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AUTOMATIC TARGET DESIGNATION/MOVDjENT DETECTION

The goal of the automatic target designation effort is to overcome the
limitation usually imposed by television guidance systems which require a
human operator to place a curser on an object to be designated as a target.
With the cursor in place, television guidance systems have been proven suc-
cessful in guiding to a target without further assistance. A method is sought
by which television camera output may be processed so as to designate a target
without human intervention.

The process we seek, however , must take the place of a human brain that
is making judgments based upon visual perception. The quantity of data avail—
able from a television sensor is very high (typically around io8 bits per
second), and the processing is quite complex; thus, the search was approached
in the following manner :

1. To attempt to process data so as to discriminate an object or objects
that are moving with respect to a complex background of stationary features
(land targets)

2. To carry out the search in the form of computer simulations (avoid
the use of special facilities such as the Army ’s terrain model at Huntsville,
Alabama )

3. To use simplified vehicle motions such as a simple trajectory with
air drag but without vibrations or vehicle roll

4. To process data in such a way as to simulate configurations of hard-
ware components that are either available now or are anticipated in
the near future

S. To outline broadly any design features that may not be standard
practice

Figure 1 illustrates the broad outline of the computer simulation .
The blocks labeled trajectory, optics, target, and background are encompassed
in a single program named VTRAJ3 which has the objective of providing simu-
lated video signals from which target designations are extracted . With a
number of simulated flights on disk file, other programs are used to process
and edit the video data. The data reduce and printout functions are accom-
plished through the use of a simple transcribing program and the Stromberg
Carison 4060 Cathode Ray Tube Graphics system. All output is rendered on
35mm film and is used as a projection slide or is pr inted by the Photography
Lab.

A process capable of designating moving targets has been found . The
following sections describe the programs and processes in detail, and the
fina l section evaluates the findings in quantitative terms.
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Figure 1. Outline of the Computer Study

VTR AJ3--A P1~)GRAM TO GENERATE A VIDEO SIGNAL

The Fortran program designated VTRAJ3 was written to generate files
of data representing the video signal that would eminate f rom a 128—line
TV camera mounted in a projectile that is descending along a ballistic path
onto a terrain target area. The camera is mounted so as to look along the
velocity vector ; and, it is assumed that the vehicle is roll stabilized with
the camera upright. There is a provision for superimposing a moving target
upon the surface of the terrain.

TERRAIN MODEL

A terrain model was required to present the moving target against a
reajistic background. Since no physical terrain model was readily available,
a terrain modei simulation was built into the computer program. The model
consists of a digitized mosaic representing a rectangular area 1920 by 4800 yd.
Each square yard within this area is assigned a singie octal-digit gray level
with 0 representing black and 7 representing white. The mosaic of gray squares
forms an isometric drawing of a terrain model with features portrayed as
seen from above, looking down at a 45° angle.

In use, the terrain model is a table-look—up subroutine which is given
integer (I, J) coordinates in yards and returns with the corresponding gray

2
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level. To avoid excessive memory requirements, the table—look—up is completed
in two steps.

The entire terrain model area is represented by a two—dimensional array
called MAP (48 , 120). Each element in MAP represents a square area , 40 yd
on a side. The representation is a number in the range (0 to 

~~
)8 which

designates one of 64 standard subpictures. Each subpicture is a table in
which each of the 1600 one—yard squares represented is a single octal digit.
The octal digits are packed 20 to a 60—bit CDC 6700 word so that the entire
subpicture set is contained in an array called NPIX (80, 64).

Figure 2 is a plan sketch of the terrain model. Each of the graph paper
squares shown represents a subpicture. The sketch within each square is
a rough rendering of one of the 64 standard subpictures. A corresponding
set of data cards was then made with the input format containing 24 array
elements per card. The entire array was punched on a deck of 240 cards.
Figure 3 shows a section of the data preparation. The first 120 cards con-
tain data for the left half of the terrain model, and the second 120 cards
contain data for the right half.  The card deck is given the permanent file
name MAP and the local file name TAPE2. The file is read under control of
the following Fortran statements:

READ (2,2)((IMAP(I,J),I=l,24),J=l,120)

READ (2,2) ((IMAP(I ,J) ,I=25,48) ,J=l,120)

2 PØRMAT (2402)

The subpictures began as sketches drawn in groups of four on graph paper
with each square representing 1 yd2. The sketches were then digitized by
sight onto keypunch forms and were made into a permanent file named SUBPIX.
Each subpicture occupies 40 cards. Figure 4 is a typical sketch, containing
roads and houses, of four subpictures together with a 16—sketch summary for
the group. Figure 5 shows a section of the data preparation. File SUBPIX
is given the local name TAPE1 and read under control of the following Fortran
statements:

READ(l ,l) ((NPIX(I ,J) ,I=1,80) ,J=1,64)

1 FØRMAT (~ Ø2 0)

Figure 6 shows the entire array of subpictures. The pictures were pro-
duced, six to a f rame, on the 4060 with a separate program designed to aid
in the job of correcting errors in the data . The program , named DISPLAY,
appears in Appendix A.

3
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Figure 2. Plan Sketch of the Terrain Model4
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In use, the terrain model is accessed by way of a subroutine named TLU
(IYD S, JYDS, JGRAY). It is entered with rectangular coordinates in intejer
yards measured from the upper left—hand corner of the model (across is IYDS
and down is JYDS). In the first stage of the table—look—up, it is determined
in which element of MAP the desired point lies, and the subpicture designa—

• tion number is retrieved. In the second stage, the proper point within a
subpicture is resolved, retrieved, and unpacked into a single digit for return
as variable JGRAY. This subroutine appears in the appendix together with
the rest of program VTRAJ3.

OPTICS SIMULATION

Another major block in the simulation is optics, wherein a subroutine
named PHOTO (X, Y, Z, VX, VZ) provides the function of rendering a picture
of the terrain model (possibly including a target) as seen from a point above
the model specified by coordinates (X, Y, Z). The optic axis of the view
is assumed to be along the vehicle velocity vector. The velocity vector
is specified by VX and VZ which are normally negative quantities. The program
does not allow for a Y—component of the velocity vector or for a roll angle
for the camera away from the upright position. Figure 7 shows the various
coordinates.

L O C A T I O N
OF V EHICLE

( X V , Z )

528 .128 GRID

x s
8.~.— V

~ 
,‘-~~~ 

~

~ 
~ o°~

’ -~~C~~

-V

4 -44,~

Figure 7. Coordinates Used for the Optics Simulation
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The output of subroutine PHOTO is an unformatted write to tape. The
picture format used by the simulation programs generally is a 128 by 128
matrix in which each element is a single octal digit representing gray levels
in the same way as for the terrain model. In order to conserve memory, the
octai digits are packed 20 to a word. The unformatted write is from a two—
dimensional array named IPAK (7 ,128). Figure 8 illustrates how the array
is interpreted as a picture. Also shown in this figure is an array of four
var iables, IHDR(4), which is not written out by PHOTO itself, but is expected
on tape by the various other programs that use the tape as input. A value
of IHDR(1)=O is used to indicate an end—of—file condition. Also illustrated
in Figure 8 is the format used when such data is transcribed to 35mm film .

HOE (4

2 8 )  

~ 

~~~~~~~~~~~~~~~O O O~O~~

I

OO
I 2 3 4 5  6

F I L L
PIXEL NUMBE R IN ROW

Figure 8. 1282 Pixel Data Format With the Corresponding 35mm FiLm Format

Internally, subroutine PHOTO geometrically projects a grid (shown in
Figure 7) having an array of 128 by 128 square apertures onto the surface
of the terrain model. This grid simulates a charge transfer device (CTD)
teievision sensor. The field-of-view angle may be controlled by the para-
meter FOCAL, which is the distance from the grid to the lens. FOCAL is in
units of length equal to a side of the grid. This parameter is not read
in but is set in the program by a DATA statement.

The four corners of each projected aperture, or a pixel in the simulated
CTD sensor , are located as integer coordinate points on the terrain model.
These points will generaily describe a trapezoid (Figure 9). A subroutine

10
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named TRAP then uses subroutine TLU to obtain all of the terrain model elements

that comprise the trapezoid and forms an average of their values. This average

becomes the gray level value of the corresponding pixel in the array IPAK.

Since the sides of the trapezoid are generally not parallel to the y—axis
of the coordinate system, a var iable slope “sta ircase ” algor ithm is used

— 
• to obtain an approx imation .

P A R T  OF
T E R R A I N  M O D E L

3 3 3 3 5 5 5 5 6 5
3 3 3 5 5 5 5 5 5 5 5 5 5 5 5 5
3 5 5 5 ~

~ 5r— . t~S.s s s
5 5  5I~ N ’~~~ • 1s~~ s 0

~ ~ ~ 
“

~~~ N~ A R E A  1 s 0 0

5 5 5 5  0 0 0

5 5 5 •  0 0 0

5 5 5 5  0 0 5

~~~5 5  0 0 4

5 0 0  0 0 5

0 0 0  - 0 0

0 0  0 0 0 0 0 0 0  0

0 0 0 0 0 0 0
PART OP

5 2 8  . 5 2 8
G R I D

Ii

Figure 9. Trapezoidal Projection of a Pixel on the Terrain Model

TRAJECTORY SIMULATION

A simple subroutine named FLIGHT (X , Z, VX, VZ, DELT) is used to update
the coord inates (X, Z) of the projectile at a time interval DELT. Since
the trajectory is assumed to have no Y—velocity, this parameter does not
appear. X, Z, and velocities VX and VZ are updated. One hundred iterations
are performed for each entry of the subroutine. The equations used are

dt — At/lOO

~Vx
_ C

d VXj dt

I
— X j + + .-

~
— ) dt

II

I ._ ~~~~- 
-
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= Vx1 +

= — (32.16 + Cd Vz~) dt

~vz cit

Vz~~.1 = Vz
~ +

where

t~t = DELT = time interval between pictures

Vx = X — velocity

Vz = Z — velocity

Cd = drag coefficient (set to 0.04)

Figure 10 shows a typical trajectory and view angle.

5 0 0 0  14 1 4  J
55/..,

40  0 0

- 3 0 0 0 :3/
. 2 0 0 0

1 2 9 8  ,/~ Y” R ANGLE

1000 /~~~~///

- — 
/ // PLANE OF T E R R A I N  MODEL 

I

4 0 0 0  5 0 0 0  6 0 0 0  7 0 0 0  8 0 0 0  9 0 0 0
X DISTANCE (III

Figure 10. Typical Trajectory and View Angle
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MOVING TARGET

A simple provision in the basic terrain model subroutine TW is used
to super impose a black square moving object onto the scene. The size and
location of the target is determined by the thre-~ variables (IT, JT, andNSIZE) which are in COMMON storage. NSIZE is the size of the square target
(given in yd2). The coordinates IT and JT are updated by a subroutine CRMLR
which simply updates the position of the square according to straight—line
velocities and the same time interval used by subroutine FLIGHT. The actual
superimposition occurs in subroutine TLU.

A full Fortran listing of program VTRAJ3 an~ a set of operating instruc-
tions are found in Appendix A. Figure 11 shows a typical video data file.
There are 39 pictures taken at 0.12—sec intervals along the trajectory of
Figure 10. A column of header information is beside each picture. These
variables are (starting at the top) Frame Number , K—coordinate (ft), Y—
coordinate (ft), and Z—coordinate or altitude (ft). A moving target
is shown in the pictures. It is a black square, 15 ft on a side, moving
up and to the right at a speed of 29 mi/hr. It appears in the upper left—
hand cor ner of frame 33 and can be traced from there.

The outpu t fi le of VTRAJ 3 is transcr ibed into Stromberg—Carlson 4060
(and then to photographic format) by a program named MOVIE. The listing
and instructions for this program also appear in Appendix A.

TARGET DISCRIMINATION

Once data files containing sequences of pictures (such as those of Figure 11)
are established, the next task is to find a process that will discriminate
mov ing objects from surrounding stationary clutter . If the observation of
a target area could be made from a stationary position , moving target discrimijE a—
tion would be very easy. It would be necessary only to

1. Take a picture

• 2. Store it

3. Wait a suitable time interval

4. Take another picture

5. Compare the new picture and the stored picture, pixel by pixel.

Those objects in motion would show up prominently in the compar ison process.
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However , hovering motionless while looking for a target is not practical,
and a process capabie of operating from a moving observation platform must
be found. The observer ’s motion along a ballistic trajectory produces several
ef fec ts upon the picture. Foremost , there is an enlargement process as the
observer comes closer to the ground. There are also sh i f t ing  effects  as
the optic axis p -.tches and yaws, as well as quantization noise brought on
by the appearance of new detail at lower altitudes. It was initially assumed
that a correction ~.‘-ocess could be found whereby the above five steps could
be augmented with an image transformation step that applies corrections to
the stored image and compensates for the effects of observer motion. Figure 12
shows the video signal path to be simulated.

IN PUT
S I M U L A T E D

VIDEO SIGNAL -

_ 1 

~ OUTPUT

_ _ _ _ _ _ _ _ _ _ _ _

Figure 12. Video Processor Simulation

An appreciation for the nature of the required image transformation
required can be gained f r o m  Figure 7. The picture taken is that of a trape—
zoidai “footprint” on the ground . As the trajectory progresses, motion along
the optic axis will cause the footprint to shrink to a similar but smaller
trapezoid. The effect upon the picture is an enlargement and an apparent
motion away from the optic axis of all objects in the field of view. Some
objects will disappear from view and some fine details will be resolved for
the first time.

There are othe r components to the observer ’s motion . While rotation
about the optic axis has been ruled out, the optic axis can still pitch over
to a steeper angle of descent. The main effect from a pitching motion is
an upward vertical displacement of all the objects in the picture. This
shift is accompanied by second—order distortions that result from the fact

18
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that pitch causes the new trapezoidal footprint to be somewhat dissimilar
fran the original. This dissimilar ity means that the enlargement of the
scale of the picture is not uniform.

For simulation purposes, the second—order effects are ignored. An algorithm
for them has not been devised, and such a step may prove unnecessary. The
image transf ormation device (Figure 12) is capable of enlarging a picture
and shifting it upward. Two considerations that remain are

1. How are standard electronic components to be arranged to carry out
these transformations?

2. How are the control parameters (how much enlargement and how much
shift) to be generated?

First , the electronics and their computer simulation will be treated.
While a microprocessor is assumed to be a part of the electronic mix, it
cannot be reasonably assumed that a microprocessor (or even a fairly large
computer) capable of handling the quantity of data generated by a television
sensor will appear in the near future. The microprocessor in the system
simulated in this study will be a “supervisor” that performs numerical com-
putations in support of other electronic devices that actually process video
data.

The system simulated assumes that video information is generated, stored,
and processed in long analog shift registers. Given such a storage medium
f or video data, image shifting , hor izontal , and vertical is easily accomplished
by supplying the storage shift register with extra shift pulses after the
enti re image has been read in. An image magnification process will prove
to be more trouble.

Figure 13 illustrates the processing needed when an image to be magnified
is stored in a long shift register. The upper portion of the figure contains
a 16 x 16 matr ix (folded 256—bit sh i f t  register) containing the digit ized
image of the letter “A” . Superimposed on this matrix is another , slightly
smaller, 16 x 16 matrix representing the area that is to be expanded into
the full—size picture format. The lower portion of Figure 13 shows the result
of the magnification process. Each pixel in the output matrix is computed
f rom the weighted contents of up to four pixels in the original matr ix .

The simulation uses a subroutine with the Fortran name of MAGFY (IPAK ,
JPAK , ISHIFT, JSHIFT, MAGGIE). The purpose of this subroutine is to simu-
late the image transformation device (Figure 12). Its action is to fetch
a picture from IPAK (7,128), shift it in the I (horizontal) direction by
ISHIFT pixels, shift it in the J (vertical) direction by JSHIFT, increase
its scale by an amount controlled by MAGGIE, and place the result in JPAK
(7,128).

19 

-~~~~ ~~~~~~~~~~~~~~



/ 7 3 7 1 7 1

:~ :::H
NI

1
TL

1 H~~7~IHL~i
I 7 7 7 1 6  7 7 7 7 7 7 7 1

I [
~~~ ‘ I [;—• 7 7

1 7 7 7  6 7 5  3 3  3 3 3 3 5  7 6

_ _ _  - _ _ _  

7 7 7 7 ~~~~~

152 Segment 162 Segment

Figure 13. Sample Magnification Process of a 152 Segment Expanded
into a 162 Segment

Figure 14 illustrates the magnification process on a pixel level. It
shows two superimposed grids representing the pixel array of an input picture
(the larger and darker grid) and the pixel array of an output or magnif ied
grid. The magnification occurs as the contents of the smaller squares are
reinterpreted in a framework that has the same dimensions as the input grid.
The process by which the contents of a given output pixel is formed follows:

I,J = indices specifying the pixel being filled in the output picture

i ,j = indices specifying the pixels being accessed in the input picture

f(I,J) = contents of pixel (I,J)

g(i,j) = contents of pixel (i ,j )

M = magnification to be applied

Then to compute f(I,J) (illustrated by the shaded square in Figure 14),
the machinery simulated or the computer algorithm must find :

/1
i = integer par t of~—

‘3’j = integer part ofi —
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= M [fractiona l part of (
~
)]

U = l — T

V = M [fractiona l part of 
(s)]

W = l - V

f(I,J) = U’Wg(i ,j)

+ TWg(i ,j+1)

+ UVg(i+l ,j)

+ TVg(i+l ,j+l)
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In the shaded area illustrated in Figure 14:

(1,3) = (4,5)

M = 1.11111...

(i ,j )  = (3,4)

T = 0.66666...

U = 0.33333...

V = 0.55555...

W = 0.44444...

Figure 15 outlines a possible configuration of analog shift (CCD) registers
and high—speed sequencing logic to effect the above process. Figure 16 shows
a sequence of pictures that have been processed by subroutine MAGFY. The
picture at top center was used as input. The sequence of pictures below
show the results of applying var ious control parameters. The column of param-
eters beside each of the transformed pictures represent sequence number ,
horizontal shift, vertical shift, and magnification (128/MAGGIE)

It can be seen that as the shift quantities are held constant, the in-
creasing values of magnification (decreasing 128/MAGGIE) cause the scale
of the picture to expand and the features to enlarge. This sequence bears
some outward resemblance to earlier sequences wherein each new picture was
rederived from the terrain model.

With simulations in hand for the var ious black boxes of Figure 12, the
next step undertaken was to develop a process for supplying the proper values
of magnification and shift parameters to the image transformation device .
These values, which must proper ly compensate for vehicle motion, should not
depend upon specific internal information of the trajectory being followed.
Such data could only be supplied by a data link or by expensive internal
sensors.

The process evolved in the simulation effort is one that finds proper
values for the parameters by experimentation . Two quantities, vertical shift
and magnification , are optimized for the best vehicle motion compensation
attainable. The quantity used to score the var ious experimental results
is the correlation between the stored, transformed picture and a picture
taken after a time interval (0.12 sec).
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Figure 15. Har dware Array to Effect Image Transformation

Correlation 4’ is an index by which two pictures are compared pixel by
pixel. Usually, correlation is normalized so that 4’ = 1.0 for two perfectly
matched pictures; 4’ = 0 is an improbable result; and 4’ = 0.5 is the expected
value for two unrelated pictures. If the correlation of two similar pictures
as a function of displacement is determined, typically one finds that the
correlation function has the shape of a cusp, with the peak occurring at
the displacement that provides the best overall match. A similar function
is found with respect to scale or magnification . The exact shape of the
curve is, of course, dependent upon the contents of the picture. Some kinds
of pictures (e.g., ones containing a marked spatial periodicity) can greatly
modify the correlation function from the typical curve. It is assumed in

• this simulation effort that such pictures are too atypical to be taken into
account.
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The simulated process for automatically designating targets resides
in a program with the Fortran name XMARK. This program accepts target data
files from program VTRAJ3 and experiments with displacements and magnif i—
cations so as to find the best cor relation between a stored, transformed
picture and a picture taken at a later time. It then subtracts the best
correlated pair of pictures it can find, and searches the difference picture
for targets. If it finds a target, it superimposes a pair of intersecting
black lines over the target in the input picture and writes it out as an
output file. The program also provides a printed record of its experimental

• progress during the flight. Figure 17 illustrates the overall data flow
of a simulated trajectory and target designation.

TRAJECTORY MAP
CARD

PROGRAM
V T R A J 3

SUBPIX
CARD

FILE WITH PICTURES
INCLUDING A T A R G E T  T A R G E T

PRINTOUT
IN IT IAL  MONITORS

0515515  PROGRAM E X P E R I M E N T A L
MARK PROCESS

I I I  A I X  Pil l I S I S  DESIG
5/ G OING TI S~~, 5 * ! l i l %  NATION

PR OGRAM
MOS S
6513

OF PU~ IURES

Figure 17. Data Flow of Simulation
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The actual process within XMARI ( is a rather crude one which represents
a beginning for an evolutionary process. Actually, scheduling the processing
implied in real hardware might prove difficult. It is also expected that
due to further refinements, such scheduling will also prove unnecessary.
Figure 18 is a flow chart of XMABK . Initially the program reads in one “old”
picture from the target file and one card containing a beginning value for
the two critical parameters JJO = vertical shift and MAGO = magnification.
The prog r am then enters into a loop wherein it reads in a “new” picture from
the target and enters the sequence of computations in Figure 18. There are
calls to several subroutines whose functions are outlined below.

Subroutine MAGFY, which has already been described, simulates the image
transformation device. Its calling sequence contains three parameters:
ISHIFT, or horizontal shift in integer pixels; JSEIFT, or vertical shift
in integer pixels; and MAGGIE, or magnification factor. In program XMARK,
ISHIFT is always zero since yaw in the projectile has been disallowed.

Subroutine CORR2 computes the correlation between two 128 by 128 pic-
tures. It adds the absolute values of the differences between the contents
of corresponding pixels in two input pictures. It returns with the raw summa—
tion as SUM, and also computes a normalized correlation COEF which reaches
1.0 for two identical pictures. Only the raw summation SUM is used in pro-
gram XMARK.

Subroutine CURFIT is a curve—fitting algorithm for use with trial values
of correlation. Since correlation as a function of either magnification
or shift tends to be a cusp, this subroutine attempts to determine the best
value of those parameters by finding the peak of that cusp. Figure 19 shows
a typical correlation cusp as a function of sane independent variable. In
practice, that independent variable can only be evaluated for integer values
given the quantized nature of the pictures.

The subroutine receives three values of correlation from three evenly—
spaced values of the independent variable i. It computes the coefficients
for a second—order polynomial that fits those three points, and then computes
the second derivative of that function at the center value of i. If the
second derivative is positive (as it would be for the three values desig-
nated by X on Figure 19), it computes the interc t of the polynomial and
the line where correlation = 1.0 and returns an incremental value for i equal
to A1 (as shown). If the second derivative is negative (as it would be for
the values designated by “0” on Figure 19), then the subroutine finds the
nearest integer value of i for which the parabolic curve has a null first
derivative and again returns an incremental value of 

~2 
(as shown).

Subroutine MINUS simply subtrabts two 128 by 128 pictures to produce
a difference picture. The differences of the values of the pixel pairs are
rescaled to have the range (0,7).
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Figure 18. Flow Chart of XMARK
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Subroutine SIFT searches through a difference picture looking for a
3 x 3 matrix of values that lie outside the range (3,4). When it finds one,
it generates two intersecting black lines over the spot and super imposes
them over the picture that is the minuend of the subtraction process in MINUS.
Subroutine SIFT also reports its find on the printer .

The main simulation program XMARK uses these subroutines (plus two other
housekeeping subroutines) in a sequence (Figure 18). The program first reads
in one picture from the target file and reads a card containing starting
values for vertical sh i f t  (JJO) and magnifications (MAGO) . It then enters
a loop during which it reads in a subsequent picture , updates 330 and MAGO
for the best correlation between the moditied , previous picture and the current
picture, subtracts the two, and searches the difference for targets.

The first step in optimizing the values of JJO and MAGO is to trans-
form and correlate the previous picture with the present one three times,
using JJO— 2, JJO, and JJO+2. These three correlations are processed by sub—
routine CURFIT in order to obtain a corrected value of JJO. Using this cor-
rected 330, the program then transforms and correlates three more times using
values of magnification corresponding to no magnification , the previous magnif i—
cation, and twice the previous magnification. These results are also pro-
cessed by CURFIT to obtain a possible correction to M1~G0. If the correction
obtained is nonzero, another transformation is done. The final optimized ,
transformed, previous picture is subtracted from the current picture and
the result searched for targets by subroutine SIFT. During this procedure,
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a printout occurs showing the values of 330, MAGO used, the type of optimi—
zation undertaken (S, M, or R for sh if t, magnification , or recomputation),
and the three values of correlation (displayed as the raw summation) obtained.
If a target is found, a print line identifying the coordinates appears.

Figure 20 shows a sample picture output from program XMARK operating
on the target file displayed in Figure 11. In the 25th frame, representing
an altitude of 1789 ft, the simulation program correctly identified and desig-
nated the object in the field of view t!- t L  was in motion.

CONCLUSIONS

Several runs of the simulation were made. The trajectory was changed
only in landing area; the size of the target was maintained at 15 ft2 and
its speed was maintained at 30 mph. The target direction on the ground was
varied , however . Figure 21 shows the designations made. Several false desig—
nations occurred. These were always prominent objects found near the edge
of the picture . Assuming that designations near the edge of the picture
are to be ignored, the targets were properly designated at the following
altitudes:

Simulated Extrapolated for
Run Altitude (ft) 512 Lines—Altitude (ft)

1 1789 7156

2 652 2608

3 1030 4120

4 904 3616

5 1283 5132

Average 1132 4528

The pixel ar ray size simulated was , of course, only 128 x 128——a small
number for CCD sensors. If the array size were increased to a state—of—the—
art figure like 512 x 512, the altitudes at which designations could be ex-
pected would rise proportionally (by similar triangles) to values four times
those listed. Similarly, the expec~ted altitude for designations would be
directly proportional to target size and target speed . Generally , targets
in the upper portion of the picture are harder to detect than those in the
lower portion , because perspective makes them appear smaller .
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In the course of these simula tions, an alterna te hardware configura tion
has been conceived. The main advantage of this alternate is the elimination
of the hardware for image transformation. When it was assumed that the image
transformat ion device would be used, the parameters that were Continuously
optimized during the flight were shift and magnification, with the time between
picture “takes” (t~T) held constant. If magnification were to be kept at
some fixed value, presumably one could optimize shift and ~T instead. With
magnification a constant , it - would be possible to obtain that function by
optical means. Figure 22 shows a hardware reconfiguration that takes advantage
of these possibilities. The image transformation and the separate image
storage blocks are eliminated. The separate image storage is eliminated
because the second image sensor which is added to accept the optically mag-
nified image can also serve as a storage and shifting device.

0
~~~~~~~~~~~~~~~~~

RANSFORM

COM

~~~~5

COMPARE

t
As A’
A’

Figure 22. Alternate Hardware Configuration to Eliminate Image
Transformation Device

This second configuration has not been simulated because of program
deadlines ; however , a future simulation is anticipated .

33

~~~~~-



~ 
~~T - ~~~~

APPENDIX A

PROGRAM LISTII’XS

PROGRAM VTRAJ3

Program VTRM3 creates files picture data given terrain model data,
trajectory data, and target data.

Scope and Data Cards for VTRAJ3

ATTACH, TAPE1, SUBPIX . ID. .= .

ATTACH, TAPE2, MAP, ID

REQUEST, T~\PE4, *PF.

ATTACH, VTRAJ3, ID=.

VTRAJ3.

CATALOG, TAPE4, XXX , ID=...

(~89)

TRA.ThX~TORY CARD

TARGET CARD

(6789)

Where TRAJ~~WRY CARD contains X, Y, Z, VX, VZ, 1ST, N in Format

(6F10.0 , 14)

X = Init ial  x coordinate of proj ectile in feet

Y = Initial Y coordinate of projectile in feet

Z = Initial Z coordinate of projectile in feet

VX = Initial X—velocity in feet/sec (negative number)

VZ = Initial Z—veiocity in feet/sec (negative number)

= Time between pictures in seconds
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N = number of pictures to be taken

and where TARGET CARD contains TS, TY, TVX, TVY, SIZE in Format

(SF10.0)

TX = Initial target X—position in feet

= Initial target 1—position in feet

RVX = Target X—velocity in feet/sec

WY = Target 1—velocity in feet/sec

SIZE = Target size in yards square

Subroutine Crawler——Updates the position of the target on the terrain
map during flight

Subroutine Photo——Performs iteration at 128 x 128 pixels; projects each pixel
on terrain model and finds corners of each resulting trapezoid

Subroutine Flight——Updates the position of the projectile during the flight

Subroutine ThU——Does table—look—up on terrain model given coordinates in - ¶
yards

Subroutine Trap——Accepts location of four corners of a projected pixel on
the terrain model and computes average gray level for pixel

Subroutine Pakrat——Accepts an array containing one raster line in 128 locations
and packs the information into seven locations within
a 7 x 128 array

PROGRAM MOW E

Program MOVIE accepts files of picture information and renders them on
35mm film using the Stromberg—Car lson 4060.

Scope cards for MOVIE

ATTACH,MOVIE, 1 ....
ATTACH, SYSLIB.

LIBRARY,SYSLIB.

AP’rACH,TAPE4,XXX, ID=.

REQUEST, TAPE3*PF.
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MOVIE.

DISPOSE, TAPE3, PR=CCB.

(6789)

PROGRAM XMARK

Program XMABI ( simulates target designation hardware operating on simulated
video data from program VTR.A33.

Scope and Data cards for XMARK

ATTACH, XMABK , ID=....
ATTACH,TAPE1,XXX , ID=.... (from VTRAJ3)

REQUEST,TAPE4 , *PF.

(TAPE4 now contains a copy of the picture file on TAPE1 with the possible
superimposition of cross—hairs Cr. designated targets; it may be viewed by
means of program MOVIE if desired.)

~~~
DATA

(6789)

Where Data Card contains n , JJO , MAGO in * format

N = number of frames to be processed

JJO = initial guess of vertical shift (1)

MAGO = initial guess of magnification (126 )

Subroutine MINUS—-Subtracts two picture arrays pixel by pixel and places
rescaled difference into a third array

Subroutine MAGFY——Receives a picture in one array, shifts it by specified
numbers of pixels in I,J directions , applies the magnifi-
cation specified, and places the result in a second array

Subroutine CURFIT——Receives three values of correlation (as raw scores) that
are assumed to result from three values of some parameter
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spaced apart by some delta; subroutine computes correction
increment to be applied to parameter

Subroutine SIFT——Searches through a difference pict - - e array for a 3 x 3
area containing gray levels outside the range (3,4); search
is left to right and down; the first one found is designated
by a cross placed over the picture in a second array

Subroutine FETCH——Obtains a single unpacked pixel value from a picture array

Subroutine CORR2——Computes the correlation between two pictures; result is
presented as a raw score as well as a normalized value

PROGRAM DISPLAY

Program DISPLAY renders the f i le  of subpictures onto f i lm via the Stromberg—
Carlson 4060.
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PROGRAM VTRAJ 3

~~3 RAM .‘ T R A J 3  7~i/ 7 -  O P T = j

PROGRAM ~/ T R A J 3  (INFUT ,O UTPUT ,TA P FI,T A P E2 ,T A P E4 )
CO MMO N ~P I X ( e O , 6 ~~),I~~A p (4 8 , 12 o ) , IT ,JT ,NSIzE
OIMENSI3~L 4.MO R( I~)
ICOUNT~~S P FA O (1,1) (( NPL~~(i,J), I=j, 8C),J=1,€ l. )

1 FORMAT ( 2 3 2 3 )
R E A O  (2,2) ( ( I M A P ( I , J ) , I ~~i ,2 6 ) , J l , l 2 O )
READ ( 2 , 2 )  1 ( IMA ~ (I,J),1 25,48 ) ,J 1,120)

2 FORMAT ( 2 4 0 2 )
1) READ 3 ,X ,V ,Z , V X ,~~Z ,OE LT , N

3 FORMAT (6FiO.0,14)
C ...

ENTER ~~ RSLT POS ITION X ,Y  F T . / V E L O (V X , V Y ) / S I ZE
C ...

15 I~EAO 3 ,TJ .T I ,VJ ,V I ,S IZ E
NSIZE SIZE—i.
iT~~T t/3 .
JT =TJ/ 3 .

I. ICOUNT~~tC0 UNT+ l
2 0 IHDR(1): ICOUNT

ItiOR (2):X
IHO R(3):Y
IHDR(4 ):Z
WRITE 14) IHDR

25 PRI~ T 9g, ’4 , X ,Y , Z , V X ,V Z
9~ FORMAT (I7,3x,5F12.2)

CALL. PHOTO ( X . Y ,Z , V X , V Z )
N:N—1
IF(M.Lt . 3) GO TO 5

3D CALL FLIGHT ( X , Z , V X , V Z , Q E L T )
IF (Z . L T . 12 J . 3 )  ~O TO 5
CALL C RA~~L’~ (T 1, T J ,V I , VJ , D LL T )
GO TO 4

5 IHOR(1)~~0
35 WR ITE (4 )  IMDP

STOP
END

su3~~3ur XNE ~~ A W LR 7~ / 74 OPT=1

SU BROUTI N E ~~ AW L~ (T I ,T J ,V I ,V J , O E LT )
COMMON NP IX (8 r ,64 ) , IMFAR8 ,12 0) , IT , JT , NS IZE

C
C UPUATE TAROET PDS IT ION

5 C
TI=T I+VI ’DELT
I I vi
IT=TI/ 3.
JT~~TJ/3.

10 ~ FTURPS

L

END

39
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PROGRAM VTRAJ3

SUB~ 3 UT INE ) .$0TO 7 4 / 7 4  0P1 1

SUBROUT INE PHOTO IX ,Y , Z ,V X , V Z )
DIMENSION 10( 129) ,IN(12)J,IPR(128)

1 ,IPAK (7, 12~~)D A T A  FOC4 L/ 5 . C/ , HA F P I/ 1 . 570 79 63/
5 C

C COMPUTE 8O’.~ES IGHT ANGLE THET A
S..

IF(V Z . NE.C .0  T H E T A :A T A N (
IF (VZ.E~ .3.0) T H ETA HAFP I

lu C ...
C COM PUTE INITIAL ETAO,PHIO BASE D ON DEL=.5
C

ETAO= A TAM ( .5/FOCAL)
PHIO THETA+E TAO

15 C
C COM PUTE INITIAL X—INT E RCEPT , ii POINTER
C

XIO= X— Z’TA-~(PHIO)
JI XIO/3.

23 IF (XIO.LT.~~.O)Jl:—1
IF (PHIO. GE. IAFPI) J1 —2
S..

C COMPUTE INITIAL ARR A Y OF Y—INTERCEPTS 10(1)
C

25 00 200 1:1,129
RI:l
EPS =— .5 , (R i /12~ .)
Y IO=EPS’ C 0 S t E T A O L FOCA L~ C3S PH I0~~~+Y

2~~ I0(I) Y1013.
30 C S I R

C DOU B LE DO, COMPUTE 128 COL S PER 128 LINE S
S..

03 300 J 1, j 2 ~
R J J

35 OEL .5—RJ/128.
ETA A TAM ( D E L / F O C A L )
PHI THE TA+ TA
X Iz X—2 ’ TA P , I (~~HI)
J 2:X 1/3.

40 I F (X I . L T . 0 . 0 ) J 2 :~~1IF(PHI.GE.
00 400 1:1,129
R 1 1
€PS -. 5+ ( R i f t  28 . )

45 YIN~EPS’Z~ COS (ET A)/ (F0CAL’COS(PHI))+Y
h~~ IN (I) VIN/ 3.

DO 500
111 10 (1)
112210 (I +1 )
t21=IN1I)
I22~~IN (1+1)
CALL TRA P (J l ,J2 , I11, 1 12 , 12 1 , 12 2 , I G )

5~~3 I P R ( I ) : I G
• 1 S

C S A V E  SCA~4 LINE WIT HIN IPAK
C

CALL PA <~ A T (J , I PR ,TPA K)

40
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PROGRAM VTRAJ3

StJ B~.)UT INE ‘HOTO 74 / f L  OPT=i

C
C J2 8 ECO IF S J1, I N ( j )  BECOMES 1 0 ( 1)

60 C
J1: J2
00 600 1:1,129

6~ 0
C

ES C LOOP CM SC AN LINES
C

CO NT INUr
C1• • C W kIT E OUT PICTU RE ON TAPE
C

WRITE (4) IPAK
RETURN
END

SUB~ 3UTZNE FLIGH T 74/74 OPT 1

1 SU8ROUTI NE FLIGHT (X,Z,VX,VZ.OELT )
DATA OT~.01/, DRAG/ .04/
T0 .

I DEL VX :—VX~ DRAG~ DT
5 X=X i VX+OELVX/2.)30T

V V X +  DEL V X
OE LVZ ~~ (32.t6+VZ ORAG )*0T
Z~ Z+ (VZ+DELVZ/2. )~~DT
VZ VZ +0 L V Z

13 T:T+OT
IF(T,LT. DELT)GO TO I
RET URN
END

REFE R ENCE MAP (Q:1)

E’~T RY PO INTS
3 FL!;1T

V A R I A B L E S  SM T Y P E  R ELOCAT ION
0 DELI R E A L  F.P. 35 O E LVX REA L

36 OELJZ PEA L 31 DRAG PEAL
30 ~T PEA L 3~. T DEA L
0 VX REAL F.P. 0 VZ REAL
0 K R E A L  F.P. 0 Z PEAL

41 )
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PROGRAM VTRAJ3

~U8R)UTINE TLU 7i. /7L  OPT I

1 SUBROUTINE TLU (IYflS,JYOS ,JGRAY )
CO MMON MPIX (80,64),IMAP (48,120) ,IT,JT,NSIZE

Tt.ST IF OM TABULAT ED REGION
S C

IF(IYOS .LT.C.OR .IYDS .GT.1’,1.9)GO TO 100
IF(JYOS.LT .0.OR.JYDS.GT. 4799)GO TO 100

C TEST IF ON TARG ET
1.0 C

IF (IYUS.GE.IT.ANU.IYOS.LE .(IT+NSIZE).ANC .
1 JYOS .GE.JT.ANU .JYOS.LE .(JT+NSIZE))G0 TO i~’i

C
C FINO I,J,K LOCAL. COOkOINATrS

15 C
IM~~IYDS/4 0
JPI JYO S/ L.0
K IMAP ( IM+1,JM+1) +1.
I : IY OS—IM~~.3+ 1

20 J :JYOS—J1 1,0+ 1
C
C LOOK UP ON SUBP IX

S..

LR I/21
25 NSHIFT= (I—(LR’20))’3

JROW (
JPI~~:NPIX ( JPOW ,K)
JGRA Y :SIIFT (JPIX,NSHIFT) .AND.TB
RET URN

33 C
C TREAT OFF— MA P SITUATION
C
1~ C J G RAY=4

IF (J YOS.LT.2) J PAY :7
35 RETURN

1~ 1 J (RAY O
RE T URN
END

SYM 33L IC REFE RtNCE MAP (‘~:j)

tNT~~Y P~ I~l I33

V ARIA3 LES S~. TY PE ~ELOCAT IO N
51 I INT cGER 56 IM INTEGER

12333 IIA’ INTEGER AR RAY / / 25200 IT INTEGEP
0 IYDS HTEGEP F.P. 62 J INTEGER
3 JC~ A Y INTtG~ R F.P. 57 JPi INT EG ER

66 JPIK I~LTEGER 65 JROW INTEGER
2 S 2 ) 1  iT INTEGER / / 0 JYOS INTEG ER

~3 ( I~~T EGER 63 LR INTEGER
0 NPI( INTEGER A R RA Y  / / 64 NSHIFT INTE~,ER

42
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PROGRAM VTRAJ3

S U 3 R ) U T I N E  T R A P  7 4/ 7 4  fl~~T= 1

SUBROUTINE TRAP (J1,J2,I11,I12, 121,122,TG)
JQ= J2=J1+1
JOP JO +1
IF (I21. .~~11) ISTAG1=JDP/ (121—I1 i+1 )

5 IF (121.LT. Ill ) ISTAGI JOP/ (121—I 11—1 )
IF (122.GE.I1.21 TSTAc,2:JDP/(I22~~I12+1)
IF(122.LT. 112) ISTAG2=JOP/ (122—112—1 )
16: 0
N:C

10 93 1 JO*:1,JO
J Y O S : J 1 + J D ) ( — i
1L0L1M 1 1 1 + ( J O X + t ) / I S T A S I

F IHILIM I12f(JDX+1)/ISTA~ 2
00 1. IYDS

15 CALL TLU (IYOS ,JYDS,LEVLG )
N N+I

1
IG= ((N/2)+IG)/N
RETURN

CO END

SU6R)UTINE PAKR AT 74/7’ OPT=1

SUBROUTINE PAKRAT (J,IPR,IPAK)
DIMENSION IPR(126),IPAK(7,128)

C
CLEA R OUT J— TH ROW IPAK

5 C ...
00 1

1 IP A K( K , J ) = ’
4 S S

C PAC K IPR( 128 )  INTO IPAK (K,J),K:l,7
10 C ...

03 2 N 1,128
M M : ( W — j ) / 2 0

~NI:MN +1
ISHIFT 2)— (N— 20 MN )

15 KSHIFT:3~ ISHIFT
2 IPAK (M NI,J):IPAK (MNI,J).OR.SHIFT (IPP(N),KSHIFT)

R E T U R N
E N D

43
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PROGRAM MOVIE

PROGRAM MOVIE 74/7’ O~~T=1

P
~~~

,p
~AM MOVIE (IP4PUT,OUTPUT ,TAPE3,TAPE4,TAPEEI=DUTPIJ T)

-II MENSION IHOR(4),IPA K(7.12~~) ,LTAe (8),IPR (128),7(200)

~1A TA LTAB/1R4.,IRP ,1RC, 1R3,IRQ, 1R2,IR1,IR /

5 C PUTIALIZE 4063
C

CALL MOD~ SG (Z,3)
A LL CRTID (Z,5MNE ZRH)

CALL PAGEG (Z,Q,O,1)
C StT 3CA L E TO RASTER SIZE
C

CALL SCTSMG(7.19,4095.)
C.AL I . SETSMG(7.20,3071.)

C
15 C ~tA) M~~ADE R — POSSIBLE ~ND OF RUN

C
~~~ ~t A 3(4) LHOR

IF (IHU P(1).Nt .Q)GO T O t
CALL PAGEG (7,0,0,i)

23 CALL CRTID (Z,54
CALL ~~ ITG (7)
S I (3 P

C
C WRITE HEADER INFORMATION LARGE CH.—UPPER CASE.
C
1 CAL L SETSM G (7,45,1.5)

CALL SETSMG (Z,52,0.0)

33 CALL F’~T S G (Z , 1 , 5 , 3 , IHDR (1),IPL )
CALL LEGN OG (Z, X , Y ,5, IPL)
Y = v — 3 3 3 .
CALL FMTSG (z,j,5,O,IHDP (2),IPL)
CALL L’~GNOG (Z,X ,Y ,5,IPL)

35
CALL FMTSG (Z, I ,5 , D,IHO R(3) , IPL )
CALL L~ GNOG (Z,X ,Y,5,IPL )

CALL FMTSG (7,1,5,0,XM0~~(.P ,IPL I
43 CALL L EGM DG ( 7 ,X ,Y,5, X PL )

C .,.
C REA ) IN COMPACTED VIDEO ARR AY . INITIALIFE PICTURE
C

(4 )
CALL S ET S M G ( Z , 4 5 , . 7 5 )
CALL SE T S M G ( 7 , 5 2 , 2 . O )
K: 64,
Y2 3 3 . j 8 .

C i s .
5) C LOO~ OVE R 128 ROWS

C
‘3(3 111 Jzj,j~ $

C
C DECOMPOS E J— T H LINE INTO P R I N T  A R R A Y

55 C
00 1111 LZI,13

1111 IP~ (L).0

44
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PROGRAM MOVIE

PROGRAM MOVIE 74/74 OPT:1

00 11 N:j,j2~
1N ( N—1 ) / 2 L

63
~SH IFT~~(N—20~ MN ) 3
MYW 3 .~O (SH IFT (IPAK (MMI ,J),NSHIFT) .AND,7B)+j
ICHA R LTAB (MYWORD )
NOX= (N—l i/j O

65 MDX INDX +j
KROT 6*(10.(M—10~~NDX))

11 IP f UDXI ) : I PR( NDXI ) .OR .S HI FT ( IC HAR, K ROT)
C
C WRIT... ON CRT

70 C
CALL L! G N D G ( 7 , X , Y ,128,IPR )

111 y : y — ~ 3•
CALL PAGEG(Z,O,O,j)
GO TO 10

75 ENU

SY-I BOLIC R~~FER~~NCG. MAP (R j)

ENTRY POINTS
10223 MOVIE

VARIA BLES SN TYPE RELOCATION
lJ5bl ICHAR INTEGED 105€5 IHOR INTEGER ARRA Y
1u571 IPA I( INTEGE’~ A RRAY 1JSSI IPL INTEGE R
12401 IPR INTEGER A R R A Y  10552 J INTEGER
1~ 56l. KR3T INTEGER 10553 L INTEGER
12371 LTAB INTEGER ARRAY 10555 MN INTEGER
1J556 MNI INTLGrR 135€0 MYWORO INTEGER
j 3 5 5 d~ N INTEGER 1J5€2 MDX INTEGER
10563 NOXI  INTEGER 10557 NSH IFT INTEGER
10547 K REAL 10550 Y REAL
1261)1 Z REAL ARRAY

FILE NAMES MODE
0 INPUT 23 ’.3 OUTPUT 4 106 TA ~ E3

2 0 4 3  T A P t 5 I

EXT E RN A LS TYPE A RG S
CRTID 2 (XITG
FMTSG S LEGNOG 5
‘4 O) ESG 2 PA GEG S.
SEISI G 3

INLINE F UNCTIONS TYPE ARGS
SHIFT NO TYPE 2 INTRIN

STATL HENT LABELS
1~a 25 ~a 1 10236 10

0 111 0 1111.

45
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TB-I.- t A GE 1S~~ ST ~UALI.TY pRACIA w.aU1M~
OGRAM 

~~*~ M (~x I ~ ~~.1SkiW L’O 
DDC ~~~~~~~~—

‘R.)~~RAM XIARK 73~~7.. OPT:1

PR3L,iiAM X1ARK( ja~PUT,QUT~~UT,T4PE1,TA PEl .)
C
C Pk.)GRAP TO OFTOMI ZL CO~ RLL ATI ON AND WRiTE OUT
C DIFFLR~ N E  PIC I URE

5 C ...
DIMENSIO N IHOR (4),~-PIXO (7,12~~),NPIXT (7,128),

1NPiXN (7,1~ o),NPIXD17,128)C
C REM.) IN ~~~~ PARAME TERS AND PRINT

10 C ...
R E A D  • ,N, JJO, M A O
P~k1NT 9,M.JJO,MAGOS FO KM AT (4HI N:,I4,..X,.,HJJO:,I,.,~~X,cHMAL,O :,I4)
PR.LNT 13 - 1

15 i~ FORMAT (55$.- I JJU MAG ) K SUM—N SUM— 0 SUM—P)
PR~ P4T It

it FORMAT (551 — ——— ———— —12 FCi pcMAT ( I5 , 16, I8 .4X ,A 1 , I9, 12.i,111)
w

2 0 C R E A D  I N OL~ PICTURE
— S..

READ (I) IMOR
IF (IHOR (1).EQ .3) STOP
READ (1) NPIXO

25 C
C Ii~ITIATE OUTER LOOP COMPUTATIONS
C

00 7 t t ,N
C

30 C RE~ O IN NEW PICT URE
C

~LAO ( 1) IHOR
IF (IHCR (1).EQ.)) STOP
REA D ( 1) ‘4P I X N

35 C
C 00 SET 3F THREE SHiFTS ANO C)R)~ELATIONS

S..

JJ JJO—2
C~ iL NA ,FV (NPIXO,NPIXT ,0,JJ,IAGO )

40 CMLL CO R~~2 ( P.PIX N,NP IXT ,COL F ,SU MN )
ISUNN SJMN
JJz JJ0+2
CALL MAc ,FY (NPIKC,NP IXT,i3,JJ ,MAGO)
CALL CORR2 (P.PIXN,t1P1XT,CuLF,SUMP~
ISUMP SUMP
JJ JJQ
CALL MA~ FY (kè ’IxD, t I P l XT , O , J J . MA C)
CAL L COR~ 2 (NPI XN,NP~ XT ,COEF,SUMO)
ISUMO SJMO

50 C
C P~.INT INTE °MEOTA IE RESULTS
C S S~~ H

X 1HS
PkIUT j2,I,JJU,MA~ u,X,ISUIlt,,LSJMO,ISUMP

5.5 C ... U
C DO P A R A 5 3L~ C CURVE FIT
C

46
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DHISPAGE IS BEST QUALI P~ACTL~QA.B~~
PROGRAM XMARK FROM COPY F~5R1~ I SI .i C ~~~

~~~~~~~~ X M A I~K 73/74 O~ I~~t

CALL CU~ FIi ( S1J t ( ~,SUMO , SUM1 ,~~.O , I N C R E)
iJ O J J O + I N C R ~

C
C 00 S~~J )F T H R E E MA G~l IF ICAT ICNS ANO C O R R E L A T I O N S

M4G 128
CALL MA3 FY (hP1 X3,I-I PIXT ,u,JJO, MA G )

65 CALL CO R F2 ( NP IX l~,,~~PIX T ,&~O’~F , .~1JM l ~)
ISU$N :SU’IN
IZOUM=12~~— r 1 A GO
MM6 128— 2 1Z00M
CALL MA FY ( NP IXU,Ms ~IXT ,0,JJO, MA G)

70  CALL CU~~R2 ( NFIX I~,~~P 1X T , CO L F ,S U M P)
ISUMF=S U’4 P
MA = MA
CALL HA FY ( NP IXO, N P IX T , u ,J J U , M A G )
CALL CO RR2 ( N PI X N ,NP 1X T,L . O E F , S U M O )

/ 5  ISUMO= SUMO

P¼1 4T INTE ~~M ED IA t L  RESULTS

X :ii4M
E)  PRINT l Z , I ,J JU ,MAL ,O ,X , ISUMr i , 1~~UPI C, ISUMf ~

C ...
C 00 P 4 R A 3 3 L L C  CURVE F I T

0ELT4 1~~~- M4 3O
ó5 CALL C UR FIT ( SUMt~,~~J MQ, 5UM~- , [ E LT A , i N C R C )

MA ,O :MAG J - INC RE
I F ( IA G O . 3 F . 12 7 )  1A 00 127...
SKIP kLC~)M~ IF M4GMI FILA1IJ~ Nj I  C H A N G E )

90 C ...
IF (rNCR ~~.EQ .o) 0 TO 4

~ECUMP UTE T~~A NS FUP MED PICTU R E
1~

C A L L  Mu3F Y ( NPIXO , L 1 P IX T , Q , J J C , M A G O )
C

~R 1 M T  T RA C-
— • S S

X 1HR
LGG P~~INT 1.E,I ,Jj O,M~~C- O, X

C
3U JTP~uC1 A’ .~~A Y S  3Y PjXL . N F I X T — N F IX L : N F I X D

C,
ALL M 1’4 J~

1C5 C
SE.~~Cri JUT T A R ~~~T IN S U3TR ~~~TE D A R R A Y

C A L L  ~I~ T ( r .P IA I~,N , I X P )
C

I1C~ L. W’~i T ~ I . W  ~ 1 . C T & R E S  UUT T O  FILE
— S..

1
I M O R ( 2 )  : JJ)
IHiR (31 : M4, U

47 
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PROGRAM )U4ARK

~RJ3RA ~ ~r~A~ < 73/7... O’T=l

115 q Rj TF  4) ~ -40R
— 

~‘li~1Ti (.) ~PIXN
C S..

C TRA I~SFC~ NFI XN TO HPIXC
C

120 30 17 IL1X:L,7
DC 17 J OX : 1 , 1 2 5

17 NPIXOIIDX ,JOX) = NPIXN (IOA,JDX )
C
C EN i CF 3UT~.R LOOP CDHPUT4TICN

125 C
7 CUt~TIrsUE

5~~~~e

C WRA TE NJL.L $~ AO tR
C ...

13C IHUR (1)

~4RITE(kI IND~
REWIK.) S.
STOP
END

SUSR )JTI.4E ‘~I r ~US 73~~7~ DPT=1

I jU~~ROUT1NE M INUS (M)-IXT ,NPIXO,N’IXD )
.~IM~.NSI0N NPI XT (7,1~~S) ,NPIXO (7,128) ,NPIXO (7,123)

C
C CLEAR OUT NPIXO A RRAY

5 C
00 2 1:1,7

DC 2 J=1,i~ 5
2 NFIXC (I,J) 0
C

lu C SU6TRACI Ts.0 PICTUI~ES AN D kL~~C A L E  RESULT
— s 5 S

DO 1 1=1,7
00 1 J = i , i2 ~
00 1 K 1.,61,3

15 .)RIXLT :SHIFT (NPIXTLI,J),K—i).ANO .78
NPj X LQ :S$ I FT ( N P I XO ( I ,J ) , ( ~~1) .A ND.?B
NPI*LD~ (7+NPI XLT—NPIXLO )/2

1. NPIAD (I,J):NP1XD (I,JI.O,(.SHI~ t (NPtXLD,61~K)
RETURN

20 END

48
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PROGRAM XMARK

SJ,~~JJII’~E ‘ 1CG FY 73/7t. ODT I

SU~~,~C U T I~~L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
JI~~ENSIU~i I ’ A K ( 7 , 1 ) , J P A s ( ( 7 , 1 2 8 ) , IA ..S Y ( 1 2~~

)

C, ~Ut~R C U T 1 ’ E  T .. S H I F T  E - I C T J~~L i~ f l -A K  3Y ( j $ d I F T ,i ~~- UFT)
5 C ~I x ~~~S,  A R O t  ‘~L~~ULT BY -.~~SNIFIL~~Tj C . . i  FLTO R )

~
C ( 1~~~/ M A 3 ) ,  AN D PLMLL kLS U LT IN UFA K.
— • 5 •

C PREPRoC~~~S ‘lAG
L

13 N A G  126 — 2 ‘ ( 1 2 ô —?IM GU = ( M ~~,~~~1 C ) C  C) /12L
N0~~MF 123L ~J 0 O / M A G
IS IPRE ( 12~~— M A C) /2

-J • 5 S

15 C LOOP 12~ L INES ON iND EX J
C

30 1111 J=1.12b
— S..

C C L E A h ~ CUT ~~ SE M3LY A R R A Y
2 3 C

00 i I = i , 12 E
1 I A S S Y ( I ) C
C
C C0MPUT~ J— JE )~EP~)tsI~.T U U A N T I T I E S

25 1.
iN: J’NA 3
J~~Ii

3:JN/ C 0 D C
iNFP=JN— ( J~~IP 1.j~ C , .))
JhFPNM ( JNF~ N MF )/1LI’C~~(

33 JNFPSi 1 )OfJ3 — JN ~~F.~M
C i s.

C INNER LJJP 1~~6 ~I X ’~L S  u N  j, Mi ’- X I
S . .

30 111 !~~1.12~
35 C

o L.JMPUTc. d~~L.,Ht1N., F A L T U R S  ~~ .1, ,5

IN=i~~1A3JINIP :IN /1CLC )C
43 i~~FP :IM— (INI P~~1u,j S~C (- )

INFPNM ( INFP’ NCi~M F)/ 1 . . . U J u .~Il~FPS~~~1.L..~~0— I N ~~PliM
NP=( INF~~S,~~J N F F S Ej ) / 1 C  C C C )
.
~

Q=( INFDNI”  J N F P S B ) / 1 C - C C I j3

l~S~~( INFPNM’JN FPNM)/ 1~~JITh.~
S..

C CO IIPUTt ~E T G I INDICES

50 ID1:IN1) +I S- I P- ~ L + I S H I F T
1D~ :IO1+1.
Jul=JNIR” I ~H~~P~.r4 J SI~IIFT
ii 2:,J1 1~~1

— 5 S S

CALL  SC3~~JJT P-1t. TO r IT L I ~- lX ~~~S 1~~O~ I~-A ~
C

~~~~~ F F T C ’ - i  ( I P A ’ c , I O i , J D l , K — ’)

49
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PROGRAM XMARK

SJ~~i)UTfl1L ‘IAGFY 73 /7- OFT 1

~.ALL FETC H (IPAK,1u2,JU1,K.4 )
C A L L  FUCi (IPAK,IU1,JD2,K ~~)

ó3 CALL FETCH (IPAK,1U2 ,J02,KC)
C
C COMPUTE ~I.*EL V A .U E
C

L:(KP N~ GK Q NL)+K~~~Nk*KS’HS+5LJC0 )/1Cu00 D
IF(L.&E.7)L 7
5 5 1

C PLA~~ IN A SSEMBLY A~.RAY
C •..
111 IA~~S Y ( I ) L

7 0  C
FACS ( ASS M:.Y AR RAY I I~.T0 J1~’AK

C •. .

CALL FAK frA T (J, IMS SY,J PA<
1111 CCNTII~UE

75 RETURI~
END

SJ3~~)JTII.E PA K R A T  73 /1 — OPI 1

SU~1I~OUTI~~E ~‘A K ~~A T  (J ,IP~~,I~~AK )
UI ;IE~NSION 4.PP (12o) ,IPAK (7,1~~E)

C CL EAR OUT J — T H  R~~W I DA K
5 C

00 1 K 1 , T
I IPu K( K , i) 5
C

PAL< Is- ’~ ( 128)  INT U I~~A K ( K , i),l~~ 1,7
13 C

3~j 2 N:l,12~
1i~: ( N — i )  /2
M~~I =Mf~ e~
ISH~.FT 2.~~N-2..~~i~~)

15 KSPl1FT:3 i~.’-4IF T
2 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~ETU~ M
END

50

:

~

-

~ -



,— - - ----.-- ,- - - -—— — — - --- --..- -- -.—--- —- - - ----— — — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- -

PROGRAM )O4ARK

SUGRDUTINE ;URFI T 7317’. OPT= i

1 SU (S~.CUTIM CU’~FIT (FM,F3,Fr,uEL,jNCPE)
— S..

O UETEkHINE NEW T.~IA L VtLUt .
— S..

5 A :(FF,FM—2.3’FOJ/lt ... OEL rIL)
3: 1FF—FM) / 12, U O ~ L)
IF (All .2,3

— S..

3 P O S I T I V E  ~ARM 3O~ A I USE INFLECTICN FOINT .
10 C

3 Z IP:—8/I2. u~~A )
IF(ZIP) 31,31,32

.~1 I N L Z I P — E ~.E
H.ETURN

15 32 iNC RE ZIP4.~ .5R E T U R N
C ...
C N E G A T I V :  PURA3OL A , T EST SLUFE
C ...

20 1 IF (6.LT.0.I GO TC 11
— S 5 •

C POSITIw~ SLjPE , USc. (+)  FOR MULA.

1NC*E (3.3Q~ T (cI~~b—4. f l A F O )  J/ (2.0 A ) +,~~
25 RETURN

.0
C NEGATIV E SLOPE ( USE C—) FCRMULA)
— 5 • 5

11 INC~ E : ( — 3 ~~S .sRT ( 3 ’ B—4. f ’ ’A F C . ) l / ( 2 . O ~~A ) 4 . .5
RETURN

— S..

C STiUGHT LINE INTEF’CEPT
— S..

2 INCR1 — 3/ ~~O
35 ~LTURP~

END

SYMIO LL L RE1ERE.~C€ MAP (R=1 )

ENTRY POINTS
3 CU’~~IT

V A R I A b L E S  S~i TYPE i..~ LULATI ON
3)  44 R 4 L  ci.
0 OE.. R A L  F.P, C FM PEA .
0 F .) ~~~~ F.P. 0 FR REA ..
0 INORE I NT E G E R  F.F. 62 2I~ P E A’ .

EXT ERNA LS TYPt ARG~
A L  1 Li~~~A~~Y

51



PROGRAM XMARK

SU3~ )UT INL SIFT 73/71.  OPT 1

SUBROUTINE SIFT (NPIXN,MPIXO)
— 5 55

SFAKCH FOR TARGET MS A 3 K 3 ARRAY OF NDT (3.OR.4)
C

5 DIMENSION kPIXNI7,128),N~ IXO (7,128)
.0 5 5 5

C LOOP OVER c.N IIRE PICT URE , LXTR A CT I,J TH PIXEL ,3US$
C ...

00 1 J~ 1,128
10 C

C ZERO O UT S T A C K
C

1 ( j 3
1(2:0

15 K3 0
00 1 1:1,128
1(1=1(2
1(2= 1(3
K 3 0

20 CALL FETCH INP1X),!,J,KP)
IF (KP.LT.3.OR.KP.1T.1.)K321
•..

C TE ST STACK
C

25 IF (KI+K2+K3 .EQ.3) 00 T3 7
1 CONTINUE

RETURN
7 J2 i+1

J3 J,2
30 11 1—2

12 1— i
CA LL FETCH NPIXD,I1,J2,KP)
IF (KP.~~~.3.0R.kP.EQ .4)G0 TO 1
CALL FETCH (NPIXO,12 ,J2 ,KP )

35 IF1KP.E~ .S.0R.KP .EQ .4)G0 TO 1
CA LL FETCH (P’PiXO,I ,J2,KP)
IF(KP.E~.3.OR.KP.EQ.S.)GO TO 1
CALL FETC H CNPIXD,I1,J3,KF )
IF (KP .EQ.3.OP.KP.L Q .4IGO TO I

‘.0 CALL FET CH (PPIX O,I2 , J3,KP)
IFCKP .EQ.3.OR.KP.EQ.4IGO TO 1.
CA LL FETCH (NPIXO,I ,J3 ,KP)
IF (KP .EQ .3.OR.KP .LQ.4)GO TO I

C
45 C TARGET FOUND — I’4SERT CROSS

C
XCROSS~ 1—1
JCROSS:J +1
00 88 Kat ,?

5) 8b NPIXN (K .JCROSS):0
MASKz777777777777777777?08
ICOL: I I ROSS—i)/20
ICOL1Z I OL,1
NRES’ICR3SS 2O ICOL

55 NSHIFTZ(20—NRES ) 3
M AS K~SHIFT (MASK, NSH IFT)
DO 99 Ksi,128

52
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~‘~I1$ PAGE IS -

COPy FU is TICA~~
PROGRAM XMARI (

SJb~~)UTINE SIFT “3 /7~ O P T 1

BB NP.&XN (ICJ 1,K ) N F~~XN (IC0L1,K).ANC.MASK

C
C PRINT RESULT
C

PicINT 17,ICROSS,JC PCSS
Fuss ,MAT (23 H3~~~’” T4 RGC. T A T (L ,J) (I~ ,1H,I3,7H)~~~~~~ / )

U R N
65 EN D

SU3~ )UTINE ~~ TCM 73~~7~. 0~ T i

SUBu’ OUTINE FETCH (IPAK, I,J,K)
IJIMENSI3N IPAK (7,12e)

— 5 5 S

C PLACE I,J— rH PIXEL FkOM IPAK INTO K
5 0

IF (I.LT.t.D ~~.I.GT.i28)j~ T O T
IF (J.LT.i.Uk.J.jT.12R)30 T O T
$~~: (I—il /2C
MNI FIN+t

10 NS ,IIFT (I—2j ’MN)’.3
I(:5HjFT(I~~AK(MNI, J I,NSHIFT ).AND.73
RETURN

7 K=3
RETURN

15 END

SU~~R3UTINE uRP2 73/7 . 0DJ 1,

SUcROUTIN~ P~ 2 (IFI X1,jP~~,~2,3 )CF ,SuM)
OIMENSICN IPIXIU,i.2c) ,IPIXZ(7,12P )

~UM Q.
DO 50 ~~~~~5 00 5~ J i . 12 5
00 50 K:4,(4,3
NiP IX1 SHI~~T (I~~IX1 (I,J),K_1).4N).7d
NIFI X2=SHIFT (.LDIX2 (I, ii , K—1 ).A’~3.7e
ClFF=NI’I~~1~~NIPIX2

13 SU,l :SUM ,ABS(OIFF)
C0~~ F=!UM/i1,.bb~~.
COt
RETU RN
EN)
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PROGRAM DISPLAY

PROGRAM DISPLAY 7417. DPT:1

PR’)GRAP OI SPLAY (INPUT,OUTPUT ,TAPE1,TAPE3,TA PE5I:CSUTPUT)
‘)IH1NSIO ~4 SHADE S ( 8),PL INE (12Q ),NP I1(~~O ,6h),TTTLE! (7),CHP(I2)
CON ’lON /BLKI/Z (200)
U4TA SSIADE S/1R4,1RP,IRC.1R3,IRC,1R2,IRI.IR .‘

5 1 TITLEIS/IOHSUBPIX ,1OHOISPLAY
1 14)4 ,IQIFRAME NO.,
i. i0HCHARACTLRS,l0HU~~EO
1 lO H( 1~~3Nf P’ .)/
CALL MODESG (7,3)

1) CALL PAGEG(7,U,O,j)
C A L L  C PT IO(Z .12F I N9C GH A115)

- 
- CALL PAG~ G (Z,J,O,2)

CA LL SETSMG(7,19,~~O95.)
CALL StTS MG(7,2-j, 3071.)

15 C
C IN PUT SUB~~IX D A T A  INTO NPIX A R F A Y
~

R_ AO( i,62)((NPIX (I,J),I:1,8O),J=1,~~4)
62 FO~- M A T ( 2 O 2 O )

2) C
C C A I~.0 INPUT PARAMETERS
C ~. )  P C  — END OF FILE PARAPETEP ( HOLERITH CH AR ACTER
C ... IF PRC : S” THEN PROGRAM EXIT S.
C .., I F PR O IS  A P~V OTHER CHA RA C T ER THE PROGRA M

25 C CONTINJES.
C 2 )  1(1 — SUBPIX COORDINATE ( OCTAL NUM9ER
C 3)  1(2 — SURPZ X COORDINATE ( OCTAL NUMBER
C ‘.) 1(3 — SURPIX COORDINATE ( OCTAL NUNREP
C 5)  P-IUM — EFAM E NUMB~.R( INTEGER I

3) C 6) ILY — FRAME ORIENTATIO~ P A P A~ ETER ( INTEGER
C ... IF ILY = 0 THEN DATA IS FOR TOP HALF
c •.. IF ILY : j THI N DA TA IS FOR BOTTO M HALF
C 7) ITYPE — SINGLE OR ~3UA JRUPLE PRI~ T PAR AME TER ( INTEGER I
C ... IF ITYPL = 0 THEN SINGLE PRINT

35 C .s. IF ITYPI = 1 THEN QUADRUPLE PRINT
C

19 R E A r )  2 3, PRC,Kj,K2,K3,NUM,ILY,ITVPE
2. F O p M A T (A j , 3 0 2 , I2 , 2 I1)

IF(PRC.tO. 1HS ) GO TO 99
CALL CCNVERT (Kt,KK1)
CALL Cr)P4VERT (1(2,KK2)
C41..L CONV~~RT (K3,1(K3)

~
C CHI CK TO SEE IF PROCESSING TOP OP BOTTOM SUB PX XS

‘.5 C
IF (ILY) 30,25

25 CALL HEAOER (TITLES,NUM)
X X :5 1~..
YY 2556.

53 CALL P IX O 1 S (X X , Y Y ,KKj ,K~~ ,KK3 )

~~6k.
Y:2..56.
IF(IT YPE ) V.29

27 (RAP:? C5
5 YqA ~<=24.45.

29 1 (1 KI+I
1(2:1(2+1

54
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PROGRAM DISPLAY

PROGRA M DISPLAY 74/74 OPT=1

1 (3=1 (3+1
C A L L  SF.T5MG (7,~.5,.75 )

63 CALL S~’ T S M G ( Z ,5 2 , 2 . O )
00 1 J i, kO
~O 2 1 1,40
CALL TLU ( I,J,K1,IDX ,NPIX )

2 PLIN’.(I)=SHAOES (IDX+j)
6; C

00 3 1 41,8)
IX= I— 4C
CALL T L U ( IX ,J , K 2 , IO X ,N PI X )

3 FL L Nc. (I):SHADES (IOX+1 )
• 73 C

00 4 1:81,120
IX= I— RJ
CALL TLu (IX ,J,K3,IDX,NPIX )

‘. PLINE (I)=SHAOES (IDX+l )
75 C

— CALL NSTUFF (PLINE,CH~ )
CALL LEGNOG (7,X ,Y,120,CHR I
IF (rT Y~ E 6,7

6 CALL LEGNDG (Z,X,YBAR ,12,J,CHR)
8) CALL LEGNOG (Z,XBAR,Y,123,CHR )

C A L L  LEGP-1Q G (7,XBAR, YBAP ,l2ij ,CHP)
Y BA Y 1 #P—2 3.

7 Y V — 2 3 .
I CONTINUE

85 IFCILY ) ~i,’.5
40 XX 51’..

YY=466.
CALL PIXDIS(XX ,YY ,KK1,KK2,Kj(3)
CALL PAGEG (Z,0,O,j)

91 45 GO TO 19
~

3) X 64.
Y= 1536.
IF (ITYDE) 35,36

95 35 XBAR :7~,
‘!34R 1525.

36 GO TO ~9
C
C CL AN ‘JP AND EX IT

Lu) C
99 CALL  CRT IO(Z ,16H N90  END O~ RU~CALL PA G E G ( 7 , 0 , 0 , 2 )

CALL EXITG (Z)
STOP

ic5 END

S YMBOLIC FLFERLNCF . lAP (R:1l
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PROGRAM DISPLAY

SUBROUTINE TLU 74/74 OPT I

SUBROUTIN E TLU (I,J,K ,IOX ,MP I X )
JIMEN S ION NPIX (80,61.)
L~~~I/2 i
NSkI FT (I~~(LR ~ 20H~~3

5 JROW ((J— i ) 2)+1+LR
JPIX N P IX (JROW ,K)
IDX: SHIFT (JPI X ,N SHIFT) .ANO .7B

~ETURP1
EN D

SU3ROUTIP’E HEA O€~ 7’./T’. OPT L

• 1 SUBROUTIN.. HEADER (HDP,NUMBER)
OIMENSION HOR (7 )
COM MCN/BLKI/7 (200)
CALL SETSMG (Z,45,i.5)

5 CALL S_TSMG (Z,52,0.D)

Y 2)Jt,.
00 tIti NMMM I,3
CALL LEGN OG (1,Y ,Y,1O,HDR (NMMM ))

1111 Y Y—67 .
Y:159I.
CA LL LEGNOG (Z,X,Y,j0,HOR (’.i)
Y Y—67 .
CAL L NUMB~ G (7,X,Y,2,NUMBER)

15 Y j328.
00 2222 NGON 5,7
CALL LEGMDG (Z,X ,Y,10,HDR (NGOH))

2222 Y Y ~ 67.
RETURN

20 END

SU3 ROUT INE PIXOIS 7’.F74 OPT=1

SUBROUTINE PIXOXS (X,Y,KA,K8,KC)
COMMON/BL K 1/7 (2301

• CALL SETSMG (Z,’.5,1.5)
CALL SETSMG (7,52,0.O)

5 CALL N IJMBPG(Z,X,Y ,2,KA )
X = X + 9 2 0 .
CALL NUP4BRG (?,X ,V ,2,KB)
X K +920,
CALL NUMBRG (Z,X ,Y ,2,KC)

1) Rt.T URN
END

56
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PROGRAM DISPLAY

SUBROUTINE NSTUFF 74/74 OPT=1

1 SUBROUTINE NSTUFF (PRLIN,CNARS )
DIMENSION PRLIN (12G),CHARS (12)
COMMON /BL KL/Z (2)0
t1:~

5 00 5 JK L ,12
30 5 JL 1 ,10
M M+j
CALL PUTCZZ (Z ,PRL IN (M),JL ,CHARS (J K)) H

5 CONTINUE
10 RE TURN

END

SUBROUTINE CONVERT 74/7’. OPT= I

I SU’~ROU TINE CONVERT (I,Ifl
~ 

•4+~~~

C SUBRO UT INc. CONVERT TAKE S A TWO DIGIT OCTAL NUMBE R AND CONVERTS
C THIS NUMBE R (I) INTO A DECIMAL NUMB ER (II) THAT HAS A C IFFEREN T

5 C ABSOLUTE VALUE BUT HAS THE SAME DIGITS SO WHEN THE OUTPUT IS
C PRINTED THE NUMBE R APPEARS IN CCT AL FOEMAT.
C •

JO NE=I.ANO.7R
JTEN= (SHIFT (I,— 3) .AND.70) ~101) II JTEN+JONE
RET URN
END

SYMBOLIC RE FERENCE M AP (R=j)

ENTRY POINTS
3 CONVERT

VARIAB..ES SN TYPE RELOCATION
0 I INTEGER F.P. 0 II INTEGER

13 JONE INTEGER 14 JTEN INTEGE R

INL INE UNCT ION S TY PE ARGS
SHIFT PlO TY°E 2 INTRI N

STATISTICS
PROGRAM LENGTH 153 13

~~~~~~~~~ 
•
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