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INTRODUCTION recognize potential targets, these targets
must then be handed-off to the specific

A concept which might be utili zed in imaging missile seeker. The time required
the development of a modern attack for this hand-off is of major importance in
hel icopter weapon system could combine a this concept.
target acquisition system and air-launched
terminal homing missiles to provide the M I R A DC 0 M ‘s A u t o m a t i c
capability for long range target engagement. Tracking and Integrated Fire Control A214
If a laser semi-active system is employed , M i s s i l e  Te c h n o logy  P r o g r a m  is
continuous laser designation would be investigating methods for reducing the
required from missile launch to impact. This hand-off time and thereby reducing
would increase the helicopter exposure and helicopter exposure time. The initial
vulnerability to anti-aircraft weapons. program phases involved analysis and

hardware development for providing
In order to e l imina te  this  aut omatic hand-off between imaging

designation requirement , imaging missile systems having the same spectral sensitivity,
seekers may be developed to provide the e.g., TV to TV, utilizing available hardware,
capability for automatic target tracking as well as investigating problems relating to
once acquired by the seeker, thus allowing man ual target hand-off. The manual hand-
the attack helicopter to remask after missile off mecha nization requires the gunner to
launch . There are two main types of imaging alternately switch the viewed video between
seekers: Those which have sensitivity in the the target acq uisition system and missile
visible ( .5 to .8 ~i) spectrum , and those in the seeker until the correct targe t has been
infrared (3-5 or 8-14 ~ 

placed within the seeker tracking gates. The
results of these experiments indicate a

The Army has apparently chosen to significant amount of exposure time
continue development of IR seekers. Size required to achieve this target hand-off
and cost constraints dictate that these seek- [1 ,2].
ers be low resolution units and range consid-
erations require wide fields-of-view. These As has been previously noted , the
characteristics severely limit the gunner ’s imaging seeker which has been selected for
capability to acq uire and recognize the development by the Ar my is that with
intended target by viewing the seeker spectral sensitivity in the IR region. This
imagery. Therefore the gunner must utilize decision surfaced an additional problem
some other sensor to accomplish these tasks. relating to target hand-off. The high resolu-
Assuming the attack helicopter would tion target acquisition system may have
contain a hig h resolution target acquisition both TV and IR high resolution sensors
system through which the gunner could with TV providing superior performance
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under specific conditions. Thus the auto- resolution, the images differ significantly. It
matic correlation system must accept became obv ious  t h a t  add it ion a I
targets as acquired and recognized by this preprocessing of the imagery prior to

l’V system and automatically hand-off the correlation would be required . In observing
selected target to the IR seeker. The tech- the video display of the TV and IR scenes, it
nical problems related to non-compatible appeared that if each scene could be
images are currently being investigated to converted to an “outl ine drawing ” (digital
determine the “best ” algorithm for array) one could preserve the important
providing the automatic correlation , edges in the original scenes. Eventhough the

mod ified scene would generally contain less
This report presents the results of a information than the original scene, it was

p r e l i m i n a r y  a n a l y s i s  i n v e s t i g a t i n g  felt that the “outline drawing ” for the two
automatic scene correlation between diffe rent spectral response sensors would
spectrall y non-compatible imagery. Two appear si milar; thus correlation could be
edge detectio n algorithms were investigated performed . This “outline drawi ng” or ed ge
and dig iti zed video scenes from a precision map could be produced by emphasizing
target acquisitio n system (TV) and imaging regions containing abrupt dark -li ght
missile seeker ( 1R) were utilized as transitions , and de-emphasizi ng regions of
correlation inputs. Two specific scenes were appro ximately homogeneous intensity.
selected due to their different types of scene
content. These were a NASA dynamic test Two edge detectio n algorithms are
towe r and a building parking lot, included in this analysis (a 2 X 2 and a 3 X 3
Correlation and preprocessor algorithms edge detection algorith m). Each scene was
were investigated using these inputs , evaluated using each of these algorithms.

2. EDGE DETECTION The “two by two ” method is known as the

ALGORITHMS Robert Cross operator [3].

In the initial phase of th is Assume that the dig ital picture is
technology program, emphasis was placed represented by the two-di mensional
on correlation of two images obtained from function g(x ,y) . Then the magnitude of the
similar sensors, both sensitive in the .5 to .85 gradient at pixel (i ,j) can be appro ximated
micron spectral range. The main by

considerations were scaling of the high
R(ij)= {[g(ij) ~ g( i+ I ,j+ l )]

2

resolution (HR) and low resolution (LR)
sensor images, size of the reference array, -ff g( i ,j+ I )-g(i+ l ,j) ]2 } 1 / 2~ (I )
and correlation threshold. However, for
systems where the sensors have different Equa tion ( I)  is the general form of the
spectral sensitivity as well as different Roberts Cross Operator. From Equation ( 1)

6
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it can be seen tha t in pict ure areas of The digital pictur e is then reduced to binary
constant gray level , R( ij)  will be zero and in form by comparing R( i j) or S(i ,j) to a preset
p ict ure areas of hig h gray level change in threshold such that
either the x or y or both directions , R(i ,j) will
be large. Figure! isa pixel representation of 

T~ 
— 

I , .~(ij) or R(ij) ~ 0TH
the operation computed in Equation (I). 0, S(i,j ) or R(i j) < 0TH

The second edge dete ct i on where T(ij) is the binary pictur eand GTH is
algorith m operates on a 3 X 3 array of pixels the threshold value. If g(x ,y) is of the size N
centered on the pixel being investigated as X M~ then T(ij) is of the size (N-I ) X(M- l )
shown in Figure 2. To determine if pixel (i ,j) for the 2 X 2 element detector and (N-2) X
is an edge point in the digital pict ure (M-2) for the 3X3 detector.
function g(x ,y), the gradient magnitudes in
the x and y directions are calculated as The2X2 edgea lgorithm( I)appears
follows: more sensitive to picture noise than the 3 X 3

alg orithm (4). The next section will describe
the results of applying these two algorith msSx(i ,j)= [Wi~g(i— I ,J+l)+W2~g(l ,J+ I )  .to various digitized TV and lR scenes.+VV3 g(i+ I ,j+ I) ]  — [\W4 ’g(i— I ..j— I

+Wcg(i.j— I)+W6 ’g(i+l .j— 1)~ (2) 
~ ANALYSIS AND

SIMULATION PROGRAM
and

The digital simulation described in
Sy( i,j) [Wvg( i+ l ,j—L)+W 2 g(i+ l ,j ) this report was performed on a Tektronix

+W~g(i+ l ,j +l)] — [W4 ’g(i— lj—l)  Model 405 1 digital computer. The memory
+W5 g(i—l ,j)+W6 ’g(i— l ,j+ I )J ( 3) capability of this machine restricted the

correlation surface to a 28 X 28 pixel array.
whe re, in th is report Wi W W4 W~~l To investigate the correlation surface for
and W 2 W ~~2 in all simulations using the 3 various low resolution scene positions
X 3 gradient except as noted in Section 3.8. required manual  insertat ion of the
Appendix A provides justification for correspo nding 28 X 28 low resolution array.
selecting these values.

A. SYSTEM INPUTS
An estimate of the gradient at point

(i ,j) is given by The high resolution (HR) TV
input imagery was obtained from

S(i ,j) [Sx(i ,j )J2 +f Sy(i ,j )J2 . (4) MI  R A D C O M ’s Stabi l ized P l a t fo rm

7
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(1+1, j) (1+1, j+1)

Plgurs 1. P~iciI rspi’ss.nt.flon of Ui. Rob rts cross op.r.tor.

(i—i , j— i) (i—I , j) (i—i , 3+1)

(i , 3—1) (i, j )  (i, 3+1)

(i+1, i-I) (j+1, j) (i+1, 3+1)

Flgur. 2. PIxel repr.s.ntat lon of the 3 X 3 edg. operator.
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Airborne Laser System (SPAL) which The maximum size of the high resolution
contains a narrow field-of-view silicon sensor reference array which was used in the
videcon. The low resolution (LR) infra red simulation was 28 X 28. A dig ital overstrike
missile seeker input imagery was obtained plot was made of both the hi gh and low
using a Hugh Aircraft developed IRIS unit , resolution digital scenes. From these plots , a
The LR sensors field-of-view was four times “best” guess of where the expected match
larger than the HR sensor. A video field point between the scenes would occur and a
from each sensor was selected and a 240 X 28 X 28 matrix array of the low resolution

256 pixel arra y was generated . Each pixel sensor at this location was selected as the
was quantized to eight bits or to 256 gray initial correlation analysis surface. After a
levels. Since the hig h resolution sensor’s complete analysis was performed the low
field-of-view was one-fourt h that of the low resolution scene was moved by one or more
resolutio n sensor, a single pixel was columns and rows, equivalent to moving the
generated f or each f our-by-f our subarray in sensor field-of-view, and the procedure was
the original field. This process was required repeated to locate the x,y coordinates of the
to equalize the spatial resolution of pixels low resolution sensor which maximized
from the two images. the p ixel matches between the hig h and low

sensors. Even though this simulation
The two scenes used in this study, a required manual data insertion , a full dig ital

NASA tower and a parking lot . are shown in simulation was performed on a CDC6600
t he sequence of Figures 3-8 . Figures 3 and 6 for automatic target scan.
are the scenes as viewed by the h igh
resolution TV sensor. Figures 4 and 7
represent the same TV scenes after being .The first step i n the simulation was
reduced 4: I for use as the reference scene. . . . .to derive the gradient matrix S(i ,J),
Figures 5 and 8 are the lR low reso lution .Equatio n (4), b r  the 28 X 28 matrix array
scenes to which the hig h resolution is . . . .for the hig h resolution TV sensor. I his 26 X
cor related. The black square in the figure r 26 matrix array was converted to a binary
a re the areas of initial correlation , while the .matrix by applying Equation (5) . the
dashed square indicates the correlat ion area selecting of the proper threshold value
when both the high and low resolution . .(0TH) for the hig h resolution image is
scenes arc positioned lower to reduce . . . . .critica l in achieving maximum correlat ion.
gradie nt values. This point will be discussed . . . . .This point will be discussed further in thislater in this report. .report . It is clear that if TVGTH were set at

B. ANALYSIS PROCEDURE 
zero , then the binary matrix would contain
all ones. Similarly, if TVGTH were set

( I )  3 X 3 GRADIENT ALGORITHM above the maximum value of the gradient
OF NASA TOWER ( Figures 3, 4 and 5) . ma trix , thee the binary matrix would

9
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Figure 3. NASA towe r high resolution TV narrow field -of-view scene Input.
(Solid line outlines area of initial digitiz ed Input . Dashed line
out lines shifted scene input )

Figure 4. NASA tower high resolution TV wi de field-of-view scene.
Equivalent to 4:1 reduction of Figure 3. (Solid lIne outlin es area of
effective coverage . Dashed line outlines shifted scene input.)
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Figure 5. NASA tower low resolution IR Input sc.ne. (Solid line outlines area
of Initia l correlatio n. Dashed line outlines shifted scene input.)

11

- . :~ ,.~~~
— 

~~~~~~~~~~

~~~~~~~~~~~~ TiTEii~ i ~ILI~~~__ —.-



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

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

!TTT ~~!~~~~~~~ ~~ ~

FigureS. Parking lot high resolution TV narrow tI&d-of-vlew scene input.
(Solid line outlines are. of init ial digitized input. Dashed line
outlines shifted scene input.)

~~~~~
-

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~i~~ii~
~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 

-T.

Figure 7. Parking lot high resolution TV wide field-of-view scene. Equivalent
to the 4:1 reduct ion of Figure 6. (Solid line out lines area of effective
coverage. Dashed line outlines shifted scene input.)
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Figure 8. ParkIng lot low resolution IA input scene. (Solid line outlines area
of initial correlation. Dashed lIne outlines shifted scene input .)
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contai n all zeros. Thus the proper selection numbe r of ones and zeros , the hig hest
of TVGTH was investi gated, correlation peaks were achieved. In Figure 9

this occurs with a TVGTH of 61.22. It is
Figure 9 is a p lot of the number of noted that  around the ,cro ,- one crossover

ones (+ and zeros (-) in the binary matrix of point si gnificant shift s in the ratio of zeros to
the NASA Tower TV scene as TVGTH is ones occur for small changes in threshold. It
varied from zero to465, the maximum value will be shown later in this report how the
in the gradient matrix. Results of the correlation sensitivity is influenced by
analysis have indicated that when the high variation in the hi gh resolution sensor
resolutio n TVGTH is selected for an equal threshold.

: ~~
+ = NUMBER OF ONES

~ 500 + 
_-~~ - = NUMBER OF ZEROS

+

400 .
ZERO /ONE CROSSOVER = 61.22

o
~~~ 30O - 1:,.

+
— +o

~ 200 
+
++

++

z 100. -

o .

0 100 200 300 400
THRESHOLD VALUES (TVGTH )

Figure 9. Plot of ones and zeros in the S(ij ) matri x for the NASA tower . (TV)

14

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

— 
——- —--

~~~~~~~
‘ — ~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ t— -- 

— —



— _fl~~~~~_ -~

An S(i ,j) gradient matrix arra y was NO-1-2 = Number of ones in the hi gh
generated from the low resolution lR resolution matrix at
di gitized scene for the initial assumed image TVGTH
match point. As the analysis continued , it NZT2 = Number of zeros in the high
became evident that this initial array was resolution matrix at
not the correct match point . As with the TVGTH
hi gh resolution matrix , a binary matrix JRGTH = IR IS Threshold
must be established for the low resolution TVGTH = IV Threshold
system by the selection of IRGTH. A
simulation was performed by setting the Figure 11 is a plot of E i1  for the NASA

tower for various values of TVGHT.hi gh resol ution TVGTH at the zero/one
I RGHT was found to be 50.5. As will becrossover point and varying IRGTH for the
indicated later in the report , the magnitudeIR scene to determine the value which

maximized the total number of pixel of E- 11 = 120 is due to the scene content ’s

matches for the 26 X 26 array . Figure 10 is a having major changes in contrast. As the

curve for the NASA tower for the pixel scene is changed to one where the scenes are

locations where the maximum number of less dynamic the value of En decreases.

matches occurred. The TV threshold was set However the peak location still  indicates the

at the zero-one crossover value of6 1.22. The threshold of maximum match. Also , in

I RIS threshold at which the maximum comparing Figures 4 and 5 in the dashed

numbe r of matches occurred is seen to be outline,  it should be noted that due to sensor

50.5. At this value there were 463 matches location the trees have moved, reducing

out of the possible 676 (or 68~ matches) . correlation magnitude.

The flatness of the curve indicates the As was presented previou sly, the
correlation is relatively insensitive to the relocation of the low resolutio n p ixel array
I RIS threshold within a wide range. was performed manually in both x and ~

directions. E11 for TV thresholds of 61.22In order to determine a figure of merit for
(zero one crossover), 55. and 65 werecorrelation the following criterion was

utilized computed as the low resolution NASA
tower scene was shifted in both x and y

E 1i =Mii- (NOi-2 MAX NZ i-2 ) (6) directions.

Figures 12 and /3 indicate the results of
where the scene shift on E1-1 for TV thresholds

presented fro m the maximum match poi nt.
= M atch point magnitude at If the orig inal low resol ution array is used at

threshold IRGHT the initial 0.0 locatio n and the subsequent
M i t  = Total number of matches at values of the maximum match are recorded

th reshold IRGTH as the low resolution array is displaced in

15
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300 TV THRESHOLD 61.22
0
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100 ’
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0 50
IRIS THRESHOLD (IRGTH )

Figure 10. Number of matches of high and low resoluti on binarymat rlc.s for
various low resolution threshold values .
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TV ZERO/ONE CROSSOVER 61.22

50- I ZERO /ONE
CROSSOVER

L 
5~ 6~ 7~ 9~

TV THRESH OLD ( T V G T H )

Figure 11. Plot of ETI for various values of TV threshold. 3 X 3 edge detector.
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both x and y directions , the results will crossover (TVGTH) value for the high
indicate which pixel array of the low resolution sensor.
resolution (IRIS) sensor best correlates with
the high resolution (TV) sensor. Figure 14 Figure 16 is a print of the binary gradient
indicates the result of this evaluation. The matrix of the high resolution TV at
maximum correlation occurs when the threshold value of 61.22 and low resolution
image is shifted down by two columns. IRIS at threshold of 50.5 for the NASA
There is an uncertainty in the x direction of tower scene. Figure 17 is a binary plot of
one pixel column since the same match pixel matches between the TV and IRIS
value was obtained for each; however , a binary matrices. Each black pixel in Figure
slightly different I R1S threshold is required. 17 indicates a match between the sensor

bindary gradient matrices.
As previously noted , the magnitude of the

pixel valves within the gradient matrix is (2) 2 X 2 GRADIENT ALGORITHM
dependent upon the dynamics or range of OF NASA TOWER. An analysis similar to
contrasts, in the input scene. Within the that described in the previous section was
NASA tower scene from the initial upper28 performed using Equation (I) to generate
X28 TV/IRIS array to the lower scene fora the gradient matrix. Figure 18 is a plot of
28 X 28, the content of viewed scenes ones -and zeros in the R(ij) matrix of the
differed significantly. The upper scene high resolution TV NASA tower. If Figure
contained sky and distinct building features, 18 is compared to Figure 9 of the same scene
while the lower portion contained trees and it is noted that the maximum pixel value of
considerably less contrast and obvious areas the 2 X 2 is significantly less than the 3 X 3,
of non-correlation. Both the high resolution (i.e., I 30 versus 460). This effect causes the 2
TV and low resolution IRIS scenes were X 2 approach to be more sensitive to sensor
shifted down ii om the initial match point an (scene) noise and more sensitive to the
equal number of pixels. This insured that threshold values. The R(i ,j) matrix is a 27 X
the new positions were matched , and the 3 X 27 array compared to the 26 X 26 array of
3 correlation analysis was performed. A new S(ij). The TV threshold was set at 11.33.
zero/one crossover for the high resolution The low resolution image was shifted by
image was determined for each position and columns and rows from the initial location
the maximum value of the match point was thought to be the correct correlation
determined . TVGTH was varied around this position. Figur e 19 indicates the maximum
value . Figure 15 is a plot of the sensitivity of match value and I R threshold for each scene
the ma ximum match values to scene position. The maximum scene position was
content. Note , however , t hat the maximum found to be one row below the initial
val ue of any scene occurs at the zero/ one location. The sensitivity of number of pixel
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Figure 14. Values of maximum pixel match 3 X 3 edge detector for various
positions of low resolution sensors (N ASA tower) (TV threshold =
61.22).
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Figure 15. Sensit iv ity of maximum match values ETI to scene content
3 X 3 edge detector . (NASA tower).
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Figure 18. Plot of ones and zeros in the R(i,j) matrix for the NASA tower (TV).
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Figure 19. Values of maximum pixel match for various positions of low
resolution sens or 2 X 2 edge detector. (NASA tower) (TV
threshold 11.33).
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matches versus low resolution (IRIS)  number of pixel match points were
threshold was investigated . Figure 20 determined . Figure 2/ is a plot of the results
indicates the JR 1S threshold value which of this investigation.
maximizes the number of matches to be 22.

The sensitivity of the 2 X 2 gradient Binary matrices were generated for both
matrix to scene contrast dynamics was the TV and IRIS images at their respective
investigated similarly to the analysis thresholds for maximum match (Figure 22).
performed on the 3 )( 3 matrix. Both the Figure 23 indicates the binary plot of
high (TV) and low (IRIS) resolution scenes correlation between the images. Of the 729
were displaced by the same number of rows total matches possible, the maximum of 461
11 and 2 1 from the initial match points, and was obtained at TVGTH 11.33 and
the TV, IRIS thresholds versus maximum IROTH = 22.

700

MAX PEAK 461
600 - IRGTH = 22

— to TVGTH = 11.33

— 500 .

400 -
0

200 -

100 -

0
0 10 20

IRIS THRESHOLD

Figure 20. Number of pixel matches of high and low resolution binary
matrice s for various low resolution threshold values . (2 X 2 edge
detector).
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Figure 23. Binary plot of correlation position 2 X 2 edge detector. NASA
tower. (Dark squares indicate pixel match between TV and IA
images.)
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(3) 3 X 3 GRADIENT ALGORITHM A28 X 28 TVhi gh resolution input matrix
OF PARKING LOT. All the analysis was established and a plot of the zero/one
results presented thus far in this report have crossover was established . Figur e 24
used the NASA tower as the input scene indicates the results of this simulation. It
(Figures 3, 4 and 5). A similar analysis was should be noted that the zero! one crossover
performed on a very diffe rent type of scene occurs at TVGTH = 143.24 with the
of black asphalt parking lot in a wooded maximum single gradient pixel value of 630
area (Figures 6, 7 and 8). compared to 61.22 and 460 respectively for

the tower scenes.

~° 700 ZERO /ONE CROSSOVER = 143.24

600

++ -~~~~~ + NUMBER OF ONES
~ 50 

-~~~ - NUMBER OF ZEROS
+÷

~~~400 -
+
3
_ +

0 300 - _

—
- ++.4_

0 200 — 
1

~ 
10: 

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

0 100 200 300 400 500 600
TV THRESHOLD VALUES (TVGTH)

Figure 24. Plot of ones and zeros in the S(i,J) matrix for the parking lot (TV).
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The low resolution ( I R )  scene’s position so the apparent decrease in Eu is noted . As
was seLected initially by observing the was noted previously . if E 1, is negative , the
di gitized p ictures since th e digi tal  maximum match point will occur when the
si mulation required manual insertion of low low resolution binary matrix is either all
resol ution sensor movement with respect to zeros or all ones by adjusting the IRGTH.
the hig h resolution scene. For each chosen This is clearly a non-correlation position.
positio n , the gradient matrix of the low Figure 27 indicates the binary matrix for
resolution sensor for various threshold both the high and low resolution sensors at
values was correlated against the high the gradient matrix threshold which
resolut ion  gradient  m a t u i x  and the p rov ided  m a x i m u m  m a t c h  p o i n t
max imum match ( La. See Equation ( 5)) magnitude , Figur e 28 indicates the pixel
was determined , matches between the two binary matrices.

The black pi xels indicate agreement.
Figure 25 indicates that  the maximum

match occurs when the low resolution scene In any two randomly selected scenes in
is shifted one colum n to the ri ght fro m the which a correlation is performed. a ceulain
initial assu med match point. A sensiti ~ i t V of numbe r of pixels will match eventhoug h t he
the match point magnitude versus TVG TH scenes are different. To investigate this point
at this  maximum match point position was for the condition where both the hig h and
performed . Figure 2o presents the results of low reso lution images had been shifted
the investigation. Both the TV and I R I S  down 20 lines for the ori ginal match point .
input scenes were shifted down 5. tO . I S and the low resoltiti on image Wa S rotated 90
20 lines respectivel y. The 20 line position is degrees to th e high resolution image and the
shown in F icure.c 7 and 8. In cver~’ case the correlation value investigated. The results
m a x i m u m  E14 occurs when the high indicated that the match point magnitude
resolution gradient matrix threshold is set at ( F ) was alway s  negative indicating a “no

the point where there is an equal numbe r of match condition. ”
zeros and ones in its binary matr ix. In every
case the low resolution threshold has been An add itional simulation was performed
81 . The match point maximum magnitude on the parking lot scene to determine if
( En )  decreases as the scenes are moved increasing W1 and Wc values in Equations
down in both sensors. This occursdue to the (2 ) and (3) to 4 rather than the value of 2
less dynamic scene content and thus the used previously would improve the number
red uced gradient matrix values. The of pixel matches between sensors . This in
prominent feature in Figure .s 6 , 7 and 8 is effect increased the influence that adjacent
seen to be the power pole. As the input p ixe l values have onthe estab l ishme nt ofthe
scenes a re moved from the solid outline to grad ient matrix as related to the diagonal
the dashed outline , less of this feature ex ists , elements. As was expected the values of the
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Figure 25. Values of maximum pixel match for various positions of low
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Figure 26. Sensitivi ty of maximum match values ETI to scene content versu s
TVGTH 3 X 3 gradient. (Parking lot)
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gradient matr ix increased. The high matrix. The TVGTH value which made the
resol ution gradient matrix threshold for number of zeros and ones of the binary
which the zeros and ones of the binary matrix equal was found to be 31.45. As was
matrix are equal increased from 143 to 220. the case with the previous analysis , an initial
Figure 29 indicates the sensitivity -if the high/ low resolution sensor scenes match
match point magnitude to a high resolution area was selected and with the high
sensor gradient matrix threshold. By resolution gradient threshold set at 31.45,
comparing Figure 29 to Curve I of Figure the low resolution gradient threshold was
26, it is noted that the sharpness of the peak varied and the maximum match value
does not change significantly. Similarly by deter mined . The low resolution scene was
comparing Figure 30 to Figures27and28 to then moved by rows and columns to
Figure3! , it is noted that the actual number determine which position provided the
of matches decreased by two pixels when the maximum. Figure 2/ indicates the results of
higher multi plier is used. this investi gation. In this case, the initially

selected positions were correct and any
A similar simulation was performed for movement in either direction reduced the

the case of W2 and W~ values of Equations correlation peak.
(2) and (3) being set to I . The high resolution
gradient matrix threshold for which the The parking lot input scenes to both
zeros and ones of the binary matrix were sensors was moved down 10 and 20 lines
equal was determined to be (04.79. The respectively as was done using the 3 X 3
maximum match point magnitude for these gradient algorithm. Figure 22 is a plot of
conditions was for the low resolution sensor match point magnitude versus high
gradient matrix threshold of 62. Figures 20f resolution gradient matrix threshold for the
and 20g reflect the binary matrix and original match position and both sensor
correlation p ixel match for these threshold scenes moved down 10 and 20 pixel lines .
values. Comparison to Figures 20d and 20e respectively. The solid and dashed lines in
for the case where the multi p liers W2 and W~ Figures 6 throug h 8 indicate the zero and
were set at four and Figures 20a and 20h for 20-line positions .
the case of W2 and W~ equal two indicates
the maximum number of p ixel matches for 4. CONCLUSIONS
this pa rking lot scene was achieved for the
gain value of two. This prejj.m.iz ary analysis of automatic

scene correlation between a TV hi gh
(4) 2 X 2 ( , R A I ) I E N F A l . G ( ) R l F I I M resolution sensor (0.5 to0.85~~)and lR low

OF P A R K I N G  1.01. The anal ysis was resolution sensor (8-14 ~ ) for two specific
repeated for the parking lot scenes using scenes (NASA tower and parking lot) is best
Equation ( I )  to generate the gradient achieved if the TV gradient matrix threshold
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Figure 29. Sens(tivity of maximum match values (E11) to TV gradient
threshold for 3 X 3 gradient matrix with coefficient gain of 4.
(Parki ng lot)
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Figure 31. Binary plot of correlation position 3 X 3 edge detection parking lot
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Figure 34. Values of maximum pixel match for various positions of low
resolution sensor 2 X 2 edge detection (Parking lot) (TV threshold
31.45).
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Figure 35. SensitIvity of maximum match values (ETI) to scene content -jversus TVGTH 2 X 2 gradient (Parking lot).
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(TV GTH) is set where the number of zeros prominent the scene features , the hi gher the
and ones of the result ant binary matrix are magnitude. ) Further , this li mited study
equal. The 3 X 3 gradient matrix algorithm indicated, at least for the scenes used, that
appeared less sensitive to noise and the gain coefficient values of the 3 X 3
th reshold values than the 2 X 2 algorith m, gradient algorith m which produced the
Correct correlation was achieved on both maximum correlation were one for the
scenes using either algorithm, diagonal pixels and two for the adjacent

pixels. These values were reflected in the
The magnitude of the match point was appendix , altho ugh an optimal analysis was

sensitive to scene content. (The more not performed .
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DERIVATION OF THE COEFFICIENTS FOR THE 3 X 3
GRADIENT ALGORITHM

Assume the digitized image information resides in an N X N array, g. The goal is to develop
an algorith m for computing the gradient of each pixel by using the value of the pixel and its
adjace nt pixels, assuming a rectangular coordinate system. To be general, the i,j-t h pixel of g
is selected . Figure a-i indicates the pixel being considered , along with its adjacent pixels. The
gradient of g at p ixel (i ,j) can be esti mated by using the value of g(i j) and two adjacent pixels.
The rule for selecting the adjacent points is that both cannot lie on the same horizontal ,
vertical , or diagonal line through g (i ,j) , e.g.. The pixels (i+ I~ j + I) and (ij+ 1) are acceptable;
however , (i— I , j+ 1) and (1+ I , j— 1) are not. Then , using the eight pixels surrounding (ij), four
acceptabl e estimates of the gradient of g at (i ,j) can be computed .

S +
x —~~~

(i— i , j— 1) (i— i , j ) (i— i , j+1)
s ___________ ___________ ____________

y
(1 , j—1) (1, j ) (i , j+1)

(1+1 , j—1) (1+1 , j) (i+1 , j+ 1)

Figure A-i. A 3 X 3 typical pixel array.

As stated previousl y, the image gradient is a function of two variables , i.e.,

G g ( x .y )  ( A - I )

fro m calcul us

~~~~~~~~~~~~~~~~~~~ (A -2)
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where .~G is the change in the dig iti zed image value for coordinate changes ~X and ~ Y; Sx
- - 

and S~ are respectively the parlials of g (x ,y) w.r .t. x and y (evaluat ed at the particular x and y

coordinate).

For simp licity , ~ X = = I .

Using Equation (A-2) and the values corresponding to pixels (i— I .j + I) . ( i— I . j — l  ). and (i ,j),

the results are:

g ( i— 1.j + I ) g ( i ,i)~~~Sx + S~ (A-3)

and

g(i .j ) — g ( i — l . j — l ) ~~ S~ — S~. 
(A -4)

Solving Equations (A-3) and (A-4 ) simultaneously gives

S~ ~ 1/2 ~g (i— I , j + l )  — g ( i — i .  j — l  )J (A- 5 )

Sy~~ l / 2 ( +g  (i— l ,j + l )  — 2g ( i ,j ) + g (i— l ,j — l ) ] . (A -b) 
- 

-

In a similar manner the pixels ( i +l .  j+ l ) ,  ( i+ l .  j — l ) .  and (i.j ) y ield

g (i+ l ,  j + I ) —g (i ,j) ~ Sx — Sy (A-7)

g (ij) g( i+ l , j l ) �Sx + Sv . (A-8)

Solving Equations A-7 and A-8 yields

Sx ~ 1:2  [g (i+ l , j+ l )  —g (i+ l , j — l )] (A—9 )

S~ ~ l / 2 ( — g  (i+ l , j+ l )  + 2g (ij ) — g (i+ l , j— l )] . (A-t o)

Using pixels (i .j+ l) . (i+ l ,j) and (i~j)

g ( i ,j + l )  — g (i ,j)~ Sx ( A — I l )

g ( i ,j) — g (i+ i ,j ) ~~ S~. (A — l 2)
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Likewise, using pixels ( i— I . j ) (1, j— l), and (i ,j)

Sx ~ g (i ,j) — g (i , j — l )  (A -I 3)

S~- ~ g ( i —I , j) — g (i ,j ) (A— l 4)

The group of Equations 5A, 9A , I IA and 13A for Sx and 6A, b A , 12A and l4A for S~. It is
logica l to average these to obtain an average estimate for the values.

Sx ~ 1 / 8 j [g (i— l ,j + l )  + 2g (i , j+l)  + g ( i+I ,j + l ) ]

— [g (i— i , j—i )  + 2g (i , j —1 ) + g (1+ 1, j — 1)]~ (A —IS )

S~ ~ 1 / 8 (i — I ,  j — l )  + 2g (i—I , j) + g (i -t , j + l )]

— [g (i+ l , j+ l )  + 2g (i+ l , j) + g (i+l , j —l 11 ( A —1 6 )

If Equations (2 ) and (3) of the main report are compared to E q u a t ion s (A - 15) and (A-1 6) lhen
W~ W~ = W4 = W6 = I and W2 = Wc = 2. Equations (A-I S)  and (A- l6 )  have a multipl ier  of
1/ 8 , which would reduce the value of S (i ,j) of Equation (4) by 5.bô. However , since it a ffects all
gradient matrix values , the results will be unchanged.

The above derivation utilized four estimates of the gradient from the center pixel. There are
24 possible gradient estimates. It was found that if all were used in similar computat ion.  the
results for the 3 X 3 general array were the same as Equat ions(A -l5 ) and (A - 16 ) exc ept  that  the
overall mult ip lier changes , which does not affect the relative weight between pixels forSx and
Sy computations.
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