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SUMMARY

This document describes the package of special-purpose compute r sof t-
ware delivered and installed by Goodyear Aerospace Corporation (GAC) In
the U. S. Army Engineering Lopographi c Laboratories (USA-ETL) unde r
Contract DAAK7O-76-C-0247.

This software package app lies an area correlation function to two In-
put i mages:

(1) A live image taken from flight tests of the U. S. Army
Pershing II Missile Termina l Guidance System.

(2) A reference image for use with the above guidance system.

The software package has been operating at GAC on a liS a/Xerox Sigma
• 9 computer and STARAN parallel processor. The subject contrac t provided

for:

(1) Convers i on of all Sigma 9 assembly language code and
unacceptable FORTRAN code to FORTRAN code acceptable
to the E.T.L. Contro l Data Corporation (CDC) 6koO
compute r system.

• (2) The conversion of all operator interactive portions of
the package to run on the E.T.L. DIAL image analysis system.

(3) Convers i on of appropriate sections of code to that applicable
to the E.T.L. COC 6400/STARAN interface .

(4) Preparation of eng i neering documentation .

(5) installation and demonstration of the software package
at E.T.L.

(6) Instructions in the use of the package.

The E.T.L. Project Mon i tor for this contract was A. T. Blackburn ,
Advanced Technology Branch of the Computer Science Laboratory . The GAC
Project Engineer was 1. E. Gors i ca , Department 475.

NOTES:
(1) The Program Module Descriptions , Flow Charts , and the Program

listings were submitted as part of the requirements of the
Program Documentation Report , GER-l6465, Goodyear Aerospace
Corporation , Akron , Ohio , 1 June l977.~/”

(2) The contractor ’s number for this report is GER—16464.

aHOflCY~~11 Information Systems
bTM Goodyear Aerospace Corporat ion , Akron , Ohio 44315
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SECT I ON I

INTRODUCT I ON

Correlation guidance systems that operate on the principle of auto-
matically comparing a stored reference to a sensed image of a target area
.to dete~-.ine position relati ve to the target offer a number of advantages
over other available guidance systems. They are self contained , automatic ,
and accurate and require target location accuracy onl y relative to the
immediate targe t area without requ iring a hig h launch point-to-target
accuracy . A number of such systems are be i ng deve loped toward operational
deployment. A common requirement for al l of these systems is the need of
a reference for each target.

The ability to support a guidance system operationally with suitable
references could well be the deciding factor on the effectiveness of these
systems. The data base w ill , in turn , be the key to the reference support.
One of the major p roblems in the guidance reference support area is the
establishment of requirements for a data base. The data base materials
wh i ch have in the past been used would be expensive to prepare and use for
operational support. Little consideration was given to operational require-
ments since the primary objective of these test programs was to demonstra te

• system performance . The data base requirements establ ished for these test
programs were overly stringent , and fu rther work is required to determi ne
what reduction in these requirements is practica l .

The program prov i ded establishes at ETL a capability of anal yzing the
effect of introducing reference i mage modif ication in terms of the result-
ant change wh i ch these modification s cause in the live versus reference
corre l at i on function . This capability was introduce d through th~ t rans-
ferral of an existing GAC software system , the Precision STARAN Cor—
relator. The implementation of the correlator at ETL. is for the RADar
Aimpo int Guidance (R.ADAG)a system since there is an urgen t requiremen t for
a definitio n of the data base for this system. However, the p rocedures
can be read ily adapted to other guidance systems .

• aIM , Goodyear Aerospace Corporation , Akron , Ohio 44315
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SECTION II

METHOD OF SOLUT I ON

The basic purpose of the correlation program is to gene rate cor-
relation and aperture functions of digitized i magery. The correlation
function is g i ven by:

N ,N

— K l ,~~~~N ,—N 
L1J

M jJ R~+1 ,J+J 
(1)

where:

Is a live—image element

M
~
. Is a mask element (I or 0)

is a reference-Image element

K Is the number of elements correlated

The aperture function required to obtain normalized correlation is gi ven
by:

• N ,N

A 1 ,~ 
~ i ,~~~~N,-N 

M
~~

Ri+,.~+j 
(2)

where C Is calculated as shown below.

A description of the subscripts used in Equation (I) and (2) is
• given in Fi gure I. The va l ue of K is obtained using the relations hip

K — w(R~~- R ~) (3)

where R2 is the outside rad i us of the mask,

is the inside radius of the mask.

Correlation and aperture calculations can be conducted along any row
(generally mean i ng west to east) or column (south to north). The va lue
of N can be selected from 1 to P1. Excurs i ons of I and J from zero are
limited by the size of the live scene to that of the reference, i.e.,
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Figure 1. Reference, Live , and Mask Array Definition
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I and J cannot exceed plus or minus (P1-N) . This limit produces a max i mum
of 2 (M-N)+l correlation and aperture va l ues per line. The mask dimension s
are selectable from the contro l terminal.

Computed va l ues of and A 1 ~ 
are printed. Addit ionai l y, control

parameters and input-image ’~htles ale printed .

There are two modes of operation in the correlation p rogram , viz.,
the linear mode and the non—linear (RADAG) mode.

a. Linear Mode - The linear mode uses the dig it ized imagery as it is
recei ved ,i.e., image intensity values are retained throughout the process.
Equations (1) and (2) are used in this mode. The va l ue of C In Equation
(2) is the maxi mum value of the live image within the correlation aperture

• (defined by the mask), I.e.,

C a Max~ L .~L .c L.Ml~j 1~j

where L and M are the live and aperture (masked) data sets, respectively.

b. Non—Linear (RADAG) Mode — The non-linear mode of operation is
programmed to simulat i an adaptive AGC video processor and a non-linear
samp le wei ghting process. The video processor measurements are simulated
with the following equations :

t — ~~ 1 1 M~. (5)
l ,j— —N ,—N ~

a — (L 1. -t ~ (6)

1 N ,N
— E I L 1~~ - t IM . .

I ,j~ —N ,—N

where:

t — average of live scene
a — estimate of the standard deviation

The effect of video processor AGC and the non-linea r samp le weighting
process is simulated by modif ying the live-image elements with the
following set of rules :

-4-
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IF L.. > L +  2& , L’ .. — 2A~

IF r — 2o < L.. < L + 2~ , L’ .. — L.. - + 2t3~ (7)

IF L1~
t I. - 2a , L ’ .~ — 0

where are the modified live image elements .

The modified live image , described by L’ , is subsequently used in
Equation (1) to compute the correlation function . Also, in the non-linear
mode , the va l ue of C In EquatIon (2) is given by:

C — 2A~ . (8)

This factor causes the quotient $/A, des i gnated tji in  the next section ,
to be proportional to the percentage of data correlating at any point.

c. Output Data - A p lot program uses the and A 1 ,~ 

va lues from
the output of the correlation p rogram. For each line p roc~ssed ,the normalized correlation function is computed using

— (
~

)

Additionally, the derivative s of ~,, namely, ~“ and j# ’ are computed along
the line chosen. The averages and standard deviations of •, A , and *~are computed and printed out along with the live and reference image titles.
The max i mum and minimum value s of $, A, ~ ~~

‘ and 
~~~

‘ are printed out as
well as the positions of the maximum and mi nimum va l ues of ij, ~~‘ , and ji”.

Additionally, a three-point parabolic curve fit program has been provided
to predict the locat i ons of the maximum and minimum values of ~i wi th a
positional resolution better than one integer pixel.

-5-



SECT I ON I I I
RESOURCES REQU I RED

The GYPSC prog ram opeates unde r the ETL/DIAL inte ractive environment.
The FORTRAN p rogram utilizes the CDC 6400, GAC STARAN , and PDP/COtITAL/
TEKSCOPE computer systems in concert with their established ETL facility
hardware and software in terface subsystems .

The user application program GYPSC includes the MAIN program of the
same name and its 21 associated sub routines as follows:

1. GYPSC 12. CORRELV
2. YESNO 13. FETCH
3. GETINP 14. GETREF
4. DECODE 15. SWAP
5. BIGTOP 16. TURN
6. OMENI) 17. SKIPR
7. TEKOUT 18. LIVBLD
8. GETSCN 19. I RADAG
9. STAT 20. RADAGF
TO. PLOTR 21. APERTUR
II. CORREL 22. APSET

Firs t-leve l FORTRAN/SYSTEM/library calls include :

1. CLOSMS 7. EOR
2. READMS 8. OPENMS
3. MOVLEV 9. REWIND
4. READEC 10. WRITMS
5. WRITEC

• 6. ENCODE

First-leve l DIAL-FORTRAN interface subroutine calls include :

1. FUllS 8. DREAD
2. LBLRD 9. FIND
3. LOCATE 10. GSET
ii. PMINIT 11. IMGDSK
5. TEKMSG 12. LBLEXT
6. TITLE 13. SETCORE
7. UNPKI 14. TEKRD

The Q9PFMGR routine is also called at first-leve l to link the perma-

• nent LUN (Logica l Unit Numbe r) F:91e FORTRAN file wh ich stores the menu
f i l e , MENU .

-6-



First-leve l STARAN-INTERFACE software (refe r to GER-16352) calls in-
clude :

1. SCNTRL
2. RCNTRL

• 3. STATUS
4. LOADPRG
5. DETACH

As configured , the GYPSC program requires a CM (central memory)
execution field length (FL) of 106,000 (octal). The ECS (extended core
storage) requirement is 36 ,864 (decimal). Two (2) COMTAL CR1 display
un i ts are used.

—7—
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SECTION IV

OPERAT I ON

GYPSC is run as an operator interactive program from the DIAL system
terminal. Before log ing on the terminal , the operator must insure that

~he STARAN and the CDC 6400 are ready for communication with 
one another.

This is accomplished by:

(1) Turn i ng “ON” CDC peri pheral device #31
(STARAN ) via the CDC E display ;

(2) Invoking the CDC communications p rogram In the
S1.\RAN by typing “BA CDCIO (CR)” af ter the
$ (dollar sign) on the STARAN decwriter.

GYPSC is resident on the COC disk memory as an absolute program. It
runs in a field length of 106,000 (octal) words , less than half of the
ava ilable CDC core memory. GYPSC is accessed by log i ng on to DIAL i n the
norma l way , sel ecting major p rojects sub-element 6 (PROGRAM DEVELOPMENT) ,
and typing in the prog ram name , “GYPSC”, as i l l us tra ted in Fi gure 2.
Should GYPSC no longe r be resident on the CDC disk , it i s only necessary
to submit the CDC prog ram card deck for compilation . All control cards
are included in the deck.

GYPSC asks for the DIAL file image names of two images to be cor-
rela ted , as shown in Figure 3. Note that figures referenced in this
section are rep roductions of actual GYPSC runs taken from the DIAL system
TEKSCOPE. Operator entries have been underlined on these reproductions to

• distinguish them from program generated text. Should the operator ente r
a non—existent i mage name , he w i l l  be not i f i ed and GYPSC w i l l  aga i n ask
for a val id name . (Should a CR be entered instead of a valid name , the
DIAL system software wil l  present a catalogue of valid DIAL images. The
system software will return to GYPSC if a CR is entered into the catalogue
program.) When the two valid entries are made, GYPSC responds by p lac i ng
the LIVE i mage on COMTAL A , the REFERENCE image on COMTAL B , disp laying
the image header information (if any) and asking for further directives.
Note that the images used , GYLIVE and GYREF , did not have any heade r
information (Figure 21 shows two images that contain header information) .

GYL I VE and GYREF are i den ti cal i mages excep t tha t the p i xel in tensi ti es
are reversed (one image is the negative of the other).

The “MENU” direc tive calls up a listing of the parameters and
• directive s available. The “SUMM” d i rective disp lays the current settings

of all of the GYPSC input PARAMETERS . Fi gure 4 shows the MENU and a SUMMARY
• of the default input parameters which are the values in effect when GYPSC

is f i r s t accessed , and until changed by subsequent operator directives .

The run num ber is incre men ted each t ime the “START” directive is

-8-
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ente red to begin the desi gnated correlation(s).

A “CROSS” correlation performs an area correlation of a subset of the
LIVE ima ge against the •~hole of the RE FERENCE image . An “AUTO” co r re la t ion

• performs an area correlation of a subset of the REFERENCE image against
• the whole of the REFERENCE i mage .

The axis may be HORIZONTAL , VERT I CAL , or BOTH. A HORIZONTAL cor-
rela tion selects a doughnut shaped patch (designated the aperture) of the
LIVE i mage with its center at L

~
,L and performs an area correlation of

this patch against all of the possible areas of the REFERENCE image that
‘fall on a horizontal line passing through R ,R on the REFERENCE image.
See Fi gures 5 and 6. Stated ano ther way , t~e $atch of the LIVE image is

• sl id horizontally a pixe l at—a-time across the REFERENCE i mage from west
to east. At each possible p l ace the patch from the LIVE image is area
correlated against the underl ying area of the REFERENCE image . This
generates a curve of correlation amplitude versus the horizontal position
of the patch of the LIVE image . A VERT I CAL correlation similarly slides

• the patch of the LIVE image verticall y from the sou th to the no rth pass ing
through point R ,R on the REFERENCE image . When “BOTH” is entered ,
both a HORIZONTAL ~nd VERT I CAL correla tion are successive l y performed.

• I n the RADAG mode , the intensities of the LIVE image are re-mapped
• by an al gorithm that simulates the adaptive AGC video processor and a non-

• l inear sample weighting process in the hardware RADAG correlator. In the
LINEAR mode, no change is made to the intensities of the LIVE image .

The numbe r of lines of video Sent to the STARAN processor is deter-
mined by “LINES” . LINES should be equal to or greater than R2, les t the
edges of the round doughnut shaped aperture become flattened. However ,
i f L I N E S  is se t to an overl y large val ue , the p rog ram execution t ime will
increase unnecessarily.

When the LIVE image comes from the guidance system ’s radar , (the
usua l operating mode), R

1 
can be set to the inner  ra diu s of the scene

content (the minimum-g round-range features picked up by the radar). R2
can be set to the maximum ground range. All magnetic tapes of live
radar imagery generated on the Goodyear Aerospace radar re-sampler system

• have a property that can be used to automatically set the aperture in
GYPSC. These tapes have each pixe l coded as an 8-bit byte . When the

- 
resampler determines that a pixe l is not between the minimum and maximum
radar g round ran ge, the pixe l va l ue is set to zero. When the va l ue of
R
2
-R

3 
is equal to 150, the GYPSC p rogram wi l l  t rea t a l iv e p ixe l as be in g

wi thin the aperture if it has a non-zero intensity va l ue . This lets the
scene content of the resampled live image accurately set the aperture size .

• Th is also implies that there should be no zero va l ued pixels wit hin the
aperture of the live images. As a special case , if the diffe rence betwben

• R2 and R 1 is equal to 150, GYPSC will use a square shaped aperture of 301
- 

pixels on a side . This may be found useful when correlating full area
i mages not pertinent to the RADAG guidance system. Othe rwise R 1 

and R
2

• prescribe the circular aperture .

The lambda parameter is the intege r number of standard deviations

L _ _ _ _ _ _ _ _ _ _ _  
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accepted in the RADAG mode . See Equatio n (7) in the previous section .

Fi gure 7 shows entries that change R2, LINES and AXIS fol lowed by
anothe r summary. Pararn~ters may be entered in any orde r and may be re-
ente red any numbe r of times. They w ill remain constan t from run-to—run
until changed by the ope rator. The START command initiates the actual cor-
rela ti on, the results of wh i ch are shown in Fi gure 8. Note that each time
GYPSC erases the TEKSCOPE screen , the ledger is reprinted at the top so
that all of the pert i nent information appears along with the correlation
re s u 1 t s .

Fi gure 8 also shows operator entries for width , offse t , and curve
number. The curve of correlation amplitude returned from the STARAN pro-
cessor , shown in Fi gure 9A , contains information ove r a grea ter exc u rs i on
than is typ i cally of interest. The curve displayed on the TEKSCOPE is a
subset of the total correlation curve as shown in Fi gure 9B. The subset

• is selected by the width and offset entries . The TEKSCOPE screen size
limi ts the “W I DTH” entry to a max i mum va l ue of 54. This subset , or window,
also describes the limits of the correlation curve over which numerica l
statistics of the correlation process are taken . The “CURVE NUMBER” entry
descr ibes which of five possible types of curves (as defined in the menu
shown in Figure 4) are plot ted on the TEKSCOPE. The statistics include
the maximum , minimum , avera ge , and standard deviat ion of the unnormalized
correla t ion func ti on , the aperture function , and the normalized correla—
tion function (PSI). The statist ics also include the minimum and maximum
val ues of the firs t derivative of PSI (oPsi) and the second derivative of
PSI (DDPS 1 ), as well as the position s of the minimum and maximum values of
PSI , DPSI , and DDPSI. The statistics are dependen t on the window selected
by the WIDTH and OFFSET but do not depend on the curve number ente red.

Note that there is a local minimum near the cente r in the p lot of the
un-normalized correlation function (see Figure 8). The cente r of the plot
is always denoted by a p l us (+) sign . Fi gures 9A and 9B tie the cente r of
the plot back to the origin of the reference image (Figure 5) positional l y.
As the two examp le i mages (GYLIVE and GYRE F) are of oppos i te polarity, the
local minimum indicates the lateral position at wh i ch the two images are
most dissim ilar. (This is also known as the quotient match point.) The
min i mum is only local because the un-normalized correlation funct i on is
scene dependent. If the operator responds to the question “SHALL I
CONTINUE”? wi th a carriage return , as was done i n Fig u re 8, GY PSC w i l l
give the operator the opportunity to re-ente r the statistics without re-
running the whole correlation program. Figure 10 shows the aperture
function (curve numbe r 2) for the same run . Looping back to the statisti cs
agai n and enter i ng cu rve number 3 y ields a plot of the normalized cor-

• rela tion function PSI (Figure 11). Note tha t the minimum is much more
• pronounced because the gross scene dependencies have been removed in the

• normalization process. The strength of the match is indicated by the
diffe rence between the minimum and maximum va l ues of PSI. The position
of the match is indicated by the position of the mini mum va l ue of PSI

• wh i ch is reported as plus I pixe l on an intege r basis and as plus 0.28
p ixe l by a three point parabolic curve fit interpolator.

Fi gure 12 shows curve numbe r 14, the firs t derivative of PSI , and

-14-
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Fi gure 13 shows curve numbe r 5, the second derivative of PSI. Fi gure 14
shows the p lot of PSI obtained by entering an offset othe r than zero while
Fi gure 15 shows PSI with a larger width. Note that the statistics reported
in these las t two fi gu res have changed because the size and position of
the window have changed. The window may be enlarged to show the activity
on the skirts of the curve , or restricted to confine the stat istics to a
local area of the curve . At the bottom of Fi gure 15 the operator ente red
“Y” to continue instead of looping back to re—ente r the statistics . -

Fi gure 16 shows the vertical normalized correlation curve of the same
run. The operator may , at the bottom , ente r a carriage return to l oop
back and re—enter the statist ics. However the entry of a “Y” or a “N”
wi l l take him back to the top of the GYPSC program because Run 1 is
complete.

Fig ure 17 shows the beginning of the GYPSC program. Since GYPSC knows
tha t it has already been run once, it g ives the opera tor the opt ion of
terminat i ng comp le tely, using the images already inserted , or respec i f ying
the images. In this example the operator chose the latter. By entering
“Al” for COMTAL A or “Bl” for COMTAL B , ei ther image already exis tent on
ei ther COMTAL may be used for the live image , or for the ’r~ ference i mage.
This example then shows that GYPSC was directed to run an auto-correlation
i n the horizontal direction only and to g ive a summary of the para meters
before ac tuall y starting the run .

Because an auto—correlation is a correlation of a portion of the
reference image against the whole reference i mage , the resultan t norma l-
ized correla tion function as shown in Fi gure 18 g ives a peak at the
pos it ion of bes t correla ti on , p l us 0.12 p ixels in this example.

Figure 19 directs a RADAG cross-correlation . The resul ts shown in

Fi gure 20 are interp reted the same way as the linea r mode except that
add itio nal statistics about the live scene are given . AVEL is the average
va l ue of the ori g inal live scene pixels that are wi thin the aperture .
SIGMA is an estima te of the standard deviatio n of these live scene pixels.
RMAXL equals AVEL + (LAMBDA .SIGMA) . RMINL equals AVEL - (LAMBDA SIGMA) .
LMIN is themiñlmum va l ue of these live scene p ixels and LMAX is the maximum
val ue of these liv e scene p ixels.

Figure 21 shows how the prope r pa rameters are taken from the header
information encoded on tapes of live radar i magery generated on the
Goodyear Ae rospace radar re-sampler system. The norma l use of the GYPSC
prog ram is to correlate a re-sampled live radar image against a reference
image . Because an appropriate pair of resamp led live and reference images
were not available in DIAL i mage format when these documentation runs were
made , two re—samp led live images were used , (PP I GY)) and (PPIGY2).
These two images were taken on the same run of the same flight but diffe r
slightly in altitude . See Table I for definitio ns of the legends used in
l ive radar i mage headers .
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TABLE I . RADAR I MAGE HEADER LEGENDS

• IMAGE HEADER LEGEND

FLT Fli ght numbe r

RUN Ru n number
CPI Checkpoint initiatio n

VT Ti me and date when the video tape
was di gitized

PR Ti me and date when the dig itized
i mage was converted from pola r to
rec tangu l a r  coordina tes

• FLT TIME IR IG standard time off of the video
tape

C P I I  In it i a l  CP I
CPIF Final CR1

Al I nitial altitude (meters A.G.L.)

AF Final al titude (meters A.G.L.)

NI Initial position of nadir point
north of the target (meters)

NF F i n a l  posi ti on of n a d i r  poin t nor th
of the target (meters)

El Ini tial position of nadir point
east of the target (meters)

EF Final position of nadir point east
• of the target (meters)

ANGI I nitial azi muth angle (degrees w.r.t.
true north) of the an tenna when
CP I star ted

B Band numbe r

I is obtained by divding eas t initial (El) by the scale factor (in

meters~pixel). I is obtained by dividing north in itial (NI) by the
scale factor. Th~ scale factor will be a constan t for each band and
should be requested when re-samp led live i mages are obtained.

R and R can ini tia l ly be made the sar’e as L and L , respectively.

• I f  an ~nitia l ’
~
’ver t ica l correla t io n shows an app rec~able p~ si t ional  erro r ,

R can be adjusted correspondingly for a subsequent horizontal correla-
tion to obtain a stronger horizontal correlation peak. Converse l y, If an
ini tial horizontal correlation shows an appreciable position error , R~ 

can
be adjusted correspond i nglY for a stronge r vertica l correlation peak.

—3 1—
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The PSI curves generated by GYPSC for horizontal and vertical correlations

• can be though t of as cuts through the correlation surface .

Note that due to the nature of a di g i tal correlation program such as
GYPSC , L~ and I can only be intege r numbers. Add itional positiona l

• accuracy may be~obtained by mod i fy in g the correlation position reported
• by GYPSC by the remainders obtained from dividing El and NI by the scale

I factor.

• Fi gure 22 reports that the portion of live image PP IGY I centered at
X -l4,(L~),correlates best at position X — -13.91 , ((POS PSI MAX)-OFFSET),

in the reference image PP I GY2.

Figure 23 shows one method of terminating the GYPSC program. The
• other method is to enter “DONE” when GYPSC is requesting coninands and

• direc tives.
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