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I. INTRODUCTION

Currently the US Army is developing a fire control system for the
acquisition, identification, tracking and handoff of targets to an
imaging missile seeker in a true fire and forget mode. A key technical
issue in the above system is an algorithm and hardware which can accom-
plish automatic target handoff between a precision pointing and tracking
system (PTS) and the missile seeker. The PTS can either be a high reso-
lution day TV system or a forward looking infrared (FLIR) system. The
missile, which is usually lower resolution because of size and costs
constraints, can be a day TV or an infrared imaging seeker (IRIS) sys-
tem. Therefore target handoff must be accomplished between two similar
sensors (e.g., between the PTS high resolution day TV and the missile
Tow resolution day TV system) or between two dissimilar sensors (e.g.,
the PTS high resolution TV and an IRIS). In order to study the sensitive
parameters in existing techniques to accomplish target handoff in the
above two cases, the US Army Missile Command, Huntsville, Alabama, let
a contract with the Engineering Experiment Station, Auburn University,

Auburn, Alabama. This report presents the results of that effort.

Scope of Work

The purfose of this study was to determine the effects of quantiza-
tion on correlation accuracy for TV and IR digitized scenes. Specifi-

cally, the tasks included the following:
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a. A simulation will be performed of four TV to IR digitized scenes

where the field of view ratios are varied from 2:1 up to 20:1 between
the TV to IR imagery. The results of the ianalysis and simulation will
specifically show the sensitivity of handoff system's performance to
field of view changes.

b. An analysis and simulation will be performed on the same TV to
IR digitized scenes as la to determine effects on target handoff for 4
bit vs 8 bit input imagery quantization. The results should clearly

indicate any performance degradation for reduced scene quantization.

Organization of Report

A1l of the work specified in the Scope of Work has been completed
and is documented in this Final Report. Task "a" is reported in Chapter
IIT and Task "b" is reported in Chapter IV. In addition to the speci-
fied tasks, a new improved algorithm for TV to TV handoff is presented
in Chapter II and its extention to TV tc IR handoff is presented in
Chapter V. The major conclusions and recommendations are given in Chap-

ter VI.
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II. IMPROVED METHOD FOR TV-TO-TV CORRELATION

In TV-to-TV correlation algorithms used previously, the following
three quantizers were used to transform digital images to binary form.

1. Line average quantizer

2. Area average quantizer

3. Analog filter as quantizer
For better results using a correlation technique, the K x L reference
video and each K x L sub-array of the low-resolution video should have
an equal number of zeros and ones while being correlated. That means,
each sub-array of LR video should be quantized to an equal number of
zeros and ones separately. This requires too much computation and can
not be done in real-time with existing hardware.

To overcome the above problem, the three quantizers listed above
were used to quantize the digital images to two levels. Equal number of
Zeros and ones were achieved in the reference by offsetting the level
about which the video was quantized. But the LR Video was quantized
only once and as a result each K x L sub-array did not have an equal num-~
ber of zeros and ones. However, the highest peak in the correlation sur-
face was the true peak in most of the simulation runs. In most cases
the true peak appeared within the first four peaks. An attempt was
made to pull out the true peak and to increase the ratio of the true
peak to the next highest peak by correlating the cross correlation
surface of HR video and LR video with the autocorrelation surface of

9
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HR video with itself. The correlation of correlation surfaces, how-
ever, did not lead to satisfactory performance and was dropped. A new
method to bring out the ivrue peak and to increase the ratio of true
peak to the next highest peak is discussed below and will be referred
to as the improved method.

1. The reference from HR video is correlated with LR video

using any of the above preprocessing algorithms (quantization

methods).
2. A predetermined number of highest peaks and coordinates of
their occurrence are identified from the correlation surface. In
this simulation the first four peaks are used because the true
peak appears as one of these in all cases.
3. Then the four sub-arrays of the LR digital image corresponding
to the four peaks are requantized about their respective means to ;
have an equal number of zeros and ones. \
4. The correlation values at those four points are recomputed and
the simulation results are tabulated for six different scenes.
Tables 1, 2 and 3 contain the simulation results for a 32 by 32 refer-
ence using the line average quantizer, the analog filter quantizer and
the area average quantizer respectively. Similar results for a reference
array size of 16 x 16 are tabulated in Tables 4, 5 and 6.
In order to implement the above method, one field of LR video has
to be stored in memory. Even though it requires additional memory, the

following advantages make the improved method worthwhile.
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1. Using the improved method on the four sub-arrays of LR video
corresponding to the four highest peaks obtained by the initial
correlation, yielded the true peak as the highest peak every time
when using a 32 by 32 or a 1¢ by 16 reference array. Cases where
the original correlation process yielded a false peak but where
the improved method yielded the correct highest peak are marked
with an asterisk in Tables 1 through 6. In all but 3 out of the
36 cases the first peak was higher using the improved method.
2. One measure of performance of a correlation technique is the
ratio of true peak to the second highest peak. Simulation shows
that in all but five of the 36 cases this ratio is considerably
higher after using the improved analysis. These ratios before and
after the improved analysis are tabulated in Tables 1 through 6.
3. The difference in correlation values between successive peaks
increases which indicates better signal-to-noise ratio. Figure 1
shaws the plot of first four peaks for 'Jeep in the parking lot'
scene using line average quantizer and reference of size 32 x 32,
in solid lines. The same plot after improved analysis is drawn in
dotted lines.
The improvement in performance is obvious. Notice that the second peak
using the original correlation method appears as the third peak after
the improved analysis and vice versa.
This can be better understood by referring to Figure 2, which is a
plot of the first four peaks before and after improved analysis for the

NASA tower scene using a 16 by 16 reference array. The peak is expected
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(30,44) is the true peak.
X 914 (30,44)
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Figure 1. Correlation values of first four peaks
before and after improved analysis.
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(34,22) is the true peak.

226 (34,22)
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162 (105,77)

1 1 g
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Figure 2. Correlation values of first four peaks before

and after improved analysis,
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at (33, 21), but when correlated using the line average quantizer, the
true peak appears as the second highest peak. The highest peak occurs
at (105, 77). The difference between the irst and fourth peak is only
9. However, after using the improved method, the true peak appears as
the highest peak, with the previous false peak at (105, 77) now being
the fourth highest peak. The difference between the first and second
peak is 28 and the difference between the first and fourth peak is 64.

A similar analysis was performed using a reference of size 8 x 8.
For some scenes the method improved the performance and for others it
did not. As concluded before, an 8 x 8 reference array is too small to
accomplish correlation. Figures 3 through 8 show plots of the correla-
tion values of the first four peaks before (solid lines) and after
(dotted lines) the improved analysis, for all six scenes. Each scene
has six cases as explained in Table 7.

From the above simulations and analysis it is concluded that this
improved method yields significantly better correlation results than
the previously reported correlation methods. It is recommended that
MIRADCOM implement this procedure in their TV correlator and test its
performance on a large number of typical military scenes.

The improved correlation method consists of the following steps:
1. Perform an initial correlation on one or more video fields
using the present method of quantization. Store the last LR
field or an average of the last several fields (this tends to

help reduce the effects of random noise).
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2. For the N highest peaks found in step one above (N can be any
predetermined number and was four in the simulations), requantize
the LR stored video array about the m2an of each K x L subarray

at these points where K x L is the size of the reference array.
The N highest peaks are found by masking out a region about all
previously determined peaks when searching for the next highest
peak.

3. Correlate these N K x L requantized subarrays with the K x L
reference array. Find the largest of these correlation points

and test for goodness of correlation. Steps two and three are not

accomplished in real-time but may take several fields. The improved

correlation, however, justifies the extra computation time. If
time permits a small search about each of these points would
further improve the performance.

4, Continue real-time correlation using the method in step one but
1imit the dynamic search range to som2 predetermined area about
the highest peak as determined in step three. Since a limited
dynamic search is conducted, for example a search over a 25 x 25

area rather than the complete 240 x 256 area, a more complex and

reliable correlation algorithm could be used because of the extra

time available during each 1/60 second correlation cycle.

" e e 2 T

This method yields a higher probability of finding the true peak

and then reduces the possibility of false peaks by limiting the dynamic

search range.
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Table 7. Details of figures 3 through 8.

Section Size of Reference Quantizer Used in
Initial Correlation Process
a 32 x 32 Line average quantizer
b 32 x 32 Analog filter quantizer
c 32 x 32 Area average quantizer
d 16 x 16 Line average quantizer
e 16 x 16 Analog filter quantizer
f 16 x 16 Area average quantizer
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IT1. TV-TO-IR CORRELATION ALGORITHM

In this chapter preprocessing algorithms used to transform high
resolution TV digital images and low resolution IR digital images to
binary form are presented along with the correlation results. In order
for the correlation of binary images to be a valid measure of similarity
the following two conditions must be satisfied.

1. The two videos being correlated must have the same

spatial resolution.

2. When HR and LR images are obtained from sensors operating

in different frequency spectra, the preprocessing and
quantization process must yield binary arrays based on

sinilar measures of scene contert.

Equalization of Spatial Resolutions of HR and LR Videos

The difference in resolution of HR and LR videos is caused by the
differing fields of view, number of IR detections and TV lines per
frame, frame rate, aspect ratio and sampling rate of the two sensor

systems. The resolutions of the two videos are equalized in the

L following way.

1. The size of the unprocessed low resolution IRIS video array

e

is 240 x 512. A sampling rate of 100hz was used to obtain this
array. Taking every other column effectively reduces the sampling

rate to 5MHz. Every third row of this array is used since each
29
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detector is read out three times in the IRIS in order to get the
data into standard video format. This reduced array, ULRV, is
therefore of size 80 x 256.

2. The size of the high resolution TV image is 240 x 512. By
selecting every other column of this image the sampling rate is
effectively reduced to 5MHz yielding a 240 x 256 pixel image,
UHRV. The vertical scale factor, wv, and horizontal scale factor,
NH, were determined through extensive simulation to be 13.48 and
4.5, respectively. When the UHRV array is reduced using the above

scale factors, the pixel resolution of the reduced high resolution

video (RHRV of size 17 x 56) is identical to that of ULRV.

Edge Extraction

In order for the correlation of binary images to be a valid measure
of similarity it is necessary that the quantization process be based on
a similar measure of scene content. For the case in which the images
to be correlated are obtained from sensors operating in different fre-
quency spectra, quantization based on line average or area average of
the video amplitude no longer supplies similar binary images to the
correlator. Therefore some other measure on which quantization is
based must be used when correlating images from dissimilar sensors.

One such measure is the edge content in the two images. All edge de-
tection schemes base their decision on the gradient value associated
with a particular pixel in the image. Pixels exhibiting a high gradient
value as compared to a threshold are considered to be edge points and

those pixels with a low gradient value are considered to be non-edge points.
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The Sobel edge detector is used to compute the gradient magnitudes
of pixels in this report. This method estimates the gradient magnitude
at a particular pixel based on the eight ncarest pixels surrounding the
pixel of interest. Figure 9 illustrates a 3 x 3 pixel array used to

estimate the gradient magnitude at pixel (i,j).

Y
[ (-1,3-1)_1__(-1,3) | (i-1,3+1)

X +(19j']‘) (i9j) (i’_\j+])
(i+1,3-1) (i+1,5) | (i+1,54)

Figure 9. Layout for the estimation of gradient
value associated with pixel (i,j).

Figure 10 illustrates the Sobel set of weighting matrices used for

gradient estimation,

W, W,
1 2 1 1 0 -1
0 0 O 2 0 -2
1 -2 -1 1 0 2

Figure 10. Weighting matrices for Sobel
edge detector.

The Gradient along the x-axis is referred to as Sx(i,j) and is given by

3 3
S, (1,3) = 3 2, GlI+K-2,54-2) Wy (K,L) (1)
K=1 (=
The Gradient along the y-axis is Sy(i,j) and is given by
. 3. éi .
Syhd) = 2. & GUHK2,34-2) Wy(KL) (2)

Then the total gradient magnitude associated with pixel (i,j) is given

by

1/2
Hvg(i, )11 = [5(1,9) + 51,001 . (3)




J—

A more computationally efficient algorithm is given by Equation 4.

61,3) = I5,(1,3)] + 15,(1,3)] (4)

It is eusy to see that, if the original image is of size NxM, the

gradient image will be of size (N-2) x (M-2). The reduction of array
size presents no problem in the correlation system. GLRV and GHRV are
the gradient images of ULRV and RHRV respecively obtained by using the
Sobel edge detector. These gradient images are quantized to two levels
based on a threshold, thus creating the binary images which are cor-
related. The problem of choosing the quantization threshold is addressed

later in this chapter.

Sensitivity of Correlator to Field of View Errors

In order to correlate two videos, they must have the same spatial
resolution. In order to equalize the resolution of high resolution TV
video and low resolution IR video, a vertical scale factor wv equal
13.48 and horizontal scale factor wH equal 4.5 were used. In order
to study the effect of scale factor errors, simulation was performed
on the NASA tower and parking lot scenes with different values of
Wy AND W,. Simulation results with errors of -10%, -5%, +5% and +10%
from the originally chosen values of wH and wv are presented in Tables
8 and 9. For the NASA tower the true peak appeared within the first
four peaks for all cases. The Parking lot scene worked in 3 out of 5
cases. Fron this result along with other simulation, it is concluded
that WH equal 4.5 and WV equal 13.48 are the correct scale factors and

are used for resolution reduction for the work reported here.
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Effect of Threshold on Correlation Process

Pixels in the gradient image corresponding to edge points exhibit
a high gradient value and pixels corresponding to non-edge points
exhibit a low gradient value. In order to quantize edge points to
ones and nonedge points to zeros a proper threshold should be chosen.
To investigate the effect of the gradient threshold on correlation
accuracy, the parking lot scene was sfmu]ated for different values of
threshold as explained below.

1. The gradient image of the reference video GHRV is quantized

to yield an equal number of zeros and ones.

2. The quantization process used to quantize the gradient image

GLRV is given by Equation 5.

(1 if GLRV(I,J) > T

GLRV(I,d) = (5)

l 0 otherwise .
where T is the threshold.

T is varied from 50 to 150 and the results are tabulated in
Table 10. Coordinates of the expected peak in the correlation surface
are calculated by visual inspection of overstruck images of RHRV and
ULRV.

From Table 10, it can be seen that the true peak does not arpear
within the first four highest peaks in the Correlation Surface when T
is between 50 and 100. When T equals 130, the true peak appears as the
fourth highest peak. When T equals 150, t-ue peak appears as the
highest peak in the correlation surface. This simulation along with

the simulation of other scenes leads to the following conclusions.
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1. There is a range of values for Threshold T which leads to
proper correlation. However, it is not possible to have a single
value of T which will work for all scenes. Threshold value is
scene dependent and also depends on the sharpness of edge points.
2. Too Tow a value of T results in a large number of ones in the
binary image which leads to false peaks in the correlation process.
3. Similarly, a high threshold value results in a larger number
of zeros in the binary image which in turn causes false peaks in
the correlation surface.

4, Therefore, choosing the proper threshold for each scene is
critical. A means of estimating the threshold based on some
characteristics of the gradient array should be used. In the
following section some of the methods tried to estimate the

threshold automatically are presented.

Automatic threshold and quantization

In this section three methods of automatically setting the quanti-
zation thresholds for the gradient arrays are discussed.

1.  Choosing threshold by intuition

Let TL and TH represent the threshold for GLRV and GHRV, respective-
ly. TL and TH are chosen such that only the dominant edges in both low
resolution and high resolution videos are quantized to ones as given

in Equations 6 and 7.
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1  if GLRV(I,J) > TL
GLRV(I,J) = (6)
0 if otherwise
1 if GHRV(I,J) > TH
GHRV(I,J) = (7)
0 if otherwise

That means the binary images will have a relatively small number
of ones when compared to the number of zeros. As a resuit the large
number of zeros can cause false peaks as explained in the previous
section. In order to avoid this problem, only edge points of the
reference video are correlated with the 1ive video. Non-edge points
are ignored. This can be easily done by correlating only ones of the
reference with the live binary image. The correlation value R(I,J) at
the point (I,J) in the Correlation Surface is the number of times the

following equations are both satisfied.

GHRV(i,3) = GLRV(I+i-1,0+j-1) (8)
fori=1,2, ...K 3j=1,2,...L
if reference is of size Kby L

GHRV(i,j) = 1 (9)

2. Area average method

The gradient images GLRV and GHRV obtained by using the Sobel edge
detector are quantized to two levels based on the average pixel value
of nine pixels centered about the pixel to be quantized as given in

Equation 10. Figure 11 shows the layout for quantizing pixel GLRV(I,J).

I+1 J+1
=1 :E : ..
AVG = ) E GLRV(i,j) (10)
i=I-1 j=Jd-1

L
2

L AL A

e . e
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The quantization process is now given by Equation 11,
T if GLRV(I,J) > SL x AVG

GLRV(I,J) ={ (1)
0 if otherwise

where SL is the threshold scaling factor. A low value of SL yields

fat edges and a high value yields fine edges. This type of defocusing

masks (3 x 3 or 5 x 5) have been used for obtaining local threshold

values in edge detection before. Gunner Robinsons's [1] method of

detecting edges is similar to the one explained in this section.

Robinson computed the local threshold for point (I,J) using equation 12.

1 2 1 X(I-1,0-1)  X(I-1,3) X(I-1,d#1)
T=}—6 2 4 2 X(1,-1) X(1,J) X(1,9+1) |(12)
2 1 X(1+1,d-1)  X(I+1,3)  X(I+1,041)

where X is the gradient array.
Point (I,J) is classified as edge or non-edge point based on this local
threshold T along with a connectivity test.

Quqntization of GHRV is similar to that of GLRV with SH as the
scaling factor. Simulation results with S and SH equal 1.0 to 1.4 are

presented in a Tater section.

(1-1,0-1) | (1-1,9) | (1-1,3+1) |
(19‘]']) (19\]) _ (I’J+])
| (1+1,3-1) | (1+1,9) | (I1+1,0+1)

Ficure 11. Layout for the quantization
of GLRV(I,J).
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3. Quantization based on mean and standard deviation of gradient

images

In this method, the mean and standard deviation are computed for

GLRV and GHRV. Let,

¥ = mean of GLRV
uy = mean of GHRV
o_ = standard deviation of GLRV
oy = standard deviation of GHRV

Thresholds THL and THH for GHRV are computed and shown by Equations 13
and 14.

THL = -S oy (13)

¥H

THH +Sg (14)

YH H

where S is a scaling factor > 0.

The quantization process for GHRV is given by Equation 15.

Vv

1 if GHRV(I,J) > THH
GHRV(I,J) = (15)
0 if GHRV(I,J) < THL

| A

Pixels of GHRV with values between THL and THH are don't cares and are
not considered in the correlation process. The quantization procedure
for GLRV is similar to that of GHRV. Figure 12 illustrates the entire
process for S = 0, 0.2, 0.4 and 0.5.

After transforming ULRV and RHRV to GLRV and GHRV, correlation is
accomplished as follows. The correlation value R(I,J) at the point
(I,J) in the correlation surface is the number of times the following

equations are both satisfied.

PRI VO TN . LoV 4 o\ al L -
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uH LIH-O.ZOH UH UH+0.20H
(a) S=0. THL = THH = My (by S=0-2
THL = UH = O-ZOH
Don Don it
. carg cargs '
UH-0.40H My uH+0.40H uH-C.SoH My uH+0.50H
(¢) S=0.4 (d) S =0.5

Figure 12. Pictorial representation of quantization process.




GHRV(1,3) < 1

GHRV(i,j) = GLRV(I+i-1, J+j-1) (17)
fori=1, 2, ... K
j=1,2, ... L

if GHRV is of size K by L.
Since the don't cares have gradient value greater than 1, the above
method deletes them from being correlated. Simulation results for all
scenes considered are presented in the next section on a scene by scene
basis.

TV-to-IR Correlation Simulation

The three methods used in the simulations reported in this section
are listed in Table 11.

Scene 1 - NASA Tower

Simulation results for NASA tower using the various methods dis-
cussed in the last section are presented in Table 12. Some of the
features and observations are listed below for convenience.

1.  When correlated by method one with TL equal 150 and TH equal 150,
the true peak appeared as the highest peak and the S/N ratio was 3.963.
When TL and TH are increased to 200, the true peak again appeared as
the highest peak and the S/N ratio increased from 3.963 to 5.316. The
S/N ratio is defined to be

S/h = Peak value - Corr. sur. avq. value (18)
standard deviation of corr. sur.

The second highest peak in all cases was obtained by masking out a

9 x 9 pixel area centered at the highest peak and searching the




remaining array for its highest peak. The third highest peak was ob-

tained by masking out a 9 x 9 array about the first and second peak.
The fourth wes obtained similarly. Note from Table 12 with TL=TH=150
using method 1 the four highest peaks are at (38,106), (38,111), (41,82)
and (41,93), respectively. These are all part of the correlation sur-
face close to the true peak. This indicates that the true peak is
rather wide and that the second highest peak in the correlation surface
is less than 100.

2. When correlated using the area average method to quantize GLRV and
GHRV the results were as follows.

(@) With SL equal to 1.0 and SH equal to 1.0, the true peak appears as
the second highest peak with a S/N ratio of 4.125 (both ones and zeros
were correlated). Note, however, that the first three peaks are all
part of the correlation peak located at the true correlation point.

(b) With SL equal to 1.0 and SH equal to 1.4, the true peak appears as
the third hichest peak with a S/N ratio of 4.686 (both zeros and ones
were correlated). The same note as in (a) applies here also.

(c) When edge points only are correlated with SL equal to 1 and SH
equal to 1.4 the true peak appears as the highest peak with a S/N ratio
of 4.398.

3. When correlated using the third method based on meén and standard
deviation of gradient images, the results were as follows.

(a) With S=0, 0.2 and 0.5, the true peak appeared as second highest

peak in the correlation surface. Note, however, that the first three

peaks are a part of the same overall correlation surface peak area.
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(b) With S = 0.4, the true peak appeared as third highest peak which
was a part of the ture peak in the correlation surface. The S/N ratio
increased as S is increased from 0 to 0.5.

Scene 2 ~ Parking lot

Simulation results for the parking lot scene are presented in

Table 13.

1. When correlated using the first method with TL equal to 150 and

TH equal to 150, the true peak appeared as the highest peak and the S/N
ratio was 2.879. When TL and TH are increased to 200, the true peak
appeared as the highest peak and the S/N ratio increased from 2.879

to 3.541.

2. When correlated using area average method to quantize GLRV and
GHRV, the results were as follows.

(a) With SL equal to 1.0 and SH equal to 1.0, the highest peak occurred
at the expected coordinate with the S/N ratio equal to 5.015 (both

zeros and ones are correlated).

(b) With SL equal to 1.0 and SH equal to 1.4, the highest peak in the
correlation surface was again at the expected coordinates and the S/N
ratio dropped from 5.015 to 3.813 (both zeros and ones are correlated).
(c) With SL equal to 1.0, SH equal to 1.4 and edge points only were
correlated, the true peak appeared as highest peak and S/N ratio was
4.161.

3. When correlated using method 3 based on mean and standard deviation
of gradient images, the results were as follows.

(a) With S equal to 0.0, the true peak appeared as the fourth highest

SO Y et o TR NPT i i TR ), 12, AP 28 e e 2 S AT © 7o ¢ 50
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peak in the correlation surface. With S equal to 0.2 the true peak did

not appear in the first four peaks.

(b) With S equal to 0.4 and .5 the true peak appeared as the highest
peak in the correlation surface. The S/N ratio increased as S was
increased from 0 to 0.5.

Scene 3 - Water tank

The simulation results for the water tower scene are given in
Table 14 and summarized below.
1. When correlated using the first method, none of the four peaks
appeared at the expected coordinates in the correlation surface.
Changing the threshold to other values also did not lead to correct

correlations.

2. The area average method also failed to yield a valid correlation.
3. Results obtained using method three based on mean and standard
deviation of gradient images was better than the first and second
methods.

(a) When each gradient image was quantized about its mean, the true
peak did not appear within the first four peaks.

(b) When S = 0.2, the correlation value at the expected coordinates

was the third highest peak in the correlation surface.

(c) When S = 0.4 and S = 0.5, the true peaks appeared as the highest

g i

peaks in the correlation surfaces. The S/N ratio was 3.208 when S = 0.4

and 3.694 when S = 0.5.

:
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Scene 4 - Rock quarry

Simulation results for rock quarry scene are tabulated in Table 15.
1. The results using methods 1, 2(a), anu 2(b) were completely un-
satisfactory.
2. However, method three based on mean and standard deviation worked
better. For values of S equal to 0, 0.2 and 0.5, the true peaks appeared
as the highest peak in their respective correlation surfaces. When S
equals 0.4, the true peak appeared as the second highest peak in the
correlation surface but was within five pixels of the first peak. This
was considered to be a successful correlation. The S/N ratio increased

as S is increased from 0 to 0.5.

Comparison of the Four Methods

1. The first method gave satisfactory results for two scenes (NASA
tower and Parking lot) and did not give good results for the other two
scenes. The S/N ratio increased as TL and TH were increased. The rock
quarry énd water tank scenes may have worked for some other values of TL
and TH, but it was not possibie to try many values for TL and TH due

to computational limitations. However, various values for TL and TH
ranging from 50 to 250 were tried. Therefore it can be concluded that
optimum values for TL and TH to ensure proper correlation are scene
dependent and the first method is not practical for a real-time system.
2. Methods 2(a) and 2(b) based on local area average of gradient

image gave satisfactory results for the NASA tower and parking lot
scenes. The true peak appeared within the first four peaks for the NASA

tower scene for all cases tried. The true peak always appeared as

o ; Pl
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the highest peak in the correlation surface for the parking lot scene.

However, this method completely failed to identify targets in case of
the water towar and rock quarry scenes. Still, this method can be
considered superior to the first method due to the fact that one does
not have to guess threshold.

3. The performance of method three based on the mean and standard
deviation of the gradient images is better than that of the first three
methods. This method was tried with values of 0, 0.2, 0.4 and 0.5 for
S. The true peak appeared within the first four peaks in each of four
trials for the NASA tower, parking lot and rock quarry scenes. In all
simulations except the one for which S equals 0, the true peak appeared
within the four highest peaks for the water tank scene. This method,
however, involves more computation due to the fact that the mean and
standard deviation must be computed for GLRV as well as for the reference

array from GHRV.

. . RN .
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Table'll. Correlation methods used in
Tables 12 through 23.

Method 1 Threshold by intuition or trial-

and-error

Method 2(a) Threshold obtained by averaging a
3 x 3 pixel area around pixel to
be quantized as defined by Equations
8 and 9. A1l pixels in the K x L

reference array are used in the cor-

relation algorithm.

Method 2(b) Same as Method 2 except only edge

points (ones) in the reference array

are used in the correlation algorithm.

Method 3 Threshold for quantization based on the

mean and standard deviation of the

gradient arrays.
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IV. EFFECT OF QUANTIZATION TO SIXTEEN LEVELS

In this chapter, the effect on the performance of the correlator
of quantizing videos to 16 levels is investigated. The digital images
having pixels with quantized values ranging from O to 255 (256 levels,
or 8 bits) were mapped to images having pixel values ranging from O to
15 (16 levels or 4 bits) using the three different methods. Mapped
images were input to the correlation process and simulation results are

presented in Tables 16 through 23.

Quantization by Truncation

The truncation method of mapping the original images quantized to
256 levels into images quantized to 16 levels is explained by Equation
19.
X(I1,d) = k if 16k < X(I,J) < 16k + 15 (19)
fork=0,1,2, ..., 15
The NASA tower, parking Tot, water tower and rock quarry scenes were
transformed to 16 level images using Equation 19. Each scene was
simulated using all three methods of thresholding previously discussed
and the results are tabulated in Tables 16 through 19. Some important
observations are listed below, nethod by method.
1. Method 1: (Threshold by intuition or trial-and-error)
Quantizing videos to 16 levels:
(a) did not have much effect on the correlation result for NASA tower
scene and the performance is acceptable. Same is true for parking

lot scere.
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(b) did not lead to any meaningful results in the:-case of the water

tank and rock quarry scenes. True peaks were not identified with

originai nor transformed images as inputs.
Method 2: (Threshold based on area average)

Quantizing videos to 16 levels:

(a) did have a negative effect on correlation process for NASA tower

scene. MWhen correlating using 256 level video, the true peak appeared
for all considered values of SL and SH as one of the first four peaks.
But when correlating using 16 level video, the true peak did not appear
within the first four peaks of correlation surface for all values of
SL and SH tried.
(b) did not have much effect on correlation results for parking lot
scene and results are acceptable,
(c) again did not lead to any meaningful results in case of water
tank and rock quarry scenes. True peaks were not identified in the
original as well as transformed images as inputs.

Method 2: (Threshold based on means and standard deviations of
gradient images)
Quantizing videos to 16 levels:
(a) improved the performance for NASA tower scene. For each value of
S, the highest peak in the correlation surface was the true peak which
is a definite improvement over previous results obtained by correlating
256 level images.
(b) did not have much effect on the correlation result for parking
lot scene. Results were almost the same as before and the same is

true for rocic quarry scene.
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(c) improved the performance for water tower scene with true peak
appearing within the first four peaks for all values of S.

In general, quantizing videos to 16 levels by truncation did not
deteriorate the performance. In fact, it improved the performance when
correlating using the third method based on mean and standard deviation

as a threshold to transform digital images to binary form.

Quantization Based on Dynamic Range of Pixel Range

As in the previous case the digital images having pixel values ?

ranging from 0 to 255 (256 levels or 8 bits) were transformed to digital

images of pixel values ranging from O to 15 (16 levels of 4 bits). Let

L, be the pixel value such that approximately 1/16th of the total num-

1
ber of pixels in the original image have t1eir values less than L] and

let L2 be the pixel value such that approximately 1/16th of the total

number of pixels have their values greater than L2. Then the range of
pixel values from L] to L2 represents the dynamic range of the original
image. The cuantization process is explained by Equation 20.

0 if X(1,J) < L]

: Loy L2t
X(1,0) = & L+ (k1) < X(10) < Ly + 74—k
fork=1,2, ..., 14
15 if X(1,) > L, (20}

The four bit digital images obtained as explained by Equation 20,
were used as inputs to the correlation process. Simulation resulis
using the four scenes and the three methods considered in the previous
sections are tabulated in Tables 20 through 23. Some salient observations

are listed brlow for convenience, method t,; method.
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1. Method 1: (Threshold by intuition or trial-and-error)

Quantizing videos to 16 levels:

(a) did not have much effect on final cor-elation results for NASA
tower scene and the performance is acceptable.

(b) gave false peaks for parking lot scene. The true peak did not
appear within the first four peaks in the correlation surface even after
varying TL and TH from 8 to 20.

(c) improved the performance for water tower scene. True peak appeared
as highest peak when TL and TH are equal to 15 and appeared as the third
highest peak when TL and TH are equal to 20.

(d) did not lead to any meaningful results for the rock quarry scene.
True peak was not identified with original nor the transformed images

as inputs.

Comparison of four-bit vs. eight-bit quantization using this
thresholding method is not conclusive since there may be a combination
of values for TL and TH which were not triad in the simulations that
would lead to better results.

2. Method 2: (Threshold based on area average)

Even though this method did not work as good as the third method,
it is better than the first method. It is reasonable to compare
the results obtained with 256 level video with that of 16 level video
because this method is based on local average of 3 x 3 mask, not on
guess work.

Quantizing videos to 16 levels:
(a) did have a negative effect on correlation process for the NASA

tower scene, The true peak was within first four peaks for all cases

e
-
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when correlated using 256 level video. However, when 16 level video
was used as inputs, the true peak appeared as the highest peak only
when SL and Sd4 were equal to 1.0 and did not yield meaningful results
for other values of SL and SH.

(b) did have a negative effect on correlation process for parking lot
scene. It led to false peaks in two cases and true peak appeared as
the third highest peak only when SL and SH equals 1.0. But when cor-
relating using original 256 level video as inputs, true peak was the
highest peak in all cases.

(c) did not lead us to any useful result in case of water tank and
rock quarry scenes. True peaks went unidentified with original and
transformed images as inputs.

In general, it can be stated that quantizing the video to 16 levels
did have a negative effect on the correlation process.

3. Method 3: (Threshold based on mean and standard deviation of
gradient images)

This is the best of the three methods discussed and gave satisfactory
results for all scenes considered. The comparison of resui.s obtained
with original images as inputs to the correlation process with those
obtained with 16 level images as inputs is reasonably fair and accurate.
Quantizing video to 16 levels:

(a) had a slightly negative effect on correlation process for NASA
tower scene. When correlated using 256 level video as inputs, the
true peak was within the first four peaks for all four values of S.

But when correlated using 16 level images as inputs, the true peak did




not appear within the first four peaks, when S equals 0.4 and 0.5.
(b) did not have much effect on the final correlation results for the
parking lot s:ene and results are acceptable with the same being true
for the water tower scene.
(c) did have a negative effect on the final results of rock quarry
scene. MWhen correlated using 256 level images, the true peak appeared
as the highest peak for each of the cases with S equal to 0, 0.2 and
0.5. It appeared as the second highest peak for S equals 0.4. But
this was not true when correlated using 16 level images as inputs.

It is extremely difficult to generalize anything based on just
four scenes. With the scenes considered and simulation results obtained,

it appears that quantization by truncation is better than this method.

Histogram Equalization

Using this method, the 256 levels of original image were mapped to
16 levels such that each level had approximately an equal member of
pixels over a complete field of video. Since none of the thresholding
methods yielded meaningful results for any of the four scenes, the simu-
lation results are not included. For this method it was noticed that
the means of the gradient arrays increased considerably. This may be
due to one of the following reasons.
1. Edge points are enhanced to have a higher gradient value,
2. Artificial edges are introduced due to quantization error (i.e.,

quantization noise increased).

b
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If the first reason were true, quantization to 4 bits would have

lead to better results. Therefore it is concluded that the increased

quantization error caused the poorer results.
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V. IMPROVED METHOD FOR TV-TO-IR CORRELATION

In TV-to-IR correlation alrogithms discussed in Chapter 3, the
following three methods of choosing the gradient threshold used to
transform gradient images to binary images were presented.

1. Threshold by intuition (trial-and-error)

2. Threshold based on average pixel value of nine pixels

centered about the pixel of interest

3. Threshold based on mean and standard deviation of gradient

array.
The performance of method three was better than that of the first two
methods. However, the performance was not completely satisfactory.
Even though the true peak appeared within the first four peaks of the
correlation surface in all cases (256 level digital images), often
the true peak did not appear as the highest peak. Also, the differ-
ence between the successive peaks is small. A method to bring out the
true peak anc to increase the difference in correlation value between
successive peaks is discussed below and will be referred to as the
improved method. This method is paralliel to the one used in TV-to-TV
correlation,

The correlation algorithm using a threshold based on wean and
standard deviation of the gradient array was discussed in detail in Chap-
ter 3. Some important points are rewritten in this section for conve-

nience.
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1{a) Mean and standard deviation are computed for the reference array

of size K x L from GHRV,
(b) Thresholds THL and THH for GHRV are cumputed using Equations 21

and 22.
THL = My < S oy (21)
THH = Hy +S oH (22)

where, Uy and oy are the mean and standard deviation of the
reference.
S is a scaling factor > 0 .
(c) The reference is quantized to two levels.

’ 1 if REFV (I,J) > THH
REFV (I,J) = I 0 if REFV (I,J) < THL
D

where D's are don't cares.

2. The quantization procedure for GLRV i3 the same as that of REFV
(or GHRV).

3. While correlating REFV with GLRV, onlys pixels with value zero
or one are correlated with the corresponding pixel in GLRV. Don't
cares are ignored because they represent uncertainty.
However, for better correlation resulcs, the K x L reference from
GHRV and each K x L sub-array from GLRV should be quantized in the same

way to bring out similar image contents. That means, if the K x L

reference is quantized based on its mean and standard deviation, each
K x L sub-array of GLRV should be quantized based on its mean and

standard deviation. This requires too much computation and cannot be




70

done in real-time with existing hardware. To reduce computation GLRV
was quantized only once based on its mean and standard deviation.
Simulation showed that the true peak did nct always appear as the high-
est peak in the correlation surface, but it was within this first four
peaks in all cases. A method to pull out the true peak from the four
initial correlation peaks is explained below.

1. GHRV and GLRV are computed from reduced high resolution and low
resolution video as explained in a previous chapter.

2. The mean and standard deviation of a kK x L reference from GHRV are
computed. THL and THH obtained from Equation 21 and 22 are used to
quantize the reference.

3. Thresholds for GLRV, TLL and TLH are computed using the mean and
standard deviation of the entire GLRV array. Then GLRV is quantized to
zeros, ones and don't cares as before.

4. The binary images obtained in 2 and 3 are correlated using the
algorithm described in Chapter 3.

5. A predetermined number of highest peaks and coordinates of their
occurrence are identified from the cross ccrrelation surface. In this
simulation the first four peaks are used because the true peak appears
as one of them in all cases. Let, (I],J]), (12’J2)’ (13,J3) and (14,J4)
be the coordinates of the first four peaks.

6. Then a sub-array of size (K+k) x (L+£) beginning at (I]-k/Z, J]-K/Z)
is chosen, (In this simulation k = £ = 6.) The mean and standard devia-
tion of this sub-array are computed and used to obtain thresholds. The

(K+k) x (L+L) sub-array is then quantized ¢s before. A cross correlation

L N A WM. VU v e
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surface of size (k+1) x (£+1) is computed by correlating the reference
of size K x L with the sub-array of size (K+k) x (L+£2). The peak
correlation value and its coordinates are -.dentified. Let this be

1 1 t 1 t 1) ] ) .
R(1 ,J]). R(IZ’JZ)’ R(I3,J3) and R(I4,J4) are computed by repeating
the above procedure using (K+k) x (L+£) sub-arrays corresponding to
(12332), (13,J3) and (14,J4), respectively.

Simulation results to be presented next show that the improved

method increases the probability of finding the true peak and reduces

the probability of false peaks.

TV-to-IR Correlation Simulation Using Improved Method on 256 Level Video

Simulation results for the NASA tower, parking lot, water tower
and rock quarry scenes before and after improved analysis with scale
factor equal 0 and 0.2 are presented in Tables 24 and 25, respectively.
In order to implement the improved method, gradient arrays have to be
stored in merory. Even though it requires additional memory and
computation, the following advantages make the improved method worth-
while.

1. Using the improved method on the four sub-arrays of GLRV corre-
sponding to the four highest peaks obtained by initial correlation,
yielded the true peak as the highest peak every time. Cases where the
original correlation process yielded a false peak, but where the improved
method yielded the correct peak are marked with an asterisk in Tables

24 through 25. In the Tables, the initial method is referred to as run

1 and the improved method as run 2.

- e T v—————
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2. In all but one out of 8 cases the first peak was higher using the J
improved method.

3. One measure of performance of a correlation technique is the ratio
of the first peak to the second highest peak. Simulation shows that in

all but one ocut of 8 cases this ratio is considerably higher after using

the improved method.
4., The difference in correlation values between successive peaks in-
creases which indicates better signal-to-noise ratio.

This can be better understood by referring to Figure 13, which is
a plot of the first four peaks before and after improved analysis for the
parking lot scene with a scale factor S equal to 0. The peak is
expected at (25,47), but initial corrclation yielded the highest peak
at (35,64) with a correlation valuec of 486. True peak appeared as the
fourth peak with a value of 467. However, the true peak appears as
the highest peak with a value of 521 after using the improved method.
The previous false peak at (34,64) now appears as third highest peak
and its correlation value is 485.

Similar plots for all eight cases are shown in Figures 14 and 15.

When the scaie factor S is increased to 0.4 and 0.5, the improved method

worked for a few cases and did not work for others. This is because

the region of uncertainty, which is ignored while correlating, is small
for sub-arrayvs chosen about the probable peaks as compared to that of
the entire gradient array. Therefore, even if a higher scale factor
is used to ohtain initial peaks, a low scale factor should be used with T

the improved method.
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Figure 13. Plot of correlation values of first
four peaks before and after improved
analysis.
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From the above simulations and analysis it is concluded that this
improved method yields significantly better correlation results. It
increases the probability of finding the true peak and reduces the
probability of false peaks. It is recommended that MIRADCOM implement
this procedure in their TV-to-IR correlator and test its performance
on a large number of typical military scenes.

The improved correlation method consists of the following steps.
1.  Perform an initial correlation on one or more fields by using the
initial method of quantizing GLRY based on mean and standard deviation
of the gradient array over one field. Store the last gradient array.
Find N highest peaks by masking out a region about all previously
determined peaks.

2. For the N highest peaks found in step one above (N can be any pre-
determined number and was four in the simulation) select N sub-gradient
arrays of suitable size (greater than the size of reference). Re-
quantize each of the sub-arrays using its mean and standard deviation
to determine threshold. Pick the highest of each of N sub-correlation
arrays.

3. Then find the largest of N correlation peaks and test for goodness
of correlation.

This method yields a higher probability of finding the true peak
and then reduces the probability of false peaks by limiting the dynamic

search range.
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TV-to-IR Correlation Using Improved Method for 16 Level Video

The effect of quantization to 16 levels was discussed in Chapter
IV. It was concluded that, with the scenes considered and simulation
results obtained, quantization by truncation was better than quantiza-
tion using the complete dynamic range of the video. In this section

improved analysis is made on 16 level video and results are presented.

Tables 26 and 27 show the four peaks before and after improved analysis

for the four 16 level scenes obtained by truncation using scale factors

equal to 0 and 0.2, respectively. Some important observations are
Tisted below.

1. Using the improved method on the four sub-arrays of GLRV cor-
responding to the four highest peaks yielded the true peak as highest
peak in seven out of eight cases.

2. In all but one out of eight cases, the first peak was higher
using the improved method.

The performance is acceptable. Plots of the four peaks before
and after improved method are shown in Figures 16 and 17 for S equal
0 and 0.2, respectively. Slicing the dynamic range of pixel values
to 16 levels had considerable negative effect on the performance of
the correlator. Results before and after improved analysis are pre-
sented in Tables 28 and 29 and few important observations are listed
below.

1. Using the improved method on the four sub-arrays of GLRV cor-
responding to the four initial peaks yielded the true peak as highest

peak in only two out of eight cases.

S o TN T, —
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2. In five out of eight cases, first peak was lower using the im-
proved method.

Plots of the first four peaks before and after the improved method
with scale factor S equal 0 and 0.2 are shown in Figures 18 and 19,
respectively.

As concluded before, quantization of video to 16 levels by slicing
the dynamic range of pixel values introduces more quantization noise
and has considerable negative effect on the performance of the correla-

tor.
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Figure 14. Correlation values of first four peaks before and
after improved analysis.
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Figure 16. First four peaks before and after improved method
for 16 level video (truncation).
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VI. CONCLUSIONS AND RECOMMENDATIONS

Most of the conclusions and recommendations resulting from the
work on this contract have been given and justified within the first
five chapters of this report.

1. In chapter 2, an improved method for TV-to-TV correlation is

recommended. From simulation and analysis it is concluded that the

improved method yields significantly better correlation results than
previous methods by increasing the probability of finding the true
peak and reducing the probability of false peaks.

2. Sensitivity of the correlator to field of view errors was investi-

gated. Simulation results showed that the correlator is relatively

insensitive to scale factor errors of up to +5%.

3. In Chapter 3, three algorithms for TV-to-IR correlation are
developed. Method 3, where gradient arrays are quantized based on their
mean and standard deviation, was found promising. Even though this '
method involves more computation, the problem of choosing gradient B
threshold became simpler than before.

4. In Chapter 5, an improved method similar to the one in TV-to-TV

correlation is developed for TV-to-IR correlation. The improved

method yielded significantly better correlation results. Probability

of finding the true peak increased considerably.

5. The effect of quantizing the video to 16 levels on correlator
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performance is investigated in Chapter 4. Transformation of 256 levels {
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to 16 levels was accomplished in the following three ways:

a. Truncation

b. Dynamic range slicing

c. Histogram equalization to 16 levels.

The first method had 1ittle effect on the performance of the
correlator and was acceptable. After improved analysis true peak
was identified as highest peak. Method 2 had considerable negative
effect on the performance of correlator. Even the improved method did
not yield satisfactory results. Quantization by histogram equalization
was totally unsatisfactory. Therefore, it is concluded that the method

of quantizing video to 16 levels is critical and should be given careful

consideration before implementing in hardware.







