometric transformation 1s added to the ancillary data set that
corresponds to the scene. It is specified as a finite, tabolar function. A set
of output-space grid points is defined, and the corrected input-space coordin-
ates are determined. This grid-point correspondence 1s the primary output of
the program.

Table A-4., High-Freguency Horizontal Geometric Errors

Line length variations
Earth rotation errors
Sampling delay errors

Band-to~band offset

Mirror velocity errors

The specific functions of this program are shown in Table A-5. For uncorrected
data for which no control points exist, models that correct all kmown systematic
errors are used. If contreol point locations are available for an uncorrected ox
a partially processed data set, models that correct all known systematic and
scene-dependent errors are used. These error models are then used to determine
grid point correspondence.



01~v

Table A-5. Manual Control-Point Location Program

Input

1. MIST format tape (from
Reformatting).

2. User's requests.

Process

Output

Extract small subimages to
computer memory.

Resample small subimages
including:

a. Scale change

b. High-frequency error
correction

Histogram small subimages.

Obtain translate tables
using histograms.

Print shadeprint on listing
with overstrikes,

MIST format tape.

Shadeprints on listing data
set.

Printer listaing.



In the case of scene correction, this program also provides an assessment of the
geometric errors. This is done using the covariance matrix of the attitude/

altitude fatting process, as described in section LANDSAT MSS IMAGE TO MAP
REGISTRATION.

This program can also create a grid point correspondence from the ancillary data
for a partially processed scene.
A.&.5, Resampling Program
The resampling program creates a geometrically corrected image data set from an
input image data set. It can resample the data using nearest-neighbor or cubic-
convolution resampling algorithms.
The resampling program can process the following kinds of data:

a. Uncorrected or partially processed Landsat MSS data.

b. Fully processed Landsat MSS data.

c. SAR image data.

The program operates in essentially the same way for all three kinds of data.
However, when uncorrected or partially processed Landsat MSS data is resampled,

the program removes horizontal, high-frequency, geometric errors as part of the
resampling process.

The specific inputs, functions, and outputs are shown in Table A-6. A check-
point-restart capability i1s included because cubic-convolution resampling is a
computationally bound process.
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Table A-6. Geometric Transformation Program

Input Process Output
1. Ancillary data set. 2., Systematic error modeling 1. Enlarged ancillary data set
for uncorrected MSS data. containing grand-point
2. User's requests, correspondence.
2. S8cene error modeling for
uncorrected or partially 2. Pruinter listing.

processed MSS data.
3. Output space definitiom.

4. Interpolation grid point
creation from error models.

5. Interpolation grid point
creation from ancillary data
{for partially processed
scenes).

6. QGeometric error assessment
from error models.
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Table A-7. Resampling Program

Input

Ancillary data set from
geometric transformation
program.

MIST format tape from
uncorrected or partially

processed scene.

User's requests.

Checkpoint restart data set.

Process Output
Set up ainterpolation grid 1. MIST format tape.
point arrays
2. Printer listing.
Horizontal, high-frequency
error correction 3. Checkpoint restart data set.

Cubic convolution resampling.
Nearest neighbor resampling.

Checkpoint restart capabality.
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B.1  INTRODUCTION

This document describes in detail the software that comprises the SAR/LANDSAT
(SLDMS). Its primary purpose is to specify the software in sufficient detail
so that a competent, image-processing programmer can write the SLDMS programs.
It is assumed that the programmer will be somewhat familiar with the IBM
existing image-processing software and that he (or she) will use or modify
existing code wherever possible.

A second purpose of this document is to provide NASA with enough knowledge to
be able to understand the characteristics of the SILDMS.

The design of each SLDMS program is described by a module hierarchy diagram
and a set of program specifications (one for each module). In general, the
program specifications are independent of the particular programming language
chosen for implementation.



B.2  SYSTEM DATA SETS

The SLDMS software uses various input and output data sets. These data sets are
described in this section at a system level. A cross-reference of the data sets
and programs used in the SLDMS is contained in Table B-1. Each of these data
sets is described below in some detail, While it is expected that the formats
of some data sets will be changed during the SLDMS implementation effort, the
descriptions in this document should give a reasonable indication of the amounts
and kinds of data that will be used by the SLDMS.

B.2.1 X-Format CCT
This tape, purchased from ER0OS Data Center (EDC) or obtained from NASA/GSFC, con-~
tains wncorrected MSS image data. There are five files on this tape. The format
is completely described in the following:

"Generation and Physical Characteristics of the Landsat 1 and 2 MSS

Computer Compatible Tapes," Goddard Space Flight Center, November 1975,
NASA Publication X-563-75-223,

B.2.2 BSQ-Format CCT
Partially processed MSS data and fully corrected M55 data can be produced on CCTs
by the MDP. The formats of these tzpes are defined in the following Interface

Control Documents between the Image Processing Facility and EDC Digital Image
Processing System for Landsat:

"Fully Processed Multispectral Scanner Computer Compatible Tape (CCT-FM),"
IBM/FSD, Contract NAS5-22099

"Partially Processed Multispectral Scanner Computer Compatible Tape
(CCT-AM)," IBM/FSD, Contract NAS5-22999

B.2.3 BIl-Format CCT

No documentation on BIL~format CCTs is currently available.

B.2.4  MIST-Format CCT
The MIST format will be used for all image files created by the SLDME. It is a
BIL format in which one record contains data from all spectral bands of a given

line. The format i1s completely described in the following:

"LARSYS System Manual," Pages 5-52 through 5-58.
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Tazble B-1. Data Set/Program Cross Reference

Data Set

Program

MRFT

ACPL

MCPL

GTRN

RSPL

X-Format CCT
BSQ-Format CCT
BIL-Format CCT
MiIST-Format CCT
CPL Copy Tape
Checkpotnt Tape
Ancillary Data Set
Shadeprint Data Set

User-Request Data Set

Temporary Data Set

10

10

10

10

10




B.2.5 CPL Copy Tape

The Control-Point Library (CPL) Copy Tape provides a copy of either the opera-
tional sub-library or the delta sub~library of a library residing on a given MDP
system. Its use in NASA's Control-Point Library Building System (CPLBS) is to
transfer the operaticnal library to the other system, to restore the operational

library, to update operational libraries on both systems, or to restore the delta
library.

The CPL Copy Tape will provide prototype control points (windows) to users of
the SLDMS. TFor those Landsat MSS scenes that have corresponding control points
on the tape, an SLDMS user will be able to perform precise geometric correction
(to his particular scale and orientation) with an automatic process.

The format of the CPL Copy Tape is currently under review at IBM. The format
described below is not necessarily the actuwal format that will be used.

The tape contains in the following order:

a. Library Control Record

b. All directory records

c. All control-point records
The directories and control points are copies of the corresponding CPLBS disk
files. In general, the data will regquire more than one tape reel. Each reel
will contain the Library Control Record followed by the remaining data. The
Library Control Record will insure that the reel is part of the sequence.
Detailed descriptions of the above records follow.
The directory file and the control-point files on the CPL Copy Tape contain
data blocked at five records per block. Record lengths and block lengths are

shown 1n Table B-2. In the case of the control-point file, block size is not a
multiple of record length. Record formats are shown in Tables B-3, B-4, and B-5.

Table B-2. Control Point Library Copy Tape Record Formats

Record Type Record Length | Block Length Maximum # Records
Library Control Record 400 400 1 per reel
Directory Record 360 1800 6250
Control-Point Record 1244 6232 125000




TABI_E B"'3 .

PARAMNETER

DMCT FNAM
DMCFEROG
DMCFDATE
DHNCFTIME
DMCTSTAT
DHCFVALD
DMCFSYST
DMCFREC#
DMCFGENM
DMCFLBNH
DHMCEFSLNM
CMCFLBD®

DHCFINSV
DMCFTNNM
DMCFDRSY
CMCFDRNHM
DMCFCPSV
DHCFCENH

DMCFDRA#
TMCFDR#D
DMCFCEA#
DHCFCP#D

DMCFSLUP
DMCFCIS#
DHUCFRINP
DMCFRT#

TMCFHT#T
DMCFRT#A
DMCFRT#B

DNCFPMUR
DMCFPESY
PMCFUINP
DHCFUTH

DMCFUTH#T
DHCFUT#A
DNCFUT#B

DMCFRS#
DMCFTAPC

ORIGINAL PAG
LTERARY CCNTROL RECORD oF P

DESCRIPTTION

PHANUMERIC SYSTEM NAME OF FILE
ME OF PROGRAM THAT WROTE THIS RECCRD
TE RECORD WAS LAST WRITTEN
ME RECORD WAS LAST WRITTEN
CORD STAIUS

E-LIBRAPY VALID INDICATOR

STEM ON WHICH THIS SUB-LIBRARY RESIDES
CONTROL RECORD KNUMBER IN DMIL

GRCUP NAME é PRODUCTIO% %R CEVELOPHENT )

LIBRARY NAM K¥SS B
SUB-LIBRARY NAHE OPERATIONAL OR DELTA )

AL
Na
DA
TI
RE
sg
S5Y

g%gg LIBEARY INITIALIZED
INDFX FILE SNT VALUE

INDEY FILE NAME

DIRECTORY FILE SHT VALUE
DIRECTORY FILE HAME

CONTFOL POINT FILE SKT VALUE
CONTECL. POINT FILE NAME
ALIGNMENT

SPARE
NEXT AVAITABLE DIRECTORY RFCORD NUMBER
NUMBER OF DELETED DIRECTORY RECORDS
NEXT AVAILABLE CONTROL PCINT RECORD NUMBER
ggﬁg%R OF DELETED CONTROL POINT RECCRDS
DAT2Z WRITTEN TO SUB-LIBRARY SINCE LAST COPY TAPE?
TAPE NUMBER OF LAST COPY TAPE ERODUCED
RESTORE-IN-ERQOGRESS ( YES QR NO

LAST RESTORE

SEQUENTIAL TAPE # OF TAPE USED I
SYSTEM ID A OR B }
OF LAST RESTORE TAPE FROM SYSTEM A

SEQ. TAPE

SEQ. TAPE # OF LASYT RESTORE TAPE FRCM SYSTEM B
ALTGNMENT

SPARE

WEXT PAGE NUMBER FOR_TMUR REZORT

PERFORMANCE TDATA FILE SHNT
UPDATE-IN- PROGRESS é ¥YES CR NO &

SEQUENTIAL 1AP? TAPE USED INW LAST UPDATE
SYSTEHR ID ;.|

SEQ. TAPE OF LAST UPDATE TAPE FROM SYSTEM A
SggﬁETAPE # OF LAST UPEATE TAPE FROM SYSTEM B
REEL NUMBER
CONTENTS OF
ALTIGNMENT
SPARE

TAPE (DELTZA, OPERATIONAL, PERFORNANCE)
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TABLE B-14.

PRRAMETER

DMERFNAHM
DMDPEEROG
CMDRDATE
DMDRTIMNE
DMDRSTAT
PHDRCHAN

DMDRSNSR
DMDREATH

DMDRCIDS
DMDRCREBS
DHDRLRU]
DMBRLRU2Z
DMDRLRU3
DHMDRLRUY
DMDRSRU1
DMDRSRU2
DMDRSRU3
DMDRSRU4
DMDRL RH1
DMDRLRHZ
DMDRLPH3
DMDRLEHL
DMDRSRHI
DMDRSRH2
DMDRSEH3
DMDRSRHY
DMDRL¥U
DMDRSWU
DMDRL¥H
DMDRSWYH
DMDRNGLA
DMDRNLON
DMDREETA
DMDCCRCT

DHMDCUDAT
DHDCUTID
DMDCUSYS
DMLCUTAP
DMDCMDAT
DMDCHUID
DMDCMSYS
DMDCMTAP

CONTROL POINT LIBRARY DIRECTORY RECORD

DESCRIPTION

ALPHANUMERIC SYSTEM NAME OF FILE

NAME OF PROGRAM THAT WROTE THIS RECORD
DATE RECORD HRAS LAST WRITTEN ¥DDD )
TIME RECORD WAS LAST WRITTIEN HHMMSS )
RECCGED STATUS

CHAIN POINTER -~ RELATIVE RECORD NUMBER
SPARE

SENSOR

SPARE

S PATH NUMBER
EOW NUMBER
IMAGE CUADRANT
ISTRATION TYPE
DSAT MISSION

GE OBSERVATION TIME: LLDDHHMH
ATE LEVEL QF CONTROL PCINT SE
MODIFICATION LEVEL OF CONTROL PO
spggEENTRIES IN CONTROL POINT ID
CCNTRCL POINT ID NUMBER LIST
CONTROL POINT POINTER LIST

0 =
T 72 e kg 0 e
D= a<iin

S
T
INT SET

BND POXNTER LISTS

£

INPUT-SPACE LINE (OTH/PS) - CORNER 1 (RBV ONLY
INPUT-SPACE LINE (UIM/PS) - CORNER 2 (RBV ONLY
INPUT-SPACE LINE (UTM/PS) - CORNER 3 (REV ORLY
INPUT-SPACE LINE (UTH/PS) - CORNER 4 (RBV OWLY
INPOT-SPACE SAMEL UTH/PS) - CORNEE
INPUT-SPACE SAMPLE UTH PS) - CORNEF 2
INPUT~SPACE SAMPLE UTM/PS - CORNEER 3
INPDT-SPACE SAMPLE (UTM/PS) - CORNEF 4
INPUT-SPACE LINE (HOM) - CCRNER 1 (BEBV ONLY
INPOT-SPACE LINE (HOM) - CORNER 2 (RBV QNLY
INPUT-SPACE LINE (HOM) - CCRNER 3 (BBV ONLY
INPUT-SEACEY LINE (HOM) - CORNER 4 (RBV ONLY
INPUT-SEACE SAMPL HOM} - CORNER

INPUT-SPACE SAMPLE (HOM) - CORNER 2
INPOUT-SPACE SAMPLE (HOM) - CORNER 3
INPUT-SPACE SAMPLE (HOM) - CCRNER §
INPUI~-SPACE LINE POSITION (UTM/P3) - WRS CENTER
INPUT-SPACE SAMELE POSTITION - WRS CENTER
INPUT-SPACE LINE POSTTION (HONM) - WRS_CENTER
INPUT~-SPACE SAMELE POSTITIONW (HOM} -~ WRS CENTER

GEQODETIC LATITUDE OF N¥ADIR

LONGITUDE.GF NADIR

BETA ANGLE OF REFERENCE TMAGE

gggg%OL POINT ID NUMBER CCUNTER

DATE OF UPDATE FOR LATEST UPLATE LEVEL

ID OF USER WHO ENTERFD UPDATE

ID OF SYSTEM WHERE UPLCATE PY¥RFORMED
SEQUENTIAL TAPE NUMBER OF UPDATE TAPE
DATE OF UPDATE FOR LATEST MODIFICATION LEVEL
ID OF USER WHO ENTERED HMODIPICATION

ID OF SYSTFM WHERE MODIFICATION PERFORMED
g%%g%NTIAL TAPE NUMBER OF UPDATE TAEE

I3
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0
OﬁlgggAL PAGE [g
B QUALITY

TABLE B-5. LITERARY CONTROL POINT RECORD
PARAMETER DESCRIPTION COLUMNS
DMCPFNAM ALPH2ANUMERIC SYSTEM NAME OF FILE 1 - 8 c3
DMCPPROG NAME OF PPFCGRAM THAT WROTE THIS RECCRD 9 - 12 cy
DMCPDATE DATE RECORD WAS LAST WRITTEN YDDD % 13 - 16 ch
DMCPTIME TTIHE RECCORD WAS LAST WRITTEN HHMMSS } 17 - 22 C6
DMCPSTAT RECORD STATICUS 23 - 24 X2
PMCPSHSR SENSOR 25 - 26 12

- SPARE 27 - 28 A2
DMCPEATH H¥RS PATH NUMBEPR 29 - 3¢ I2
DMCERCHN ¥RS RCW NUMEER 31 - 32 I2
DMCPQUAD FBY IMAGY QUADRANT 33 - 34 12
DMCPREGT FEGISTRATION TYPE 35 -~ 35 I2
DMCPMISH LANDSAT MISSION 37 ~ 38 c2
DMCPOBSY TMAGE OBSERVATION TIME: DDDDHHMMS 39 - 48 c10
DHMCPUEDL UPDATE 1LEVEL OF CONTROL PQINT SET 49 - 54 2
DMCPMODL MODIFICATION LEVEL OF CONTRCL POINT SET 51 - 52 T2
DNCPCHCT CONTROL POINT ID NUMBER WITHI¥ SET 53 - 54 I2
DPHMCPHTYP WINDOW TYPRE é n, C ¥, OR P k 55 - 56 c2
DMCPLOLT FEATURE LOCATION Iﬁ WiNDOH T LINES 57 - GQ E4
DMCPLOSH FEATURF LOCATION IN WINDOW IN SAMPLES 61 - 6i E4
DMCPPYNMN MEAN OF WINDOW PIXEL VALUFES (DECTMAL AFPTER BIT 8§) 65 - 66 I2
DMCPSHFT SHIFT FACTOR B0 67 - 68 Iz
DHMCEBYVR VARIANCE OF WINDOW PIYEL VALUES X WINDOW SIZE 69 - 72 B4
DMCPMMAG MEAN MAGNITUDE OF CONDITICHNFD WINDCW P1) 73 - 74 I2
DMCPLSER # LEADING SIGN BITS IN LARGEST ROW FFP COMPONENT P2y 75 - 76 12
DNMCPLSERC gpiﬁéDING SIGH BITS IN LARGEST COL FPFT COMPONENT {P3 %g - g% i%
DMCPWHNDW WINDOW ARRAY 32-BY-32 ARRAY OF 8-BIT PIXEILS ) 81 - 1104
TMCECQTFS ORDER OF SELECTION BY EpIT: 1 - N 17105 - 1106 I2
DMCPSPRD SPECTRAL BAN¥ND NUMBER 1107 - 1198 T2
DUCPLXEC GEOCENTRIC RECTANGULAR X COQORD OF CONTROL POINT 1109 - 1116 D3
CMCPLYEC GEQCENTRIC RECTANGULAR Y COCRD OF CCNTROL POINT 1117 - 1124 D8
DMCPLYZ EC GEOCENTRIC RECTANGULAR Z COCRD QF CCNTROL PQINT 1125 -~ 1132 D8
DMCPEERQT VELQCITY OF CONTROL POINT DUF TQ EARTHE ROTATION 1133 - 114C Ds

- SPARE 1141 - 1144 xy
DMCSCQBS SOURCE IMAGE ID: A.LDDD.HHMMS 1145 - 1156 c12
DMCSGIIC GENERIC IDENTIFiCATION CODE 1157 - 116 cu
DMCSHPBSC MAP SCALE CODE 1161 - 1164 Ty
DMCSNGDE NODE; DESCENDING/ASCENDING 1165 - 1166 T2
DMCST7ACR # IMAGES IN WHICH CP VIOQLATED 7-ACRCSS RESTRICTION 1167 - 1168 I2
DNCSQUTS # IMAGES IN WHICH EST. CP LCC. QUTSIDE AVAIL. DATR 1169 - 117G T2
DMCSEDGE # IMAGES IN WHICH LOC. OF PFAK TOO NEAR EDGE OF sa 1171 - 1172 1I2
DMCSNINMG # TMAGES FTOR WHICH CORRELATION WAS ATTEMPTED 1173 - 1176 T4
DMCSNCOR NUMBER OF SUCCESSTFUL CORRFLATIONS 1177 - 1180 T4
DMCSPEFAK MEAN OF PEAK COERRFLATTION VALUES OBSERVED 1181 - 1184 EL
TMCSCURY MEAN, 0BS5S, VALUES OF MIN. CURVATURE OF COR SURF. 1185 - 1184 B4
DMCSSEEK PEAEK CGRRELATION VALUER 1189 - 1192 E4
DMCS SCRY CURVATURE OF CORRELATION SURFACE AT PEAK 1193 - 1196 EL
DHMCSLOLT FEATURFE LOCATION IN GEODEYIC LATITUDE 1197 - 1204 D8
DMCSICLNW FEATURE LOCATION IN LONGITUDE 1205 = 1212 D8
DMCSELEY ELEVATION OF FEATUPRE éHETERS ABOVE REF ELLTIPSOID) 1213 - 1216 B4
DMCSERAT BYXTS 90% FREKOR FLLIPS EST. ALONG TRACK (HETERS& 1217 - 1220 B4
LMCSERCT AYIS 90% ERRCR ELLIPSE EST. ACROSS TRACK {HETERS) 1221 - 1224 Eh
DMCSUSER ID OF USER WHO CREATED THIS POINT 1225 -~ 1232 of}
DMCSCDAT CREATTON DATE - ¥YDDD (JULIAN DAYL 1233 - 123€ T4
DMCSMCID NRS2 CP ID # FROM MAP CP DESCRIPTIGN DATA TAPE 1237 - 1238 c2
DMCSCSYS ID OF SYSTFM ON WHICH CREATFD 1239 - 1240 12
DMCSCTAP_ ID OF TAPE WHICH ENTERED INTO OQPER'L ITR. 12481 - 1242 12

- SPARE 1283 - 1244 A2
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B.2.6 Checkpoint Tape

The Checkpoint Tape is created and used by the Resampling Program (RSFL). Its
purpose is to save data whenever a checkpoint is taken. Whenever a computer
failure occurs, this data set can be used to restart RSPL at the last checkpoint.
This reduces the amount of lost computer time in the event of a failure during
the expensive resampling program.

The format of the Checkpoint Tape will be defined during the implementation of
the SLDMS.

B.2.7 Ancillary Data Set

Every MS5 scene that is processed by the SLDMS will have an associated Ancillary
Datz Set (ADS). It contains information that completely describes the associated

scene as well as information produced by one SLDMS program for use by another
program.

The ADS will be a sequential data set consisting of 80-byte records. It will
vsually reside on a direct-access device, although it may be a tape data set.

It is organized into sections, each comsisting of a title record followed by one
or more data records. All data in a single section is functionally related.
Figure B-1 shows the layout of the ADS.

Title Card

.‘ Data Cards

Figure B-1. Organization of Ancillary Data Set

Most of the data on the ADS 1s expected to be in praintable character form. This
wlll permit SLDMS users to easily determine what data is on an ADS by viewing it
at a terminal or printing i1t with a standard utility. The basic formats of the
two types of ADS records are shown in Tables B-6 and B-7.

The formats of the data cards in each "section" will be determined during the
implementation of the SLDMS. Preliminary definitions of all ADS "sectiomns"
follow ia Tables B-§ through B-20.



TABLE B-6.

PARAMETER
TITLE

HREC
WCARD

TABLE B-7.

PARAMETER

NCARD

ANCTITIIARY EATA SET: FTITLE CARD PORMAT

DESCRIPTTION COLUMNS

A UNIQUE DESCRIPTIVE TIDENTIFIER THAT DEFIN 1 - 60
"SECTICON" OF THE ADS {(IN PRINTABLE CHRA

FORH%-
NUMBER OF DATA RECORDS IN THIS_ NSECTIONY,

ES A
RACTER FORM)

61 - 70
SEQUENCE NUMBER OF THIS CARD WITHINK THE ADS {NOT 73 - 80
REQUIREDR TO BE USED).
ANCIILARY LATA SET: LATA CARD FORMAT

DESCRIPTION COLUMNS

BELANK CHRRACTER { X'if? E. 1
DATthgg%%gE{IN PRINTABLE CHARACTER FOEM IF 2 - 72
SEQUERCE NUMBER OF THIS CARD WITHIN THE ADS (ROT 73 - 80

REQUIRED TO 8E USED}.

FORMAT
ce0

FORMAT
c1

18



OF POOR QUALITY
DIRECT/RECORDED

ORIGINAL PAGE IS

AC%SITE
CLON

AC%DATE
CLAT

FORMAT OF ANCILLARY DATASET
NADLON

SCENE

X-FORMAT CCT HEADER DATA
NADLAT

TABLE B-8.
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’TABLE'E*S.

ERRCR gODBIS:

oLLO ROLL1 ROLL2 ROIL3
PITCHE PITCH1 PITCH2 PITCH3
yawod YA YAW2 TAW3
DELHA DETH1
ERRC® ASSESSMENT:
0SH1 0S71 CTPHT CTPY]
OSH2 0SV2 CTPH2 CTRV2
0 SHN oSN CTPHN CTPVN
CCT HEADER DATA.
aSc/Dsc WESPTH WRSROW
SER OB 1 S4TON ORBIT ADSTAT
WRSLIN WRSPIX CPYEAR CPDAY
MFANN MFANC GCFLG GCDF1G
ISLIN  IFCRMAT ILTYPE TLCNT
RESOFF TDIGST UBANDS HBNDNO
FASSTYPE CAITYDE
CCT ANCILLAPY RECORD NUMBER 1 <DATA:
ID ISLEN ISPA I SPACY
GaWTD OSIEN GSPACH OSPACY
MIRRO MTRR1
MIPR3 MAXHMIR
SCSKEg TREAN
SD11 SD12 SD13 sp14
SD21 SD22 $D23 SD24
$D31 SD32 SD33 SD3Y4
$D41 SD§2 SDL3 SDi44
SD51 5D52 BBOFF1 BBOF®2
CCT ANCILIARY FECORD NUMBFR 2 DAT
WESFRY WESCPB WRSLAT — WRSLON
HADEA D NADLON
NADIRY NADIRY
BETA INADLIN
DELVY FRV EL
ROLLO ROLL1 ROLL2 ROLIL3
PITCHO PITCH1 PITCH?2 PITCH3
YaW0 YW YAH2 IAW3
DELHD DELHA
NUMGCP
HRS POINTS FROM ANCILLARY RECO% 3 ﬁﬂg%:
51 B2°TH3 H4 HB H6 H7 HS §9 HAM
H17 H18 H19 B20 H271 H22 H23 H2B W25 H26
. . . ®K ° ( NOTE: STORED ROW BY
YPS POINTS FROM ANCILLARY RECORDS 3 ~ 19:
NHOR NVER T = NHOR
vi V2 V3 V4 V5 V6 V7 V8 v9 vi0
v17 v18 v19 v20 v21 v22 v23 v24 v25 V26
v . LV vl ' ( ROTE: STORED CcoLiMN
(CCT ANCILLARY RECQRD 10 DATA:
ESDPTX WESOFF ORTEN
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FORMAT CF ANCILLARY DATASET (CONTINUED)

AESTH]
AESTH2
BN

AEST

RUMDET
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ORIGINAL PAGE IS
OF POOR QUALITY

TABLE B-9. ANCILLARY CATA SET FYIELDS { X-FORMAT CCT HEADER DATA )

PARAMETER DESCRIPTION CCLUMNS FORMAT
TITLE X-FORMRT CCT HEADER DATAj: 1 - 60 cea
NREC NUMBER OF DATA RECORDS TN THIS "SECTION" ( = 3 ) 61 - 70 10
- BLANK CHARACTER 1 c1
SCENE NASA2 SCENE IDENTIFIER 2 -1 c19
ACQDATE DATE OF ACQUISITION OF SCENE 12 - 21 c19
ACQSTITE SITE OF ACQUISTTION OF SCENE 22 - 31 c1in
DIRREC DIRECT OR RECCRDED DATE INLDICATOR 32 - 11 c10
- BLANK CHARACTER 1 c
NADLAT LATITUDE OF SPACECEAFT WADIR ( RADIANS ) 2 -1 F13
NADLON LONGITUDE C¥ SPACECRAFT NADIR é RALIANS ) 12 - 21 F11
FCIAT LATITUDE OF FORMAT CENTER { RADIANS ) 22 - 31 F106
FCI1ORN LONGITUDE OF FORMAT CENTER ( RADIANS ) 32 - 41 F10
TABLE B-16. ANCILLARY LCATA SET FIELDS ( CCT SIAT DATA )
PARAMETER DESCRIPTION COLUMNS FORMAT
TTTLE CCT SIAT DATRA: 1 - 60 C69?
NREC NUMBER OF DATA RECORDS IN THIS U"SECTIION" ( = 13 ) 61 - 7% 110
= BLANK CHARACTER 1 cl
NAT®ST LATITUDE OF SPACECRAFT NADIR ( RADIANS ) 2 - 1N 710
NALEST LONGITUDE OF SPACECRATYT NADIR ( RADIRANS ) 12 - 21 P1Q
ALFER EARTH ROTATION AWNGLE RATLIAMNS ) 22 - 3N F19
DELVY NOFMALIZED VELQCLTY CHANGE 32 - 1 F10
AMSNIT LATITUDE OF SPACECRAFT NADIR { RADIANS ) 42 - 51 F10
AMSNLN LONGITUDE OF SPACECRAFT NADIR ( RATLIANS ) 52 - &1 F10
- BLANK CHARACTER 1 c1
ATTT TN TIME OF ATTITUDE MEASUREMENT 1 2 - 1 F10
ANSROLI AMS RCLI MFEASUREMENT 1 12 - 21 719
AMSPTIT AMS PITICH MEASUREMENT 1 22 - 21 F10
AMSYAVW? AMS YAW MEASUREMENT 1 32 - 1 F10
AITTIM TIME OF ALTITUDF MEASUREMENT 1 42 - 31 7N
AMSALTA AMS ALTITUDE MEASUREMENT 1 52 - &1 F1n
- BLANK CHARACTER 1 c1
ATTTIMG TIME OF ATIITUDE HEASUREMENWE 9 2 -1 ™MC
AMSRCLS AMS RCLYL. MEASUREMENT 9 12 - 21 P10
ANSPITY AMS PITCH MEASUREMENT 9 22 - 3 F1C
RAESYAVWY AMS YAW MEASUREMENT 9 32 - 41 F10
AITTIHNY TIKE CF_ALTITUDE MFASUREMENT 9 42 - 51 F10
AMSALTO AN¥S AITITULE MEASUREMENT 9 52 - 61 F1C
- BLANK CHARACTER 1 c1
= SPARE 2 - 51 F10
AITTINTO TIME OF ALTITUDE MEASUREMENT 13 42 - 51 0
AMSALT1O AMS ALTITUDE MEASUREHENT 19 52 - 61 »1L
- BLANK CHARACTER 1 c1
- SPARE 2 - 5 F10
RITTINT] TIME OF ALTITUDE MEASUREMENT 11 42 - 51 0
ANSALTMN AMS ALIITUDE MEASUREMENT 11 52 - 61 F1Q

. ——— . —— M ———— s - T e i T —— e
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TABLE B-11. ANCILLARY DATA SET FIELDS ( DETECTOR-BY-DETECTOR HISTOGRAMS )

PARAMETER DESCRIPTION COLUMNS TFORMAT
TITLE DETECTOR-BY-CETECTOR HISTOGRAMS?: A ce0h
NPEC NUMBE? OF DATR RECORDS IN THIS "SECTION™ ( = 1281 ) 61 - 7N I
- BLANK CHARACTER 1 c1
B1D1vYD NUMBER OF BAND-1, DETECTOR-1 PIXELS WITH VALGE { 2 - 1 110
B1D2V( NUMBEER OF BAND-T, DETECTOR~2 PIXELS WITH VALUE C 12 - 21 10
B1D3VE NUMBER OF BAND-1, DETECTOR-3 PIXELS WITH VALUE © 22 - 3 I10
B1D4VE NUMBER OF BAND-1, DETECTOR-4 PIXELS WITH VALUE ¢ 32 - 47 I18
B1D5VQ NUMBER OF BAND-1, DETECTOR~5 PIXELS WITH VALUE C 42 - 51 ITn
B1D6V" NUMBER OF BAND~1, DETECTOR-6 PIXELS WITH VALUE O 52 - & T16
BiVC NUMBEER OF BAND~1 PIXELS WITH VALUE ( 62 - MM T19
= BLANK CHRRACTEP 1 c1
B1b171 NUMBER OF BAND-1, DETECTOR-1 PIXELS WITH VALUE 1 2 - 1N I10
B1D2V1 NUMBER OF BAND~1, DETECTOR-2 PIXELS WITH VALUE 1 12 - 21 I10
B1D3V1 NUMBER OF BAND-1, DETECTOR~3 PIXELS WITH VALUE 1 22 - 31 I10
B1D4 V1 NUMBEE OF BAND-1, DETECTOR-4 PIXELS WITH VALUE 1 32 - 41 10
B1D5V1 NUMBER OF BAND-1, DETECTOR-5 PIXELS WITH VALUE 1 42 - 5 I19
B1D6V1 NUMBEER OF BAND-1, DETECTOR-6 PIXELS WITH VALUE 1 52 - 61 I1n
B1V1 NGMBER OF BAND-1 PIXELS WITH VALUE 1 62 - 71 110
- BLANK CHARACTER 1 c1
BAD1V235 KRUMNBER BAND~1, DEIECTOR~1 PIXELS WITH VALUE 255 2 -1N 116
B1D2V2ES NUMBER OF BAND~1, DETECTOR-2 PIXELS WITH VALUE 255 12 - 21 I1d
B1D3V25% NUMBER OF BAND-1, DETECTQOR-3 PIXELS WITH VALUE 255 22 - 3 I10
B1D4V2ES NUMBER OF BAND-1, DETECTOR-4 PIXELS WITH VALUE 255 32 - ¥ T1n
B1D5V255 NUMBER OF BAND-1, DETECTOR-5 PIXELS WITH VALUE 255 42 - 5 I10
B1D6V255 NUMBER OF BAND-1, DETECTOR-6 PIXELS WITH VALUE 255 52 - 81 10
B1v255 NUMBER OF BAND-1 PIXELS WITH VALUE 255 62 - 71 It
- BLANK CHRRACTER 1 c1
BUDTY255 NUMBEE OF BAND-4, LETECTOR-1 PIXELS WITH VALUE 255 2~ 1 19
B4D2V255 NUMBER OF BAND-4, DETECTOR-2Z2 PIXELS WITH VALUDE 255 12 - 21 T13
BUD3V2ES NUMBER OF-BAND-4, DETECTOR-3 PIXELS WITH VALUE 255 22 - 3N I13
B4DU V255 NUMBEE OF BAND-4, DEFTECTOR-4 PIXELS WITH VALUE 255 32 - 41 I1n
BADEV2ES NUMBER OF BAND~4, DETECTOR-5 PIXELS WITH VALUE 255 42 - 51 119
BUDGV2ES NUMBER OF BAND-4, DETECTOR-6 PIXELS WITH VALUE 255 52 - 61 I19
BL4V255 NUMBEE OF BAND-4 PIXELS WITH VALUE 255 62 - M 19
- BLANK CHARACTER 1 C1
B3D1VY NUMBER OF BAND-~5, DETECTOR-1 PIXELS WITH VALUE 9 2 - 11 I1e
B5D2VD NUMEER OF BAND-5, DETECTOR-2 PIXELS WITH VALUE O 12 - 21 110
- SPARE 22 - 61 110
R5VF NUMBER OF BAND-5 PIXELS WITH VALUE ¢ 62 - 71 10
- BLANK CHARACIER 1 o)
B5D1V255 NUMBER OF BAND~5, DETECTOR-1 PIXELS WITH VALUE 255 2 - N I
B5D2V255 gggg%? OF BAND-5, DETECTOR-2 PIXELS WITH VALUE 255 ;% - %: %%8
BEY2SE NUMBER OF BAND-5 PIXELS WITH VALUE 255 62 - 71 110
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TABLE B-12. ANCILLARY DATA SET FIELDS { DETECTOR-BY-DETECTOR STATISTICAL DATA )

PARAMETER DESCRIPTION COLUMNS FORHMAT
TITLE DETECTOR-BY-LETFECTOR STATISTICAYL PARAMETERS: 1 - 60 ceo
NREC NUMBER OF DATA RECORDS IN THIS M"SECTICN"™ (= 11 ) 61 - 72 12
- BLANK CHARACTER 1 c1
B1D1# MEAN OF BAND-1, DETIECTOR-1 PIXELS 2~ 11 Fi0
B1D2M MEAN OF BANI-1, DETECTOR-2 PIXELS 12 - 21 F10
B1D3HU MEAN OF BAND-1, DETECTOR~3 PTYEILS 22 - 31 10
B1D4H MEAN OF BAND-1, DETECTOR-4 PIXELS 32 - 1 F10
B1D5SH HEAN OF BAND-1, DETECTOR-5 PIXELS 42 - 5 10
BlDo# MEAN OF BAND-1, DETECTOR-6 PIXELS 52 - 61 F11
B1HM MEAN QF BAND-1 PIYELS 62 ~ 1 F10
- BLAWK CHARACTER 1 c1
B1D13 STANDARD DEVIATION OF BANID-1, DETECTOR-1 PIXELS 2 -1 F13
B1D25 STANDARD DEVIATION OF BAND-1, DETECTOR-2 PIXFLS 12 - 21 0O
B1D3s STANLCARD DEVIATION OF BAND-1, DETECTOR-3 PIXELS 22 - 31 P10
BID4S STANDARD DEVIATION OF BANL-1, DEYECTOR-4 PIXELS 32 - 11 F10
B1D5S STANDARD DEVIATION OF BAND-1, DETECTOR-5 PIXELS 42 - 5 F11
B1D6S STANDARD DEVIATION OF BAND-1, DETECY0R-6 PIXELS 52 - 61 P15
B1S STANDARD DEVIATION OF BAND-1 PTIXELS 62 - M 10
- BLANK CHARACTER 1 C1
B5D1H4 BEA F BAND-5, DETECTOR-1 PIXELS 2 -1 P10
B5D2H MEAN OF BANI-5, DETECTOR-2 PIXELS 12 - 21 P12
B5D3M MEAN OF BANL-5, DETECTOR-3 PIX¥LS 22 - 3 F10
BEDLUM MEAN OF BAND-3, DETECTOR~4 PIXELS 32 - 7 Fi
B5DSH MEAN OF BANI-5, DETECTOR-5 PIXELS 42 - 51 F12
BSDEM MEAN OF BANL-5, DETECTOR-6 PIXELS 52 = 61 F10
BEM MEAN OF BAND-5 PIXELS 62 - M F10
- BLANK CHARACTER 1 c1
B5D1s STANDARD DEVIATION OF BAND-5, DETECTOR-1 PIXELS 2 - 1 P12
B5D25 STANDARD DEVIATION OF BANI-5, DETECTIOR-2 PIXELS 12 - 27 F19
B5D3S STANDARD DEVIATION OF BAND-5, DETECTOR-3 PIXELS 22 ~ 31 712
B5D43 STANDARD DEVIATION OF BAND-Z5, DETECTOR-4 PIXELS 32 - 41 F19
BSD5S STANDARD DEVIATION OF BAND-5, DETECTOR-5 PIXELS 42 - 5 MO
B5D6S STANDARD DEVIATION OF BAND-5, DETECTOR-6 PIXELS 52 - 81 F19
B5S STANDARD DEVIATION OF BAND-~-5 PIXELS 62 ~ M F10
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TABLE B~13.

PARAMETER

ANCILTARY DATA SET FIELDS ( CUTPUT-SPACE DEFINITION )

DESCRIPTION

FORMAT

o 4 A R e b o e R W e e o e e A S EE AL MR e vy b AP T A U M A A R A A R N M G T T T W A S e A i S Sy s S —h T -

QUTEUI-SPCE TEFINITION:
NUMBER OF DATA FECORDS IN

THIS "SECTION" ( = 3 )

H
Al
[ e ]

L e e v T WR s W R R R W e M AE e o kT ER A ML W A L e A S ey S W M U M S TS WS B W W et e S e vk i e e S R b

HSPACO
VSPACO
HEADING
OSWIDP
OSLENP
MAPPROJ

BLANK CHARACTER

DISTANCE BETWEEN OUTPUT-SPACE PIXFL CENTERS
DISTANCE BETWEEN QUTPUT-SPACE PIXEL CENTERS

SPACECRAFY HEADING ANGLE

METERS
METEERS

3

(ke L L B
| SO T O Y Ve |
o Low Yo 2 o B ¥' o TS

WIDIH OF OUIPUT SPACE pIXEISE
LENGTH CF CUTPUT SPACE (PIXELS)

MAP PROJECTION

BIANK CHARACTER

FORMAT CENTER COORDINATE (HCRIZONTAI)
FORMAT CENTEE COORDINATE (VERTICAL)
FORMAT CENTER LATITUDE (RADTANS)
FORMAT CENTER LONGITUDE ADIANS)
FORMAT CENTEE MAP COORDINATEF
TORMAT CENTER MAP COORDINATE
FORMAT CENTEER MAP COORDINATE

b ved o g Pl Ve
S a3 (T)
L i o Lo Bp Lo T BN

o — T A T T gy e Sk b Ay o A A W — =

TABLE B-14,

PARAMETER

ANCILLARY DATA SET FIELDS { ERROP MODELS )

DESCRIPTICH

A AR . e e T T Y A e i —— . —— A — T o A — . ——— e i i o — — — —— "

TITLE
WREC

EEROFP MODELS:
NOMBER CF DATA

THIS "SECIION" ( = 5 )

He
—-—on
b ]

A T R A A Mk e b ok A W W M AN M M o e o R N R M e AR M et T RN MR R M N N A M M WP N M Y e S A M A e A M T T . —

BLANK CHRRACTER

CONSTANT-TERM COEFFICIENT
DEGREE-1-TERM COEFFICIENT
DEGREE-Z2-TERM COEFFICIENT
DEGREE-3-TERM COEFFICIENT

BODEL
MCDEL
MGDEL
HCDEL

b bl g Yt
—d 3o ()

. — i S . - — . e . ———— . — i ——— i o e A} . - i ke

BIANK CHARACTER

CONSTANT-TERM COEFFICIENT
DEGREE-1-TERM COEFFICTIENT
DEGFEE-Z-TERH COEFFICIENT
DEGREE~-3-TERM COEFFICIENT

PITCH MODEL
PITCH MODEL
PITCH MODEL
PITCH MODEL

DD 2D | DO

gt b
YR Y

A A v e e W R TR TE MR G RE S e M R e W e T A TER M e e N T N . e g U e i r e v ow o WS AR e v e A oy -

BLANK CHARACTER

CONSTANT-TEEM COEFFICIENT
DEGREE-1-TERM COEFFICIENT
DEGREE-2-TERM COEFFICIENI
DEGREE-3-TERM COEFFICIENT

¥ MCDEL

rgixityg
A a—d oA
Wl DI

A e A e e A M A WA e A S W A e e A S M S N S R M e WA M e A N e e A a e Sy YA TEr M S M A o o o

BLANK CHARACTER
CONSTANT-TERM COEFFICT
DEGREE-1-TERM COEFFICT

E~-CHANGE MODEL
E-CHANGE MODEL

od
[yl o

CCLUMNS
- 60

61 - 7N
1
2-1n
12 - 21
22 - 3
32 - 1
42 - 51
52 - T
1

2 - N
12 - 21
22 - N
32 - 41
42 - 51
52 - 61
62 - 1
COLOHMNS
- 60

61 = 70
1

2 -1
12 - 21
22 - 1
32 - 41
1

2 - N
12 - 21
22 = 31
32 - 41
1

2 -1
12 - 21
22 - A
32 - 41
1

2 - N
12 - 21

- LS
et (Y
DT

o R R b e oy o A R R e b m e W S B b AE e vl T M T R e B e i e o Y TE R A AEE W A ke R AL S B A A YS M M M e M ey S e -

B-15



TABLE B~15. ANCILLARY [ATA SET FIELDS ( ERROR ASSESSMENT )

PARAMETER

DESCRIPTION

FORMAT

e e e R A Y R S M ki AR A M Y A ol i AR ek T b e B e M Sy e e e b AL A P S AER R S A S M e ek e M W W ome oy i = e

FRROR ASSESSMENT:

NOMBEER OF DATA RECORDS IN THIS "SECTION™ ( = N+1 )

s — T ot A o — " ——— Wy e W AR ———— ol S g ik e S " A —

BLANK CHARACTER

QUTEUT~SPACE COORDINATE OF P
OUTPUI~SPACE COORDINATE OF P
CORRECTED TANGENT-PLANE COQOR
CORRECTIED TANGENT-PLANE COOR
ERROR ESTIMATE FOR POINT 1
ERROR ESTIMATE F¥FQR POINT 1

OF POINT 1
OF POINT 1

40
-4 1
20

b R e B s B |
[T N Y
PRIV

e T W e R TR A S NS W e e S L T o A T o A e Py P S i el o e A ey = S o

e T . A — i — W o T —— —— . —— A - — o - —

BLANK CHARACTER

OUTPUT-SPACE COORDINATE OF POINT N
QUTPUT~-SPACE COORDINATE OF PCINT N
CORRECIED TANGENT-PLANE COQORDINATE
CORRECTED TANGENT-PLANE COORDINATE
ERROR ESTIMATE FOR POINT N

EEROR ESTIMATE FOR POINT ¥

CF POINT N
0F POINT N

COLUMNS

60
61 - 70

1
2 - 11
12 - 21
22 - 31
32 - 41
52 - 57
52 - 61

1
2 - 11
12 - 21
27 - 37
32 - i
32 - 51
52 ~ 61

bl g el b T )
YL W N Y |
7= Lo Low- Jiw T o BT
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TABLE B-16.

PARAMETER

ANCILLARY DATA SET FIELDS ( CCT HEADER DATA )

DESCRIPTION

FORMAT

A o S T — S - — W L W R S R N W AR S M S W AR AL W M L WA e R ML M A b AV S A A e e A

T HEADER DATA:

20
an

MBER OF DATA RECORDS IN THIS WSECTIONY

HG
N
[ L)

T e Y T T T T N W M A T M A M A el o D L . A e ol S D e o T Y e i o BER Sl orwr o D ol ot e o b ot e o ———

BLANK CHARACTER

NASA SCENE IDENIIFIER
ASCENDING OR DESCENDING NODE
WRS PATH NUMBER

WRS FOW NUMBER

-

i<
bbb )
DO

o R b e ey T g T e e ——  — ——— . — T —— T —— T — o — e ——— T — . ——————— " . ——_

NK CHARACIER
gOE IDENTIFIER

OO
T S R Y|
DOOODD D4

AR - — i ) e T - bt S - L A~ e — — e =

BLANK CHARACTER

LINE RUMBER OW WRS FORMAT CENTER
PIXEL NUMBER OF WRS FORMAT CENTER

CENTER PICTURE EXPOSURE TIME (YEAR
JUOLY

CENTER PICTURE EXPOSURE TIHE

CENTEE PICTURE EXPOSURE TIMNE HOUB&
CENTER PICTURE EXPOSURE TIME (MINU

R Tt sy} A . g gy W TP D . A S ok A . . i AT — ——

BLANK CHARRCTER

NUMBER OF MAJOE FRAMES OF ANNOTAT
NUMBER OF MAJOR FRAMES OF ANCILLA

GECMETRIC COERECTION FLAG

GECHETRIC CCERECTION DATA FLAG

RADIOKETRIC CORRECTION FLAG

RADICMETRIC CORRECTION DATA FLAG

o — o b —— - b b o vt b —— . — T — o P ——— " ko - — — . —

BLANK CHARACTIER

NOMBER CF MAJOR FRAMES (LINES) OF IMAGE DATA

IMAGE DATA FORMAT

TYPE OF INTERLEAVING

ITNE INTERLEAVING COUNT
TYPE OF RESAMPLING APPLIED
MAP ERQJECTICH APPLIED

IO
RY

ES)

N DATA
DATA

AN D2Y OF YEAR)

ol g [ ] 1
Aed sy
QDO

plolelelnlis]
PR N Y
DO D20

(oTolaleloly
T P Y |
DO IDTD.A

—— S — A . T . —— A — A - —

TUBANDS

BLANK CHARACTER

WRS OFFSET TROM FULLY PROCESSED IMAGE CEWTER

IMAGE DATA JUSTIFICATION

NUMBEKR OF USABLE SPECTRAL EANDS

MSS SPECTRAL BAND NUMBER

-t 1
—oaadoay
OB D

T ———— A EAL T L L AL S T A e e o . oy b T Sl i o ey mm mb W Y W WD v e e e i R N e i R S e R e R S e R S A e A ——

PASSTYPE
CAITYPF

BIANK CHARACTER
TYPE OF PASS DAY / NIGHT )
HCDE CF CALIBRATION WEDGE

COLUMNS
1 - 69
61 - 70
1

2 - 11
12 - 21
22 - 31
32 - B1
:

2 - 17
12 - 21
22 - 31
32 - b1
43 - 59
57 - 81
1

2 - 11
12 - 21
22 - 31
32 - 11
43 ~ 51
52 - 61
»

2 - 11
17 - 21
22 - 31
32 - i1
32 - 51
52 - 61
1

2 = 11
12 - 21
27 - 3
35 - 1
43 - 51
52 - 61
1

2 - 11
12 - 21
22 - 31
32 - i1
1

2 - 11
12 ~ 21

[p1p]
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TABLE B~17. ANCILLARY LATA SET FIELDS ( CCT ANCILLARY RECORD NUMBER 1 DATA )

PARAMETER DESCRIPTION COLUMNS FORMAT
TITLE CCT ANCILLARY RECORD NUMBER 1 DATA: 1 - 60 co60
NREC NUMBER OF DATZ EECORDS IN THIS WSECTION" ( = 12 ) 61 - 70 110
- BLANK CHARACIER 1 c1
ISWID WIDTH CF INEUT SPACE (PIXELS) 2 - 1N F10
ISLEN LENGTH OF INPUT SPACE PIXFISA 12 - 21 F10
ISPACH HOR. SPACING BETWEEN INPUI-SPACE PIXEIS (METERS 22 - AN Fin
ISFACY VER. SPACING BETWEEN INPUT-SPACE PIXELS (METERS 32 - 1 F10
= BLANK CHARACTER 1 C1
OSWID WIDTH OF OUTPUT SPACE (PIXELS) 2 -1 F10
OSLEN LENGTH OF QUTPUT SPACE (PIXELS 12 - 21 F1)
OSPACH HQR. SPACING BETWEEN OUITPUOT-SPACE PIXELS (METERS 22 - N 710
OSPACY VER. SPACING BETWEEN OUTPUT-SPACE PIXELS (KETERS 32 - 11 F10
SCALTH NONINAL SPACECRAFT ALTITUDE {(METERS) 42 - 5% F10
ISWIDH WIDTH OF IXPUT SPACE (METERS) 52 - 61 F10
- BLANK CHARACTER 1 Cc1
MIRRD CONSTANT COEFFICIENT OF MIRRCR~-VEILOCITY MODEL 2 -2 D24Q
MIRER1 DEGEEE~-1 COEFFICIENT OF MIBRROR~VELQCITY MODEL 22 - 47 D20
MIRR2 DEGREE-2 COEFFICIENT OF MIRROR-VELOCITY MODEL 42 - 61 D20
- BLAKK CHARACTER 1 c1
MIRR3 DEGREE-3 COEFFICIENT OF MIRROR-VELOCITY MODEL 2 - 21 D23
MAXMIR MAXTIMUY SCAN-MIEROR ANGLE (RADIANS) 22 - 1 D20
- BLANK CHARACTER 1 Cc1
SCSKEW SCAN-SKEW EIARAMETER 2 - 21 D20
TBIWN TIME BETWEEN CONSECUTIVE HNIRROR SWEEPS 22 - ¥ D20
TACTIVE TIME FOR AX ACTIVE MTIRROR SCAN (SECONDS) 42 - 61 D20
- DBLANK CHARACIER 1 Cc1
A SEMIMAJOR AXIS OF FARTH-SPHEROID MODEL HETERS} 2 -~ 21 D2¢
B SEMIMINOR RXIS OF FARTH-SPHEROID MOTLEL {(METERS 22 - 11 D20
ECCON EARTH-CURVATURE CONSTANT 42 - 61 D20
- BLANK CHARACTIER 1 C1
SD11 SAMPLING-DELAY CORRECTION FOR BAND 1, DETECTOR 1 2 -1 710
SP12 SAMPLING-DELAY CORRECTION FOR BAND 3, DETECTOR 2 12 - 27 F10
SD13 SAMPLING-DELAY CORRECTION FOR BAND 1, DETECTOR 3 22 -~ 31 F1i0
Sp1L SAMPLING-DELAY CORRECTION POR BAND 1, DETECTOR 4 32 ~ 41 F10
5D15 SAMPLING-DELAY CORRECTION FOR BAND 1, DETECTOR 5 42 - N F10
5D16 SAMPLING-DELAY CORRECTION FQR BAND 1, DETECTOR 6 52 - 81 F1i0
- BLANK CHARACTER 1 c1
Spat SAMPLING-DELAY CORRECTION FOR BAND 4, DETECTOR 1 2 - 11 F10
sSpu2 SANPLING-DEIAY CORRECTION FOR BAND #4, DETECTOR 2 12 - 21 16
SD43 SAMPLING~DELAY CORRECTION FCR BAND 4, DETECTOR 3 22 - 31 F19
soug SAMFLING-DELAY CORRECTION POR BAND 4, DETECTOR 4 32 - i1 710
Sp4s SAMPLING-DELAY CORRECTION FOR BAND 4, DETECTOR 3 42 - ,M PG
SDi6 SAMPLING-DELAY CORRECTION FOR BAND 4, DETECTOR 6 52 ~ 61 F1i0
= BLANK CHARACTER 1 ¢
5D51 SAMPLING-DELRY CORRECTION FOR BAND 5, DETECTQOR 1 2 -1 F10
SD52 SAMPLING-DELAY CORRECTION FOR_BAND 5, DETECTOR 2 12 - 2% 210
BBOFEDS BAND-TO-BAND OFFSET FOR BAND 3 22 - 31 F10
BBOFF6 BAND-TQ-BANL OFFSET FOP BAND 6 32 - 41 F10
BBOFF7 BAND-TO-BAND QFFSET FOR BAND 7 42 - 51 10
BBCFF 82 RAND-TO-BAND OFFSET FOR BAND B2 52 - 61 P10
BBOFF3E BAND-TO-BAKD OFFSET FOR BAND 8B 62 - 71 P10

Bl oy A v T R R o oy S TR N R e T e e i - Ly A S D T St e D R T oW L i oS S S i S - S S A e
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TAELE B-18.

PARAMETER

ANCILTARY DATA SET FIEIDS { CCT RNCILLARY RECORD

DE SCRIPTTICH

NUMBER 2 DATA )

FORMAT

e e e A e M WD M e S N e W W AR M T e . S A T A — T ] — Tl

CCT ANCILLARY RECORD NUMBER 2 DATA:
NOMBER OF DATA RECORDS IN THIS WSECTICN® {= 11

40
A O
S

i o . AR S A g A ——— T —— T — T T T T " — T —

BLANK CHARACTER

WRS FRAME

WRS ORBIT

GEODETIC LATITUDE OF WRS FORMAT CENTER (RADIANS)
LONGITUDE OF _WRS FORMAT CEHTFR (RADIA

SPACECRAFT TIME OF FRAME CENTE

g loie 1 L
MNoa—to s )
o T3s T N Ton JO°.Y

o — A —— R — i — S A - — " oy Al o ey R S o ——
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GEQDETIC LAIITUDE OF SPACFCRAFT NADIR (RADIANSI)
LONGITUDE OF SPACECRAFT NWADIR (RADIANS)

for Low
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. " T Ak b e S A e Ay T . —— - ——

BLANK CHARACTER

EARTH-FIXED COORD
EARTH-FIXED COORD
EARTIH-FIXED COCFD

i

NATE OF SPACECRAFT NADIR {METERS
NATE OF SPACECRAFT NADIR (METERS
NATE OF SPACECRAFT NADIR (METERS
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BLARK CHARACTER

HEALTING ANGLE

INPUI-SPACE LINE NUMBER OF SPACECRAFT HADIR
INPUTI-SPACE SAMPLE NWUMBER OF SPACECRAFT NADIR
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BLANK CHARACTER
NORMALIZED VELOCITY CHANGE QF SPACECRAFT

EARTH-ROTATION PARAMETER
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BLANK CHARACTIER

CONSTANT~TERM COEFFICIENT OF ROLL MODEL
DEGREE-1-TERM COEFFICIENT QF ROIL MCDEL
DEGREE-2-TFRM COEFFICIENT OF RCLL MCDEL
DEGREE-3~TERM COEFFICIENT OF ROLL HODEL
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DEGREE-1~TERM COEFFICIENT OF PITCH MODEL
DEGREE-2Z2-TERM COEFFICIENT OF PITCH MODEL
DEGREE-3-TERM COEFFICIENT OF PITCH MODEL
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DO DD
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BLANK CHARACTER
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DEGREE-1-TEPM COEFFICTIENT OF Y
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DEGREE-3~TEERM COEFFICIENT OF Y
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DEGREE-1-TERM COEFFICIENT OF ALTITUDE-CHANGE HODEL
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BLANK CHARACITER
NUMBER OF GCES USED TO GET ERROR HMODELS
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1
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1
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1
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32 - 61
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1
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;
2 - 11
12 - 21
22 - 31
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;
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TABLE B-19, ANCILLARY CATA SET F¥IELDS ( HRS POINTS PROM ANC. RECORDS 3 - 13 )

PARAMETER DESCRIPTION COLUMNS TFORMAT
TITLE HRS POTNTS FROM ANCILLARY RECORDS 3 - 10 : 1- 60 C60
NREC NUMBER OF DATA RECORDS IN THIS "SECTIORT ( = K+1 ) §1 - ¢ T10
- BLANK CHARACTER 1 c1
A1 HARS PCINT NUMBER 1 2 - 5 B
H2 HRS DOTNT NUMBER 2 6 - 9 RU
H16 BRS POINT NUMBER 16 62 = 65 R
- BLANK CHARACTER 1 C1
H17 HRS POINT NUMBER 17 2 - 5 Rl
H18 HRS POTNT NUMBER 18 6 - © R
H32 HRS POINT NUMBER 32 62 - 65 R4

- ——— e AL e e W gl i - — . ——— it

—— b o R S . M N i e S e e S A R W M A A S S e M e e vl S W S o e e —

TARLE B-2(:. ANCILLARY DATA SET FIELDS {( VRS POINTS FROM ANC. RECORDS 3 - 10 )

PARAMETER DESCRIPTION COLUMNS FORMAT
TITLE VYRS POINTS FROM ANCILTARY RECORDS 3 - 10: o 1 - 60 C6&0
NREC NUMBER OF DATA RECORDS TN THTS "SECTION® ( = T#1 ) 61 - 70 T19

- BLANK CHARACTER 1 c1
71 VRS PCINT NUMBER 1 2 - 5 R4
g2 YRS DOTNT NUMBER 2 6§ - 9 RY
v16 VRS POINT NUMBER 16 62 - 65 RY

- BLANK CHARACTER 1 c1
v17 VRS PCINT NUMBER 17 2 - 5 RE
v18 VYRS POINT NUMBER 18 &€ - 0 R4
v32 VRS ECINT NUMBER 32 62 - 65 By

pb $Epet
R G, O
pQO0
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ORIGINAL PAGE 1o
OF POOR QUALITY

B.2.8 Shadeprint Data Set
The shadeprint data set is a computer listing on which image data is displayed.

Gray levels are simulated by overstrike printing. Each printed character posi-

tion represents a single pixel. An example of a shadeprint data set is shown
in Figure B-2.

f:lZ ?!ﬁ?

L
b bl L1 L ISy
P RS Ul
ELAAS kRS S e K

wEEA
BLEERL o & A A L]
Coworf AALG S ARl

. A
L3 3 L)
R T

Figure B-2. Example of a Shadeprint

B.2.9 User-Request Data Set

Each of the SLDMS programs has its own User-Request Data Set (URDS). It is used
to allow a user to supply any optional or necessary data to the program.

The general formats of all URDSs are similar. Each will consist of a FORTRAN

NAMELIST followed by formatted data. The records on a URDS are 80-byte card
images.
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B.3 REFORMATTING PROGRAM (MRFT)

B.3.1 Statement of Problem

MSS data, as obtained from NASA or EDC, can be in any of several formats. The
TARSYS System uses a particular Multispectral Tmage Storage Tape (MIST) format
that facilitates multispectral processing. This format is defined on pages 5-52
through 5-58 of the LARSYS System Manual. Reformatting, as defined here, is the
reorganization of the image data into the MIST format.

Burang the reformatting process, it 1s convemient to perform several other pre-
liminary processing tasks. These include removing line-length-correction pixels,
histogramming, striping reduction, and ancillary-data extractiosn.

B.3.2 Data Flow

There 1s a severe limit on the amount of temporary disk storage available on the
LAES computer. This restriction has influenced the way data will flow through
the reformatting program. In particular, temporary image data sets will be
stored on tape data sets. This will require somewhat more I/0 than would be
necessary on a system that had available about 35 million bytes of temporary
disk space. In order to minimize tape-drive utilization, the X-format and
BSQ-format tapes will be reformatted so as to use a maximum of three tape drives
at one time.

B.3.3 Non-Image Data Considerations

The non-image data that is contained on the Landsat MSS computer tapes will be
used by other programs in the SLDMS. For X-format CCTs, the non-image data
fields are completely defined {see "“Gemeration and Physicazl Characteristics of
the Landsat 1 and 2 MSS Computer Compatible Tapes," GSFC, November 1975,
%-563-75-223). The format of the BSQ and BIL tapes that will be preduced by
EROS Data Center are apparently not yet officially defined. These will be
specified in the new edition of the Landsat Data User's Guide (expected to be
published i1n January, 1979). Actual coding of some sections of the reformatting
program cannot be started until those formats are defined. Currently, defini-
tions of only X format and BSQ format (fxom MDP) are available to IBM.

B.3.4 Program Description

The design of the Reformatting Program 1s described in Figure B-3 and the nine
program specifications that flow.
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FIGURE B-3. MODULE HIERARCHY FOR LANDSAT MSS REFORMATTING PROGRRMN.

===-= MRFTX

--=-- MRFTRBS

-==-- MEFTBI

. e oy ma e

-

MRFTXA
MRFTXT
MRFIXS

MRFTBA
MR¥FIBIX

MRFTBA
MRFTEII
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Sk e SAF/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION Ak ek Kok
NPME 2 o x o % e 4 % 0w MRFT
DESTGNFR ....,... STEPHEN W. MURPHREY

FUNCTION saccaas %g%sﬁlﬁ THE TOP-LEVEL DRIVER FOR THE LANDSAT MSS REFORMATTING
GEAM.

INPUTS ¢eeeseses 1. BN TMAGE TAPE IN ¥, BSQ, OR BIL FORMAT,
2. A DATA SET coNTaINfne USER'S REQUESTS (ON CARD IMAGES).

. AN IMAGE TAPE TK MIST FORMAT.
. AN SLDMS ANCILLARY TATA SET FOR THE SCENE TC BE PROCESSED,
» A PRINTER LISTING DATA SET.

OUTPUTS eouvueoe

LD —2

COMMON BLOCKS ..

FLSTRICTICNS ...

CRLLING SEQ. ... NOT AFFLICABLE.
PDL (PROGRAM OUTLINE)

PRINT PROGRAM-ENTRY MESSAGE
READ USEER'S LFCUESTS
PRINT PARAMETFRS DEFINING THIS RUN
CASENTHY
CASE 1
EEFOEMAT X-FCRMAT DATA
CASE 2
REFTOERMAT BSC-FORMAT DATA
CASE 3

ENLCASE FEFOEMAT BIL-FORMAT DATA
IF DATR IS UNCOFRECTED OR PARTIALLY-PROCESSED DATA THEW
DETEEMINE STREIPING-REDUCTION TABLES
IFr STRIPING REDUCTION WAS REQUESTED THEXY
PERFORM STRITING REDUCTION
ENDTIF
ENDIF
ERINT FECGRAM-EXIT MESSAGE

e ko ek END OF SPECIFICATION 3ok Aok
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* sk okeok ok " SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION ek ek o

NAME ..u.e..e.e. MRFIBS
DESIGNE®R ....... STEPHEN W. MURPHREY
FUNCTION ....... REFORMATS IMAGE DATA IN BSQ FORMAT.
INPUTS vvevvevss 1. SEE CALLING SEQUENCE.
OUTPUTS +eese... 1. SEE CALLING SEQUENCE.
COBMON BLOCKS .. )
RESTRICTIONS ...
CALLING SEQ. ... CALL MRFTBS ( )
VARIABLE TYPE I/0 DIH DESCRIETION

- - - — - —— - - ————— o ——— b M bt T S AR R A L A S ——

FDI (FEOGRAMN OUTIINE)

OFEN FIRST INPUT DATA SET 1,1
OPEN FIRST OUTPUT DATA SET (0.1
READ AND PROCESS NON-IMAGE RECORDS
WRITE ID RECCRD
DO FOR EACH IMAGE RECORD
READ ONE INEUT BKECORD (I, 1)
PROCESS INPUT DATA AND PLACE IT TN QUTPUT BUFFER
INI®TAZLIZE NON-IMAGE FIFLDS IN OUTPUT BUFFER
WRITE ONE OUTPUTI BRECORD (0,1)
ENDDO
WRITE END-OF-TAPE RECORD
CLOSE DATR SETS {1 1& AND (O 1&
DO FOR EACH REMAINING INPUT DATA SET  (I,N)
CPEN NEXT INPUT LATA SET I, N
OPEN LAST OUTPUT DATA SET (O,N-1) FOR INPUT
CPEN NEXT OUTPUT LCATA SET o,u%
READ AND PROCESS NON-IMAGE RECO®BDS
COPY ID RECORD FROM {(0,N-1) TO (O,¥)
DO FOR ®ACH IMAGEY RECORD )
READ ONE INPUT RECORD x,N)
READ ONE RECCRD  (0,N~1
PROCESS TNPUT DATA AND PLACE IT IN QUTRUT BUFFER
WRITE ONE OUTPUT RECORD (0,¥)
ENDDO :
WRITE END-OF-TAPF RECORD
ENDDSLOSE DATA SETS (I,N) AND (O,N-1) AND (O,N)

s e ook ek END OF SPECIFICATION
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3 ¥ ek ke SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION
NAME 8 8 & 5 WA s ab MRFTXA
DESTENER ..... .- STEPHEN W. MURPHREY

FUNCTION .<..... READS AND PROCESSES X-FORMAT NON-IMAGE RECOFDS.
INPUTS ssaesvsee 1, SEF CALLING SEQUENCE,
QUTPUTS .4eeseaas 1. SEE CALLING SEQUENCE.
COMMON BLOCKS ..
EESTRICTIONRS ...
CALLING SEQ. +.. CALL MRFTXA ( )
VARPIABLE TYPE I/0 DIH DESCRIPTION ONITS

——— i —r - —— - - A W S W e i o v — e

PDL (EERCGEAM OUTLINE)

EEAD 4N-BYTE ID RECOFD FEOM INPUT DATAL SET
BREAD 62U4-RYTE ANNCTATION RECORD FROM INPUT DATA SET
DETERMINE FORMAT LEVEL
FRPTNT FPIELDS FROH ID BECORD:
SCENE/FRIME ID
CCT SEQUENCE NUMBER
DATR RECORD LENGTH
TIAT IDENTIFICATICN
MS5S ADJUSTED LINE LENGTH = LLIA
MSS DATR MODE/COERECTION CODE

PRINT FIZLDS FROM ANNOTATION RECORD:
DATE OF ACQUISITION ORIGINAL PAGE 13
PORMAT CENTER LATITUDE AND LONGITUDE OF POOR QUALITY

NADIR LATITUDE AND LONGITUDE

ORPBIT DIRECTION

AOMTINAL IATH AND FOVW

SENSOP AND SPECTRAL BAND SPECIFIC INFORMATION

DIRECT OR HECORDFE TRANSMISSION

SUN ELEVATION AND AZIMUTH ANGLES

TYPF OF COPRECTICNS CN DATA

SCALE OF IMAGE

MAP EROJECTICN

RESANPLING ALGORITHHM

PREDICTED OR DEFINITIVE EPHEMERIS DATA

PROCESSING PROCEDURE

EARTH TMAGFE OR RBV CALIBRATION IMAGE

SENSOR GAIN OPTIONS

TYEE QF M5S TRANSMISSTION

TYPE OF M55 DRTA PROCESSING

FRAME IDENTIFICATICN NUMBER

NDPF IDENTIFICATION CODE

DIRECT OF EFECORDED MSS_DATA

MSS DATA ACQUISITIION SITE

TICK-MARK IOCATICNW DATA
IF THIS IS ¥ROM FIRST STRIPD THEN

WRITE ID DATA TC ANCILLARY DATA SET
ENDIﬂRITE ANNOTATION DATAE TO ANCILIARY DATA SET

ook ek ek END OF SPECIFICATION
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e ok feote o ke SAR/LANDS2T DATA MERGING SYSTEM FROGRAMN SPECIFICATION

NAME ..e.eecensses MRFTX

DESTGNER +4vs0e» STEPHEN W, MURPHREY

FUNCTICY ....... REFORMATS X-FORMAT DPATA.

THPUIS svevsasss 1. SEE CALLING SEQUENCE,

OUTPUTS .. ssesee 1. SEE CALLING SEQUENCE.

COVMCN BLOCKS ..

PESTFICTIONS ...

CRILING SEQ. ... CALL MRFTX { }
VARIABLE TYPE I/0 DIH DESCRIPTION

——— ——t— - —— -_— -t e AR W N T R I W e e R e

PDL. (PROGRAM OUTLINE)

OPFPN FIRST TNPUT DATA SET I,1
CPEN TIRST OUTPUT DATA SET (0,1
TFID AND PROCESS NCN-IMAGE RECORDS
WEITE ID EECORD
DO FOR EACH IMAGE RFCORD
RFAD ONE_INPUT RECORD
ROCESS INPUT DATA ARD PLA& IT IN OUTPUT BUPFER
“NITIALIZF NON-IMAGE FPIEIDS IN OUTPUT BUFFER
WRITE ONE OUTPUT RECORD (0, 1)
ENDDO
WRITE END=OF-TAPE_ RECORD
CLOSE TATY SETS 1y AND 40
PG FOR EACH REHA NIN INEUT A SEW (1, )
OPEN NFXT INPUT DATA SET
OPEN LAST OUTPUT LATA SET -1) FOR INPUT
OPEN NEXT OUTPUT DATX SET
READ AND PROCESS NON-IMAGE éo DS
COEY T RF¥COED FLROM ,N)
DO FOR EACH IMAGE RECORﬁ
READ ONE INBUT BECORD ( N
PEAD ONE EECORD

LROCESS TNPUT DATA AND { CE Im IN OUTPUT BUFTER

WFITF OWE OUTIPUT RECORD (O,
ENDDC
W2 ITE END-OF-TAPE RECORD
ENDDSLOSE DATA SETS (I,N) A¥ND (O,W-1}) AND (O,W)
READ AND PROCESS SIAT FILE

ke ook R END OF SPECIFICATION
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ORIGINAL PAGE IS
OF POOR QUALITY

ok ki SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION Aok ok % ek
NAHE . eSS &% 9" R E R HBFTBA
DESIGNER +e++s.+ STEPHEN #W. MURPHREY

FUNCTION ..... .. READS AND PROCESSFS NCN~THMAGE RECORBS FROM BSQ-FORMAT OR
BITL-FCRMAT TAPE.

INPUTS +vveesese 1. SEE CALLING SEQUENCE.
OUTPUTS ...ee-+. 1. SEE CALLING SFQUENCE,
COMMON BLOCKS ..
RESTRICTICNS ...
CALLING SEQ. ... CALL MRFTESA ( )
VARIABLE TYPE 1I/0 DIM DESCRIPTION UNITS

-t - - o r———— e . e S A A A . i - Ay

PDL (PROGRAM OUTLINE)

DO UNTIL END-OF-DATA IS REACHED

ENDDgEAD ONE NCN-IMAGE RECORD

IF THIS IS FIRST FILE OF INPUT TAPE THEN
PRINT DIRECTORY RECORD
WRITE DIRECTORY DATA TO ANCILLARY DATA SET

ERINT TRATIER RECORD
WRITE TRAILER DATA TO ANCILLARY DATA SET

PRINT HEADER RECORD

FRINT ANCIITARY RECORDS

PRINT ANNOTATION RECORLS

WRITE HEADER DATA TO ANCILLARY TATA SET
WRITF ANCILLARY DATA TO ANCILLARY DATA SET
WRITE ANNOTATION DATA TO ANCILLARY DATA SET

Kkl Kok END OF SPECIFICATION ke ek ek
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¥ ok ek 3k SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION ek e
NAME .seveeeess. MRFTBIT
DESTGHER «eeeese STEPHEN W, MURPHREY
FUNCTION ....... PROCESSES ONE LINE OF BSQ-FORMAT OR BIL-FORMAT IMAGE DATE,
IXPUIS .seeveease 1. SEE CALLING SEQUEXNCE,
OUTPUTS ...e¢e00. 1. SEE CALLING SEQUENCE.
CCMHMON BIOCKS ..
FESTIRICTICNS ,..
CRLLING SEQ. ... CRALL MRFTBI ( )

VARIABLE TIYPE I/0 DIN DESCRIPTION UNITS
PDI (EHOGRAM CUTLINE)

1972 TG00 EN0, COBBITIND, M OBugy e 2vTEen

DO FOR ERCH IMAGE PIXEL

OCBTAIN V = PIYEL VALUE
INCREMENT V COUNTER FOR CURRENT DETECTOR BY 1

WAk kK END OF SPECIFICATION ok ok ok
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ke sk ok ke s ke SAR/LBANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION ke ok ok
NAME ececeesssss MRFTBI
DESTGNEIR ee¢ase. STEPHEN W. MUORPHREY
FUNCTION ....... REFORMATS BTL-FORMAT DATA.
INPUTS «seveeses 1. SEE CALLING SEQUENCE.
OUTPUTS <eaveve. 1. SEE CALLING SEQUENCE.
COMMON BLOCKS ..
RESTRICTTONS ...
CALLING SED. ... CALL MRFTBI ( )
VARIABLE TIYPE I/0 DIM DESCRIETION UNITS

- A - —— . - . - ——— -

EDL {(EEOGRAM CUTIINE)

QPEN INPUT TATA SET
OPEN OUTPUI DATA SET
READ AND PROCESS NON-IMAGE RECORDS
WRITE ID RECORD
DO FOR EACH TMAGE LINE
INTTIALYTZE NOW-IMAGE FIELDS IN OUTPUT BUFFER
DO FOR EACH SPECTRAL RAND
BREAD ONE INPOT RECORD

ENDDgROCESS INPUT DATA AND PLACE IT IN QUTPUT BUFFER

WRITE ONE CUTPUT ERECORD
ENDDO
HRITE END-OF-TAPE EECORD
CLOSE INPUT AND OUTPUT DATA SETS

* ok ok ke END OF SPECIFICATION ek oo ke
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B.4  AUTOMATIC CONTROL-POINT LOCATION PROGRAM

B.4.1 Statement of Problem

The objective of this program is to determine the locations of a set of control
points in a Landsat MSS image. These locations are pixel coordinates in the high-
frequency-corrected input space (see Figure B-6 in Section B.6). They are to be
used as inputs to the Geometric Transformation Program.

In order to locate a particular control point in a given high-frequency-corrected
input space, it is necessary to know the location of that contrecl point im some
high-frequency-corrected input space. A search area is defined to be a 128-by-
128 pixel subimage of the given high-frequency-corrected input space. The con-
trol point is assumed to be contained in the search area, but its precise
location within the search area is not known. A window is defined to be a
32-by-32 pixel subimage of a high-frequency-corrected input space. The control
point 1s near the center of the window, and 1ts location within the window is
precisely known.

The Automatic Control-Point Location Program uses cross correlation to compare
the window with all possible 32-by-32 pixel subimages of the search area. This
results in a 97-by-97 array of regularly spaced points on a correlation surface.
The location of the peak of the correlation surface represents the lccation of
the control point. Therefore it is the function of this program to locate the
peak of the correlation surface for each control point.

This program is required to determine comntrol-point locations in an automatic
process that requires no manunal effort by the user.

B.4.2 Data Flow

The data flow through the Automatic Control-Point Locationr Program involves both
image data and ancillary data. Windows and search areas are obtained apd hori-
zontally resampled to remove high-frequency errors, if necessary. Some ancil-
lary parameters are used to determine locations of the search areas. The
results from this program are added to the ancillary data set.

B.4.3 Program Description
The design of the Auntomatic Control-Point Location Program is described in

Figure B-4, the eight program specifications that follow, and five of the pro-
gram specifications from the Manual Control-Point Location Program.
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~==-= ACPICT
--=- ACPLSA
| =—=—= HCPLEX
===-= ACPLRS -=-—=-- I---— MCPLGP ~w=====m=-m- NCPLHF
ACPL -»—- f---- HCPLVR ---=——-=m- HCPLHR
~=-= ACPLCS
-—~= ACPLSF
-=-=-=- ACPLSP
-=-=-— ACPLFQ

FIGUPE B~4. MODULE HIERARCHY FOR RUTOMATIC CCNTROL-POIXT LOCATION PROGRAH.
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JGINAL PAY
%%\ SOOR, QUALITY

¥ ek ok K SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFTICATION *% Sk k¥
!

NAHE .- T4 " 8 BN e NS ACPL

DESTGNER e4¢eseee STEPHEN W, MURPHREY

FONCTION ....... THIS TS THE TOP-LEVEL DRIVER FOR THE AUTQOMATIC CONTROL POINT
LOCATICN PROGRAM.

INEUTS svveeaeses 1, CONTEQL POINT LIERARY COPY TAPE (R MIST-FORMAT TAPE,
2. AN SLDMS ANCILLARY TATA SET FOR THE SCENE TO BE PROCESSED,
3. A DATA SET CONTAINING USER'S REQUESTS { ON CARD IMAGES ).

. THE UPDATED SLDHMS ANCILLARY DATAR SET.
« A ERINTER LISTING TCATA SET.

OUTPUTS o 5 &8 s 20

% JE Y

COMMON BLOCKS ..
RESTRICTIONS ...
CRILING SEQ. ... NOT APPLICABLE.
PDI (FEOGRAM CUTLINE)

PRINT PROGRAMN-ENTRY MESSAGE

RERD GSER'S REQUESTS N

TF CONTRCL-EFCINT WINDOWS COME FTROM CPT. COPY TAPE THEN

SEEXTRACT 32-3Y-32 PIXEL WINDOWS FROM CPL COPY TAPE INTO MEMORY
RESAMPLE 32-BY-32 PIXEL WINDOWS FROM B MIST FORMAT TAPE INTO MEMORY

FENDIF
FIND INPUT-SPACE COORDINATES OF SEARCH AREAS

RESANPLE 128-BY-128 PIXEL SEARCH AREAS FROM THE MIST~FORMAT TAPE INTO MEMORY.
OBTAIN 5-BY-5 COPFRELATION SURFACE CENTERED AT NEAREST PIXEL TO EACH GCP.
COEFFICIENTS OF DFGREE-4 LEAST SQUARES POLYNOMIAL FIT T0 SURFACE OF EACH GCP.
LOCATE PERK OF EACH GCP SURFACE BY NEHTON'S METHQD,
ESTIMATE QUALITY EACH GCP (VALUE OF SURFACE AND MINIMUM CURVATURE AT PERK).
WRITF RESULTS T0 ANCILLARY DATA SET
PRINT PROGRAM~EXIT HMESSAGE

3 3 Ak 35 ke END OF SPECIFICATION Foke ek ke
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ook ok SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION e e e ok
NAME 2ueeeeaesss ACPLCT ’
DESIGNE®R <...... STEPHEN W. MURPHREY
FUNCTION ....... EXTRACTS WINDOWS FROM A CONTROL POINT LIBRARY COPY TAPE
INPUTIS eeevsveee 1. SEE CAILING SEQUERCE,
OUTPUTS seseeees 1. SEE CALLING SEQBENCE.
COMMON BLOCKS ..
RESTRICTIONS ...
CAILING SEQ. ... CALL ACPLCT ( )
VARIABLE TYBE I/0 DIM DESCRIBTION UNITS

- e — ——— — —— i ——— . o i A oy s M e e M TR R W . e — —— v ——

PDL (PROGRAM OUTLINE)

SET $WRS AND $EOF FLAGS 10 FALSE
OPEN DIRECTQRY FILE CF CPL COPY TAPE
DO UNTIL $WFS IS TRUE OR $EQF IS TRUE
READ ONE DIRECTCEY RECORL INTO BOUFFER
IF A TAPE MARK WAS READ THEWX
SET $FOF FLAG TO TRUE
ENDTgRINT HESSAGE THAT SUITABLE CONTROL EOQOINTS WERE NOT POUND
IF WRS ROW, WRS PATH, AND REGISTRATION TYPE ARE AS REQUESTED THEN
IiF A SPECIFIC LAMDSAT MISSION WAS REQUESTED BY THE USER THEN
IF LANDSAT MISSION IS AS REQUESTED BY THE USER THEN
ENDT%ET $WRS FLAG TO TRUE

E
SET $WRS FLAG TO TRUE
DIF

CLOSE LIRECTORY FILE OF CPL COPY TAPE
IF $WRS IS TRUE THEN
- PRINT INFORMATION FROM CURRENT DIRECTORY RECORD

DIF
ggENNCON$ROL-POINT FI1E ON REEL 1 OF CPL COFY TAPE
D6—F%R E%%H C%NTPOi-POINT POINTER PI

DO WHILE K> 0
READ éSKIP% CHNE CONTROL POINT RECORD
IF ND-OF-DATA TS5 REACHED THEN
CLCSE CONTROL-POINT FILE ON CURRENT REEL OF CPL COPY TAPE
OPEN CONTROL~POINT FILE CN NEXT FEFL CF CPL COPY TAPE
T%EAD {SKIF) CNE CONTROY POINT RECORD

K - 1

N o+ 1
ENDD
READ ONE CONTROL POINT RECORD INTQ MEMORY
IF END-OF-DATA IS REACHED  THEN
CLOSE CONTROL~POINT FILE ON CURRENT REEL OF CPL COPY TAPE
OPEN CONTROL-FOINT FILE ON NEXT REEL OF CPL COPY TAPE
READ ONE CONTROL POINT RECORD INTO HEMORY
ENDIF
= +
cyppE Rt T ANCILLARY LATA FROM CONTROL POINT RECORD
CLOSE CURRENT CONTRCL-POINT FILE

B ok oo ke END OF SPECIFICATION okesfe e ofe s ok

N

o=t
g
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ORIGINAL PAGE IS

OoF POOR Q.UALITY
ks ok SAR/LANDSAT DATA MERGING SYSTEH PROGRAM SPECIFICATION e e ek
NAME vevvesesees ACPLSR
DFSIGNER eeoe... STEPHEF 7. MURPHREY
FUNCTION vvve... ESTINLIFS THE LOCATIONS IN THF INPUT SPACE OF THE INPUT MAP

CCNTRCL ECINTS,
INPUTS +venveee. 1. SEE CALLING SEQUENCE.
OUTPUTS +veee... 1. SEE CALLING SEQUENCE.
COMMON BLOCKS .. ERTHCONS, MSSCONS
RESTEICTIONS ...
CALLING SEQ. ... CALL ACPLSA NATEST, ATTTTN, AMSROL. AUSPIT,
AMSYAW, NALEST, ALTHxM, ANSALT, aMSNLD, ANSHLN,
DELVV, RNOMLL, wucP, ®RIpR®, RINR, ELEV BETANR,
XEC, YEC ZEC VN, vaN, véw, velroT, ¥a, vC,
crel, ﬁﬂ ESTS]
VARIABLE TYPE I/0 DIH DESCRIPTION UNITS
NATES™ T*2 T - NUMBER OF AMS ATTITUDE VALUES -
ATTTIA P*8 T NATEST TIME OF ATTITUDE VALUES SECONDS
ATTROIL, E*8 T NATEST AMS ROLL VAIUES RADIANS
ATFPIT R*8 I RATEST AMS ROLL VALUES RADIANS
ATTYRR R* 8 I NATEST AMS ROLL VALUES RADIANS
NALEST T*2 T - NUMBER OF ALTTTUDE VALUES -
ALTTIN R*8 T NALEST TINE OF ALTITUDE VALDES SECONDS
AMSALT R* 8 T NATEST ZEDPHEMERIS ALTITUDE VALUES METERS
AMSNID R*8 I = ¥ADIR GEOCENTRIC LATITUDE RADIANS
AMSNIN R*8 I - NADIR LONGITUDE RADIANS
DELVV R*8 T - NORMALIZED §/C VELGCITY ERROR RADTIANS
RNCMLL R*8 T - NOMINAL LINE LENGLH IN TINP SAMPLES
NMCP T*2 T - NUMBEE OF INPUT HAD CONTROL POTNTS & &
RLDR R*8 I NMCP GEODETIC LATITUDE OF CP'S RADIANS
RINR R*8 T NAMCP LONGITUDE OF CP'S RADTANS
FLEV R*8 I NMCP ELEVATION OF CONTROL POINTS METERS
BETANR R*8 T - S/C HEALING ANGLE RADIANS
XEC R*8 I NMCP EARTH CENTERED X COORDINATE OF CP METERS
YEC R*8 T NMCP EARTH CENTERED Y COORDTNATE OF OP MEBERS
ZEC R*8 T NMCP  FARTH CENTFRED Z COORDINATE OF CP METERS
VN R* 8 I - EARTH ROTATION VELOCITY OF WADIR WMET/SEC
VAN R*8 T - ALONG TRACK COMEONENT OF VN MET/SEC
YCN B3 I. - ACROSS TRACK COMDONENT OF VN MET/SEC
YELROT R* 8 T NMCP EARTH ROTATION VEL OF CPIS BET/SEC
V2 R*8 I NMCP ALONG TRACK COMPONENT OF VELROT MET/SEC
vC R*8 T NMCP  ACROSS TRACK COMPONENT OF VELROT MET/SEC
CTPV E*8 I NMCP CTP VERTICAL COCRDINATE OF CP'S HETERS
CTPH R*8 I NMCP CTP HORTZONTAL COORDINATE OF CP'S HETERS
FSTL R* 8 I NMCP ESTIMATED LINE COORDINATE OF CP'S IT LINE
EsTS R*8 T NMCP  ESTIMATED SAMPLE COORDINATE IT SAMD
PDL (FEOGRAM OUTLINE)
COMEUTE ATTITUDE / AITITUDE BODELS FROM AMS DATA <ADTAANGD>
COMPUTE THE ANGLE BETA ﬁc GROUND TRACK INCLINATION) <CPBETAY
COMEUTE THE EARTH CENTERED COORDINATES OF THE NADTR @ <LLEC>
CCMPUTE EARTH-ROTATICN VELOCITY VECTORS AT THE NADIR <VETHROT>
MAP THE INPUT CONTROL POINTS FRPOM LAT/LON TC EARTH CENTERED (LLEC>
MAET THE INPUT CONTRCL FOINTS PROM EARTH CENTERED TO CTP <ECCTD>
COMPUTE EARTH-ROTATIONAL VELOCTITY VECTORS FOR THE CONTROL POTHNTS
MAP THE INPUT CONTROL POINTS FROM CTP TO UTE <CTPUTP>
MAP THE INEUT CONTRCL POINTS FRON UTP 7O TI  <UTPII>
Aok END OF SPECIFICATION Hok Rk Rk
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Heale deoke e SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION ook ok Ak

HAME eseeesesse. BCPLRS

CESIGNER ..eas.s STEPHEN W. MURPHREY

FURCTION ++ees... RESAMPLES 32-BY-32 OR 128-BY-128 PIXEL AREAS FROM A MIST-FORMAT
MSS TAPE. THE ONLY CHANGE RESULTING FROM THE RESAMPLING IS THE
REMOVAL OF HIGH-FREQUENCY, HORIZONTAL GEQOMETRIC ERRORS.

TNEUTS s.ocewws . 1. SEE CALLING SEQUENCE.

OUTPUIS .+v.sees 1. SEE CALLING SEQUENCE,

COMMON BIOCKS ..

RESTRICTIONS ...

CALLING SEQ. ... CALL ACPLRS({( )

VARTABLE TYPE I/0O DIM DESCRIPTION ONITS

PDL (PROGRAM OUTLINE)

EXTRACT ALL SUBIMAGES TO COMPUTER MEMORY (MCELEX).

DO FOR EACH FXTRACTET SUBIMAGE.

COMPUTE GPID-POINT :CORRESPONDENCE AND OTHER CONSTANTS MCPLGP%.
FND%%SAHPLE SUBIMAGE CORRECTING ONLY HIGH-FREQUENCY ERRORS {MCPLVR).

F ek kk END OF SPECIFICATION R kk Kk
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()RleP_"R QUALYYY
or 200
H ok ek SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION dok ek ok
NAHE veeveveess. ACPLCS
DESIGNER «cessse STEPHEN W. MURPHREY

FUNCTION +44vs0. COMPUIES 97-BY-97 CORRELATION SURFACE, AND PINDS THE PEAK THAT
DETERMINES THE 5-BY-5 CORRELATION SURPACE THAT WILL BE USED TO
LOCATE THE CONTROL ECINT,

INPUTS seeseeve. 1. SEE CALLING SEQUENCE,
OUTPUTS sesevees 1. SEE CALLING SEQUENCE.
COMMON BIOCKS ..
RESTPICTIONS ...
CALLTING SEQ. ... CALL ACPLCS(C,A)
VARIABLE TYPE I/0 DIM DESCRIPTION UNITS

c R*8 I 25x1 5-BY¥-5 CORREILATICN MATRIX -
PD1 (FEOGRAM OUTLINE)

DO FOR EACH CONTROL ECINT,
PLACE 32-BY-32 WINDOW IN THE CENTER OF A 128-BY-128 ARRAY.
INITIALIZE ALL CTHER PIXELS IN THIS ARRAY TO %ERO.
NORMALTIZE WINDOR_ARRAY BY SUBTRACTING WINDOW MEAN FROM EACH ELEMENT.
CALCULATE THE VARIANCE OF THE WINDOW.
CALCULATE 97-BY-S7 ARRAY OF 32-BY-32 SEARCH-AREA VARIANCES.
DO FOR_EACH ROW OF 128-EY-128 SEARCH-ARFA ARRAY,
ENDDSALCULATE COOLEY~-TUKEY FAST FOURIER TRANSTOFM OF CURRENT ROW.
DO FOR _EACH COLUMN OF 128-BY-128 TRANSFORMED SEARCH-AREA ARRAY,
ENDDSALCULATE COCLEY-TUKEY FAST FOURIER TRANSFORM OF CURRENT COLUXN.
DO FOR_EACH ROW OF 128-BY-~128 WINDOW ARRAY,
ENDDSALCULATE COOLEY-TURKEY FAST FOURIER TRANSTORM OF CURRENT ROW.
DO FOF EACH COLUMN OF 128-BY-128 TRANSFORMED WINDOW ARRAY.
ENDDSELCULATE COQLEY~TUKEY FAST FOURIER TRANSFORM OF CURRENT COLUMN.
DOT PRODUCT: (SEARCH-AREA TRANSFORM) éCOﬂPLEX-CONJUGATE FINDOW TRANSFORM)
DO FOF EACH COLUMN OF 128-BY-128 TERCDUCT ARRAY,
ENDD%ALC. COOLEY-TUKEY INVERSE ¥FAST FOURIFR TRANSFORM OF CURRENT COLUMN.
DO FOR EACH ROW OF 128-BY-128 TRANSFORMED PRODUCT ARRAY,
ENDDSALCULATE COCLEY-TUKEY INVERSE FAST FOURTIER TRANSFORM OF CURRENT ROW,

DO FOR CENTER 97-BY-97 ELEMENTS OF FINAL TRANSFORMED ARRAY,
ENDDSORRELATION-SUPFACE ELEMENT = REAL**2 / SAVARIANCE * 16384,

ENDD%ET C = 5-BY-5 SUBMATRIX CENTERED AT MAXIMUM OF CORRELATION SURFACE.

e ook feake END OF SPECIFICATION *k k% Ak
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* gookok sk

DESLIGNER
FUNRCTION

SAR/LANDSAT LATA MERGING SYSTEM PROGRAM SPECIFICATION
NAHE ® " h & BB e

0 o " 0w

e 28 a8 a0

INPUTES cevenacsn

OUZPUTIS

st Qs 0

BCPLSF
STEPHEN W. MUFPHREY

COMPUTIES COEFFICIENTS OF A DEGREE 4§
FCLYRCMIAY THAT ¥ITS THE 5-BY-5

DONE FOR EACH CONTROL POINT,
1. SEE CALLING SEQUENCE.
1. SEE CALLING SEQUENCE,

CORRELATION

CONMOR BLOCKS ..
RESTRICTTIONS ...

CALLING SEQ. ... CALL ACPLSF(C,3)

VARIABLE TYPE I,/0 DIM DESCRIPTION
Jul R*8 - 25X15 INTERNAL MATRIX
P R%8 - 15%25 INTERNAYL LEAST-SQUARES MATRIX
c R#*8 I 251 5-BY-5 CORREIATICN MATRIX
¥y R*8 ] 15X1 POLYNOMTAYL COEFFICIENT MATRIX
PDI1 (EROGREM OQUTLINE)
K =1
DO FOR I = -2 TO 2 BY 1
PO FOR J = -2 TO 2 BY 1
MK, = 1.
M{K,2 = J
M(K,3 = I
M{K,4 = JHk*2
M(K,5 = J * T
M{K,& = Tk%
M(K,7 = J¥%3
M(K,8 = Jk%2 % I
K{K,9 = J ¥ TE*
M(K, 10} = I**3
M(K,11) = J*=*i
M(K,12) = J*%3 * T
M{K, 13} = J¥*%2 % T#%?
M(K,14) = J * Tk*k3
M(K,15) = Ixkl
KR=EK + 1
ENDDOC
ENDDO

p= (n m) ' om
DO FOR EARCH CONTEOL POINT.
L=PC
ENDDO
ok ok ke 3k X

( MATRIX EQUATION )

END OF SPECIFICATION
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Aok ko SRR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION ek ek ke
NAME ceveeaevrswe ACPLSP
CESTGNER «+s+es» STEPHEN ¥, MURPHREY

FUNCTION ...4... COMPUTIES LOCATION OF THE CORRELATION-SURFACE PEARK USING
NEWTCN'S METHOD.

INPUTS 4vesssseas 1. SEE CALLING SEQUENWCE,
OUTPUTS saaeeses 1o SEE CALLING SEQUENCE.
COMMON BLOCEKES ..

CALLI¥G SEQ. ... CALL ACPLSP (C,R)
VARIABLE TYPE I/0 DINM DESCRIPTION UNIES
%GCP T4 NUMBER OF CONTROL POINTS

R¥ g - 2X1 1ST PARTIALS . -
S R*8 - 2X1 FRACTICNAL CORREIATION PERK COORDS. -~
| R* 8 - 2X2 28D PARTTALS -
IHd R*B I HGC?P INTEGER CORRELATION PEAK COORDINATE -
Iv R*8 I NGCP INTEGER CORRELATION PEAK COORDINATE -
WH R*¥8 I NGCP WINDOY COORDINATE OF GCP FEATORE -
WV R*8 I NGCP WINDOW CCORDINATE OF GCP FEATURE -
H R*8 0O NGCP INPUT-SPACE GCP COORDINATE -
v R*8 0O NGCP INPUT~SPACE GCP COORDINATE -

PDL (PROGRAM QUTLINE)

DO FOR _EACH CONTfOL POINT L = 1 IC NGCP BY 1
INITIALIZE X = Y = 0.
D0 FIVE TIMES.

2 2 3 2 2 3
F(1) = A +2R X +A Y +33 % 42A_XY +A Y +4A X +32 X Y+22 XY +A__Y
1 3 4 6 7 8 11 11 12 13
2 2 3 2 2 3
F(2) = A 423 X+A Y+32 ¥ + 2A XY+A Y 443 ¥ +33 X ¥ +28 XY +i ¥
2 4 5 7 8 9 11 12 13 14
2 2
N(2,2) = DFIDX = 22 _ + 6A ¥ + 22 ¥ + 120 X + 62 XY + 122 ¥
3 6 7 10 11 12
2 2
N(1,2) = -DF1DY = - B - 22 X - 24 Y - 32 X - 42 XY - 31 ¥
4 7 8 11 12 13
N(2,1) = -DF2DX = -DF1DY
2 2
N(1,1) = DF2DY = 22+ 22 X + 6A Y + 23 X + 6A XY + 123 Y
5 8 9 12 13 14
D=1 / ( DF1DX * DF2DY - DF1DY * DF2DX )
'S =85-DWF ({ MATRIX EQUATION )
X = s(1
y = 343
EIII0= S(1) + TH(L) + WH(L
vag = sfz} + IV{L} + wva¥
ok ok ok END OF SPECIFICATION Aok ke ok
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* ek sk SAR/LANDSAT DATA MERGING SYSTEN FROGHAHM SPECIF¥ICATION ek ek Aok
HAME +s.¢caveeeess ACPLEQ

DESTGNER +4es+.. STEFHEN W. MURPHREY

FUNCTION ssunees S%EEETES ESTIMATES OF THE QUALITY OF THE CORRELATION-SURFACE

INPUTS .asesewss 1. SEE CALLING SEQUENCE,
OUTPUTIS .e.vasse= 1. SEE CALLING SEQUENCE.
COMMON BLOCKS ..

CALLING S5EQ. ... CALL ACPLPQ( )
YARIARBLE TIIPE T/ /0 DIM DESCRIBTICHN UNITS
NGCP I*q - NUMBER OF CONTRCL POINTS
MAXCOR R%*8 NGCP VALUE OF SURFACE AT PEAK
MINCURYV R*8 NGCP MINIMUM CURVATURE AT SURFACE PEAK

I
S R*3 I 2%2 FRACTIONAL CORRELATION PEAK COORDS,
E

| I I |

¥ R*8 2X2 2ND PARTIALS
PDL (PROGRAM OUTLINE)

D0 FOR EACH CONTROL POINT L = 1 TC NGCP BY 1
E = DFIDX = uéz 2y -
€ = DFIDY = - 45 }
T = DF2DY = X ﬁg
U = SORT ( {B- ) ¥#2 4 (2%s)%*2 )
§I§chg = {R*T+0) /2.0
v - 343

2 2 3 2 2
MAXCOR = 3 + & X + A Y + 3 X + A XY + 3 Y +2 X +2 X°Y¥+214 XY +
0 1 2 3 4 5 6 7 8

3 4 3 2 2 34
AY +24 X +A XY+ 13 XY +2 XY +3p_ Y
g 10 11 12 13

ERINT RESULT
ENTDO

¥k ok 4k END OF SPECIFICATION Fk ok dk
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B.3  MANUAL CONTROL-POINT LOCATION PROGRAM

B.5.1 Statement of Problem

The objective of this program is to produce digital image data sets in which the
scale has been changed or horizontal, high-frequency geometric errors have been
removed. These two geometric changes are optional, and no other kinds of geo-
metric changes will be performed.

The geometric changes are produced by resampling the digital image data using
cubic convolution. The concept of resampling is discussed in detail in Section
B.7. The algorithm described there is also used in this program. The scale
change is required to be a digital enlargement by an integral factor (zmput-
pixel spacing is an integral multiple of output-pixel spacing). This simplifies
the resampling process and guarantees that output-pixel coordinates can easily
be converted to input-pixel coordinates.

B.5.2 Data Flow

One pass through an input MIST-format data set is made by this program. During
this pass, all subimages are extracted and stored in the computer's {virtual)
memory. This obviously places some limit on the amount of data that may be pro-
cessed. The program is designed to process a maximum of 100 subimages. The
buffer that contains the input subimage data is obtained dynamically at execu-
tion time. Therefore, the effective maXimum number of subimages depends on the
amount of virtual memory available and the size of the subimages being processed.
It will be fewer than 100 in some cases.

If histograms of the subimages have been requested by the user, input (unresampled)
data will be used. These histograms may be used to generate character sets for
the line-printer displays (shadeprints) of the subimages.

B.5.3 User-Specified Inputs to MCPL

The user-specified input parameters for MCPL are contained in a data set consist-
ing of 80-byte records. This data set contains the following:

a. A FORTRAW NAMELIST
b. A shadeprint character set (optional)
c. One or more Subimage Descriptor Records.

These are described in Tables B-21, B-22, and B-23.
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TAELE B-21. MNCPL NAMELIST

PARAMETER DE SCRIPTIGHN UNITS DEFADLT

NWID HIDTH OF A SUBIMAGE PIXELS -

NLEW LENGTH OF B SUBIMAGE PIXELS -

NSTRK NUMBER OF OVERSTRIKES TO BE USED FCR_SHADEPRINTS - 4

BANDS LIST OF SPECTRAL RBANDS TO BE¥ PROCESSED - 1,2,3,4

$HIST INDICATES THAT HISTOGRAMNS OF SUBIMAGES ARE WANTED - ¥

3RDCHR INDTC%TES THAT USER WILL SUPPLY SHADEPRINT CHARACTER - F

$SHDPT INDICATES THAT SHADEPRINTS OF SUBIMAGES ARE WANTIED - F

$RSPL INDT%%E%&;EEBT RESAMPLING WILL EBE PERFORMED ON EACH - P

$HFCOR TNDICATES THAT HIGH-FREQUENCY HORIZONTAL ERRORS - F

WILL BE CORRECTED

$ISUBW INDICAT®S THAT A TAPE COPY OF UNCORRECTED SUBIMAGES - F
WILL BE MADE

$0SUBY INDICATES THAT A TAPE COPY OF RESAMPLED SUBIMAGES - F
WILL BE MADE

HSEACO HORIZONTAL SPFACING BETWEEN PIXEL CENTERS OF METERS -
RESAMPLED SUBIMAGE

VSPACO VERTICAL SPACING BETWEEN PIXEL CENTERS OF METERS -
RESAMPLED SOBIMAGE

HSPACI HORI%gg%%LlﬁgéglNG BETWEEN PIXEL CENTERS OF METERS -

VSPACI VERTICAL SPACING BETWEEN PIXEL CENIERS OF METERS -
INPOT IMAGE

HSCFAC HORIZONTAL SCALE FACTOR = HSPACI/HSPACO - -

VSCFAC VERTICAL SCALE FACTOR = VSPACI/VSPACO - -
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OF POOR QUALITY
TABLE B-22. SHADEPRINT CHARACTER SET

PARAMETEER DESCRIPTION COLUMNS FORMAT
$CHA® PRINTABLE CHARACTERS FOR _PIXEL VALUES 0 =~ 63 1 - 64 o64c1t
USED FOR 15T OVERSTRIKE
$CHAR PRINTABLF CHARACTERS FOR PIXEL VALUES 64 - 127 1 - 64 64c1
USED FOR 1ST OVERSTRIKE
$CHAR PRINTABLF CHARACTERS FOR PIXEL VALUES 128 - 191 1 - 64 sU4cCH
USED FOR 1ST OVERSTRIERE
$CHAR PRINTABLE CHARACTERS FOR PIXT®L VALUES 192 - 255 1 - 64 64C1
USED FOR 15T OVERSTIRIKE
$CHAR PBINWABLE CHARACTERS FOR PIXEL VALUES 0 =~ 63 T - 64 H4CT
SED FOR 2ND OVERSTIRIKE
$CHAR PRINTABLF CHARACTERS FOR PIXEL VALUES 64 - 127 1 - 64 64C1
USED FOR 28D OVERSTRIKE
$CHAR FRINTABLE CHARACTERS FOR PIXEL VALUES 128 - 191 1 - 64 648C1
USED FOR 2ND OVERSTIRIKE
$CHAR PRINTABLE CHARACTERS FOR PIXEL VALUES 192 - 255 1 - 64 s4ct

USED FOR 2ND OVERSTRIEKE

I e L T e T R L T el T A p———

A s A e e e S e R R WA S e A W S W MDD e WS e W MRS e A i e W . A Sy W — T e A A T T e A

TABLE B-23. SUBIMAGE LESCRIPTOR RECORD

PARANETER DESCRIPTION COLUMNS TFORWNAT
CENSAHM INPUggsg%gEﬁgggIZONTAL COORDINATE OF CENTER PIXEL 1-5 TL
CENLLIN INPUE;Sg%gEﬂggRTICAL COORDINATE OF CENTER PIXEL & -~ 10 T4
WIDTH WIDTH OF SUBIMAGE IN PIXELS3 11 - 15 T4
LENGTH LENGTH OF SUBIMAGE IN PIXELS 16 - 20 It
BANDS LIST OF SPECTRAL BAND NUMEERS 21 - 25 511
TITLE PRINTABLE TITLE FOR THE SUBIMACGE 26 - 72 47c
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The NAMELIST allows the user to define the functions to be performed and to
specify certain constants. The shadeprint character set may be specified by

the user, if desired. There must be a Subimage Descriptor Record for each sub-
image to be processed.

B.5.4 Program Description

The design of the Manual Control-Point Location Program is described in Fig-
ure B-> and the program specificatioms that follow.
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~--- MCPLRD
~--- NCPLEX OF POOR QU
---- MCPLWI

~~=~ MCPLAH

---- MCPLPH

~~==- MCPICS

~—~= HCPLEP ===-======- MCPLHF

~~-- HCPLVR -=--=-—=—-= MCPLHR

---- MCPLWR

---- nCPLPS

HCEL -=—--

FIGURE B-5. MCDULE HIERARCHY FOR MANUAL CONTFOL-POINT LOCATION PROGRAH,

B-47



Fosedok ko SAR/LANDSAT DATA MERGING SYSTEH PROGRAM SPECIFICATION wokokk Rk
NAHE - &4 48 a8 pF B HCPL
DESTIGNER .....+. STEPHEN W. MURPHREY

FUNCTION ....... THIS IS THE TOP LEVEL DRIVER FOR THE MANUAL CONTROL ~POINT
LOCATICN FROGR2AH.

INPUTS weveeesss 1o B DATA SET CONTAINING USER'S REQUESTS (ON CRRD IMAGES),
2. L MIST-FORMAT DRATA SET

QUTPUTS ...e..+. 1. A EEINTER LISTING DATA SET,.
2., MIST-FORMAT TAPE(S) CONTAINING EXTRACTED SUBIMAGES.

COMMON BLOCKS ..

RESTRICTIONS ...

CALLING SEQ. ... NOT APPLICABLE.
PD1I (FEGGRAM OUTLINE)

PRINT SEPARATOR PAGE TO INDICATE START OF RUN.

READ USER'S REQUESTS AND INITIALIZE CONSTANTS RBND ARRAYS.

EXTRACT AIL SUBTMAGFES TO COMPUTER MEMORY.

IF TAPE COPY OF EXTRACTED DATA WAS REQUESTED THEN
HRITE ALL EXTRACTED SUBIMAGES TO TAPE

ENDIF
DO FOR EACH EXTRACTEL SUBIMAGE.
IF HISTOGRAM WAS REQUESTED THEX
ACCUMULATE HISTOGRAM DATA,
ENDI?RINT HISTOGRAM STATISTICS.
IF SHADEPRINT WAS REQUESTED AND CHARACTER 3ET NOT GIVEN THEN
EHDI%REATE A CHARACTER SET FROM THE HISTOGRAH,.
IF RESAMDPLING WAS REQUESTED THEN
COMPUTE GRID-POINT CORRESPONDENCE AND OTHER CONSTANTS,
RESAMELE SUBIMAGE {CBANGING SCALE OR CORRECTING HIGH-FREQUENCY ERRORS)
IF TAPE COPY OF RESAMPLED DATA WAS REQUESTED THEN
WEITE RESAMPLED DATA SET TO TAPE.

ENDIF
ENDTF
iF SHADEPEINT WAS RE STED THEN
DO FOR EACH REQUES EE SPECTRAL BAND
PRINT THE SHADEPRINT.
ENDDO
ENDIF
ENDDO
PRINT SEPARATOR PAGE TO INDICATE END OF RUN.
* ok ook Kok END OF SPECIFICATIOR ek de e e
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ORIGINAL PAGE IS
OF POOR QUALITY

SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION sk ok ek

NAHE .40 B8PSR s AN HCPLEX
DESIGKER essveee STEPHEN W. MURPHREY
FUNCTION .veve.++ EXTRACTS ALL SUBIMAGES FROM INPUT MIST-FORMAT DATA SET

INPUIS

sesssssrss 1. SEE CALLING SEQUENCE,

OUTPUTS saeesess ]« SEE CALLING SEQUENCE.

2. B PRINTER LISTING DATA SET.

CALLING S5EQ. ... CALL MCPLEX (CHGFLG,CHGLIN,SUBPTR,LINPTR,MAXLIN,TBITES, NUMSUB)

VARIABIE TYPE 1I/0 DIN DESCRIPTIION UNITS
CHGFLG I*2 0 2X200 SUBIMACE INDEX / CHANGE TYPE =~ ~=—=—====
CHGL TN T*0 o 200 1INE NUMBER OF CORRESP. CHANGE PIXELS
SUBPTR T*4 0 100 ADDRESS OF SUBIMAGE IN BUFFER —=-=-=--
IINPTR Tkl 0 100 ADDRFSS OF NEXT LINE IN BUFFER  ----——-
MAXLIN T4 0 - NUMBER OF INPUT RECORDS TO USE  =-=-=--=-
7B YTES Ty 0 - SIZE OF BUFFER BYTES
NUMSUB Tl 0 - NOHBER OF SUBTHAGES TO EXTRACT ——eae-

PDL (PROGRAM OUTLINE)
OBTATIN VIRTUAL MEMORY FOR SUBIHRGE BUFFEB { GETMAIN ).

DO FOR FACH SUBIMAGE é NUMS
SUBPTRE } = SUBPT + DDRESS ¥ BUFFER
LINPTR(N) = SUBPIR{N

ENDDO
OPEN INPUT HIST-FORHAT DATA SET
EEAD CCNTROL RECOR

SET

LINE#, NLIVE TO

0
DO WHILE LINE# < MAXLIN

LINE# = LINE# + 1
EEAD ONE IMAGE RECORD
UPDATE ARFAYS THAT CONTROL PROCESSING CHANGES
Do WHILE PEOCESS CHANGES AT THIS LINE -
A _SUBINAGE BEGINS THEW
NLIVE = NLIVE + 1
ELSECOPY ELEMENT FROH CHGFLG ARRAY TOQO BOTTOM OF SEQLST ARRBAY
FIND ELEMENT OF SEQLST ABRAY THAT IS NO LONGER NEEDED.
COPFY BOTTOM SEQLST ELEMENT INTO VACANT SPOT.
ENDIII\_‘.{LIVE = RLIVE =~
;NCR%%%N% RELATIVE POINTER 7TC NEXT EILEMENT OF CHANGE ARRAYS.
DO WHILE K > @
MOVE LINE NUMBEER INTO SUEIMAGE BUFFER 2 BYTES }.
MOVE 2 BYTIES OF ZERO FILL INTO SUBIMAGE BUFFER.
DG FOR EACH SPECTRAL BAND
HOVE TMAGE DATA INTO SUBIMAGF BUFFER.
ENDD%OVE 6 BYTES OF ZEROQ FILL INTO SUBIMAGE BUFFER.
MOVE INPUT IMAGE DATA INTO BUFFER UNDER CONTRCL OF ARRAYS

ENDDO

Fook ok k3

END OF SPECIFICATION ek e ke
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o o soke ok

NAKE .o¢ s
DESIGNER .
FUNCTION .

INPUTS ...
QUIPUTIS ..

CALLING SE

VARIABLE

CHGFLG
CHGLIN
BANDS

LFTSAM
LINETR
LENGTH
¥IDTH

RECLEN
SUBPTR
TOPLIN
$TITLE
DEFALT
$FLAGS

SAR/LANDSAT DATA HERGING SYSTEM PREOGRAM SPECITICATION
MCPLED

a8 e s
i e 0 e

*t a8 8 8

*Te 24 e

Taas s

Qe aen

TYPE

T%2
I*4
I*4
I*Q
I*4
I*4
I*4

STEPHEN W.

MURPHREY

e she vk e eak

READS USER'S REQUESTS AND INITIALIZES CONSTANTS AND ARRAYS

1.
1.
2.

A

CALL MCPLED
RECLEN,SUBPT

I/0 DIH
0 2X200
0 200
o 130
0 100
o 100
0 100
0 100
o 100
0 100
o 100
0 47%100
o 10
0 7

PDL (EROGRAM OQUTLINE)

; SET DEFAULT VALUES FCR USER'S OPTIONS.
READ USER'S OPIIONS
Ir SHADEPRINTS WERE REQUESTED THEN

éDEFAULIARNUMBER OF SPECTRAL BANDS TQ BE SHADEPRINTED

COUN
iF

T THE
SHADE

RINT CH

SEE CALLINWNG SEQUEKRCE.

SEE CALLIKG SEQUENCE.
PRINTER LISTING DATA SET,

CHG?LG CHGLIN,BANDS LFTShMéLINPTR,LENGTH (HIDTH,

f0PLIN, $TITLE, DEFALT, SFLA
DESCRIPTITION

SOUBIMAGE INDEX / CHANGE TYPE
LINE NUMBER QOF CCRRESP. CHANGE
EACH BIT IS FLAG FOR_ THAT BAWD
COORDINATE OF LEFT SAMPLE
ADDRESS CF NEXT IINE IN BUFFER
VERTICAL SITZE OF SUBINAGE
HORIZONTAL SIZE OF SUBIMAGE
LENGTH OF ONE SUBIMAGE RECORD
ADDRESS OF SUBIMAGE IN BUFFER
COORDINATE OF TCP LINE

TITLE OF SUBIMAGE

VARIOUS DEFAULT VALDES

VARIQUS PROCESSING FLAGS

ACTER SET IS SUPPLIED BY THE USER

* READ THE CHARACTER SET.
PRINT THE CHARACTER SET.

ENDT
ENDIF

F

INITIALIZE N,

N

MARXLIN,
DO UNTIL END;OF DATA" 1§ REAC

SUBPTR L LINPTR(1 TC 0
ED ON

READ ONE SUBIMAGE-DESCRIPTOR CARD,

CARD-IHAGFE INPUT DHATR SET

ONITS

- e -

——— e —
——— - ——

—— i A

THEY

IF  END-OF~DATA WAS NOT REACHED THEN
¥ WIDTHéN% LENGTH BA NDS(N% WERE NOT GIVEN THEN
FNDIgSE TH ﬁPROPRIA 5EFAUL VALUE(S) FOR THOSE NOT GIVEN
SET SPECTFPL BAND FLAGS (IN ARRAY EIEHENT& ACCORDING TO
SOPTIN = MAYTIMUH 1 CENLIN - LENGTH(N)/2 )
LPTSAN N = MAXTAOM CENITN - WIDTH( k 2 )
gggL%g ? §MDIC%EP%§NCHGfLG ARRAY T0 & * N -
N =
CHGLIN 1,N} = TOPLIN3 + LENGTH(N)
RECTL.EN (N} = I+ { TDTH( N% L BANDS
SUBPTR (N+1) = SUBPTR(N) + R CLEN( ) o LENGTH (N)
LINPTR (N+1} = SUBPTR (N+1
ENDT%AKLIN = MAXTMUM{ MAXLIN , TOPLIN (N) + LENGTH(N) - 1)
N=¥K-1
ENDDO

TOTAL BYIES IN BUFFEER =
SORT BOTH CHANGE ARRAYIS 50 THA

sk e deoke ke ok

SUBPTR N+1L
THEY ARE IN ASCENDING ORDER OF CHGLIN APRAY.

END OF SPECIPICATION
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ORIGINAL PAGE IS
OF POOR QUALITY

¥k ok SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION Foke ek ke
WAME c.eceaeesas MCPLWNI

DESIGYER .¢vse.. STEPHEN W. MURPHREY

FUNCTION ++as+0s WRITES ALL EXTRACTEL SUBIMAGES TO A SINGLE COMPUTER TAPE
INEBUTS ..c10009ee 1. SEF CALLING SEQUENCE.

QUTPUTS .+.40eee. 1. SEE CALLING SEQUENCE.
2. A PRINTER LISTING DATA SET.

CALLING SEQ. ... CALL MCFLWI (BANDS,LENGTH,RECLEN,SUBPTR,IDREC)

VARIABLE TYPE I/0 TIUIH DESCRIPTIION UNITS
BANDS Ty 100 EACH BIT IS FLAG FOR_THAT BAND  =—z==---
LENGTH I*d4 I 100 VERTICAL SIZE OF SUBIMAGE PIXELS
RECLEN I*4 I 10¢ LENGTR OF ONE SUBIMAGE RECORD BYTES
SUBPTR I*4 I 100 ADDRESS OF SUBIMAGE IN BUFFER = -—==~—--
IDREC I*y I 200 Ip RECORD FRO¥ INPUT DATA SEF @ -==-=-=~

PDL (EFROGRAM OUTLIRE)

INITIALIZE FIELDS IN ID~RECORD BUTFER:
RUN NOMBER
CONTINGATICN CODE
FLIGET-LINE ID
MONTH, D3Y, YEAR, & TIHE DATA WAS TAKEN
ALTITODE OF PLATFOR
HEADING OF VEHICLE
DATE OF THIS TADPE
DO FOR FACH FXTRACTET SUBIMAGE ( I = 1 NUMSUB )«
OPEN OOTPUT TAPE DATA SET FOR PIL
FITL IN RFMAINING FIELDS IN ID- SECORD BUFFER:
1ARS TAPE NUMBER
FILE NUMBER
NUMBER OF DATA CHANNELS
NGMBER OF SAMPLES PER CHANNEL
NUMBER OF LINES IN THE IMAGE
WAVELENGTH RANGE OF EACH SPECTRAL BAND
WRITEZ THE ID RECCRD ONTO THE TAPE.
OBTAIN THE ADDRESS OF THE SUBIMAGE DATA FROM THE SUBPTR ARPAY.
OBTAIN TBE WIDTH OF ONE RECORD FROM THE RECLEN ARRAY.
DO FOR EACH LINE IN THE SUBIMAGE.
WRITE THE CURRENT IMAGE RECORD ONTO THE TAP
INCREMENT ADDRESS OF SUBIHAGE DATA BY THE HIDTH OF ONE RECORD.

END
ENDDSLOSE THE QUTPUT TAPE DATA SET.
OPEN THE OUTPUT TAPE DATIA SET FOR FILE NOUMSUB + 7.
SET FIELDS IN THE END-OF~-TAPE~-RECORD BUFFER:
LARS TAPE NUMBER
FILE NUMBER
CONTINUATION CODE
WRITE THE END-CF-TAPE RECORD ONTO THF TAPE.
CLOSE THE OUTPUT TRPE DATA SET.

e okke ok ok END OF SEBECIFICATION ek sk
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* sk ok %k SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION

NAME - p 8 F O SF RS ES HCPLAH
DESIGNER +:ese+s STEPHEN W. MORPHREY

e ek e e

FUNCTION «aese.. ACCUMULATES HTISTOGPAM DATA FOR A STHGLE EXTRACTED SUBIMAGE.

INPUTS saseesesse 1. SEE CALLING SEQUENCE,

OUTPUTS sescasss 1., SEE CALLING SEQUENCE.
2. A PRINTER LISTING DATA SET.

CALLING SEQe «.. CALIL MCPLAH (BANDS,LENGTH,RECLEN,SUBPIR,IIST)

VARIRBLE TYPE I40 DI DESCRIPTITON
BANDS I*4 I 10

LENGTH I*0 I 10¢(
RECLEN Tl I 10
SUBP TR I*U T 10
HIST I*4 0 236

PDL (EROGRAM OQUTLINE)

ZERO THE HISTOGRAM RARRAY.
INTTIALIZE THE DATA POINTER.
DO FOR EACH IINE IN THE SUBIMAGE.
INITIALIZE POINTER TO THE BAND~1 HISTOGRAM ARRAY.
INITIALIZE PCINTER TO THE BAND~-1 DATA ARRAY.
DO FOR EACH SPECTRAL BAND,
DO FOR EACH FIXEL IN THE LINE.
OBIAIN THE PIXEL VALUE V.
ENDD%NCREMENT HISTOGRAM-ARRAY-ELEMENT V BY 1.
INCREMENT HISTOGGRAM POINTER TO THE NEXT BAND
ENDD%NCPEHENT DATA POINTER TO THE WEXT BAND
INCREMENT DATA POINTER TO THE NEXT LINE.
ENDDQ.

o sk ke ook END OF SPECIFICATION

OO DO

5 HISTOGRAM ARRAY
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BACH BIT IS FLAG FOR THAT BAXD
VERTICAL SIZE OF SUBIMAGE

LENGTH OF ONE SUBIMAGE RECOPD
ADDRESS OF SUBIMAGE IN BUFFER

sk ok ek



ORIGINAL PAGE IS
OF POOR QUALITY

¥ ok ok SAR/LANDSAT DATA HERGING SYSTEM EROGRAM SPECIFICATION ok Ak ek
HAME soeeeenses. MCELPH
DESIGHRER .4¢sess STEPHEN W. HURPHREY

FUNCTION se¢ess. PRINTS HISTOGRAMS AND THE RESULTING
ALL BRNDS OF A SINGLE EXTRACTED SUB

INFUTS veevecsces 1o SEE CALLING SEQUENCE,

OUTPUTS eweseses 1. SEE CALLING SEQUENCE,
2. A PRINTER LISTING BATA SET.

CALLING 5EQ. ... CALL MCPLPH (BANDS,HIST,CUMPCT)

STATISTICAL PARAMETERS FOR
INAGE.

VARIABLE TYPE I{O DIM DESCRIPTITON UNITS

BANDS 100 EACH BIT IS FLAG FOR THAT BAND - --=—-—-
HIST I*ﬂ I 256%5 HIsToGRrA® ~~ ==———=-
cuMpCc™ PEY 0 256X%X5 CUNULATIVE HISTOGRAM PERCENT

PDL (PROGRAM OUTLINE)

DO FOR _EACH SPECTRAL EAND,
FIND SMALLEST PTYFL VALUE THAT OCCURS IN THIS BAWD,
FIND LARGEST PIXEL VALUE THAT CCCURS TN THIS BAWD.
COMPUTE THE TOTAL NUMBER OF PIXELS IN THIS BAND.
INITIALIZE THE CUMPCT ARRAY TO ZEROS.
ENDD%NITIALIZE MENECT, RMSTOT, & C ARRAYS TO ZERCS,
DO FOR EACH SPECTRAL EAND é B,
DO FROM K = 1 TO 256 B
gI%PCT(K fBY = HIST K B%S* 130. / TOTAL (B)

Ren | T HSTCD

Cunbeh Tk B) CQH (K, B) * 109. ¢ TOTAL(B

IF  HISPCT(X, £B) > T§pCT (BODE (B) , B) HEN

MOTE (E) K

ENDIF

IF  CUMPCT (K,B) < 50. THEN

eypgiEPTAN (B) = K

MENTOT B; = HENTOTEB} + { - ; * HIST(K k
enppBSTOT (2 = RHSTOT R-1)*%2 * , B) *%2
MEAN (B) = MENTOT(B) / TOTAL(B)
RM S (B) = SQRT{ RMSTOT (B TCTAL(B) )
SIDET(B) = SORT( RES(B)**2 = NEAN(B)**2 )
MEDTAN (B) = MEDIAN(B) ~ 1
MODE(B)'" = HODE(B) - 1
DO FROM K = MINIMUM VALUE TO MAXIMUM VALUE BY 1

SUM = SUM + HIST(K,B}

FooNT 2 ﬁ%%%ggﬁg TS COUNT)

= - + L]

PRINT K-1 , HIS '& suM , HI PCT(K B)x ChMPCT(K B) .

NDDO LINeg (1,5) ', "1Inks2,f L ... § (1

PRINT B , NUMBANDS , MEAN(B) , STDEV(B) , RMS{B) , HEDIAN(B) , MODE (B)

ok gk sk END OF SPECITICATION ek ok Aok

B-53



¥ okok ok SAR/LANDSAT DATA MERGING SYSTEM BROGRAM SPECIFICATION Heske sk s
NAME eeseeessese MCELCS
DESIGNER eveee.. STEPHEN W. MURPHREY

FUNCTION svvees. CREATES CHARACTER SETS (BASED ON HISTOGRAMS) FOR ALL BANDS OF
A SINGLE EXTRACTED SUBTIHAGE.

IWPUTS veeesreees 1. SEE CALLING SEQUENCE,

OBTPUTS sseveee- 1o SEE CALLING SEQUENCE,
2. A ERINTER LISTING DATA SET.

CALLING SEQ. ... CALL MCPLCS (BAWDS, $CHAR,CUMPCT)

VARIABLE TYPE I/0 DIM DESCRIPTITION UNITS

BANDS I*4 I 106 EACH BIT TS5 FLAG FOR THAT BAND ~ -—==w~—--
$CHAR L% 0 256%5 SHADEPRINT CHARACTER SETS = W W ======-
CUMPCY R® 4 I 226%5 CUMULATIVE HISTOGRAM PERCENT

PDL (PFOGRAN OUTLINE)

DO FOR EACH SPECTRAL EAWD.
DO FROM I=1 TO 256 BY 1
INDEX = MINIMUM 16 , 1 + 16. * CUMPCT(I} / 1060, )
DO FOR RACH STRIKE f S L.
gCHAR(I,S) = PRINT {(ERDEX,S3)

¥DDO.
IF7 _INDEX DCES NOT_RQUAL I THEN
PRINT K-1 , PRINT(INDEX,1) , PRINT{(INDEX,2) , ...

ENDIF.
ENDDO.
ENDDO.
ook ek e END OF SPECIFICATION ek fok Kk



s s ek sk sk

NAME veenveveess
DESTGNER

FUNCTION

INEUTS
OUTPUT

s

ORIGINAL PAGE 18
OF POOR QUALITY

SAP/LANDSAT DATA MERGING SYSTEM PFBROGRAM SPECIFICATION

* "8 ae B STEP

MCPLGP

HEN W.

MURPHREY

THIS MODULE COMPUTES THE GRID-POINT LOCATIONS A
CONSTANTS FOR THFY RESAMPLING PORTION OF THE HMA
DOTINT TLOCATYON PROGRAMN,
HORIZONTAL MSS GEOMETRIC BRHEORS ARARE INCORPORAT!

GRID~POINT LOCATIONS.

sevesenss 1o SEE CALLING SEQUENCE.
essssess 1. SEE CALLTING SEQUENCE,
CONMMON BLOCKS ..
RESTRICTICHS ...

CALLING SEQ. ... MCPLGP( )
VARIABLE TYPE I/C DIN DESCRIPTITON
1ENGTH T*Y I - LENGTH OF INPUT-SPACE SUBIMAGE
WIDTH I*4 I - WIDTH OF INPUT-SPACE SUBIMAGE
LFTSAM Tk U T - COORDINATE OF LEFT SAMPLE
HSFAC T*y I - HORIZONTAL SCALE FACTOR
VEFAC T#i I - VERTICAL  SCALE FACTOR
OLEN Tx4 0 - LENGTH OF OUTPUT SPACE
OWID T %l 0 - WIDTH OF OUTPUT SPACE
T T4 0 - NUMBER OF GRID-PCINT SEGMENTS
N I*i 0 I # HYB.-SP, POINTS IN A SEGMENT
DH Ry 0 I INPUT~-SPACE DISTANCE BETWEEN
ADJACENT PIXELS IN A SEGMENT
H R¥% 0 O IX26  GRID-POINT COORDINAT
D Ixl O  VSFAC VERTICAL RESAMPLING
PDL (PROGRAM OUTLINE)
DO FEQOM M = 1 70 VSFAC BY 1
D{H) = (M ) / VSFAC
ENDDO
CLEN = VSFAC * ({ LENGTH - _3 )
O#ID = HSFAC % { WIDTIH - 3 )
ISWID = 6( 50 / HSFAC )
gswzg = ISWIL % HSFAC
c = 1.0
D0 WHILE C LESS THAY OR EQUAL TQ WIDTH - 2
DO FOR EACH DETFCTOR ( J = 1 T0 26 BY 1 ﬁ
IF HIGH—FREQUEN Y COPRECTION WAS REQUESTED  THEN
COMPUTE Fé Y c + LFTSA¥ ) = HIG
LQEH(I i) ( 3, C+LFTSAM ) - LPTSAM
H(I,J) = C
FNDIF
ENDDO
NIPIX = MTNIHUMé ISWID , WIDTH - 3 - C)
E NIPIX * s
k = NIPIX / N (I)
I =1 +
C = DB{H) + NIPIX
ENDDO
=T -1
ok ook 3 sk END OF SPECIFICATION
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N
CORRFCTIONS FOR HIGH*E

UNITS

PIXELS
PIXELS
PIXELS
PIXELS

IXELS
PIXELS
DPTXELS
PIXELS
PIXELS
PIXELS

PTEELS

ES
DISPLACEMENTS PIXELS

Heok sok dkk

H-PREQUENCY CORRECTED COORD.

sesp ko desk



Fekok % SAR/LANDSAT DATRA MERGING SYSTEM PROGRAM SPECIFICATION ook ook dok

'NAHE sevssssssss HCPLHF

DESTGNER .eee... STEPHEN W. MURPHREY

FUNCTION .+ee... THIS MODULE CORRECTS HOQRIZONTAL COQRDINATES FOR HIGH-FREQUENCY
GECMETEIC ERRORS. IT CONVERTS A HIGH-FREQUENCY-CQRRECTED
COORDINARTYE TO AN UNCORRECTED-INPUT~SPACE COORDINATE.

INPUTS ..c.s¢e4.« 1. SEE CALLING SEQUENCE,

OUTPUTS .eeesese 1. SEE CALLING SEQUENCE.

COMMOY BIOCKS ..

RESTRICTIONS ...

CALLING SEQ. ... MCPLHF(HFC,L1F¥,DET,DBIS)

VARIABLE TYPE I/0 DIHN DESCRIPTITON UNITS
HFC R*4 I - HIGH-FREQUENCY~-CCRRECTED COORD. PIXFLS
1LF R*4 I - LINE-LENGTH FACTOR = ===-==-=
DEF T4 I - DETECTCR NOMBER ==~ = =======
UIs R*4 0 - UNCORRECTED~INPUT-SPACE COORD. DIXELS

PDL (PEFOGRAM OUTLINE)

ir THIS IS FIRST EXECdTION OF THIS MODULE THEN
COMPUTFE COEFFICIENTS OF CORRECTICN POLYNOMIALS.

ENDTIF
FYALUATE CORRECTION PCLYNCOMIAL FOR THIS DETECTOR.
ke 2k 2k ke %k END OF SPECIFICATION ke ek ke
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Fh ke SAR/LRNDSAT DATA MERGING SYSTEN PROGRAM SPECIFICATION R ok Aok
NAHE 489 &% A & B MCPLVR
DESIGNER ++..s.. STEPHEN W. MURPHREY

FONCTICY +4veses THIS MODULE PERFORMS VERTICAL RESAMPLING AS PART OF THE
MANUAT CONTROL-POINT LOCATION PROGRAM,.

INPUTIS .esvsaeee 1. SEE CALLING SEQUENCE.
OUTPUTS ..+esce. 1, SEE CALLING SEQUENCE,
CONMON BLOCKS ..
RESTRICTICHS ...
CRLLING SEQ. ... MCPLVR( )
PDL (PROGREAM CQUTIINE)
ADD FIRmST FOUR LINES TO THE HYBRID-SPACE BUFFER.

INTTIALIZE THE FTOUR POINTERS TO THE HYBRID-SEACE BUFFER.
DO FOR EACH HYEBRID~SFEACE LINE.

DO FROM T = 1 TO K BY 1 K = VERTICAL-SCALE-INCREASE FACTOR )
D0 FTCR EACH SPECTRAL EAND.
DC FOR EACH OUTPUT SPACE PIZEL IN ONE LIRE )
PERFCRM COBIC CONVOLUTION USING DéI)
INCREMENT HYBRID-SPACE POINTERS BY 1

ENDDO
ENDD%NCREHENT HYBRID-SPACE POINTERS TO NEXT SPECTRAL BAND,
ENDDgBITE ONE LINE OF OUTPUT DATA.
ADD NEXT HYBRID-SPACE LINE T0Q0 HYBRID-SPACE BUFFER,
ENDD%ESET THE FOUF POINTERS TO THE HYBRID-SFACE BUFIER.

#odehok ok sk END OF SPECIFICATION ook vk ek
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I****** SAR/LANDSAT DATA MERGING SYSTEM EFOGRAM SPECIFICATION Fk ok ok
NAHE - 8 % & ¢ 8508 89 B HCPLHR
DESIGNER ..ese... STEPHEN W. MURPHPEY

FPUNCTION 4<eeee. THIS MODULE PERFORMS HORIZONTAL RESAMPLING AS PART OF T
MANUAL CONTROL-POINT LOCATION PROGRAM. GRID POINTS BAVE BEEW
CORKECTED FOR HIGH-FREQUZINCY, HORIZONTAL GEOMETRIC ERRORS.
INPUTIS .vo1se0eees 1. SEE CALLING SFQUENCE,
OUTPUTS ssenseeee 1. SEF CALLING SEQUENCE.
COEMON BLOCKS ..
RESTRICTIONS ...
CALLING SEQ. «... MCPLHR{ ) .
VARIRBLE TYPE I/0 DIHM DESCRIPTIION gNITSs
I I*Y I - NUMBER QF GRID-PCINT SEGMENTS @ —=====—=
N Tl I I # HYB.-SP. POINTS IN A SEGMENT  =—cwu——em-=
DH R* 4 I I INPUT-SPACE DISTANCE BETWEEN @ ~-==w--
ADJACENT PIYELS IN A SEGMENT
H R¥k Y T IxX2e GRID-PCINT COORDINATES = =  ===—ee-
PDL {PPOGEAM QUTLINE)
O FOR EACH SPECTRAL BAND.
INTTIALIZE FQINTER TO JTH SET™ OF GRID-POINT COORDINATES.
DO FOP EACH GRID-POINT SEGMENT { M = 1 TC I BY 1},
G{ * ) = GREATEST INTEGER NOT LARGER THAN *
% = ggﬂ:gL - G{ H{#,J) ) )
P = p0ifiTER TC INPUT~SPACE~-BUFFER PIXEL G { H;H,J) h -1
DO PTOR EACH HYBRID-SPACE PIXEL IN CURRENT GRID-POINT SEGMENT.
PERFORM CUBIC CONVOLUTION USING D.
= L + EH(N)
DO WHILE D >= 1.0
L=D-1.
P =P+ 1
ENDDQ
ENDDO
~  ENDDC
ENDDO
o ok ook o K END OF SPECIFICATION e 35 e ke ek
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NAME .
DESIGN
FURCTI

INPUTS
oUTPUT
CALLIN

VART
B2 ND

TY
T*4
NSTREKS I*4
I*y
I*y

UIUGINAL PAGE .,
OF POOR QUALITY

SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION Fk Rk Aok
.8 5wt e HCPLPS
ER .vevs+. STEPHEN W. MURPHREY

ON ..oces. PRINTS A SHADEPRINT OF A SINGLE SUBIMAGE THAT RESIDES IN THE
{VIRTUAL) MEMNORY OF THE COMPUIER.,

seassssss 1. SEE CALLING SEQUENCE,
S vessesss 1. A PRINTER LISTING DATA SET.
G SEQ. ... CALL HCPLPS (BAND,NSTRKS,OFFSET,SUBINFAD,CHARSAD)
ABLE PF I{O DIH DESCRIPTIION UNITS

SPECTRAYL. BAND NUMBER === ====w===
NUMBER OF STRTIKES TO BE PRINTED - -=——wo--

OF FSET T - OFFSET TNTO SUBIMAGE ARRAYS BY TES
SUBINFAD I - DOINTER TO SUBIMAGE ARRAYS = -=—-----—
CHRARSAD  Ix§ I - POINTER TQO CHARACFER-SET  =====-=

PDL (PROGRAM OUTLINE)

INITTIATIIZE AND SAVE POINTER TO THE SHADEPRINT CHARACTER SET.
INITIALIZE AND SAVE ECINTER TO THEF IMAGE DATA,

INIT

IALTIZE AND SAVE POINTER TO THE TITLE,

INITIALIZE LEFISAMPLE AND RIGHTSAMPLE-1 POINTERS
DO FROM LEFTSAMPLE TO RIGHTISAMPLE-1 BY 120

ENDD
3k ok ok ok

PRINT HEADINGS AND SAMPLE NUMBERS ACROSS TOP OF LISTING.
INITIALIZE LINE COUNTER
INTTIAITZE “FRCM" PCINTER
INITIALIZE THE POINTER TO THE SHADEPRINT CHARACTER SET.
BLANK OUT THE PRINT BUFFER
DO FOR EACH LINE IN THE SUBIMAGE.
PLACE THE LINE NUMBER IN THE LEET D
SET THE CARKIAGE~-CONTKOL CHARACTER TOC
DO FOP FACH STRIKE.
MOVE A¥D TRANSLATE THE IMAGE DATA INTQ THE PRINT BOFFER.
ERPINT THE DATA TN THE PRINT BUFFER.
SET THE CARRIAGE-CONTRCY CHARACIFR TO A +,
ENDD %NCRWHENT THE POINTER TO THE SHADEPRINT CHARACTER SET.
PRINT SAMPLE NUMBERS ACROSS THE BCTTOM OF THE LISTING.

AND RIGHT EDGES OF THE PRINT BUOTFFER.
TG A BLARK.

0.
END OF SPECIFICATION ek ek Rk
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B.6  GEOMETRIC TRANSFORMATION PROGRAM

B.6.1 Statement of Problem

The objective of this program is to determine the mathematical transformation
between two MSS5 image spaces. In particular, this program must produce data
that controls the operation of the Resampling Program.

The transformation is always between an input-image space and a resampled-image
space. The input space can represent either an uncorrected oxr a previously
resampled, image data set. There are four cases to be considered:

a. Scene processing (with GCPé) of uncorrected or partially processed
MSS data.

b. Systematic processing {(no GCPs)} of uncorrected or partially processed
MSS data.

c. Completion processing of partially processed MSS data.

d. Scale/orientation change of fully processed data.

In the case of scene processing, a geometric error assessment from the geometric
error models is also computed. In each case, the geometric transformation 1s
specified in tabular form. It consists of input-space grid points (used for
horizontal resampling) and hybrid-space grid points used for vertical resampling.

If the input data is uncorrected or partially processed MSS data, there are three
image spaces i1nvolved in determining the geometric transformation:

a. Input space -- MSS data that has not been geometrically corrected or
resampled in any way.

b. High-frequency-corrected input space -- MSS data that has been hori-
zontally resampled to remove all known high-frequency horizontal geo-
metric errors.

c. Corrected output space -- MS5S data (at a user-specified scale and
orientation) that has been resampled to remove all known geometric
erxors.

The transformations between thése image spaces are 1llustrated in Figure B-6.
The geometric transformation to be determined by this program 1s a tabular
represantation of the function H of Figure B-6.
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Input Space High-Frequency-Corrected Corrected Quiput Space
Input Space

Figure B-6. Image Spaces
IZ the input data is fully processed M35 data, there are only two image spaces
involved in determining the geometric transformatiom:

a. Fully processed input space -- MSS5 data that has been resampled to
remove all known geometric errors.

b. Corrected output space ~- MSS data at a user-specified scale and
orientation.

The transformation between these image spaces is a tabular representation of a
straightforward rotation and scale change.

B.6.2 Data Flow
The only data used by the Geometric Transformation program is ancillary in
nature. This data comes from either the Ancillary data set or the User-Request

Data Set. The resulting transformation is written inte the Ancillary Data Set
for use by the Reformatting program.

B.6.3 Program Description

The design of the Geometric Transformation Program is described in Figure B-7
and the program specifications that follow.
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ORIGINAT, PAGE IS
---- GTERANC OF POOR QUALITY
-=~- GTEURQ
———- IIUTP
---- MAPLL
---- LLEC
~-—- GTEFMD ----- -—-= ECCTP
—-—- DELTAS
-~ ARFIT
——-= AAFIT2 ~=mmmm-om- ADTAR

---= CTPEC
--=- ECLL

~-== GTQSDF =—=-=-

GTRN ---—- ——-= ILMAD

) ---- MAPOI

-—-- INITOS
---- OTHAP
---- MAPLL
~--- LLEC

---- GTGDPT --~~- -~~~ ECCTP
---- CTPUTP
--—- UTPII
-——- ITUTP
[~--~ UTPCTP

---- GTEEKAS
-=== GTWANC

FIGURE B-7. MODULE HIERARCHY FOR GEOMETRIC TRANSFORMATION PROGRAMN.
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¥ skokok e SAR/LANDSAT DATA MEFGING SYSTEM PROGRAM SPECIFICATION ook ok ek

NAME a4 e 4 e s GTRN
DESIGNER ..4ss++ STEPHEN W, HURPHREY

FUNCTION ....... THIS IS THE TOP LEVEL DRIVER FOR THE LANDSAT HSS GEOMETRIC
TRANSFCRMATICN PROGEAM.

INPUTS .eeuswees 1o AN SLDMS ANCILLARY DATAR SET FOR THE SCENE TO BE_PROCESSED.
A DATA SET CONTAINING USER'S REQUESTS {ON CARD IMAGES).

2
OUTPUTS ..seeses 1. THE UPDATED SILDHMS RWCILLARY DATA SET.
2. A EREINTER LISTIING TATA SET

COMMON BLOCKS .,
RESTRICTIONS ...

CALLING SEQ. ... NOT APPLICABLE.
PDL (EFOGFAM OUTLINE)

PRINT SEPARATOR PAGE TGO INDICATE START OF RUN,
READ OSER'S REQUESTS.
PEAD RNCIILZRY DATA SFT TC INITIALIZF DATA RAREAS.
CASENTRY
CASE 1: SCENE PROCESSING OR SYSTEM PROCESSING.
PERFCRM ERROE MODELING (ATTITUDE/ALTITUDE FIT).
DEFINE THE OUIPUT SPACE
CREATE INTERECLATION GRID POINTS FROM EREOR MODELS ).
PERFOPM ERROR ASSESSMENT FROM ERRCP MODELS ).
WRITE GRID POINT CORRESPONDENCE TO ANCILLARY DATA SET.
CASE 2: COMPLETICH PROCESSING,
DEFINE THE OUTPUI SPACE,
CREATE INTERECLATION GRID POINTS FROM INPUT HRS/VRS COORDINATES ).

PERFORM ERROR ASSESSHNENT FROH INPUT ANCILLARY DATA ).
WFITE GRID POINT COERESPONDENCE TO ANCILLARY DATA SET.
CASE _3: SCALE/ORIENTATION CHANGE.
DEFINE THE OUIPUTI SPAC
CREATE INIEREGLATION GRID POINTS BASED ON SCALE AND ORIENTATION ).
PERFORM ERROR ASSESSMENT FROM INPUT ANCILLARY DATA ).

ewpcasy PRITE GRID POINT CORRESPONDENCE TO ANCILLARY DATA SET.
PRINT SEPARATOR PAGE TO INDICRTE END OF RUN.

ke k END OF SPECIFICATION ek ek ok
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ORIGINAL PAGE b
OF POOR QUALITY

Aok ek oK SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION Fok ok ko
HAME .ouvesenese GTRANC

DESIGNER «eseess. STEPHEN W. HURPHRéY

FUNCTION ..s.ess+ READS THF SLDMS ANCILLARY DATA SET

INEUTS esesessese 1o SEE CALLING SEQUENCE.

OUTPUTS seeeeves 1., SEE CALLING SEQUENCE,
2. A PRINTER LISTING DATA SET.

COMMON BLOCKS .. MSSCCONS
RESTRICTIONS ...
CALLING SFQ. ... CALL GTRANC ()
VARIABLE TYPE I/0 DIHM DESCRIPTIION UNITS

PDL (PEOGRAM QUTLINE)

PRINT PROGRAM-ENTRY MESSAGE.
DO UNTIL END-OF-DATA ON ANCILLARY DATA SET,
READ NEXT RECORD (ID RECORD).
IF IT IS "CCT~HEADER DATA", THEN
READ NEXT TWO RECORDS (DATA RECORDS) .
PRINT CCT-HEADER DATA.
ENDIF
IF IT IS "SIAT DATA", THEN
READ NEXT TWENTY-CNE RECORDS (DATA RECORDS).
_PRINT SIAT DATA.
ENDIF
ENDTO
FRINT PROGRAMN-EXIT MESSAGE.

Ak ek ko END OF SPECIFICATION ok 1k ok
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kg ok SAR/LANDSAT DATA MERGING SYSTEHN PROGRAM SPECIFICATION ek ek ok
NAME ciseeesesss GIRURC

DESIGNER ...ss+. STEPHEN W. HURPHREY

FUNCTION +...... READS USER'S REQUESTS TOR "LMSSGT" PROGEAMN.

INPUTS .+veeeeave.- 1. SEE CALLING SEQUENCE.

3
OUTPUTS evesre.-- 1. SEE CALLING SEQUENCE.
2. B PRINTER LISTING DATA SET.

COMMON BILOCKS ..
RESTRICTIONS ...
CALLING SEQ. ,.. CRLL GTRURQ ()
VYARIABLE TYPE I,/0 DIH DESCRIPTEIICH UNITS

PDI (EROGEAM QUTLINE)

PPINT PROGRANMN-ENTRY MESSAGE,.

INTTIALIZE NAMELIST PARAMEIERS.,

READ NAMELTST OF USEER'S REQUESTS AND PRRAMETERS.
STORE RESULTS.

PRTNT TUSER'S REQUESTS AND DEFINING PARAMETERS.
PPINT PROGRAM-EXIT MESSAGE.

ok ek ok END OF SPECIFICAIICON ek o keoke
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ORIGINAL PAGE IS
OF POOR QUALITY

ok SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION Rk Aok
NAME ..ueeesuess GTERHD
DESTGNER +...... STEPHEN W. MURPHREY

FONCTION ....... IT COMPUTES THE 14 CORFFICIENTS WHICH MODEL THE ATTITUDE AND

ATLTITUDE OVER A SCENE. THE COMPUTATION IS DONE BY A WEIGHTED

LEAST-SQUARES FIT TO CONTROL-POINT AND AMS/EPHEMERIS DATA.
A BY-PRODUCT OF THE FIT
gg%%uggnESTIHATE THE AGCURACY OF THE COMBUTED COEFFICIENTS,

INPUTS ...evevses 1. SEE CALLING SEQUENCE,
OUTPUTS 4.44e¢ce. 1. SEE CALLING SEQUENCE.
COMMCN BLOCKS ..
PESTRICTIONS ...

CALLING SEQ. ... CALL GTERMD (NMCP, NATEST, NALEST, KWALTY AHSFOL,
IMSDPIT, AMSYAW, AMSALT, A&men AlmrrH, TIME
CTPH, DELTAV, DELTAH, ALTNOM AAHOD D, pIwnv, QINV)

VRRIABLE TYPE I/0 DINM DESCRIPTIION UNITS

NMCP I*2 T - # OF CCNTROL POINTS -

NATEST I*2 T - 4 OF ATTITUDE ESTIMATES -

NALEST I%2 T - 4 OF ALTTTUDE ESTIMATES -

KWALTY T4 T  NHCP STATHS OF CONTROL POTNTS -

AMSROLYL  R*8 I NATEST  AMS ROLL VALUES RADIANS

AMSPIT R*8§ T NATEST AMS PITCH VALUES RADIANS

AMSYAW R%83 I NaTEST™  AMS YAW VALUES RADTANS

AMSALT R* 8 I NALEST AMS ALTITUDE VALUES METERS

ATTTTH R*8 I NATEST TIME ASSOCTIATED WITH ROLL, s ECONDS
PITCH AND YAW VALUES ,

ALTTIN R*8 I NALEST TIME ASSOCTIATED WITH ALTITUDE SECONDS

TTIMECP R=8 I NMCP TIME ASSQCIATED WITH SECONDS
CONTROL ©OINTS

CTPH R%3 I NMCP HORTZONTAL COCRDINATES __ METERS
OF CONTROL POTINTS IN CTP

DELTAV R*8 I NHCP VERTICAL RESIDURL OF MET ERS
CONTROL POINTS IN CTP

DELTAH R%8 T  NMCP HORIZONTAL RESIDUALS OF MET EPS
CONTROL POINTS

ALTNON P*¥8 . T - NOMINAL ALTTTUDE OF SPACECRAFT METERS

2210D R*8 o 14 COEFFICIENTS OF ROLL, PTITCH, -
YAW, AND ALTITUDE

PINV R*8 0  6%6 COVARIANCE MATRIX (ROLL AND -
ALTITIDE)

QINV R*8 o  8X8 COVAPTANCE MATRIX (PITCH AND YAW) -

PDL (PROGRAM OUTLINE)

MAP CBSERVED INPUT~SPACFE CP COORDINATES TO UNCORRECTED TANGENT-SPACE,
MAP NONTNAT, MAFP CP CCORDINATES TO CORRECTED TANGENT SDPACF
COMPUTE DIFFERENCES OF UNCORRECTED AND CORRECTED TANGENT-SPACE COORDINATES.
IF _THERE APRE TWO OR MORE CONTEROL POINTS THEW

INITIALTZE ISING FLAG TO BE NONZERN,

LTTEHPT 70 PERFORM AT"’ITUDE/BI.'“I'T‘UDP FIT WITH YAAFTIT" ALGORITHM.

IF MAATFITY IS UNSUCCESSFUL THENW

SET ISING FLAG TO 7ERO.

ENDTF
ELSFE

INITIRL.TZF ISING FLAG TO BE ZERO.
ENDIF
IF _ISING FLAG IS ZERO THEN
EN%%RFOPM ATTITUDE/ALTITUDE FIT WITH "“AAFIT2" ALGORITHM.

COVARIANCE HMRATRICES WHICH ARE LATER

L***** END OF SPECIFTICATION HA ko K
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ok ok
MANE ses venn

DESIGHNER ...
FONCTION ...

INPUIS ...
OUTPUIS ....

SAR/LANDSAT DRTA MERGING SYSTEN PROGRAM SPECIFICATION
«sss LITUTP

eess STEPHEN W,

HORPHREY

ek ok ek

esess. CONVERTS AN ARRAY OF TNPUT- PACE COOPDINATES (LINE AND SAMPLE)
T0 UNCORRECTED-TANGENT~SPACE COORDINATES.

SEF CALLING SEQUENCE
SEE CALLING SEQUENCE.

- & 88 1-

" s 10

2.

A PRINTER

COMMON BLOCKS .. MSSCONS

RESTPICTIONS
CALLING SEOQ.

VARIRBLE

NMCE
VRA

VRC
VRAN
VRCHN

.- w

esee CALL TTUTP (NHCP
CLINE, CSAMP,

IYPE I/0 DIH

I*2
R¥* 8

R*8
R*8
R¥8
5

R*8
R

.R*8

D%8
P*8
R*8

(BT

¥MCD
AMCP

NMCP
NMCP
NMCP
RHCP
NMCP
NMCP

NMCP

QO O O OHHEFIA H H i+

PDL (FFOGRAM OUTLINE)

PRINT SUBROUTINE-ENTRY MESSAGE,
PRINT HEADINGS.
DO FOR EACH CONTPOL FOINT:
TQ IMAGE-CENTER-OFRIGIN COORDINATES.

CCNVERT
COFRECT
COFRECT
CORRECT
CORRECT
CORRECT
CORRECT

FEINT RESULTS OF ABGVE

ENDDO

HORIZONTAL COORDINATE FOR MIRROR-VELOCITY ERRORS.

LISTING DATA SET.

DESCRTPTITON

# OF POIKIS
EARTH ROTATION VELOCITY
ALONG-TRACK) AT INPUT POINT
ARTH ROTATION VELOCITY
ACROSS~TRAC AT INPUT POINT
ARTH ROTATION VELOCITY
ALONG-TRACK) AT NADIR
ARTH ROTATION VELOCITY
ACROSS-TRACK) AT NADIR
PACECRAFT VELOCITY ERROR
LINE OF CONTROL POIRT
SAMPLE OY CONTROIL POINT
STATUS OF POINTS
VERTICAL COORDINATE OF POINT
IN UTP
HORTZONTAL COORDINATE OF
POINT IN O7Tp
TIME (CON?INUOUS) ASSOCIATED
WITH POINT
TIHE (DTS”RETE) ASSOCTATED
WITH PCIWNT

FOR DIFFYERENTIAL INPUT SCALES,
VERTICAL COORDINATE FOR SCAN-SKEW ERRORS.

VERTICAL COORDIWNATE FQR SPACECRAFI-VELOCITY ERRORS,

FOR DISTORTIONS DUE TC EARTH ROTATION.
COORDINATE FOR EAPTH-CURVATORE / PANORAMIC-PROJECTION ERRORS.

HORIZ.

ERROR CORRECTIONS.

PRINT SUBEQUTINE-EXIT MESSAGE.

s ok sk ook

END OF SPECIFICATION
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YRA, VRC, VRAN, VBCN, DELVY
WiLTY, UTPVv, UTPH, DITHE, CTINE

UNITS
METERS/
SEC
1
1

"
PIXELS
PIXELS
PIXELS
METERS

METERS
SECONDS
SECONDS
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3 e ke ke ke SAP/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION etk ok e
NAME esvevsvass. DELTAS
DESIGHER «veaease STEPHEN W, MURPEREY
FUNCTION ..es... COMPUTE THE DIFPFERENCES OF THE UNCORRECTED-TANGENT-SPACE
COORDINATES AND THE CORRECTED~TANGENT-SPACE COORDINATES OF
THE CCNTROL POINTS,
INPUTS sveeeeses T, SEE CALLING SEQUENCE,

OUTPUTS ..+.veve. 1, SEE CALLING SEQUENCE,
2. A PRINTER LISTING DATA SET.

COMHON BLOCEKS ..
RESTRICTIONS ...

CALLING SEQ. ... CALL DELTAS (NHCP, KWALTY, CTPV, CTPH, UTPV, UTPH,
DELTAV, DELTAH)

VARIABLE TYPE I/0 DIHM DESCRIPTIICON UNTES

NMCP I*2 I - # OF CONTROL POINTS EQUAL =

EWALTY T*8 I NMCP STATUS OF CONTROL POINTS

CTPV R*8 I NMCP CTP VERTICAL COCBDINATES METFRS

CTPH R*8 I RMCE CTP HORTZONTAL COORDINATES METERS

UTEPv R¥ 8 I NMCP UT? VERTICAL COCRDINATES METERS

U PH R*8 I HMCP UTP HORTZONTAL CCORDINATES HETERS

DELTAV R¥8 0 NMCP DIFFERENCES BETWEEN VERTICAL METERS
., TP BAND CTP COORDINATES

DELTRH R*8 0 RMCP DIFYFERENCES BETWFEN HORIZONTAL METERS

UTP AND CTP COORDINATES
DL (PROGRAN OUTLINE)
PRINT PROGRAM-ENTRY MESSAGE.

PRINT HEADINGS,
DC _FOR EACH CONTROL ECINT

TF THIS IS A GOOD CONTROL POINT éRS DETERMINED BY THE KWALTY ARRAY)
SET DELTAV = UTPYV~CTPV ¥OR THIS POINT
SET DELTAE = UTPH-CTPH FORP THIS POINT
ENDIF
PRINT RESULTS.
ENDDO
FPINT FFPOGRAM-EXTIT MESSAGE.
¥k Kk Aok ' END OF SPECIFICATION Fak dow dk
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35 etk ek

%AME ces e
DESIGNER ...
FUNCTION ...

SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION

LIRS )

. a o

AAT
STE

COMPUTE THE 14 COEBFFICIENTS WHICH MODEL THE ATTITUDE AND

IirT

PHEN W, MURPHREY

ALTITUDE OVER A SCENE.

INPUTS v.ewssess 1. SEE CALLING SEQUENCE.
OUTPUTS +vsvees. 1. SEE CALLING SEQUENCE.
. A PRINTER LISTING DATA SET.
COMMON BLOCKS ..
PESTRICTTONS ...
CALLING SEQ. ... CALL RAFIT (NMCP, NATFEST, NALEST, KWALTY, AMSROL,
AMSPIT, AMSYAW, AMSALT, ATTTIMN, ALTTIM, TIMECD,
CTPH, DELTAV, DELTAEH, ALTNOH, AAMOD, PINV, OINT)
VARIABLE TYPE I/0 DIH DESCRIPTIION UNITS
NMCP T*2 T - # OF CONTROL POINTS -
NATEST T I - # OF ATTITUDE ESTIMATES -
NALEST Ix32 T - 4 OF ALTITUDE ESTIMATES -
KWALTY T*2 T  NMcPe STATUS OF CONTRCL POINTS -
AMSROLL  R*8 T NATEST AMS ROLL VALUES RADIANS
AMSPIT R* 8 I NATFST AMS PITCH VALUES RADIANS
AMSYAR R* 8 T NATEST AMS YAW VALUES RADTIANS
AMSALT R*8 T NALEST AMS ALTITHDE VALUES METERS
ATTPIN P*8 I MNATEST TINME ASSOCIATED WITH ROLL, SECONDS
PIT™CH AND YAd VALUES
ALTTIM R*8 I NALEST TIME ASSOCIATED WITH ALTITODE  SECONDS
TTHECD R* 8 I NMCP TTXE ASSOCTATED WITH SECONDS
CONTROL POINTS
CTPH R*8 T  NMCP HORIZONTAL COORDINATES METERS
OF CONTROL POINTS IN CTP
DELTAY R*8 I NMCP VERTICAL RESIDUAL OF METERS
CONTRCL POINTS IN CTP
DELTAH R%8 I NHCP HORIZONTAL RESIDUALS OF METERS
CONTRCL POINTS
ALTNOH R%8 T - NOMINAL ALTITUDE OF SPACECRAFT MFTERS
AAMOD R%§ 0 14 COEFFICIENTS OF ROLL, PITCH, -
YAW, AND ALTITUDE
PINV P*%g 0  6X6 COVARTIANCE MATRIY (ROLL AND -
ALTTITUDE)
QI NV R*8 0 B8X8 COVARTANCE MATRIX (PITCH AND YAW) -

PDL (PROGRAM OUTLINE)
PRINT PROGRAM-ENTRY HMESSAGE,

PRINT HEADINGS.

INITIALIZE Wwpu, ugn, upW, AND "SH® MATRICES TO ZEROS.
CALCULATFE ATITITUDE DIFFERENCES.

CALCULATE ALTITUDE DIFFERENCES.

CALCULATE TTME CONSTANTS,.

COMPUTE ELEMENTS OF THE "RW MATRIY.
COMPUTF ELEMENTIS OF THE "S" MATRIX.
COMPUTE ELEMENTS OF THE ¥p" MATRIY,
COMPUTFE FLEMENIS OF THE "p" MATRIX.

FRINT THE “pu,  mngw,6 WHRw,  AND WSH MATRICES.
SOLVE THE TWO SYSTEMS OF EQUATIONS,

PRTNT PROGRAM-EXIT MESSAGE.

s ok ok END OF SPECIFICATION
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3 2 ke desie

SAR/LANDSAT DATA MERGTING SYSTEM PROGRAM SPECIFICATION
HNAME cesvasasncas
DESIGNER .cvuaesas
FUNCTION soasaene

INPU‘IS LEEIE B N B I ]
OUTPUIS ceacenes

CCMMON BLOCKS .

RESTRICTIONS
CRLLING SEOQ.

VARIRBLE

NMCP
NATEST
NALEST
K¥ALTY
AMSPOLL
AMSEIT
BMSYAW
AMSALT
ATTTIHM

ALTTTH
TIMECP

CTEH
DELTAY
DELTAH

ALTNQOM
AAMOD

PINV
QI NV

AAFIT2
STEPHEN W. MURPHREY

COMPUTE THE 14 COEFFICIENTS WHICH MODEL THE ATTITUDE AND
ALTITUDE OVER A SCENE WHEN "RAFIT!'" TS NOT 2APPLTCABLE.

1. SEE CALLING SEQUENCE,

1. SEE CALLING SEQUENCE.
2. X PRINTER LISTING DATA SET.

CALL AAFIT2 (NMCP, NATFST, NALFST
AMSPIT, AMSYAW, AMSALT, ATTTIN
CTPH, DELTAV, DELTAH, ALTNOM, AR

KWALTY, AMSROL,
ALTTIMW, TIMECP
®ob, pIwv, oTelh

ITYPE I/0 DIM DESCRIPTITON UNTITS

T%2 I - # OF CONTROL POTINTS -

I*2 I - # OF ATTITUDE ESTIMATES -

T*2 I - # OF ALTITUDE ESTIMATES -

I*2 I FACP STATUS CF¥ CONTROL PQINTS =

B*8 T NATEST AMS ROLY VAIUES RADTIANS

R* 8 I NATEST ANS PITCH VALUES RADTIANS

R*g I NATEST AMS YAW VAIUES RADIANS

R*8 I NALEST AMS ALTITUDE VALUES METERS

R*8 T TNATEST TIME ASSQOCIATED WITH ROLL, SECONDS
PITCH AND ¥AW VALUES

R* g I RNALEST TIME ASSOCIATED WITH ALTITUDE SECONDS

R* 8 T NHMCP TIME ASSQCIATED WITH SECONDS
CONTROL POINTS

b= I WMCE HORTZONTAL COORDINATES HETERS
OF CONTROL POINTS IN CTP

R*8 I NMCP VERTICAL RESIDUAL OF METERS
CONTRCL POINTS TN- CTP

k¥ 8 I WHCP HORTZONTAL RESIDUALS OF METERS
CONTECL BOINTS

R*8 I - NOMINAL ALTITUDE OF SPACECRRAFT METIERS

R*8 0 14 COEFFICIENTS OF ROLL, PITCH, -
YAW, ANT ALTITUDE

R* 8 0 6X6 COVARIANCE MATRIX (ROLL AND -
ALTITUDE)

R*8 0 BX8 COVARIANCE MATRIX (PITCH AND YAW) -

PDIL. (EROGRAM OUTLINE)
PRINT PROGFAM-ENTRY MESSAGE.

PRINT HERDINGS,

COMPUTE AMS ATTITUDE AND ALTITUDE MODEL COEFFICIENTS,
ADJUST GCP DATA FOR AMS RATE AND ALTITUDE.

COMPUTE ROLL BIAS TERH.

COMPUTE PITCH AND YAW BIAS TERMS,

COMPUTFE NEW PREVIOUS BTASES AND VARIANCES.

WRITE QUALITY DATA,

PRINT PROGRAM-EXTIT MESSAGE.

ok ofesie o ke os

END OF SPECIFICATION
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i e ek

BWANE veiennn
DESIGNFR ...
FUNCTION ...

INPUTS 4useo
OUTPOTS ....

SAR

“ s 9.
* 8 a9

ar s a

CCMHMON BLOCKS ..

RESTRICTIONS
CRLLING SEQ.

VARIABLE

FATEST
NALEST
AMSPROL
AMSPIT
AMSYAW
AMSALT
ATTTTH

ALTTIM

ALTRCHM
RRRAMOD

- s

. e

TYPE

I*2
T2
R*8
R*38
R*:8
R*8
R*8

R*8

R*2
R*8

/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION ok dok Kk
ADTAR
STEPHEN W. MURPHREY

TO COMPUTE THE 14 ATTITUDE / BLTITUDE COEFFICIEWNTS BASED ON
AMS ESTIMATES OF ROLL, PITCH, YAW, AND ALTITUDE.

1. SEE CRLLING SEQUENCE,

1. SEE CRILING SEQUENCE,
2. A PRINTER LISTING DATA SET.

THE NUMBER OF AMS ATTITUDE VALUES AND THE NUMBER OF
EPHEMEPIS ALTITUDE VALUES MUST BOTH BE GREATER THAW 1,

CALL ADTAA (NATEST, NAIEST, ANSROL, ANSPIT
AMSYAW, AMSALY, ATDTIM, ALTTINM, ALtwoM, 2rhwuop)

I/0 DIM DESCRIPTIION UNITS
¥ - # OF ATTITUDE ESTIMATES -
I - # OF ALTITOUDE ESTIMATES -
I WNATEST AMS ROLL VALUES RADIANS
T NATEST AMS PITCH VALUES RADTANS
T NATEST AMS YAW VALUES RADTANS
T NALEST AMS ALTITUDE VALUES METERS
I NATEST TIME ASSOCTATED WITH ROLL, SECONDS
PITCH, YAW VALUES FROM IC
I HNALEST TIME ASSOCIATED WITH SECONDS
ALTITUDE VALUES FROX IC
T - NOMINAL ALTITUDE METERS
o 14 CORFFICIENTS OF ROLL, PITCH -
YAW AND ALTITUDE DEVIATION

PDL (PROGERAM OUTLINE)
PRINT PROGRAM-ENTRY MESSAGE.

INITIALIZE
CALCULATE

AL,
AP

AQ, RM, PH, ¥YM, AND HM MATRICES TO ZEROS.
A0, R¥M, PM, YM, AND HM ELEMENTS.

PRECCNDITION' AF HMATRIX.
INVERT BRND TEST AP MATRIX,

CCMPUTE RO
ERECONDITY
INVERT AND

15,
ON 2
TES

PITCH, AND YAW MODEL COEFFICIENTS.
9 MATETX.

hg MATRIX.
COMPUTE ALTITUDE MODEFL COEFFICIEWIS.

PRINT REST

LTS,

PRINT PROGRAM-EXIT MESSAGE.

o ok sk ke

END OF SPECIFICATION sk ok Ak
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¥ kokeop sk SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION Fokkok ok
mAHE 5 % 3588w S GTOSDF
DESTGNER ....... STEPHEN W. MURPHREY

FUNCTICN ....... THIS SUBROUTINE DEPINES THE OUTPUT SPACE. IT COMPUTES THE
QUTPUT-SPACE PIXEL COORDINATES OF THE NOMINAIL FOEMAT CENTER.

INDUTSE 4 .. evewses 1. SEE CALLING SEQUENCE.
OUTPUTS ...ss..s 1, SEE CALLING SEQUENCE,
COMMON BLOCKS ..
RESTRICTICHS ...
CALLING SEQ. ... CALL GTOSDF ( )
VARIABLE TYPFE 1I/0 DIH DESCRIPTIION UNITS

PDL (FEOGRRM QUTLINE)

PRINT PROGRANM-ENTRY MESSAGE,

COMPUTE TANGENT-SPACE COORDINAIES OF TORMAT CERTER.

TRANSFORM FORMAT-CENTER COORDINATES TQ GEODETIC LATITUDE AND LONGITUDE
TPANSFORM FORMAT-CENTER COORDINATES TO MAP COORDINATES.

INPUT NOMINAI-FPOFRMAT-CENTER MAP COORDINATES.

COMPUTE OUTPUT-SPACE COORDINATES COF KOMINAL FORMAT CENTER.

SCALE AND ROUND THE NCMINAL-FORMAT-CENTER COORDINATES.

PRINT PESULTS.

PRPINY FROGRAM-EXIT MESSAGE.

ke e END OF® SPECIFPICATION ¥ e g
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s sk skeoke ele

NEME ,ecvonn
DESIGRER ...
FUNCTICN ...

INPUTS venes
QUTPUTS +...

ORIGINAL PAGE 18
OF POOR QUALITY

SAR/LANDSAT DATA MERGIRG SYSTEM PROGRAM SPECTFICATION
" e s CEPEC
+res STEPHEN W, MURPHREY

ok Aok Kok

esse TC MAE FOINTS FROM THE CORRECTED TANGENT SPACE TO THE EARTH-
CENTERED CARTESIAN COORDINATE SYSTEHN. THE MAPPING IS, IN
ORDEK, A POTATION (FROM THE TANGENT-SPRCE ORIENTATIOR TQ 'THE

EAPTH-CENIERED ORIE NTATION)
SPACE QORIGIN TO THE EARTH-C
(FROM THE TANGENT SPACE ONTO THE EARTH SUP

sees 1. SEE CALLING SEQUENCE.

eeses 1. SEE CALLING _SEQUENCE,
2. A PPINWTER LISTING DATA SET.

CCMMON BLOCKS ..

RESTRICTICHS
CRLLING SEQ.

VARIABLE

XEX
1Y
XECHAD
YE

PDI (EROGRAM OUTLIN

ves CALL CTPEC(XEX, XEY, XECNAD YEY, YECNAD, ZEX,
ZEY, ZECNAD, ASOR, BSQ M , BﬁTH &, now,
cTel, CTPH, XEC, YEC, “7fC)
TYPE I/0 DIM DESCRIPTION UNITS
R®§ T - ROTATTION MATRIX ELEMENT -
R*8 I - ROTATION MATRIX FLEMENT -
B* 8 T - NADIR FEARTH CENTERED X COORDINATE METERS
R% 8 T - ROTATION MATRIX ELEMENT -
R*8 T - ROTATION MATRIX FLEMENT -
P8 I - NADIR EARTH CENTFRED Y COORDINATE METERS
R*8§ T - ROTATICN MATRIX FLEMENT -
R*8 I - ROTATTON MATRIX ELEMENT -
R* 8 I - NADIR EARTE CENIFRED 7 COORDIANTE HMETERS
R* 8 I - PRECOMPUTED EARTH A*¥2
R% 8 T - PRECOMPUTED FARTR B¥*2 -
%8 T - PRECOMPUTED EARTH A%kil -
R+ I - PRECOMPUTED FARTH B¥*4 -
P*3 I - PROJECTTION PARAMETERS -
R*8 T - NUMBER OF POINTS TC MAP -
R% 8 I  NOM CTP VERTICAL COORDINATES METERS
R*§ I NOM CTP HORIZONTAL CCORDIANTES METERS
F*8 T woM EARTH CENTFRED X OF THE POINTS METERS
B*8 T  NUM EARTE CENTERED Y OF THE POINTS MEPERS
R*8 T NOM EARTH CENTERED Z OF THE POINTS METERS
E)

DC FCR ELCH FCINT

ROTATE AN

INTG EART

XECT

i ]
9]
3

P

tno}
Ho

]
o

Nt U g gt td S Neg
EHEEO WK Sl

QaaA

1= 1e]
o H

o
o
Q
)

13

ENDDO
e ook ook

D TPANSLATE THE TANGENT SPATE COOHKDINATES OF THE POINT
H CENTERED COORDINATES

CV*YEX+CH¥XEY+ YECNAD

CVRYEX+CH*YEY+YECNAD

CV¥ZEX+CH*ZEY+ ZECNAD

ARAMETERS USED ®(Q PROJECT THE POINT FROM THE TANGENT
THE EARTH SURFACE

Wl

= BSQR*éV&1)*XECm+V§2l*Y CT )+AQTH/ESQR*V(3)*ZEC¢

= ASQR*BS E+V§3 *Vé 4TH/B4TH-

= BS%R* XECT=XECT+ ECT*YECT +ASQR*{ZEC *ZECT-BSQR)

= (P1-DSQRT(P1*P1-P2*P3 %/Pd

HE PQINT FPCH THE TANGE SPACE TO THE FARTH SURFACE
= XECT-V(1)*S

= YECT~V(2) *S

= ZECT-V{3)*S*ASQR/BSOR

END OF SPECIFICATION
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ok okt ek SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION ok Aok ok
NAHE * A% &% dF ¢ s B ECLL
DESEIGNEP ...¢e.. STEPHEN W. MURPHREY

FUNRCTION ...s... MAP POINTS FROM EARTH-CENTERED COORDINATES TO GEODETIC
LATITUDE AND LONGITUDE.

INPUTS sveeweses 1. SEE CALLING SEQUENCH.

OUTPUTS ...esee.e 1+ SEE CALLING SEQUENCH,
2. B PRINTIER LISTING DATA SET.

CCMNON BIOCKS ..
RESTPICTIONS ...
CALLING SEQ. ... CALL ECLL {AELLPS, BELLPS, ¥WUM, XEC, YEC, ZEC, RDIATR, RLONGR)

VARIABLE TYPE TI/0 DIH DESCRIPTITON uwITs
AFLLPS R*8 I - MAJOR AXIS OF EARTH ELLIPSOID METERS
BELLPS R*8 I - MINOR AXYS OF EARTH ELLIPSOID METERS
NUM I%x2 I = NUMBER OF POINTS TO TRANSFORH =

XEC R#*8 I NUM EARTH CENTERED X COORDINATE HETERS
YEC R*8 I NOH EARTH CENTERED Y COORDINATE METERS
ZEC R¥8 I UM EARTH CENTERED Z COORDINATE METERS
RDLATR R*3 0 NUM GEODETIC LATITUDE OF INPUT POINTS RADIANS
RDLOXNR R*8 0 ROHM LONGITUDE OF INPUT POINTS RADIANS

PRI {PROGRAM CUTLINE)

DO FOR _EACH POINT
LAT ITUDE=ARCTAN ( (ASQR /B SOR) *ZEC /SQRT (XBCHYECH LECXYEC) )
1ONGITUDE=ARCSIN(TABS (Y EC) /SQRT (XECXX EC+YECXYEC))

IF (XEC > OR = ()
IF (YEC < 9)
LONGITUDE=-LONGITUDE

ENDIF

ELSE
IF (YEC < 9)
EngNGITUDE=L0NGITUDE-PI

LONGITUDE=PT-LONGITUDE

ENDIF

ENDIF

PRINT RESULIS FOR THIS POINT

ENDDO
ok ok END OF SPECIFICATION ok e ok
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DESIGNER
FUNCTION

ORIGINAL PAGE 15
OF POOR QUALITY

SAR/LANDSAT DATA MERGING SYSTEM FROGRAM SPECIFICATTON ek ke
have ...oieienn..

" 8as s AN

INPU‘IS LI B S I I B A ]

QUTPUTS

COMMON BLOCKS ..
RESTRICTIONS ...
CALLING SEQ. ...

VARIABLE TIPE

AELLPS
EELIES
NOM
JZONED
RDLLATR
RDLONPR
DNOPTH
DEAST
JZONE

COMMENTS

PP s e deote

P* g
B*3
I*4
Ikl
R*8
R*8
%y
R*8
Iy

LR B A I

LLMAP
STEPHEN W. MURPHREY

MAP GEQDETIC LATITUDE AND LONGITUDE COQORDINATES TO {UTM) MAP
COORDINAIES,

1. SEE CALLING SEQUENCE.

1. SEE CALLING SEQUENCE,
2. A EPINTER LISTING DATA SET,

CALL LIMAP ( AELLPS , BELLPS , NUM , IZONED , BDLATR , RLONGR ,
DNORTH , DEAST . IZONE )

1/0 DIH DESCRIPTIION UNITS
I - MAJOR AXIS OF EARTH ELLIPSOID METERS
I - MINOR RXIS OF EARTH ELLIDPSOID METERS
T - NUMBER OF POINTS TO TRANSFOPN -
T UTM ZONE DESIRED -
I NUH GEODETIC LATTITUDF OF INPUT POINTS RADIANS
I NOM LONGITUDE OF INPUT POINTS RADIANS
0 NOM UTM NORTHING COGRDINATE METERS
O  NUM UTM EASTING COORDINATE METERS
0 NOM UTH ZONE -

THIS MODULE IS A MODIFICATION OF A FORTRAN PROGRAM
OETATINED FROM THE UNITED STATES GEOLOGICAL SURVEY.

END OF SPECIFICARTION ek 3g 3k ok

“B-75



4 o4 ook e
khmE ® & & 9P P8 S F B

DESIGNER weeeaw.

FUNCTICH

SAR/LANDSAT DATA MERGING SYSTEM FROGRAM SPECIFICATION

INPUTS - a8 e sa we 1.

OUTPUTS

.-a e

COMMON BLOCKS
RESTRICTICHNS
CAILT NG SEQ.

VARIABIE

NUM
BETA
I7ZONED
CNORTH
CEAST
DNCRTH
CEAST
TZORE
HO

Vo

LI}

- 1.

MAEOX
STEPHEN W.

CCNVERT 4U“H) MAP COORDINATES TO OUTPUT-SPACE PIYEL
CCORDINAT

MURPHREY

ES.

SEE CALLING SEQUENCE
SEE CALLING SEQUENCE.

ZwDL (EPOGRAM CUTLIINE)

DC FOR _EACH EC

7

HO
¥O
ENDDO

3 ok e o ok

I

I

2. 2 ERINTER LISTING LATA SET.
«.. CALL MAPOI ( NUM r LZONED , CHNORTH , CEAST
DNORTH , DEAST , IZO0RE , HO
TYPE I/0 DIN DESCRIPTIION
I I - NUMBER OF POINTS TO TRANSFORN
R=8 I - HEADING ANGLE
Tl I OTH ZONE DESIRED
P¥8 I NuM UTM NORTHING OF FORMAT CENTER
E*8 I NTM UTM BEASTING CF FCRMAT CENTER
E*8B I NOM UTM NORTHING COORDINATE
P*g I NOHM UTM EASTING COORDINATE
T*4 I Nun UTM Z0NE
R¥8 I NgM Q0TPUT SPACE CQOEDINATE
F*8 T NUH OUTPUL SPACE COQOEDINATE
3 % PT / 2 - BETA
SINE( ALPHA
COSINE{NALPH )
= [SA * g DNOPTH (I) -~ CNORTH ; - C2 * DEAST{ ; - C
= (Ca * DNORTH (I) - CNORTH + SA % DEAST - C

END QF SPECIFICATION
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UNITS

RADIANS

METERS
METERS
METERS
METERS

PTIYELS
PIXELS
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Hesk de ok ok
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wRokskkoksk T SAR/LANDSAT DATA MERGING SYSTEM TROGRAM SPECIFTICATION Aok ok o
MAME ...e-eceee. GIGDPT
DESIGNER «...ss. STEPHEN W. MURPHREY

FOURCTION ..... «+ THIS SUBROUTINE CALCULATES THE GRID-POINT CORRESPONDENCE THAT
IS THE GEOMETRIC TRANSFORMATION BETWEEN THE OUTPUT SPRCE AND
THE INPUI SPACE.

INPUTS ..veesess 1. SEE CALLING SEQUENCE,

OUTPUTS .seeeess 1o SEE CALLING SEQUENCE,
2. PRINTER LISTING.

COME2N BLOCKS ..
RESTPICTIONS ...
CALLING SEQ. ... CALL GTGDPT ()
VARIABLE TYPE 3I/0 DIH DESCRIPTIION UNIZIS

PDL (PROGFPAM OUTLINE)

FRINT FROGEAN-ENTRY MESSAGE.

INITIALTIZE OQUTPUT-SPACE APRAY OF GRTID POINTS.

CONVERT OUTPUT~-SPACE COCRDINATES TC MA® COORDINATES.

CONVERT MAP COORDINATES TQO GEQDETIC COORDINATES.

CONVERT GEQODETIC COORDINATES TO EARTH-CENTERED COORDTINATES.

CONVERT EARTH-CENTERED COQORDINATES TO CORRECTIED~TANGENT-SPACE COORDINATES,
DO WHIL®E (# ITERATIONS < MAXTMUM) AND é&NOHINAL-COHPUTEDI > HAXIMUH%.

CCNVERT CORRECTED-TANGENI~-SPACE COQRDINATES TO UNCORRECTED-TANGENT SPACE.

CCHNVERT UNCORRECTED-TANGENT-SPACE COORDINATES TO INPUT SPACE,

CCHNVERT INPUT-SPACE COORDINATES TC UNCORRECTED~TANGENT SPACE,

CCNVERT UNCORRECTED-TANGENT-SPACE COORDINATES TO CORRECTED-TANGENT SPACE,
EN%%%PUTE DIFFERENCES OF NOMINAL AND COMPUTED TANGEWT-SPACE CCORDINATES.
PRINT RESULTS.

PRINT FROGRAM-EXIT MESSAGE,

3k ek ek END OF SPECIFICATION ok ke sk

=

B-77



ok skodeck e
WAME teevesssees INITOS
DESIGNFR -u..... STEPHEN W.
FUNCTION coeeeas

CCORDINATES.
INPUTS veaeeeaes 1.
OUTPUTS vessacses 1.

SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION

MURPHREY
INITIALIZE A RECTANGULAR LATTICE OF OUTPUT-SPACE GRID~POIRT

SEFE CALLING SEQUENCE.
SEE_CALLING SEQUENCE.

2., 2 PRINTER LISTING DATA SET.

COMMON BIOCKS ..
RESTRICTIONS ...

CALLING SEQ. ... CALL INITOS { NOM s HO VO )
VARIABLE TYPE TI/0 DIM DESCRIPTIION UNITS
NUH T4 I - NUMBER OF PCINTS TQ TRANSFORHM =
HO R*8 I NUH OUTPUT SPACE COORDINATE PIXELS
yo R*8 I RoH QUTPUT SPACE COORDINATE PIXELS

PDL (PROGRAM CUTLINE)

TO BE DETERMINED
o e e e ok

END OF SPECIFICATION
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hodoskk sk

DESTGHER
FUNCTICON

"SAR/LANDSAT DATA MERGING SYSTEM FROGRAM SPECIFICATION Fodke e e
NP.HE 4 & s 0 0 s e

4 e e s A

INEUTS ceuveccns
OUTPU'IS LI I I NI I )

COMMON BLOCKS ..
RESTRICTIONS ...

CIMAE
STEPHEN W. MURPHREY

CONVEET QUTPUT-SPACE PIXYEL COORDINATES TO (UTH) MAP
COORDINATES.

1. SEE CALLING SEQUENCE.

l. SEE CALLING SEQUENCE,
2. A ERINTER LISTING LATA SET.

CALLING SEQ. ... CALL OIMAD ( NUM , CNORTH , CEAST , BETA
DNORTH , DEAST ., HO " VO ]
VARIABLE TYPE I,/0 DIM DESCRIPTIION UNITS
NUHM T# Y T - NUMBER OF PCINTS TO TRANSFORM -
BET2 E*8 T - HEATDING ANGLE RADIANS
CNORTH R*8 I  NUM UTH NORTHING OF FORMAT CENTER METERS
CEAST P*8 T oNOM UTM EASTING CF FCRMAT CENTER HETERS
DNORTH R*8 I NOM UTM NORTHING COORDINATE METERS
DEAST R%8 I  §UM UTH EASTING COORDINAME METERS
HO R*8 I  RUM OUTPUT SPACE COCEDINATE DPTXELS
70 R*8 T  YOH OUTPUT SPACE COORDINATE PTYELS
PDL (EROGEAM CUTLINE)
SR = SINFE( BETA
CE = COSINE( BETA )
DO FOR EACH PCINT .
HOC = HOEI - HSZO0 / 2
¥0C = VO{I) - VSZ0 7 2
DNORTH (I} = CHORTH - HOC * HSPACI * CB ~ VOC * VSPACI * SB
DEAST(T) = CEAST + HOC * HSDACT * SB - 7VOC * VSPACI * CB
ENDDO
L END OF SPECIFICATION Aok ke
15
P AGE
oRiGEY é%é” qUALITY
oF ¥
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FONCTION

"SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION Aok ek ok
,NAHE ® 4 0 s 0 a® et B

DESIGHNER cceev s

INPUTS LI R IR B Y

OCUTPUTIS

se v e N

COMMON BLOCKS ..

HAPLL
STEPHEN W. MURPHREY

CONVERTS (UTﬁ% MAP COCRDINATES T0 GECDETIC LATITUDE AND
LOGNITUDE COORDINATES.

1. SEE CALLING SEQUENCE.

1. SEE CALLING SFQUENCE,
2. A FRINTER LISTING DATA SET.

RESTRICTIONS ...
CAILING SEQ. ... CALL MAPLL ( AELLPS , BELLPS , NUM , IZONFD , BDLATR , RLONGR ,
DEORTH , DEAST ., IZONE )

VARIABLE TYPE TI/0 DIM DESCRIPTITON UNITS

AELLPS R”*Q T - MAJOR AXIS OF EARTH ELLIPSOID METERS

BEILPS R%#8 I - MINOR AXIS OF EARTH ELLIPSOID METERS

NOH T*L T - NUMBER OF POINTS TO TRANSFORM -

TZCNED Tkl T UTM ZONE DESIRED -

EDLATR R*8 0  NUM GEODETIC LATITUDE OF INPUT POTNTS RADIANS

RDLONR P*8 0 NUH LONGITUDE OF INPUT POINTS RADIANS

DNORTH P*3 I NOH UTM NORTHI NG COOFRDINATE HWETERS

DEAST R*8 I HOM UTH EASTING COORDINATE METERS

IZ00F Ty I NOM UTM ZONE -
COMMENTS <vo.... THIS MODULE TS A MODTFTICATION OF A FORTRAN PROGRAM

OBTATNED FROM THE UNITED STATES GEOLOGICAL SURVEY.

Pok sk e END OF SPECIFICATION ok ok e
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* Aok ok SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECYIFICRTION *k Kk kk
knmE " a9 s a9 8a LLEC
DESIGNEP ....... STEPHEN W. MURPHREY

FUNCTION .u.vess» MAP POINTS EXPRESSED IN LATITUDE AND LONGITUDE TO EARTH-
CENTERED CARTESIAN COORDINATES (X, Y, Z}.

INPUTS ..... ++es 1. SEE CRALLING SEQUENCE.

OUTPUTS ..eusess 1. SEE CALLING SEQUENCE,
2. A PRINTER LISTING DATY SET.

COMMON BLOCKS ..

RESTRICTIONS ...

CALLING SEQ. ... CALL 1ILEC (N, BRLDR, RL¥R, EZLEV, FISHA, FISHB, XEC, YEC, 7EC)
VARIABLE TYPF I/0 DIH DESCRIPTIION URITS

N T%2 T - # OF PCINTS -
RLNR R#*8 T N TLONGITUDE OF POINTS RADIANS
RLDE P* 8 I N LATITODE OF POINTS RADIANS
FLEV R*8 I N TERRAIN ELEVATION OF POINTS METERS
FISHR R*8 I - AYIS OF EARTH MODEL METERS
(FISHER ELIIPSCID)
FISHB R*8 I - n METERS
XEC R%8 0 N g%aggE%ENTERED X-COORDINATE METERS
YEC R¥8 0 N EARTH~CENTERED Y~-COORDINATE METERS
ZEC Rk 8 0 N EARTH-CENTERED Z-~COORDINATE METERS
PDL (PROGRAM OUTLINE)
Pk sk sk s e END OF SPECIFICATION e ook ke
»
)
PSS
S8
Cﬁ}ﬂﬂp
ot
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RIT 3 EY SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION ook sk ok
PNAME ouvoasesess ECCTP
DESTIGNER ..... .. STEPHEN W. MURPHREY

FUNCTION ....... MAPS CONTROL POINTS EXPRESSED TN EARTH-CENTERED COORDINATES TO
CORRECTED-TANGENT~SPACE COORDINATES.,

INPUTS ..esss0es 1. SEE CALLING SEQUENCE,

OUTPUTS .....c.. 1. SEE CALLING SEQUENCE.
2. A PRINTER LISTING DATA SET.

COMHON BLOCKS ..
RESTRPICTICHS ...

CALLING SEQ. ... CALL ECCTP (NMCP, XEC, YEC, ZEC, XECNAD, YECNAD,
ZECNAD, BETAN, RNADID, ®RNaDLN, CTPV, cTPh)

VARIABLE TYPE I/0 DIM DESCRIPTIION UNITS
NMCP 1%2 I - # OP CONTROL POINTS -
XEC B%8 I  NMCP X-COORDINATE (EARTH-CENTERED) METERS
YFC F%8 I  NMCD Y-COORDINATE it " METERS
ZFC R*8 I  NMCP 7-COORDINATE " " HETERS
XECNAD R 8§ T - X~COORDI NATE-NADIR " " METERS
YEXNAD B*8 I - Y-COORDINATE-NADIR ™ " METERS
ZECNAD R* 8 T - 2-COORDINATE-NADIR " " METERS
BETAN R*8 I - SPACECRAFT HEADING ANGLE RADIANS
RNADLD R*8 I - GEODETIC LATITUDE OF NADIR RADIANS
R¥ADLN R*8 T - LONGITUDE OF NADIR RADIANS
CTPV R*8 0  NHCP CTP VERTICAL COORDINATE METERS
CTPH R*8 0. NHCP CTP HORIZONTAL COORDINATE METERS

2D (EROGRAM QUTLINE)

ook ok END OF SPECIFPICATION Ak ek ek
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*dkesieok Jk SAR/LANDSAT DATL MERGING SYSTEM PROGRAM SPECIFICATION Fe kK ok

NAHE e S ETEE P RS
DESIGNER se e e r e
FUNCTION LRI I BN I )

INPUTS * & 0% 4 29 s
OUTPUTS eeceveense

COMMOR BLOCKS ..
RESTRICTIONS ...
CALLING SEQs s e

VARIABLE TYPE 3I/0

NUHM I*2
TIMEPT R*g
UIPV R¥*8
UTPH R* 8
AAMOD B*g
AITNCH B> g
CTPV R%g
CTPH R*g

CTPUTP

STEPHEN ¥. MURPHREY

MAP POJINTS FROM THE CORRECTED-TANGENT-SPACE TQ THE UKCORRECTED-
TANGENT-SPACE. THIS MAPPING CONSISTS OF APPLYING THE ATTIITUDE
AND ALTITUDE CORRECTIIONS.

1. SEEF CALLING SEQUENCE.

1. SEE CALLING SEQUENCE.
2. A EFINTER LISTING LATA SET.

CALL CTPUTP (NUM, TIMEPT, UTPV, UTPH, AAMOD,
ALTNON, APRICH, CTDV, cThm

DINM DESCRIPTTION UNITS
I - NUMBER OF POINTS TCO TRANSFORM -
I NUM IIME OF EACH POINT SECONDS
I NUH UT? VERTICAL COORDINATES METERS
I NoM UTP HORIZONTAL CCORDINATES METERS
I 14 A/A MODEL COEFFICIENTS =
I - NOMIWAL S/C ALTITUDE METERS
I NUM CTP VERTICAL COORDINATE METERS
I NUM CTP HORIZONTAL COORDINATE METERS

PDL (FROGRAM OUTLIINE)

LO FOR EACH POINT
EVALUATE ROLL, PYITCH, YRW AND DELTA ALT POLYNOHIALS AT TINEPT {I)

UTPV{I} = CTPV{I; + "% CTPﬁf + PITCH ALTNO
0TBH (T = GTBR{T] + bi'* cmpﬁ{ %
ROLL * o' ¥ CTPH(I)**Z / ALTHOM )
ENDDO
ok ok ok END OF SPECIRICATION sk ek sk
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o ok ok 3 o SAR/LANDSAT DATAR MERGING SYSTEM PROGRAM SPECIFTCATION Hevle Fefe deoke

NAME veenvcovcas
DESTIGNER wvevaoe
FONCTTION @vueaadat

INPUTS eveisnnse
OUTPUTIS easanaas

CONMON BLOCKS ..
RESTRICTIONS ...
CATLING SEQ. «.a

VARIABLE TYPE

¥MCP I*2
YRA R*8
YRC E*8
VRAN E*8
VRCH R*8
DELVY R*8
CLIRE R*8
CSANMP R*3g
KWALTY TI%*2
TPV P*8
UT?H F*8
CTIME R*§
DTIME R*8

UIpil
STEPHEN W. MURPHREY

CONVERTS AN ARRAY OF UNCORRECTED-TANGENT-SPACE COORDINATES
T0 INPUI~SPACE COORDINATES.

1. SEE CALLING SEQUENCE.

1. SEE CRLLING SEQUENCE,
2. B PRIVNTER LISTING DATA SET.

MSSCONS

CALL UTIPII (NMCP, VRA, VRC, VRAN, VRCN, DELVV,
CLINE, CSAMP, KWALTY, UTPV, UIPH, DTIHME, CTIME)

I/0 DINM DESCRIPTIION UNITS

I - $# OF POINTS -

I NKCP EAPTH ROTATIOW VELOCITY METERS/
ALONG-TRACK)} AT TINPUT POINT 5EBC

I HMCE ARTH ROTATION VELOCITY "
ACROSS-TRACK) AT IRPUT POINT

I - EARTH ROTATION VELOCITY n
ALONG*TRHCK% AT WADIR

I - ARTH ROTATION VELOCITY "

ACROSS~TRACK)Y AT NADIR

I - PACECRAFT VELOCITY ERROR n

I §MCep LINE OF CONTROL POINT PIIELS

I NMCP SAMPLE QF CONTRCL POINT PIYLELS

I NMCP STATUS OF POINTS PLXBLS

0 WHMCP EER%;%AL COORDINATE OF POINT METERS

G EMCP HORIZONTAYL COORDINATE OF METERS
DPOINT IN UTE

C NMCP TIME (CONTINJOUS) ASSOCIATED SECONDS
WITH ECTNT

0 NHMCP TIME ({LISCRETE) ASSOCIATED SECONDS
WITHE POIRT

PDL {EFROGRAM OUTIINE)
PRINT SUBROUTINE-ENTRY MESSAGE,

PRINT HEADINGS.

DO FOR EACH CONTROL EQINT:
CORRECT HORYZ. COORDINATE FOR EARTH-CURVATURE / PANORAMIC-PROJECTION ERRORS,
COFRECT FOR DISTORTIONS DUE TO EARTH ROTATION.
CORRECT VERTICAL COORDINATE FOR SPACECRAFT-VELOCITY ERRORS.
CORRECT VERTICAL CCORDINATE POR SCAN-SKEW FRRORS.
CORRECT FOR DIFFERENTIAL INPUT SCALES.
COERECT HORIZONTAY COORDINATE FOR HIRROR-VELOCITY ERRORS.
CORVERT TO IMAGE-CENTER-ORIGIN CCORDINATES,.
ERINT RESUITS OF ABOVE ERROR CORRECTIONS.

ENDDO

PPINT SUBRFCUTINE-EXIT MIESSAGE.

ok e ek

END OF SPECIFICATION Kok ek oK
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NAME ..envesua
DESTIGNER ...
FUNCTION ...

INPUTS ¢ euus
OUTIPUIS ....

RESTRICTIONS
CALLING SEQ.

VARIABLE

NMCE
VRA

VERC
VRAN
VRCHN
DELVY
CLINE
CSAMP
KWALTY
UL PV
UTPH
CTIME

ETIHE

SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION

«eass JIOTP
vses STEPHFN W.

MURPHREY

sfesle et ok

s+oss CONVERTS AN ARRAY OF INPUT-SPACE COORDINATES (LINE AND SAMPLE)

TO

a0 u e 1l

* 4 oS 1‘

«ss CALL ITUTP (NMCP, VRA, VRC, VRAN, VRCHN
CLINE, CSAMP, KWALTY, UTPV, UTPH, DTIMﬁ,

TYPE

I*2
R*g

%3
R*8
P*8
R*8
R*8
R*8
I*2
R*8
R*8B
R*8

R*8

UNCORRECTED~TANGENT-STACE COORDINATES.
SEE CALLING SEQUENCE.

SEE CALLING SFQUENCE,
PRINTER LISTING DATA SET.

COMMON BLOCKS .. MSSCONWS

A

i/0

O O O OHMKHIH H H H HH

PDL. (PROGRAM OUTLINE)

PRINT SUBROUTINE-ENTPY MESSAGE.
PRINT HEADINGS.

D0 FOR EACH CONTRPOL POINT:

CCHVEERT
CORRECT
COERECT
CORRECT
CORRECT
CORRECT
COHERECT

ENDDO

DINM

NHCP
NMCP

-

NNCP
NMCP
NMCP
NACP
NMCP
NHMCP

NHMCP

DESCRIPTITON

# OF PCINIS

EARTH ROQTATION VFLOCITY
ALONG*TRACK% AT INPUT POINT
ARTH ROTATION VELOCITY

éACROSS-TRBCK AT TINPOT POIWNT

ARTH ROTATION VELOCITY
ALONG-TRACK) AT NADIR
ERTH ROTATICON VELQCITY
ACROSS-TRACK)Y AT WADIR
PACECRAFT VELCCITY ERROR
LINE OF CONTRQL EOINT
SAMPLE OF CONTROL POINT
STATUS OF POINTS
YERTICAL COORDINATE OF POINT
IN gTe
HORTIZONTAI CCORDIWATE OF
POINT IN UTP

IIHNE (CCNTINUOUS) ASSOCIATED

YiTH POINT
TINE {DISCRETE) ASSOCIATED
¥ITH POINT

TG TMAGE-CENTEE-ORIGIN COORDINATES.

HORTZONTAL COORDINATE FOR MIRROR~VELOCITY ERRORS.

FOR DIFFERENTTIAL IWPUT SCALES.
VERTICAL COORDINATE POR SCAN-SKE¥ ERRORS.

VERTICAL CCCRDINATE FOR SPACECRAFT-VELOCITY ERRORS.

FOR DISTORTIONS DUE TO EARTH ROTATION.
COORDINATE FOR EARTH-CURVATURE / PANORAMYC-PROJECTION ERRORS,
PRINT RESULTS OF ABOVE ERROR CORRECTIONS.

HORIZ.

PRTNT SUBPOUTINE-EXII MESSAGE.,

LEL 2 2

END OF SPECIFICATION
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METERS
SECONDS

SECONDS

dk ek kok



g 18
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3 ok ok ek SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION ¥k Kk ok

NAHE *® 0% 90 g e B
DESTGNEP .uvuvens
FONCTIOYN s esasvss

INPUTS T8 &% B e B
OUTPUTS L NN EER)

COMMON BLOCKS ..
RESTRICTIONS ...
CALLING SEQ. ...

VARIABLE TYPE I/O

NOH I%2
TIMEPT R¥8
UTPV P*8
UTPH R*8
ALMOD R*8
ALTNOH B*B
APRXCH R*8
CTEV B*8
CTPH R*8

UTPCTP

STEPHEN W. MURPHREY

MAP POINTS FROM THE UNCORRECTED~-TANGENT-SPACE TO THE CORRECTID-
TANGENTI~SPACE. THIS MAPPTING CONSISTS OF APPLYING THE ATTITIDE
AND ALTITUDE CORRECTIONWS.

1. SEE CALLING SEQUENCE.

1. SEE CALLING SEQUENCE,.
2. A PRINTER LISTING DATA SET.

CALL UIPCTP (NUM, TIMEDT, UTPV, UTEH, AAMOD,
LLTNOM, APRXCH, CTPV, cThm)

DIM DESCRIPTION ONITS

I = NUMBER OF POINTS TO TRANSFORHM -

I NUM TIME OF EACH POIRT SECONDS
I NN OUTP VERTICAL COCRDINATES METERS
I NOM UTP HORIZONTAL COQRDINATES METERS
I 14 A/A MODEL COEFFICIENTS -

T - NOMINAL S/C ALIITUDE METERS
I NOM APPROXIMATE CTP HORIZONTAL METERS
I NOM CTP VERTLCAL COORDINATE METERS
I NUH CTP HORIZONTAL CCORDINATE METERS

PD1 (FROGRAMN OUTLINE)
DO FOR _EACH EOINT

COMPUTE THE

CONMPUTE ROLL
POLYNOKIA

TIME FQOP THE POINT

PITCH, YAW, AND DELTA ALT BY EVALUATING THE A/2
15 AT ThHE TiffE OF TEE POINT

COMPUTE THE DELTA CORRECTIONS FOR THE TANGENT PLANE COORDINATES
BY PUTTING THE ATTITUDE VALUES INTQO THE DISTORTION MODELS
ADD THE DELTA CORRECTIONS TO THE UNCORRECTED VALUES

ENDDO
ek Aok o

END OF SPECIFICATION ek Ak ok
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SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION

NAHE 88 &8 30 4" 0
DESIGNER LRI R

FUNCTION vuuee oo

INPUTS * s e 0 88 8

GTERAS

STEPHTN W,

ESTIMATIES THE ACCURACY TO WHICH GEODETIC COORDINATES (LAT/LON)
CAN BF ASSIGNED TO POINTS IN A SCENE.

1.

MURPHREY

SEE CALLING SEQUENCE,

sk sk ke ek

OUTPUTIS .vevsse. 1. SEE CALLING SEQUENCE,

2. PRINTER LISTING DATA SET.

CCHMON BLOCKS .. MSSCCHNS

RESTRICTIONS ...

CALLING SEQ. ... CALL GTERAS (NMCP, RACOV, PYCOV, CTPV, CTPH, SIGHM, AESTV,AESTH)
VARIABLE TYPE I/0 DIM DESCRIPTIION UNITS
NMCP I*2 I - # OF CCNTROL POINTS -
RACOV E*8 I €X6 COVARIANCE MATRIX (ROLL AND -

ALTITULE DEVIAIION&

PYICOV k*8 I 8X%8 COVARIANCE MATRIX éP TCH AND YAW) =

CTEV R*8 I NMCP VERTTCAL COORDINATE OF POINT METERS
IN CORRECTED TANGENT PLANE

CTPH R*8 I RNMCP HORTIZONTAL COQRDINATE OF POINT METERS
IN CORRECTED TANGENT PLANE

AESTV R*38 8] NMCP ACCURACY ESIIMATE OF VERTICAL METERS
COORDINATE

RESTH R*93 0 NMCP - ACCURACY ESTIMATF OF HORIZONTAL METERS

PDL (PROGRAM OUTLINE)

DO FOR EACH INPUT POINT

COORDINATE

CCMPOTE THE TIME OF THE POINT

COMPUTE MATRIX M1 WHICH RELATES THE A/A MODEIL COVARIANCES TO
HORTZONTAL GEODETIC COVARIANCES

COMPUTE MATPIX M2 WHYCH RELATES THE A/R NODEL COVARTANCES TO
VERTICAI GEFODETIC COVARIANCES

FROM THE TIME OF TEE POINT, COMPUTE THE MATRIX T1 WHICH ALLOWS M1

F EVALUATED AT THE TIHE OF THE GIVEN POINT

TIMEF OF THE POINT, COMPUTE THE KATRIX T2 WHICH RLLOWS M2

™0 BE EVALUATED AT THE TINE OF THE GIVEN POINT

COMPUTE F1 = M1*T1 WHICH PELATES THE A/A MODEL COVARIANCES ™0
HCRIZONTAL GEODETIC COVARTIANCES AT THE TIME OF THE POINT

COMPUTE F2 = M2%T2 WHICH RELATES THE A/A MODEL COVARIANCES ™0
VERTICAL GEODETIC COVARIANCES AT THE TIME OF THE POINT

COMPUTE THE VARIANCE OF THE GEODETIC ACCURACY OF THE HORIZONTAL
COORDINATE OF THE GIVEN POINT AH VAR = F2*PYCOV*F2T

CONPUTE THE VARIANCE OF THE GEODETIC ACCURACY OF THE VERTICAL COOR-
DINATE OF THE GIVEN POINT (V VAR = F1*RACOV*F1T)

COMPUTE THE HORIZONTAL "EFROR ELLIPSE RADII"= SIGH*S%RT(H VAR)

EN%SgPUTE THE VERTICAL "ERROR ELLIPSE RADII"= SIGM¥SQRT (H VAR)
ek ok Kok ERD OF SPECIFICATIORN
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ORIGINAL PAGE 15
OF POOR QUALITY

* ek SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION ok Kk K
NAME sevancseess GIWNANC
DESIGNER eesssee STEPHEN W. MURPHREY

FUNCTION .vae0ss WRITES GEOMETRIC-TRANSFORMATICN PARAMETIERS TO THE SLDUMS
ANCILIARY DATA SET.

INPUTS seaevsese 1. SEE CALLING SEQUENCE,

QUTPUTS eceesees 1. SEF CALLING SEQUENCE,
2, A ERINTER LISTING DATA SET.

COMMON BLOCKS ..
RESTRICTIONS ...
CALLING SEQ. ... CALL GEWANC ()
VARTABLE TYPE IYI/0 DIN DESCRIPTITION UNITS

PDL (PROGRAM OUTLINE)

FRINT EROGRAM-ENTRY MESSAGE,

WRITE ERRCR MODELS TQ THE SLDMS ANCILLARY DATA SET,

WRITE ERROR ASSESSMENT TO THE SLDHS ANCILLARY DATA SET,

WRITE OUTPUT-SPACE DEFINITION TO THE SLDMS ANCILLARY DATA SET.
WRITE GRID-POINT CORRESPONDENCE TO THE SLDMS ANCILLARY DATAR SET.
PRINT FROGRAM-EXIT MESSAGE.

sk deoke E¥D OF SPECIFICATION Hedededk 3
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B.7  RESAMPLING PROGRAM

B.7.1 Statement of Problem

Resampling, as defined here, is the creation of a two-dimensional array of
eight-bit words {called output-space pixels) from another two-dimensional array
of eight-bait words (called input-space pixels) by the process indicated in Fig-
ure B-8§. It involves two main steps: the creation of an intermediate two-

p—

—_—

o INPUT-SPACE
— PIXEL

HYBRID-SPACE
FIXEL

@ OUTPUT-SPACE
- —_ PIXEL

Figure B-8. Horizontal and Vertical Resampling

dimensional array (called hybrid-space pixels) directly from the input-space
array; and the creation of the output-space array from the hybrid-space array.
The first of these steps is called horizontal resampling, and the second 1is
called vertical resampling.

B.7.2 Data Flow

The three resampling spaces are shown in Figure B-9. Hybrid space is created by
a one-dimensional resampling of input space. This is a horizontal resampling.
Output space is created by a one-dimensional resampling of hybrid space. This
1s verticel resampling.
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INPUT SPACE HYBRID SPACE QUTPUT SPACE

Figure B-9. Resampling Spaces

In each case, the resultant image is created one line at a time. The flow is
from the top of the image to the bottom. A resampled line is created in seg-
ments, as shown in Figure B-~10.

In order to resample one line's worth of data, the location of each peint in
the input data array must be obtained. This 1s done, within each segment, by

a linear interpolation scheme. Comnsider Figures B-10 and B-11. A rectangular
lattice of grid points (usually, but not necessarily, equally spaced) is set up
in the coordinate system of the image being created. These interpolation grid
points are then mapped to the corresponding input-data coordinate system. The
mapped grid points are the SVO and LHO points shown in Figures B-10 and B-11.
In each case, another set of grid points with a finer mesh is created by linear
interpolation between the mapped grid points. These are the SV and LH points
shown in Figures B-10 and B-11. There 1s a set of SV grid points for each line
in hybrid space, and there is a set of HV grad points for each column in output
space. In the case of horizontal resampling, some high-frequency geometric
errors that are a function of the line number are corrected by adjusting the SV
grid points by the magnitude of the errors. The resulting points are the 5V’
grid poants shown in Figure B-10. Finally, the location of each point in the
input data array is calculated by linear interpolation between the SV' or LH
grid points.

B.7.2 Ioputs to Resampling Process
The following data is required to perform the resampling function:

a. Hybrid-space grid-point locations.and corresponding imput-space grid-
point locations (8V0 grid points).
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Figure B~10. Construction of Hybrid Space
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b. Constants required to compute horizontal, high-frequency correction
coefficients. }

c. Qutput-space grid-point locations and corresponding hybrid-space
grid-point locations (LHO grid points).

d. Input-space array of data values (assume 8-bit pixels).

e. Constants required to evaluate resampling polynomial.

B.7.4 Algorithm Considerations

The general formula for a six-point, one-dimensional resampling algorithm may
be stated as follows:

o/ /D 3 3 3
V=% E(E(EW&NIN)-’- _};Wz,NIN) + _EZWI,NIN + 1
where
IN = the intensity of pixel N
WI,N = the weight for pixel N in the term of degree I (a known constant)

=
u

a known constant

o
1)

the {positive) distance between pixel ¢ and the output pixel.

The relationships are illustrated ip Figure B-12.

I_, I, IO v I L, 13
Py o O K —_— — &
«— D -

Figure B~12. Six-point Resampling

If equation (1) is implemented in hardware or software in such a way that the
weights W and the constant K may be easily changed, then a large class of

resampling’algorithms- are included in the single implementation. In particular,

all six-point and four-point cubic~convolution resamplers are included, as is

the four-point guadratic-convolution algorithm. Some common resampling-algorithm

constants are given in Table B-24.

It is obvious from equation (1) that the single-implementation approach wounld

be a very poor strategy for a software resampler on an IBM 370 computer. Usiang
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Table B-24, Typical Resampling Constants (Weights)

CONSTANTS
RESAMPLING ALGORITHM | T | 3 3 3 373 3 2 2 2 2 2 2 1 1111 T
S S e e SO T SN T e SIS N D
CLASSIC L-FOINT CUBIC h-t 17-1 1 0 8 2 =2 1-10 06=-1 0 1 0 ¢ 1
CPTIMIZED 4-FOINT CUBIC fo1 3-3 1 0 2 =3 2-1 ¢ 2-10 1 9 0 2
CLASSIC 6~EOINT CUBIC 1-1 2-2 1-1-2 3 -4 2-17 1 1-10 1 7 0 2
OPTIMIZED 6-ECINT CUBIC 1-3 6-6 3-1-2 7-11 7-2 1 14 0 4 =1 9 5
| 4-poTvT CUADFATIC "0 ¢ ¢ 0 0 0 1 -1-1 10 A-10 2-10 1

e o T = T TR TR T R S R TR R ST TR MR R e e e TV W AR M M A M A% AR AN EE W dmk 84 AE i Rk k= e e o ko = Y T = T TR = N = NP B M8 T M A — -



equation (1) for a four-point quadratic convolution would use more than twice
as much CPU time as would be required by the equation

V=DOWE_y - Iy I+ T) + (I ¥ 2T - 1)) + I, (2)

which would eliminate all of the unnecessary multiplications by zero. A good
software approach is to code each resampling algorithm separately to minimize CPU
vtilization. This approach will be used for the SLDMS Resampling Program. The
classic 4-~point cubic convolution algorithm will be used.

B.7.5 Handling of Edges in Resampling Via Hybrid Space

The boundary of a digital image that has been resampled is usunally not a rec-
tangle that is aligned with the rows and columns of pixels. There is normally
some non-image fill data at the edges of a digital image. In order to simplify
the handling of edges during resampling, the input-space data will be artificially
enlarged by placing fill pixels around the edges., This padding will be suffi-
ciently large to guarantee-that input-space data exists for every hybrid-space
pixel and that hybrid-space data exists for every output-space pixel.

Figures B-10 and B-11 assume no such enlargement of input space. TFigures B~13
and B-14 assume the enlargement described above. 1In this case, there are noc SV'
points {or LH points) that are not at least three columns (or rows) interior to
the enlarged imput space (or enlarged hybrid space). Therefore, no special case
will bhave to be made for output-space pixels that would be mapped outside the
input-space image data. All hybrid-space and output-space pixels are created in
the same way by the resampling function. A scale drawing of the three resampling
spaces 1s shown in Figure B-15.

B.7.6 Program Description

Although the resampling problem is conceptually straightforward, computer software
that performs resampling is somewhat complicated. This program, the largest CPU
user in the SLDMS, will be written primarily in assembler language to minimize
computer utilization costs.

The design of this program is described in Figure B~16 and the program specifi-
cations that follow. These describe the cubic convolution algorithm. The
nearest-neighbor resampling algorithm will use the same design.

The design of the resampling program has a few significant features. The resamp-
ling 1s performed via an intermediate hybrid space. This method was chosen to
minimize computer utilization. The four point resampling algorithm will be imple-
mented in fixed-point aritbmetic to minimize computer use. The alternative,
floating-point arithmetic, would use considerably more CPU.

Another significant feature is the large hybrid-space buffer. In order to mini-
mize the I/0 processing of the resampling program, the output image will be
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Figure B-13. Construction of Hybrid Space
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Figure B-15.

Input Space

Resampling Spaces (Drawn to Scale)
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created in full-line increments. This requires hybrid-space data from several
lines to be available at essentially the same time. This availability will be
provided by a large buffer in the computer memory. The size of this hybrid-
space buffer is dependent on the size of the output space and the particular
geometric transformation between the input and output spaces. The buffer will
-be allocated dynamically during program execution. This will permit the program
to be run in small regions where possible.

Due to the generally high running cost of the resampling program, it will have

a checkpoint/restart capabzlity. A checkpoint is taken for each row of LHO grid
points. In the event of a computer failure during execution of the resampling
program, processing can be resumed at the point at which the last checkpoint

was taken.
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FIGURE B-16.

HODULE HIFRARCHY FOR RESAMPLING PROGRAM.
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% o ke ek SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION F 3k ek Aok
RAME a § 8 48 9eFSE B RSPL
DESIGNER .asseess STEPHEN W. MUORPHREY
FUNCTION ...es.. THIS IS THE TOP-LEVEL DRIVER FOR THE RESANPLING PROGRAH.
INPUTS .eaeeees-. 1. AN SLDMS ANCILLARY DATA SEI FOR THE SCENE TO BE PROCESSED.
. 2. AN TMAGE DATA SET IN MIST FORMAT.
3. A DATA SET CONTAINING USER'S REQUESTS (ON CARD IHAGES).

OUTPUTS ..e420e. 1. AN TMAGE DATA SET T§ MIST FORMAT.
2. A PRINTIER LISTING DATA SET,

CCHMON BLOCKS ..
RESTRICTIONS ...
CALLING SEQ. ... NOT AFELICABLE.

PDL (PROGRAM OUTLINE) gﬁfﬂvAL Pagp
PRINT PROGRAM-ENTRY MESSAGE OOR QUA; I8
START CPU TIMING I

IF THIS IS A CHECKPOINI/RESTART RUN THEN
PERFORM RESTAET INITIALIZATION
POSITION DATA SEIS
ELSPPRINT RESULTIS
READ GRID-FOINT CORRESPONDENCE FROM ANCILLARY DATA SET
INITIALTIZE CONSTANTS AND OTHER DATA AREAS
FRINT RESULTS
OBTAIN HYBRID SPACE BUFFER AREAR IN (VIRIUAL) MEMORY
CPEN DATA SETS
PRINT RESULTS
ENDIF
TAKF CPU-TIMING READING
FEEFCRM VERTICAI, RESANPLING
TAKE CPU-TIMING READING
CLOSE DATA SETS
PRINT RESULTS QF CPU TININGS
PRINT EROGRAM-EXIT MESSAGE

3 kow Kk END OF SPECIFICATION oo e ok
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R R R KK SAR/LANDSAT DATA MERGING SYSTEM PROGRARM SPECIFICATION *3k ke xk
NAHE * %9 38 8808 8 RSPLV
DESTIGNER .+..s... STEPHEN HW. HURPHREY

FUNCTION ....... PERFORMS VERTICAL RESAMPLING (INCLUDES CONTROL OF HORIZONTAL
RESAMELING) .

INPUTS svsvsveee 1. SEE CALLING SEQUENCE.
OUTPUTS ......+. 1. SEE CALLING SEQUENCE,
COMMON BLOCKS ..
RESTRICTIONS ...
CALLING SEQ. ..
VARIABLE TYPE I/0 DIHM DESCRIPTION UONITS

——— -——a - - — e v ek e e Al el e e e Y R TR W R M R A e A -

PDL (PFOGRAM OUTLINE)

DO FROM Jd =1T00H -1 { N = NUMBER OF RCWS OF LHO GRID POINTS )
COMPUTE IHK GRID FOINTS FOR EACH COLUMN (K) OF PIXELS
COMPUTE DUK TOR EACH COLYMN OF PIXELS
DC FROM I =€ T0 BHJ - 1 MJ = # ROWS OF PIXELS IN SEGHENT J )
DETERMINE LOCBTION OF FI ST PIXEL IN OUTPUT~-SPACE BUFFER
DO FTROM K=17T01 ( L = WIDTH OF ONE OUTPUT-SPACE ROW }
C = LHK + I * DUK
IC = G(C) + 2 JC{ = MAXIMUOM INTEGER <= C
PO WHILE LINE ID IS NO ¥ THE HYBRID-SPACE BUFFE
HORIZONTALLY RESAMELE ONE IINE OF INPUT-SPACE DaATA

ENDDO

%BTA%N Tg% EO%R PIXEL INTENSITIES STARTING WITH PIXEL IC
= - +

PERFORM THE FOUR-POINT RESANPLING EQUATION 2 )

INSERT RESULT INTO THE OQUIPUT-SPACE BUFFER

DETERMINE LOCATION OF NEXT PIXEL IN QOUTPUT-SPACE BUFFER

ENDDO
WEITE CNE OUTPUT-SPACE RECORD
ENDDO
TAKE A CHECKEOINT
ENTDO
3k oo e END OF SPECIFICATION Fob e ook
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ORIGINAL PAGE IS
OF POOR QUALITY

*okkkdok SAR/LANDSAT TATA MERGING SYSTEM PROGRAM SPECIFICATION ok ek Kk
NAHE b4 4 ¢4 08 08w BSPLH

DESIGNER +e.v... STEPHEN W, MURPHREY

PUNCTION +......, HORIZONTAL RESAMPLING OF ONE LINE OF INPUT-SPACE DATA.
INPUTS eveeeees. 1. SEE CALLING SEQUENCE.

OUTPUTS sseessse 1. SEE CALLING SEQUENCE.

COMMON BLOCKS ..

RESTRICTIONS ...

CALLING SFQ. ...

VARIABLE TYPE I/O0 DIH DESCRIPTION UNITS

——— - - - ——— - L A e e S A e By e o T T T ————— ———— ———— ————

PDL (EEOGEAM CUTIINE)

READ NEXT RECORD INTC INPUT-SPACE RUFFER
RERD NEXT SET OF SV' GRID-POINT CCCRDINATES
DETERMINE LOCATION OF NEXT LINE IN HYBRID-SPACE BUFFER

DO FROM J 1 I0 X 1 ( ¥ = NUMBEE OF SV' GFID POINTS IN ONE ROW )
DE”ERHINE DVJ
DO FROH I =0 T0 ¥J - 1 ( ¥J = NUMBER QF PIXELS TN SEGHENT J )
C = SV J 4 I *# DVJ
Ic % é { = MAXIMUM TNTEGER <= C )
gETA%N T g FO?B PIXEL INTENSITIES STARTING WITH PIXEL Ic

PERFOPM THE FOUR-POINT RESAMPLING éEQUATION 2
INSERT THE RESULT INTQO THE HYBRID-SPACE BUFFE

FNDDSETEFHINE THE LOCATION OF THE NEXT PIXEL IN HYBRID-SPACE BUFFER

ENDDO
A koo ok END OF SPECIFICATION e ke sk ke
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Aokok ok SAR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION ok ok Aok
NAME eoeoeeovnss MRFTXI
DESIGNER ....... STEPHEN W. MURPHREY
FUNCTION ....... DROCESSES X-FORMAT IMAGE DATA,
INPUTS .eeevov.. 1. SEE CALLING SEQUENCE,
OUTPUTS sseee--. 1, SEE CALLING SEQUENCE,
COMMON BLOCKS ..
PESTRICTIONS ...
CALLING SEQ. ... CALL MRFTXI ( }
VARIABLE TYPE 1I/0 DIM DESCRIPTION UNITS

—— o —— —— - - — o ——— - i —— S ok o b wle i v e e D D SN G ek iy o - — P

PDL (PPOGRAM OUTLINE)

IF THIS I5 NOT A THERMAL-BAND RECC
DO FQR EZACH 8-BYTIF GROUP OF INPU
MCVE BYTES 1 AND 2 TQ BAND-1 2

fIOVE BEYTES 3 AND 4 TO BAND-2 A

MOVE BYTES 5 AND &€ TO BAND-3 A

MOVE BYTES 7 AND 8 TO BAND-4 12

RD THEN

T DATA

REZ OF QUTPUT BUFTFER
REA OF QUTPUT BOUFFER
REX OF OUTPUT BUFFER
RER OF OUTPUT BUFFER

ENDDO
IF THIS IS INPUT DATA FOR STRIP U4 THEN
%T; 1LC £Lé }Lé - LLC - 6 = LENGTH OF SEGHMENT W/0 DUPLICATED PIYET

) / LLA = TTIWNE-LENGTH FACTOR (SAVED IN OQUTPUT BUFFER)
INITIALIZE “FROM" AND "“TO"™ ADDRESSES
b0 FCQR BANDS T TO 4

= - (D + 1)
FNDDO
IF E >0
HOVE R PIXELS
ENDIF

FILL REMAINDER OF BUFFER ARER WITH FILL CHARACTERS
TC FOR EACH IMAGE PIXEL
OBTAIN V¥V = PIXEL VAIUE
ENDD%NCREMENT V COUNTER FOR CURRENT DETECTOR BY 1
ENTDOC
ENDIF
ELSE
MOVE ALL TMAGE DATA TO BAND-5 AREA OF QUTPUT BUFFER
IF THIS IS INFUT DATA SET FOR STRIP 4
PEMOVE LINE-LENGTH CORRECTION PIXEILS
FTI1L REMATNDEF OF BUFFER AREA WITH FILL CHARACTERS
DO FOR_EACH IMAGE PIXEL
CBTAIN V = PIXEL VALUE
INCREMENT V COUNTER FOR CURRENT DETECIOR BY 1
ENDDO
ENDIF
ENDIF

ok ooy ek END OF SPECIFICATION e g o
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ORIGINAL PAGE
OF POOR QUALITY

¥ ik ok SLR/LANDSAT DATA MERGING SYSTEM PROGRAM SPECIFICATION ****t*
lNAHE envesvseses MRFTXS
DESIGNER ....... STEPHEN ¥W. MURPHREY
FUNCTION «...... READS AND PROCESSES SIAT FILE FROM X-FORMAT MSS TAPE.
INFUTIS seeeaenes 1o SEE CALLING SEQUENCE,
OUTPUTS +.4sssee 1. SEE CALLING SEQUENCE.
COMMON BLOCKS ..
RESTRICTIONS ...
CAILING SEQ. ... CALL MRPIXS ( )
VARIABLE TYPFE I/0 DIH DESCRIPTION UNITS

. — . — - - - —— A A . el ey g i e B A ol e e et —— — - ——

PPl (PROGRAM OUTLINE)

DETERMINE FORMAT LEVEL

READ ALL 7 QR 8 STAT EECORDS

IF FORMAT LEVEL 2 OR 3 THEN
ENDT%RINT CRLIPRATION MOBIFIERS

EREINT SPACECRAFT PERFCRMANCE Da®A
PRINT ANNOTATION BLOCK DATA

PRINT MSS COMPUTATIONAL DATA

PRINT IMAGE LOCATION DATA

WRITE STAT DATA TO AWCILLARY TATA SET

Rluluintal END OF SPECIFICATION Aok ek ek
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