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PREFACE

This report summarizes the work performed by M&S Computing ,
Inc., for the Guidance and Control Directorate, U.S. Army Missile

I Technology Laboratory , U.S. Army Missile Command, Redstone Arsenal,
U Alabama, under Contract No. DAAK4Q-D—79-0003, Work Order No. 002.

Jam•s A. McLean was the contract monitor for this effort , which
was performed during the period of May 14, 1979, to September 30,

1 1979.
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I
INT RODUCTION

M&S Computing , Inc .,  has provided eng ineering and programming
support to develop , modify , and utilize existing Guidance and

• Contro l simulation software , and has performed studies to determine
I system performance in assorted operational modes.

1.1 Purpose

-This document summarizes the accomplishment of M~S Computing,Inc., for the past five i~~nths under Contract No. DAAX4O—D-79-0003,

I Work Order 002.

1.2 Organization

I ~The remainder of this document is divided into sections dc-
scribed b low.

Section 2 descrLbe s the ~ i~~i tal  area correlator model deve ’~cpedby M&S Computing , Inc.

Section 3 de scribe s the system analysis support provided by
M~ S Computi ng.
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2. DIGITAL AREA CORRELATOR MODEL

I During this contract, M~S Computing provided design , deve l-
opment and programming support for a digital area correlator cam—
puter model. These tasks will be discussed in the following para-
graphs.

2.1 Geometrical Layout of the Digitized Live Radar and

I 
Ref erence lmages

The digital area correlator model requires as input two sets
of digitized images , the first being a reference image set , gener-

I ated prior to flight , of the selected target area. The reference
~.mage set consists of four images constructed for the four separatealtitude bands of the terminal guidance phase of a missile flight.
Figure 2-1 shows a general layout of the reference image. The ref-

I erence image area is a circuLar area of N pixels ~n diameter , whereeach pixel magnitude represents a digitized radar return magnitude .
Initially each pixel of both the live radar and reference images
is digitized with an amplitude in the range of 0 to 255. These

I. pixel values are then Converted to one of three levels based on an
upper and lower threshold selection.

N 

,.
-..... NO I NF ORMA T I ON

N ~.ø— j. ~~~~~— REFERENCE IMAGE AREA

j 
~ 

TARGET

- - Figure 2-1. Geometrical layout of a reference image.



The live radar image layout is somewhat different from the
reference image. Figure 2-2 shows the geometrical layout of the
live radar image. Due to the imaging radar characteristics , no
returns are received in the circular center portion of the radar
s.~~:: i s  ~~~~~~ ~n Figure 2—2 . The livc r~~~~r ~;~a~ e is ~ c i rc ular

M :~~xe .~ -ii~ meter , ~nere M < ~~.

J— ~~~~~~~~~~~~~ 
NO I NF ORMAT ION

LIVE RADAR IMAGE

~~~~~~~~~~~ t :~~~~ t o~ a i~~vc r~i~.ar ~~~~~~

2.2 Mean Absolute Difference Algorithm

The digital area correlator implements a tn -level mean
absolute difference correlation algorithm . This algorithm in
its normalized form is illustrated in Equation (1)

M N
t Z jIL (X ,Y — R (E+X ,N—y) M(X ..Y)}

ØLR (E~
N) — - X—1 ~~~ 

N N (1)
.. 2: M ( X S Y )

x—1

where :

E and N represent discrete p ixel search locations
wi th  ranges

E Q IE  E 0 ÷31 and N 0 -3l~~ N < N 0
to yield a 32 x 32 pixel search region ;

and N0 are pixel search start locations in the
re ference ima ge ;

ØLR (E~N) is the computed correlation function between

the live radar image and the reference image as a
function of the east and north search locations;
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Lq(X I Y) is the live radar image quantized to three levels;

R
~
(E+X , N-Y) is the reference image quantized to three levels;

M(X Y) is a live radar mask image quantized to two levels
to denote which of the N x M pixels of the live radar image
to include in the correlation calculation .

The algorithm described by Equation (1) can be ixdeled as three
separate processes. These processes are :

1. Three-level quantization of the live radar and reference
images.

2. Calculation of the absolute difference at each pixel loca-
tion represented by the double summation in the numerator
of Equation ( 1) .

3. Determination of the live radar mask array.

These processes will be addressed individually in the next
sections.

2.3 Three-Level Quantization Model

The t ransfer  funct ion  of a three-level quant izer  is shown in
Figu re 2 -3 .  In Fi gure 2-3 the input s ignal  is assumed to be zero
mea n.  The parameters TU and TL in Fi gure 2-3 represen t uppe r and
lower slice threshold s , respectively . Assuming i . (X , Y) to be the
radar i n t ens i ty  re turn for pixel  ( X , Y )  and L~., C X , Y) to be quantized
value of L ( X , Y ) ,  then the quant iza t ion  proce~ s is given by
Equat io n ( 2 )

1 , L ( X , Y ) ~ TU
Lq (X 1~Y )~ 0 , T L < L ( X , Y ) < TU ( 2 )

-1 L ( X ,Y ) � TL

By reducing the image intensity from 256 levels to three
levels each p ixe l can be represented by two bits of information
as opposed to eight bi ts .

Selection of the upper and lover slice thresholds for the live
radar and reference images is a cr it ical item and will require fur-
ther study through simulation and analysis.
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Figure 2 -3 .  Three—level quantizer .
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I
2.4 Exclusive—Or Representation

I Since the live radar and reference images are sliced to three
• levels , the absolute difference function , given in Equation (1) ,

can be implemented using a bitwise exclusive—or function.  The

I equivalence of these two funct ions  can be shown by proper selec-
tion of the two bit pixe l codes used in the three leve l images.
Assuming L X , Y) and R (E +X , N -Y ) represent the quantized live
rada r and ~eference Lm$es , Figure 2-4 shows the possible out-

I comes of the absolute d i f fe rence  funct ion by applying the quan-
I t i.zation levels of Figur e 2 — 3 .

F~ gure 2-4 .  Possible outcome~~ of L (X,Y) -R (E+X,N—Y)
r

Now if the three quantization levels shown in Figure 2—3
are translated to a two—bit code as

1 —+Ol

0 •—*0O

— 1 —*l0
the outcome of the bitwise exclusive-or function is given in
Figure 2-5. By inspecting Figure 2-5, it can be seen that by

-. counting the number of bits set in the result, the two functions
yie ld the same value to the corre lation calculation , and thus
are equivalent.

r 00 10 00 01

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

J~~ 

2-5 Posstble outcomes of L



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

I

I
I 2.5 Determination of the Live Radar Mask Array

As shown in Figure 2-2 the live radar return is only active in a
circular doughnut-shaped area of the live radar array . It is the

I function of a mask array to determine which pixels in the live
radar image are active and used in the correlation calculation of
Equation (1.). The mask array is a function of altitude and must
be updated when a new live radar image is acquired. Figure 2-6 shows

I the radar geometry used to determine the mask array. Assuming R
and R2 to be the radial limits of the active radar area and Rto be the radius to pixel (X,Y) in the live radar image , the ~~skvalue , M (X ,Y), is one if R1~ R~ 

S R2 and zero otherwise . R1 andare determined as

— H tan ( 0., )

— H tan 
~~

where e 1 and ~ 2 
are known radar scan angles and H is the indicated

alt ~tude.

A
-ALT ITUDE - 

Rxy I

/2 / 1 

R 2

ACT IVE RADAR AREA

Figure 2-6. Radar geometry.
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2.6 Block ~i.agram of the A.rea Correlator Simulation

f A simulation of a dig ital area correlator using radar images
has been written using FORTRAN programming language. Figure 2-7
gives a block diagram of this simulation. The subroutines written
to implement the simulation will be summarized in this section.

1. Program DGcORI - This is the main program for the digital
area correlator simulation.

2. Subroutine LOAD1 - This routine performs the three level
slicing of the live radar images , codes the pixels to
2 bits and packs the images to 8 pixels per computer word.

3. Subroutine LOAD2 - This routine performs the same functions
as LOAD1 using the reference images as input .

4. Subroutine MASK1 - This routine sets up a mask array of
pixels which only allows valid pixels to take part in
the correlation point cal~~ lation . The number of valid
correlation points is returned by this routine and is
used for correlat~.or~ surface normalization .

5. Subroutine MAD1 - Th~ s routine schedules other routines
necessary to .~a1cuT~ite a 32 x 32 :~-r--’ ..il~ zed ccrrelation
surface us~~-.~ ~~~~ ~e. -~ bsol~ te ~~~fer~~ ce ~ii~ orithms.

6. Subroutine WRDEOR - This routine performs the bitwisa
exclusi,.!e_or between the live radar and reference
radar images for  each row in live radar image and counts
the number of mismatching bits on each call.

7. Subroutine SHIFT - This routine performs the necessary
bit sh i f t  operations on the reference images to calculate
the next correlation point on the surface .

8. Subroutine MAX IM - This routine locates the maximum
value of the normalized correlation surface and identif ies
the coordinates of this  match point.

9. Subroutine PRINT 2 - This routine prints the output of the
area correlation .

At present the upper and lower thresholds used for the three
level quantization are preset. Further work will involve defining ,
modeling , and computer implementation of the threshold processor
as shown in Figure 2— 6 . The digi tal  area correlator simulation is
structured to run on the PDP-l l/ 34 MTOS. A typical 32 x 32 correla-
tion surface can be generated in approximately 35 minutes using
the MTOS. .
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I

2.7 Summary

I A digital area correlator model has been implemented and in-
corporated into a digital area correlator simulation on the MTOS.

- 
The simulation uses two sets of digitized images, stored on magneticI tape, to calculate a two—dimensional correlation surface via a
three level mean-absolute difference algorithm . The simulation
produces a plot of the correlation surface and identifie8 the coor-
dinates at which the best match occurs. Further work will involve
exercising the simulation for different reference and live radar
image sets.
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3. SYSTEM ANALYSIS SUPPORT

I PATRIOT system performance was evaluated against advanced
threat ( 1982 , 1985 , and 1987) scenarios . The studies required
that guidance performance be evaluated us ing MIDAS , guidance simu-
lation , and that surveillance performance be evaluated us ing the

U S-I. surveillance simulation . The data were condensed into single—
shot engagement kill, probability (SSEXP ) contours . Results from

I these studies were documented and presented to the PATRIOT Project
Ma rk ement O f f i c e  (PMO ) .
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