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1. INTRODUCTION
A. Background

High speed microprocessors such as
the Intel 3000 bit slice microprocessor
(or AMD 2901) offer the highest speeds,
the most flexibility, and the greatest
computing power available (excluding
perhaps the Motorola 10800 ECL
microprocessor) in current micropro-
cessor technology. The high speed
microprocessors are directly TTL
compatible and as such can interface
to TTL LSI parts. The processors can
achieve from 6-10 million operations
per second and are certain to have wide
ranging effects on military hardware.

Though slower speed microproces-
sors such as the Intel 8080 and
Motorola 6800 have been applied in
limited ways in Army seekers, little
has been done to exploit the capability
of high speed bipolar microprocessors.

This report details an application of
a high speed microprocessor (Intel
3000) to imaging seekers. The work
clearly demonstrates that software as
opposed to hardware can be used as the
basis for a real time imaging tracker.
In particular, two dimensional corre-
lation and template matching nor-
mally implemented in dedicated hard-
ware can be accomplished in real time
software. The bulk of this report
contains a general hardware descrip-
tion and detailed description of corr-
elator software. Software for an optical

contrast tracker appears in a separate
report. Both trackers operate with the
same hardware and the only difference
between the two trackers is software
changes. Thus, the software approach
yields a tracker that is capable of
radical changes in tracking mode. The
changes can be effected merely by
branching to different software. The
implication is that trackers can be
built that modify their tracking algor-
ithms in response to countermeasures
or battlefield conditions. Such changes
could even occur after missile launch
up to the time of missile and target
impact. This capability has the =ffect
of increased countermeasure irmmun-
ity.

The bit slice, microprogrammed
architecture of the Intel 3000 and other
similar microprocessors appears to be
well suited to many military applica-
tions. This follows because of the
following reasons: 1) Architecture may
be tailored to fit the application. 2)
Microword structure can be configured
to control complex hardware in parallel
with microprocessor or other peripheral
hardware functions. 3) The device
operates at very high speeds.

In light of this report the develop-
ment of future trackers will depend
heavily on high speed software and
hardware control. This follows since
high speed software can replace much
hardware. Thus, very complex tracking
algorithms not practical in the past
because of size and complexity are now
feasible.




The following sections detail the
design of a microprocessor applied to
the image processing problem. The
hardware structure and software
techniques have general utility and
can be used with any microprogram-
med microprocessor. The tracking
algorithms developed concentrate on
correlation and template matching
techniques, but the hardware with
minimal or no modification can be
applied to other tracking algorithms.
Though the tracking algorithms were
developed for the visible spectrum,
they have direct application to other
wavelengths.

B. Summary of Accomplishments

Following sections detail the design
and construction of an imaging tracker
built inhouse. The program was very
successful and nearly all of the
objectives in the original scope of work
were achieved. The program’s major
accomplishments are listed as follows:
1) Designed, built, and tested the first
Army imaging tracker capable of
correlation and adaptive gate optical
contrast tracking. 2) The feasibility of
trackers using high speed micropro-
cessors and CCD TV technology was
demonstrated. 3) Several correlation
and template matching techniques
were studied and implemented in real
time microprocessor software.

The work documented in this report
is by no means complete and is

expected to continue into FY78. The
emphasis, however, will shift to
trackers using classical pattern recog-
nition concepts involving feature
extraction and classification.

2. HARDWARE
DESCRIPTION OF THE
COMPUTER INTERFACE
TO THE TRACKER

A. General

This section is designed to present a
general description of hardware used
in the interface of the tracker computer

to an existing lab minicomputer. The -

level of detail is sufficient for a

complete understanding of the soft-

ware presented in later sections. A
more detailed description will be given
in a report now in preparation.

B. Computer Interface Detalls

In order to develop software for a
microprocessor a means must be
generated to load software into its
memories. By far the most convenient
method is to load memory from cards
or disks using an external computer.
The hardware in this system was
interfaced to an existing EAI 640 mini-
computer. The interface is an import-
ant part of the system since it allows
tracker software development to occur
with minimum turn around. Figure 1
shows a block diagram of the micro-
processor memory interface to the EAI
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640. Memory can be loaded with output
from cross assemblers resident on the
EAI 640 or directly from cards or disk
files. The interface is bidirectional so
memory can be written into or dumped
to a line printer. The play card shown
is a standard EAI parallel interface
containing two 16 bit output latches
(DF and DO) and one 16 bit input line
(DI). The DF latch is used to control the
mode of operation and address mem-
ory. Figure 2 gives the assignment of
function to bits in the DF latch. The
Decode Logic shown in Figure 1 is
driven by the 5 most significant bits of
the DF latch. The output from the
Decode Logic is used to: put multi-
plexers in their proper state, select
macro or micro memory, select 16 bit
byte of memory, select read or write
mode, and control the state of the
transceivers. As shown in Figure 2 the
least significant 11 bits of the DF latch
are used to address memory when DFO
is low. An extremely important feature

of the system diagrammed in Figure1

is that both macro and micro memories
are fabricated with random access
memories (RAM). This makes the
system developmental in nature and
all software can be easily changed.
After development most of the RAM
can be replaced by programmable read
only memory (PROM) or by read only
memory (ROM). The use of a ROM in
the final system will reduce memory
power consumption by almost a factor
of 8 and the number of memory
integrated circuit packages from 96 to
about 6 packages.

3. VIDEO INTERFACE TO
MICROPROCESSOR

A. General Description

Figure 3 is a reasonably complete
block diagram showing the interface
of a CCD TV camera to a micropro-
cessor. The heavy lines represent
analog signal paths; conversely,
digital signal paths are represented by
lines which are not heavy. The dia-
gram shows that camera video is
digitized by a 4 bit analog-to-digital
converter and stored in an image
memory. The image memory can be
addressed and read by the micro-
processor which is used to generate -
tracking algorithms.

The 8 bit latches shown at the top of
Figure 3 are loaded by the micro-
processor and are used to control the
video interface hardware.

B. CCD TV Camera

The camera used in the tracker hard-
ware is a Fairchild 201 CCD TV
camera shown in Figure 4. This
particular camera was selected pri-
marily because of its availability
within the lab. Though the camera has
some undesirable properties, it proved
adequate to demonstrate tracking
algorithms. The developed algorithms
are independent of the source of the
image data. Therefore tracking algo-
rithms developed for the Fairchild 201
CCD TV also have application to




H SELECT
L SELECT EAI 640

H SELECT MACRO MEM
L SELECT MICRO MEM
H SELECT MOST SIGNIFICANT 16 BITS
L SELECT NEXT MOST SIGNIFICANT 16 BITS
H SELECT WRITE MODE
L SELECT READ MODE

H SELECT LEAST SIGNIFICANT 16 BITS OF MICRO MEM
L NO EFFECT

11 ADDRESS BITS

}
|
}
|
}
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Figure 2. Function of bits in DF latch.
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imaging cameras operating in the 3-5
micro meter and 8-14 micro meter
bands.

The Fairchild camera operatesin the
visible spectrum at a frame rate of 123
frames/sec with a resolution 100 x 100
elements. The camera uses 2:1 interlace
and has non-standard composite video
output. The non-standard video re-
quired a modified TV monitor to view
the TV image, and made recording of
the video difficult with standard video
recorders. Video recordings could have
been made with specialized recorders
but the high cost of the units forced the
use of available recorders. Recordings
of marginal quality have been made of
test results with an Ampex recorder by
adjusting the recording head rate
servo for a fairly stable lock on every
4th sync pulse.

Some problems were also experi-
enced from: the tendency of the camera
to bloom on bright objects, nonuni-
formity in response (pixel to pixel), and
camera produced AGC.

C. Video Intertace Control Latches

The GAIN latch, Figure 3, is used to
control a multiplying digital to analog
converter (MDAC). The MDAC in turn
controls the gain of the videc ampli-
fier. The gain is selectable in the range
from 0.0 to 5.0. Higher gains are
possible but usable gains depend on
the responsivity variation from pixel
to pixel and fixed pattern noise. For the

CCD 201 solid state image sensor the
photo response nonuniformity is on
the order of +15% and higher gains
were not indicated.

The BIAS latch, Figure 3, is used to
drive a digital to analog converter
(DAC). In this case the DAC output is
used to "buck out ” DC components
appearing in the amplified video.

By manipulating the GAIN and
BIAS latches it is possible to optimize
the video going to the 4 bit analog to
digital converter. The clipping circuit
shown is used to protect the A/D from
over range voltages.

The MODE latch, Figure 3, contains

5 bits of data which are used to control:
the state of the address multiplexer
(MUX shown in Figure 3), the gate
color (black or white), the gate type
(box or crosshairs), enable status, and
frame requests. Figure 5 shows the bit
assignments in the MODE latch.
When the microprocessor is reading
data from the image memory, the
MUX is used to select the memory
address register of the microprocessor
as the source for image memory
address. When status is enabled, the
conversion control logic will force the
sign bit of the I bus high after a new
frame has been stored since the strobe
in the pipeline register is enabled in the
control logic.

'The LEFT COLUMN latch, Figure
3, defines the column location (1 to 100)




| MSP

MODE LATCH

LS8

e ——

NOT USED

-

H READ NEW IMAGE DATA
L STORE NEW IMAGE DATA

__ } H ENABLE STROBE
L DISABLE STROBE

__ ] H ENABLE STATUS CHECK BIT
L DISABLE STATUS CHECK BIT

L_J] H GENERATE CROSSHAIR
L GENERATE TRACKING GATE

H GENERATE BLACK GATE OR CROSSHAIR
L GENERATE WHITE GATE OR CROSSHAIR

Figure 5.

Bit assignments in the MODE latch.
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of the left vertical side of the tracking
gate.

The RIGHT COLUMN latch, Figure
3, defines the column location (1 to 100)
of the right vertical side of the tracking
gate.

The UPPER ROW latch, in Figure 3,
defines the row location (1 to 100) of the
upper, horizontal side of the tracking
gate.

The LOWER ROW latch, Figure 3,
defines the row location (1 to 100) of the
lower, horizontal side of the tracking
gate.

The video interface control latches
can be loaded by addressing the latch
by the MAR register, loading the AC
register with data, and executing a
ROT instruction as defined in Section
7.A. Addresses for the various latches
are given in Figure 3.

D. Row and Column Count Logic

The row and column count logic
block shown in Figure 3 is driven by
the same clocks that are used to scan
the CCD image array. The output from
the row and column count logic is the
true row and column location of the
pixel being output from the TV camera.
Since the camera uses 2:1 interlace,
logic decoding and counters are neces-
sary to produce the true row and

column count. The row count ranges
from 1 to 100 starting in the uppermost
row. The column count also ranges
from 1 to 100 but starts in the left most
column.

E. Tracking Gate Generation Logic

The tracking gate generation logic
in Figure 3 is driven by the true row
and column counts and the mode latch.
The left column, right column, upper
row and lower row latches define the
location and size of the tracking gate.
The mode latch determines the color
(black or white) and type of gate
(rectangle or crosshairs). The output

from the tracking gate logic drives the

video amplifier feeding the TV monitor
to white (black) at the appropriate
instants to generate the desired track-
ing gate.

F. Image Memory Address
Generation

The image memory address genera-
tion logic in Figure 3 is driven by the
true row and column counts. This
circuit contains logic to store data
sequentially into image memory on a
line basis (2:1 interlace). When image
data is stored in this manner address-
ing of image data by the microproces-
sor becomes an easier task and need
not take into account the effect of 2:1
interlace.

s




G. Conversion Control Logic

The conversion control logic in
Figure 3 is driven by the same clocks
used to scan the CCD array. When the
frame signal is high, any strobes
generated by the microprocessor will
result in a new TV frame being stored
into image memory, and the conversion
control logic issues convert requests
(REQ) to the analog to digital con-
verter. The converter in turn issues an
end of conversion signal (EOC) for
each request (REQ). When data has
stabilized and an EOC has been
issued, data is written into image
memory by bringing the memory write
enable low (WE).

Since the conversion control logic
uses the clocks which are also used to
scan the CCD array, conversions take
place as pixel data is shifted from the
CCD and the row and column address
of each new pixel is known for each
conversion that takes place.

H. lmagé Memory

The image memory can store 10K x 4
bits of image data (all 100 x 100
elements of the array). The large
memory is not required for tracker
operation but is convenient for test
purposes. Most correlation trackers
would require no more than 32 x 32 =
1024 memory locations. The output of
the memory is placed on the I bus of the
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microprocessor, but the data is mean-
ingful only if addresses are being
supplied from the microprocessor
MAR bus. When a frame is being
stored in image memory, the addresses
are generated by the image memory
address generation logic.

I. TV Monitor

The TV monitor shown in Figure6is
used to monitor video and also the
location and size of the tracking gate.
In normal operation video is supplied
directly to the monitor summed with
the tracking gate signal. However, the

monitor can also be used to display the

stored image in image memory. When
data is not being written into image
memory, image data is available on
the output of image memory. The
output is used to drive a digital to
analog converter (DAC). The output
from the DAC is summed with TV sync
and the tracking gate signal
generating a composite video signal
for the monitor. The image memory,
address generation logic supplies
addresses to image memory in
synchronization with the clocks used
scan to the CCD image array. The
propagation delay form clocks to DAC
output causes the video to be shifted
relative to real time video, but still
produces a very useful display. For
example, the display can be used to
determine the effects of preprocessing
(gain and bias latches) on the video
from the camera.

i




e

Figure 6. Photograph of tracker hardware.
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4. MICROPROCESSOR AND
TRACKER HARDWARE

A. Physical Description

Figure 6 is a photograph of the com-
pleted tracker and Figure 7is a close up
of the operator’s panel. The thumb
wheel switches shown in the figure
drive address halt hardware. An
address halt can be executed at any
macroinstruction at any peint within
its microcode by setting addresses into
the thumb wheel switches.

The selector switch shown at the left
side of the panel drives multiplexer
hardware which can display virtually
any bus within the system. The

" column of switches to the right of the

panel are software sense switches used
for force branches in software.

The white switches to the lower right
are the run (start the clock) and single
switches (one clock pulse per depres-
sion). Since all memory can be read,
modified and written into from the
minicomputer there is no need to
provide for these functions through
front panel switches. The toggle
switch located at the center, bottom
portion of the panel selects one of two
possible sources of video for the TV
monitor. Video can be displayed
directly from the camera or video
generated from stored image data can
be displayed. The toggle switch to the
far right, bottom of the panel is used to
take control of the data bus from the
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minicomputer. Finally, the small
momentary push button switch locat-
ed to the left of the run and single
switches is used to reset hardware.
Figures 8 and 9 show all of the circuit
boards used in the tracker. Multiplexer
boards are not shown. Some of the
components on the memory boards are
taken up by minicomputer interface
circuit components. It should be noted
that no attempt was made to minimize
package size. Many improvements
could be made along these lines. As an
example the 2K x 48 bit RAM micro
memory could be implemented with
1024 x 8 PROMs reducing the package
count from 96 to 6 and the power
requirements by a factor of 8.

B. Microprocessor and Tracker
Architecture

The microprocessor shown in Figure
3 is shown in more detail in Figure 10.
The microprocessor is the Intel 3000
used in a standard pipelined configu-
ration. The loop counters shown are
used extensively in image processing.
The counters can be addressed and
loaded, or addressed and incremented
and tested on a single microcycle. The
counters are used primarily to keep
track of loop counts in the nested loop
computations that occur in image
processing (e.g. convolution and corre-
lation computations).

Since counting, loading or testing
can occur in parallel with micro-
processor functions the overhead
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Figure 8. Macro and Micro memory boards.
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associated with loop counting is
reduced to zero. If no more than four
loop counters are needed simultane-
ously, then no registers internal to the
microprocessor need be wasted on loop
counting.

The function generation hardware
also shown in Figure 10 can be
programmed to generate several oper-
ations which occur frequently in
template matching or correlation
computations by table look up. The
hardware accepts two 4 bit operands A
and B, and will output a single 8 bit
result C on command. Typical func-
tions which can be generated include:
1.C=A*B,2.C§A—B|,and 3.C=(A-
B)2. With the arrangement shown
operand A is supplied directly from the
least significant 4 bits of memory and
operand B is placed on the least
significant 4 bits of the AC bus. This
circuit was specifically designed to
minimize the number of microcyclesin
correlation and template matching
processing.

The bit slice architecture of the Intel
3000 allows a maximum of flexibility
in designing a system for optimum
performance. The word lengths of
macromemory and micromemory can
be tailored to suit the application. In
this case the tracker was built with a 20
bit macromemory and a 48 bit micro-
memory. The 20 bit word is overkill for
the tracker and could be reduced to 16
(possibly 12 bits) with relatively minor
modifications to the hardware. On the
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other hand micromemory could be
expanded to 64 bits if more hardware
control is required. More hardware
control could be required if hardware
external to the microprocessor is
needed for tracker development.

C. Microinstruction Format

Figure 11 shows the microinstruc-
tion word used in the tracker. The
microinstruction detailed in the figure
contains a great deal of information
concerning the hardware. This is not
surprising since the microinstruction
controls all elements of the micro-
processor hardware. Fields 1, 2, and 3
are standard Intel fields. Notation -
where possible follows notation used
by Intel. Field 4 is the K bus control
field which drive the decode logic
shown in Figure 10. The decode logic
generates the required 20 bit wide word
for the K bus input on the 3002 CPU.
Field 8 is the logic strobe bit which can
be used for a data strobe. The strobe is
used to request a new video frame in
the conversion control logic shown in
Figure 3. Field 5 is used to page micro- -
memory. The Intel 3001 microse-
quencer is capable of addressing up to
512 memory locations with 9 address
lines. Thus in order to address 2K of
memory two additional address lines
are required and are supplied by the
pipeline register. Field 6 is used to
control the data buses and clocks.
Details are given in Section 4.C. Field 7
is the pause field. The pause field can
be used to halt the microprocessor by
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ENABLE MULTIPLIER LOGIC
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INPUT FIELD
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CONTROL FIELD
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Microinstruction format (48 bits).
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stopping the clock. The feature is
useful in debugging operations. Field 9
is used to select a loop counted to be
loaded, incremented, or tested. Field 10
is used to load input on all loop
counters. Field 11 is thelast field and is
used to control the multiplier hard-
ware.

D. Bus Control Logic

The bus control logic block shown in
Figure 10 is driven by a 3 bit field in the
pipeline register. The mnemonics,
codes and functions associated with
the bus control field are given in Figure
12. Figure 13 is a simplified diagram of
the bus control logic. The circuit
generates the following signals:
macromemory chip select (CS), macro-
memory write enable (WE), memory
address enable (MEMAE), and the
memory data énable (MEMDE). The
circuit contains the necessary logic to
generate all clocking signals, and
produces stretched microcycles for
memory reads and writes as shown in

the timing diagram of Figure 14. The
circuit shown is a modification of the
one given in Intel literature [1].

E. Function Generation Circuit
Detalls

Figure 10 shows the function genera-
tion circuit used in correlation compu-
tations. A single bit from micro-
memory is used to enable the circuit
(MULT) and disable normal video
memory outputs that are routed tothe I
bus input (3002). The circuit as shown
allows data in the AC register and
memory to be simultaneously operated
on by the table look up hardware. The
memory address is supplied by the
MAR register, and the output from the -
circuit is routed to the I bus input of the
CPU (3002). The heart of the circuit is
the 512 x 8 programmable read only
memory (PROM) which can be
programmed to produce any of two
(switch selectable) 8 bit results from 4
bit inputs. A typical sequence of
microinstructions for function
generation is given below.

LMI (ADRB) FFI RRM,; Address of B MAR, ADRB=ADRB+1,
read - memory

ACM (AC); { B —»AC}

LMI (ADRA) FFI RRM; Address of A—9 Mar, ADRA=ADRA+ 2
read memory

AIA (T) MULT; Replace T reg with sum of

T register and result from
enabled function generation
circuit (e.g. C =(A - B) 2

28
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MNEMONIC CODE

FUNCTION

NMO
INH
RMW
CNB
, RIN
ROT
RRM
RWM

001
010
011
100
101
110
i

NO BUS OPERATION

INHIBIT CPU CLOCK

READ MODIFY WRITE

CPU NEEDS BUS

REQUEST INPUT FROM EXTERNAL DEVICE
REQUEST OUTPUT TO EXTERNAL DEVICE
REQUEST READ MEMORY

REQUEST WRITE MEMORY

Figure 12. Bus control mnemonics.

MCUCLK 10 3001 &
LoGIC

CPE CLK

TO 300

]

Figure 13. Simplified bus control logic diagram.

29




‘Bujwy jo5uod sng  “pI 8anbid4

=]

¥

WY \ﬂ.

s 7

3IVW3IN

Tl

SNoZE 'Tl

SNO9! ]

32070 NdO

(OV) WOV

Wud
(Wm)

30010
HILSVW




T T Y R S T T M Y s

Hardware timing is shown in Figure
15 and relates directly to the example
given above. The logic signal MEMAE
is the macromemory address enable
generated by the bus control logic, and
the logic signal MULT is asserted
(active low) by a bit in the micro-
instruction word (MULT). The
stretched cycles for slow memory are
evident in the diagram.

F. Loop Counting Circuit Details

Figure 16 shows the details of loop
counting hardware. There are four
counters shown, thus, loop counts for
four computation loops may be main-
tained simultaneously. The counters
have general utility and are especially
useful when dealing with nested loops
appearing in image processing. The
counters may be loaded (or
incremented and tested) simultaneous-
ly with CPU operations of the Intel

ILR(RO) LCNTI MS5; 3

hift
LOOP: ALR(AC) ITCNTI; ’ :n ;

3002. The field mnemonics and
associated hardware control word are
shown in Figure 16. In practice a loop
counter is initialized by loading a
selected counter with the ones
complemented of the desired loop
count. The counter can be incremented
and tested as required by testing for a
carry from the counter. When counters
are not being tested or loaded, the
source of the Intel 3001 FI input is the
carry out (CO) from the Intel 3Q02.

An example segment of codeis given
below showing how a counter is loaded
and then tested by the JFL instruction
of the Intel 3001.

The clock signals shown in Figure 16
are delayed % of a microcycle from the
MCU clock so that loading (or
incrementation and testing) can be
accomplished in a single microcycle.

RO =»AC, load counter 2
one with 5

AC register one time to left,
rement and test counter one

R1 = R1 + AC, if counter

ADR(R1) JFL(LOOP, CONT); 3had a carry branch to

CONT: SDR(R3)

CONT else, go to LOOP
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G. K Bus Encode Logic

Figure 10 shows a K bus encode logic
block. This important circuit is used to
generate constants and masks in
microcode. The circuit accepts 8 bits as
an input and produces 20 bits as an
output. Figure 17 shows the 10 Intel
3001 slices used to make a 20 bit
processor and the K bus wiring. The
signals KO through K7 are generated
as a field in micromemory shown in
Figure 11. With the proper selection of
bit pattens the constants and masks
shown in Figure 18 can be generated.

5. UTILITY SOFTWARE

A. General Description

Utility software will be described in
detail in the hardware report now
being prepared. This section contains
only a general description of the
software.

B. Memory Test Software

Section 2.B contains a description of
the minicomputer interface to memory
hardware. Since the minicomputer can
load and dump the contents of both
memories (macro and micro), software
has been written to test memories by
loading test bit patterns. The memories
are then read to check for the expected
patterns. Failures are printed to isolate
the source of the problem.

34

C. Microcode Loading Procedure

The microcode to be tested is first
punched into cards. The cards form the
source deck for a cross micro assembler
CROMIS [2]. The cross assembler
operates on the CDC 6600 digital
computer and produces punch card
output (machine code) along with a
listing of the assembly. The card
output is then loaded on to the EAI 640
disk (Figure 1) under a file name. The
file can beloaded into micromemory as
required by calling the file from the
disk.

D. Macrocode Loading Procedure

Macrocode is assembled and loaded
directly by an EAI 640 cross assembler
and loader. The assembler is a two
pass assembler which uses mnemonics
similar to the EAI 640 instruction set.
Some special instructions have been
added that relate to special tracker
microcode. The complete set of mne-
monics used in the tracker is given in
Section 7.

6. CORRELATION AND
TEMPLATE MATCHING
TRACKER

A. General Description

The remainder of this report is
devoted to a description of the corr-
elation tracker developed for the
hardware described in Sections 2, 3,
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K Bus
Control Field
K Bus Constants K7K6K5K4K3K2K1Ko ,
00000000 00000 !
00000001 00001 K
00000010 00002 {
00000011 00003 ‘
! 00000100 00004 }
’ 00000101 00005 i
00000110 00006 [
4 00000111 00007 £
: 00001000 00008
E‘ 00001001 00009
00001010 0000A
00001011 00008
00001100 0000C
00001101 0000D
00001110 0000E
00001111 0000F
00010000 00010
00010001 00011
00010010 00012
00010011 00013
00010100 00014
00010101 00015
00010110 00016
00010111 00017
00011000 00018 -
00011001 00019
00011010 0001A
00011011 00018
00011100 0001C
00011101 0001D
00011110 0001E %
00011111 0001F
: 00111111 O01FFF
k| 10000000 80000
: 01111111 7FFFF
11111111 FFFFF

Figure 18. Bits patterns required for K bus constants and masks generation.
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and 4. The tracker is unique in that it
operates in real time and uses almost
100% software to execute algorithms.

Appendix A contains a listing of the
tracker macrocode. The macrocode
contains EAI 640 instructions (emu-
lation) along with some special instruc-
tions associated with the tracker. The
EAI 640 instructions are given in
Section 6.B. The special instructions,
described in detail in Section 7,
represent the bulk of the tracker
software. The software described in
these sections is written on the micro-
code level to achieve maximum effi-
ciency. A complete listing can be found
in Appendix B.

B. Correlation and Template
Matching Algorithms

The complete tracker will be de-
scribed in Section 6.C. This section
identifies several correlation and
template matching algorithms selected
for study. Though several algorithms
were tested, all operate on two image
subarrays as defined in Figure 19. The

17 x 17 image array I(I,J) is part of the

100 x 100 image produced by the
camera. The smaller 9 x 9 reference
array R(1,J), bounded by the tracking
gate, contains a high percentage of
target pixels relative to background
pixels. ‘

The image array is always centered
at the current track point (NX, NY).
The image array is read from the 10K
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video memory 123 times a second
during the vertical blanking interval.
The reference array is obtained from
the image array and stored separately
when tracking is initiated. The refer-
ence array contains the “signature” of
the target and is not changed or
updated until correlation quality
degrades. Correlation quality degrades
typically due to range closure or target
aspect changes. The correlation or
template matching algorithm is used
to locate the point of best match of the
reference array and a 9 x 9 subarray of
the image array. The point of best
match is determined from the maxi-
mum or minimum of a function which
in some way measures the quality of .
the match. Equations 6.1 through 6.3
define all the correlation algorithms or
normalized correlation algorithms

6.1

9 9
fcouM}= £ & 1(x,L)*R(I,J)
i=1 j=1

6.2
9

9
L © I(,L)*R(I,J)
I=1 J=1
9 9 2 9 9 2
2 ZIK,L)ZT T RY(LJ)
I=1J=1 I=1J=1

fco1,M)}=

6.3

w9 - -
{coM,Mf= £ I (1(K,L)-D*(R(1,J)-R)
I=1J=1

6.4

9 9
{EMNf= T § [I(K,L)-R(1,I) |
I=1J=1




Sal S o o

NX —pp
1 2 3 4 5 6 7 8 9 10111213 14 1516 17 18 19 20 21 22 23.. 100
NY 1
2
3
4 17 x 17
5 < IMAGE ARRAY
6 1(1J)
7
8 9x9
9 REFERENCE
10 ARRAY
" R(1.J)
12
13
14
RUSSIAN T62
:: e < TANK
17
18
19
20
21
22
- 100
NOTE 1. Track point illustrated is NX = 13 and NY = 12
2. Tracking gate location is indicated on the TV monitor by
intensified (or darkened) pixels forming a perimeter around the
9 x 9 array, one pixel wide,
3. Only a portion of the 100 x 100 CCD array is shown.
Figure 19. Definition of image and reference arrays.
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6.

5

g 9 2

{z(M,m}- 5L (L(K,L)=R(I,J))
I=1 J=1

where K=I+M-1, L=J+N-1, 1<M<9,

1 £ N <9 and where

N 9 9

R=1 L ' Z ®RLD
81 I=1 J=1

i 9 9

I=1 % Eiaa.n
8l I=1 J=1

tested from imagery from the Fairchild
201 CCD TV. As a preliminary test, a
35MM slide representative of the IR
signature of a target was projected on a
screen. The image data obtained in
this manner is approximately repre-
sentative of the image data from a
camera operating in the IR spectrum.

Figure 20 is a photograph of the TV
monitor showing the projected image
of such a slide. The bright areas
correspond to the hottest areas in
target, which in this case, are the
tracks and boggey wheels.

The image and reference arrays
shown in Figure 21 were obtained from
the Fairchild 201 CCD TV and micro-
processor hardware. The reference
array is the center 9 x 9 of the 17 x 17
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image array. The arrays were used to
test the candidate tracking algorithms
listed in Equations 6.1 through 6.5.
Each algorithms resultsin a 9 x9 array
C (M,N) or E(M,N).

The correlation value and the side
lobes of the match point give an
indication of the robustness of the
algorithm. Results from Equations 6.1
through 6.5 are presented in Figures 22
through 26 respectively. It is clear from
the testing that scene brightness
variation causes false peaks in the
unnormalized correlation result. The
results were surprising in view of the
fact the shifting distance is so small.

This test is representative of other-

results which also indicate the un-
normalized correlation is not adequate
as a tracking algorithm. Two normal-
ization schemes were tried on the same
data with improved results. In the case
of normalization by norms the Cauchy
Schwarz inequality guarantees a
result less than one and less sensitivity
to scene brightness variation. The
result is given in Figure 23. Normal-
ization by means as in Equation 6.3
gives similar results as shown in
Figure 24. From an implementation
point of view normalization by means
is more difficult. As shown in Equation
6.3 the mean of the image 9 x 9
subarray and reference arrays must be
known before the computation takes
place. On the other hand, though a
division is required, the normalization
by norms for each correlation result
can take place after the standard
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Figure 20. Video IR image of the side view of an M48 tank.
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Figure 21. Image and reference arrays used for testing. (See Equation 6.1)




"

(¢°9 uopenb3 #9S) "uolRISLIOD pezZ)BULIOUUN  ‘ZZ 24nBid

20LS
E99S
SheS
96hS
he0S
LESh
PhiE
299€
h9hE

TS
hTkS
bLLsS
LERS
SEkh
TEEh
SOLE
OThE
SBTE

hees

0ses
S9hS
LLBh

hOch

bRSE
TTEE
hSOE

LhiS
Se0q
2ees
EThS
92h
290h
hehE
0LTE
Ske2

A3ZITVLYONNN NOILVI3N¥0D

LbkS
9579
TkS
SShS
LETh
990h
bThE
QETE
092

£909
OLTY
LTS
20hS
EELh
SkbE
OThE
9TTE
a2ee

9229
T2€9
T9kS
hERS
RELK
200k
hShE

hSe2

DERT
ERhT
9e09
S0ss
0Ltk
2T0h
OhhE
DETE
Lbid

0999
009
ELe9
2995
LTeh
2sTh
SSSE

hESS

42




‘SuoU AQ pezyeuLIOU UO\RIALI0D £2 anbBid

heqTk” b0k’ hae Tk SeSTe" TebTh SeLTh” TEDTL" EhEdb" 99CEL"
LTShk* TebEb" TSehk’ Tehk" 5255k h915k6* S91Sk* 9LhSk” bETL*
TLETL 0s09%° Shadk* hTe9%k" SLELL® EbDLb” cbek LTOLk" TLLk”
10Tk 9E99%" 2Tk Pbelhb cShob* ] AN hbelb® Obhlb® 920¢k°
¢20%k” ebilb’ 609k 29%k° 00000° T hasek” ESbib” bobLb” L0s9k”
ESOLb" bTalkb” 09Tek: BSELL® 52096 022tk TR LT ¥esib”
hbbhk* h99s5kL° bSk” 9059%° hET9h" chEb" 2099k cETb- EERL"
¢S5k 2ESEL" Ecthb" 2925k cEESL* h955k* 92E9% - SeT9k oe0lk”
L0beb* bhbEL* #9bhb* LhSk” 0bL9Sk* h9E9k” L2k 9099k LU

43

SWNON AB Q3ZITVUNON NOILVI3N¥O0D




e

(p°9 uopenb3 aeg) ‘susdw Aq pazjewsou uojeeLI0) “HZ ainbig

00000°Eb
00000-9ee
00000 96E
00000+ 0hh
00000°Seh
00000°SSE
00000 -SES
00000 °ERT
00GOC*hee

00000-E®

00000°5%2
00000 °-Ech
00000 khh
00000°¢Lh
00000°09E
00000°ghe
00000°0eT
00000°hTe

00000°STT
00000 °¢2E
00000°99h
DDODD°S0S
00000°k0S
00000 °&2E
00000°wse
00000°TT2
00000°2se

00000-0ST
00000 2%E
00000 LTS
0000094
00000°955
00000°LYE
00000°L92
00000°-LT2
00000°Lhe

SNV A8

00000°6LT
00000 °9Eh
00000°495
00000009
00000°919
00000 °k0h
00000952
00000 -vE2
00000°0s2

A3ZITVWNON

00000°-0ST
00000 T2h
00000°T9S
0D00D*heS
00000°hSS
00000 0%E
00000°hSE
00000 0E2
00000-LE2

NOILYI34¥0D

00000°LST
00000°2¢ch
0000G*k9S
00000595
00000 TES
00000°h9E
00000 -E92
00000 TE2
00000°The

00000- 202
00000+5%h
00000°ETY
00000709
00000°khS
00000*E
00000* he2
00000+ 252
00000+ 0h2

00000-0se
00000°T2s
00000°S99
00000259
00000 ?6S
00000°LEh
00000 -0SE
CO000-LOE
00000-0ee

44




(5°9 uoenb3 eeg) ‘BujydIews 8}8dwIe) S9OULISHIP BINJOSQR JO NG  °SZ 8iNDB|Y

hbe

ebT
bhT

LTt
st

ST

gde

B9t
bbT
vee

SIONINIJLIQ 3LN70SaY 40 UNS

JRRE

45




‘Bulyoiew 918idwe) SeoUSIeIP sienbs jo wng  “gZ 8inB)y

FERT SOt 09t 0991 EETT CTA 9eeT Too2 kS02
990T hbTT 92T OLTT TTTT h02T TET EOhT gchT
hed E% See D2e €9 09 b9 cie e
bSh c0s ESh 29 hee SEE 2Th LTh ETh
gee cEe ELT SET 0 cht 96T &T hST

e1s 92s 0ss 99 h19 09 aLs LS 29h
02l S The 9 10oe EO? 9eL b e |
ERL 9ER 9% The bhb 99 hTb 9% bOb |

JTNLI




correlation. The norm of the image
array may be conveniently computed
at the same time as the correlation
result. Two template matching algor-
ithms [3] shown in Equation 6.4 and
6.5 were also tested with good results.
Template algorithms may be rigor-
ously defined in terms of a distance
metric [4). The result from testing is
given in Figure 25 and Figure 26
respectively. It should be noted that
Equation 6.5 contains a correlation
computation which is evident when
the squared term is multiplied out. The
algorithms in Equations 6.1, 6.4, and
6.5 have been implemented in real
time. This report, however, contains
only the software for the algorithms in
Equations 6.4 and 6.5. The execution
times for these algorithms as defined
in the equations is on the order of 6.46
ms with a 160 nsec cycle time and a320
nsec memory read cycle.

C. Tracker Description

This section describes the operation
of the tracker macrosoftware given in
Appendix A. An examination of the
software mnemonics show that the
code is basically typical minicomputer
code as defined in Section 7.A. The
exceptions are: WIN, COR, STD,
CROSS, FRM, WAT, IMG, REF,MNV,
and LAIBUS.

These instructions are covered here
briefly and in more detail in Section
7.C. The variables and constants in
cells 208 through 418 can be easily
accessed in microcode by constants
generated in the K bus logic. A
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complete list of variable names and
definitions are given in Figure 27.

The tracker code given in Appendix
A contains both adaptive gate centroid
code and template matching code. The
following sections contain only a
description of the template matching
code which starts at label START 2.
The adaptive gate tracker code is
documented in a separate report [5].

Tracker operation can be broken into
two major computation loops, the scan
loop and the track loop. These compu-
tation loops are flow charted in
Figures 28 and 29 respectively. The
hardware reset shown at the top of
Figure 28 initializes the tracker hard-
ware and software. When initialization
is complete, a crosshair is displayed as
an overlay on the TV monitor, centered
at column 50, row 50 (NX=NY =50) as
shown in Figure 20. The crosshair is
produced by routine CROSS. The
operater then aims the camera at the
target to be tracked. In roughly .5
seconds the image data is scanned and
the GAIN and BIAS latches are set to
optimum values. The iterative process
of setting the GAIN and BIAS latches
continues until the track switch is
turned on. At this point the track loop
is entered as shown in Figure 29. The
AGC conditions existing at the time of
track initiation are stored. Then
continuing AGC action maintains the
quality of the reference in spite of
changes in scene brightness and local
area responsivity in the CCD TV
camera. The reference array is stored

.




VARIABLE
NAME

DEFINITION

SSw7
ONEMC1
FRMRQ
ONE

IP

{ RP

! CcP

1P2
MEAN
STD
MAXI
MINI
NX

NY
DELXX
DELYY
MODE
BWC
GAIN
BIAS
TPS
TIPS
N10

NSO
TP5D
TIPSD
T7PO
T8PO
T14P5
T13P5
T31
DCBLK
T81
T81PRM
ONEONE
ONEMC2
c2
GP933
FIFTY
FULLG
FULLB
ZERO
MNSBPK
SDSBPK
MNPK
MNSPK
SDPK
TEMP
MEANO
STDO
C1

CONSTANT, USED TO SELECT SSW7
CONSTANT, USED IN FILTER EQUATION
CONSTANT

CONSTANT

CONSTANT, IMAGE POINTER

CONSTANT, REFERENCE POINTER
CONSTANT, CORRELATION POINTER

(NOT USED)

VARIABLE, (MEAN VALUE)*81

VARIABLE, (MEAN DEVIATION)*81

VARIABLE, MAXIMUM OF CORRELATION ARRAY
VARIABLE, MINIMUM OF CORRELATION ARRAY
VARIABLE, CURRENT COLUMN TRACK POINT
VARIABLE, CURRENT ROW TRACK POINT
VARIABLE, DELTA ROW TRACK CORRECTION
VARIABLE, DELTA COLUMN TRACK CORRECTION
VARIABLE, CURRENT MODE LATCH
VARIABLE, CURRENT BLACK/WHITE CONTROL WORD
VARIABLE, CURRENT GAIN LATCH VALUE
VARIABLE, CURRENT BIAS LATCH VALUE
CONSTANT, (DEC 5)

CONSTANT, (DEC 1.5)

CONSTANT, LIMIT FOR TRACKING AREA
CONSTANT, LIMIT FOR TRACKING AREA
CONSTANT, (DEC .5)

CONSTANT, (DEC 1.5)

CONSTANT, (DEC 7.0)

CONSTANT, (DEC 8.0)

CONSTANT, (DEC 14.5)

CONSTANT, (DEC 13.5)

CONSTANT. INITIAL VALUE FOR GAIN LATCH
CONSTANT, INITIAL VALUE FOR BIAS LATCH
CONSTANT, (DEC 81)

CONSTANT, (DEC 81)

CONSTANT, BIAS ADJUSTMENT CONSTANT
CONSTANT, FILTER EQUATION

CONSTANT, FILTER EQUATION

CONSTANT, GAIN ADJUSTMENT FACTOR
CONSTANT, (DEC 50)

CONSTANT, MAXIMUM GAIN LIMIT
CONSTANT, MINIMUM BIAS LIMIT
CONSTANT

VARIABLE, BIAS ADJUSTMENT PARAMETER
VARIABLE, AGC ADJUSTMENT PARAMETER
VARIABLE, BIAS ADJUSTMENT PARAMETER
(NOT USED)

VARIABLE, AGC ADJUSTMENT PARAMETER
VARIABLE, WORKING

VARIABLE, OLD VALUE OF MEAN

VARIABLE, OLD VALUE OF MEAN DEVIATION
CONSTANT, FILTER EQUATION

Figure 27. List of variable names and definitions.
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RESET

PRODUCE
CROSS HAIRS
AT NX = NY = 50
(CROSS)

=

READ IN IMAGE
ARRAY
(IMG)

!

COMPUTE MEAN M AND MEAN
DEVIATION MD OF THE CENTER
9 x 9 SUB-ARRAY red}

OF THE IMAGE ARRAY
(STD) AND (MNV)

!

FILTER MEAN AND MEAN DEVIATION

M(K+1)=(1-C1)" u(K)+C1*M
g(K+1)=(1-C2) * ¢ (K)+C2*MD

Y

ITERATIVELY ADJUST GAIN AND
BIAS LATCHES SUCH THAT

135 <4 * a(k+1) <145
and
70S uk+1)< 80

NO TRACK

MODE SWITCH
ON?

GO TO
TRACK LOOP

Figure 28. Flow chart of scan loop.
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START TRACK
OOP

STORE EXISTING AGC CONDITIONS
MNSBPK = M(K+1) - .5
MNPK = M(K+1) + 5
SDSBPK =4" g (K+1) - 5 E
SDPK=4" O (K+1)+ 5 4

!

STORE CENTER 9 x 9 SUBARRAY OF THE IMAGE
ARRAY AS THE REFERENCE ARRAY (REF)

-

READ IN NEW IMAGE ARRAY (IMG)
4 Y

COMPUTE POINT OF BEST MATCH BY TEMPLATE MATCHING
ALGORITHM (COR)

\

UPDATE TRACKING GATE POSITION WITH NEW TRACK POINT (WIN)

COMPUTE MEAN M AND MEAN DEVIATION MD OF THE 9 x 9
SUBARRAY CENTERED AT THE NEW TRACK POINT (MNV) AND (STD)

'

FILTER MEAN AND MEAN DEVIATION: p(K+1) = (1-C1) * 4(K) + C1* M 3
0-(K+1) = (1-C2) * O (K) + C2 * MD

ITERATIVELY ADJUST GAIN AND BIAS LATCHES SUCH THAT:
SDPK < 4 * 0 (K+1) <SDSBPK
MNPK £ f1(K+1) £ MNSBPK

)

| UPDATE REFERENCE IF QUALITY OF MATCH DEGRADED |

3 GO TO SCAN

Figure 29. Flow chart of track loop.
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and a new image array is read in while
computation continues (in parallel). At
this point the template matching
algorithm finds the point of best match
and the tracking gate positions are
updated. New mean and mean de-
viation values are computed for the 9 x
9 subarray centered at the track point.
The mean and mean deviation are
then filtered and subsequently used by
the iterative gain and bias adjustment
software. The reference array is
updated if the quality of match is
degraded. This closes the track loop
which starts by reading in a new
image array. The iterative gain and
bias computations appear in both the
scan and track loops. The details of the
computation are given in Figure 30.
The computation starts after the fil-
tered mean and mean deviation have
been computed. The mean is computed
by the equation.

9 9
M=1 I I 1I'(,J)
81 1=1 J=1

where I’ (I,J) is the 9 x 9 subarray
centered at the current track point.
Similarly the mean deviation is com-
puted by

9 9
MD=1 I I |I'(1,J3)-M|
81 I=1 J=1

The filter equations are given in Figure
28. It should be noted that in the scan
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loop the following constants are held
to fixed values indicated below.

MNPK = 8
MNSBPK = 7
SDPK = 14.5

SDSBPK = 13.5

This choice of the constants has the
effect of optimizing the gain and bias
settings so that the full range of the
analog-to-digital converter is utilized
(0 to 15 counts). The effect of successive -
iterations is that the 9 x9 subarray has
a mean value of 7.5 counts and a
dispersion (40 (K+1)) of 14 counts.
Since gain is limited to 5, the dispersion
may not reach 14 counts for very low
contrast targets, but the mean will
always reach 7.5 (filtered value). This
technique can cause extremely bright
or dark objects to be clipped to 15 or 0
counts respectively, but the overall
effect is to enhance the available
contrast in the target. The software
AGC performed quite well, and enabled
the tracker to track the detail that
exists in a piece of plain white bond
typing paper in preliminary lab tests
as shown in Figure 31. Figure 32 shows
the enhancement of a very low contrast
target which is barely visible on the
monitor. Figure 33 shows results of a
real time scan and track loop testson a
simulated M48 tank target.




|
|

GO = GAIN

MD<SDSBPK

GAIN = GAIN/.833

GAIN = GAIN * 933 AN =i, &
i 3 DPK Q= GO/FULL G _
BIAS = BIAS * .933 i / BIAS = BIAS * Q !
\ . .
BIAS = BIAS/.933
o
o
BIAS>FULL B BIAS = FULL
Y
M<MNSBPK BIAS = BIAS + 1
N
BIAS = FULL B BIAS>FULL B
N
—
BIAS = BIAS - 1. M>MNPK
N
RETURN

Figure 30.

Iterative GAIN and BIAS flow chart.
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LIVE VIDEO

DIGITIZED AND ENHANCED VIDEO

Figure 31. Plain paper tracking tests.
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LOW CONTRAST
CAMERA VIDEO

DIGITIZED AND ENHANCED VIDEO

Figure 32. Results from automatic GAIN and BIAS adjustments.
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The reference update software is not
given in this report though several
methods for measuring the quality of
the template match have been at-
tempted. The methods generally in-
volve the examination of the side lobes
of the E(M, N) array about the point of
match. No suitable wide range zoom
lens was available to make the neces-
sary tests for developing the algor-
ithms. It is hoped that a wide range
zoom will be available in FY78 so that
the algorithms can be developed. One
approach for checking quality is to
compute

Q= ‘E(M,N)l |'nax - |E(M,N)| |

min
and to examine the side lobes about

{m,n} = {(m,n) |E(m,n) minimum}

Define the set

{D} = {E(m,n)—E(k,.l), {m-kl-l,

|n-s|=1}

Then if Q<T, and D/ min <T\s (Tq and T,
are thresholds) the reference array is
updated. A change in the color in the
tracking gate has been used as a que to
the operator that a reference update
has taken place. -

7. DETAILED SOFTWARE
DESCRIPTION

A. EAI 640 Emulation Code

A subset of the EAI 640
minicomputer instruction set has been
emulated on the Intel 3000
microprocessor. A listing of the code is
given in Appendix C. The code
operates roughly 4 times faster. than
the EAI 640 and about 2 times faster
than the Pacer 100, a newer model EAI
digital computer.

The basic set of macroinstructions

shown in Figures 34 through 37 is a

modified EAI 640 instruction set. The
symbols AX, P, S, and W in the
"operation performed” column refer to
the microprogrammed machine’s re-
gisters: accumulator, index register,
program counter, stack pointer and
status register respectively. The
macroinstructions are all 20 bits wide
and have two possible formats shown
below.

Memory reference

|A B 6bitOPCode 12 bit Displacement]
——
2 bit address option

Other

[ 8 bit OP Code 12 bit Displacement|
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CODE BINARY oCT
LA ABOO 0000 000 C(E) —= A
STA ABO0O 0001 001 A —= C(E)
LX ABOO 0010 002 C(E) — X
STX ABO0O 0011 003 X = C(E)
A ABO1 0100 004 A+C(E) —= A
S ABOO 0101 005 A-C(E) —» A
M ABO0O 0110 006 A*C(E) —» A
D ABOO 0111 007 A/C(E) —= A
AOM AB0O 1000 010 A+l = A
OR ABOO 1001 011 AVC(E) —» A
XOR AB0O 1010 012 A+C(E) —= A
AND ABOO 1011 013 A C(E) == A
C ABO0O 1100 014 SET FLAG FOR SKIP INSTRUCTIONS
NOT USED ABQO 1101 015
NOT USED AB0O 1110 016
NOT USED ABOO 1111 017
J ABO1 0000 020 D — P (OR C(E) —+ P)
L AB10 0000 040 P=S,S+1=+S, D+P (ORC(E)=P)
"BIER cove CMENT || se . DORESS OPTION
i ety o, Direct
MEMORY REFERENCE CODE Z OP D 01 Indirect

——

——
2 bits 6 bits

—p—
12 bits 10 Indexed
11 Indirect, Indexed

TV

Figure 34. Memory reference instructions.
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CODE | BINARY oct
CLR 00110000 | 060 0— A
AOA 00110001 | 061 A+1 —> A
CAO 00110010 | 062 1 — A
TCA 0011 0011 063 1+A—> A
ARS 00110100 | 064 ARITHMETIC RIGHT SHIFT (D TIMES)
ALS 00110101 | 065 ARITHMETIC LEFT SHIFT (D TIMES)
LRS 00110110 | 066 LOGICAL RIGHT SHIFT (D TIMES)
ssP 00110111 | 067 SET SIGN BIT OF A REG TO ZERO
SSN 00111000 | 070 SET SIGN BIT OF A REG TO ONE
EX 00111001 | 071 X —» Aand A —» X
er 0011 1010 | 072 A—> Pand P — A
ES 00111011 | 073 A—» WandW —» A
ICX 00111100 | 074 X +D —» X, SKIP NEXT IF SIGN BIT
CHANGES
pcx | oo111101 | 075 X-D — X, SKIP NEXT IF SIGN BIT
CHANGES #
OP CODE mspugggmsn%
INSTRUCTION FORMAT FOR REGISTER OPERATIONS ~ OP Lo
8 bits 12 bits

- Figure 35. Register operation Instructions.

58




i

E i
£

L

E.

b

R a2t

e

CODE BINARY ocr
SE 0111 0000 160 SKIP IF C(E) = A |
SG 0111 0001 161 SKIP IF A>C(E)
SL 0111 0010 162 SKIP IF A <C(E)
SNE 0111 0011 163 SKIP IF A # C(E)
SGE 0111 0100 164 SKIPIFA2CE) (.*
SLE 0111 0101 165 SKIP IF A< C(E)
SKN 0111 1010 172 SKIP IF A<0
SKP 0111 1011 173 SKIP IF A>0
SO 0111 1100 174 SKIP IF PREVIOUS CAUSED
OVERFLOW
SNO 0111 1101 175 SKIP IF PREVIOUS CAUSED NO
OVERFLOW
SAE 0111 1110 176 SKIP IF A REG EVEN
NOT USED 0111 1111 177 e
ICX 0011 1100 074 SEE REGISTER OPERATIONS
DCX 0011 1101 075 SEE REGISTER OPERATIONS

—— ——
INSTRUCTION FORMAT FOR SKIP INSTRUCTIONS OP D

8 bits 12 bits
*Valid following compare instruction (C) only.

Figure 36. Skip instructions.
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CODE BINARY OCT
NOP 0011 1110 076 NO OPERATION
P 0011 1111 077 PAUSE
PUSA 0111 0110 166 PUSH ALL REGISTERS ON STACK,
S+12 —» S
PUSX 0111 0111 167 PUSH A, X, P, W ON STACK,
S+4 wp S
POPX 0111 1000 170 POP A, X, P, W FROM STACK,
S-4 = §
RTN 0111 1001 171 POP P FROM STACK,S-1 =+ S
DI 1111 1100 374 DEVICED —» A
DO 1111 1101 375 A —» DEVICED
NOT USED 1111 1110 376
NOTUSEDJ 1111 1111 377

OTHER INSTRUCTION FORMAT—-(SAME AS REGISTER OPERATIONS)

Figure 37. Other instructions.
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In the case of memory reference in-
structions, there are four addressing
options.

AB
Direct 00
Indirect 01
Indexed 10
Indirect, Indexed 11

In Figure 34, the symbol E is used to
indicate an effective address formed in
one of the four possible ways of. If D is
the symbol for a 12 bit displacement in
the instruction word, then

Direct E = D
Indirect E = C(D)

Indexed E = X + D (sum of Index
_ Register and D)

Indirect, Indexed E = C(D) + X

where the symbol C(D) represents the
content of memory location D.

Theregister assignments in the Intel
3002 chip are made as follows:

Microprogrammed Intel 3002

Machine Register
A ; RO
X R1
R2 (Working)
P : R3

S R4
R5 (Working)
R6 (Working)
w R7
R8 (Working)
R9 (Working)
AC (Working)
T (Working)

Registers R2, R5, R6, R8, R9, AC, and
T are used as working registers in
microcode operations. Registers RO,
R1, R3, R4, and R7 are maintained for
the microprogrammed maching. The
A and X registers are used as

conventional accumulator and index

registers respectively. The P register is
the program counter and contains the
address of the next instruction to be
executed. The S register is the stack
pointer and contains the next avail-
able address for the storage stack
located in main memory. The W regis-
ter is used as a status indicator and
will be used in interrupt code.

When the front panel reset switch is
activated, a logic high is placed on pin
36 of the Intel 3001 microprogram
control unit. The logic high forces the
instruction at location 0008 in
micromemory to be executed. The
initialization code for the micropro-
cessor is placed at this location.

The last instruction in the initial-

ization code is a JZR (FETCH).
FETCH is a label for row zero column

i R S

& SN TARE




15 and is the starting location for the
instruction fetch code. The initiali-
zation code is given below and
assumes that the initial value of the
stack pointer and program counter are
located in cells 0 and 1 of main memory
respectively.

The instruction fetch code is located
in row zero column 15 (OOF16), and is
used to fetch the next instruction to be
executed from macromemory. The
code includes a mask so only the 12 bit
displacement is loaded into the AC
register of the Intel 3002. The AC

000H: INIT: CLR (A); 0-A

CLR (X); 0-X

CLR (W), o-W

CLR (T); 0-T

LMI (T); T-MAR
/*WRITE ZERO TO INTERRUPT STRUCTURE*/

ILR (W) ROT; W AC

LMI (T) FF1 RRM; 0 MAR, T+ T

ACM (AC); C (0 Ac AC
/* C ()) = INITIAL VALUE OF STACK POINTER*/

SDR (8)  FFy AC-s

LMI (T) ffl RRM; =MAR, T + 1-T

ACM (AC); C (1)~AC
/* C (1) =STARTING ADDRESS OF PROGRAM*/

SDR (P) FF1 JZR (FETCH)

register is also copied into R9 for later
usage. The last instruction in the fetch
sequence contains a JPX instruction
which causes a 16-way branch to the
various ‘“classes” of instructions.
Figure 38 shows all conditional
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branches used to determine the macro-
instruction to be executed. Note that
many unused instructions are shown
in Figure 38 (FETCH), allowing for
future growth to more complex macro-
instructions. The fetch code also
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forces the P register contents to the
memory address register and incre-

OOFH: FETCH:

LMI (P) FF1

ments the P counter by one. The
fetch code is given below.

RRM;P MAR,PZr =

/*LOAD DISPLACEMENT BY MASKING WITH KBUS*/

001FH; LTM (AC)

KO1FFF; M

01FFP AC

/*SAVE DISPLACEMENT IN REGISTER R9 AND BRANCH TO

02FH;

The binary codes appearing with the
mnemonics shown in Figure 37 are
completely determined by the condi-
tional branches given in Figure 38.

The primary use of the EAI 640
emulation code is to "glue” special
tracker code instructions together, and
to ease the software formation problem
with easy to use instructions. The bulk
of the tracker code is written on the
microcode level and most of the
software development time is in the
tracker special instructions given in
Section 7.C.

The emulation code is stored in page
1 of micromemory (first 512 locations)
and contains the initialization and
instruction fetch sequences.

B. Addressing Technique for
Image Processing

This section details a technique
which is very useful in many image

SDR (R9) FF1 JPX(D,J,L,REG,I, JI,LI;MSC,

X,JJ,KK,LL,IX,AA, BB, I0);

processing algorithms including those
involved in correlation or template
matching. The technique is deceptively
simple but can save a considerable
amount of time when processing
rectangular arrays of known sizes.
Consider Figure 39 which shows a N x
M subarray inside a larger L. x K array.
The process works best when hardware
loop counters can be used, however,
they are not necessarily required.
Assume that the larger array has been
stored line by line, sequentially into
memory and that the address of the
first element in the subarray is known.
Then each element of the subarray can
be addressed as shown in the flow
chart of Figure 40. The advantage of
the technique is that address computa-
tion requires only the addition of fixed
constants. The correlation or template
matching computation is only slightly
more complicated. All shifting and
addressing associated with correlation
or template matching can be computed
by the addition or subtraction of fixed




s o

3 A = ADDRESS OF FIRST PIXEL KXL ARRAY
] { IN SUBARRAY

/ r//f/ ~—— MXN

EfRans
A,

LARGER ARRAY

Figure 39. Subarray inside larger array.




- START

LOAD SOFTWARE OR HARDWARE COUNTERS
SUCH THAT CNT1=CNT2=0

Y

As=A
{ |

E
1

OPERATE ON C (As)

v

As=As +1
CNT1 =CNT1 + 1

s e

CNT1=N N

As=As+L-N
{ : CNT2=CNT2 +1
CNT1 =¢

Figure 40. Addressing technique for image processing.
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constants. Multiplications for address
formation are eliminated. An example
of template matching addressing
can be found in the flow chart of
Figure 46.

C. Tracker Microcode

(1) Routine WIN. Routine WIN is
used to generate tracking gates to
indicate track point on the TV monitor.
The track point is defined by (NX, NY)
the column and row locations of the
tracking gate center. Figure 19 shows
the 9 x9 array which is inclosed by the
tracking gate of fixed size, and Section
3.C gives a description of the latches
which must be loaded to generate a
tracking gate on the TV monitor.

The variables NX and NY are stored
in macromemory, and routine WIN
reads these values along with the
black/white control word which de-
fines the color of the tracking gate.

The mode latch is forced to the
tracking gate mode with the requested
tracking gate color. The mode latch
status word is also updated to give the
current mode latch status. Figure 41 is
a flow chart of WIN and shows the
addressing and loading of the tracking
gate control latches with the 3002
MAR register.

(2) Routine CROSS. Routine
CROSS is similar to WIN except that
the mode latch is enabled to draw a
crosshair. The right and left column
latches are loaded with NX and the

upper and lower latches are loaded
with NY. The crosshair color, as in
routine WIN, is determined by the
black/white control word in macro-

memory.

The flow chart for CROSS is shown
in Figure 42.

(3) Routine FRM. Routine FRM is
analogous to a shutter release on a
camera. Execution of FRM causes a
new frame to be loaded into image
memory (10K memory).

The flow chart for FRM, shown in
Figure 43, contains all operations
performed in the routine. .

(4) Routine WAT. Routine WAT is
used only after FRM has been executed.
Routine WAT tests the sign bit of the I
bus to determine when a frame has
been completely stored. If the frame is
not ready, a wait loop is entered until
the sign bit goes high (frame ready).
The flow chart for WAT is given in
Figure 44.

(5) Routine IMG. Routine IMG is
used to read the image array I(I,J), as
shown in Figure 19, into macro-
memory stored starting at address IP
(image pointer). The image pointer IP
address is located at 20 octal in macro-
memory. The image is stored line by
line, sequentially in memory. The
routine is detailed in the flow chart
shown in Figure 45. Since image data
is read into macromemory during the




g

ﬁaEAD TRACK POINT (NX, NY) i
FROM MACRO MEMORY
NX = C(1810)
NY = C(1910)

y

LOAD
LEFT COLUMN LATCH
MAR = ®
LC LATCH=NX -5

LOAD
RIGHT COLUMN LATCH
MAR = 1

= +

LOAD
UPPER ROW LATCH
MAR = 2
UR LATCH = NY-§

Y

LOAD
LOWER ROW LATCH
MAR =3
LRLATCH=NY +5

- T
! READ BLACK/WHITE
CONTROL WORD AND

CURRENT MODE LATCH
STATUS

Y

UPDATE MODE LATCH ]
AND MODE STATUS
WORD WITH REQUESTED 1
TRACKING GATE AND
COLOR BIT VALUES

JZR (FETCH) }

Figure 41. Fiow chart for routine WIN.
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START

READ CURRENT
MODE LATCH
STATUS

Y

FORCE REQ BIT HIGH
START AND READ/WRITE BIT
LOW IN MODE LATCH

y

READ TRACK POINT (NX, NY)

FROM MACRO MEMORY ‘s";fﬁ]g xggg
NX = C (181¢)
NY = C (1919) i

l GENERATE STROBE
LOADLEFT C TO STORE NEW

AND RIGHT COLUMN FRAME OF DATA
LATCH WITH NX
MAR = 0 & MAR = 1

j JZR (FETCH)
LLOAD UPPER ROW AND

LOWER ROW LATCHES
WITH NY
MAR = 1 AND MAR = 2

Figure 43. Flow chart for routine FRM.

READ BLACK/WHITE
CONTROL WORD AND CURRENT
MODE LATCH STATUS

MODE STATUS WITH REQUESTED
CROSS HAIRS AND COLOR

START
TEST
1 BUS Low
SIGN
Figure 42. Flow chart for routine BIT
CROSS.
HIGH
JZR (FETCH)

Figure 44. Flow chart for routine WAT.
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LOAD LOOP COUNTERS 1 & 2
WITH -1749

]

READ IMAGE POINTER
IP = C (20g)

FORM READ AND STORAGE
ADDRESS
RA = (NY-9) * 100 + NX-9
SA = IP

";

READ IMAGE DATA FROM
LOCATION SA IN IMAGE
MEMORY

. |

STORE IMAGE DATA
IN LOCATION SA IN
MACRO MEMORY

y

RA=RA +1
SA=SA+1
CNT1=CNT1+1

CNT1

CARRY L

YES

RA = RA + 8310
CNT1 =-17
CNT2=CNT2+1

Figure 45. Flow chart for routine IMG.
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START

CNT1 = CNT2 = CNT3 = CNT4 = -10
AC=CP AlI=IP

F

SUM =0 AR = RP

LPINR /\}F

SUM = SUM + (C(AI)-C(AR))?

REGISTER ASSIGNMENTS

RO = -153
R1 = WORKING
R2 = -145

R3 = P COUNTER
R4 = STACK POINTER
R6 = AC

y

[ CNT1=CNT1+1,Al=Al+1,AR=AR +1

| Al = Al +8 CNT1=-10, CNT2 = CNT2 + 1 |

R7 = Al
R8 = AR
R9 = WORKING
AC = WORKING
T =SUM
| SuM—==C (AC), AC = AC + 1, CNT2 = -10, CNT3 = CNT3 + 1]
VARIABLES
CP = CORRELATION POINTER NO
IP_= IMAGE ARRAY POINTER AL A - 1Y

RP = REFERENCE ARRAY POINTER
SUM = CORRELATION SUM

YES
[ Ar= Al - 145, CNT3 = -10, CNT4 = CNT4 + 1|

NO

YES

JZR (FETCH)

Figure 46. Flow chart for routine COR.
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vertical blanking interval of the TV
camera, processing can involve every
frame (123 frames/sec) as required.

(6) Routine COR. Routine COR is
flow charted in Figure 46. Register
assignments are also given in the
figure. The routine uses addressing
techniques detailed in Section 7.B. The
variables AC, AI, and AR are the
current address of an element in the
template match array, image array,
and referenc e arrays respectively. The
variable CP, IP and RP are the address
pointers for the template match array,
image array, and reference arrays
respectively. The variable
SUM = E(M, N). It should be noted that

the program counter and stack pointer

are not disturbed by the routine
execution. The result from routine
COR is a 9x 9 array of template match
scores defined by Equation 6.5 (or
Equation 6.4).

(7) Routine MIN. Routine MIN is
used to find the point of best match
after routine COR generates the 9 x 9
template matching array. Since the
possibility exists for multiple mini-
mums, the track point is defined to be
the minimum nearest to the old track
point. Figure 47 defines some of the
variables shown in the flow chart of
Figure 48. Note that DX = DY = 0
indicates the target has not moved
from the current track point. Variables
DX and DY should define the location
of the minimum nearest the current
track point when execution of MIN is
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complete. The variables MAX and
MIN define the maximum and mini-
mum of the template match array
respectively. The variable I and J
correspond to the current column on
row being checked. It should be noted
variables T and N measure the close-
ness of a possible minimum to the
existing track point, and are used to
discriminate between multiple mini-
mums.

(8) Routine REF. Routine REF is
used to store the 9 x9 array centered at
(DX, DY) as defined in Section 7.C(7)in
macromemory starting at location RP,
the reference pointer. The reference
pointer is stored in location 21 octal in
macromemory. The data array is read
from the image array previously stored
in macromemory. Routine REF is flow
charted in Figure 49.

(9) Routine MNV. Routine MNV is
used to compute the sum of all elements
in the 9 x 9 array R(I,J) centered in the
current track point (DX, DY) as defined
in Section 7.C.(7). The sum can then be
used to calculate the mean value by
dividing by 81. The computation that
takes place can be expressed by

IR S
SUM = z Z R
i=1 j=1 1]

The mean value obtained from SUM is
used in AGC calculations which
control the gain and bias latches.




;,
%
E

T=|DX +|O¥

N=[J+]1

TEMPLATE
MATCH
ARRAY

Figure 47. Variable definition for routine MIN.
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CNT1=CNT2=-10,K=CP REGISTER ASSIGNMENT
I1=J=DX=DY=-5

| RO = DX
R1 =T
C (K)—MAX R2 = MAX
1 C (K)—+MIN R3 = P COUNTER
; R4 = STACK POINTER
| RS = DY
— LOOP 2 s
R7 = |
l J=J+1 R8 =J
R9 = MIN
AC = WORKING
LOOP 1 T = WORKING

I=1+1
K=K+1

MAX = C(K)

ZZRO

T=1Dx + (O
N=Id+]t

CNT1=CNT1+1

NODE 2 MIN = C (K)

DX =1
DY=J

4
N NT Bx=t LY
CARRY DY =J
Y N

CNT2 =CNT2 +1
1=-5
CNT1 =-10

MIN—C (27g)
N Y_ | MAX=C (26)
DX—C (32g)
T i)
JZR (FETCH)

|

Figure 48. Flow chart for routine MIN.
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R it oy

|
|
1

\ START

LOAD LOOP COUNTER
CNT1 AND CNT2 WITH
™10

READ IMAGE AND REFERENCE]
POINTERS IP & RP FROM
MACRO MEMORY

FORM READING AND STORING |

ADDRESSES
RA = IP + 7240 + DY * 17 + DX
SA = RP

READ IMAGE DATA FROM
LOCATION RA IN MACRO
MEMORY AND STORE
IN LOCATION SA

RA =RA +1
SA=S8A+1
CNT1=CNT1+1

Y

RA=RA+8
ONT1 = -10
CNT2 = CNT2 + 1

Y

JZR (FETCH)

Figure 49. Flow chart for routine REF.

75

B T




The flow chart for routine MNV is
shown in Figure 50.

(10) Routine STD. Routine STD is
used to calculate the mean deviation a
quantity which is similarin natureto a
standard deviation calculation. The
quantity calculated is a measure of
dispersion and is given by

5.9 L
SUM=81*%0,=4 L I |27*R'

- R!
i=13=1 1,7 R

where (R'j, J) is the 9 x 9 array centered
at (DX, DY) as defined in Section
7.C(7), and where R’ is the mean
value of the elements of the (R}, J)
array.

The constant 25 is used to shift the
image data 5 places to the left so that
the image data will be consistent with
the mean value R’ which is stored
with 5 binary places to the right of the
binary point. Since division operations
must take place in macrocode, SUM =
81 * OA is calculated. The quantity
0 A = SUM/81 is calculated |in macro-
code and is used to obtain a measure of
the dispersion of image data need for
gain determination (GAIN latch).

Figure 51 shows a flow chart of the
calculations performed in STD.
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D. Execution Times for Tracker
Routines

The chart in Figure 52 shows the
execution time of each routine along
with the number of microcycles not
involving a read or write ( u cycles),
and the number of microcycles in-
volving a read or write (R/W u cycles).
The computations assume a 160 nsec
microcycle and a 320 nsecread or write
microcycle. It is of interest to note that
two correlation tracking operations or
one correlation and one adaptive gate
tracking operation (simultaneously)
could be accomplished at over 60
frames a second. Though the advan-
tages are not clearly defined, this -
result is indicative of the power of the
approach.

8. POWER CONSUMPTION
PACKAGING

The packaging problem is a very
complex one for the system given in
this report, and it is clear that major
problems will stem from intercon-
nections of components and high
power consumption. However, it is
useful to consider chip area used by the
DIP chips in the tracker. The needed
area can be graphically illustrated by
placing all tracker components on two
6 inch diameter circular areas as
shown in Figures 53 and 54. The area
analysis assumes the use of state of the
art memory components available as
of this writing and includes only those
chips needed for tracker operation. No




3 START

LOAD LOOP COUNTERS
CNT1 AND CNT2
WITH -10

y

| READ POINTER IP FROM
MACRO MEMORY

FORM READING ADDRESS
RA=IP+72+DY"* 17 + DX

!

SuM=0

|

: SUM = SUM + C (RA)
RA=RA +1

| enTi=cNTi 4]

RA=RA +8
CNT1=-10

STORE SUM
IN LOCATION
24 OCT

3

Figure 50. Flow chart for routine MNV.
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START

|  READ IMAGE POINTER 1P ]

COMPUTE STARTING
ADDRESS
RA = IP + 72

LOAD COUNTER
CNT1 AND CNT2
WITH -10

i
SUM = SUM + ABS (25 * C (RA) -MEAN)
RA=RA +1
CNT1 = CNT1 +1

CNT1 N

CARRY

?
Y

SA=SA+8
CNT2 = CNT2 + 1

CNT2 N

CARRY

?
Y

SUM=C(25g)

< JZR (FETCH) >

Figure 51. Flow chart for routine STD.
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ROUTINE CYCLE READS (R) | WRITES (W) | EXECUTION

LESS R/W TIME (m sec)
WIN 4 6 36 .0089
CROSS 4 6 21 0066
FRM 1 2 13 .0030
IMG 85 86 291 1013
COR 13,127 81 14,137 6.4884
MIN 245 324 3,399 7259
REF 85 81 112 0726
MNV 84 1 119 0462
STD 85 1 1,168 2144
WAT 0 0 5 .0000*

19,301 13,720 588 TOTAL 7.67

Figure 52. Estimated execution times of tracker routines.

79




T | aidics "R
-— .
¢
1
B

T
]

74LS157 74LS157
/ 745112 748112 745260
7485112 745112 748112 748112
745175 745175 745111 74120 74508
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Figure 53.. Graphic illustration of DIP area needed for tracker.

80




zesL zZesML
sesWL seswL 2es WL
ezinL 2L 12HYL 12HYL
9218 c8sIL ces MWL ceswL cesWL /
cLZs WL LLysL ousL 9SWL usWL
oL 08s L LLysYL zZEsWL ¥0SIPL Y0892
yosYL S WL ySWL Y0592 Y0892 yoS¥L z;oo%w%o
sesWL ses WL
m. SesIL ces WL q &
~ m = ﬁ .Q..
seswL sesMWL £S _ 7
3 £9 g¥ © 52T 4
2 Lisn s as +5% 2532
~ Y Own Sa222
2 < & = S3 2
17} oevL 1447 W w »
: 3
ocvL zesWL X
1 e zevL
L
" Y
m P P m 3|22 cL2SWL €125 WL €428,
<
& yLISYL vLISYL b e m €L2SWL £L28WL £L2SWL
2y le2
X832 coswm
ySLINL $,c§
£oIS WL _ + | < w S5 )+
g7 23
[ oIS L £9IS WL £91SL
scIsy, £oLSHL £01S YL
N zsm s P

Figure 54. Graphic illustration of DIP chip area needed for tracker.
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special attempts were made to reduce
area, except in the case of memory,
analog to digital conversion, video
control latches, and operational am-
plifiers. The bulk of the chips shown
actually exist in the current tracker
hardware. It should be noted that an
area reduction of 3:1 is possible using
ceramic chip carrier packaging [6]. As
an illustration of what this means
consider the chip areas shown in
Figures 53 and 54 would become 3.4
inch diameter circular areas. It ap-
pears that power consumption rather
than package size is a more serious
problem. The table shown in Figure 55
is an inventory of parts used in the
tracker, along with power consumptions
of individual parts. Only limited
attempts were made to reduce power
consumption. Shottky parts are used
routinely throughout the tracker. It is
felt that many paths and loading
conditions would permit the use of
more low power Shottky parts re-
sulting in a considerable savings in
power consumption. The power con-
sumption of 39 watts typical, 56 watts
maximum is high, but is not the
"Hoover Dam Syndrome” expected.

9. CONCLUSIONS

This report contains a new concept
for an imaging tracker using a high
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speed microprocessor. The tracker,
capable of adaptive gate centroid
tracking and template matching track-
ing, achieved each type of tracking at
frame rates up to 123 frames/second.
Therefore, tracker concepts using
simultaneous tracking of centroid and
templates are possible at rates of 60
frames/second. It is felt that the
concept of using a high speed micro-
processor can eliminate much hard-
ware associated with image processing
trackers. Though power consumption
is currently on the high side, the
tracker hardware concept will easily
fit in a 6 inch missile. The volume
consumed could be less than a six (6)
inch cylinder one inch in height, .
exclusive of power supply volume. It
must be conceded however, that ther-
mal conduction and interconnection
problems could force a much larger
package size.

The 1980’°s will usher in a new era
with the advent of VLSI. The speed-
power products of digital integrated
circuiis will plunge to new lows as the
use of electron beam lithography be-
comes wide spread. Packaging will
become more dense. All indications
are that the tracker in this report could
be built with smaller size, lower power
consumption, and much higher per-
formance in the 1980’s.




- crnea| ARt FUNCTION AND COMMENTS TYP MAX P'ro!li
8 3002 | CENTRAL PROCESSING ELEMENT 5800 | 7600 | 28
1 3003 | LOOK-AHEAD CARRY GENERATOR 400 es0 | 28
1 3001 | MICROPROGRAM CONTROL UNIT 850 | 1200 | 40
22 74504 | HEX INVERTER 33 5940 | 14
5 745174 | HEX D FLIP-FLOP WITH CLEAR 2250 | 3600 | 16
1 74511 | DUAL JK FLIP-FLOP o7 1025 | 14
4 745157 | QUAD 2 TO 1 MULTIPLEXER 10 1560 | 16
1 74L5244| OCTAL BUFFER WITH 3-STATE OUTPUTS 135 20 | 2
, 3 74LS00 | POSITIVE NAND GATE 036 os6 | 14
! 4 74508 | POSITIVE NAND GATE 60 | 1140 | 14
: 3 74510 | POSITIVE NAND GATE 225 405 | 14
: 1 74L502| POSITIVE NOR GATE 007 013 | 14
; 2 74520 | POSITIVE NAND GATE 100 180 | 14
: 2 745175 | QUAD D FLIP-FLOP 600 90 | 16
; 1 74120 | DUAL PULSE SYNCRONIZER 255 450 |. 16
8 745112 | DUAL JK FLIP-FLOP, CLEAR AND PRESENT | 450 750 | 16
3 745260 | POSITIVE NOR GATE 390 615 | 14
5 741832 | POSITIVE OR GATE 122 25 | 14
4 74LS76 | DUAL JK FLIP-FLOP, CLEAR AND PRESET 080 60 | 16
1 741590 | DECADE COUNTER 045 o5 | 1a
] 4 740593 | BINARY COUNTER 180 780 | 14
1 8726 | TRANSCEIVER 435 45 | e
i 2 74H21 | POSITIVE NAND GATE 200 320 | 14
2 74123 | RETRIGGERABLE MONSTABLE 460 ee0 | 16
8 74585 | 4 bit MAGNITUDE COMPARITOR 416 800 | 16
2 74511 | POSITIVE AND GATE 240 42 | 14
7 7405273 | OCTAL D FLIP-FLOP WITH CLEAR 595 945 | 20
- 1 7442 4 TO 10 LINE DECODER 140 280 | 16
2 7430 | POSITIVE NAND GATE 030 060 | 14
3 7432 | POSITIVE OR GATE 345 570 | 14
3 745471 | 256x8 PROM 165 2.325 20
4 825208 | 256x8 RAM (SIGNETICS) 2700 | 3700 | 22
8 | 74LS163A] SYNCRONOUS 4 bit COUNTERS 760 | 1280 16
2 745138 | DEMULTIPLEXER (3 TO 8) 490 740 | 16
6 825191 |2048x8 PROM (SIGNETICS) 3900 | 5250 24
Tac=80 NS
2 93464 | 1024x8 ROM FAIRCHILD 1100 | 1500 | 24
Tac=45 NS
1 DAC80 |BURR BROWN 8 bit DAC 900 90 | 16
1 MDAC |COMPUTER LABS MULTIPLYING DAC 1800 | 1800 | nwA
10 MHz
1 | ADC-SH4B | ADC 4 bits WITH S/H 1375 | 1315 | wa
1 3554 |OP AMP BURR BROWN 3025 | 3025 | NA
2 2 |AMI 1024x4 vMOS RAM 1200 | 1.800 18
TAC=55 NS
4 | 74L5193 |SYNCHRONOUS 4 bit COUNTER WITH CLEAR | 380 ee0 | 16
4 | 74Ls157 |QUAD 2 TO 1 MULTIPLEXER 194 32 | 16
1 74L154 |4 TO 16 LINE DECODER 085 140 | 24
TOTALY 151 39.355 | 56307

"Figure 55. Part inventory and power consumption.
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APPENDIX A

3 Macrocode
| (LISTING #1)
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L B BN B BE IR BN BE IF NE BF BF BF BN N

SSA4 5 ON FOR CENTROID TRACKING

SSW 12 ON FOR SWITCH TO CORRELATOR WAILE CENTROID TRACKER

IS ON

SSW 18 OFF SWITCHES BACK TO CAGE MODE ON CENTROID TRACKER
IF SSW 5 IS OFF

IF SENSE SWITCH 7 IS ON

LOOP IN EITHER

aanan
330841
22332
33933
ACIA4
24205
AAvge6
22327
¥av19
23011
90012
20313
23214
A2415
158 279016
16: 249217
17: 99129

®® o0 o 00 0 ce 9 S % S0 44 o0 o0 oo

SDUNFSOONOCOUNBUN-

e e

19: ga1pa
20: pU1d1
21: PJ142
22: p01A3
23: 00144
24: 43195
25 39140
26: 291027
27 29110
28: 40111
29 duwit2
39: 492113
31: 32114
32: AA115
33: 22116
34: D117

A28922
089a34
23229091
200091
Pdd201
209741
Jevevl
200001
¥23001
232991
AB3491
790491
ga0301
go2001
Addevul
n3g0oa1
#aensl

125409
2903092
176442

124400

A2040a
AB20007
nJA490
nP3430
232009
Nd0402
Ap0400
a23%90
234490
A33402
176444
P20008

120002
203239
200Pd2
2039923
PBNP A4
P00a 25
PveNee6
0000087
200010
000011
002212
ppepL3
200014
090915
PRP216
200217
822020

BBB356
20367
n60332
002070
208705
P20752
00PB32
0P0B31
200240
20pR 32
ABYB33
ARd431
022022
AN242¢
2603041
000771

++ YOU WILL GO TO THE AGC SCAN

DELX
DELY
ASUM
MEAN2
XEEG
XAEG
XBLG2
XALG
YEEG
YAEG
Y8LG2
YALG
XBAR

YBAR .

BWF
CAGE

AGCS

CENTROID OR CORRELATION

ocT
ocT
B8SS
BSS
BSS
8SsSs
BSS
BSS
BSS
B8SS
B8SS
BSS
BSS
BSS
BSS
B8SS
BSS
ABS
START
LA

Do
WINDOW
L

LA
STA NX
STA NY
CLR
STA
STA
LA
STA
LA

Do

L
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100

T T T o ol

1

1p0
INIT
TEN
6

SAGC
FIFTY

DEL XX
DELYY
IPC

C36

SCANN




‘ 35: @9120 A77434 204804 LAIBUS
363 97121 925490 BBAT 66 AND SSW7
k- 37: @2122 200409 979043 Sz
- 38: ¥2123 718040 823117 J AGCS
39: 33124 222707 222037 LA BIAS
43: 92125 JYA409 922424 STA SBIAS
41 Pulz26 240303 DVPAR36 LA GAIN
42: Ju127 A22440 280475 STA SGAIN
| 43: Qul3d 125494 B0g356 START INIT ]
{ 44: @A131 124423 BABK4Y CAGE1 WINDOW
P 45 PP132 4774044 PVAR22 LAIBUS
! 46: @9133 FU5403 BP3766 AND SSKW?7
' 47: AP134 P36437 PPV sz
; 48: 93135 210999 #0199 J CAGE
43: 38136 P0ARA POLBGS L ZERR
SA: pY137 ABPYAY 092374 LA $62
51: PJ4149 AYA401 0AR346 _ STA cX
52: 93141 0024¥9 PIR3I47 STA cY
53: 93142 AINAIZ ADP4YD LA c36
54: 23143 Av443Q AARI72 OR TARGET
: 55: @gl4d 17640y 26p0BY DO 6
: 56: 23145 1259299 00000y FRAMEW
3 57: 92146 930390 493377 LA c33
: 543 02147 %04490% UAB3I72 OR TARGET
59: 93153 176403 060000 Do 6
692 U151 120409 4908353 MEAN ECOUNT ;
61 20152 17449p poOponY EQ
62: AP153 120090 VOB3ISY LA ECOUNT
63: 232154 132400 879049 ALS 7
64 20155 V0g4AND VPB3D STA ECOUNT
65: 409156 B300Y9aG A0@LHA CLR
66 39157 174400 B02830 EQ
67: DA16D AP34N0 POPY35D D ECOUNT
68: @gv161 233740 149909 LRS 14
69: BP162 Aa694g POR366 c SEVEN ;
70: AJ163 A72320 2Y200RH SGE ;
71: 49164 7212004 @AgL71 J BLACK |
72 34165 333990 002997 CLR |
73: PA166 MI24Vy BAR372 STA TARGET |
74: 29167 203403 002023 STA BWF ‘
75: 0174 A19DVp BBRPL7S J WHITE
76: D0171 AQB0A0 AVR371 BLACK LA OONE
77: 43172 438400 29¢R29 STA BWF
78: p2173 p3000A PPOAS/D LA TWENTY
79t @90O174 7A20400 00@372 STA TARGET
. 80 gN175 125430 ARB3IL6 WHITE START INIT
» STORE MODF LATCH FOR VIDEO
81: a0176 203032 208364 START LA SIX
82: wnl77 BP440p BOYIT72 OR TARGET
B83: PA2720 176403 6000 Do 6




84 Pd201 J23AND ABR4U4 LA SBIAS
85: Y8202 176499 0409490 Do 4
86: 9203 PAAATN BAB4YS LA SGAIN
873 222234 17647 B52002 Do 5

REQUEST FRAME AND PRUCESS CORRELATOR AGC GAIN AND BIAS

88: 2M24% 125000 PA8AAN FRAMEW
SET MODZ LATCH FOR READ MODE

89: MU2A6 NAYA3% ABA3I62 LA ONE
9N: AR207 NL440D PARI72 OR TARGET
91: AM21) 176480 P60 po 6

92: 94211 124493 VABOY WINDOW

93: p¥212 177490 PAPP0Y LAIBUS

94: @N213 12540 @AQ3I76 AND SSWi
95: 6214 AV7090 093NN SNZ

96: BE215 N1A0PP 20p341 J TY
97: 99216 121902 498351 SAVEIJ I

98: 03217 120402 200354 MEAN ECOUNT
99: PY220 174400 002279 €Q

10é: 01221 AvQUULA 803350 LA ECOUNT
1pl: 99222 »S240Y 070040 ALS 7
192: 00223 ED4¥0 00Q352 STA ECOUNT
103: @87%224 334003 20307N CLR

104: 2225 17440p 00QBVY EQ

105: pwv226 yd349P VEA3ISHA D ECOUNT
136 8B227 B33¢30 1420200 LRS 14
197: 02230 09pdyd PPRARUYS STA MEAN2
108: ¥MP231 1214vé 209351 RESTIY 1

199: p0B232 122080 PPOPV2 EGATES DELX
110:. 90233 00330607 003344 ADR XG-
111: 93234 24090 BBB3I46 ADR cX
112: 092235 ABYVO0 VOII47 ADR cY
113: 90236 121000 900351 SAVELIY 1
114: @2237 1230380 0900027 CNTRD XAEG
115: pv240 PP20AK NORRO4 LA ASUM
116: ¢0A241 432400 970000 ALS 7
117: 90242 B0O040N BUBRN4 STA ASUM
118! p¥243 Y3IOPNG BARVI0D CLR

119: pv244 174490 030p0¢ EQ

129 pY245 0PYAGO OPARL6 LA XBAR
121t 0P246 P3340p BINR24 D ASUM
122 gU247 yBI400 AV1812 STA CcxS
123: po25p P33PPK 14ppwo LRS 14
124 Pp251 VAR400 0VQR346 STA cX
125: 90252 4uPd00 OABO17 LA YBAR
126: @3253 AN3400 0VQQVS D ASUM
127: pgu254 30p4¢0 Gplgli StA cYs
128: @255 3300 142000 L;s 14
129: pE256 FAP4AN POA347 STA cYy
136¢ wN257 BI0A0a V1012 LA CxsS
131: pe26p n330pe 110002 LRS 11

91

ROPY TP e




B

132:¢
133:
134:
135:
136:
137:
138:
139:
149
141:
142:
143
144:
145
146
147:
148
149:;
154:
151:
i152:
153:
154:
155:
156
157:
158
159:
160
161:
162:
163:
164:
165:
166
167:
1688
169
170
171:
172
173
174:
175
176:
177:
178:
179:
i18p:
181:

g¥261
20262
PA263
Drebd
aa26s
26266
P67
pR279
pe271
PR272
@273
pR274
23275
20n276
83277
PR3va
ga3@1
pR302
82323
83304
BO3Y5
pA306
88337
@B310
£2311
@n312
PP313
an314
Bn315
@316
2317
ae3ae
80321
20322
ne323
pR324
nR325
pB326
60327
nB33¢
¥R331
g9332
AE333
BeE334
AP335
pB336
@337
pR34p
pe3al
p2A342

Na24np
nz2peen
1764090
YwRGRAY
C3spda
(1r2409
B20009
176400
BPALVH
AR38YY
174409
LT
NEPBB N
"I3060
174409
yanape
1214020
12240¢
230809
174420
200000
332400
V08400
w3000
174490
yo340@
n32000
123000
PPPRAY
123490
PANBAY
174400
NOBR2P
©32460
POP40Y
A3BAAN
174400
703400
A320A6
124900
rOGABE
P77450
ngs49e
PO79PY
viiegeg
pRRDRY
Brg4ve
clpgepm
ARV
pds4p@

$A1016
VAB4M6
B78200
ve1p11
1312000
Pe1P10
@8P486
120000
PO2RB3
NAO344
0YQ0NL
20A353
P0ARB2
20034
LLLY
nPB354
209351
203353
neRRAR2
2900 0¢
PAB35 S
@7000¢
PBV3ISI
200007
PYAROO
0808353
149000
000002
POO3I46
202354
2A@003
280007
000354
n7 0020
00A354
20000 C

wogeua

PAB354
140000
nonpB3
PuR347
PR PP PY
0ap402
oapevY
AvP176
000401
ABRN21
NvB43a
BoR372
Lea367

92

T

S
L
DO
LA
LRS
S
L
DO
LA
M
EQ
STA
LA
M
EQ
STA
REST!Y
NGATEA
ADR
EQ
LA
ALS
STA
CLR
EQ
D
ARS
NGATEB
ADR
NGATEC
ADR
EQ
LA
ALS
STA
CLR
EQ
D
ARS
NGATEL
ADR

LAIBUS

AND
SNZ
J
LA
STA
J
LA
OR

0620
CONVET
7
cYs
11
0628
CONVET
19
DELY
XG

AXGH
DELX
YG

AYGH

[

AXGH
DELX

AXGH
7
AXGH

AXGH
14
DELX
CX
AY GH
DELY

AYGH
7
AYGH

AYGH
14
DELY

cY

SSwie

START
IPC

1P
START2
TARGET
TEN

) " i s 5




L) o L 2ot o

¢ % 8

182:
183:
184
185:
1862
187
188:
1E9:
194°
191:
192
193¢
194
195:
196:
197:
198
199
206a!
2r1:
enegi
2n3:
2ua:
nse
2067
207
208
2n9:
210
211:
212:
213:
214:
215
216
217:
218
219:
22
221
222

00343
PB3IS4
pR3ss
pR346
ge:347
L3
pp3s1
ae3v2
Bwa3s3
pRr3va
PP 3L S
AL3ve
end3s7
BR3AR
oR361
per36e
BDn363
PR364
€e365
gRI6E
ep367
¢RI/
Y371
Bu372
6r373
PR374
92375
2E376
Pr377
02460
P4l
gpap2
0403
AT
PD4nS
gr4pe
ByaQ?
pRale
pr411
Aga12
7413

vinpoe
FIPPRAL
WALl
repenl
p2UEe1
renrel
NePEeE1
yeeegl
HEYnel
Foreyl
Cveenl
CreBr3
LoEpR?
PO 3
ceoeng
Hepdne
vgRprp
crpepr
rpaeegs
paghpe
rpoeog
cvglel
177777
(A A d "B
w6pPbE
Ageoe3
©77777
POCERB1
ceocog
Ceolee
Erbp55
Lapp4e
¢eegRal
PRl
PoVeL1
2000
n314¢@
gr2400
274400
7oeged
cporar

$RB143
OPP3I <4
pOA34d
0GB 396
npnla?
PoR3I5H
PBES51
PuBiB3H?
P35I
LPG3>4
eGE3ss>
p1pone
Pipenthi
R3Fgag
psanan
21090
p2epne
péeewen
630006
p7¢plp
ieoene
Gpdgen
17penb
BeR3I72
AT
02000€
17pope
neopuy
13ga0@
l16¢006¢
16¢pp0
noonEe
ApP403
bpp4na
oop4r5
220413
BopBYY
pog362
PoeRew
92 ¢ 92
2oER UL

XG
YG
cX
Ccy
ECOUNT
l

J
AXGH
AYGH
AGZ2
INIT

ONE
T¥O

SIX

THREE
SEVEN

TEN

THRENTY
OONE
TARGET BSS
G

S62
CONN
SSKW1
c33
c36
IPC
SSW1ig
SBWF
SBIAS
SGAIN
COUNVET

062
BIAX

COMBINE POTH TRKACKERS vevvso

Bee2p 7P2R5S 162010
eOR21 PRAROKE 14CPEL

! PPN22 CUZP43 12¢0bL0

1P
cP

J
BSS
BSS
BSS
BSS
8ss
BSS
BSS
BSS
8ss
BSS
ocT
ocT

ocT

ocT
ocT
ocT
ocT
ocT
ocT
ocT
ocCT
ocr
1
oCT
ocT
ocr
ocT
ocy
ocT
ocr
ocT

BSS

BSS

8SS

A

TCA

S

RTN

oCT

ocr

ABS
ocT
ocT
ocTY

CAGE1

A S A g A g

nN o o
O O o =
(Z N7 ]

(7]
[ 3

7
i
20

- 3777777

ec

1400000
62
1777777

1336
1214
10872




227 @RE23 EPPS1
228 pep24 QOrLel
229 @OB2% 2rermy
Z23C: peRzZée veoerl
231 PRPL27 PpUrnl
232: plE3y plglal
233 PLE31 PL2GR1
234: pPlp32 pAgonl
23%5: PPR33I Aueo@l
236: poe34 ¢oerel
237 Pwe35 ¢eeoel
238: Qre36 GEPeCa
239: gRC37 PC00R1
24P: nERAg 177766
2411 Pe041 177766

243: £P43p eoPALE
244: @RAa31 GEPADP
245: pU432 e PODE
2461 pP433 PP24LE
247: PpPasd PPYRLD
248: PYa3s pRP4AE
249t PP436 LBPADD
250: PB437 BedRd
2511 44D LDL4RL
CROSS
252% Pp441 1420¢P
BEGIN SCAN LOOP

GO Tg TRACK IF SSw7 ofF ELSE CONTINUE SCAN

253: @442 p2gdeo
254: GR443 @77400
255 Q0444 (05409
256: QL4455 (g 6400
257: QAL446 01¢900
GO TO TRACK MGDE

START TRACKING, STORE AGC PARAMETERS

258: pr447 166412
259 gR45% 2epoen
269 00451 Ce2vPp
261 gR4S2 prg4en
262% @0A453 Kr2400
263: 20454 PEO4DY
264 pR455 GpoORO
2651 puad6 pk20pL
266 QU457 deCe4ee
267% pRAatp 0GL6KAY
268 Pré46l 072400
269: Pr4é2 NeeoRd
27R% QGub463 002400
271: 02464 ¢OpaCze

papnry P2 ocT 1224
poyrea MEAN BSS 1
been2s STD BSS 1
pnec 26 MAX ] BSS 3
eepp2? MINI BSS 1
p0g 3¢ NX BSS b
cegEe3l NY BSS i
200032 DEL XX 8SS b
20eB3I3 DELYY BSS 1
geeed4 MODE BSS 1
OB 3> BWC Bes 1
BEee 36 GAIN BSS 1
Dege 37 BIAS BSS 1 :
67eel0 M153 ocT 3777547
i7¢0ne M145 ocT 3277557
ABS 439
PPE346 START2 LA cX
coge3l STA NY
Ppa347?7 LA Cy
vooL3e StA NX
20e755 LA ZERO
veeedz STA DEL XX
eRE33 STA DELYY
per362 LA ONE
bopeB3>s STA BWC
PUERLD oCT 344p0p0
PBEG771 SCANNG L SCANN
POZP oL LAIBUS
p2e766 AND SSW7
poeene SZ
ePeE442 J SCANNG
16pPwe REF
VeR763 LA MEANO
eR@727 A TIPS
2ca76¢ STA MNPK
PER730C S T1P5
POB756 STA MNSBPK
veev64 LA STDO
CRR734 A TP5D
oe@761 STA SDPK
20p741 (o T13P5
BOCRLL SLE
0ee731 LA T14PO
PeR733 S TiPS
PAB757 STA SDSBPK

94

BEPR——

oka.

sl s

BT




e gy

272
273:
274:
275:
276
277:
278
279
280
281:
282
2832
264
285:
MOVE
2863
287
218
289:
290
291:

BOUND ON NX ANDU NY

292:
2933
294
2951
296
297
298
299
300
3@l
3p2:
33
304
3¢5
3g6é:
397
308
309:
310:¢
311
312
313
314:
315
3161
317
318
319

PC4¢d
Rr466
LYY
P047¢
er471
PC47?2
BCca73
PR474
Pea75
pRra76
20477
ensdg
g25¢c1
PB5p2

WINDOW TOU NEW TRACKING POSITION

PA503
eg5p4
2e5e5
PE5P6
pese7
€2519

9511
gRr512
p2o13
2@s514
9515
BE516
RE517
pE520
@521
BR522
pe523
2524
Be525
2R526
PR527
208530
20531
06532
22533
PB534
gev35
BB536
Pes537
22540
gr541
20542
Bp°543
PR544

7216eRe
164400
v7746¢
Ce5400
Ce7008
¢100a9
165372
XTI
17640¢
LI
176400
16400
167000
163624

peeafc
Pp26P9
feeaed
bocape
PL20er
renaco

2@0290
PR6ROO
B72400
gieoen
Preeee
regape
¢10000
peopoR
072000
pledeed
PePBoD
eep400
vooP0PY
ra6000
A7240¢

2100€9

Cponoe
gopnanng
g1en0w
pespo@
272000
pigopD
Il dd])
ACLZ40Q
163400
Puikoos
Pp24app
r32400

BOEATS
PAVROD
eeprpo
vepan2
oeecoc
hpa10g
12e00¢
eeoe37
P4pB0P
oeen36
05000¢
Pooeor
PPPPLP
160000

eanp 3z
PBPB3LC
200p 30
BooR3s
Peeo31
PARB31

2PpR30
peR732
0P0B20
faes2e
Bepg732
pAgple
pRes52>
PRR733
20p0p@
820525
PeP733
PERR3L
oPP031
peR732
P20 p0 08
BPR5 34
PBR732
2PFR31
goOn541
PBe733
P20 00
PBR5 41
PR733
PBeY31
pAgoeL
POPB3D
pop412
p3pnRee

LOOP

CVER

NCK

OUTH

NCk2

OUTH2

WAT
LAIBYS
AND
SNZ

IMG

Do
LA
DO
FRM

COR

MIN
LA

STA
LA

STA
LA
SLE
LA
STA
SGE
LA
STA
LA

SLE
J
STA

SGE

LA
STA
WIN
LA

ALS

Ty

OVER

SSwip
CAGE
BIAS
GAIN

DEL XX
NX
NX
DELYY
NY
NY

NX
N1g

NCK
N1@
NX
OUTH
N92

OUTH
N9@
NX
NY
N1g

NCK2
N16

OUTH2
N9

0UTH2
N9@
NY

NX
062




320 0BRS45 Povelp PVR4E6
321: pE546 1764p0 100¢C2
322¢ @Z547 Zeweie oP¢mM3l
323: pES>5p pY24pR MPR412
324 2@451 P3240C0 VSQUOR
325: Q¢s52 220000 @Gpp4fo
326% #2553 1764Y02 N790AL
327: ¢i554 p2glye PPRS564
328: AC555 ¥77490 00QGRD
329 pP556 QB5400 PPB766
330: On557 2¢7000 90pUe?
331t gUS6g z1vde@ 2@0563
332: PP961 1644Pp PORRAL
333: @E562 F100C0 @0Q430
334: 00563 212000 B0p4a66
SUBROUTINE AGC FOLLOWS
MNV

335t 29564 166069 00QPOF
336t ©P565 RPVEPP PPRL24
337 BU566 (3400 00@744
338 PA567 232000 BSPRVO
339: PRS570 APR4APP PORE24
340 @@571 161400 000060
341: 20572 00Q3A3 POWYOLS
342: PB573 234D PR@745
343: Q574 32002 020000
344: 0575 Pe04a00 PORB25
FILTER STANDARD DEVIATION
345: Q0576 0Z000QD 0AQP764
346: p@577 CcR3INGP BBRT7 S50
347 pR6OP EOV4APD PBRT762
348: PO6D1 PCeOPd AQ@O25
349: 20602 PR3VAG BOBT747
350: pr6w3 PP2PPR BAB762
351: 0064 @QAGACE 00Q764
352: 21605 FR6LRA0 0BB757
353t P06R6 B72000 PPPPOO
354: pC607 01eCQ0 PQAQ622
355: ppoéir PP6VNE PPP761
356: Q0611 M72PP0 0POREPY
357: @612 210000 QAp@P647
358 p0613 POPLPD 2OPR3I6
359: 20614 0236020 PPO751
360: @R615 plR4Q0 APRE36
361 @g0616 ONPPD PADBR37
362: Pr617 ¢e3oen 000751
363: 00620 RA0400 00PB37
364: pL621 N10APD Q0BB647
365 PR622 NWAVPE PPRB36
366: 0623 BW6008 BBR753

000V

AGC

INCRE

96

DO
LA
S
ALS
L
00

L
LAIBUS
AND
SN2

J

WAT

J
J

ocrT
LA
ARS
STA
ocT
LA

ARS
STA

LA
STA
LA
STA
SGE

SGE
LA

STA
LA

STA
LA

CONVET
ie
NY
062
3
COMVET
7
AGC

SSW7
Joov

START2
LOOP

3540000
MEAN
781

5

MEAN
3430000
STD
T81PRM
2

STD

STDO
c2
TEMP
STD
ONEMC2
TEMP
STDO
SDSBPK

INCRE
SDPK

NOCHG
GAIN
6Pe33
GAIN
BIAS
GP933
BI1AS
NOCHG
GAIN
FULLG




| A0-A071 638 ARMY MISSILE RESEARCH AND DEVELOPMENT COMMAND REDSTO=-=ETC F/G 9/2
APPLICATION OF A MICROPROGRAMMED: BIT SLICE MICROPROCESSOR TO T==ETC(U)
SEP 78 L G MINOR

.NCLASSIFIED DROMI=T=78=53
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3671
368
369
37@:
3718
372
373:
374
3758
376,
3771¢
378
3798
36801
381:¢
382
383
384
385:
3861

pre624
PL625
BR626
wv627
Pe63M
PR631
pR632
pe633
pe634
Pe635
00636
Pe637
PP6 4P
00641
PR642
20643
20644
pr6e4s
Br646
Br647

r71000
rleoee
73400
ne6neo
©72400
710000
PLpaACo
pogeen
we 3400
0 ¢4 00
210700
P00000
pe3400
nagaca
ro0N0Y
003400
fogace
200400
Ppo400
n370080

FILTER MEAN VALUE

387
386
3891
39018
3911
392
393¢
394
395
396
397
398¢
399:
400 ¢
401
402
493
4041
405
4006 ¢
487
408
409 ¢
419
411:
412
413:
414:
415

30650
00651
90652
#0653
20654
PR655
#0656
20657
Br6 60
20661
20662
20663
20664
88665
20666
28667
80670
22671
20672
20673
20674
36675
#0676
02677
¢e70n
26701
Qn702
02703
c0704

PRRGBO
fo30P0
PoD400
2ve0ae
03000
peE2eoe
200400
206000
n72000
(BA L)
eeaoee
eg2edo
eoe4epo
010008
206000
872400
019000
Po0RAG
Ap24nD
1L
PeeopY
206000

L72000

r30000
eeeeon
p72400
neecead
202400
p744004

oopeno
Pene6a7
PBP751
20E753
oneoQee
PRas3?
ooR2 36
0oBa37
PPR751
poaps7
?0p647
000036
POP753
oea762
e0ge37
000762
000037
200753
P0PR36
290000

200763
20e765
PA0B762
pPPR24
200767
oen762
PBP763
900760
eneere
00N666
200037
80@746
PePR 37
802674
PBB756
oeep0e
PP0674
PRPB37
200746
PoPB37
Po0p 37
ne@755
poeneR
00pRn0
aAeB754
poguee
000754
0eea37
0a8p00

FULL

NOCHG

NEXT

NEXT2

SL

SLE
STA
LA
&ra
J
LA

STA
LA

STA
LA
STA
NOP
LA
STA
LA
A
STA
SGE
LA
STA

c
SLE

LA

STA
LA

SGE
CLR

SLE
LA

STA
RTN

NOCHG
GP933
FULLG

FULL
GAIN
BIAS
GP933
BIAS
NOCHG
GAIN

. FULLG .

TEMP
BIAS
TEMP
BIAS
FULLG
GAIN

MEANO
C1
TEMP
MEAN
ONEMC1
TEMP
MEANO
MNPK

NEXT
BIAS
ONEONE
BIAS
NEXT2

MNSBPK

NEXT2
BIAS
ONEONE
BIAS
BIAS
ZERO

FuLLB

FULLB
BIAS




e
i

416: 0P705 037000
417t QU706 rworeR
418% PP707 0PG4RH
419: QL7109 wvVe4pn
429¢ 90711 oDPRRD
421: 00712 P0G4CO
422: @713 0004@0
423: PE€714 pOQPCAO
424: 2P715 PPL4PR
425: aR716 p2RPRB
426: PR717 PYP40D
INITALIZE GAIN TO
427: PR72p PPOVOD
428: p0721 90p400
429t p@A722 176400
INITALIZE BIAS TO
43p: PP723 C¢00OOD
431: Pp724 CPO4ALCD
432: PR725 1764¢0
433: p@726 @74400
434 Pp727 0pARO1
435 92739 POBOB3
436: 02731 021600
437: PR732 000000
438: P0733 PAPOOES
439: Y734 0O004D
440: 9@735 goelag
441t PP736 0POPL6
442 Yn737 PpOR20
4431 @R740 Q21640
4443 @¢741 P@154p
445: pR742 APAG1
446: PO743 QpPP0P
447 ¢p744 PRSR4D
448 @@745 @50400
449: p0O746 POPCRO
450: PR747 R402990
451: QD750 B4PCOP
4521 @751 @7566¢9
453% Pp752 VPVRE3
454 PG753 ¢E0R17
45%: pE754 PV0OG17
456 PB755 OPOP0BY
457: pPr756 PABR16
458: Q92757 PP1549
459 PR760 0ABO20
4608 V761 PPL164P
461t @L762 PMPAPO1
462 p7763 AWOOA1
463% PO764 POCOR1

peegany
nea736
BRP756
ARv763
PNp74n
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