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PREFACE

This report documents work performed during the period May through

P August 1977. Major accomplishments include the development and in~ lemen-
tation of an image processing laboratory at White Sands Missile Range
(WSMR) , the development of extensive image processing and sys tem software ,

• the creation of a library of twenty digitized video frames containing
typical WSMR target imagery , and the implementation of the New Mexico
State Univers ity (NMSU) Real-Time Video Tracker Simulation at WSMR .
Principal investigators included Dr. K. Fukunaga , Dr. 0. R. Mi tchel l, and
Mr. R. 0. Short of Purdue Univers ity ; Dr. J. M. Taylor of NMSU; and Dr. A.
1. Gilbert and Dr. N. K. Giles of WSMR .

Expert assistance in programing was provided by Dr. R. Machuca of NMS U
and Mr. 0. McGinn , Univers ity of Tulsa. Mr. Yee Hsun U of NMSU assisted
in the tracker simulation . Final software correction , imp lementation and
documentation were accomplished with the help of Mr. J. Hynes and Mr. A.
Garcia of WSMR. Mr. R. Orti z of WSMR prepared the fi nal report manuscri pt
with help from Mr. M. Ramos and Mrs . R. Granger.

Portions of the text were written by each of the principa l investigators.
Dr. M. K. Gi les compiled and edited the fina l report.
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INTRODUCTION

Wh ite Sands Missile Range (WSMR), i n coo pera tion w ith New Mex i co Sta te
Univers i ty (NMSU), is developing a Real-Time Video Tracki ng System which
will incorporate enough real-time Il intelligence ll to overcome the probl ems
commonly encountered in contras t and correlation television trackers .
Contrast trackers are eas i ly fooled by a cluttered scene wh i le correlat i on
trackers require too much computation for reasonable picture sizes and are
not easily adapte d to s igni f i cant scene chan ges . Chan gi ng as pect angles ,
missile staging, multiple targets , and obscura tions can defeat both con-
trast and correlat ion trackers . The Real-Time Video Tracking System uses
high-speed microprocessors together with carefully developed image proces-
sing models to extract, recogni ze , an d trac k the target under many types
of adverse cond i tions .

A team of research personnel from Purdue University was empl oyed at WSMR
duri ng the sumer of 1977 in order to complement the work being done on
the WSMR/NMSU Real-Time Video Tracking System and to help establish an
image processing facility at WSMR . The Purdue team generated new ideas
for real-time image segmentation and structure analysis which will comple-
ment and enlarge the capabilitie s of the WSMR/NMSU system. The WSMR/NMSU
Real-Time Video Tracking System is described in detail in the final report
for Contract DAADO7-76-C-0024 , “A Preprototype Real-Time Video Tracking
Sys tem ,” 1 7 January 1977.

NMSU personnel contributed to the summer effort by providing valuable
technical support to the Purdue and WSMR research personnel and by suc-
cessfully imp l ementing the NMSU Real-Time Video Tracker Simulatio n Program
on the PDP 11 /35-Tektronix 4014 system at WSMR .

This report contains the following sections :

SECTION 1. IMA GE PROCESSING SYSTEM DEVELOPMENT AT WSMR

The ability to digitize video , s tore data on flo ppy di sks , process
images using various techniques , di spla y p rocessed gray level pi c-
tures , and write digita l images on magnetic tape was developed
for WSMR . This section discusses the computer interfacing to peri-
pherals and system programs develo ped.

SECTION 2. SEGMENTATION AND STRUCTURE ANALYSIS FOR REAL-TIME TARGET
TRACKING

This section reviews many of the theoretical concepts developed this
summer. Information in this section forms the basis for follow-on
research proposals.

L .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  A



SECTION 3. PREPROCESSING AND SEGMENTATION ON THE PDP-1l

This section discusses techniques of preprocessing and displays re-
sults us i ng samp le track ing data .

SECTION 4. SEGMENTATION AND STRUCTURE ANALYSIS ON THE UNIVAC 1108

This section discusses programs developed for simulati ng shape dis-
tortion , extracting contour information , analyzing target character-
istics , and perfoming data transfer operations on the UNIVAC 1108.

SECTION 5. STRUCTURAL ANALYSIS OF NOISY IMAGES USING ONE DIMENSIONAL
CONTOUR DESCRIPTORS

This section is a detailed technical paper which develops the pulse
sequence image contour representation , the image compl exity and
similar ity measures , and the effects of noise on this structura l
analys i s techn iq ue .

SECTION 6. RELATIONSHIP OF RESEARCH TO THAT OF NMSU

SECTION 7. REAL-TIME VIDEO TRACKER SIMULATION

This section discusses the major contributions of NMSU to the sum—
mar effort. A description of the Real-Time Video Tracker Program
is i ncluded.

SECTION 8. COMPUTER PROGRAMS

SECTION 9. SAMPLE TRACKING IMAGERY

2
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SECTION 1

IMAGE PROCESSING SYSTEM DEVELOPMENT AT WSMR

A new PDP 11/35 with two floppy disk drivers and a Tektronix 4014 graph i cs
terminal were acquired by the Advanced Technology Office , Instrumentation
Directorate (ID-I) this sumer. Also available in the building was a
PDP 11 /55 and a PDP LSI —ll , all with compatible disk drivers .

DIGITIZER

A custom-built digi ti zer arrived from ISI , Inc ., and was debugged , inter-
faced , and used this summer for converting video frames into two 512 x 240,
8-bit, pixel fields . The present configuration for use of the system is
shown In Figure 1.1.

The video tape is played and when an interesting tracking situation occurs ,
the video disk record button is pushed. A single frame is stored on the
disk and either field can be digitized by the computer . A description of
the interface and software for the digitizer can be found at the end of
th i s sect ion , and actual programs for the digitizer are given in Section 8.
Sample imagery is in Section 9.

It seems feasible to replace the video train up to the digitizer with a
sl ide projector , screen , and TV camera. This would allow digitization of
sequential tracking frames of video made through a ci netheodolite system.
The vi deo disk is now being refurbished in order to allow disk storage and
subsequent digitization of sequential frames of video from a video tape or
directly from a television camera .

MAGNETIC TAPE OUTPUT

A Bright magnetic tape recorder with write-only electrr iics was available
and was interfaced to the computer. This allow s the ~‘stribution of
digitized tracking imagery to other computers and research installations .
A description of the interface and programs can be found at the end of
this section. Actual programs for the magnetic tape output are given in
Section 8.

3



SYSTEMS PROGRAMS

The following system programs have been written; the actual code is given
in Section 8 and includes some documentation .

PRINTRON IX LINE PRINTER IMAGE DISPLAY PROGRAMS

L POR I G

Display s gray level output on the Printronix line printer connected to the
PDP/LS I-ll . This will directly display raw data written by any of the
digitizer programs . It expects data stored by 240 pixe l columns . It uses
a 3 x 3 dot pattern and can create 10 gray levels. It requests the output
file , octal black l evel , and octal increment between display levels.

LPSMA L

Similar to LPORIG but displays transposed pictures assumi ng 256 pixel rows.
It uses a 3 x 7 dot pattern (22 gray levels) so that the aspect ratio is
correct for one-field video.

LPLARG

Similar to LPSMAL but assumes 512 pixel rows and prints a left and right
page on the line printer.

TEKTRONIX GRAPHICS AND DISPLAY PROGRAMS

HI SIP

Computes and plots the histogram of gray levels contained in an entire
picture file. The number of columns in the picture and the number of
gray levels to be included in each histogram bin are specified by the
user. Since each pixe l is quantized in 8 bits , 256 gray l evels are pos-
sible. Hence, if a user specifies one gray level per histogram bin , the
program will count the number of pixels present in the picture at each of
the 256 gray levels and will plot the resulting 256 numbers as bars on
a gray level histo gram .

WRP256

Writes a gray level plot to a speci fied output device (us ually the Tek-
tronix display terminal). The input picture file to be displayed must
be sto red by rows containing 256 pixels per row. Any portion of the in-
put picture file may be displayed at any selected location within the

4
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limi ts of the display screen . The display is composed of resolution ele-
ments written with a 4 x 4 dot matrix and therefore displays 17 half tone
shades of gray . The black and white levels of the displayed picture are
selected by the user.

WRP51 2

Similar to WRP256 , but requires an i nput picture file stored in sequential
rows with 512 pixels per row. The program compresses each row into 256
pixels before it is displayed by taking the row elements two at a time ,
computing the average intensity of each pair of elements , and then placing
the resulting average intensiti es in a 256 element row in the compressed
picture matrix.

DIIIST

Computes and plots the gray level histogram of a specifi ed portion of an
input picture file. The number of gray levels to be included in each
histogram bin is specified by the user. A half tone gray leve l plot of
th8 picture is also displayed with user selected dimensions up to 100 x
100 pixels for either 256 or 512 col umn picture files . The gray level
values for black and white in the displa yed half tone picture are also
selected by the user. In addition , DHIST will display complete picture
files as large as 64 x 64 pixel s if the trimmed picture file dimensions
are 2~ x 2~ wi th n and m having va lues from 1 to 6. In this case, the
exact picture file dimensions must be entered as the dimensions of the
picture to be displayed.

DATA MANIPULATION PROGRAMS

TR256

Transposes a 256 by 240 array of bytes (pixels) stored in sequential
240-element columns to a 240 by 256 array stored in sequential 256-
element rows. Digi tized picture files obtained from the digitizer pro-
grams must be transposed before any other operations can be performe d
on the data arrays . The only exception is the program LPORIG which
displays original digitizer data on the Printronix line printer.

TR512

SimIlar to TR256, but requires a 512 by 240 input array which it trans-
poses to a 240 by 512 array of bytes stored in sequential 512-element
rows .

5
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TRIM

Accepts picture files of any size up to 240 by 512 , selects any specified
portion of the input picture , and outputs the trimmed picture to a speci-
fied output picture file.

TRI M2

Extracts 120 rows and 256 columns of a specified 240 by 512 picture file
and wri tes out the trimmed picture data to a specified output file.

DIGITIZER PROGRAMS

PURPOSE

To store digitized pictures on a floppy disk.

HARDWARE RE QU I R E D

ISI digiti zer , video disk or other ‘fi xed” video input , DR1 1-C computer
interface , floppy disk in DX1 with room on it for picture .

DISK STORAGE REQUIRED

256 by 240 pictures - 120 blocks (1/4 disk); 512 x 240 pictures - 240 blocks
(1/2 disk). Output is written on DX1:ORIG.DAT.

VERS IONS

DIG5F1 - 512 x 240 picture from field 1.

DIG5F2 - 512 x 240 picture from field 2.

DIG2F1 - 256 x 240 picture from fiel d 1 ,
every other column.

DIG2F2 - 256 x 240 picture from field 2.

PROGRAMMING LANGUAGE

MACRO (uses seve ra l system MACRO ’s).

6 
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DESCRIPTION

The digitizer is addressed in single point mode so that one point per
hori zontal line is accessed in real time . Thus , it requires at least 512 x
1/ 30 = 17 seconds to digitize one 512 x 240 picture . The address of each
point to be accessed is loaded into the digitizer , and the vertical address
ou t is watched until it changes , indicating the digitizer is through (or
wi thin 2 mi croseconds of being through) with the present point. A new ad-
dress is then fed to the digitizer. This process must be repeated fast
enough so that the new address arri ves before the v ideo s ig nal passes the
new addressed point. Presently, the loop is tight enough for this to hap-
pen , but any lengthening of the loop might increase processing time by a
factor of 240 .

Double buffering is used to transfer data from core to the floppy disk so
that one buffer is being wri tten to the disk while the other is being
filled. Very large buffers are used to take advantage of memory available;
however , this makes the SAV version of the program very long which occupies
lots of disk space . (The source and object versions are very short.)

OUTPUT FILE DESCRIPTION

Data is output by column with 240 points per column . The last four points
in each column are zero because the digiti zer hangs sometimes when those
last few points are addressed (probably depends on vertica l sync width).
Each 8-bit pixel is stored in one 8-bit byte on the disk ; 0 represents
b lack; and 25 5, full white . Each disk block holds 512 bytes so that 2—2/15
columns are on each block. The firs t column is the left side of the TV
image , from top to bottom.

WARNING

The output is written on DX1:ORIG .DAT . If such a file already exists , it
will be overwritten.

PROGRAM ERRORS

BAD FETCH - Could not find disk handler , probably bad system disk.

BAD ENTER - Could not open out put f i le , probably bad di rectory on Dxl .

WRITE ERROR - Did not write data properly on disk; check to see if disk
has contiguous space large enough for the picture .

If program hangs while running , usually the digitizer is not responding
with a new address when loaded. Check (1) power on switch on digit izer ,
(2) cable connection from digitizer to DR11-C , and (3) sync signal on
video going to digitizer.

7
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DIGITIZER INTERFACE

The digi ti zer is cabled to a general purpose parallel interface , DR11-C.
The interface has three 16-bit registers : (1) the control and status reg-
ister (STAT), (2) the output buffer register (ADDR), and (3) the i nput buf-
fer register (DATA).

THE CONTROL AND STATUS REGISTER (STAT) (767770)

This register is wire d so that bit 15 represents conversion complete. This
has turned out to be relatively useless since the flag is only down duri ng
the time the A/D is actually operating (which is 2 microseconds which Is
less than a typical machine instruction time). Bit 7 is the eighth hori zon-
tal address output bit from the digitizer. This is not presently used by
the programs . Bit 1 is the LOAD GO i nput (loads verti cal address) and is
set once before each digitization. Bit 0 is the LOAD HORIZONTAL , and it is
set when a new horizontal address is in the address register.

THE OUTPUT BUFFER REGISTER (ADOR) (767772)

This register contains data for the digitizer i nput. The low nine bits (8
through 0) are the address lines and are used to indicate vertical , hori zon-
tal , or mode information. Bit 9 is LDEND and is used for sequential scan-
ning. Bit 10 is LDMODE , and it is used to indicate the digitizer mode
(single point , sequential , or i nterlaced). Bit 15 is the DEX (execute)
flag, and it is raised once before each digitization.

THE INPUT BUFFER REGISTER (DATA) (767774)

This register contains data from the digitizer output lines . Bits 7 through
O represent the digitized value of the addressed point. Bits 12 through 8
are the low-order fi ve bits of the hori zontal address. Bits 15 through 13
are the low-order three bits of the vertica l address . The address val ues
are not changed until the digitizer video address matches the address
loaded; then the output address is changed to match the address loaded.
Thes e verti cal address bits are presently used as the flag to indicate the
digitizer is ready for the next address.

WARNING

The verti ca l address is unusual . For loading purpose (into ADDR) , the
high-order bit Is the field; i.e., addresses 0 to 

~~~ 
correspond to the

fi rst field , and addresses 4008 to ~~~ 
correspond to the second field.

8
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For reading purposes (from DATA), the low-orde r bit is the field; i.e., 0002i s firs t row , firs t field; 0012 is fi rst row , second field; 0102 i s second
row , f i rs t f i eld , etc.

The wire lists which follow (Tables 1 .1 and 1.2) indicate actual cable con-
nections between the two 40-pin connector plugs on the DR11-C in the computer
and the one 50—pin plug on the digitizer.

MAGNET IC TAPE PROGRAMS

PURPO SE

To write gray-level pictures stored on floppy disks onto 7-track magnetic
tape.

HARDWARE REQUIRED

Br ig ht tape recorde r , DR11-C computer interface , ARL Radar Echo Simulator
Box.

VERSION S

MA6256 - Wri tes picture files that have 256 points per row , 240 rows .

MAG512 - Writes picture files that have 512 points per row , 240 rows .

PROGRAMMING LANGUAGE

MACRO .

DESCRIPTION

The 7-track magnet ic tape accepts six data bits per tape frame . The data
must be fed to the recor der as fas t as it w i ll acce p t da ta or it will wri te
end of record blocks randomly whi le ignoring some of the data. Thus , a
buffer in core must be readied w ith one recor d of data . This is then writ-
ten continuously on the tape. Then a pause occurs while the next record
of data i s read from the di sk to core ; an d , at the same time , the tape con-
trol unit wri tes an end of record block.

The program initially sets bits in the interface (to stop tape from moving)
and then asks for the file on the disk to be transferred to tape. After
completion of writing , it requests the next file to be written.

9 
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TABLE 1.1. COMPUTER INTERFACE CONNECTIONS

CABLE CONNECTORS
COMPUTER INTERFACE

DR1 1 -C
BERG H856 40-PIN CONNECTORS

PIN NO. ON PIN NO. ON
CONNECTO R NO. 1 DIGITIZER CONNECTOR NO. 2 DIGITIZER
PIN NAME NAME PIN PIN NAME NAME VIN

C OUTOO DINO 2 H !N02 DOUT2 21
3 GND GND 16 3 GNU GNU 47
K OUTO1 DIN1 4 K CSRO LDHOR 3
L OUTO4 01N4 10 L GNU GND 16
M GND GNU 31 M INl5 VOUT2 35
N OUTO5 DIN5 12 N IN14 VOUT1 37
R OUTO6 DIN6 14 P INl3 VOUTO 39
S GND GND 47 R GND GND 31
T OUTO7 OIN7 15 S REQ B CONy. COMP . 29
U OUTO3 DIN3 8 T GND GND 47
V GND GND 16 U IN12 HOUT4 44
W OUTO8 DIN8 13 V tHu HOUT3 42
X OUTO9 LDEND 9 W INJO HOUT2 40
Y GNU GND 31 X GNU GNU 16
Z OUT1O LDMODE 7 V INO9 HOUT1 38
CC GNU GNU 47 Z I?1O8 HOUTO 36
DO CSR1 LDGO 11 AA GND GND 31
EE GND GNU 16 BB INO3 DOUT3 19
JJ OUT15 flEX 5 CC 1N07 DOUT7 32
KK GND GND 31 DO GND GND 47
LL REQA HOUT8 41 EE 1N06 DOIJT6 33
M’1 GNU GND 47 HH INO5 DOUT5 50
NM OUTO2 DIN2 6 33 GND GND 16
PP GND GNU 16 KK 1N04 00U14 17
SS GND GND 31 LL INO1 DOUT1 23
UU GND GND 47 MM GNU GNU 31

PP GND GND 47
SS GNU GND 16
U INOO DOUTO 25
UU GND GND 31

10
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TABLE 1.2. DIGITIZER CONNECTIONS

BERG CONNECTOR NO. 1 BERG CONNECTOR NO .2
DIGITIZER DIGITIZER

PIN PIN PIN PIN

A OPEN A OPEN
B OPEN B OPEN
C 2 C OPEN
D OPEN 0 OPEN
E OPEN E OPEN
F OPEN F OPEN
H OPEN H 21
3 GND 16 J GN0 47
K 4 K 3
L 10 L GND 1 6
M GND 3l M 35
N 12 N 37
P OPEN P 39
R 14 R GND 31
S GND 47 S 29
T 15 T GND 47
U 8 U 44
V GNO 16 V 42
W 13 W 40
X 9 X GND 16
V GND 31 V 38
2 7 Z 36
AA OPEN AA GND 31
BB OPEN BB 19
CC GND 47 CC 32
DD 11 DO GNU 47
EE GND 16 EE 33
FF OPEN FF OPEN
HH OPEN HH 50
33 5 33 GND 16
I(K GND 31 KK 17
LL 41 LL 23
P~!l GND 47 MM GND 31
NM 6 NN OPEN
PP GND 16 PP GND 47
RR OPEN RR OPEN
SS GND 31 SS GND 16
IT OPEN TT 25
UU GND 47 UU GND 31
VV OPEN VV OPEN

11
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OUTPUT FILE DESCRIPTION

The 7-track tape is written at 800 bits per inch (hi dens i ty) with odd pari ty.
There is one picture per file and within each file one line per record. The
data is packed so that the first frame contains the six most significant
bits of the first 8-bit data point. The second frame contains the last two
bi ts plus the first four of the next data point , etc., so that three 8-bits
data points are packed into four 6-bit tape frames. The picture data is
s tored left to right , top to bottom. The tape is wri tten ir~ IBM compatibleformat.

WARNING S

1 . The first file on the tape is sometimes corrupted. It is safest
to wri te the first file twice.

2. Do not initiate a hardware reset (done by hitting START on the con-
sole or typing two consecutive CONTROL C’s) while the tape is ONLINE. This
w ill clea r the DR11-C register and start the tape movi ng. The tape must
then be rewritten or nothing else added since the tape cannot be rewound to
the exact location without read electronics .

3. Be sure the ARL Radar Echo Simulato r Box is turned on; the interface
uses a 5-volt supply in there.

TAPE RECORDER INTERFACE

The Bri ght Model 2610 7-track wri te only tape recorde r is cabled to a
genera l purpose parallel i nterface , DR11-C. The interface has three 16—bit
registers : (1) the control and status register (STAT), (2) the output buf-
fer register (ADDR), and (3) the input buffer register (DATA).

THE CONTROL AND STATUS REGISTER (STAT) (767760)

This register is wi red so that bit 7is the tape recorder DATA RECEIVED
signal. This read only bit goes to a zero after the tape drive has received
the data loaded by the DATA READY line . Bit 1 is the ~ TA READY line , it
should be lowered to a zero whenever new data is in the t~ITA register andready to be wri tten on the tape. If the DATA READY line is not lowered when
the tape is in position for the next character , the drive will assume an
end of record and will proceed to wri te an end of record block. No hard-
ware connections to the computer can presently tell when this is happening .

12



THE OUTPUT BUFFER REGISTER (DATA) (767762)

This register holds the data to be written on the tape in the lower order
6-bits (5 through 0). The data should be comp l emented (zeros and ones
interchanged). Bit 15 of this register is TAPE GAP (tape gap not) and will
wri te an end of file (EOF) mark on the tape when lowered to a zero.

THE INPUT BUFFER REGI STER (767764)

This register is not used since the tape drive does not have read capabili-
ti es.

WARNINGS

1 . Without read capabil ities , i t i s impossi b le to update a tape . Each
tape wri tten must be wri tten from the beginning of the tape.

2. The firs t file written on each taoe is sometimes bad (extra record
with pari ty errors). The safe th i ng to do is write the f i rst file twice
and ignore the first one on the tape.

3. Bit 1 in STAT and bit 15 in DATA mus t be l’ s for the tape to be
stopped . The software programs do this , but a hardware INIT pulse (such as
caused by rebooting or two consecuti ve CONTROL C’s) will reset the registers
to zero, starting the tape to move , and eliminating the poss ibility øf
writing anything else on the tape (due to location being lost) unless the
entire tape is rewritten.

4. Bit 7 of STAT must have a pull -up register wired to +5 volts on it
to operate correctly. This is presently done at the connector in the ARL
Rada r Echo Simulator Box . This box must be turned on for the +5 volts to
exist. If it is not on , the dri ve w i ll seem OK but the tape wr i t ten wil l
be unreadab le .

The wire l ist which follows (Table 1.3) indi cates actual cable connections
between one 40-pin connector on the DR11-C in the computer and the connectors
in the ARL Radar Echo Simulator Box.

13 



TABLE 1.3. MAGNETIC TAPE UNIT CONNECTIONS

BERG CONNECTOR COMMON CONNECTO R TAPE CONNECTO R
PIN PIN SIGNAL PIN PLUG
NO . LETTER WAVE NO . WIRE COLOR NO. PIN NO . NAME

3 C OUTOO 5 Green BJ2 13 Bot T
8 3 GND 10 Orange BJ2 8-13 Top GND
9 K OUTO 1 3 Orange BJ2 12 Bot 2

10 L OUTO4 4 Yellow 832 9 Bat K
12 N OUTO 5 6 Blue 832 8 Bot B
15 S GND 10 Orange BJ2 8-13 Top GND
17 U OUTO3 2 Red BJ2 10 Bat ~18 V GND 10 Orange BJ2 8-13 Top GND
26 DO CSR1 8 Gray BJ2 4 Bot Data Ready
27 EE GND 10 Orange 832 8-13 Top GND
30 33 OUT1S 9 Brown BJ1 6 Top Tape Mark Gap
31 KK GND 10 Orange 832 8-13 Top GND
32 LL REQA 7* Purple AJ2 3 Bot Data Received
33 MM GND 10 Orange BJ2 8-13 Top GND
34 MN OUTO2 1 Brown BJ2 11 Bot 4
35 PP GND 10 Orange BJ2 8-13 Top GND

*Data Received also wired to Pin 2-4-3 in ARL Radar Echo Simulator Box. See
p. 77 in ARL—TR-75- l .

14
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Figure 1 .1 . Video Digitization Block Diagram
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SECTION 2

SEGMENTATION AND STRUCTURE ANALYSIS FOR REAL-TIME TARGET TRACKING

INTRODUCTION

The completed work suggests further effort to design segmentation and
structure analysis algorithms that operate reliably on tracking imagery
such as that supplied by WSMR . Although real-time implementation is
the ultimate objective , and all algori thms will be evaluated with
this in mind , the goa l of the follow-on effort will be to provide a
simulation of the tracker segmentation and structure analysis sections
in an off-line mode .

TRACKING SYSTEM REQUIREMENTS

Many applications require the precise location , or ien ta tion , an d description
of moving obj ects in rea l time . The work at WSMR this suniner has provided
exposure to the special requirements of missi le and aircraft tracking prob-
l ems which are best solved by optical imaging tracking systems .

Present optical tracking systems are “one conceçit” trackers , us ing e i ther
contrast or correla ti on . The con trast tracker s ’ are high speed but lack
the versatility to follow a target in complex scenes . The template match-
ing or correlation trackers2 require a lot of computation for reasonable
window sizes and are not easily adapted to changing aspect angles , missile
staging, and other comon scene chan ges .

The need for a “smart ” optical tracker exists which would operate in real
time and could adapt to target orientation and shape changes (due to staging,
visible emissions , etc.), and to partial or total obscuration of the target
at t imec -

Presently, NMSU, under a grant from the Army Research Office (DAAG29-76-
G-023l), is developing a prototype system with some of the capabilities
mentioned . However, the technftal aspects of target segmentation and
structure analysis need to be studied in much more detail in conj unction
with the use of actual video data to develop a system that Is robust under
the norma l variety of tracking situations encountered .

1 . R. H. Norris, 3. W. Hines , and E. Ashenfel der , “A Digital Video Contrast
Tracker ,” NAECON , 1975.

2. C. W. Winsor , “Area Track i ng Usi ng Electro-Optic Signal Processing; TV
Area Correlation Tracking, ” SWIECO , pp. 501-504, 1973 .
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Purdue Univers ity is presentl y developing image understanding techniques
un der Grant No. MDA9O377G1 from the Defense Advanced Research Projects
Agency (DARPA). The present emphasis of the DARPA research is high level
information extraction and symbol min ipulation using image structure and
con text. These techniques are applicable to the tracking problem ; how-
ever , for these methods to fully appl y, some l ower level techniques must
first be developed for preprocessing, target extraction , and target
description .

The basic i deas for these processes have been deri ved over the sumer and
must now be fully developed and tested using WSMR video data .

DATA

A system has been developed at WSMR this sumer to put digitized video
da ta on IBM compatible format 7-track magnetic tape . Twenty dig itized
video images representing some tracking situation are presently availab le.
Each image is one video field consisting of 512 by 240 points wi th 256
gray levels. Because the video interlace is not used, the horizontal
resolut ion is twice that of the vertical.

Follow-on research would include digitizing severa l continuous flights
(e.g., 30 frames per second for 2 seconds) and using this data for develop-
ment and testing of algorithms .

FOLLOW-ON RESEARCH

The research can be divided i nto two major areas: (1) segmentat ion of po-
tential targets from the backgroun d, and (2) structure analysis of the
segmented targets .

Segmentation requires high speed processing of picture points to identify
potential target areas and more detailed processing of these areas to ex-
tract a binary image of the potential target.

Structure analys i s determines if the object extracted is indeed the one to
be tracked , the exact location , and orientation of the object, and recent
chan ges that have occurred in the object.

Both the segmenta t ion and structure analysis sections will use information
obtained from previous frames that is stored and modified in real time to
allow significan t changes in the tracked object during a mission .

18
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SEGMENTATION

The segmentation of the target from the background is the most critical
timing problem for real-time imp l ementation . At video rates , a new picture
element (pixel ) arri ves approximately every 100 nanoseconds . Thus , either
all initial operations mus t be simple or the area to be processed must be
reduced by predicting the target location in the image before processing.
It is the op i nion of the authors tha t the sys tem would opera te more ac-
curately if the entire picture were processed every frame. This would
reduce the severe requirement of accurate predictio - of target location
in the picture and allow the system to acquire ana discriminate interfering
objects before they come confusingly close to the target being tracked.

PREPROCESS 1MG

W ith the large variety of i ncoming images , i t i s often necessary to do some
preprocessing to make the system more invariant to changes in lighting,
viewing angle , and resolution. It Is also useful to enhance those aspects
of the image which Indicate the presence of targets (such as edges and tex-
ture of man-made objects). The following preprocessing operations will be
investiga ted: (1) a logarithmic i nput transformation , (2) a two-dimensional
median fi l ter, (3) a two-dimensional human visual system (HVS) fi lter , and
(4) averaging .

These processes are all window opera tions that can be perfo rmed i n real time
over the entire incomi ng video picture . The output of these processes will
allow the selection of suitable potential target regions for more detailed
processing.

Logarithmic Input Transformation

Working wi th the densities (log intensitie s ) allows the system to be more
i nvariant to illumi nation and lens opening changes since these produce
multiplicative effects in the intensity image and additive effects in the
density image. The logarithm also emphasizes the detail in the darker
areas of the image which is especially useful to the texture processing
algori thms described later. The logarithm is.)also an approximation to the
visual system ’s action on an incomi ng pattern~. Future research should
indicate whether this nonlinear operation is appropriate or necessary for
typical video tracking data .

Two-Dimensional Median Fi l ter

The median fi l ter allows for video dropouts inc l uding single point or single
line mistakes in the analog video chain or the digitizer. A simple median

3. 1. N. Cornsweet, Visual Perception, Academ ic Press, New York , 1970.
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filter replaces the center point of each 3 x 3 window with the median of
all 9 points in the wi ndow . This nonlinear process elimi nates high fre-
quency noise but preserves monotonic edges precisely.

Shown in Figure 2.1 is digitized video of an airplane with the contrast
enhanced . The result of processing this with a 3 x 3 median filter is shown
in Figure 2.2. Notice that edges and obj ects are preserved but the noise is
reduced and the data seems to be more correlated .

Figures 2.3 and 2.4 show the same preprocessing effects on a Cruise missile.
The same process is shown in Figures 2.5 and 2.6 on a missile ta rget with
a large plume .

Continued research should indicate the advantages and disadvantages of this
preprocessing operation for the video tracking data suppl i ed to us.

Two-Dimensional Human Visual System Filter

It is well known that the HVS responds to incomi ng images wi th an approximate
logarithmic transformation followed by a spatial and temporal bandpass fil-
teri ng operation . The usefulness of such a spatial bandpass fi l ter in ex-
tracting objects for tracking will be investigated .

A suita ble filter function which is to be convolved with an i nput image is
shown in Table 2.1. The values are chosen to make computation of the frac-
tiona l va l ues easy for real-time imp l ementat ion . Because the video da ta
has twice the resolution in the hori zonta l direction than in the vertical
(only one video field is processed at a time), the HVS filter is modified as
shown in Table 2.2. Both filters have a dc response of 0.5 and a gain of 7.5
for a small object which just covers the pl us area . The fi l ter shown in
Table 2.2 was used to produce Figure 2.7 using Fi gure 2.6 as the input. Note
that edges are emphasized and that the missile (above the plume) is enhanced.

Future research should indicate the appropriateness of such a filter and the
parameters best suited to video tracking data .

Averag i ng Fi lter

The effects of averaging on images over a small wi ndow tend to blur the image
sl ightly, but can be of help in segmenting an image by thresholding. For
example , the use of a 5 x 3 averagin g wi ndow on Figures 2.2 and 2.4 produces
the results shown in Figures 2.8 and 2.9 , respecti vely. The general usefu l-
ness of this combinat ion median and averaging process will be examined (the
median fi l ter removes bad points before they can be smeared by the averager) .
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TABLE 2.1 . TWO-DIMENSIONAL HVS FILTER FUNCTION

O 0 0 0 - .25 0 0 0 0

O 0 0 -.25 - .5 - .25 0 0 0

0 0 -.25 -.25 +.25 - .25 - .25 0 0
O -.25 -.25 +.5 +1.0 +.5 - .25 - .25 0

- .25 -.5 +.25 +1.0 +1.5 +1.0 +.25 - .5 - .25

O - .25 -.25 +.5 +1.0 +.5 -.25 -.25 0
0 0 -.25 -.25 +.25 - .25 - .25 0 0

O 0 0 -.25 -.5 - .25 0 0 0

O 0 0 0 - .25 0 0 0 0

TABLE 2.2. MODIFIED HVS FILTER TO ALLOW HALF
RESOL UTION IN VERTICAL DIRECTION

0 0 0 -.25 - .75 - .25 0 0 0

O - .25 - .5 +.25 +1.25 +.25 - .5 - .25 0
- .25 -.5 +.25 +1.0 +1.5 +1.0 +.25 -.5 - .25

0 -.25 -.5 +.25 +1.25 +.25 -.5 - .25 0
0 0 0 - .25 -.75 - .25 0 0 0
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RE GION GROWING USING WINDO W STATISTICS

After preprocessing the i nput video data , potential target regions must be
extracted. Depending on the data , this task may be a simple thresholding
operation or it may he a more complex extraction procedure . Initially,
the segmentation will be formulated in terms of measuring statistics over
each n x m window in the preprocessed pictures and assigning each window
to one of several classes .

The measurements which can be made on an n x m window range from a simple
histogram of the data point s to a representation in (n)(m)-dimens i ona l
vec tor space. Of cours e, the simplest representation that w i ll give a
proper segmentation is the most desirable. Thi s selec ti on can only be made
after experience is gained by segmenting a large amount of typical tracking
data.

Once a window parameter is selected , points must be clustered to give appro-
priate regions . This clustering must be based upon some distance measure
between two window pa rameters . The following window paramete rs , di stance
measures , and clustering techniques will be investigated .

Firs t Order Measure

The histogram of the points in each window will be used as the wi ndow param-
eter. The distance measure will be the Bayes error overlap between the two
modified histograms :

d = 1 - I min[ f (x) * h 1(x)  , f(x)*h2(x)]dx , (1)

where

h 1 (x) an d h2(x) are the gray level histograms over the two windows , and

f(x) is a smoothing and normalizing function to be convolved with each
histogram .

The smoothing function is chosen so that the modified histogram has an area
of unity and is smoothed so that the distance measured by Equation (1) is
not adversely affected by the discrete nature of the origina l histograms .

An exampl e is shown in Figures 2 .10 and 2.11. The x ’ s in Figure 2.10
represent the histogram from window 1 and the 0’ s represent the histogram
from window 2. The functions p1 (x) and p2 (x) in Figure 2.11 represent the
smoothed histograms . The shaded region is the integral in Equation (1).
This area is equivalent to the probability of error in estimati ng to which
of two density function estimates a sample gray level belongs .
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The distance measure is now us ed to cluster windows that are close together
to form segmented regions . Prior frame information should be useful here
to provide initial cluster groupings . Windows that are more than a thresh- fold distance away from all known clusters wi ll be us ed to form new cl usters .

Second Order Measure

In tracking situations where first order measures do not allow proper segmen-
tation , a second order measure may be appl ied . A modified joint histogram
rela ting pairs of points within a window will be assessed :

p(x , y) = f(x, y)*h(x , y) , (2)

where

h(x , y) is the joint histogra m of pairs of adjacent points (co-occu rrence
matrix) , and

f(x, y) is a two-dimensional smoothi ng and normalizing function.

The co-occurrence matrix has been applied to texture analysis 4 an d has shown
encouraging results . However, instead of calculating pa rameters on the
matr i x as is done i n Reference 4 , the matr ix itself will be used in a two-
dimensional version of the overlap error measurement of distance ,

d = 1 - I f  min[p 1 (x , y) , p2(x, y)]dxdy . (3)

Higher order measures are probably impractical but could be investigated if
these initial measurements show obvious shortcomings .

LOCAL EXTREMA INFORMATION

The detection of local gray l evel extrema in an image has shown to be use-
ful in texture class ification and image segmentation 5’6. The detect ion al-
gorithm for this operation is as follows .

4. R. M. Hanalick , K. Shanmugan , and I. Di ns tein , “Textural Features for
Image Cl assification ,” IEEE Trans . on Sys tems , Man , and Cybernetics ,
SMC-3 , pp. 610-621, Noventer 1973.

5. 0. R. Mi tchell , C. R. Myers, and W. Boyne, “A Max-Mm Measure for Image
Texture Analysi s ,” IEEE Trans . on Computers , Vol. C-26 , pp. 408-414 ,
Apri l 1977.

6. S. G. Carl ton and 0. R. Mitchell , “Image Segmentation Using Texture and
Gray Level ,” Proceedings of the IEEE Conference on Pattern Recognition
and Image ProcessIng, pp. 387-391 , June 1977.
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In a n x m window , compare the gray leve l of the center point with those of
its two vertical nei ghbors . If it is above both neighbors , the center point
is a local maximum in the vertical direction . If this is the case , compare
the center point with each point along each vertica l direction until a gray
level is encountered which is above the center point’ s value or unt i l the
edge of the window is encountered. The largest differences between gray
levels in each vertical di rection are then compared and the smalles t of the
two is retained as the size of the local maximum in the vertica l direction .
An example is shown in Table 2.3 for a 5 x 7 window .

TABLE 2.3. SAMPLE GRAY LEVELS FOR EXTREMA DETECTION

36 40 47 30 24

33 34 30 32 36

36 40 32 40 30

42 46 45 43 35

36 40 33 47 32

34 42 50 42 40

30 30 20 45 36

The center value is 45. The 47 ends the sea rch in the top direction and
the 50 ends the search in the bottom direction . The range is 15 above and
12 below . Therefore , the center point is a local maximum in the vertical
direction of size 12. If the point is a local minimum instead of a maxi-
mum , the process is down in the same way interchanging the above and be-
low comparison tests .

This process is also done in the horizontal direction. In the example of
Ta b le 2. 3, the center point is not a local extreme in the horizontal di-
rection. If a point is a local extreme in both hori zontal and vertical
di rect ions , only the larges t of the two is retained at that location .
The extrema detection process is equivalent to local maximum and mi nimum
determi nation following hysteresis smoothing of various amounts .

Figure 2.12 shows the output of such an operation on the image in Figure
2.7. Extrema size is indi cated by the gray level. No disti nction is made
in the figure between maxima and minima or between horizontal or vertica l
extrema .
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Note that the edges emphasized by the HVS filter now are marked by the
extrema . The missile orientation can be extracted from its edge informa-
tion , however, the al gor i thm must be hi gh level enough so that the miss i le
edge is extracted and not the plume . (The missile orientation angle may
not be the same as its flight direction.)

Also , the texture of various regions can be characterized by the types and
number of extrema present. The region characteri zation may be useful for
background classifi cation and for pl ume identification . Parameters for
this measurement are extracted by counting the number of various size ex-
trema within a window surrounding each point.

EDGE INFORMATION

The HVS is very sensitive to edges and lines 7. Patterns containing edges
are much more visible than those containing the same signal power but
lack ing well-defined edges . Also , many objects to be tracked are distin-
guished from natura l environment backgrounds by the presence of edges . It
would seem appropriate that one tool that should be included in the tracker
repertoi re is the ability to detect and use edge info rmation .

Edge info rmation may be included as follows : when edges are passed through
the HVS filter and the local extrema detector, they become connec ted local
extrema . A processor will look for connected local extreme and label these
extrema to be edge extrema as opposed to texture extrema . These edge ex-
trema can then be use d as follows :

1 . the presence of an edge will enhance the possibility of a region
bei ng listed as a potenti al target a rea , and

2. windows which contain edges will be modi fied so that edge points
control the wi ndow shape.

Consider Figure 2.13 as an example. In this figure , detected edge po ints
are marked wi th an “E. ” To perform a window operation , scanning starts at
the center point and moves in the numbered di rections , stopping at an edge
point or at the window edge. This allows nonrectangu lar windows along the
bounda ry of targets .

EXTRACTION OF BINARY IMAGES

The purpose of all preprocessing and segmentation techniques described in
prior sections is to produce bina ry images which are potential targets for
tracking. Information to be used in the selection of bina ry images will
be:

7. Cornsweet, op. cit.
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1 . Segmented regions from Region Growing Usi ng Window Statistics
Section.

2. Texture info rmation from Local Extrema Information Section.

3. Edqe Information Section.

4. Prior frame information.

The initial protoco l for potential target selection is shown in the flow
chart in Figure 2.14 .

STRUCTURE ANALYSIS OF BINARY IMAGES

The purpose of structure analysis in this study is to find structure
differences among various targets such as airplanes , helicopters , missiles ,
an d balloons . Here , it is assumed that the target is sepa rated from back-
ground by the segmentation processes of the previous sections and al l tar-
get points are represented as l ’ s i n a bi nary i mage . The comp lex i ty of a
bina ry image may be used to characterize the structure . This feature and
its variations will be simple enough for real-time implementation , yet
complex enough to identify the differences of these targets even with
various viewi ng ang les .

A FO U R I E R  DESCRIPTOR

A binary image may be characterized by the properties of its contour. Let
us ex press the ang le dif ference o F two tangents at S and A in Fig ure 2. 14
as a functi on of ~~, the contour l ength between these two points . An example
of the function (

~
) is shown in Figure 2.15. Thus , a two—dimensional image

con tour is converted i nto a one-dimensional curve . Thç Fourier transform
of this curve has been called a Fourier descriptor8~9~.IO . The Fourier de-
scriptor has severa l advantages as an expression of an image . These are

1 . i nvariant under rotation of the image ,

2. invariant under translational shift of the image ,

~: C. T. Zahn and R. Z. Roskies , “Fourier Descriptors for Plane Closed Curves ,”
IEEE Trans . on Computers , Vol . C-2l , pp. 269-281 , March 1972.

9. G. H. Granlund , “Four ier Preprocessing for Hand Print Character Recognition ,”
IEEE Trans . on Computers , Vol . C-21 , pp. 195-201 , February 1972 .

10. E. Persoon and 1< . S . Fu , “Sha pe Discrimination Using Fouri er Descriptors,”
IEEE Trans . on SMC , pp. 170-179 , March 1977.
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3. select ion of the start i ng po i n t S appea rs onl y as a ph ase shi f t, and

4. invariant under scale changes of the image if is normaliz d by
the entire contour length L , such as t = 2’-~ /L .

F i g u r e  2.1.6 shows •(t)’ s for var ious images . Figure 2.16 also shows an
alternative function d-~/dt which w i l l  be used. As is seen in the figures ,
i n  d / dt , all convex and concave angles appear as negative and posit ive
p u l s e s , respectivel y. The existence of these pulses has been considered
by past researchers as a disadvantage of the Fourier descriptor because of
the high frequency components of a pulse. However , as the f ig ures i l lus-
trate , this pulse sequence may be used to entirely characterize an image
contour.

Before defining the comp l exity of a binary image and its variations in terms
of d~/dt , let us look at some properties of d-/dt. Figure 2.17 shows that
when an image has a smooth contour , d•~/dt wi l l  be a continuous curve . The
locations of the peaks and the areas unde r the peaks in this figure correspond
to the locations and heights of the pulses in Figure 2.16.

Figure 2.18 shows how to treat unclosed line images . These images may be
traced twice as if the lines have a finite thickness.

COMPLEXITY MEASURE

Since the function d•/dt carries all the i nformation about an image contour ,
d /dt or its Fourier transform , F{dJdt], may be use d for struc ture ana lys i s
of binary images . The advantage of using d /dt is that d~/dt is a one-dimensional function rather than two , and all techniques developed for wave-
form ana lysis can be ut i l ized . However , it appears that d~/dt or F[d~/dt)
are still too complex for real-time testing , an d that there is a need to
ex tract simpler features from it.

The fi rst and simples t feature extracted from d ’/dt would be the complexity
measure defined as

C = f~ I— ~ — ldt - 2~ . (4)

Noting that f de/dt dt = -2~ for all closed contours , Equation (4) becomes
zero for all convex images . When an image includes concave angles , Equat ion
(4) becomes twice the sunination of all concave angles in that image . That
is , the proposed complex ity measure i ndicates the number and size of the
concave angles . Figure 2.19 shows these concave angles of various target
images . Obviou sly, one cannot expect that a s i ngle number can represent many
properti es of an image . However , measuri ng concave angles seems to be a
reasonable thing to do ac the firs t order characteri zation of d /dt , and
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it looks as i f C of Equation (4) could be suf f ic ient  to classi fy comp lex
images such as airplanes and hel icopters from s imple ones such as miss i les
and balloons .

DESCRIPTION OF BINARY IMAGES

When the complexity measure is not sufficient to c l a s s i fy ta rgets , more
info rmation must be extracted from d-Jdt. A com parison of Figures 2. 16c
ari d 2.17 shows that the pulse sequence of Figure 2. l6c is a simpler rep-
resentation of the image than the continuous curve of Figure 2.17. In-
deed , the pulse sequence representation would provide a good second char-
acter izat ion of an image . Thus , when an image and the corresponding
d /dt are given as in Fi gure 2.17 , a procedure is needed to extract d~/dt
of Figure 2. l6c from d Vdt of Figure 2.17.

This feature extract ion procedure is also related to the problem of noise
el imination. As is seen in Figure 2.2 0a , an image contour is normally dis-
torted by noise. This noise appears in d-- /dt as a pulse sequence whose
pulse heig hts are comparable with signa l levels , but whose pulse intervals
are much shorte r than the intervals of signal pulses . Because of the high
frequency character ist ics , the noise may be elimina ted by using a low pass
f i l ter . But the output of the f i l ter becomes a smoothed continuous curve .
Thus , a sharpening f i l ter must fol l ow the low pass fi lter to extract the
pulse sequenc e from the smoothed curve .

The proposed sharpening f i l ter locates pulse posi t ions according to the
location of the peaks of the smooth ed curve and determines the pulse heights
by the a reas under the curve. Figure 2.20b show s an example of extracti ng
a clean trianqle from a noisy one.

SIMPLIFICATION OF IMAGE DESCRIPTION

In order to represent an image contour by a pulse sequence , the image con-
tour must be constructed by line segments . However , it is not clear how
many l ine segments are really needed to construct the essential structure
of an image. Fic~urL 2 ~ shows an example in which an airplane is described
by various pu lsn ser~~ ee Figure 2.21a was extracted from a noisy air-
plan e picture -~ rou~ n’ i-il ters of Figure 2.20. Figure 2.21b was obta i ned
by combining all c~ J LX p~ lse~ between adjacent concave pulses . Thus , the
concave angles were pr~~e =d. Furthermore , ma king all convex angles _l800
and all concave angles 0°, the skele ton of F ig ure 2 .2lc resul ts . Obv iously,
each stage simp 1ifie~ the pulse sequence. If the objecti ve is to distin~juishan airplane from a missile , a very s impli fied pulse sequence mi ght suff ice .
On the other hand , complex pulse sequences migh t be needed to classify dif-
ferent airplan es . The classification of various targets in terms of the
comp lex ity of puls e sequences i s an area wh i ch mer it s addi t ional i nves tiga-
tion.
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SIMILARITY MEASURE

The c lassi f icat ion of targets requires a similari ty measure or distance
measure between two images . The amplitude character ist ic of F[d -- /dt]
has been selected for the fol lowing reasons :

1 . The distance is invariant under various image variat ions such as
rotation , shift , scale change , and the change of the start ing point.

2. It is easy to eliminate the effect of noise by cutting off the high
frequency components .

Letting g1 ( t )  d-- ~/dt and G.( ~ ) = F[g
~

( t)] ,  the distance between g 1(t) and
and g2(t)  may be defined as

d2 (g 1, 
~~ 

- ‘ o [~G 1 (~~ - G2 ( )  ]2 d

M
= [1G 1 (k)i 

- G
2

( k ) I] 2 
. (5)

k=f)

The second line of Equation (5) is obtained because g~ ( t ) ’ s are always
periodic with period 2~ .

When images are characterized by relativel y small numbers of line segments
g~ (t) ’ s are pulse sequences . Thus , G

~
( ) ’  and subsequentl y d2 (g 1, g2 )

can be easi ly obtained even by hand ca lcu lat ion resulting in a distance
tab le among various targets wi th many viewing angles . When noise is added
to an image contour , the noise in the d: /dt domain may be charac te r i zed  as

a pulse sequence . The probability distribution of d2 (g
~

(t )  + n(t ) ,  g~ ( t ) )
may then be studied in order to de termine the amount of noise which can be
tolerated during the c lassi f icat ion of two specif ic targets . Figure 2.22
shows some of the typical noise patterns . It appea rs that any typical
noise can be approximated by combinations of these patterns , thus providing
a foundation on which to discuss the effects of noise on a theoretical basis .
The problem of structure ana lysis of noisy images is presented in greater
detail in Section 5.
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Figure 2.9. Result of Averaging Figure 2.4 over a 5x3 Window
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Figure 2.10. Two Histograms from Two Windows

FIgure 2.11. Smoothed Histograms and Resul ting Overlap Error
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(a) (b)

Figure 2.15. An Image Contour and its One-dimen siona l Representation
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(a) (b) (c)

Fi gure 2.19. Concave Ang les of Various Targets
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Figure 2.20. Extraction of Line Segments from a Noisy Triangle
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SECTION 3

PREPROCESSING AND SEGMENTATION ON THE PDP- l1

Severa l programs have been written and some prelimi nary results derived
on the PDP computer using digiti zed video data • Some of the results were
reported under Segmentation in Section 2. The p rep rocess i ng p rograms wr it-
ten are MEDIAN (median fi l tering), MAX2 56 and MAX 512 (local extrema detec-
tion), AVG (window averaging) , and HVS256 (HVS fi l tering). Actual source
codes are given in Section 8.

The MEDIAN and AVG programs use a collection of linked FORTRA N subroutines
that allow processing on any size window over any size picture . This cho-
ice can be made at run time . The MAX256 , MAX5 12 , and HVS256 were developed
separa tel y and have compi led pi cture and window sizes . Fo l lowin g i s a d is-
cussion of each program separat ely.

ME DI AN

MEDIAN outputs a picture in which each p o i n t  is rep laced by the median of all
points in a designated size window surrounding it. Actually, the p rogram
reques ts the fi lter order , which is the point to be selected after sorting
all window points (for the median of a 3 x 3 window , select order = 5).  The
input f i le , outpu t  f i l e , picture s ize , window size , and filter order are
all requested at run time .

AVG

Similar to MEDIAN except all points in the designated size window are
averaged to determine each output point.

H VS 256

Outputs a picture which is the convolution of the i nput picture and the
two-dimension HVS fi l ter function shown in Table 2.2 of Section 2. The
output is truncated between 0 and 255 (8-bi ts per point). The input and

47



output files are reques ted at run time . The input picture mus t have 256
pi xels per row . The number of rows does not matter.

MAX256

Locates local extrema in the input picture and outputs their size as an
output picture . See Loca l Extrema Information in Section 2 for a descri p-
tion of this process. The sizes are multipl ied by 2 and truncated at 255
(8 bits). The low order 2 bits are used to indi cate whether the extremum
is a maximum or mini mum and whether it is a horizontal or vertical extremum.
The window size is presently compiled to be 12 vertical and 24 hori zontal
points in each direction from the center point. The input and output files
are requested at run time . The i nput picture mus t have 256 pixels per row.
The number of rows does not matter.

MAX512

Same as MAX256 , except the i nput picture must have 512 pixels per row .

PROCESSING RESULTS

Sample processing results that were not used in Section 2 are now presented.
Appropriate coninents are included in the captions . Figures 3.1 through
3.17 are ha lf tone gray level displays pri nted on the Printronix line
printer using a 3 x 7 dot matri x to produce 22 gray levels.
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SECTION 4

SEGMENTATION AND STRUCTURE ANALYSIS OF THE UN IVAC 1108

The Rill prep rocessing programs used on the PDP 11/35 system are used to
produce binary images which contain potential targets for tracking . Proces-
sing programs written for the 1108 are used primaril y to analyze the struc-
ture of the binary images . A tape copying routine is also included in
the 1108 software package. Printouts of the source codes are included
in Section 8 with some documentation. A brief description of the major
programs is presented in this section .

IMA G.AN ( IMAGE AND NOISE SIMULATION )

This program adds a noisy Markov field to an input image boundary and
genera tes a noisy image . It then performs a thresholding operation and
prints out the resulting binary image. Finally, it traces the boundary
of the noisy image and stores it for additiona l analysis.

PROG 2 (STRUCTURE ANALYSIS OF IMAGE BOUNDARY )

This program generates a one—dimensiona l ang le function ~s ( )  from the input
boundary points of a noisy image obtained from IMAGAN or PICTPR. It then
extracts the pulse sequence (~~) from r. (~~ ) an d runs i t through a low pass
Gauss i an f i lter w i th a spec i f ied cutoff frequency to remove the noi se
pulses . Finally , i t calculates the Fourier coefficients of the fi ltered
angle pu lse function.

PICTPR (TARGET BOUNDARY EXTRACTION FROM REAL IMAGE DATA)

This program reads a specified window of data from a picture file stored
on 7-track magnetic tape. It then selects a specified number of gray
level thresholds , prints out the picture , and finally generates an edge
contour of the target wh i ch can be anal yzed using PROG2.
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COPY (TAPE COPY ROUTINE )

The 8-bit pixels from picture data files are copied onto 7-track tape
using the routine MAG256 or MAG5 12. Copies of these 7-track data tapes
are made using the program COPY on the UNIVAC 1108. The data is read
from the data tape and then packed onto the copy tape using a speci f ied
format. The user specifies the number of records per f i le , the num ber
of words per record (assuming 36 -bit words),  and the number of fi les to
be copi ed .
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SECTION 5

STRUCTURAL ANALYSIS OF NOISY IMAGES USING
ONE-DIMENSIONAL CONTOUR DESCRIPTORS

INTRODUCTION

The prob l em of representing a simple closed contour by a one—dime nsional
function has been studied in the literature with some interesting results .
The Four ier descr iptors , first introduced by Cosgri ff1 ’ , and further
reported on in an excel l ent paper by Zahn and Roskies ’2, is one such
method. Zahn proposes a normali zed function ~(t), in whi ch the tangential
angle is cons idered as a function of the contour length and then normalized.
In thi s paper , we res tr i ct the class of con tours to pol ygons , whic h , as Zahn
notes , arise naturally in the study of digitized pictur ç~ . ~~ problem of
extracting such boundary contours has been wel l  studied ’~ ’ 14 ’~~ ’ ’6 . For our
purpos es , we assume the contour has already been extracted , and discuss
various character i s ti cs of these contours i n terms of the der i va ti ve of
~(t). By taking the deri vative of ~(t), we show that a polygona l contour
may be represented by a sequence of impulse functions . These impulses have
a simple relationship to the convexity or concavity of the polygona l ang les .
This re lationship faci l i tates the defining of a simple complexity measure ,
which is close ly related to the concavity of the contour. We also discuss a
similar pulse representation for the skeleton. Next , a slightly modif ied
vers ion of Zahn ’s similari ty measure is proposed in terms of the Fourier
descr ip tors corres pon di ng to -~(t). The effects of noise in the contour is
discussed in terms of this measure and a technique for extracting a noise
free contour from a noisy one is proposed . Finally , several examp les are
given throughout the paper.

11. R. L. Cosgri ff , “ Identif ication of Shape ,” Ohio State University Research
Foundation , Co lumbia , Rep. 820-11 , ASTIA AD 254792 , December 1960.

12. Za hn and Roskies , pp . 269-28 1 .
13. C. 1. Zahn , “Two -Dimensional Pattern Description and Recognition Via

Curvature Po i nts ,” Stanford Linear Acceleration Cent. (USAEC), Stan-
ford Univers ity, Stanford , Cal if., Tech. Rep. SLAC-70 , December 1966.

14. C. T. Zahn , “A Formal Description for Two-Dimensional Patterns ,” Proc .
m t .  Conf. Art. m t . , pp. 621-628, May 1969 .

15. R . S. Leedley , Use of Computers in Biology and Medici ne, New York :
McGraw -Hill , p. 340, 1965 .

16 . Ii. Ramer , “An Iterative Procedure for the Polygonal Approximation of
Plane Curves ,” Comput. Graph . Imag. Proc. 1 , pp. 244-256, 1972 .
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IMAGE CONTOUR REPRESENTAT ION AND FOURIER DESCRIPTORS

In [8], Zahn discusses the representation of a two-dimensional binary image
with a boundary described by a simple closed contour. Since the image is
assumed to be binary , i t may be defi ned comp le tel y in terms of its boundary .
A contour function ~i (.) is defi ned as shown in Figure 5.1. An arbitrary
point , S, is chosen as a start i ng poi nt on the contour ‘ . Mov i ng cloc kw ise
alon g the con tour , the angle o between the tangential directions at S and
at the current point is associated with the contour length ~~ . For a con-
tour of length L , this association produces a well defined function -- (Q )
with domain [0 , L] for any given starting point S.

As pointed out by Zahn , e(~ ) w i ll be i nvar i an t under transla ti ons and ro-
tations for a fixed starting point. Furthermore , if we introduce the
normal ized function

~(t) 
= .

~~
(—

~~~~
---) 0 t — 2~ - (6)

We find that ~(t) has the additional property of being invariant under con-
tour size changes . It is worth noting at this point that in [8] a method
is given for reconstruction of the origina l contour from (6) up to transla-
tion , ro tation , and size transformations . Since the essen t i al s truc ture
of an i mage wil l  be p reserved under these transforma ti ons , th is resu l t
implies that this structura l information is completel y contained in the
function ~(t ) .

Since the domain of t (t) is given to be [0, 2--], we may extend ( t) per iod-
ically with period 2- and thus represent -i (t) with the Fourier expansion

So

~(t) 
= + ‘ - A~ cos(kt - ~~ 

‘ (7)
~ k=l

with amplitude and phase parameters , A k and - 5 k r n  Thes e parameters are termed
as the Fourier descriptors in [8] . As Zahn po i nts out , the ph ase parameters
onl y are a function of the starting point. Thus , the A k ’s depend only upon
the sha pe of the con tour , being i ndependent of translat ion , rotation , and
size transformations and the starting point S. As will be mentioned subse-
quently, this fact suggests a natural similari ty measure for the class of
images under discussion. In the next section , we leave the Fourier descri p-
tor approach and discuss the description of the contour in terms of impulses .
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PICTURE DESCRIPTION USING PULSE SEQUENCE REPRESENTATION

A comon technique in image analy sis is to represent smooth countours l ike
those discussed in the previous section by a polygonal approximation. In
particular , the digitized version of the smooth contour , as is mos t frequentl y
treated in image processing , is in fact a polygon . Therefore , it is quite
reasonable to restrict the class of images under discu ssion to those with
polygona l boundaries as in Figure 5.2a. With this assumption , we find that

~(t) becomes a constant along the edges of the polygon , wi th jump discontinu-
i t ies at the vertices as show n in Figure 5.2b . In general , ~(t) may be
expressed as

;(t) = 

~ 

~~~
1 

U( - 

~~
) , (8)

where

a1 i s the angular change corresponding to the vertex at distance ~Sj

from the start ing S . and

U(t) is the unit step function.

Usin g Equation (8), we may now derive the contour representation to be dis-
cussed in the remaining sections of this paper .

Taking the derivative of ~(t) in Equation (8), we find that th (t)/dt takes
the form

d~(t) = a~ -~(t - t
~
) , (9)

where

~(t ) denotes the unit impulse function , and

2 r
i L i

Thus , the polygonal contour may be uniquely defined in terms of a sequence
of pulses as i l lustrated In Figure 5 .2 c . It may be further pointed out
that the concave and convex angles of the polygon are related to the pulse
amp l i tude sign. The concave angles correspond to positive amplitudes ,
wh i le the convex ang les are nega ti ve .
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Intuitively , one assoc i a tes the com p lexity of a f i gure to the conca ve ang les
in the figure . This sugges ts the following complexity measu ’e :

c = 
d~~t) dt - 2~ . (10)

For a polygon , Equation (10) may be written in terms of the concave angles
as

C = 2 ~ (concave angles) . (11)

Thus , Equation (10) is a measure of the concavity in the contour,

Clearly, Equation (10) is a useful measure for distinguishing images of
different complexity , such as a rectangle from a cross. On the other hand ,
for objects of similar complexity , such as a rectangle and a triangle , the
complexi ty measure does not contain sufficient discriminating information
an d so we mus t extract more features from the pulse sequence. In the worst
case , the pulse sequence itself may be required for classification of images .
Thus , the feature reduction problem may be viewed at successive simplif ying
operations on the pulse sequence where the limiting case will be one feature ,
such as the complexity measure in Equation (10).

Figure 5.3 illustrates some possible simplifi cation. In Figure 5.3b , a l l
adjacent convex angles are combined , thus p reservi ng the convex /concav e
relation of the image . In Figure 5.3c , the convex angles of Figure 5.3b are
all assumed to be -~~~~. Her e, the concave angles are retained along wi th
their ordering relation with the convex angles . The final simplification
shown in Figure 5.3d combines all adjacent concave angles in Figure 5,3c.
One final simplification to Figure 5.3d would be to add up all concave angles
wh i ch is equivalent to the complexity measure of Equation (10).

We would like to conclude this section with a discussion of the representa-
tion of the skeleton of an image in terms of a pulse sequence . In this case ,
the skeleton i s traced out as s hown in Fi gure 5.4, with end points in the
skele ton represented by convex angles of radians . A skeleton composed of
l ine segments may be systematically constructed from smaller skeletons . The
process of joining two skeletons and the corresponding merging of their
respec tive pulse sequences is illustrated in Figure 5.5. The new pulse
sequence is formed by shifting the pulse sequence of skeleton B such that
its starting point is at 5’ . The end points of this sequence are then re-
placed by concave angles and - - L in the case of Figure 5 .Sc or -~ and -

in the case of Figure 5.5d . Finall y, th i s pulse sequence i s i nser ted in
the pulse sequence for skeleton A at the point S. In the case of Figure
5. 5d , the -

~~ pulse at b is replaced by the pulse sequence of skeleton B.
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Using this basic construction method , a comp lex skele ton may be cons tructe d
along with its pulse representation from simple line segments . In addition ,
a pulse sequence will represent a skeleton only if it may be constructed
in this manner. Thus , an algorithm based upon this construction can be
used to derive a skeleton pulse sequence from the original contour pulse
sequence -

In the next section we consider the corruption of the pulse functions , dis-
cusse d he re , by image noise in the contour.

SIMILARITY MEASURE

As prev iously mentioned , Zahn and Roskies propose a similari ty measure between
two contours , - and ‘ 

, in terms of the Fourier description of :(t). This
meaSure is defined as

SA L, ] = Y A k 
- A~ i , (12)

k-i

where the Ak ’S are the amplitude coefficients in Equation (7). For our pur-
poses , we would like to consider the expression

~(t) = + 
~ 

Bk cos(kt 
- Bk) , ( 13)

k= 1

and define the similarity

k
- ‘ 1 —  V

B L ’  
— 

k 
— 

k 1
k=l

where k represents the cutoff frequency . As in the case of the A k
’s , the

Bk ’ s are in dependent of rotation , tr a n s l a t i on , contour len g th , and starting

po i n t. Therefore , Equation (14) provides a distance measure between y and
which depends only upon shape. For a (t) given by Equation (9), Bk maybe written as

Bk 
= —

~
—- ~ a1 e

_J kt i , (15)

where .
~~ 

deno tes the modulus of the complex quantity .
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The similari ty measure in Equation (14) clearly has discrimi nating ability
as is shown in several explicit examples to follow in this and subsequent
sections . The limitations of this discrimi nation are also shown to be a
function of the parameter k. This fact is demonstrated to be advantageous
in the next section for classifying contours to various shapes in the pres-
ence of noise. The examples to follow in this section reveal that low
values of k produce significant similari ty distances between images such
as triangles , squares , and rectangles . While on the other hand in the next
section , we see that noise in an image can be largely eliminated from the
similarity measure if a low value for k is chosen,

We conclude this section with explicit examples of calculations for Equa-
tion (14). For these examples , we consider the similarity between the
square , rectangle , triangle , and cross shown in Figure 5.6. Table 5.1
shows the theo retical similarity measure for various values of k.

NOI SE CONS I DERATIONS IN DIGITIZED PICT uRES

In this section , we discuss the types and effects of noise which occur in
rea l digitized pictures . Conside r a binary picture whi ch is digitized into
a matrix of (0, 1) pixel values . As we see by the example in Figur e 5.7 ,
the contour is composed of line segments of fundamental length B. For
simplification of the discussion , we are assumi ng the diagonal segments to
have the same length as the vertical and horizonta l segments . Because of
the pixel structure of the image , the angle at a vertex is cons i dered to
take on one of seven possible values (~/2, r/4, 0, - -/4 , -~/2, -3~/4). There-
fore , the contour function th (t)/dt for a digitized picture of this type will
be a sequence of pulses B---~--—— apart with each pulse taking on one of seven

values . Thus , the general pulse function will have the form

( t) = a~ U(t — i .-—~----—) (16)

where n is the number of incremented segments in the contour. For typical
digitized pictures , the image size is large compared to the pixel size , for
example, n on the order of 100.

Two types of noise appea r in a digit ized contour of this form. The firs t
type is what we call digitization noise. This noise will occur whenever a
smooth contour is digitized into fixed length line segments with a finite
num ber of possible vertex angles . An example of this digitization noise is
given in Figure 5.8a. In this example , we see that the sides of the digitized
contour oscillate about the sides of the triangl e. The second type of noise
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TABLE 5.1 . SOME SIMILARITY MEASURES

SQUARE RECTANGL E CROSS TRIANGLE

K = 4
Square 0 2.0 1.95 4.12
Rectangle o 2 .13 4.84
Cross o 2.71
Triangle 0

K = 6

Square 0 4 .0 6.84 6.9
Rectangle o 5.02 5.11
Cross o 5.33
Triangle 0

K =  8

Square 0 5.0 8.28 8.39
Rectang l e o 7.41 6.10
Cross o 8.25
Triangle 0
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i s image no i se . In this case , the noise is i nherent in the detected image
by a noisy background in the picture . This noisy background will cause
the detected boundary contour to deviate from the actual contour. An ex-
ample of this is given in Figure 5.8b, where the side of the square has
been obscured by no i se.

Figure 5.9 shows two fundamental noise elements with thei r corresponding
pulse components . An image contour which is distorted by one of these noise
elements may be represented by

~I+N
(t) ~1(t) + 

~N
(t ) , (17 )

where ~1(t)  is the undisturbed contour , whi le 
~N
(t) represents the noise.

For the noise element in Figure 5.9a ( type A noise),

~N
(t) = -j-—~ (t - —~--- 2~) - -j--_ 6 (t - (rn -s- i) 2~)

+ —a-— ~(t - 
(m + 2) 2~) , (18)

where again n is the number of pixel segments in the image contour. The
noise element in Figure 5.9b (type B noise) will be equivalent to Equation
(18) with a sign change . We may now proceed to calculate an upper bound on
the similarity distance be~~een the origi nal and noisy contours .

To deri ve a bound for Equation (12), where and Y are the original and
noisy contours , res pectively, let (B k) 1k ), (Bk, z

~~
) ,  and ~~~~ 1 (N)

)
represent the Fourier parameters in Equation (13) for ~1(t), ~J+N

(t) , and

~N
(t). By Equations (13) and (17), we have

B~ cos(kt - cz~ ) = B
k cos(kt — + ~~~ cos(k t — -

~~~~~~~~~)  . (19)

Using the comp lex exponential , Equation (19) may be wr i tten as

Re[B~ e
i~~

t - 
= Re[B k e

j(kt - 
~k~] + Re[B~~ ej~~

t - 
(N) ) 

. (20 )

Since Equati on (20) holds for all t, Equat i on (20) reduces to

B~ e
3 
~ 8k e~~~k + 8 (N) e~~~k . (21 )
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Now , from Equation (21) and the fact that Bk) B~, and ~~~ are def i ned to
be positive , one can deri ve the followi ng inequality :

IB~ 
- Bk f = (B~ e

3
~kj  - Bk e~~ k I l < ~~ e

3
~k - Bk e~~~kf = ~~~ . (22)

Finally, we now have from Equat ions (14) and (22),

k
< ~~ B~~

) 
. (23)

k= 1

Thus , the sim i lar i ty di stance between a noi sy contour and the no i se free
contour is bounded by the expression on the right-hand side of Equation (23),
which may be calculated from the elemental noises of Figure 5.9. Further-
more , typical noises may be modeled by adding up several fundamental noise
elements which are shifted along the contour wi th respect to each other ,
that is , for di fferent values of m in Equation (18). For example , in
Figure 5.8a, the digitization noise may be modeled by a sequence of alter-
nati ng types of noise elements . Similarl y, for Figure 5.8b, the noise may
be cons idered as the sum of two type A noi ses and four type B noises with
the appropriate positioning a’ong the contour. Usi ng this addition of
fundamental noise elements to characteri ze noise , we can der i ve a general
bound analogous to Equation (23):

N r k) ( 
~ B~~~) , (24)

~=l k=l

where N~ is the number of fundamental elements in the noise.

Usi ng Equation (15) we can calculate the right-hand side of Equation (24)
for the noises in Figure 5.9 to be

k ,~~ k 2~k 4Dk
~ B~

N
~ ~~~~~ 

~~ 
I l - 2 e~~ n + e~ n

k~l k 2~ k=l

Isin ~~ j - (25)

Substituting Equati on (25) into Equation (24),

k 
N~ k

s~ ‘[~
, ‘]< (  ~ a~) ~~~~ ~ , (26 )

k=1
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gives a general upper bound for the noise. By noting the sine terms in
Equations (25) and (26), we see that the low order tcrms in the sunination
wil l  have negligible effect , that is , for ~k/n small. Therefore , an upper
bound in choosing k will depend upon this sine function envelope. On the
other hand , the lower bound for k will be determined by the ability of
the similari ty measure to distinguish different images as discussed in the
previous section. In the remainder of this section , we gi ve some exp lic i t
examples using the similarity measure to identify noisy contours.

For thes e exam p les , we have s imulate d digi t i zat ion and image no ise for the
four basic shapes in Figure 5 .6. These are shown in Figure 5.10. In the
fi nal section , we discuss a techni que for fi lter i ng the no i se out of .(t)
and thus restoring a noise contour.

CONTOUR RESTORATION

In our fina l section , we di scuss a tec hniq ue for ta ki ng advan tage of the
high frequency characteristics of contour noise to extract a noiseless con-
tour from a noisy one. In  the previous section , we found that the noise
envelope is given by sin(kt/n). Therefore , for sma l l values of k , the noise
contribution will be minimal. This sugges ts that if the signa l ~(t) i spasse d through a low pass filter , the noise con~onent can be all but el im-
i na ted and thus the character i s ti cs of the fi l tered signal will reflect the
origina l contour. If the noise in the contour is small (in terms of devia-
tion from the original signal), the window width of the filter may be chosen
to fi lter out the noise while retaining the bas i c s truc ture of the contour .
To reconstruct the fi lter , we must next use a sharpening fi lter to extract
the position and angle of the original vertices of the contour. Essen tially,
this pr- Lcess is one of finding the best pulse sequence represented by the
fi ltere d ~(t) . The system diagram as show n in Figure 5 .11 thus cons ists of
a smoothing fi l ter followed by a sharpening filter. By choosing the right
filter parameters, we w ill show that only the original contour character -
istics wi l l  be retained .

For the specifi c examples to follow , we have chosen the fi lter i ng p rocess
to be

~fi1t
(t) = e (t) * g ( t) , (27 )

where 
~e (t) is the periodic extension of I+N (t) and

2 2
g(t) = 

___)
~-s~.__ e

_ t /2 — 
(28 )
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Equation (28) has been chosen for g(t) primarily for its smoothness and
unimodal structure . The unimodal structure has been found to greatly
facilitate the sharpening operation . The sharpening fi l ter used consists
of locating the major positive peaks and negative valleys . These points
are then i dentifi ed as concave and convex angles , respectively. The
values are then determined by integrating under each peak and valley and
mult iplying by a proportionality constant so that the angles add up to -2~r

since J~~~(t)dt = —2 r  as previously mentioned. Figure 5.12 shows the

filtered pulse functions and thei r sharpened versions corresponding to the
noisy contours in Figure 5.10. Figure 5.13 demonstrates the application
of this filteri ng and sharpening technique to a typical aircraft contour.

CONCLUSIONS

In this paper we have discussed a method for representi ng binary images wi th
simple closed boundari es. In particular , for polygona l boundaries , the
representation we use is a one-dimensional function formed by a sequence
of impulse functions . Usi ng this representation , we have d iscussed the
feature extraction problem and proposed a complexi ty measure whi ch is shown
to be rela ted to the concav ity of the contour . Next , we i ntroduce a s imi lar-
jty measure which is ana l ogous to the one Zahn proposes , but is in terms of
~(t). Using this measure , we have di scusse d the effect of noi se i mpose d
upon the contour. It was shown that this noise shows a high frequency char-
acteristic and thus can be filtered out. In addition , using only the low
frequency terms for the similari ty measure , we can use this measure for
identifying noisy contours . Finally, we have also demonstrated a met hod
for extracting the original contour from noise. This method consists of a
smooth i ng fil ter followed by a shar peni ng f ilter . Thi s method i s demonstrated
by a few expl i c i t examp les .
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Fi gure 5.1. Contour Representation
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(a)
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(c )
Figure 5.2. Polygonal Representation of Figure 5.1
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Fi gure ~.3. Success i ve S i mpl ifi ca t lons of a Pulse Sequence
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Figure 5.4. Pulse Representation of a Skeleton
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Fi gure 5.5. Skeleton Merging
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Figure 5.6. Basic Image Shapes
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Figure b .ll . Contour Extraction System
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SECTION 6

RELATIONSH IP OF RESEARCH TO THAT OF NMSIJ

One purpose of this suniner’s effort was to compare our proposed tracking
techniques to those being imp lemented by NMSU. However, at this stage of
data collection and analysis, such a comparison would be premature. It seems
the image decomposition and projection con~utatlon used by NMSIJ is indeed
relatively simple for real-time implementation . The question to be answered
is “is this computati on sufficient for typical tracking problems?” It is ap-
parent that as hardware capabilities increase, it is desi rable to increase
the complexi ty of the system to make it more robust under various tracking
situations . We plan to continue this research and to continue to cooperate
with NMSIJ in establishing and analyzing a video tracking data base. Our
special emphasis will be segmentation and structure analysis algorithms——their
advantages and shortcomings. We will also investigate the combination of
the various techniques into a high l evel system that can choose the proper
techniques In sequence and i nterpret results to control the next requests.
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SECTION 7

REAL-TIME VIDEO TRACKER SIMULATION

A general effort was directed toward coordi nation of the NMSU real-time
video (RTV) tracker research and the Purdue picture processing research .
Specifi c effort was directed toward obtaining video tapes of a vari ety
of WSMR missile tests and thei r digiti zation , coordination of meetings
with the NMSU RTV tracker research staff, and genera l system integration
and troubleshooting of the digitzer and video disk.

Specifi c effort was directed toward the ins tallation of the NMS U RTV
tracker simulation program on the Tektronix system. Since the original
simulation program was written for an HPMX21/Tektronix 4004 graphics
system, transportability problems existed. Dr. Raul Machuca was respon-
sible for rewriting the simulation software. Dr. Javin Taylor supported
the development of the top-down program structure and performed the final
program debugging and the rewriting of the NMS U simulation graphics soft-
ware for use on the Tektronix 4014 graphics system.

Two subroutines were written to enhance the ini tial user setup of the RTV
tracker simulation. The first provides a three-dimensional view of the
missile trajectory so that the user can visual ize how the tracker should
respond. The second subrouti ne provides plots of the dynami c tracker
azimuth , elevation , rotation , and zoom response for perfect missile tra-
jectory data . Thus , the user can determine how tracking errors should be
attributed to tracker dynamics limi tations rather than image recognition
and structure decomposition .

Analysis was initiated , and is continuing, to shorten the processing
time for the RTV tracker simulation. Analysis was also initiated , and
is continuing , to determine how real digitized video data can be inserted
into the RTV tracker simulation in place of the simulated digitized video
data.

SIMULATION PRO GRAM DESCRIPTION

PURPOSE
To simulate a complete video tracking oop includi ng target trajectory,
video simulation , Image decomposition , structural tracking, tracker con-
trol , and tracker dynamics .
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HARDWARE REQUIRED

Graphics terminal , POP 11/35 minicomputer system.

PROGRAMMING LANGUAGE

FORTRAN IV.

FORTRAN FILES REQUIRED

RTVS , RTV , CONTR , DCOMP , GEN , TKRDY , TRJEC , PCM , STRPC , GRAPH S .

DESCRIPTION

The purpose of the RTV tracker simulation is twofold: (1) to simulate
the operation of the RTV tracker system under development at NMS U , and
(2) to provide a test bed whereby picture processing and pattern recog-
nition algorithms can be tested in a hybrid simulator/hardware envi ronment.

The program starts with a series of initial questions which require
responses :

1. Any changes? Self explanatory .

2. 30 plot of missile trajectory? A yes response causes the graphics
termina l to display the path that the simulated target will traverse.

3. Plot of perfect tracker response? A yes response causes the
graphics terminal to display the dynamic response of the various tracking
components : azimuth , elevati on , rotation , and zoom based upon perfect
tracki ng information.

OPTIONS:

(1) Number of frames? The number of video frames to be simulated.
Enter 1 to 360, right justified 13.

(2) Which plot , etc? Selection of Az , El , rc lation , or zoom plots
target versus time and tracker output versus time . Selection of AZERR ,
ELERR , ROTERR , and ZMERR plots tracker error versus time.

4. Ask every frame Modulo N? The program will halt at the frame num-
ber modulo the specified N and ask the sequence of questions .
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5. Plot every frame Modulo N? The program will plot the simulated
video and tracking at every frame number modulo the specified N.

6. Dump present state of the system? A yes response causes the
present state of the system to be stored in a data file on the simulator
disk.

7. Load new state for the system? A yes response causes the system
state stored in a data file on the simulated disk to be loaded so the
simulator can be started from a previously stored state.

Figures 7.1 and 7.2 show video frame simulatio ns at frames 19 and 98.

WARNING: At the present time , do not request the zoom or ZMERR
option under plot of perfect tracker response. The zoom response
has not been incorporated into this option.
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SECTION 8

COMPUTER PRO GRA MS

Following is the source code and some documentation for many of the useful
programs devel oped at WSMR this sumer.
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POP-l i  MA C RO SYSTE M PROGRA MS
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LPORIG ~iULY 28. 1977 MITCHELL
.DISPLAYS GRAY LEVEL PICTURES ON PRINTRONIX
,EXPECTS 240 POINTS PER ROW
.EACH POINT DISPLAYED USING 10 CRAY LEVELS CREATED USING
.A 3X3 MATRIX
.CAN DISPLAY OUTPUT OF DIGITIZER PROGRAMS
- MCALL - V2 - REODEF , - CSIGENI - READW , - CLOSE . - P R I N T
MCALL EXIT , - W A I T , - TTYIN

- V2
- REGDEF

LPDAT= 167772
LPSTAT= 167770
FINISH : PRINT *RMSC

CLOSE *3
E X I T

STAFfl PRINT *ANNON
PRINT *ASR
CSIGEN #CORSPC, *FPRT

CLR BUFCNT
- PRINT *REO1
NOV *BLACK.R1
JSR PC, ACCEPT

- PRINT *REO2
MOV *INCRIR1
JSR PC1 ACCEPT

LOOP 1 MOV BUFCNT,R1
ASL R I
ASL R I
ASL R i
ASL R I
SUB BUFCNT I-R1 ;1~ BLOCKS PER BUFFER
READW *AREA , *3~ *BUF4.- *74O0.R1

BCS FINISH
INC BUFCNT
MOV *BUF4.R4
MOV *—40, LINES ~NO OF LINES PER BUFFERLOOP2: MOV *BUF1,R1 ~WRITES 1 LINE
MOV *BUF2.R 2
MOV *BUF 3 .R3
NOV *-360, BYTES ~ALLOWS FOR 240 POINTS PER LINE

LOOP3: MOVB (R4)-4- .R5 ;WRITES 1 CHARACTER
BIC *177400,R5
SUB BLACK, R5 ~BELOW *BLACK IS BLACK
BCE DIVIDE
MOV ØTAI3LE— 3 .R 5
BR LOOKUP

DIVIDE : NOV *— I.R0 ~DIVIDES R5 BY 10
AGAIN - INC RO

SUB INCR -R5
BCE AGAIN
NOV RO,R5
CMP *1I ,R5
BLT TOOBIG
ASL R5
ADD R OI R5 ~MULTIPLIE8 R5 BY 3
ADD *TAI3LE .R5
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BR LOOIIkUP
ADD *TABLE,R~

LOOKUP : BIT *1,-BYTES
LiNE SECOND

FIr~bT: MOVU (R5H- .(R1 )
MOVB (R5~~~, (R2 ?
MOVB (R5~~, (R3)
BR NEXT

SECON I :  MOVB (R5H- ~0ASL RO
ASL RO
ASL RO
BIB *100.RO
B i sr i  RO, (Ri +

(R 5)4,P -”
ASL RO
ASL RO
A~~L RO
131S *10C,, RO
131SD RO. R 2 ÷

(R5H- ,Ru
ASt.. P0
ASL RO
ASL P0
BIS *1O0~ R0
L3 1SB RO, ( E~3j ÷

N E X i -  IN” r~vTEs
BEG L I N E N D
JMP LOcj P:~ , BACK FOP ANOTHER CHAPACTER

L1NEND : MOVI3 *00~’, ( R i )
P1OVB ( R 1) , ( R 2 -~
MOVB (R 1H- (R3’+
NOV13 *012. ( R 1)
MOVB (R i). (R2)÷
MOVI3 ( Rj ) - 1 - , ( R3 ) -4 -
SUB #B UFI .R1
SUB *BUF2IR2
SUB *BUF3I R3
MOV *I3UF 1.R5
JSR PC .WRITIT
NOV R2 .R1
NOV #BUF2,R5
JSR PC. WRITIT
NOV R3 .R1
NOV *BUF3~ R 5
JSR PC. WRITIT
INC LINES
BEG BUFEND

~.JMP LOOP2 - BACK FOR ANOTHER LINE
BUFEND : JMP LOOP 1 ,E3ACK FOR ANOTHER RUFFER
WRLT IT . BIT *200~- e*LPSTATBEG WRITI T
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NOV13 (R5)-’- .@*LPDAT
SOB R1 .WRITIT
RIB PC

ACCEPT: MOV *BUF5.R2
INLOOP : TTVIN (R2)+

CMPB *12,- RO
BNE INLOOP
NOV *BUF5.R2
CLR R5
MOV *3,R3

Nx L ocjr’ MOVR (R2)+ ,R4 ~ASSEMBLE INTO OCTAL NUMBERPEC #17777J,R4
ASL R 5
ASL PS
ASL R 5
1315 R4 1~-:5
SOB R3I NXLOOP
MOV R51 (Pt)
R T S  PC

BYTE 7

• BYTE 7
BYTE 7

TABLE BYTE 7

- BYTE
BYTE -~~

BYTE 5
BYTE 7

- BiTE 6
BYTE 5
BYTE 3
BYTE 6
BYTE 5
BYTE 3

. BYTE 4
BYTE 4

.BYTE 3
BYTE 4

• BYTE 4
- BYTE 3
BYTE 0

• BYTE 4
BYTE 2
BYTE 0
BYT E 0
BYTE 2

- 13V71 0
BYTE 0
BYTE 0

- BYTE 0
BYTE 0
B iTE 0
BYTE 0

- EVEN
FPRT: RAD~ 0 /DM!

WORD 0
WORD 0
WORD 0
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AREA: BLKW 10
ANNON: • ASCIZ /LINE PRINTER 10 GRAY LEVELS.240 POINTS PER ROW/

ASK : • A SC IZ  /ENTER INPUT FILE!
REGI : - ,~SCI 1 JENTER OCTAL 3 DIGIT BLACK LEVEL /

- BYTE 200
RFO2: ASC U /ENTER OC1AL 3 DIGIT INCREMENT /

BY T E 200
- EVEN

• I3UFCNT : • i3LRW 1
KOUNT : • I3LKW 1
LINES- • I3LRW I
BYTES • BL~~W I
BLACK- - BL K W 1
INCR BL$.W I
CORS P C:  - BLKW 400 , DEVICE I 1ANDLER
BU~ I - BL K~J 240
BUF2. BLEW 240
I IUF3 -  BL~~ -; 240
BUF ’3 : B~~~~- 7400
BUF 5 PL~w 50

END START
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; LPSMAL AUGUST 8, 1977 MITCHELL
, DISPLAYS GRAY LEVEL PICTURES ON P R I N T R O N I X
; EXPECTS 256 POINTS PER ROW
,EACH PONT DISPLAYED USING 22 GRAY LEVELS C REATED USING
;A 3X~ MATRIX (THIS ASSUMES RESOLUTION 10 I)OUBLE IN
NOR IZC’NTAL DIRE~ T ION

• CAN DISPLAY OUTPUT OF TRANSPOSE OF DIGfli~ ER OUTPUT
MCALL - V2 - RECDEF~ - CSIOEN, RE- ADW , C IO~;E. PRINT
MCALL EXIT . ~.- AI T , - TT V IN

V2
- REGDE~

LPDA1 1o77 2
LPSTAT= 167770
F INISH PR IP-4 1 *RMSC

- CLOE~ *3
EXIT -

STAR T PRINT *ANNON
•PR1NI *ASK

CSI(.~EN *CORC~PC .ItFPR T
CLR BUFCNT
PH1N *REQI

NOV #BLACK,RI
JSR PC , AC CEPT
PRIN’ *REG2

NOV *INCR.R1
JSR PC, ACCEPT

P~~1N1 *INMS
• TTYIN
CLR INV E R T
C!IF’B #111 ,- PD
tiNE LOOP I
INC I N V E R T

L OOP! :  NOV BU FCN 1~~R I  ~WR [1ES ONE BUFFER
ASL R i
ASL RI 4 BLOCR~ PER BUFt-LR

- • • READW #ARE~~,4~3,-$flUF4~~*200o,R1
BCS FINISH
INC BUFCNT
MDV *BUF4,R4
MOV #‘- i0~ LINES NO OF LINFS PER BUFFER

LOOP2. NOV #BUF1,R1 ;WRITES 1 LINE
NOV *“400,BYIES ; ALLOWS FOR 256 POINTS PER LINE

LOOPS MOVI3 R4)+,R5 ;WRITES 1 CHARACTER
BIC *1774O0~ R 5
SUB BLACK . PS ; BELOW *BLACK IS BLACK
BCE DIVIDE
NOV *TABLE—7.R5
BR LOOKUP

DIVIDE NOV *—- 1 ,R0 ;DIVIDES US BY 22
TST INCP
BEG TOOI3IG

AGAIN:  INC RO
SUB INCR .R5
BCE AGAIN
NOV R0,R5
CMP *24 .R5
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tILT TCj OBIG
A3L R5
ASL R5
ASL

I’: ”: -  P5 MU1_ T1P L1 E~~ R. ’ 131 -
,

AD D *~~APi E,Rti
BR LLC’I’. ’P

TOL1BIG. MC”) *2 ~~ -

ADD #T AL4L.E -  f.~5
LOOKUP : 1ST TN” ~T

BEG L L -  ,- ‘

0’ $ t f  - ,H F - -

*T4i~~i E-”214 . RD
Pr , . f : ’,

MO’.’ ~-~ç:- . ~~
LDUVJ’ j I L T  h B Vr L :

SEC ~ND
F IR S T  MOVU ~~ 5 4 , ‘ R I

MDV R1
P~it~’V ~~ , P~

SI ~MC1f A1’-~ #I~uF~ : --  11— - P2
MO1~ ( R~ ‘ -

SOB P3.: -:~ i~BR NE ’c
~FCON D. NOV F-~I.- ~~;:

INC Ri
NOV *7 , P3

SEVMOR : MLJVP (R~~; 
~- .R’: ’

ASL
AOL
A~ L.
BIS I 100 ~~~
BISB N(... R 2.i
ADD ~:t j r-2 - -~~ L- 1, R—

~SOB P3, SEVMf.1~
NEXT:  INC

BEG LINEND
-iMP LOOP3 ; BACK FOR ANOTHEF CHARACTER

L.INEND : MDV 4t 7 - R:3
MDV R i, R 2

MOR E M~jVB ~S, (P2 + .PO INT PL OT MODE
MDVI’ ~4 L 2 ,  (P2)  ; END OF LINE
ADD *tluF2—BUFI- 1, R2
SOB R3, MORE
3U13 *BUF I—2 Ri
MDV R1,R2
NOV *7,R3
NOV #I3UFI. RO

ANOT H: MJv R2, Ri
MOV R0,R5
iSP PC. WRIT IT
ADD *BUF2—BUF1,R0
SOIl P3, ANOTH
INC LINES
BEG BUFEND
UMP L.00P2 .BACK FOR ANOTHER LINE

BUFEND: UMP L OOP! ~BACK FOR ANOTHER IIUFFER
111
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WRI 111 BIT *200,e$tLPSTAT
BEG W R I r I T
MOVB (R5)+. @*LPDAT
SOB R 1 . W R I T T T
R T S  PC

ACCEPT MDV *BUF5, R2
INLOOP - T T Y I N  ( R 2) +

CMPB * 12,pO
LINE INLf’ClF’
NOV *BUr -5 . R2
CLR R D
NOV #3 , P3

NXI UOP : NOV11 R2-’f-R4 L ASSEMBLE I NTO OCTAL NUMBER
BIC * 1 ” -~7 ’O. R4
ASL RD
ASL R5
ASL PS
L~IS R4,R~’
3013 R3- r-P: L OOP
NOV R5. - : R 1 )
RTS PC

BYTE 7
BYTE 7
BYTE 7
BYTE 7
B Y T E  ~

. BVTE 7
BYTE 7

TAI’LE BYTE 7
BYTE 5

• B Y’ E  7
BYTE 7
BYTE 7

- BY TE 7
.BYTE 7
- BYTE 7

BYT E 5
BYTE 7
BYTE 7
BYTE 7
BYTE 3

• BYTE 7
BYTE 7

.DYTE S
BYTE 7
BYTE 6
BYTE 7
BYTE 3
BYTE 7
BYTE 7
BYTE 5
BYTE 7
BYTE 6
BYTE 7
BYTE 3
BYTE 6
BYTE 7
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~

BYTE 5
B’(TE 3

- BY TE 6
- L~Y i E  7

‘ -r ~~ 
•

I~~~ E 7
B’r~~E 5
f Y ~~f 3
L~\ T E 6
BYr L  5
~~~TE 3
BYTE
13Y 1E 3

~3’y I ~ T ~
13V ’~. ~

- -

~~~
-
~
- ~u

j3~~~1[ 
~3

j 3’~ r~ 4
• ~~~~
‘I~~fE ~ ‘

- - - T 1  5
b ’ I E  3

D 1 -j
U~~~E 4
[ lY l E  :~B _ -

~~~ ~
‘:~

i3YTL 5
1 3 , T F - ~ :3
B T C

C ’  ~E
I3YI E  4

R’iTE 4
BYTE 5

• BY TE :3
3YT E £~

:3
B i l E  -!
I IY FE 3

- BYTE 4
BYTE 5
BYTE 2

- BYTE 4
BYTE 3

- BYTE 4
BYTE 3
BYTE 4

• BYTE 1
BYTE 2

• BYTE 4
BYTE 2

113

_ _ _ _ _ _ _ _ _ _ _ _ _ _  -~~~~•— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



--— ---—- - - -~~~~-- - - •-~~~~~~~~~~ 
-_ - —~~~- 

_ - -

BYTE 4
BYTE 3
BYTE 4

- BYTL I
BYTE 2
3YTE 1
B Y T E  2
BY T E  4
t3Y~~ 1
L3’~ iE 4
t~Y T E  1
B/ T E ~:

B\ T E  4
2

r ( - - f ~~ 4
- B \~TE I

B ,T F  4
f l y  ~~ I

2
t~ - 1L 0
L’~~~iL 2
f l - u :  0
[~~~:~ : 1

f-
_ _ 

4
j j / T E  

~
B — ’E 2
i3. u: (‘
b~~~E 2
I~ v ! E T  0
L ’ -~~ T t
L~” - L  4
BY I E  0

. B ’ ~~E ~~
—

t~~ i [~ o
13’ii’E 0
3 - ’~~(- 0
P\-1 E 1
13~~T E 4

- I3YTL C-
B Y T F. 2

- BYT :- . -:3
I3YT L 0
BYTE 0
T IYT [  1

- I3’~TE 4
BYTE 0

• BYTE 0
BYTE 0

- BYTE U
• BYT E 0

BYTE 1
• BYTE 0

BYTE 0
• BYTE 0
BYTE 0
BYTE 0
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BY T E  0
B Y T E  0
BYTE 0

.ByrE 0
• 13 ’v T E 0
BYTE 0

EVEN
FPRT:  - RAD5O “ D A T -

WORD 0
WORD 0
WOR D 0

AREA : ‘3LL~L.J 10
/ 1 H~- - : - Al

ANNON- •V~ 
‘ / L i f - ,~ ~-‘p j - :  l[~ ~~~~

‘ - ~ A ’~ I. E~~f. ~~~- r~5~ ~‘( i jNi5 PER ROW!

ASI’i AS C I Z /EN~ : R  r’PUT ‘
~~ ILE /

RECfl - 
- A3(. / ENLL :R C. .  i~’L .  3 [f 1~ . L T  i~~- ~~~‘ ~ - L E ’ ,’EL /

P -  T~ 200
R EC~2. A~: ; [ - I I L _ R  ( l A L C’ I~ .~~ T ’ , - N L k L ME~ - T  I

F1YTL ;:o~)
1NM~ A’: / [ -  

~~f ,  “~~~~ “ T O IN~ - i R T  VIU EIJ /
- E~~ N

I-f l  ( N I - B L 1-~ U 1

~.OUNT: BL. . t ~. I
I N V E H 1  : BL E~W 1

IN ES BL~ - L~ I
BY I E~ B LV I - . 1
IlL A~ ~S - BLLS L I
TN CR I3I~~\ 4- : I
CORSPC. • 3L~’ W 400 ; DEVICE HANDLER

BLKW 240
13UF- 2 BL~~W 240
BU F T ~ BLKW 1240
BUF A . PLKW 2000
DUES BI~~~i 50 -

- END START
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LPLARG JULY 28. 1977 MITCHELL
.- DISPLAYS GRAY LEVEL PICTURES ON PRINTRONIX
S EXPECTS 512 POINTS PER ROW
;REGIRES TWO PAGES LEFT AND RIGHT
; EACH POINT DISPLAYED USING 22 GRAY LEVELS CREATED USING
;A 3X7 MATRIX (THIS ASSUMES RESOLUTION IS DOUBLE IN
HORIZONTAL DIRECTION.

S CAN DISPLAY OUTPUT OF TRANSPOSE OF DIGITIZER OUTPUT.
- MCA LL - - V2. - , - REODEF, CSICEN , - READW , - CLOSE , - PRINT
. MCALL EXIT . . WA IT, . TTYIN

V2.
- REGDEF

LPDAT 167772
LPSTAT=167770
FINISH : .PRINT *RMSG

• CLOSE *3
- EXIT

START : - PR INT *ANNON
PRINT *ASK
CSIGEN *CORSPC, *FPRT

CLR BUFCNT
PRINT *REOI

NOV *I3LACK ,R 1
JSR PC. ACCEPT
- PRINT *REG2
NOV *INCR .R1
JSR PC. ACCEPT
- PRINT *INMS
. TTY IN
CLR INVERT
CMPB *Jil. RO
BNE PASS
INC INVERT

PASS: CLR RIGHT
BR LOOP 1

HOLD: BIT *200.@*LPSTAT
BEG HOLD
MOYB *14.@*LPDAI ,FORM FEED
TST RIGHT
BNE F INISH
INC RIGHT ;PR INT RIGHT HALF OF PICTURE
CLR BUFCNT

LOOP1 : MDV BUFCNT ,R1 IWR ITES ONE BUFFER
ASL. R i
ASL R I
ASL Ri

• ASL Ri ; 16 BLOCKS PER BUFFER
READW *AREA , *3. *BUF4 . *10000, RI

BCS HOLD
INC BUFCNT
MDV *BUF4 .R4
1ST RIGHT
BEG S~UP
ADD *400.R4 ;RXQHT HALF OF EACH BUFFER

SKIP: NOV *—20 . LINES ;NO OF LINES PER BUFFER
LOOP2: NOV *BUF1 ,Ri ;WR ITES I LINE
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NOV *-40( j ,B-~’TES .ALLOWS FOU 256 POINTS PER LINE
LOOP3: MDVII ( R 4 ) I - , - p 5  ;WRITES I (:HARACTER

BIC * 177400 ,- RD
SUE BLACK. RD ~BEL.OW * I3LACK IS BLACK
BCE DIVIDE
NOV *TMBLE— 7 ,R5
BR LOOIWP

DIViDE NOV *— 1~~R0 •DIV IDES PS DY 22
A(~A lN INC RD

I l-~~:i~ - P5
BCE ACA1 r-J
NOV R’ D.R~
ClIP 4$ 24 .R 5

TOD D I G
ASL P5
ASL R D
AS~

R0.k ~ ; MULTIPL LES P5 BY 1
A l L
lIP LL’1k 3P

TODF~IG. N J )  # 2 1 1 - P S
#TA BI E PS

LOOK1P T ST INVEIrn
L OOI~2

SI..’B * TAIJLE-7 , - P 5
MCi .-’ *TA BLE’-214 ,  RD
SiB R5, R0

P0 ,- P D
LOOK2 B E T  * 1, BY T ES

I3NE SECON t
F IRST rIOVB (~~5 ) 4 -  C R 1 )

NOV P 1 , R 2
NOV

SI XMfl I~ A p r -  #[l ’) E2— [f l )F ’ . R2
MOV t1 C R 5  I : - , (R2
0013 P3 ,E’ IYMO R
BR N E X T

SECOND : MCi’) P 1, R2
IN0 RI
NOV t$7 ,R3

SEVMUR -i C;~’!i
ASL RO
ASL P0
A SL P0
B I B  *100~ R0
13152 RO, C R 2 )
ADD #UUF2--’BUFI, R2
SOB R3~SEVMOR

NEXT: INC BYTES
BEG LINEND
JIIP LOIJP3 BACK FOR ANOTHER CHARACTER

LINEND: MDV *7~~R3
MOV R 1,R2

MORE: MC~VD *5. (R2)- i-  s POINT PLOT MODE
NOV13 *1 2, CR2 ) S END OF LINE
ADD *BUF 2- II’)Fi— 1,R2
SOB R3, MORE
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NOV R t ~~H2--2~~R 1
MDV
M(JV # I3 ’ iF i ,R~)ANOTH Mliv R 2 - R l
MDV RO R’- ’
JSR P C - W l ’ i i U
ADO UB UF2— B’ ’ F-  1 .  P0
lO[l R3 , .~l4 L : f 1
INC L
LIE 0 1) liE F- ND
ADD ~~

-
~~~ - - : ‘  HA - ~k IP NL~ I L [NE HAl F

iMP L 011P2 - k rid~ A’- -~UTHEU
I~UTLNL) ~)MP I ULil I- “C V C C  ~‘N3 THEF4 JIll F ER
W P 11 11 ~1 [1 l*2L) c - D~ -~~ I Al

[lEG ,‘JRII El-
MDVII ‘ P ~~) ~ - -~ $L PI iA

P 1 - 1 4 H 1 i 1 1
PC

AC(. P1 I ~- ) ‘, HUUF :-~, --
[ NI. O(JP T ¶ 

~ I i ( P  C )
c ~r ‘•t i - RD
IINE [NI ~ I1f~
NF’V t~ r~ 1 5
CL P

~~ l. ?~~
NXI h U h ’  M~ VP ~RC’ i- P 4  , ASSEMBLE INTO OC TAL NUMBER

131C ‘ii ‘~-‘ 7 0, P4
H’ -

A~-L P’
A L
13 11—-

p.: NXL UUF
MDV R I ,  C R 1
RTS PC -

r~~~ r
U’r f E  7
L’IT IC 7

BYTE 7
DY TE 7

- BYT E 7
B Y T E  7

TABLE B Y r E  7
[ l Y T I - 5
B Y T E  7
BYT E
p~~~ p 7
BYTE 7
B’~TE 7
B Y T E  7
BYTE 5
BYTE 7
B Y T E  7
BYTE 7
BYTE 3
BYTE 7
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BYTE 7
BYTE 5
BYTE 7
BYTE 6
BYTE 7
BYTE 3
BYTE 7

BYTE ~
BYTE 5
BYTE 7
BYTE 6
BYTE 7
BYTE :3

B Y T E  6
I 3V T E  -1
B Y T E  5
B Y T E  3
BYTE 6
BYTE 7

BYTE 3
BITE 6
B Y T E  7

BYTE. 5
BYT E -3
BYTE 6
BYTE 5
BYTE 3
BYTE 6
RY T E :3
BY T E  5
B YTE 3
BYT E 6
BYT E 5
BYTE ~
BYTE 6
BYTE 3
BYTE 4
B YT E 3
BYTE b
BYTE 5
BYTE 3
BYTE 6
BYTE 3
BYTE 4
BY T E 3
BYTE 6
BYTE 5
BYTE 3
BYTE 4
BYTE 3
BYTE 4
BYTE 3
BYTE 4
BYTE 5
BYTE 3

-I
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BYTE 4
BYTE :3
BYTE 4
BYTE ,~
BYTE e~
J3~~TE 5
BYT E 2
B’Y T E 4

F B’~- T E  1
B’T T F  4
B Y T E
I3’,~TE 4
B Y T E  I
BYTE  ;
B Y T E 4
BYT E ~
P~~TF 4
B’~TL ~r-’ - ’ T E  4
B Y T E
P i l E  ~
H ‘. T~
b ’ T I

[3’i - T E  I
13’i- T E  ~
B’v T F  I
I I Y T (  ,-~

-

4
B~~~L , ‘

J3’~ II 4
[3 , T f

[ I”T I

B YT E
B~~rE
I3~~Ti: ,:
BYTE -

~~

BYTE I
B Y T E  4

B Y T E
BYTE ~)

BiTE ~
BYTE 0
B YT E  I
BYTE ‘;
BYTE 0
BYTF 2
B Y T E  ‘)
BY T E  0
BYT E 0
BYTE i
BYTE 4
BYTE 0
BYTE 2
BYTE 0
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BYTE 0
BYTE 0
j 3 Y T F  1
BYTE 4
BYTE 0
BYTE 0
BYIE 0
BYTE 0
BYTE C)
BY-rE 1
B’Y IE  0
B Y T E 0
BYTE 0
BYTE 0
B Y 1 E  0
B Y T E  0
BYTE 0
B Y T E  0
SiTE 0
BYTE 0
b Y T E  0

EVEN
E P R I  RA D5O / DAT ’

WO R D 0
WOR D 0

F WORD 0
AREA BLKW 10

A~ C 1 I iT HAT 5 A) I /
ANNUM - A5012 -‘1 [NE P I - l N J E F ~ 

22 GPA~ LEVELS 512 POINTS PER ROW/

ASK ASC I. .-‘LNT FR INPUT F ILE/
RE (3 1 A SC I I  /E N1ER DU AL 3 D IGIT  BL AC K LEVEL /

B Y T E  200
ASCII  - ENTER OC I AL 3 f I l C h  INCREMENT /
13’yTF 200

iNNS ASC 1~ - - T Y P E  AN “l TO INVERT V IDEO/
EV EN

BUFCNT BL H W  I
KOUNI: L}LKW I
R iG H T :  B L~~W 1
INV ER1’ - BLKW 1
INES R L K W  1

BYTES: IILYsW I
BLACK BLKW I
INCR: - BLKW 1
CORSPC: BLKW ~J00 1 DEVICE HANDLER
[lIE 1 BLKW 240
13UF 2 - BLKW 240
IIUF3: - I3LKW 1240
13UF4 131KW 10000
I3UFD- • BLKW 50

- END ST ART
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5 PROCRAM DIGDF 1 AUG 9, 1977
~STORES DIGITIZED DATA FROM VIDEO FIELD UNE I N  A F L O PP Y
; D1Sk F ILE D A T A  IS STORED BY COLUMNS: 512 COLUMNS~
- C~~C PIXEl  ‘

~~ PER COL UMN
M ALL V2 - REGI’EF~ ENTFR~ WR IT E , .C L O S E ~ PRINT

- MCAL L t ) .IT , FETCH, - W A I T

RE GOEF
ADDR— I~~~772
[>ATA ~- 16~- 7 7 4
f l TA T = I 67 7~~0

T A R T  FE - H  ~CORS PC,- * FPRT
TICS BADE F T r E I CH ERR[I!~

EN T CP #AU EA - flD, # F - P R T .  f l — I
BC’T B~~nEN AN ENTER ERROR
MCIV # 1 , F BUF ; ‘C~ET BUFFER FL AG
C L H P. : - ’NT - CLEAR BUFFER cOUN1H~

C LF~ @*h~~ A l
NOV * I . @# A D D R
MDV #200 I — ~#AI ’ l) H
CL R @*AOUR
NOV

M0~ #L~UF 1-  p C~- PREPARE IC) F IL.L BIll I
JSR PC~ F- I LL  - FILL BUF 1

NOV # 1O ,LIMI  I -NO 0~ B’’I ‘ EPS TO RI-A l)
BR B E G I N

BA DF F I  P R i N T  #~~Mfl C
I : X I T

[lADEN PRINT *EMSG
F ‘. I T

BA D W R T :  PR INT ~ WNISO
E X  I I

F INISH CLOSE #0
E X I T  -

BEGIN CMP LIM.I 1 V-dJUNT — IS FLOPPY 1- ILL
BEG FINTSHEI) ALL DATA HAS BEEN RI-AD

F IRST (‘NP FBUF . *0 - IS TIlE 2 TC ’ BE W R I J I E N
BNE OTHER - IF NOT CO 10 WRITE *2

MDV KO UNT,R1 .R EADV TO MUL1IPL Y
NIL *3L~ R i s P Y  30

WRITE *AREA, *0, #PUF2~ #17000. P .1
BCS BADWRT

INC KCIUNT ~COUNT BUFFER WRITTEN
MDV *l3UF l~~R2 - PREPARE TO CALL FILL
JSR PC-FILL ~FILL BUF T
NOV *1,FBUF - SET FLAG TO INDICAIl: BUF 1 FILLED
WAIT *0 ; WAIT TILL FINISHED WRITING

JMP BEGIN GO AGAIN
OTHER : NOV KOUNT.RI PREPARE TO MULTPY

NIL *36, R1~ Mlii TPLY
WRITE *AREA . *0~ *I)tJFI, *17000 , Ri

BCS I3ADWRT
INC KOUNT s COUNT BUFFER WRITTEN
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MDV *BUF2-F4 2 ~PREPARE TO CALL FILL
CLR FBUF INDICATE BUF2 FILLr- D

JSIk P C . E I L L .  ~FLLL BUF2
WA IT  *0 ;W A IT  TILL RUF 1 IS wil :(TTEN

UMP BEGIN STAR T A GAIN

FILL. CLP KOLUM
CLR R5 - I N I T IA L I Z E  ROWS

COLUMNS. INC R3 ; PRIICE~SS COLUMNS
INC KOL UN COUN J C UI.UNNS
ilOV R3 , @*ADDI~ - LOAD H’JR I ZLINTAL.
NOV 44 1 ‘ - ~#‘~T A [  STROB E 11h1R I ZONTAI
CLR ~*S TAT Pl:r~’AR E FOR Nl~X r COOR D

ROWS - INC PS ;PRPCE~3S R0W ~3
MDV R5 , ~~tAflDR ROW C OORDINATE
MDV *2,~~*S l A l
CLR @

~~STAT .STRO BE \-‘E- RT ICAL.
1115 #1000 ~-~+Ar er)R ,S ET L E N D
MI1V # 100000 (

~-~ v’ DDR ; E~~EC’ )TE
CLP CLE AR EX ECUTE

WA 1 1: BIT #40000. ‘~# I:-ATA
BNE TE’ ,lZ’
BIT
BNE WAIT
BR CO

TEST2 F IT #1 .  H~-
BEG W A I T

GO NOV13 @# D A :A ,  c R 2  1+

CMP *3~~4 R 5 HAS L AS1 ROW BEEN PROCESSED
TINE ROL ’L , IF NOT G E T  OTHER ROWS
CLR ( Ri~ ) - 4
CLF ( RZ ~) - ~ ADD 4 BITES OF ZEROS
C LR R 5
CMP *1Cc- KLTILUM
tIN E COLUMNS
PT S  PC 

- RETURN FROM SUBROUT INE

KOLUM. FP RT:  - RAD5O / L ) X l - ”
- RAD5-2- /OP 1’~

; /
RA P5O /DA T --’

A R E A  DLKW 10
FMSC - A~ C T Z / LIAT ) FE1C H/
EMSO: - A SCIZ  / BA D EF-I I FR/
WMSC : - ASCIZ /WR[TE Er-4ROR/

- EVEN

PARM: - WORD 0

~0HSPC: - BLKW 400 - DEVICE HANDLEP
- WORD 0

FBUF : - BLKW 1
LIMI T . - BLKW 1
KOUNT . - BLKW 1
BUF1:

- BLKW 17000
END1:
BUF2:
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- BLKW 17000
END2:

- END START
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,PROGRA M DIGSF2 AUG 9~ 197 7
SSTUR ES D I G IT IZ E D  DAT A FROM VIDEO FIELD IWO IN A FLOPPY

DISK FILL-  DATA IS STORED BY COLUMNS: ~ 12 COLUMNS.
. 240 P IXELS PER COLUMN.

MCALL V2 , - I4C-GDEF. - ENTEP, W RITE - CI OSE, - PRINT
MCALL ‘:IT. - F- I  TCH, WA IT

V2
- RECDEF

ADDR=167772
l)ATA~: 1 ‘ 7774
STAT~ I ~ 7770
START -  FETCH *tCORSPCI *FPRT

IJCS BADFE T F E T C H  ERR OR
ENT ER #A REA, $40, *FPRT, f l— i

TICS [lADEN ; AN ENTER LPROR
MDV 441 , FBUF - SET BUFFER FLAG
CL.R ROLINT , CLEAR BUFFER COUNTER

CLR -~4$STA T
MDV * 1 - ~~’#A DDH
MDV 44200 1 , @$tAl)DR
CLR @*A DI)F<
tiov *- i, P3

MO~ $4 Bu F 1 . r~2 PR EP A R E  TO FILL BUF~
JSR PC F I I  L ; F I L L  BUF 1

MCIV $4 l U ~ I. [till - NO OF BUFFERS TO READ
BR BEGIN

BA1)FE 1 - PR I NT *F- NSG
E X I T

[lADEN PRINT #IIMSQ
ri X 11

BADW RT - PRINT #W MSC
E X I T

F INISH C LOSE *0
- EX I T

BEGiN CMP LIMI F.KOI)NT IS FLOPPY FULL
BEG FINISHED - ALL DATA HAS BEEN RI:AD

F I R S T . CMP FBUF .*0 - IS BUF 2 10 BE WRITTEN
BNE OTHER - IF NOT GO TO WRITE *2

NOV KO U NT , R i - R E A D Y  TO MULTIPLY
NIL *:~~~. R i  - ~IY 30

WR ITE *AREA, *O,*BUF2.*17000,R(
BC S DADW R T

INC KOUNT , COUNT BUFFER WRITTEN
NOV *BUF1,R2 ~PREPARE TO CALL FJLI

JSR PC~~FT LL ;FILL BUF .1
NOV *t .FBUF ,SET FLAG TO INDICA1 I: BUFI FILLED
WATT *0 ;WA IT TILL FINISHED WRITING

JMP BE G I N  ; 00 AGAIN
OTHER. MOV KOUNT. RI-PREPAR E TO MULTPY

MUL *36, R I ; MULTPLY
- WRITE *AREA ~ *0, *BUF1. *17000. Ri

BCS BADWRT
INC KOUNT ~COUNT BUFFER WRITTEN
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ALL FILL
CLR FBUF • INDICATE BUF2 FILLED

~.JSR PC~ FILL •FILL BUF2
WAIT *0 ,WAIT TILL. BUF 1 IS WRITTEN

JMP BEGIN .START AGAIN

FILL CLR KOLUM
NOV *400,R5 IN IT IAL IZE  ROWS

COLUMNS INC R3 ~PRtJCES~ COL UMNS
INC KOL UM ; COUNT COLUMNS
MOV P3, ~‘$$ ADDH LOAD HOR 1 Z ONTAL
NOV *1~~F#STAT ; STRO[lE HORIZONTAL
CLP O S ISTA T PRE PARE FOR NEX1 COORD

ROWS INL R5 PROC ESS ROWS
NOV R5~~~*AflDR ROW COORDINATE
NOV *2. •~$4 ST AT
CLR ~ 4#STAT ; STROI3E VERTICAL
[IS *1000, @44ADD R SET LENt)
MI)’) #I00000.@*A DDR .EXECUTE
CLR @#A D DR - CLEAR EXF LCT E

W A T I  BIT *4O 0O0-~~ $4 I’ATA
TINE TES12
BIT * i ,R5
TINE W AIT
BR CO

I E S[2  B IT  * t . R 5
BEG W A I T

GO NOV 11 @* DA TA .  PD) +
CMI-’ *7~ -4.  P~ . HA~ LA3T ROW BEEN PROCESSED
TINE ROWS ; IF NOT G~ T OTHEI1 ROWS
CLR
CLR (RZ ’ ) ’  ~ADD 4 BY T E S  OF ZEROS
MO; *400.. R5
C MF $410 0-  [‘OLUM
I3N E COLUMNS
P15 PC RETURN C R011 SUBROUT INE

kC~LUM- FPRT RAD~O /DXi /
- RA D~30 /OP IC /
RAD5O /DAI /

ARE A I3LKW 10
FMSG A SC IZ ,‘BAr~ FETCH’

ASCIZ /BAI) ENTER!
WMSG A SCIZ /WR I TE ERROR -’

EVEN

PARM WORD 0

CORSPC. - BLKW 400 .DEVICE HANDLER
WORD 0

FBUF . - BL$.W 1
LIMIT: - BLKW 1
KOUNT BLKW 1
BUF1:

- BLKW 17000
END I:
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13UF2:
- I3LKW 17000

END2:
- END START

~
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; PROGRAM DIG2F 1 AUG 9. 1977
- STORES DIGITIZED DATA FROM VIDEO FIELD ONE IN A FLOPPY
DISK FILE DATA IS STORED BY COLUMNS: 256 COLUMNS,

- 240 PIXELS PER COLUMN
MCALL V7 RFG DEF~ - ENT ER. W R I T E S  - C I riSE, - PRINT
MCALL i~~ I 1 -  FETCH. WAIT

V2 -

REGDEF
ADDR=i6T~ ~2
DATA—’~1677~~4
ST AT 167~ 7 0
fl ART FETC H #CORSPC , *FPRT

TI CS BAIFE’ ;F LTCH ERROR
ENTER *4AR EA. * 4 0 . * F P R T . * — 1

TI CS [lADEN ;A N  ENTER [~~FI0R
NOV #1 , F P~,~1 - SET BUFFER FLAF
CL P KOUNT - CL EAR PUFFER ‘COUNlI:I(

CLR @*S T AT
NOV * T . @ I 4 A D FiR
MDV *2001 ~ #ADDR
CL~ @#ADrI R
MOV 44-2.113

NOV #I1UFI, R2 - PREPARE TO FIIL BUF I
JSR P C , F- T L L  FILL BUF I

MDV *4. FINn -NO OF BUFFERS 10 READ
BR BEGIN

I3A DFET PR INT *FMSC-.
- E X IT

BADEN PRINT *EMSG
E X I T

BA DWPT PRINT I4W MSG
EX IT

F INiSH: CLOSE *0
- EX I T

BEGIN CMP LIMIT, KOUNT ; IS FLOPPY FULL
BEG FINISHED .ALL DATA HAS BEEN RE AD

FIRST CMP FBUF . #0 IS BUF 2 TO TIE WR iTTEN
TINE OTHER • IF NOT GO TO WRITE *2

MOV ROUNT ,R 1,READY TO MULTIPL.Y
MUL *36.R1 5BY  30

WR ITE #AREA. *0. *BUF2. *17000. R.L
BCS BADWRT

INC KOUNT . COUNT BUFFER WRITTE N
MOV #BUF1.R 2 .- PREPARE TO CALL FILL.
JSR PC.FILL .FILL BUF 1

NOV *1 FIIUF SET FLAG TO INDICA1I BUFI FILLED
WAIT *0 -WAIT TILL FINISHED WRITING

JMP BEGIN • GD AGAIN
OTHER : NOV KOUNT .RI,PREPARE TO MULTPY

MUL *36, Ri , MULTPLY
- WRITE *AREA ,*0,*BUFI ,#17000,R1

BCS BADWRT
INC KOUNT ~COUNT BUFFER WRITTEN
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NOV *BUF2- R2 ;PREPARE TO CALL FILl.
CLR FBUF INDICATE 13UF2 FILLFL)

.JSR PC ,-F~ILL ,FILL BUF2
WAIT *0 S W A I T  T ILL  BUF 1 IS WR ITTEN

~)MP BEGIN • START AGAIN

FILL: CLR VS OI.UM
CLR R5 ; INITIALIZE ROWS

COLUMNS - ADD $42. R3 • PROCESS COLUMNS
INC KOLUM ,COUNT COL UMNS
MDV R3.- @$4 ADDR s LOAD HORIZONTAL
MOV $4I. -~~ STAT - STROBE HCIRIZONTAI
CLR @*SIAT ; PREPARE FOR NEXT COORD

ROW S INC R 5 • PROCESS R OWS
MOV R5 @#A DDR ; ROW COORDINATE
NOV *2 @*STAT
CLR @$$ STAT - STRODE VERTICAl ..
[lIE’ *i000, @*4ADD R SET LENt:-
MOV #100000,@$4ADDR EXECUIF
CLR e*ADDR CLEAR EXECUTE

WAIT BIT *40000.@$4L)ATA
I3NE TEST2
BIT *1,R5
[NE WAIT
BR GO

TESI2. B IT * I,R5
13E(1 W A lT

GO: MOV B @* DATA, ( I12)+
CliP *354 .R5 ,HAS LAS T ROW BEEN PROCESSED
UNE ROWS IF NOT GET OTHER ROWS
C LR ( R2 ) -4 -
CLR ( R 2 ) +  ; ADD 4 BYTES OF ZEROS
CLR R5
CMP *1O0~

’ KOLUM
BNE COLUMNS
RTS PC I RETURN FROM SUBROUTINE

FPRT.  - RAD5O / D X 1/
- RAD5O /ORIG /
- RADSO /DAT/

A R E A .  - BLKW 10
FMSG: - ASCIZ /BAD FETCH!
EMSO : - ASCIi / BAD ENTER!
WMS G : - ASCIi /WRITE ERROR /

- EVEN

PA RM: - WORD 0

CORSPC: . BLKW 400 S DEVICE HANDLER
KOLUM : - WORD 0
FBUF : - BLKW I
LIMIT. . BLKW 1
KOUNT : . BLKW 1
BUFI:

- BLKW 17000
END I:
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13UF2:
I3LKW 17000

END2-

- END START
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; PROGRAM D102F2 AUG 9. 1977

~STORES DIGITIZED DATA FROM VIDEO FIELD TWO IN A FLOPPY
~DISK FILE. DATA IS STORED BY COLUMNS : 256 COLUMNS~;240 PIXELS PER COLUMN
MCALL - V7 , REGDEF, - ENTER, - WRITE ,  - CL OSE. - P R I N T
MCALL E X I T .  FETCH WAIT

V2 -

REGDEF
ADDR= 1 67772
DATA= 167774
STAT= 167770
START -  FETCH 4~CORSPC ,*FPRT

TICS DADFET ; FETCH ERROR
ENTER ~IAREA- #0.- 44FPRT. 44—1

BCE’ [lADEN ; AN ENTER ERROR
NOV *1.FBUF - SET BUFFER FLAG
d R  ISCiUNT ; CLEAR BUFFER C0UN1El-~

CLR @*STAT
NOV $ 4 I . @ *A D D R
NOV # 200 1.@$4AD D R
CLR @#A DI)R
MOV *-2 R3

MDV # BUF1.R2 ~PREPARE TO FILL BUF J
JSR PC, FILL FILL BUFI

MDV *4 L 1 M 1 1  .NO OF BUFFERS TO REAr)
BR B E G I N

BAI ) FET: PRINT *FMSG
E X I T

T I A D L N  - PRINT *EMSG
- E X I T

B A D W R T :  - PRINT ~ WMSG
- EX IT

F INISH: - CLOSE *0
E X I T

B E G I N .  CMP L IM I T, KOUNT ; IS FLOPPY F U L L
BEG FINISHED . ALL DATA HAS BEEN RI-AD

FI RST: ClIP FBUF, *0 ; IS DUF 2 TO BE WRITTEN
BNE OTHER ; IF NOT GO TO WRITE *2

MOV KOUNT .R i;READV TO MULTIPLY
MUL *36.R1 , B Y  30

- WRIT E *AREA , *0, *BUF2, *17000, P.4
BCS BADWRT

INC KOUNT ;COUNT BUFFER WRITTEN
NOV *BUF I,R2 ;PREPARE TO CALL FILL.
JSR PC,FILL ;FILL BUF 1
MOV *l.FBUF • SET FLAG TO INDICA1 E BUF1 FILLED
WAIT *0 ,WAIT TILL FINISHED WRITING

-iMP BEGIN GO AGAIN
OTHER - NOV KOUNT.RI.PREPARE TO MULTPY

MUL *36, R i; MUL TPLY
- WRITE #A REA, *0, *BUFI, *17000. RI

BCS BADWR T
INC KOUNT 1 COUNT BUFFER WRITTEN
NOV *BUF2 .R2 ; PREPARE TO CALL FILL
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CLR F BUF • INDICATE PUF2 FIL.LEI)
JSR PC, FILL .FILL BUF2
.WA IT *0 .W A IT  TIL.L BUF 1 IS WR ITTEN
JMP BEGIN .START AGAIN

FILL: CLR KOLULI
MOV #400,R5 ; IN ITIALJZE ROWS

COLUMNS: ADD *2, R3 ; PROC ESS COLUMNS
INC KOLUM ; COUNT COLUMNS
NOV R3.~~#ADDR ; LOAD HORIZONTAL
NOV * 1 - @ 4 4 S T A T  ;STROBE HORIZONTA l
CLR @*S1AT • PREPARE FOR NEXT COORD

ROWS INC PS ; PROCESS P0149
MDV R5,~~ $4 ADDR ROW COO POI NATE
NOV *2, @#STAT
CLR @*STAT ; STROBE VER TICAL
BIS *IOC’0,~~*ADDR • SET LEI-ID
MOV *1OOOOO,~~*ADDR •EXECUTE
CLR ~*ADDR ; CLEAR EXECUTE

WAIT BIT $440000- ~ #D A T A
BNE TEST2
BIT 44i,R5
BNE W A I T
BR GO

TESTD- BIT *I,P5
BEG WAI T

GO MOVB @*DATA- (R2)+
CMP *754,R5 ; HAS L AST ROW BEEN PROCESSED
BNE ROWS ; I F  NOT G E T  OTH ER R OWS
CLII ( R2)~ -
CLR (R2)+ • ADD 4 BYTES OF ZEROS
NOV *400 - PS
CMP *100,KQLUM
BNE COLUMN S
RTS PC ;RETURN FROM SUBROUTINE

FPRT- - RAD5O / D X 1”
- RAD5O /OP IC  /

RAD5O /DAT/
AREA - - BLKW 10
FMSG: ASCIZ / [ lAD FETCH!
EMSG - ASCIZ / I3AD ENTER!
WMSG: - ASC IZ /WRITE ERROR!

- EVEN

PARM - WORD 0

CORSPC - BLKW 400 ; DEVICE HANDLER
KOLUM : . WORD 0
FBUF : . BLKW 1
LIMIT: BLKW 1
KOUNT: BLKW 1
DUEl

- BLKW 17000
END1:
13UF2-

- BLKW 17000
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ENDI
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• PROGRAM MAG2~~6 AUG 10. 1977 MACHUCA
.COPIES PICTURE FILES CONTAINING 256 PIXELS PER

- ROW FROM FLOPPY DISKS ONTO 7—TRACK MAGNETIC TAPE.
;THE B-BIT PIXEL S ARE STACKED ONTO THE CONSECUTIVE LINES
,OF THE TAPE SO THAT THE FIRST SIX BITS OF PIXEL ONE ARE
• RECORDED ON THE FIRST SIX TRACKS OF THE FIRST LINE . THE
;SEVENTH AND EiGHTH BITS OF PIXEL ONE API- RECORDED ON THE
~FIRST TWO TRACKS OF THE SECOND LINE . ETC. . UNTIL ALL
— PIXELS ARE PACKED ONTO THE TAPE THE SE V EN T H  TRACK IS
.USED FOR PARITY
- MCALL V2 • RECOEF

- V2
RE ODE F

ERR WD=52
- MCALL CSIGEN . READW~ PRINT. EXIT , CLOSE

RESET BIS *100000.@*167762
[IS *2,@*167760

STA RT PRINT #ASK ; DEVICE FILE
CSIGEN *DSPACE.*DEXT.GET CS

C LR INI3LK ; I NIT I A L IZ E BLK COUNT

READ READW *LlSi - *3 *BLIF, #256 • INBLK.READ CHANNEL 3
I N C  IN BLK
DCC GO
TSTB @*ERRWD TEST FOR EOF
BEG EOF
NOV *INERR. HO

PR INT
CLR RO
JMP RESE F

GO MOV *BUF,R 3 .PREPARE TO READ OUT DATA
NOV $OBUF, R4 • R 4  PO INTS TO OUTPUT BUFF

FORMAT - CMP P3.- *EN1~’ CHECK FOR END OF BUFF
BEG WR ITE
CMP R3.*ENDI ,ONE ROW
BEG WRITE

RETURN - NOV ( R 3) + . R 1  ~FIRST WD TO BE PROCESSED
SWAB Ri

ASHC *6.R0 ; PUSH BITS
COM RO
BIB *i00000, R0 ,SET HIGH BIT
MOV RO. (R4)+ MOVE BITS TO OUTBUF
ASHC *6.R0
COM RO
BIB *100000.RO
NOV RO. (R4)÷ ; MOV BITS TO OUTBUF
ASHC *4,R0
NOV *2. SHIFT
CMP R3 .*END
BEG WRITE
CMP R3.*END 1
BEG WR ITE
MOV (R3) +.R 1 ; GET ANOTHER WORD

SWAB Ri
ASHC *2.R0
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CON RO
BIB *100000.R0
MOV RO. (R4)F ; JIOVE BYTE TO 0U1[lUF
ASHC *6.R0
COM RO
1115 *100000.P0
NOV RO. (R 4)+ • MOVE BYTE TO DUT:4UF
ASHC *6. R0
COM RO
[IS *100000.RO
NOV P0. (R4)+ MOVE BYTE TO O~~Tt~tjF
ASHC *2.R0
MOV *4 . SHIFT
CMP P3. *END
BEG WRITE
CMP R3,*ENDI
BEG WRITE
NOV (R3)+.R1

SW~’IB Ri
ASHC #4.R0
CON RD
BIS * i0000C).R0
NOV RO, (R4)4~
ASHC *6.RO
C ON RO
131S #100000.1W
NOV RO. ( P 4 ) 3
ASHC *b.RO
COM RO
13 15 *l00000. R0
MOV RO. (R 4)÷
BR FORMAT

WRITE. ASHC SHIFT. RO
CON RO
BIS *100000.R0
NOV RD. (R4)+ ,PUSH LEFT OVER BITS
JSR PC .OUT ,WRITE OUT BITS
MOV *OBUF .- R4 - RESET BUFF POINT ER
CMP R3. *END • REEAD ANOTHER
BNE RETURN
JMP READ • GET ANOTHER BLOCK

EOF : CLR ~*DATA END OF FILE
NOP
MOV *100000.@*DATA -3

CLOSE *3
PRINT *FINIS

~JMP RESET
ASK : ASCIZ / ENTER INPUT FILE
FINIS: - ASC IZ / ******FINISHED****-ii, !

- EVEN
WORD 0.0.0.0

DEXT: WORD 0,0.0.0
SHIFT: - WORD 0
INBLK : .WORD 0
LIST : - BLKW 5
INERR : - ASC IZ / INPUT ERROR
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- EVEN
DSPACE: - BLKW 1000
I3UF -

- REPT 200
- WORD 0

ENDR
END 1:

- REPT 200
- WORD 0
- ENDR

END
OBUF

REPT 1274
WORD 1 11111

- ENDR
WORD 111111

DATA= 167762
STATUS= 167760

[tOT - NOV *OIJUF. Ri PI-?EPARE 10 SENt) (JUT t i lTS
MOV *530.R1 .S I Z E  OF RECORD

AGAIN : NOV (R1) -4-.~~*DATA
BIC *2.@*STATUS

RECORD TSTB @*STATUS
BNE RECORD
[IS *2. @*STATUS
MDV ( R l ) + . @*D ATA
[IC *2. @*STATUS
SOB R2. RECORD
IllS *2-~~*STATUS
RTS PC

END RESET
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,PROGRAM MAG 5I2 AUG 10. 1977 MACHUC A
. COPIES PICTURE FILES CONTAINING CONSECUTIVE ROWS OF 512
- PIXELS FROM FLOPPY DISKS ONTO 7-TRACK MAGNETiC TAPE THE
.8—BIT PIXELS ARE STACKED ONTO THE CONSECUTIVE LINES
-OF THE TAPE AS DESCRIBED IN THE PROGRAM MA0256.
MCALL V2. RECDEF

V2 -

REODEF
ERRWD= 52

MCALL CSIGEN, READW . PRINT. EX I 1 .  CLOSE
RESET BIB *100000.@*167762

BI B *2. @44167760
STAR I PR INT *ASK • DEVICE FILE

CSIGEN *DSPACE.- *LIEXT,GET CS
CLR INBLK . I N I T I A L I ZE BL K  COUNT

READ ~EADW *L IF) - *3. *BUF. *256 • INBLK . READ CHANNEL 3
INC. IN LILK
[CC GO -

lsrB @*ERRWL) rrsi FOR EUF
BEG EOF
MOV * INERR.tW
PRINT

CLR RO
JMP REE.E. I

GO MOV *BUF . R3 PREPARE TO READ OUT DATA
NOV #OP~JF,R4 - 114 POINTS TO OUTPUT BUFF

FORMA T ClIP R3 *END - CHECK FOR END OF BUFF
BEG WRIT E

RE TURN NOV (P3 )4-RI ;rIRST WD TO BE PROCESSED
SWAB Ri

ASHC *6.R0 - PUSH BITS
COM RO
1319 *100000- 140 ,SFT HIGH BIT
NOV RO (R 4.+ .MOVE BITS TO OUTBUF
ASHC *o. RO
CON RO
[IS *100000 - RD
MDV RO (R4)# .MOV BITS TO OUTBUF
ASHC *4.RO
NOV *2 .SHIFI
CMP R3 .*END
BEG WRITE
NOV (R3)+ ,RI ,GET ANOTHER WORD

SWAB RI
ASHC *2,R0
CON RO
BIS *I00000.R0
MDV nO. (R 4)+ ; MOVE BYTE TO OUTBUF
ASHC *6.R0
CON RO
BIB *i00000.R0
NOV RO . (R4 )+ .MOVE BYTE TO OUTBUF
ASHC *6. RO
CON RO
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[IS *100000. R0
MOV RO . (R4)+ ; MOVE BYTE TO OUTBUF
ASHC *2.RO
NOV *4 . SHIFT
CMP R3. *ENI)
BEG WR I TE
NOV (R 3)+ .R1

SWAB Ri
ASHC *4~~R0
COM RD
[IS *100000 P0
MOV RO ( P4 ; ’
ASHC *~, , RO
COM P0
1315 *100000-HO
NOV RO. ( R 4 ) +
ASHC #6, RO
COM P0
BIB *100000 0
NOV RO. (R 4)~
lIP FORMAT

WRI IL ASHC SHIFT- r - ,
CON R D
[IS #1-: 0OO~. - ~0
NOV RD. (R 4 .  ‘USH LEFT OVER 1i~~TE
JSR PC •OU T WHITE O’.IT 13115
MDV *OBUF.PL4 r.)LSET BUFF POI N 1LR
CMP R~ *ENI) - REEAD ANOTHER
TINE R E T U R N
JMP REAl) ~.LT ANOTHER BLO- K

E O F  ~LR @-#DATA FND OF FILE
NOP
MOV #1OOOO: .~~#OA IA
CLOSE #3
PRINT *F1N 1~

iMP REFI I
ASK ASCI I  / 1-NIER INPUT FILE •‘

FINIS ASCIi / p- ’ ’* **F INISHED*****,
EVEN
WORD 0. 0 . 0 . 0

DEXT WORD 0,0-0 0
S H I F T  WORD 0
INBLK WORD 0
L I S T  BLK W 5
INERR ASCIZ / INPUT ERROR

EVEN
DSPACE BLKW 1000
BUF

REPT 200
WOR D 0
ENDR
REPT 200
WORD 0
ENDR

END
OBUF
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REPT 1274
WORD 1 1 1 1 1 1
ENDR
WORD 1 1 1 14 1

DATA= 167762
STATUS= 167760

OUT NOV *OBUF.RI PREPARE TO SEND OUT BITS
NOV *1260.R~’ . S IZE OF RECORD

AGA IN MOV (Ri ’~~.@*[,ATA[IC *2. @# STA T US
RECIJRI) TSTB @*STAT.”~[NE RECORD

il lS *2. @* S IA IUS
MOV ( R i ) + . @#D ATA
[IC #2.@*SIATUS
SOB R2.RECOP O
illS *2 @*STA’US
RTS PC

END RESET
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PROGRAM HISTP
C
C * *
C * HISTP COMPUTES THE HISTOGRAM OF AN ENT IRE *
C * PICTURE FILE THE NUMBER OF COLUMNS AND THE *

* NUMBER OF GREY LEVELS IN A BIN ARE SPECIFIED *
C * BY THE USER. *
C * *

* / / / / / / ‘/  1 / 1 - 1 1 / - .-
-

-~ / / // , - -~/ - - - / / / .!!,- / 1 - ’ ’! !  .‘ / / / ! / / / / / / / / / / / *
C * *
C * SUBROUT INES REQUIRED- *
C * FROM IDOP -WR ITEF *
C * FROM GRAPH -PHIST ,CRID.AX IS,FRAME , k

C * IN IT -TICX *
C * SEVERAL ~~r~~LIB SUBROUTINES *
C *
C
C

LOGICAL* l A (30720). ID (12 .A G~~1)
INTEGER*2 AH (?56~~- X (l7 ).Y(17)
COMMON /GRAP/LU, Ix - ~Y, ISX , ISV. AG
LU~- 6
CALL STAPT (Li

40 CALL WR ITEF (LL .. ICH - ID)
W R IT E ( 5 .  4 >

I FORMAT (I X . ‘INPUT YOUR CHOICE FOR T HI $4 [iF
1 GREY L.EVELS IN A BIN ‘ - 3 )
READ (5. 2) 113

2 FORMAT (14)
NB”256/IB
WR I TE (5. 4)

4 FORMAl (1~~. ‘Er-Jr [R N’JMIlER OF COL UMNS ¶N THE JNI’UT PICTURE - ‘ 1
REA [)(5- 2)NCC
NR 256* 1 70/NC C
IFF=’240/NR
IS= 1
DO 15 I=1.N13
AH ( I )~~0

15 CONTINUE
DO 40 1=1 . 1FF
IB B =( I— 1  ) *60
JS=IREADW (15360.A- 11311, ICH)
DO 20 KR=i , 30720
L= (A (KK ) AND 255)/IB~ 1
A H ( L) = A H ( L) + 1

C
C IF THE COUNT GETS TOO LARGE SCALE
C THE HIST BY 2
C

IF (AH (L) GT 30000 )00 TO 60
20 CONTINUE
40 CONTINUE

CALL INIT (5)
WR ITE ( 5. 3) ID. lB . IS

3 FORMAT (iX , ‘HISTOGRAM OF THE FILE — ‘.3A1 , ‘ : ‘,6A1
1. ‘ ‘.3A 1 /1X , ‘THE NUMBER OF GREY LEVELS IN A BIN IS ‘ .

142



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

114/1X. ‘THE ORDINATE WAS SCALED - Ii .  ‘/1’ )
ISX=900
CALL PHIST (AH . NB . MAX )
DO 50 1=1. 17
X ( I )2 56— ( 17—I )*j6
Y ( I ) =MAX*FL O A T ( I — 1 ) / 1 6 .  0

50 CONT INUE
CALL FRAME
CALL GRID (1ó.
CAL L AX IS (X .Y- 17 i 7 )
CAL L. TIC X (20, 1- ’-- 4)
READ ( 5,: )L
DO 55 I=1.N13
WR ITE(5 - 5 > (I— 1 ~~..IT3 -A H (I ;

5 FORMATIIX.2 (16, Ix .
55 CONT INUE

CAL L CL.OSE (LU
CALL CLOSEC( Ir H~
CAL L IFREEC ( t (H~
GO TO 10

$0 DO 65 KKK=1- NI i
AH ( KKK) =AH ( KKK~ ~~

5 CONTINUE
IS~ IS*2
GO TO .20
END
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SUBROUTINE PHIST (IV, N. MAX )
C-
C
C * *
C * PHIST PLOTS A HISTOGRAM OF THE VALUES IN ARRAY IV *
C * THE HISTOGRAM IS NORMALIZED TO FIT INSIDE THE *

* W I N DOW A~. 5[T  FORTH BY THE COMMON VAR IABLES. THE *
C * BARS WIDTHS ARE EQUAL TO THE SIZE OF THE GRAPHIC *
C * WINDOW IN T HE X DIRECTION ‘.ISX) DIVIDE D BY THE *

* NUMBER OF [INS THE MAXIMUM COUNT IN FIlE ARRAY *
C * IV IS PABSE!) BACK THROUGH IHE PARAMEII :H MAX. *
C * *
C *1 ~/ / / / , / ‘ / J - ~~- / -~ — ‘

~~- /  / / /  . 1 1 / / I  ~/ / ,‘,‘ / 1 1/ . — I // I l  / / / / / // // / // / .-*
C * *
C P AR A M E T E R S *
C IV=THE IN IFCER*2 ARRAY CONTAININC THE N COUNTS *
C * N fl - THE NUMBER OF COUNTS IN IV *
C * MAX= THE MAXIMUM COUNT FOUND IN IV *
C * *
C * LiM ITS *
C * THE C OONFO IN IV MUS1 NOT EXCEED :30. 000 AS *

T H E N  THE Y B E G I N  TO L0O~ LIKE NEO ’IIVE NUMBE I-IS *
* *

C */ . - - .‘ .- .- / / / - - - - ‘~~—~~-- / -  ~~~~~~~~~~~~~~~ / / . - - ~- 1 .  ~~ . J / / / / ,  - - .‘ / / / - ‘ ; / , ‘ /*
C *
C * B’JIIROLJTINE O R~ ~U1RED *
C * LX .L y .  :k I L~~ Lf)Aflfl *
C * *
C * * - ~-~~~~ * * *3 ;  ‘ . **~~~*******~~~~~~~~**~~~~ * * * *i t .* *-* * * * * * * * * *-* *

LOGICAL *1 A ’ ’  L1~~~LAY - LA~~.HX
INTEGER*2 I V . N )
COMMON /GRAP - LU, IX, IV - ISX , ISV A

JW-~ISX/N
NWM= JW- 1

C
C FIND THE MA x -. 0001
C

MAX IV(  1)
DO 10 I=2.N
IF (MAX LI IV ( it  )NAX=IV ( I)

10 CONT INUE
C
C LOAD THE OU TR UFFER
C

A (1 ) =29
CALL LOADB (IX. I Y.A .2
HY=A (2)
LAY A ( 3)
HX=A (4)
LAX A (5 )
IN”6
DO 40 I= 1.N

C
KV=FLOAT ( IV ( I)) /FLOAT (MAX )*ISY *1V
KX IX + ( 1— i )*~)W
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IF (K V EQ IY;GO TO 30
CALL L Y ( K Y . A  IN)
A (  IN+2) LAX
A( IN+3)=A ( IN+1)
IN=IN+4
CALL CKHX (KX+NWM .A. IN-HX )

C
LAX=A ’ IN—I )
A ( I N) HV
A (  IN+1 )=LAY
A ’ IN+2) -~L A X
A ( IN+3)=LAY
IN=IN-4-4

20 CALL CKHX (K~~i J W .A IN . H~~

LAX =A ( IN—l i
GO TO 4O

30 A ( I N) = L A Y
IN=IN+ 1
GO ro 20

40 CONTINUE

WRITE (LU.5O) A C I ~~~I= 1 IN— li
50 FORMAT ( ‘ + ‘ . -

~~ 124A1 )
R E T U R N
END
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P R O G R A M  W R P 256

C
C * *
C * WRP2 56 WRITES A GREY LEVEL PLOT TO THE OUTPUT *
C * FILE CONNECTED TO LOGICAL UNIT LU I N W H I TEF *
C * THE INPUT FILE MUST BE ROW E~TRUCTURED AND OF *
C * 256 COLUMNS *
C * *
C * THE WINDOW OF DATA READ FROM THE F I L L  ~S PLOTTED *
C * UPSIDE DOWN WITH THE LOWER iE FT HALL) C ORNER *-. 

* SPECIFIED BY USER INPUT FROM THE TTY *
C * *
C * P I C T U R E  F I L E S  O B T A I N E D  FROM D I G 2F 1 OR 01G2F2 *
C * MAY BE DISPLAYED WITH A NEC~ LY NAT~$PAI ASPECT *

* RA IIO OF 240/256 USING WRP.756 PICTUR I FILES *
C * OBTAINED FROM DIOSE1 OF D1i- ’.r2 WI LE DL D I S P L A Y ED  *

* WITH AN ASPECT RATIO OF 240-512 ANt) WI t L THERE-- *
C. * FORE APPI - AR TO BE COMPRESSLIt IN THE V I)IRECTION *
C * AND STRETCHE R IN THE X DIRE- . TION ~H 1 DATA *
C * FROM THE DL,ITIZER MUST BE TRANSPOSED USING

* TR256 [iLL ijkF IT (AN BE DI~~i’~ A (ED UO L NC WRP25~ *

* *
-: * / i , / . i , , .’ i .~ / i . / . — / , -

~ - -
~ i ~~~~~ .- ‘ , / _ - _ -_ / - / ,

_
._ / ,

_ ,  t

C * *
C * SUBROUTINES REQUIRED

* FROM IO OP—WR ITEf
C * FRIJM GRAPH-OSX
C * SEVERAL SYSLI[ H’ Ii~PQUTINE
C *
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ *c  *~~- 3

LOGICAL* 1 AV~5~ ~?6),I:~~256) DB~~12 -
~~ ) LU=6

CALL. WR ITEF (LU , ICH, DB .
CALL START (L U)
TYPE 11

ii F O R M A T ( IX .  ‘ -** MA X SUM BEGINNING ROW PLUS SI’READ=240 * 4 ’ )

GO TO 19
I?  TYPE 18
I . F O R M A T ( 1X .  YOUR INPUT SPREAD [OR ROWS E X ( I I  US THE M~’X

1 LiMIT OF 239 ’ )
19 WRITE (5.20)
20 FO R MAT ( 1X .  ‘INPUT THE BEG INNING ROW AND SPREAD- - )

READ(5 . 50) IR.  IRS
IF( IRS. CT 239)00 TO 17
TYPE 12

12 FORMAT (IX . ‘ ** MAX SUM BECINNIN (~ COLUMN PL US SPREAD=256 * *‘ )
00 TO 23

21 TYPE 22
22 FORMAT (IX . ‘YO UR iNPUT SPREAD FOR COLUMNS EXCEEDS THE

IMAX LIMIT OF 255’)
23 W R IT E ( 5 .2 5 )
25 FORMAT ( 1X .  ‘INPUT THE BEGINNING COLUMN AND SPREAD- ‘ )

READ(5 ,- 50) IC . ICS
IF( ICS CT 255)00 TO 21
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WRITE (5. 30)
30 FOR MAT ( 1X.  ‘ENTER THE X AND V OF- THE LOWER l EFT HAND

I POINT OF THE PLOT- . $)
READ (5. 50)LLX, LLV
WR ITE (5 . 40)

40 FOR MA T ( IX .  ‘INPUT YOUR VALUE FOR BLACK AND
I CONTRAST SPREAD’)

READ(5.  50)111, IS
50 FO R M A T’4 I4 )

C
C ~TE SE T THE SCREEN
C

CALL INIT (LW
IFLI= (IR— 1 )/2
IFF = I R S / ( 9 7 ) - - l
IWC =96*128
I F( IR S  LT 96tIWC ’—IHS*128
I1313=IFB
ICHS=IC-s-IC O- I
5 1 S
110 80 K=1 . 1F F-
JS IREADW ( IWC . A. 11313, ICH)
J-J’~ 96
IF (K EQ 1FF )-)J~’IWC/128

C
DO 70 J=1.JJ
DO 60 1=1, T C HS
I I=ICHS— I-+ 1
KR~ A (I1. J).AND 255
FK=KI-k-I13
IF (FK LT 0)FK=O
IF (FK ST S)FR=S
ZZ ~~16 — (16 0*FK/S)
I Z Z = Z Z
I F ( ( Z 7 — I Z Z )  GE 5)IZZ IZZ+1
11 (1 )=IZZ

60 CONT INUE
C

CALL CSX (LLX . J+LLY—1+~ K--1)*96, U, ICS -t
70 CONTINUE

1B 13=48+IBB
IF(K.  EQ. ( IFF—1 ) ) IWC= ( I RS—K* 96 ) - * 12 8

80 CONT INUE
CALL CLOSE (LU)
CALL CLOSEC (ICH)
CALL IFREEC(ICH )
READ(5. ~O)IS
CO TO 10
END
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PROGRAM WRP512
C
C * * ** ******** *** **** * ***** *** * * ** ** * ** * * * *~~- I~*********~~ *4

C * *
C * WRP512 WRITES A GREY LEVEL PLOT ON LOGICAL UNIT *
C * NUMBER LU OF THE ROWS AND COLUMNS OF THE I N P U T  *
C * FILE SPECIFIED BY THE USER THE INPUT AND OUT— *
C * PUT F I L E  ARE ENTERED IN STANDARD CSI, THE OUT— *
C * PUT BE NG CONNECTED TO LU THE PICTURE IS
C * PRINTED UPSIDE DOWN WITH T I-IF LOWER LEF T CORNER
C * E N T E R E D  BY THE USER *
C *
C * THE IN PUt PlC-lURE FILE MUST CONTAIN SEQUENTIAL
C * ROWS W I 1 4  512 PIXELS PER ROW THE PROGRAM COM— ~
C * PRESSES [ACM ROW INTO 256 PiXELS BY TAK ING THE *
C 4 ROW ELEMENTS TWO AT A TIME - COMPUTING THE AVERAGE ~
C- * INTENSITY OF EACH PAIR OF ELEMENTS. AND THEN *
C * PLACING THE RESULTING AVERA~ E INTENSITIES IN A
C ~ 256 E L E M E N T  R OW OF M A T R I X  A THE CO l UMN SPREAD ~

-

C- * REQUESTED LIV THE PROGRAM REFERS TO THE COMPRESSE D #

C) * MATRIX A’ AND THEREFORE CANNOT EXCEED 256
c * ELEMENTS THE RESULTING PICTURE IS DISPLAYFD
C * W I T H  A N L A R L Y NAT URAL A S P E C T  R A T I O  OF ~>40/256
C * WHEN THE I N PUT P I CTURE F I L E S ARE OBTAINED FROM
C * DIC5F1 CLr~ fl1C5 [2 THE DA1A FROM THE DICIT IZER
C * MUST BE TRANSPOSED USING TP ’12 BEFORE IT CAN BE *
ç * D I S P L A Y E D U S I N G WRP 5I 2
C *
C
C * 4

C * SUBROU1INES REQUIRED
C * FROM l OOP—WR I TE’
C * rR) M CPAPH—GSX
C * SE VERAL SY S LI B  SUB R O UT IN E  *
C * *
C

LOGICAL*1 A (512- 64), IZ~ 256),DI3(12)
LU=6
CALL START ( LU)

10 CALL WRITEF (LU . ICH.DB )
TYP E 11

1 1 FORMAT (1X , ‘ *4  MA X SUM BEGINN ING ROW PLUS SPREAD=240 ** ‘ )

GO T O 19
1 7 TYPE 18
JR FORMAT (1X , ‘YOUR INPUT SPREAD FOR ROWS EXCEEDS THE MAX

1 LIMIT OF 239 ’)
19 WR ITE (5 , 20 )
20 FORMATC1X . ‘INPUT THE BEGINN ING ROW AND SPREAD— ‘ )

READ (5. 50)IR, IRS
IF( IRS CT 239)00 TO 17
TYPE 12

12 FORMAT (1X . ‘4*  MAX SUM BEGINN ING COLUMN PE US SPREAD=256 ** ‘)
GO TO 23

21 TYP E 22
22 FORMAT (IX . ‘YOUR INPUT SPREAD FOR COLUMNS EXCEEDS THE
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1 MAX LIMIT OF 255’)
23 WRITE (5. 25)
25 FORMAT (1X . ‘INPUT THE BEGINNING COLUMN AND SPREAD- ‘ ‘

READ (5.50)IC. ICS
IF ( ICS CT 255)GO TO 21
WR ITE (5. 30)

30 FORMAT’, lX .  ‘ENTER THE X AND V OF THE LOWER LEFT HAND
1 POINT OF THE PLOT- ‘S)

READ (5. 50)LLX .LLY
WRITE 5. 40)

40 F0RMAT~~I X -  ‘ INPUT YOUR VALUE FOR BLACK ANI)
1 CON TRAS T SPRE A D -

READ (5 50)It’ IS
50 FORMAT (4I4)

C
C RESET THE SCREEN
C

CALL INIT(LU )
IBI3= IR— 1
IFF~~IRS/65-I- I
IWC 64*256
IF (IRS LT ~4)IWC -~-IRS*256
S~- IS
ICHS=IC* IC~ - - 1
JJ 64
DO 100 K= 1, 1FF
JS=IREADW ( JWC . A , 11313, ICH ’
IF (K EQ 1FF) J=IWC/256

C
DO 70 11=1 . IC-I-IS
111=11 *2-1
DO 60 JJJ I-
A (iI -  JUJ)=- ( (~~- (  I I I  JJ.I AND 255 ) - (A ( 111 + 1, .J~JJ ) AND 255) ~/2

60 C O N T I N U E
70 CONT INUE

DO ~0 J= 1 ,JJ
DO 80 1=1. ICS
I I=ICS—I + 1
KK=A (II ,J ) AND 255

IF (FK. LT. 0)FK=O
IF (FK CT S)F K=S
Z Z 1 6 — (16 0*FK/S)
I Z Z = Z Z
I F ( ( Z Z — I Z Z )  GE . 5)IZZ IZZ+1
IZ ( I )=IZZ

130 CONT INUE
C

CALL GSX (LLX ,J+LLY— 1* (K-1)*64 ,IZ , ICS)
90 CONT INUE

1BB~ 64+IBB
IF (K EQ. (1FF— I )) IWC — IRS—K*64 )*256

100 CONT INUE
CALL CLOSECUCH)
CALL IFREEC(ICH)
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CALL CLOSE(LW
READ(5 . 50)IS
GO TO 10
END
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PROGRAM DHIS1
C
C * * * * ** ** * *** * * ** * * *** * * * * * * * * * *c  ********* **************C * *
C * DHIST COMPUTES THE ONE ( 1)  RIMENSIONAL HISTOGRAM *
C * OF A SPECIFIED WINDOW IN THE INPUT FILL. THE
C * H I S T O G R A M  IS PLOTTED OUT W I TH USER SPECIFIED 4
C * BIN SIZE THE GREY LEVEL F’ CTURE DISPl AYS ANY
C * PORTION (iF A 256 (JR 512 COL UMN PICTURE FILE .
C * THE DIMENSIONS OF THE DISPLA YED WINDOW ARE SEL-
C * ECTED BY EHE USER UP TO A MAXIMUM WINDOW SIZE
C * OF 100 X 100 PIXELS . *
C * 4

C * IN ADDITION. DHIST WILL DISPLAY COMPLI tE PICTURE
C * F I I .ES AS LARGE AS 64 X 64 1-I XELS IF T HE- TR IMMED *
C * PICTURE ILE DIMENSIONS ARE 2**N X 2s ’-M WHERE N L
C * AND M CAN TAKF ON ANY VALU E S FRUM 1 IL) 6. IN
C * THIS CASE- THE EXAC T PICTUR F !LE DIME NSIONS 4

C * MUST BE ENTERED AS THE DIM [NSIONS OF THE WINDOW
C * TO BE DISPLAYED.
C) *
C * / , . ì ’ ’ / , ,~~~~- , , I / ,  - 1,- i / I ,  - -

C * *
C 41 6 II3ROUT INES REQUIPL:D
C * F R O M  I hOP —WR IT El - RE- AL’R
C 41 FROM GRAPH—A LL OF T H E M
C * SUBROU T INE HIS T
C * SEVER AL SVSLII3 SUBR C3UT IN E ~ 41

C * *
C * *** ** * *** * *1~~** *4 4 ~~****~~~-k* ’ ~ #*~~ * t -  4*  ~~ ~~~ **~ 4 ****~~-* * * *  *

C
COMMON.- /L
LOGICAL*1 011 (12)
INTEGER*2 A (~~5h), IX (20 ),IY (20 ’
L= 1
LU=6

10 CALL WRITEF (LU,ICH,DB L
CALL START (LU)

20 WR ITE(5.30)
30 FORMAT (IX . ‘I NPUT -rHE SIZE OF THE HISTOGRAM BINS’)

READ (5, 40)N13
40 FORMAT (14)

C
CALL HIST(LU. ICH, A, D13 )
IB=256/NB
DO 60 1=1. 113
1A 0
1 N (  I—i )*N13
DO 50 ~i=1,NB
IA= IA +A( IN-*J)

50 CONT INUE
C

AC I )=IA
60 CONTINUE

CALL PHIST (A . IB~ MAX , NB )
DO 70 1=1 , 17
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IX ( I )=256—( 17—I )*j6
IV ( I )=MAX*FLOAT ( 1— 1)/16 . 0

70 CONTINUE
CALL FRAME ()
CALL GRID (16)
CALL AX IS (IX~~IY.1 7 . 17)
CALL TICX (20. 16.4)

C
READC S. 100)L
CALL INIT (LU )
WR ITE(5, 80)
WRITE (5, 90) ((I—i )*N8, AC 1). 1=1. 113 )

80 FORMATC 1X . ‘THE COUNTS FOR THE GREY LEVEL HISTOGRAM
1 WERE AS FOLLOWS. ‘/IX .SX . ‘GREY LEVE L S. 4X. ‘COUNT’)

90 FORMAT~~6X. 13. SX . 14)
100 FORMAT ( I1)

WRITE (5. 110)
1 10 FORMAT (1X . ‘WOULD YOU LIKE A NEW INPUT FILE? (YES=1,NO=O)’)

READ (5. 100)L
IF ((L) EQ 1)00 TO 120
GO TO 20

120 CALL CLOSE(LU)
GO TO 10
END
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SUBROUTINE HIST(LU. 1CM. A, Dli)
C
C
C * 41

C * MIST IS A PROGRAM DESIGNED TO BE C ALLED DY DHIST t
C 41 ALMOST EXCLUS IVELY HIST READS IN A WINDOW *
C * OF DATA FROM A ROW STRUCTURED PICTURE ILE
C * ACCORDING TO USER ENTERED PL1W AND COLUMN LIMITS
C * OPTIONS ARE INCLUDED TO ALLO- THE GREY LEVEL *
C * P I C T U R E  OF THE W I N D OW BE DR A ~~ -J OUT I N  IHE UPPER *
C * R I G H T  HAND CORNER OF THE SC F~1 EN AND Al SO TO *
C * SAVE DATA PREVIOUSLY READ
C * *
C * / . / / / . / / - ‘ , ,- .- / , ‘ / / , /  _‘ / .— ,- - / _ -- _, /  .-‘~~- / i~~

C 41 41

C * P A R A M E T E R S
C) * LU=THL LOGiCAL JN)T NUMP[ R TO WR Il t . THE
C) * GRAPHICS OUT TO *-

* IC-I-flOE CHANNEL NUMBER It ’ READ tIl t DATA FROM 4

C 41 A=T )f i UGiCAL*- l ARRAY IS k[- ’~D DAT A I N TO
C * Dfl~ 1H~ LO G I CAL * 1 12 B ’y r 

~OR WI Ii (- I-I CONTAI ri ~
C tHE A-~ I I F CR ~HE R E - i F ICE
C 41 *
C 4 / .  / /  f - f r  .- — / r / ~~~ / , -~~/ 

— 
~~~~~~~~~~~~~ - - - -

--
.

-- i i  -
C- 4

C * L I M I T S *
C THE WINDOW OF DATA READ - A N  BE AT MOST
C b O X 100 4

C * 41

C’ 4 ,’ - . ’ / / ” -’ , - ’ / - ’ / ’ , ’ - - ‘ I / / f  .‘ ( / . i — i ’ / / / j / j / / / / i I . :’ ’ ! *-

C- *
C * SUBROUT INE S RE(~U I R E E ’ *
C * FROM LOOP - REALTR
C * FROM GRAPH -- GRA . INIT 4

C SEVERAL SY S LI E  SUBROUT I NES *
C 41 *
C
C

COMMON//L
INTEGER*2 A (256.~
LOCICAL*1 AS (100,100).DB (12L13 (40)
DO 10 1=1.256
A (I) =0

10 CONT INUE
C

IF((L) EQ. 1)GO 10 125
WRITE (5, 20)

20 FORMAT (1X, ‘WOULD YOU LIKE TO SAVE PREVIOUS DATA’C VES I ,NO O) ’)
READ (5 ,40)ITT
IF (ITT EG. 1)CO 10 60

125 TYPE 21
21 FORMATC1X . ‘SPECIFY PORTION OF INPUT PICTURE TO BE DISPLAYED’)

TYPE 22
22 FORMATC 15X , ‘ *** MAX SPREAD 100 X 100 *** ‘)
25 WR1TE (5~ 30)
30 FORMAT CIX . ‘INPUT THE BEQ 1NN ING ROW AND SPREAD. ‘)
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READ (5.40)I1 ,1R
WRITE (5. 35)

35 FORMAT (1X . ‘INPUT THE BEGINN ING COLUMN ANt) SPREAD ‘)
READ (5. 40)RK. IC

40 FORMAT (4 14 )
C

JU IR+1 I—i
LL=IC+KK— 1
WR ITE (5 , 50)

50 FORMAT (1X . ‘ENTER NUMBER OF COLUMNS IN THE INPUT PICTURL- FILE’)
READ C 5. 40 ) NC
CALL READR (II.U J. KK. LL. 100.AS. ICH. NC )

60 W R IT E (5 . 7 0 )
/0 FORMAT (1X. WOULD YOU CARE TO TI1LE YOUR IIISTOGRAM ”~’

)
READ (5.80)(13(I).I=1,40)

80 FORMAT ( 40A1 )
C

WR ITE (5 , 90)
90 FORMATsIX . ‘WOULD YOU LIKE TO SEE THE GRAY I EVELS~~(Y[S~~1.NO-C’

)
READ(5 4 0 ) IT T
IF( ITT  EQ 1)00 TO 160
CALL IN ITCLU )

1C)O WRITE (LU. 140)(DB (I), 1=4, 12)
WRIT E(LU. 150) 1!. JJ. K~~- LL
WR ITE (5 , 1 1O ) B ( I ) . I = 1 - 4 0

110 FORMAT C //21X . 40A1)
C

DC) 130 1=1 , iF?
DO 120 J=1 IC
K~~(AS (I.J) AND 255)411
A ( K ) =A ( K ) +1

120 CONT I NUE
130 CONT INUE
140 FORMAT (1X . tHE INPUT FILE WAS ‘.ÔAI. ‘ 3 A 1 )

- - 

150 FORMAT (1X . ‘ROWS ‘.1 3, ‘ TO ‘, 13/1X . ‘COLS ‘.1 3. ‘ TO 5 13)

RETURN
160 CALL G RA( IR .  IC. 100, AS )

READ (5. 40) ITT
CO TO 100
END
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PROGRAM TR256
C
C’
C * *
C * TRANSPOSES A 240 B Y 256 ARRAY OF BYTES STORED *
C * IN SEQUENTIAL COLUMNS TO A 256 DY 240 ARR A Y
C * STORED IN ROWS
C * *
C * / / - “ J j I / / ’ / ,- ,’ /  .- i i ,- / / / / / , - , / / / / ” / / . - f , , / / / / / / / / / / . .- / / . *
C * *
C * SUBROU1IN [S REGUIRED
C * FROM IOOP—TRANS2. RENTER - WENTRN , A READ *
C) SEVE R AL SYSLIB SUBROUT INES *
C 41 41

C
C

LOGICAL* 1 A (30-30 .
2 CALL TRANS2 ()

ICH=I GETC
CALL RENTER(I CII .
CALL AREAD (1,70 - 1 - J0~ 3O A . IC-H )
DO 10 1=1 .30
WRITE (5. 1) (A ~ I - j), J= l. 30)

I FORMAT (IX. 30 (I5,1X))
10 CONTINUE

CALL CLOSEC ( IC - Il )
-: CALL IFREEC t IC- El )

GO TO 2
END
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SUBROUTINE TRANS2 ()
C
C
C
C * TRANSPOSES A 240 BY 256 ARRAY OF BYTES STORED *
C * IN SEQUENTIAL COLUMNS TO A 256 BY 240 ARRAY
C * STORED IN ROWS. THIS SUBROUTINE IS CALLED
C * BY TR256 *

41 41

c * / / / / / / / / ~/ / /  / 1 / / I / / l i  ~r / / / i / I i  ~l/ / /  1/ !/ / / / // / / , ‘ //  ‘ / 1 // / *

C * 41

C * SUBROUTINES REQUIRED: *
C * FROM IOOP—RENTER .WENTRN 41
C’ * SEVERAL SYSLIB SUBROUTINES *
C 41 41

C
C

INTECER*2 BUFF ~256)
LOG1CAL*1 A (80.256).AS (512)
E ()UIVALENCE ~I3UFF (1),AS (1))

C
ICHR 1OETC ()
WR ITE (5 .  1)
FORMAT (1X . ‘ENTER TIlE FI’ E TO BE TRANSPOSED ‘ )

CALL RENTER C I CHR )
WR ITE(5. 2)

2 FO RMA T ( 1X .  ‘ EN I IR  OUTPUT FILE FOR 1HE NEW TRANSPOSED PIC1URE ’~
ICHW I Q E T C ()
CALL WENTRN (ICI1W 120)

C TRANSPOSE THE ARRA / IN BLOCI~S 40 ROWS ElY 256 CE ll 5
C

- 

DO 30 1=1 3

C SET B E G I N N I N G  ROW COUNTER
C-

IR=( I—i ) *BO+1
IRR=IR+79
CALL AREAD (IR . IRR, 1.256. 80. A. ICHR )

C
C FILL UP THE WRITE BUFFER WITH 2 ROWS
C

11=1
DO 20 IB= 1.40
IBB=IB— 1
DO 10 . J 1 , 256
AS (J) A ( II. J)
AS (J+256)=A ( 11+ 1 . J)

10 CONTINUE
C
C WRITE OUT THE BUFFER OF TWO ROWS TO THE TRANS FILE
C

I 1=1 1+2
.JB=IBB+( 1—1 )*40
JS=IWR ITW (256. BUFF , .JB, ICHW )
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20 CONT INUE
30 CONTINUE

CALL CI OSEC (IC-HR
CALL CLOSEC ( ICHW )
CALL IFREEC ( ICHR )
CALL IFREEC (ICHW )
RETURN
END
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PROGRAM TR51.~
C
C * * * ** ** ** ***4 1* ** * * * ** * * * * ** * *** ****- -*** *4 -~ * 4 1 *4 1 *4 1 *4 1 *4 1 *4 1 4 1

C
41 TRANSPOSES A 240 BY 512 ARRA Y OF BYTES STORED

C * IN SEQUENTIAL COL UMNS TO A 5~~: BY 240 ARRAY
C * STORED I N  ROWS
C * 41

C *, r , ” / ’ ’/ / f / f / ,  ,, ,, •~~~~/ / ~~- , 1 . ’ / / r ,- - ‘/ ,-‘ / / ‘ / / , ‘,‘ , - / / - / ,‘*

C-
C * E3UBROU1 INES REQUIRED
C 41 rRoM IOO P--TRANS 5. RE NTE R- W ENTRN , AREAD
C SEVERAL SYSL IB SUBROUT I NE S 41

C 41

C-
C

LOGICAL* 1 A (J~t ~~~~ )

CALL TRANS5~
I CH~=1CETC (
CALL RENTERS f~~~4 .
CALL AREAD ( I i 1. ~~~-~~‘ A ICH)
DO 10 1=1 .30
WR 11E(5, I)~~A ’ I -J ~‘‘ 1 - ~~ ‘ ‘

1 FORMAT ’IX 30(I’L 1~ 
I )

10 CONTINUE
CALL C L O S E C C I r I I
CALL IFREEC (I ()4’
CC) ru
END
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SUBROUT INE 1RANS5~

C
C * *
C * TR ANSPOSES A 240 B Y 5 12 AR R A Y OF BYTES STORED
C ~ IN SEQUENTIAL COt ‘ ‘MNS TO A 512 BY 240 ARRAY
C * ST ORED IN ROWS THIS SUBROUTINE IS ( -A I LED
C * B~’ TR512
C * 41

C ~~~ - ‘  “ - ‘ ‘ - i - ’ ’  ‘ / 1 . / i . - r ,- ! , . - / f , - / i , —~ / , - i ~~~/ / / i / / / . / / / / / / ’ / /*

C 41 4-

c ~ 5UBHOU1 1NES REQkJIR: D
C t- FF~-1N LOOP -REN TER -W ENT RN
C * 5: ILRAL SYSLiE ) SUBRUUT I NEE 41
C 41 41

C

INTECER*2 LsUFF (2~-t )
LOG ICAL *1 •‘(60- 512).AS~~512~

‘I ‘-.‘A~ EN(E i~’ F (1) , AS C I ) )
C

1CHR - IGEIC *

WRITE (5.1)
1 FORMAT(1 X . N1 E N THE F ILE TO BE T~~AN~ POSLO )

CALL RENTER TCHR )
WRIT E (5,2)
FORM AT C1X . EN TE R OUTPUT F i L E  FOP THE NEW It ~ANSPOSEt)

1 PJCTL IPL ’)
I CHW --IGETC
CALL WE NTR r U I C H W  ‘40

C
C T PAN’~- 1511 THE ARRAY IN BLOCKS 60 ROWS BY 5)2 COLUMNS

DO 30 1=1 4
C
C SET BE G INN I NG ROW COUNTER
C

IR= ( I—I )*60~ I
IRR= IR+ 59
CALL AREAD~ TF? IRR . 1,512. 60-A - ICHI? )

C
C FILL UP THE WRITE BUFFER WITH 1 HOW
C

DO 20 1B 1 .S0
11313= ~B- 1
DO 10 J= 1.51~A S ( U ) = A C  113, J)

1(’ CONT INUE
C
C W R I T E  OUT THE BUFFER OF I ROW TO THE TRANS F iLE
C

JB~ IBB+ (I-1)*6O
JS= IWRITW (256. BUFF, JB. ICHW )

20 CONT INUE
30 C O N T I N UE

CALL CLOSEC (ICHR )
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CALL CLOSEC (ICHW )
CALL IFREEC(ICHR
CALL IFREEC ( ICHW )
RETURN
END
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C
C **41**~ -*** * *** ** * *** ** * * * * * **** **~~-* * *** **~~ k** * * ** *** * * ** * *****4 1 4 1 -*- *- *~
C *
C * T R I M  A C C E P T S  P I C T U R E  F I L E S  OF ANY S I Z E  UP TO 240 BY
C * 512 IT SELECTS A SPECIFIED PORTION OF THE INPUT PICTURE
C * FILE AND OUTPUTS THE TRIMMED PICTURE TO AN OUTPUT PICTURE
C 41 F I L E
C *
C * 1/ / I ’ l l -  / I ’ll f / f / / I  i’ ’/ / // // . ’ / / , - .- / / / / / / / / / / / / // / / , “ ,. / /  / / / / / , - / / / ,“ / / ,
C 41

C) * SUBROUT INES REGUIRED
C * ASIA
C * SEVERAL SY S L I P  S U B R O U T I N E S
C 41

C
C

P R O G R A M  T R I M
LOGICAL*1 A~~f 00)
IN TL-1FR COLUM. L[NGUT, P5W WID1H PO INT 1. POIN1 ~
I NTEGER PI x - 5 31- U

-- 
CALL ASR

TYPE 10
1U FORMAN ’ L [N~~TH OF ROWS F ROM iNP ’ F PIC1UI~E V I L E - - ‘ $ )

ACCEPT 60 PICY
TYPE 20

~2(’ FDRMAT ( ‘ Dl (.INNING COLUMN OF INPUT PIC IUDE FILE— S S)
ACCEPT 60. -TO t 011
TYPE 30

so F O R M A T  C -‘ 
~i GINNING POW OF INPUF P1- ~ TURl I ILE -- S

ACCEPT 60, ROW
TYPE 40

40 FORMA (( ‘ I- -lUMBER OF COLUMNS FOR T R I M  P IC I URE - 5$)
ACCEPT 60.LENGHT
TYPE 50

~O FORMAT (’ NUMBER OF ROWS FOR TRIM PICTUHI-
ACCEPT 60. WIDTH

~J0 FORMAT C I5~
C

COLUM= (COLUM~- 1 , -* 5
WIDTH=WIDTH* 5
WIDTH=2*WI Di l l
ITEMP=P ICX* 5
LENGHT=LENGHT* 5

C
C 4 IS READ FILE. 3 IS WRITE FILE
C

DEF INE FILE 4~0.ITEMP .U .POINT1)DEF INE FiLE 3 (WIDTH. LENGHT, U. POINT2)
PO INT2 = 1
POINT1=ROW
DO 70 1 1.WIDTH
FIND (4’POINT l )
READ ( 4 ‘POINT 1) (X (C), L= 1. ITEMP )
FIND (4 ‘POINT 1)
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LAST=COLUM÷LENGHT- 1
WR ITE (3 ‘POINT2) C X CL ), L~~COLUM. LAST
FIND(3 ’POINT2)

70 CONT INUE
STOP
END
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C
PROGRAM TRZM2

C
C * 41

C 41 TR IM2 TAKES OUT 120 ROWS AND 256 COLUMNS OF A
C * SPECIFIED 240 BY 512 PICTURE FILE AND WRITES *
C 41 OUT THE DATA TO A SPECIFIED WRITE FILL THE *
C * BEGINNING ROW AND COLUMN FOR THE REC t ANGLE 41

C’ * WINDOW ARE INPUT BY THE USER
C) * 41

C * *
C * SUBROUTINES REQUiRED:
C * FROM IOOP -RENTER,WENTRN, READR
C * SEVERAL SYSLIB SUBROUT INES
C 41 41

C

LOGICAL *1 A C 120. 256), DB ( 12). A S (5 1 2~
INTEG ER*2 BUFF C 256 )
EQUT VALENCE AS C 1). 130FF (1))

- 

10 ICH=IGETC (
WRIT E C S .  20)

20 FORMAT (1X . ‘INPUE IRE RLAD FILE’)
CALL RENTER ’. IC - H - 1)13 )
WR IT E ( 5 , 30)

30 FORMAT ~~1~~. ‘I NPUT THE WR iTE FILE )
ICW IGETC (
CALL WENTRN ( 1CW , 60.013)
W R IT E ( 5 .  40 )

40 FORMAT C 1X , INPUT TIlE UPPER LEFT HAND ROW AND
I COLUMN OF THE WINDDW ’,$)

READ (5.50)IR- IC
50 FORMAT (2 14)

C
C READ I N  THE W INDOWS. 60 ROWS AT A TiME AND WR ITES
C OUT 1 BLOCR AT A TIME
C

CALL READR (I P-IR+11 9,IC ,IC+255 , 120 -A - ICH. ’I2 )
DO 70 K=1. 60
KK= (k- 1 )*24- l
DO 60 J=1.25f
ASCU )=A (KK. 3)
AS (J+256>=A KR+l. 3)

60 CONT INUE
JS=IWRITW (25~~. BUFF. K— i ICW)

70 CONT INUE
CALL CLOSEC C ICH )
CALL CLOSEC (ICW)
CALL IFREEC (ICH)
CALL IFREEC (ICW)
GO TO 10
END
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AND MAJOR SUBROUTINES
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PROGRAM FILTER *
INTEGER*2 XA (300)
INTEGER W IN DX,W INDY ,PICX .P ICY .IX .IY ,JTEPIP
INTEGER POINT 1. POINT2 , X
LOGICAL*1 A C 600), MATRIX (20 . 20), 13(600)
COMMON W IN DX ,WIN DV ,PIC X ,-P ICY ,IX ,IY ,POINT I ,POINT2
COMMON A .MATR IX

EQUIVALENCE C X A (  1) .  1 3 ( 1 ) )
CALL ASK
CALL SIZE
LX PICX*. 5

LY=PICY* 5
DEFINE FILE 4C 0,LX,U,POINT1)
DEFINE FILE 3 (LY.PICX,U,POINT2)
TYPE 10

10 FORMAT ( ‘ WHAT ORDER FILTER 5$)
ACCEPT u . k

11 FORMAT C3 I)
POINT2= 1
DO 40 I=1 ,PICY
DO 20 J= 1,PICX
I X=J
IY I
CALL WINDOW
CALL FIND (K,X )

20 B( J ) = X . A N D 255
1=1+ 1
IP=I* 5
DO 30 U ’= i ,P I C X
IR PICX+ U
I X=J
IY=I
CALL WIN DOW
CALL FINDCK ,X )

“ 
30 B ( I k ) = X .  AND 255

WRITE (3’POINT2,ERR=40)(XA J),J=1.PICX )
40 CONT INUE

[ 

STOP
END

*
Main Program for MEDIAN and AVG Fi lters .
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41
SUBROUT INE FIND (K, X )
INTEGER BC4 00), I ,J ,L ,R
LOCICAL*1 A (600),MATR IX (20 , 20)
INTEGER W ,- NUM ,P ICX ,PIC Y ,W INDX ,W INDY .IX ,IY ,t’ O INT l
INTEGER PDINT 2- X

COMMON WINDX ,W INDY.PICX PICY , TX , IY.- I’OINTl
COMMON POINT2 . A. MATRIX
DO 12 I= I .W T N P Y
DO 21 J=1 .W INDX
B C U +( I - 1) * W I N D X ) = 2 5 5  AND. MATR IX (1 . J~

21 CONT INUE
1 2 CONT INUE

NOM=WINDX*kJJNDY
C TYPE 2 3 4 . ( D ( I ) , 1 = 1 . N U M i

LSUM=0
DO 355 1=1 NUN

355 LSUM=LSCIM+B 1 1

X -=LSUM/NUM
RET URN
END

Called by AVG Filter.
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SUBROUTINE FIND (K,X )*
INTEGER B(400), I, J.LI R
LOGICAL*1 AC600),MATRIX (20k 20)
INTEGER W,NUM ,PICX ,PICY,WINDX , WINDY TX , IY,I’QINTI
INTEGER POINT2. X

COMMON WINDX IW INDY ,PJCX PICY lx. IY,I’OINTi
COMMON POINT2 . A , MATRIX
DO 12 1 1 ,WINDX
DO 21 .J=1 ,W INDY
B (J~~(I - 1 )~~W INDY )-=255. AND. M AT RI X (I , .,-

21 CONTINUE
1 2 CONTINUE

NUM=W I NDX 41W 1 NDV
C TYPE 234, (13 (I),I=1,NUM )
C234 FORMAT (IX , 9(1X 15))

L 1
R=NUM

2 IF (L GT R)GOTO 10
X =B (K)
I=L
3=R

11 I F C B ( I )  GE X ) G O T O  19
1=1+1
GOTO 11
IFCX GE B(.,))~ GOTO 20
3=3-- i
GOTO 19

20 IF (I CT 3) GOTO 30
W=B (I)
B C I ) =13 C 3)
B ( 3 ) = W
I=1+1
3 3 - - i

30 IF (I LE U) C-OTO II
IF(J LT K) L=I
IF (K LI. I) Rr~J
GOTO 2

C lO TYPE 234C.X
10 RETURN

END

Cal led  by MEDIAN Filter.
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SUBROUT INE SIZE
INTEGER W INDX ,W INDY ,PICX ,PICY , IX , IV
COMMON WIN DX , WINDY. P IC X , P IC Y .  IX .  IV

10 TYPE 100
ACC EPT 200 ,PICX
L= M O D ( PT C X ,  2)
IF (L NE 0) QOTO 10

15 T YPE 105
ACCEPT 200, P ICY
L=MOD(P ICY.  2 )
IF CL NE 0~ G L T O  V
TYPE 115
ACCEPT 200. W INOX
ITEMP=WINDX* 5
WINDX=2*ITEMP-s I
TYPE 110
ACCE .rT 200, W 1 N D ~
ITEr1P=WINDV~ ‘5
WINDY=2~~ITEI1t’ ‘-1

100 FORMAT’ $*OF COLUMNS
105 FORMAT~ #DF ROWS
110 FCIRMAT ( ‘ ITOWU OF WINDOW ~~—

11 5 FORMAT ’’ ( t l ~~5 OF- WiNDOW
200 FORMAT (15 )

RETURN
END
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C HUMAN VISUAL FILTER AUGUST 8. 1977 MITCHELL
C F ILTERS A P I CTURE F ILE ASSUMING 256 POINTS PER ROW USI NG A
C BANDPASS FILTER THAT SIMULATES THE HUMAN VISUAL SYSTEM

DIMENS ION FILTER (45)
INTEQER*2 3M C 240),CENTER. ABOVE BELOW. LEFT.RIGI-l1 SIZE
LOGICAL*I PIX (256.42).OUT(512’.DUM(512)
DATA F ILTLR/0 . 0. • 0 . — - 25. — 75. — 25. 0. .0 , 0. • 0 ~~~

- - 25, — - 50,
1 25. 1 25. 25, - 5, -- 25,0 . — 25. — 5. 25. 1 • 1 , 5, 1. , 25. - 5, - - 25 .0
1— 25.— 5. 25. 1 25. 25.— 5. — - 25. 0 .0 • 0 - 0. 25, — - 75, 25.0 .0
10 /

IWINDO 4
C JWINDO MUST BE EVEN BECAUSE THERE ARE 2 LINES PER DISK BLOCK

JWINDO=2
C JMOD MUST BE EVE N I- OR .-? LINES PER D1E.R BLOCK CASE

JMOD=JW I NDO*2+2
IF (JMOD CT 42 )GO 10 800
DO 10 3=1 .512
DUM 3) =0

10 O U T (J ) =O
C SET UP MOD TABLE [OR Y POSITION

DO 20 3=1.240
20 JM (3)=U-(3-i)/JMOD*JMOD

CALL RENTER (ICR)
CALL WENTRN (ICW . -1)
IER= 1READW C 256*3W INDO. PIX . 0. ICR
IFCIER LT 0)STOP ‘BA D READ ’
DO 30 J=i,JW INDO .’2

,30 IER=IWRITW (256. DUM .3-1.ICW)
NEXBLK= .JWINDO— I
DO 600 JODD=JWINDO4-i, 240-3WINDO . El
NEXBLK=NEXBLR Ft
NEXL IN--JODD+JW INDU
NEX=JM ( NEXL IN)

C READ IN ONE LINE INTO CIRCULAR BUFFER
I E R =I R E A D W (2 5 6 . P IX C I , N E X) NEXBLK, ICR )
IF (IER LI 0)CO TO 650
IADD=0
DO 550 IHALF=i .2
IF (IHALF EQ 2)IADD=256
3=3ODD + I HALF-i
DO 500 I= IW INDO -*1,256 --IW INDO
INDEX O
SUM=0
DO 50 340=1-5
k=3M C J—3+ .J4Cn
DO 40 1 40=1,9
INDEX= INDEX ÷ 1
IPOINT=P IX ( 1— 5 +140. K) AND 255

40 SUM=SUM+IPOINT*FILTER ( INDEX )
50 CONT INUE

I OUT =SUM +64
IF (IOUT CT 255)IOUT=255
IFC IOUT LI 0)IOUT=O

500 OUTC I +IADD )=IOUT
550 CONT INUE
C
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C
C W R I T E  OUT LINE Dl DATA
600 IER=IWRITWC2S6 . 001. 3/2- 1. ICW )
C

WRITE EM PTv LINLS AT END
50 3=3/2— !

DO 700 I=1.JL4INDO/2
J=J-$- 1

-‘~~0 IER=IWRITW (256. DUM. U. ICW)
CALL CLOSEC (ICR
CALL C~~OSEC (ICW)
STOP ‘ALL DONE

BOO WRITE (5.810)
010 FORMAT CIX. ‘VI R lICAL WINDOW ~ I7E 100 ARGI )

STOP
END
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C MAX 256 AUGUST 8. 1977 MItCHELL
C FINDS LOCAL IXTRE MA OVER A 256X240(OP LES~3) PICTURE AND OUTPU1S THE
C LOW ORDER 2 BITS OF EACH BYTE ARE CODED A0 FOLLOWS
C 00 - HOR Z M I N  01 — HOR Z MAX
C 10 - VERT MIN ii - VERT MAX
C E X T R E M A  S I Z E  INDICATED BY HIGH 6 BITS
C MAXM IN SEARCHES OVER A WINDOW OF IWINDO X JWINDO AROUND
C EA CH P O I N T  I N D I C A T I N G  WHETHER IT  IS A LOCAL EXTREME AND
C ITS SIZE THE LOW ORDER BIT IS A ONE IF EXTREME IS A MAXIMUM
C AND THE NEXT BIT IS A ONE IF IT IS A VERTICAL EXTREME

INTECER*2 3M C 240), CENTER . ABOVE - I3ELOW .LEFT.RICHF,SIZE
LOGICAL*1 PIX (256. 42). OUT (512) DUM (512)
IW INDO =24

C JW I N D O  MUST BE E VEN FOR 2 L I N E S  FOR L I SK BLOC k CASE
JWINDO= 12

C JMOD MUST BE EVEN F- OR 2 LINES PER D1 -v. BLOC K CASE
JMOD= JWINDD*2+2
IFC JMOD CT 4.’ C0 TO 800
DO 10 5= 1 - ~ 17
DUM .,J) 0

TO OUT (J’=O
SET UP MOD t ABLE b R  ~ POSITIIJN
DO 20 1=1 .240

20 JMCJ )=3 - -( J- l ),‘JMOU*JMOD
CAL L RENTER ICR )
CAL L WENTRN (ICW . I)
IER= IRE ADW IS7So*,IW INDO ,PIX , ’J .IC R)
IFCIE R CT O’S’TDP BAD READ ’
00 30 -)=1,UWINDO/2

3fl IER= IWR ITW (256- DUM. 3-1, ICW )
NEX BL k-=JW INDUJ— 1
DO 600 JODD~:JWINDOf I - 240--UWINDO. I
NE X BL~~=NEXBL I~-s- 1
NEXL IN=JODD+JWIND ()
NEX=UM (NEXLIN )

C READ IN ONE LINE INTO CIRCULAR BUFFEP
IER=IREADW (256,P1XC1 ,NE X~~,NEXBLk.1CR ’
IF (IER LI 0)GO TO 550
IADD=0
DO 550 IHALF=1.2
IF (I HALF EQ $) IADD=256
U=UODD+IHAL F 1
DO 500 I= IWI NDO+1.2 56—’ IW INDO
K1=JM( U)
CENTER=PIX (I,~~l ) AND 255k=3M C U—I )
ABOVE=P IX (I,K ) AND 255
K J MCJ +1)
BELOW=PIX (I,R ) AND 255
SIZE=0
IF((CENTER CT ABOVE ) AND (CENTER GE BELOW))CO TO 100
IFC (CENTER LT ABOVE ) AND (CENTER LE BELOW))OO TO 200

50 L E F T = P IX ( I— 1 . k 1 )  AND 255
RIG HT=P IX (I+ 1.K1 ) AND 255
IF((CENTER CT LEFT). AND (CENTER. GE. RICHT))QO TO 300
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IF (’.CENTER LT LEFT). AND CENTER LE RIGHT))GO TO 400
CO TO 500

C
L
C VERTIC AL MAXIMUM DETERMINAT ION
100 DO 130 K=J÷ 6. J~ JWINDO

L J M  (V . )
NEXT= PIX (I, L AND 255
IF (NEXT CE CENTEP)QO TO 105
IF (NEXr LT BELOW ’OO TO 120
GO TO 130

105 IF ~NEX1 E~ 3~~LUt~ l~O TO 1 130
C F I N I S H E D
110 K 3+JWINDU

GO TO 130
C NEW LOW
120 BELOW=NEXT
130 CONT I NUE

DC) 160 K=J-JWINDO- ‘---2
M 3 ---JW I NDD+.) 2
L = 3M C N)
NEXT=P I X I - L )  ANI) 255
IF C NL’ I ‘ .F CI NTEF? ) -~Q ~ii 14-
IFCNEX T LT A I J OV L) G O  TL, 15~ -
GO TO 160

C FINISH ) 0
140

GO TO 1~~0
NEW LOW

150 AI3CIVE-NEX3
1 5C) CON I IN)JF

IF CA DDI E G LIE L~~W 
) U E L L~~=ADiJVL

SIZE= (~~N T [s- - BE L OW
SI ZE=SI ZE~~
IF (SIZE CT 255)1317E 25’5
SIZE’=SIZE AN!) 252
SI E-~SI ZE +J

C I N D I C A T E S  V E R T I C A L  MA X I M U M
GO TO 50

C
C
C VERTICAL MINIMUM DETERMINATION
200 DO 230 K=J+2, J+UWINDO

L 3M (V. )
NEXT=P IX (I. L - ‘ AND. 255
IFCNEXT LE CENTER)CO TO 205
IFCNEXT CT. BELOW )GO TO 220
GO TO 230

205 IFCNEXT .EG BELOW)GO TO 230
C FINISHED
210 K 3+JWINDO

GO TO 230
C NEW HIGH
220 BELOW=NEXT
230 CONT INUE
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DO 260 K=U-JWINDO , 3-2
M=3-3W I NDOi-3-2—V.
L JM (M)
NEXT=P IXC I -L ) . AND. 255
IF (NEXT. LE CENTER)GO TO 240
IF (NEXT. CT . ABOVE )GO TO 250
CO TO 260

C FINISHED
240

GO TO 260
C NEW LOW
250 ABOVE=NEXT
260 CONTINUE

IF(A BOVE. CT BELOW ) ABOVE=BELOW
SIZE=ABOVE—CENTER
SIZE=SIZE*2
IF(SIZE. CT 255)SIZE=255
SIZE=SIZE. AND 252
SIZE=SI ZE+2

C INDICATES VERTICAL MINIMUM
GO TO SO

C
C
C HORIZONTAL MAXIMUM DETERMINATION
300 DO 330 L’I#2. I+1WINDO

NE X T = P IX C L .  V . 1 ) .  AND. 255
IF (NEXT GE CENTER)CO TO 305
IFCNEXT LT RIQHT )GO 10 320
GO TO 330

305 IF(NEXT. EQ. RIG HT)GO TO 330
C FINISHED
310 L=I+IWINDO

GO TO 330
C NEW LOW
320 RICHT=NEXT
330 CONTINUE

DO 360 L=I—IWINDO. 1—2
I1=I—IW INDO÷I—2—L
NEXT=P IXCM,K 1). AND. 255
IF(NEXT . CE. CENTER ) CO TO 340
IF (NEXT. LI. LEFT )GO TO 350
GO TO 360

C FINISHED
340 L=I— 2

GO TO 36O
C NEW LOW
350 LEFT=NEXT
360 CONT INUE

IF CLEFT. CT. RICHT)R IOHT=LEFT
ISIZE=CENTER-RICHT
ISIZE=ISIZE*2
IF (ISIZE. CT. 255)ISIZE—255
IF (SIZE. CT, ISIZE)0O TO 500
SIZE=ISIZE . AND. 252
SIZE=SIZE +1

C INDICATES HORIZONTAL MAXIMUM
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GO TO 500
C
C
L HORIZONTAL MINIMUM DETERM INAIION
400 DO 430 L= I-~-2.- I+IW INDO

NEXT=P IX (L .R1) AND 255
IF (NEXT LE CENTER)C0 TO 405
IF (NEXT CT RIGHT)GO TO 420
GO TO 430

405 IF (NEXT EQ RICHT )GO TO 430
C F I N I S H E D
410 L=I±IWINDO

GO TO 430
C NEW HI .H
420 RJ C H r = N EX 1
4130 CONTINUE

DO 460 L = l - - 1 W I N D O  1—2
M I -  I W T N D O +  1 - 2 -L
NEXT PI x C M  ~

4- 1 I i—sNIj 2~~’5
IF (NEX1 ~E rE-NT[P)0O 10 440
IFCNE x T CI L I F T ~~~O TO - 5 0
CO TO 460
FIN ISHI t)
L=I -2
(13 TO 4h0
NEW LO W

450 t EFT~~NF XI
461) C1]NT I N

1F~~L 1-F - i C I  R1&HT)LEFT-ThIQHT
ISIZE =LL f- T -- FINTLF~
181 ZE-’ I 31 .‘L ~2
I F ( I 8 I . E 1 0J 2 5 5 ’ I S J Z E ,- 55
I F  ‘SIZE 01 1517E )Gfl TI) 5O~i
SIZE= 16IzE AND 252

C INDICATES H[’R [ZOr-ITA L IIINIMUM
C

C

C WR I TE OUT POINT
iOO OUTCI s-IADD)=SI ZE
550 CONTINUE

C

C WRITE OUT L INE OF DATA
600 IER=IWRITW (256, OUT .3/2—1,ICW.,
C
C
C WRITE EMPTY LINES AT END
650 3=3/2—1

DO 700 1 1 ,  JWINDO/2
3=3+1

700 IER=IWR I TW(256. DUM.3.ICW)
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CALL CLOSECCICR I
CALL CLOSEC (ICW)
STOP ‘ALL DONE ’

BOO WRITE (5.-810)
610 FORMAT (1X . ‘VERTiCAL WINDOW SIZE TOO LARGE’)

STOP
END

0’~~ ”
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C MAX 5I2 AUGUST 8. 1977 MITCHELL
C FINDS LOCAL EXTREMA OVER A 512X240 PICTURE AND OUTPUIS THEM
C LOW ORDER 2 BITS OF EACH BYTE ARE CODED AS FOLLOWS
C 00 - HORZ MIN 01 - HOR Z MAY
C 10 — V ERT MIN 11 - VERT MAX
C EXTREMA SiZE. INDICATED BY HIGH 6 BITS
C MAXM IN SEARCHES OVER A WINDOW OF IWINDO X UWINDO AROUND
C EACH POINT INDICA1ING WHETH ER IT IS A LOCAL EXTREME AND
C ITS SIZE THE LOW ORDEF~ BIT IS A ONE IF EXTREME IS A MAXIMUM
C AND THE NEXT L I l T  IS A ONE IF IT IS A VERTICAL EXTREME

INTECER*2 ~JM (24O) CENTER, ABOVE I3ELOW,LEFT.RIGF1T. SIZE
LOG I~~AL .~1 ) ‘t~~(512,41).OUr (~ -12 )-DUM (512 )
I W I N D D ~~3O
JWINDD= 15
JM0D=JI.4INL-~~~.~~~l
IF (UMOP CT 41 0n TO BA-
iO  10 13 = 1 .5~~- ’
DUN1 C 13 ) =0

l i  O (JT C I )  - N

C SE T UP 100 r .-  p i ‘R ‘r P OS I T I (IN
DC) 20 J~~1. - .10
,Jf1( 3)  13 - ( 3 - - i  / .)NLII ~ JM1)1~
C A L L  RENTEf ~ C I CF
CALL WENTRN ( I CW . I
I ER= I RI A [JW C Pt 13* IN INDE1 - ‘1 X • 0. ICR
IF( IER L I 0)~- TIIT - DAD ~EAD~
DO 30 3= 1 - ,.IW I HDC1
ILP=IL4P I TW ( 7’4. 0DM- 3—1 LCW
DO 500 .‘=JWINDI ~~ 1. .40 .IWINDO
NEX E I N  J 4  IWIN DO
NE X= JM C NE ~L Ti- I
REAL ) IN [NE- -I INE- I - ITO IRCO j AF DUFF EE~
IER= IREA !iW (2 6- I’I X (1. NE X I • NEXLIN - 1. I F
IF’.IER Li 01:0 10 -[50
DO 500 1=IWIN DCH-1.51 2 )WINDO
V. I JM ( U)
CENTER=-PI~~(I - V.1 ) AND 2’5
V.=JM (U- I
ABO VE~—P I X (I. F) AND 255
K JM (U+1
I3ELCIW=P IX C I - •‘. Al-Il; 25~
SIZE=0
IFC (CENTE-R Cf ABOVE- ) AND (CENTER GE BELOW HGO TO 100
IF ((CENTER LI  ABOVE ) AND (CENTER LE DELOW )) C D TO 200

50 L E F T = P I X ( I — 1 . V l )  AND 2’IP
R IGHT=P IX (I fI,V.1 ) AND 255
IF ((CENTER CI LEFT ) AND (CENTER GE RIGHT))c-~O TO 300
IF ((CENTER L I LEFT ) AND CCENTER LE RIGHT))OO TO 400
CO TO 500

C
C
C VERTICAL MAXIMUM DETERMINATION
TOO DO 130 K=U-4-2. J+UW INDO

L=JM CV. )
NEXT=P IX (I.L AND. 255
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IF (NEXT . GE CENTER)GO TO 105
IF(NEXT. LT BELOW )GO TO 120
GO TO 130

C CHECK FOR FLAT TOP
105 IF( NEXT EQ BELOW ) GO TO 130
C FINISHED
110 K=3 +3W INDO

GO TO 130
C NEW LOW
120 BELOW=NEXT
130 CONTINUE

DO 160 K=J-JW INDO. J--- 2
M=J-UWI NDO÷U-2-R
L=JM(M)
NEXT=PIX (I.L) . AND 255
IF (NEXT .GE CENTER )GO TO 140
IF (NEXT LT ABOVE )OO TO 1 0
GO TO 160

C F I N I S H E D
140 K=U-2

GO TO 160
C NEW LOW
150 ABOVE=NEXT
160 CONTINUE

IF (ABO VE CT DELOW BELOW=AIIOVE
SI ZE CENTER- I3ELOW
SIZE=SI ZE*2
IF (SIZE. CT 255 SIZE=255
SIZE=ISIZE AND 2513
SIZE=SI ZE+3

C I N D I C A T E S  VE R T I C AL MA X I MUM
CO TO 50

C
C
C VERTICAL MINIMUM DETERMINATION
200 DO 230 K J+2.- 3+UWINDO

L=3 M(K)
NEXT=PIX (I,L) .AND 255
IFCNEXT LE. CENTER)CO TO 205
IF (NEXT . CT. BELOW )GO TO 220
CO TO 230

205 IF (NEXT. EQ. BELOW )GO TO 230
C FINISHED
210 k=J+UW INDO

CO TO 230
C NEW HIGH
220 BELOW=NEXT
230 CONTINUE

DO 260 K U—JWINDO .J--2
M=3’-JW I NDO +3-2-K
L=3M (M )
NEXT=PIX (I,L). AND. 255
IFCNEXT . LE CENTER)GO 10 240
IF (NEXT GT AI3OVE )QO TO 250
CO TO 260
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C FINISHED
240

CO TO 260
C NEW LOW
250 AI3OVE=NEXT
260 CONTINUE

IF (ABOVE CT BLLOW )ABOVE=I3ELOW
S IZE=AB OVE -CENTEP
SI ZE=SI ZE*2
Ir~~SIZE CT 255)SIZ[=25~
SIZE=SIZE AND 2513
SI Z[=SI ZE+2

C IND I- A T F [ .  ~~~ I I - A 1  MINIMUM
GO TO 130

C
H O R I Z O N TA L MA X I M U M  DE 1 E R M I N A T IO N

‘(‘0 DO 330 L ~I~-2. I ~ T WTNDO
NEXT =P ‘ L - 1’ 1 )  A l - I l  255
IFCNE XT CE CE - N il - F ‘(ID TO 305
IF ( N E X T  I T FIGHT c;[ TO 3130
GO ru 310

305 IF (NEXT ED 1 ’ i -~;;i )CU 113 330
C FINISHED
.110 L= I-4-IW INDO

CO TO 3 ) 0
C NEW LOW
1320 RIGHT=NEXI
330 C O N T I N UE

DO 350 L=I IWIN DL~. 1 - 1 3
M= I-- IW INDL 1’- T 2- L
NEXT=P I X (M ~‘ I )  ANt) 255
IF (NEX T CE- ..l NTER )GO TO .140
IF (NEXT L T  Il - FT IOU TO 350
GO TO 360

C F I N I S H E D
1340 L=I- -2

CO TO 360
C NEW LOW
350 LEFT=NEXT
360 CONTINUE

IF(LEFT CT RIGH I)RIGH’T=LEFT
ISIZE=CENTER RIGHT
IS IZE= IS IZE*2
IFCISIZE CT 255)ISIZE=255
IF(S IZE CT ISIZE)GO TO 500
SIZE=SIZE AND 252
SIZE=SI ZE+1

C INDICATES HORIZONTAL MAXIMUM
GO TO 500

C
C
C HORIZONTAL MINIMUM DETERMINATION
400 DO 430 L=I-4-2. I+IWINDO

NEXT PIX (L, V i ) AND 255
IF (NEXT. LE CENTER 1GO TO 405
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1FCNEXT CT RIGHT )GO TO 420
CO TO 430

405 IF( NEXT EQ RIGHT)C,O TO 430
C FINISHED
410 L=I+IW INDO

GO TO 430
C NEW HIGH
420 RIGHT=NEXT
430 CONTINUE

DO 460 L=I- IW INDO. 1-13
M=I-IWINDO + t 2—L
NEXT=P I X (M .V1 ANI) 25w’
IF (NEX 1 LE C1- NTEP)&O 10 440
IF (NEXT CT L E E  T~~(IO TO 450
CO TO 460

C FINISHED
440 L=I —2

GO 10 4L0
NEW LOW

450 LEFT=NE~~T
46.13 CONTINUE

IF (LEF I CT R I ~~I-fl LF FT -~R 1GHT
ISIZE=LEFT- ( lNT L. R
ISIZE-~ISIZ [ *2
IF( ISIZE CT L ’5 1 3 i  1SIZF~~1355
IF SIZE CT l’~ ILE ’CO TO 50.:)
SIZE=ISIZE - - jOE’ 2~’2

C TNL )ICATES HIIRIZ[JNTAL MIN IMUM

C
C

C
C WR I TE OUT (‘UINT
500 OUTCI )=SIZL
C
C
C
C W R I T E  OUT LINE OF DATA
ÔC)O IER=IWR I TW (256, OUT , 3—1. ICW)
C

C W R I T E  EMP T~ L INES AT END

640 00 TO 660
650 3=3—1
660 DO 700 1=1,JW INDO

3=3+’
700 IER=IW RITW (256 .  DUM. 3-1. ICW )

CALL CLOSEC( ICR)
CALL CLOSEC ( ICW )
STriP ‘ALL DONE ’

800 W R IT E ( 5 . 8 1 0 )
810 FORMATC1X . ‘VERTICAL WINDOW SIZE TOO LARGE’)

STOP
END

180



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

PDP-11 FORT RA N INPUT/OUTPUT SUBROUTINES

181 

-~~~~~ -



SUBROUTINE WRITEF (LU . 1CH, DB )
L
C ******************I I-************************************
C * *
C * WRITEF CONNECTS THE USER ENTERED INPUT FILE TO
C * CHANNEL ICH AND THE OUTPUT FILE TO LOGICAL. UNIT *
C * LU. LU IS ONL Y INPUT PARAMETER WHILE ICH AND *
C * THE 12 BYTE ARRAY DB ARE RETURNED ON OUTPUT. *
C * ARRAY DB WILL CONTAIN THE ASCII  EQUIVAL ENT OF *
C * THE INPUT FILE NAME. *
C * *
C ***********************~ * * ** * * * ** * ** * ** *4~~**************
C

LOC ICAL*1 DB( 12)
INTEGER*2 SPEC (39).DEF(4) -:

COMMON/ ICS/SPEC. DEF
DATA DEF/3RDAT. 3RDAT. 3RLST. 3RLST/

C
C CA LL R T — 1 1  CSI TO INTERPRET THE INPUT COMMAND STR ING
C

10 W R IT E ( 5 . 1 )
1 FORMAT (’ ENTER OUTPUT AND INPUT FILES (CS1 FORMAT)’!)

IF (ICSI (SPEC,DEF,,,O) NE.O) GO TO 10
C
C ALLOCATE AN RT-11 CHANNEL BETWEEN 0 AND J 7
C ICH=-1 - ND CHANNELS AVAILABLE
C = N - CHANNEL N HAS BEEN ALLOCATE D
C

ICH= IG E T C ( )
IF( ICH. EG. — I) S T O P  ‘ NO CHANNELS AVAILABLE ’

C

C CONVERT THE 12 CHARACTER RADIX-SO EQUIVALENT OF THE
C INPUT FILE NAME IN SPEC (16) THROUGH SPEC (17) TO THE
C ASC II  EQUIVALENT IN D B( i )  THROUGH D13 (12)
C

US=R5OASC C 12, SPEC( 16) , DB)
C
C ASSOC IATE ALLOCATED CHANNEL WITH INPUT FILE
C US = —1 — CHANNEL ALREADY OPEN (SHOULDN’T OCCUR )
C = —2 -- FILE SPECIFIED NOT ON DEVICE
C = N = NUMBER OF BLOCKS IN INPUT 1-1LE
C ( NORMAL RETURN)

JS=LOOKUP ( ICH, SPEC ( 16))
IF(3S. GE. 0) 00 TO 20
IF(3S.EQ —1 ) STOP ‘ CHANNEL ALREADY OPEN ’
IF(3S.EQ —2 ) WR ITE (5.-3)

3 FORMAT (’ FILE SPECIFIED NOT ON DEVICE’/)
CO TO 10

20 WR ITE (5 ,5) DP.3S
5 FORMAT (’ INPUT FILE ‘,9Ai~ 

‘ . ‘ .- 3A1. ‘ HAS ‘.13 , ‘ BLDCKS’/)
C
C BEFORE OUTPUT FILE IS OPENED. PLACE THE NECESSARY I/O
C FILE INFORMAT ION IN THE FORTR AN LOG ICAL UNIT TABLE
C 39 = 0 — NORMAL RETURN
C ELSE — UNIT ALREADY OPEN OR THERE IS NO SPACE
C FOR ANOTHER LOGICAL UNIT ASSOCIATION
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JU=IAS I CN (L-J SPEC (1),S~-’Ec (2), SPEC 5).13’
IF (3U EQ 0) RETURN
WRITE (5.8) L U
FORMAT (/- ‘ L O G I C AL UNIT ‘.12. ’ IS EITHER Al READY OPEN’-

• ‘ OR THERE 10 NO ROOM FOR ANOTHER LEC- ICA L. ‘13NIT ’ , .- - .

- - ASSOCIATION - i

STOP
END

183
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SUBPOUIINF REAI’R ( 1 kB. IRF- ICri. ICF, NR . A ICH . NC
C. UEAIIR REAL.S A SPEL IF lED WINDOW OF ROWS AND
C COL UMNS FROII A FILE CONNECTED TO CHANNEL NO
C I CH  INTO THE PARAME TER ARRAY A THE INPUT F ILE
C SHOULD CONTAIN SEQUENTIAL ROWS OF NC BY T ES  EACH
C A SHOULD BE DIMENSIONED WITH NR ROWS IN
C UHF C A L L I N G  P R O G R A M

PAR AM E T E R S
- IRD = T HE. BE.:TINNJNC ROW

IRE = THE ENDING ROW
lCD THE 13E (IINNINr COLUMN
ICF = THE ENDINO COLUMN

= THE NUMBER LIF ROWS IN THE -lA IN
P R O G P A M D I ME NSIO N S T A T E M E N T F .13 I~ A

A = THE L[N- IC A; * 1 2--DIM DAT A A~- - ’~
I [H = T H E  C ‘~~ANNE L CONNECTED TO I -IF ‘IPJT

F I L E

INTEGE R*13 1301 F 1 135’—
LDGI CAL .*1 A (l )A S ( ’12 )
EQU I V A L E N C E  C AS I ‘ - Ii ’.IFF C
CC= 512 ‘NC
IRR= T R D— 1

( F I NO DL [IC K WH I .~~~~ ~~~~~ r- : RSI ROW
I3~~IPR’ CC
I 13=13

IF C • 13 -  113 (IT - C) AN II NC CT 255 =7~~
C COM P UTE NUMITLR OF C13 - MNU A ND ROWS TO f~

IR= IRF— IR R
IC= ICF—TLi3 4-2

C REAl - IN F IRET DL l ’~ OF L A T A
JS=IREADI4 (135~~- l3U FF , !L i,ICH )

C B E G I N  TO T R A N S F E R  T H E  P R O P E R  COLUMNS OF T HE
C CURRENT ROW 10 TI1F - ARRA Y

DO 30 JR=1. IR
DO 20 JC I. IC
A C ( iC -- i )-*NR f )R = A S ( K + I C f l  I

20 CONTINUE
C (IL- C V. FOR NEW BLOCK

I F ( N C  GE 2561CC) TO 135
IF (V  GE 512)00  TO 40

30 CONTINUE
RETURN

40 IB=IB- 4- I
JS=TREADW(256, DUFF- 113. ICH)

GO TO 30
25 IF (k GE 256 OR CC EQ 1 0)00 TO 40

K=256
GO TO 30
END
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SUBROUT INE RENTER( ICH. PB)
C RENT ER INTERROGATES THE USER FOR
C THE INPUT FILE IN STANDARD CSI FILE FORMAT
C AND CONNECTS THE FILE TO A FREE CHANNEL
C NUMBER THE CHANNEL AND 12 BYTE ASCII FILE
C NAME ARE PASSED BACK THROUGH ICH AND DB
C
C. F’#\RAMETERS
C IC H = THE CHANNEL 10 WHICH THE FILE
C WAS CONNECTED

PB = THE 12 BYTE VECTOR CONTAINING
C rHE FI LE ASC II NAME
- 

LOGICAL*1 DB (12).IDU. P13(12)
INTECER*2 D1313,6 - IB ( 4 ) . S P E C ( 1 )  DE F ( 1)
EQUIVALENCE DL3B~ 1) .  DB( H~~- (SPEC (1~~~. 113 (1 ))
COMMON IICS/SPEC. DEF

10 WRITE (5 .3)
:1 FORMAT (1X . ‘ENTER A (Si INPUT FILE DESCRIPTOR ‘/

IFCICSI (SPEC .DEF ..,O ) NE 0~ CO TO 10
ICH= IGETC (
I F ( i C l - I LT O)SIOP NO CHANNELS AVAILABLE BUD ’
JS=R5OASC ( 12. 113 .01113 )
JS=LOOKUP (ICH- ID)
IF C JS LT O )WRITEC 5. 5)
IF~~JS LT 0)00 TO 10
FORMAT CIX. ‘NO SUCH INPUT FILE BUD I
WRITE (5- $1J5
FORMAT ( 1X. ‘INPUT FILE - . 13- - BLOCKS’)
00 20 11=1 , 12
PB (1 1 ) =DL1 C I I
CONTINUE
RETURN
END
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SUBROUTINE WENTRN (  JCH. NB. PB)
C WENTRN INTERROGATES THE USER AT THE TTY
C FOR THE STANDARD CSI OUTPUT FILE NAME
C IT THEN CONNECTS UP THE FILE TO A FREE CHANNEL
C NUMBER AND MAKES A TENTAT IVE ENTRY ON
C THE DIRESTORY OF THE APPROPR IATE DEVICE.
C THE FILE IS MADE PERMANENT BY THE USER BY
C C L O S I N G  THE CHANNEL
C
C PARAMETERS
C ICH THE CHANNEL T O SHICH THE FILE WAS
C CONNECTED
C NB = THE NUMBER OF BLOCKS TO RESERVE FOR IIIE
C OUTPUT FILE
C DB = THE 12 BYTE VECTOR CONTAINING THE F l U
C A S C I I  NAME

LOGICAL* 1 DB (12) .IDU. P13(12)
INTEGER*2 D B B C $ ) .  I B (4 ) ,S P E C( 1) , D E F( 1)
EQUIVALENCE ( DEI C 1 ) . DBB ( 1)). (SPEC ( 16). I13 ( 1))
COMMON !ICS/SPL C. DEE

10 WRITE (5.3)
3 FORMAT C IX ‘ENTER A CSI OUTPUT FILE DESCRIPrOH’fl

IF ( IC S I (S P E C . DE F, . 0) NE O)GO TO 10
ICH IQ E T C ( )
IF (IC H LT O)STOP NO CHANNELS AVAILABLE BUD ’
JS R5OASC (12. ID, DBB)
JS~~1ENTER (IC H lB -N B )
IF (US LT 0)WRITEC5 5)

5 FORMAT (1X. ‘NC’ SPACE ON THE 0EV BUD’)
IF(JS LT 0)GU TO 10
WR I TECS 6)35

6 FORMAT (1X ‘OUTPUT FILE RESERVED ‘.13. - BLOCKS’)
DO 20 11=1 . 12
PB C II) =013 (II )

20 C O N T I N U E
RETURN
END
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SUBROUT INE AREAD ( IRB . IRF. ICR, ICF . NR. A ICH)
INTECER *2 BUFF (256 )
LOGICAL*1 AS (512) .A (1)
EQU IVALENCE (AS ( 1) . BUFF (1))

C FIND FIRST BLOCK TO BE READ USING 240 BYTE COL
ICC= ICB— 1
IB=ICC/2 125

C COMPUTE NUMBER OF COLUMNS AND ROWS TO BE READ
IR=IRF— IRB+i
IC = ICF—I CC

C READ IN A BLOCK OF DATA
JS=IREADW (256. BUFF, TB . ICH)

C R E A D  IN COLUMNS TO A
DO 30 3C=1. IC

C COMPUTE POSITION IN THE BLOCK OF THE FIRST
C B Y T E  TO BE READ

P=FLOAT (UC+ICC 1 )*240 — (FLOAT(1E3)*5113 0)
IP=P+IRB—1 0
1=1

C READ IN THE ROW ELLIMENTS FROM THE BUFFER TC THI I ND
C or THE BUFFER IS REACHED JUMP TO 100

DO 20 UR = 1.I R
IF( IP+I CT 5113)00 10 100

10 A ( (UC—1 )*NR+JR ‘=AS ( IP+I)
1=1+1

20 C O N T I N U E
JO CONT INUE

RETURN
C INCR EMENT BLOCK C OUNTER. READ IN A NEW BLOCK ANt)
C SET C U R R E N T  BYTE I N D E X TO Z E R O
100 113= 113+1

3S=IREADW (256, DUFF. ID. ICH)
IP=IP—51 2
IF (IP LT 0)IP=0
1=1
GO TO 10
END
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SUBROUTINE ASK
INTEGER SPEC (39)
REAL*4 EXT (2)
DATA EXT/ÔRDA1 DAT, 6RDATDAT/

10 TYP E 9~
99 FORMAT ( ‘ ENTER OUTPUT AND INPUT FILES ‘ I)
C

I F( IC S I ( S P E C , E X T . . ,0 )  NE 0)COTO 10
C 3 IS WRITE FILE

CALL IASIGN (3,SPEC (1),SPEC (2),SPEC (5’- 1)
C
C 4 IS READ FILE
C

CALL IASIGN( 4, SPEC 16). SPEC”17),0- 313
RETURN
END
SUIJROUTINE WINDOW
INTEGER HAVE

LOGICAL* 1 A ( 6 0 0 ) .  MATR IX (20 .  20) .  13(20.6(10)
INTEGER X (6 00 )
INTEGER WINDX .W INDY .PICX ,P ICY - IX .IY - I TEM P
INTEGER POINT1.POINT2
COMMON WINDX . W INDY ,PICX ,PI C V , I X , I Y POINT I
COMMON POINT 2. A . MATRIX
EOU IVALENCE (A ( 19). X (1))

C
IF (IY EQ HAVE ) GOTO 97
3=0

C
C U IS THE NUMBER OF DUMMY ROWS
C

JKTEMP = 5*WIND y
K= IY-J KTEMP
IF( K)  100, 100,200

100 DO 35 I K . 0
35 3=3+ 1
200 POINT1=K+J

FIND(4 ’ POINTl)
C
C FIRST ROW TO BE READ IS POINT1
C

IT EMP= 5*W INDX
JK=J+ 1
LWINDX= 5*PICX
DO 17 K=JK . WINDY
READ (4’POINTI.END=3.’) (XC I ), I=1.LWINDX )

C TYPE 47, (X (I).I=1,40)
DO 27 L 1.W I NDX

27 M A T R IX ( K .  L ) = A (  IX - - ITEMP +L+17)
DO 87 1=19. 600

87 B (K. 1)=A (I)
17 CONT I NUE
C TYPE 47,( (MATR IX (I,3),3=1,WINDX ),I=1,WINDY )
37 CONT I NUE

HAVE= IV
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RETURN
97 DO 107 J=JK1 WINDY

DO 117 I=1 ,WINDX
117 MATRIX (J,I) B(J,IX—ITEMP+I+17)
107 CONTINUE
C TYPE 47,((MATRIX (1,J) J 1,W INDX ).11W INDY )

C TYPE 47,(B (I).1150 )
47 FORMAT (lX .8 (lX~~O8))

RETURN
END
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POP- li FORTRA N GRAPHICS SUBROUTINES
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SUBROUTINE START (LL )
C START INITIALIZES ALL THE COMMON VAR IABLES
C USED BY THE GRAPH LIBRARY ROUTINES.
C ALL CALLS TO GRAPH ROUT INES WHICH
C CONTAIN LABELED COMMON BLOCK GRAP
C SHOULD BE PRECEDED BY A CALL TO START
C
C PARAMETERS
C LL = THE LOGiCAL UNIT NUMBER TO WHICH
C ALL GRAPHICS OUTPUT WILL BE
C SENT
C
C COMMON VARIABLES
C LU = THE LOGICAL UNIT NUMBER TO WHICH
C THE OUTPUT WILL BE SENT
C IX = THE X COORDINATE OF THE LOWER LEFT
C HAND CORNER OF THE GRAPHICS WINDOW
C IV = THE V COORDINATE OF THE LOWER LEFT
C HAND CORNER OF THE GRAPHICS WINDOW
C ISX = THE SIZE IN THE X DIRECTION
C OF THE WINDOW
C ISY ~ THE SIZE IN THE V DIRECTION OF THE
C WINDOW
C A = THE LOCICAL*1 ARRAY USED TO OUTPUT
C THE COMMANDS TO DEVICE LU
C

LOGICAL*1 A (2000
COMMON /GRAPIL.U. IX. IV, ISX. ISV A
DATA A/2000*O/
LU LL
I X =100
IY=1 00
ISX=512
19Y 512
RETURN
END
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SUBROUT INE GRA ( IR. IC. NR. A )
C GRA PLOTS OUT THE ROWS AND COLUMNS
C CONTAINED IN THE BYTE ARRAY A.
C THE VALUES IN A ARE FIRST SCALED TO
C 16 “GREY” LEVELS BETWEEN
C I B < G L (I B +IS
C WHERE lB AND IS ARE ENTERED AT THE TTY
C GSX THEN PLOTS OUT THE CORRESPONDING
C GREY VALUES BY ROWS. THE LEFT BOTTOM
C CORNER OF THE WINDOW IS AT
C X = 6 20
C Y 360
C
C PARAMETERS
C IR = THE NUMBER OF ROWS iN A
C IC = THE NUMBER OF COLUMNS IN A
C NR = THE NUMBER OF ROWS IN THE D1MENSIONIN~
C O F A
C A = THE DATA ARRAY LOGICAL*1
C
C SUBROUTINES REQUIRED
C FROM GRAPH - GSX. LOA~~ .LX. C K H~C
C LIMITS
C A CAN HAVE AT MOST 100 ROWS

LOGICAL*1 A (NR .1).IZ(100)K.B (1)
COMMON /GRAP/LU,IX, IV , ISX.ISV. B
WR ITE C 5, 1)

1 FORMAT (1X . ‘INPUT YOUR VALUE FOR BLACK AND
1 THE CONTRAST SPREAD PLEASE 214’)
READ ( 5, 2) lB. IS

2 FORMAT (2I4)
CALL INIT(5)
9=15
DO 2O J=1.IR
II IR—J+1
DO 10 1=1. IC
JJ=IC—I +1

II , JJ). AND. 255
FK=KK—IB
IF(FK.LT 0)FK=0
IF(FK.GT.S)FK=S
IZ(I) 16. —(16. O*FK/S)

10 CONTINUE
CALL CSX (155,90+J. IZ, IC)

20 CONTINUE
CALL LOADB(620. 300. B. 2)
IS IB+IS— 1
B (1) 29
B(6) 31
WRITE(LU,3)(B(I), 1—1.6). lB. IS

3 FORMAT (’+’.S,bAl, ‘THE CONTRAST SPREAD
1 BLACK — ‘.13, 2X, ‘WHITE ‘.13)
CALL LOADB (O, 760. B, 2)
WRITE(LU.4)(B(I), 1—1.6)
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4 FORMAT( ‘+‘.$.ÔA I)
RETURN
END
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SUBROUTINE GSX(IX. IV , IZ.NZ)
C GSX FORMS A GREY LEVEL INTENSITY PLOT
C FOR A ROW OF VALUES PASSED THROUGH THE
C BYTE VECTOR IZ. THE VALUES IN IV MUST
C BE BETWEEN 0 AND 16 EACH VALUE IS USED
C TO FORM A 4 BY 4 ELEMENT WITH POINTS
C TURNED ON CORRESPONDING TO IT’S GREY LEVEL
C THE ROW IS PLOTTED STARTING AT SCREEN ADDRESS
C X = IX*4
C V = IV * 4
C
C PARAMETERS
C IX = THE X VALUE OF THE LOWER LEFTMOST
C POINT OF THE ROW ’S FIRST ELEMENT
C IV = THE V VALUE OF THE LLFT POINT
C IZ = THE LOGICAL*1 ARRAY WITH THE GREY LEVELS
C NZ = THE NUMBER OF POINTS IN IZ
C
C LIMITS
C 0 < IX < 255 0 ( IV 190
C
C SUBROUT INES REQUIRED L X . C K HX
C

LOGICAL* 1 IW ( 4 ) ,A ( 1 ) ,A F ( 2 5 6 ) ,A P ( 2 5 6 ) ,  1 .( N Z) . H Y
LOGICAL*1 H X , L A X , T , HXX
COMMON /GRAP/LU, IXX. IYV, ISX, ISY,A
EQUIVALENCE (A ~ 14OO~~. AF ( 1 ) ) .  (A (  1660), AP (  1) )

C CALCULATE SCOPE ADDRE3SES
K X I X*4
K XM KX — 1
KY IV*4—1

C CALCULATE LOW V ’ S
DO 10 1=1,4
IW ( i)= ( I ’~V +I AND. ” 37 ) + ’ 140

10 CONTINUE
KYP=KV +1
HY = ( ’ 17 4 0 .  AND RYP)/32+”040
HX=(”1740.  AND KX ) / 3 2 + ”040
LAX= (”37 AND IcX ) ÷”lOO

C CALCULATE THE NUMBER OF FULL COLUMNS IN EACH
C ELEMENT AND THE NUMBER OF PTS IN THE PARTIALLY
C FILLED COLUMN

DO 20 1 1,NZ
IT=IZ (I) AND 255
IFF=IT/4
AP (I)= (IT/4 0—IFF )*4.0
AF ( I ) IFF

20 CONT INUE
C FILL UP THE OUTBUFFER WITH THE COMMANDS
C TO TURN OFF AND ON THE PEN AS IT TRAVELS
C ALONG THE 4 COLUMNS THAT MAKE UP THE ELEMENT
C COLUMN

A ( I )0
I N 2
DO 50 1 1,4
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HX X HX
A( IN)=29
A (IN+1)=HY
IVC—IW (I)
A (IN+2) IVC
A (IN+3)HX
A (IN+4)=LAX
IN=IN+5
L C 1
IFL2=1
IFL=0
T=AF ( 1). EQ. 0. AND. ARC 1). EQ. 0
IF (T)IFL=1
IF(T)LC=2
IF(T)GO TO 35

C LOAD I N I T I A L  ADDRESS OF THE CURRENT LINE
C INTO THE BUFFER THEN SEARCH FOR THE X WHICH
C MARKS THE END OF CONT INUOUS WRITING AND
C BEGIN WRITING DARK AND SO ON TO THE END
C OF THE COLUMN
30 IF (AF (LC) GT 0)00 TO 40

IF(AP (LC).QT.0)IP=AP(LC)
IFCAP (LC).EG 0)00 TO 31
IXC=KXM + (LC-1)*4+IP
A ( IN)=IYC
IN IN +1
CALL CKHX (IXC.A . IN. HXX)
AR C LC ) =0

31 I P O
IFL=1
GO TO 40

35 IF(AF C LC).GT 0)00 TO 37
IF(AP (LC).GT 0)00 10 37
IFL2=IFL2+1
IF(IFL2. EQ. NZ)GO TO 55
GO TO 40

37 A (IN)=29
AC IN+1 )=IYC
IN IN+2
CALL CKHX (KX + (LC—1)*4,A, IN HXX)
IFL=0
GO TO 30

40 IF(IFL.NE.1)GO TO 45
LC LC+1
IF (LC . QT. NZ)0O TO 49
00 TO 35

45 AF(LC)—AF (LC)--1
LC—LC+l
IF(LC. 01 NZ)QO TO 49
00 TO 30

49 IF(IFL. EQ.1)GO TO 50
A ( IN) IYC
IN—IN+I
CALL CKHX (KXM+ (LC—1)’4.A. IN. HXX)

50 CONTINUE
55 WRITE(LUI 1)(A (I), I—i. IN—i)
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FORMAT ( ‘+‘ . $. 124A1 )
RETURN
END
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SUBROUTINE LX (IX ,A , IN)
C LX CONVERTS THE X COORDINATE TO ITS 2
C BYTE ADDRESS AND STORES THE BYTES IN
C A AS INDEXED BY IN

LOGICAL*1 A (1)
A (IN)= (IX. AND “1740)132+ 040
A (IN+1)= (IX. AND . “37)+”iOO
RETURN
END
SUBROUT INE LV (IY .A .IN)

C LV CONVERTS IV TO ITS 2 BYTE ADDRESS
C AND STORES THE BYTES AS HI V AND LU V
C IN A AS INDEXED BY IN

LOOICAL*1 A (1)
ACIN )= (IY. AND “1740)/32+”040
A (IN+1)=(IY AND “37)+”140
RETURN
END
SUBROUTINE CKHX (I X .A .IN .HX )
LOGICAL*1 A (1).HX

C CKHX LOADS A HIGH X AND V INTO THE APPROPRIATE
C POINT IN ARRAY A UNLESS THE NEW HX IS EQUAL
C TO THE PREVIOUS ONE IN WHICH CASE ONLY rHE LX
C IS LOADED INTO A ASSUM ING A LOWY IS ALREADY
C PRESENT LX IS LOADED INTO A (IN—1 )

CALL LX (IX ,A , IN)
IF (A (IN) EQ HX)GO 10 10
HX=A ( IN)
IN=IN+2
RETURN

10 ACIN—1 )=A (IN+1 )
RETURN
END
SUBROUTINE LOADB (IX , IV. A. IN)

C LOADB CONVERTS THE X AND V COORDINATES TO
C A 4 BYTE ADDRESS USABLE BY THE TTY AND
C STORES THE 4 BYTES IN ARRAY A STARTING AT
C BYTE IN

LOGICAL*1 A C I )
A (IN)=(IY. AND “1740)/32+”040
A (lN+1)= (IY. AND. “37)+”140
A (IN+2)= (IX. AND. “1740)/32+”040
A (IN+3)= (IX. AND . “37)+”I OO
RETURN
END
SUBROUTINE INIT (LU )

C ERASES SCREEN HOMES CURSOR
I= ”006033
WR ITECLU. 1)1

1 FORMAT (’S’.A2 )
RETURN
END
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SUBROUTINE GRID(NL )
C GRID WRITES OUT NL EVENLY SPACED HORIZONTAL
C GRID LINES FILLING THE GRAPHICS WINDOW
C WITH EXTENSIONS PASSING THE LEFT SIDE OF
C THE WINDOW PROVIDING THE TIC MARKS
C
C PARA METERS
C NL. = THE NUMBER OF DIVISIONS INSIDE THE
C WINDOW. NL+1 LINES ARE DRAWN
C
C SUBROUT INES REQUIRED
C FROM GRAPH LX,LY
C

LOCICAL*1
COMMON /GRAP/L U , IX IV. ISX, ISY~~A
ID=ISY/NL
J X = IX + I SX
KX = I  X— 2 0
AC 1 ) 29
CALL L X ( J X ,  113 . 1
CALL L X ( K X , 11L3)
J Y I Y
DO 10 I=1.NL+1
IN~~

( I-i ) *8+2
CA LL LY ( J V . A . IN~
A C IN+2 ) = 1E3  C I
A C  IN+3 )=  113
A ( IN-4-4 )=A ~~INi1)
A ( IN+5~~= I B(3)
A (IN+6)=113 (4)
AC IN+7) =29
JY= .JY +ID

10 CONTINUE
WR ITE (LU~ 1) (ACT ) , 1= 1.. 8*NL 4-1)

1 FORMAT ( ‘4

RETURN
END
SUBROUTINE FRAME ( )

C FRAME WR ITES A BOX AROUND THE WINDOW
C AS DELINEATED BY THE OMMON VAR IABLES

LOG ICAL* 1 A C i )
COMMON /CRAP/ LU. I X .  IV ,  ISX~ ISY, A
ILX I X
ILY=IY
CALL LOADB (ILX . ILY.A.2)
ILX=ILX +ISX
CALL LOADB ( l ix, ILV . A, 6)
ILV=ILY +ISV
CALL LOADB (ILX . ILY.A~ 10)
ILX=IX
CALL LOADB (ILX, ILY,A . 14)
ILY=IY
CALL LOADI3 (ILX, ILY.A . 18)
WR ITECLU, 1) (ACI )~ 1=1, 21)

1 FORMAT (’+’.$,21A1)
RETURN
END

I
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SUBROUT INE AXIS (XV .VV .NX •NY )
C AXIS WR ITES OUT THE VECTOR OF Y AND X
C VALUES. GIVEN IN XV AND YVI EVENLY DISTRIBUTED
C ALONG THE WINDOW AS SET FORTH IN THE COMMON VAR IABLES
C
C PARAMETERS
C XV = THE VALUES TO BE WR ITTEN ALONG THE X AXIS
C YV = THE VALUES TO BE WRITTEN ALONG THE V AX IS
C NX = THE NUMBER OF X VALUES
C NV = THE NUMBER OF Y VALUES
C
C L I M I T S
C THE X OR V VALUES MUST NOT EXCEED IS
C
C SUBROUT INES REQUIRED L OADS
C

LOGICAL*1 A (1)
INTECER*2 X V C N X ) . Y V ( N V )
COMMON /GRAP/LU. IX, IV. ISX. ISV.A
A (1)=29
A (6)=31
ND= ISV/ (NY— i)
ID=ISX/ (NX—1 )
‘jY=IY
JX IX- 32

C WR iTE OUT THE VALUES ALONG THE V AXiS
DO 10
CALL LOADB (0,JY,A.2 )
WR IT E( LU. 1>  (A ( J  I , J= 1 . 6). YV (I)

I FORMAT ( ‘ 4 ,, 6A1 15)
JV=JY +ND

10 CONTINUE
C WRITE OUT THE X AXIS VALUES

DO 20
CALL LOADBCJX . 50, A. 2)
WR ITECLU . 1) (ACJ), J= 1, 6), XV ( I)
JX=JX +ID

20 CONTINUE
RETURN
END
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SUBROUTINE TICX (LT. NM, NS)
LOGICAL*1 A (i),Y (4).LYV,HX,HV
COMMON /GRAP/LU ,IX ,IV, IBX, jSy,A

C TICX PLOTS NM-i MAJOR TIC MARKS OF LENGTH
C LT AND NS-1 MINOR TIC MARKS OF LENGTH LT/2 IN
C BETWEEN EACH PAIR OF MAJOR TIC MARKS ON THE X
C A X I S
C
C SUBROUTINES REQUIRED LOADS. LV. LX
C

LTS=LT/2
NI=ISX/NM
IFC (FLOATCISX).’NM—NI).QE 5)NJ NI+1
NSI NI /NS
CALL LV ( TV-LI. Y, 1)
CALL LV (IY—LTS . Y, 3)
AC 1
CALL LOADB (IX .1V.A .~~)
HV=A (2)
LYV A ( 3)
HX=A (4)
IN=6
NT=NM*NS+ 1
JM=0
DO 20
IF ((I— 1)/NS*NS.EG (I-lflGO 10 10
KX=KX +NSI
A ( IN)=29
A (IN+1)=HV
AC IN +2)=LVY
CALL LX (KX .A , IN+3 )
IN=IN+5
AC IN)=Y (3)
AC IN+1 )=Y (4)
AC IN+2)=A ( IN-i)
IN=IN+3
GO TO 20

10 KX= IX +JM*NI
A (IN)=29
A (IN+ i)=HY
A C IN+2 ) LYV
CALL LX (KX .A , IN+3)
IN=IN+5
A (IN )=V (i)
A (IN+1)=Y (2)
AC IN+2)=A ( IN—i)
IN=IN +3
JM=JM+ I

20 CONT I NUE
WRITE C LU. 1)(A (I), 1=1. IN— I)
FORMAT( ‘+‘ ,$ ,  124A 1
RETURN
END
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1016*TEMP(1) .IMAGAN

1 C
2 C
3 C THIS PPOG4AM GENI PAT~~ Al ! IMAGE FPOM THE BOUNDARY
4 C POINTS,. .EIILE A DDI~~ A N (T~~Y FIE lD. THE PICTURE IS
5 C THPFSHOLDED AND PRIl: TE~ P. A BINARY FORM , FINALLY
6 C THE BOUNDARY OF THr l’OISY I .-’AGE IS TRACED AND
7 C WR IT1EN ON UNIT 8.
8 C
9 C INPUT PEOUIPED

10 C 1) BOUNDAPY P0I!~TS. ID~~~TIF~ EP AND l’JIJMBER OF
11 C POINTS OU FP’~ T PEC CPD, (A ~~,T 4) FORMAT ,
12 C RO IPUDAPY ct” L~ )I~ IA T F~ ON SUBSEGUENT RECORDS
13 C (2 F5 .2 )  ~ t’P~’’ 1’ I J r - I J T
14 C 2 )  GENERAT ED T~”V-~ NO IC E, A S f)’JTPUTT ED By NOT~~

C C~El ERAT IN~ Pr~~~~~ A v ~ ‘ P IT ~
16 C 3) STARTING P01! T ROR ~ O (J! JDA PV T RACE AND RELATIVE
17 C DIRECTIO N FC~ T~.A C I l J G  RAY ,  F~~E~ FORMAT , liMIT 5
18 C
19 C OUTPUT :
20 C 1~ IMAGE WITH Nt~I~ ,F
21 C 2) CONTOUR OF ~‘~~I’- Y  I’- A ~~~
22 C 3)  BOu NDARY POIr T~. OF NOISY I”A 3E , SAME FOPMAT AS
23 C INPUT, L’FJIT 8
24 C
25 C REOUIPES SH9 RO I’T I t ’ FS I U ~~’~~. SCALE , DEC . BNDTRC , SCPT,
26 C & PPNTAD
27 C
28 C
29 DIMENSION ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
30 1,PICT (5fl,5~)),IS1 (10~~)
31 REAL TMA G . ’1\ r~E
32 DA TA NY/31WES/
33 C
34 10 CONT INUE
35 C
36 DO 15 , l Of l
37 IBND(J’
38
3. 15 CON T IrL
40 C
41 CALL INB L .(NAME,B0UrJD ,ILTM)
42 C
43 pEAD (q ,3fl ) N~ M .SIC~r.~A , -~COR
44 30 FORMAT (2I’,,10X .2F1fl.’~)
45 WRITE (6,40) ~IG MA .ACOP
46 40 FOPMAT (/’ *~~ F IRST fl~’DEP ~‘iPROV NO ISE :‘ ITH’/
47 1’ STANDARD DEvIA TIO N:’,Fh.2, ’ COP~ ELA TIO N ‘
48 2, ’COE FFICIErIT: ’ ,F6.2,/)
49 C
50 I~~151 CA L I . ‘~CALE (BOUr ),ILIM,N ,M)
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52 C
53 DO 1(U) J~~1 .r ’
54 READ (’),’’H J~’AO~~. IK~~1,M)
55 50 FO Rt ~’ \ T ( 1 ’ ) F~~fl .5)
56 CAL ! r)E((~3~~IrI D ,IMA3. L IN E ,J,ILTM,N,M,IBND,PICT,J.IS1 )
57 100 CONT.IrJU~
58 C
59 R r A D c 5 , 3~ n )  (hCt NL):J),J~~1,2),IX,Iy
60 300 F O R M A T ~~
61 CALL BN’)TPC PT ~’T, AOUN D , IX, IY ,~’1, ILIM )
62 I1.2~~TLI~’+ILIr.
63 WRITE (O,~~fl ‘ HAV E ,  ILIM. (9OUND(J) ..J~ 1.Ii2)
64 600 FnPMAT (A6,1~~.T:~,/,(2F5.2))
65 EI!DFILE A
66 CAL l SOi~T ( R0l ‘HO, I! 11.1)
67 ~P3 TE (6 ~~90 o )  )
68 99~ F O R M A T ( ’ 14  FP’3 E CONTOUR FOP NOISY ‘.Aô/)
6Q CALL PPNT [3D (flOU!~,D,ILIM ,N, M,LINE )
70 C
71 STOP
72 END
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1016*TEMP ( 1) • TNBND
1 SUBROUT.INE INBND ( NAM E.BOUND,ILIM)
2 C
3 C
4 C ROUT INE TO READ BOu NDARY DATA FROM UNIT 7. FORMAT
5 C AS DESCRIBED IN MAIN PROGRAM
6 C
7 C NAM E.. . . IDENTIFIEP
8 C BOUND. . . A R~ AY OF BOUNGA PY PO INTS
9 C ILIM ....NUMB ER OF BOUNDARY POINTS

10 C
11. C REGuJI PES SUBROUTINES CLBND ~ SORT
12 C
13 C
14 DIMENSION BO UNDC1
15 C
16 RE~ D( 7 , 1 0 )  NAM E,ILIM
17 10 FO RMA T (4 6 .1X , 13)
18 C
19 C
20 T I~~ILIM+ILIM
21 READ ( 7 . ’40 ) CBOUND (J) ,J : 1, II)
22 40 FO PMAT (2F 5 .2
23 C
24 CA LL CLBND(BolJND ,rL IM,
25 CA LL S O RT ( BO UND . I LTM )
26 C
27 RET! IRN
28 END
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1016*TEMP( 1) .CLBND
1 SUBROUTInE CLBND BND,L
2 C
3 C
4 C ROUTINE TO PREPARE BOUNDAR Y POINT ARRAY
5 C FOR DEC SUBROUTINE
6 C
7 C B N D . . . . .A P P AY  OF BOUNDARY POINTS
8 C L . . . .. . .NUMBER OF BOUNDARY POINTS
9 C

10 C NO EXTEP N’A L SUBROu TINES PEQUIRED
11 C
-‘ C

13 DIMENSION AND I1)
iLl. C
15 L1:L+L— 1
16 X 1~ BND( Ll)
17 L1~~L1+1
18 Y 1~ BND(L1)
19 X2~ F3N D( 1
20 Y2~ RND (2 )
21 I~~222 L1~~L—1
23 C
24 DO 100 ~J~ 1~~L1
25 J1~~J+J— 1
26 I:: I+1
27 X3~ BND ( I)
28 I~~I+1
29 Y3~ BND ( I)
30 . A 1~~A NG (X 1  ,Y 1 ‘X 2 .Y 2 .X 3 . Y3)
3 1 Y4~ Y 2+1
32 A2~ A N G ( X 1 , Y 1 ,X 2 ,Y 2 ,x2 ,Y L l )
33 T F ( A 1 . G T . A 2 BND(J 1)~~X 2+1003
34 X 1~~X2
35 Y1~~Y2
36 X2~ X337 Y2~~Y3
38 100 CONTINUE
39 C
40 .j 1~~L+ L— 1
4 1 X3~ BND C 1
42 IF(X3.GT.995.) X3 :X3—1000
43 Y3~~BND (2)A 1~~ANG C Xl. yl. x2, Y2, X3. V3)
45 Y4~Y2+1
46 A2~ ANG(X1 .Y1 .X2 .Y2.X2.V4 u
47 IFCA1 .GT.A2 ) BND(J1):X2+1000
48 C
49 RETURN
50 END
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1016*TEMP( l)  .SORT
1 SUBROUTINE SORTCI3O ’. ’ND . ILI”l
2 C
3 C
4 C ROUTINE TO SORT ROIJ N DA P~Y POINTS SUCH THAT Y VA LUES
5 C CEVEN INDICES) ARE IN DECREA SING ORDER
6 C
7 C BOUND.. .AP PAY OF BOUNDA RY POINTS (T ~IO ELEMENTS/POINT )
8 C ILIM....MJMBER OF BOUNDARY POINTS
9 C

10 C NC) EXTERNAL SUBROUTINES PEOI’ IPED
i i  C
12 C
13 DT MENSIO~’ Bo~INDC1
14 C
15 ILTMl~~ILIM— 1
16 C
17 DO 100 J~ 1, T LIMl
18 JJ~ J+J
19 JJ1~~JJ— 1
20 J1~~J+1
21 B1ZBOUND ( JJ)
22 C
23 DO 80 K~ J1,ILIM
24 KK~ K+K
25 B2~ ROUND C~<K )
26 IF(B1—B2 ) 80,P0,40
27 40 CONTINUE
28 BOUND (KK)~~B129 B 1~ B2
30 BOUND ( JJ)~~B2
31 B2~ BOUND (JJ1 )

-
. 32 KK1~~KK—1

33 BOUND (JJ1~~~F3OUND (K~:1)
34 BOUND (KV1~~~B2
35 80 CONTINUE
36 C
37 100 CONTINUE
38 C
39 RETURN
40 END
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1016*TEMP ( 1) .SCALE
1 SUBROUTINE SCALE (BOUND.ILIM,N .M )
2 C
3 C
4 C ROUTINE TO CENTER IMAGE TN NXM PICTURE
S C
6 C BOUND...BOUNDARY POINT ARRAY
7 C ILIM....NUMBER OF BOUNDARY POINTS
8 C N.......NUMBER OF LINES IN PICTURE
9 C M,......NUMBER OF COLUMNS T N PICTURE

10 C
11 C NO EXTERNAL SUBROUTINES REQUIRED
12 C
13 C
14 DIMENSION BOUND 1 )
15 C
16 XSC ALE~ M/2.O—5O17 YSCALE:N/2.O—50
18
19 C
20 DO 20 J~ 1.ILIM21
22 BOUND (K) ~XSCALE+BOUND I K)
23
24 BOUND (K)~~YSCALE+BOUND (K)
25 20 CONTINUE
26 C
27 RETURN
28 END

I
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1016*TEMP ( 1) .DEC
1 SUBROUTINE DEC (BOUND ’ IMAG.LINE . I. ILIM.N.M. IBNO .
2 1PICT.NN.IS1 )
3 C
LI. C
5 C ROUTINE TO THRESHOLD AND PRINT A LINE OF BINARY
6 C PICTURE . A (0.1) PICTURE IS STORED IN PICT
7 C
8 C BOUND...APRAY OF BOUNDARY POINTS
9 C IMAG.. ..APPAY CONTAINING LINE OF NOISE
10 C LINE....WORKING ARRAY ~ITH AT LEAST M ELEMENTS
11 C I.......(NUMBER OF BOuJNDAPY POINTS PREVIOUSLY USED)+1
12 C SAVE BETWEEN CALL S
13 C ILIM....NUMBER OF BOUNDAPY POINTS
14 C N.......NUMBER OF LINES IN PICTUPE
15 C M.... .•.NUMBER OF COLu MNS IN PICTURE
16 C IBND....WOPK ARRAY WITH AT LEAST M ELEMENTS, SAVE
17 C BETWEEN CAL ’.S
18 C PICT....ARPAY F OP kETUPFJ !NG BINARY PICTURE
19 C NN. ....CLJRPENT LINE NUMBER
20 C IS1.....WORI< ARRAY WITH AT LEAST M ELEMENTS . SAVE
21 C BETWEEN CALLS
22 C
23 C NO EXTERNAL SUBROUTINES REQIJIPED
211 C
25 C
26 DIMENSION BOUND (l),IMAO- (l),LTNE (1),IBND (1).
27 1PICTI1 ).IS1 (1)
28 REAL IMAG
29 INTEGER BLNK .ONE.PICT
30 DATA BLNK/ 1H / .ONE/1H*/
31 NR~ M* INN— 1)
32 C
33 10 CONTINUE
34 IF( I— ILIM) 20 .20 .100
35 20 CONTINUE
36 II~~I+I
37 L~ BO U N D ( T T )
38 IF( L—NN) 100.30.100
39 30 CONTINUE
40 II1~~IT— 1111 L1~~BOUND(II1)
11.2 IF(L1.LT.9~~5) GO TO 40
43 L1~ L1— 10Ofl
44 IS1 (L1) 1
45 GO TO 5O
46 40 CONTINUE
47 ISHL1)~~O48 50 CONTINUE
119 IBND (L1)~~1
50 I~~I+151 GO TO 1O

210
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52 C
53 100 CONTINIJE
54 C
55 DO 200 J~ 1.M56 NN J~ NR+J
57 IX~~

(.IBND (J)+IS1 (J)+1.5)/2.0
58 !BND (J)~~0
59 I F ( I M A G ( J ) + I X — .5) 160.160.170
60 160 CONTINUE
61 LINE(J)~~BLNK
62 P!CT’NNJ )

~~0
63 GO TO 200
64 170 CONTINUE
65 LINE(J)~~ONE
66 PICT (NHJ )~~1
67 200 CONTINUE
68 C
69 WRITE (6,301)) (LINE (J).J ~~1.M)
70 300 FORMAT (5X,100A1)
71 RETURN
72 END

(

(
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1016*TEMP (1) .BNOTRC
1 SUBROUTINE BNDTRC(P ICT ,BND. IX , IY ,N ,L IM)
2 C
3 C
4 C ROUTINE TO TR ACE IMAGE BOUNDARY
5 C
6 C PICT . .. . .C0 .1)  BINARY PICTURE , REPRESENTING IMAGE
7 C BND.....RETURNED IMAGE POINTS
A C BND ( 1) .SSTART ING X CO’~PDINATE , SUPPLIED BY CALLING
9 C ROUTINE . NUMBER QE COLUMNS TO LEFT OF RIGHT

10 C EDGE OF PICTURE
11 C B N D 2 . . S T A R T I N G  V COO RDINAT E , NUMBER OF LINES FROM
12 C TOP OF PICTURE
13 C IX ......STARTING POSITION OF S~’.’EEP RA Y. RELATIVE TO
14 C TO S’rARTING X COORDINATE
15 C IY . , . . . .STARTING POSITION OF S.:EEP RA Y.  RELATIVE TO
16 C TO STARTING Y COCPDINATE
17 C Ne..•...NUMBER OF RONS Tf ’ l PICTURE
18 C LIM .,,..NUMBER OF BOUNDARY POINTS FOUND
ig C
20 C NO EXTERNAL SUBROUTINES PEGUIRED
21 C
22 C
23 DIMENSION PICT ( N .1) .BND( 1)
24 INTEGER X 1 .Y 1 ,X .Y . P I C T ,X T . Y T
25 C
26 X 1~~BND( 1)
27 Y 1~~BND (2) -

28 X~~X 1
29 Y~~Y1
30 I~ 331 C
32 10 CONTINUE
33 IXL~~IX
34 IYL~~IV
35 IFC IX* IY .LE .O .A ND. IV .NE.O )  GO T0 20
36 IY~~IY—IX37 GO TO 3O
38 20 CONTINUE
39 IX~~IY+IX
40 30 CONTINUE

212
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41 C
42 XT~ X+IX
43 YT~ Y—IY11.4 I F (X T . L E . O . O R .Y T . L E .O )  GO 10 10
45 IF (PICT (XT,YT)) 10,10,40
46 40 CON T.INUE
47 I F (X 1 . E O •X T .A N O . Y T . E O .Y 1 )  GO TO 50
48 BND( I)~~XT
49 I~~I+1
50 BND( I)~~YT
51 I~~I+1
52 X~ XT
53 Y~ YT
54 IX~~IXL— IX
55 IY~~IYL—IY
56 GO TO 1O
57 C
58 50 CONT INU E
59 LIM~~

( I— 1)/ 2
60 RETURN
61 END

213
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1016*TEMP ( 1) .PRNTBD
1 SUBROUTINE PRNTBD (BND,LIM,N,M,LINE )
2 C
3 C
4 C ROUT INE TO PRINT BOUNDARY CONTOUR
5 C
6 C BND.....AR RAY OF BOUNDARY POINTS
7 C LIM.....NUMBER OF BOUNDARY POINTS
8 C N.......NUMBER OF LINES IN PICTURE
9 C M.... . . .NUMBER OF CHARACTERS PER LINE

10 C LINE. . ..WO RKING ARRAY OF NOT LESS THAN M ELEMENTS
11 C
12 C NO EXTERNAL SUBROUTINES REQUIRED
13 C
1.4 C
15 DIMENSION BND( 1) .L INE( 1)
16 INTEGER STA R,BLNK
17 DATA STA P/ 1H*/ ,BLNK/ 1H /
18 C
19 LL~ LIM+LIM
20 I~~221 C
22 00 100 J:1.N
23 C
24 DO 20 K~~1,M
25 LINE( K)~~BLNK
26 20 CONTINUE
27 C
28 30 CONTINUE
29 IF( I .GT.LL)  GO TO 70
30 L1~~BND ( I)
31 IF(L1. ” E T . J )  GO TO 70
32 I1~~I— 1
33 Ll~ BND ( I1)

LINE (Li) ~ST A R
35 I~~I+2
36 GO TO 3O
37 70 CONTINU E
38 W R I T E (6 . 8 0 )  ( L I N E( K) , K ~~1,M)
39 80 F O P M A T ( 5X , 1 0 0A 1)
40 100 CONT INUE
41 C
42 RETURN
43 END

214
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1 0 1 6+- T r . lP  I i)  • ~‘L ‘1(32
1 C
2 C
3 C THIS ‘c’3~~~ PE~ FO ’c ~‘APIO.IS ANA LYSIS OF I~~A~ E DA T ’
4 C In TFIF F0~ ’ c~ T k1~ ANGLE P JLSE F uNCTION EY T PAC T E D F~ O~
5 C ~HE I’-A .3 F (“ IT LIM~
6 C
7 C INPUT ~- Fr s T . . -T T ) :
8 C H ED~~F ~ OI~ ’~~ OM ~IT A ‘ITH ID ’TT~~T~~P ~ nu~~~~ CF
9 C P~~J’u ’’ fl~ FI~~ J ‘~ECC”fl  TN (A ’~, 14) ~C~ ”AT ,  ~fl’-~ 00~~~ TC

10 C ~~‘! ~~~ ‘ A J ~~’ T ’ ~ ~E CC ’ f l .~
. I~ ‘7~~5 .2 FC~’ A T

H C 2) ‘ ‘“ Y ~~ o F  T r ’ C ~~E ’.’~~~TC , ‘~~IT 5
12 C 3 r”~~~~~- “~~~ 

L
~

) r I E r l C F S ~~~ 
F~~~I~~TE~ C2~~~~~ CTE NT ~~.

13 C ‘ L I T  S
14 C 4) T~~~~

T
~~L R~~I TF~~ T DT I- , ~IT T  5

15 C 5! rILT~~ ’ 10TH INC~~E - ~~nT
1.6 C
17 C MISC.  A T  r4 C ( I  0 ’ TP T ST EP 1P~~~’’T ‘HQ’ IF ~ ~~JT p’ T IS
18 C n~~cIprr) , OT urR.’ 1S~ CA P IA ( 3 E PETIJPN
10 C
20 C fl~ 

T ) ’  ‘ r
21 C 1) ~ DG~ 

L)OI~~T ’~
2~ C 2 T f - E T A ( L
23 C 3)  T HET\  P~~T V ~~( l !
24 C ~

) T~-]~~~ A P P I . ~~ AF T~~ ( A ’ S’ IA N FILT ER
25 c 5) Fc ’2Ir~~’ CO~~~:ICT~~P:TS rF  TH~ TA PR 1’
26 C
27 0 PF0 ’ u~~ 5 ’ ’~~RO : T T r ~~ C 

~~~~~~~ ~ T~~A US , ~~~~~~~~~~
‘ , PL O T ,  ~ ~~ ILT

28 C
2° . C
30 DI’.~~M’ T ’ 1~ Ffl0r 3P ) ,T H E T A ( 3 C )  1 .THP~~IU(3O~U ,T~f P AL ( 3 ’

31 1,7 (3fl~~
)

32 PEA l  ~~~~~
3~ D A T A  L I/ 6 I HCT O P  / ,r~A/ 6 (- r~~ /
34 C
35 ~ ITE I6, 1 f l)
.36 10 F O P \ \ T ~~’ ~~~ 

. 
~i~~.’UEp t ’rr ~~~~~~~~~~~~~~ F:~EOL ( r .C IE. S. . .

37 P FA f l ( 5 , ’ 1~’ )  ,..- , ‘f l
38 20 F O P M A T ( )
3C)

30 CO~ TIMI E
“1 FEA D( f l ,~~’5) r ’ ~~’~~~,L
42
43 I F ( A VF . E ” . S T )  GO IC) 30!

J F ( N I .LE .f l )  H~~ l

t 1~~0
46 C
147 DO 50 J~ 1.L

T~~T 1 + .1
49
so P F AD(8 , 140 ) ~ D ( 3 E ( I )  ,~~DG~~~I 1 u

40 FOPMflT(2F~~.2)
52 50 CONTINUE 215
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53 C
54 CALL CO M PI I L , EDGE ,M ,THE T A ,TH D R IM)
55 CALl . FT PA N S ( t , THPPIM, . TH~~ A N)
56 THNP~’~ 0~?!.1 C T H E T A , r )
57 THP~ ‘1~ ~ 10PM C THPR ~ 

M , F I)

58 C
59 HP!TE (6,1fl’) t,1 AME ,L,N
60 100 FOPMAT (’1*~~e ‘.46/’ *‘~~~~

- LEI’IGTH ‘ ,I3 ,SY. ’NO. INC ‘.131
61 C
62 READ (5,40fl) t’c
63 IF(C)A. rO. (’A S ) GO TO 115
614 LL~~L+t
65 W R ITF (

~~.110) ( E DGE (J )  .J~ 1 ,L1 . )
6 110 FO PMA T (  ~Q*~ ~

- E DGE PO P 1 Tc . / ( 1 X,5 ( ~ (‘ .F5.2.  ‘ . ‘.F5.2.’) ‘,2Y 1
67 C
68 11. 5 C O F T I H 1 E
6. READ (5.40~~

) OS
70 IF(OS . rp. O A )  SO TO 125
7 1 W P IT E ( 6 , 1 20 )  ( T H F T A ( J )  ,J~~1.N)
72 120 F O R MA T ( ’ 0 - 4 ’ ’ T H E T A ’/ ( 1O F 9 .2 )
7~ (“PTTEC6. 12?)
74 122 FOPMAT (/’0-~~ ’ THETA vc , L’/)
75 CALL PLOT (THETA,N,M,26)
76 C
77 125 CONTI FJ’ !E
78 C
79 DO 700 F ’H~ l ,F ’
80 THET4 ( N’ !~~THPPIM(N! )
81 700 CONT INUE
82 C
83 PEAD (5,” f l )  r’c
814 1F(OS .rC~.0A )  GO TO 1130
85 ‘JP ITE (f ~.13f l )  (T H P PIM (J ) ,J~~1,N)
86 130 F n R M A T ( $ f l~~’ 4  T H E T A P P T M E’ / ( 1 O F Q .2)
87 , ‘ PT T F ( 6 . 1 3 1)

131 F O R M A T ( / ’ O * ’ k  T HETAPR IME “S. L’/ )
CALL P LO T ( T H P P I . l,H, ’ ,26)

90 C
91 1130 CONT P!u F
02 READ (S,401’) OS

TF (0S.F0.t’A) GO TO 138
94 C
95 DO 800 N .~~1,5

REA D ( S ,4 f l r ) ) (‘S
97 IFu~S.Efl.rA ‘~o TO 80-1
98 CALL G F T u T ( T H E T A . N , L ’ ~~,7)
90 W R T T E ( 6 . 13 2 ) 

~. ( 7 ( U) ,J~~1,N)
100 132 F0 R MA T ( ’ 0 * ~~1 F ILTERED THETA PPIME ( GAUS s) .  ~

‘

l Ot 1 /(10F9.2))
102 ~l R T T E ( 6 , 13 4 )
103 1314 F c ’ ° MA T C / ’ 0 * u ~ FILTERED THETA PRI~~~ vs. ‘ ‘i ,
1014 CA l . ’ P L O T ( 7 ,F ’ ,N,26)
105
106 0’) CONTIr’JE

2 16
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107 C
• 108 138 CONTINUE

109 R EA D ( 5 ,4 0 0 )  OS
110 IF (QS.E Q .OA ) GO TO 300
111 C
112 C~ A B S C T H T PA ! ’ ( 1 ) )
113 “)PITEC6.140) THTRAN (1).C
114 140 F O Q MA T ( ’ 1) *~~ FOUPIE~ COEF~~ICT E HT S ’/ 10X, ’ ’j ’ ,10X, ’A ’ ,l0X . ’B’ ,
115 llOx , ’C’/10X , ’0’,5X,F11.’4,11V,F11.4)
116 C
117 DC 145 J~~1,M
118 U 1~~J+J
119 J2~~J1+ 1
120 A~~THTPAN(J1)
121 B~~THTR A~ ’ (J2 )

122 C~~SQPT (A*A+B~.~R)
123 W RIT E(6 , l ’4 2 )  .J .A , 13 ,C
12~ 142 F O R MA T ( 9 X , I2 ,~~~.3F ll.4’!
125 145 CONTINUE
126 C
127 W R IT E C 6 . 1 5 0 )  TH NRM,THP rPPM
1�8 15(3 FORMAT (’0~~4~1. THNR M: ‘.F7,2,’ THPNRM~ ‘,F7.2)

129 C
130 301) CONTInUE
131 STO P
132 400 FORMAT (A6)
133 END

217 1 
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10 16*TEMP(1) .COMP1
1 SUBROUTI NE COMP1 (L,EDGE,N,THETA,THPRIF~i)
2 C
3 C
4 C ROUTINE TO COMPUTE BOUNDARY ANGLE AND ITS
5 C DERIVATI’/E AS A Fu NCTION OF T’-~ BOUNDARY
6 C LENGTH, FROM THE COORDINATES OF THE BOUNDARY
7 C
A C L.......LENGTH QF BOUNDARY
9 C EDGE....BOIJNDAPY COCRDINATES IN CLOC K~/ISE

10 C ORDER, EX . X (10),V(1 (1 I LOCATED AT
1 1 C EDGE (19),(20)
12 C N... . .. .NUMB ER OF EDGE POINTS
13 C THETA.. .CO MPIJTED ANGLE FUNCTION
14 C THPRIM..COMP (JTED DERIVATIVE OF THETA
15 C
16 C REQUIRES STANDARD FORTRAN SUBROUTINES ONLY
17 C
18 C
19 DIMENSION EDGEI1) .THETA (1).THPRIM(1)
20 A~~1R0/3.1415926
21 I~ 2
22 X1~~EDGE (1)
23 Y1~~EDGE (2)
24 C
25 L 1~ L—l
26 C
27 DO 50 J~ 1.Ll
28 I~~I+129 X 2~ EDGE (I)
30 IzI+1
31 Y2~ EDGE (I)32 YD~ Y2— Y1
33 X D~ X 2—”( 1
34 T HT~ A C O S ( X D/SO RT (XD *XD +Y0 *Y D)
35 IF(YD.GT.O) THT~ —T HT
36 TH~ PIM(.J)~~THT*A37 X1~ X2
38 Y 1~ Y2
39 50 CONTINUE
40 C
41 X2~ EDGE (l)
42 Y2~~EDGE (2)
43 Y D~ Y2—Y 1
44 XD~ X2—X1
45 THT~ A C O S ( x D/ Se PT (X D*X D+Y r*Y DH
46 I F (Y D . G T . 0)  TH~~ —THT
47 THPPIM(L)~~THT*A

2 18
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48 C
49 C NORMAL I7E THETA
50 C
51 S~FLOAT (L)/N
52
53 C
54 DO 100 J~ 1.N
55 SJ~ 5+SJ
56 I~ SJ+i

• 57 THETA (J)~~THPRIM (I)
58 100 CONTINUE
59 C
60 THT~ THETA (1)—T HETA (r1)
61 IF(THT.GE.179.9°°) THT~~THT—360
62 TF (THT.LT.—180.0O1 ) THT~ THT+360
63 THPRIM (1)~~THT
64 C
65 DO 150 J~ 2.N
66 I J—1
67 THT~ THETA IJ )—T HETA (I)
68 IF(THT.GE.179.~~~

1) THT~ THT—3f’O
69 T F (T H T . LT . 180. f l tu l)  THT~ THT +360
70 THPRIM J’~~THT71 150 CONTINUE
72 C
73 RETURN
74 END

219
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1016*TEMP ( 1) .FTPANS
1. SUBROUTIr~~ FTRA F JS (N .F.M.FT)
2 C
3 C
LI. C ROUTINE TO CALCULATE THE FOURIER COEFFICIENTS
5 C OF F. AS~ ’JM ING AN T IC TE RV A L LENGTH ~~ TWO P1
6 C
7 C N...... .I”.IMBER OF INCREMENTS FOP F
8 C F . . . . . . . A R PA Y  OF FUI’ ICTT ON VA LUES OF F AT EQUAL INCREMENTS
9 C M.......NUMBER OF FPEQUF P’ICIES TO BE CALCULATED

10 C FT . . . . ..COEF~~TC IENT \ ‘A LLJEc RFTIJRNED , IN ORDER OF INCREASING
11 C FREQUENCY (COS,SIN)
12 C
13 C REQUIRES STANDARD FORTPAN SUBROUTINuES ONLY
14 C
15 C
16 DIMENSION F ( 1 ) . F T ( 1 )
17 W~ 6.28318531/ N
18 FT 1~~O
19 C
20 DO 50 J~ 1.N21 FT1~~FT1+F (J)
22 50 CONTINUE
23 C
24 FT ( 1)~~FT1/6.28319531
25 WT ~ 0
26 C
27 DO 100 J~~1,M
28 FT1~~029 FT2~ 0
30 W T~ v~’T +W
31 wTT~~0
32 C
33 DO 70 I~~1.N
311. WTT~~WT+WTT35 F1~ F (I)36 FT 1~ FT1+COS (WTT)*F1
37 FT2~~FT2+S1N(WTT)*F1
38 70 CONTINUE
3. C
40 JJ~~J+J4 1 FT (JJ)z FT 1/3.141592654
42 JJ~ JJ+ 1
43 FT (JU )~~FT2/3.1t41592654
44 100 CONT INUE
45 C
46 RETURN
47 END

220 
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1016*IEMP ( 1) .NORM
1 FUNCTION NORM (F,N)
2 C
3 C
4 C ROUTINE TO CALCULATE Li NORM OF F FOR AN INTERVAL LENGTH
S C OF ONE
6 C
7 C F.......ARFAY OF FUNCTION VALUES
8 C N.......NUMBER OF COMPONENTS OF F
9 C

10 C REQUIRES STANDARD FORTRAN ROUTINES ONLY
11 C
12 C
13 REAL NORM
14 DIMENSION F(1)
15 NOR M~ 016 C
17 DO 10 J:1.N
18 NORM~ NORM+ A B S ( F ( J ) ,
19 10 CONTINUE
20 C
21 NORM~ NORM/N
22 RETURN
23 END

221
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1O16*TEMP (1) .PLOT
1 SUBROUT .TNE PLOT (Y.I Y.N .M)
2 C
3 C
4 C ROUTINE TO PLOT VECTOR OF V VALUES ON LINE PRINTER
5 C
6 C Y. ......ARPAY OF VA LUES TO BE PLOTTED
7 C N.. .....NUMBER OF VALUES IN V
8 C M... . . . .NUMBER OF LINES TO BE USED FOR V AXIS
9 C
10 C REQUIRES ROUTINES SRT ~ PLT 1
11 C
12 C
1.3 DIMENSION X (250’,,V(l),FOPM(Li.)
14 DATA FORM/6H (12X, .6H10(2X,,6HF5.1, ,6H3X))
15 C
16 X (1) 0
17 XT:0
18 C
19 DO 20 J~ 2.IY20 XT~ XT +1
21 X (J)~~XT
22 20 CONTINUE
23 C
211. CALL SRT (X.Y ,IY .XMIN.XMAX )
25 C
26 X S~ (N—i ) / (XMAX—XM IN )
27 VMIN~ Y (IY)28 YS~~(M— 1 ) / CY (1  )—YM IN )
29 C
30. CA LL P L T 1(X . Y . IY . N , M .X S ,Y S ,X M I N ,Y M I N .
31 11O,5 ,1H* ,FORM)
32 RETURN
33 END

222

- ‘ -5- — —--..----._ “-5 .5- . . .. S.— 5S.~~’ S.5-5_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _____



1016*TEMP (1).SRT
1 SUBROUTINE SRT (X ,Y.IX .XMIN.XMAX)
2 C
3 C
4 C ROUTINE TO SORT DATA AND FIND MAXIMUM ~ MINIMUM X VALUES
5 C FOR PLT1
6 C
7 C X......,X VECTOR RETURNED IN ORDER CORRESPONDING TO V VECTOF~
8 C Y.......Y VECTOR RETURNED IN DECREASING ORDER
9 C IX...,..NUMBER OF COMPONENTS IN X AND V
10 C XMIN ....MINIMUM X VALUE
11 C XMAX. ...MAXIMUM X VALUE
12 C
13 C NO SUBROUTINES REQUIRED
1’+ C
15 C
16 DIMENSION X (1).Y (1)
17 C
18 X M T N ~ X (1 ) 

. 
-

19 XMAX ~~X M I N
20 IX 1~~IX—i21 C
22 DO 100 J~ 1~~IX123 J1~~J+124 XT~ XLJ )25 YT~ Y (J)26 C
27 DO 50 JJ~ J1 .IX
28 Y T T~ Y(J.J)
29 IF(YTT.LT.VT) GO TO 50
30 Y (JJ )~~VT
31 YT~ YTT
32 Y T T~ X (JU)
33 X (UJ)~~XT
34 X T~ YT T
35 50 CONTINUE
36 C
37 X (J)~~XT
38 Y (J)~~YT
39 IF (XT.GT .XMAX) GO TO 60
40 IF (XT.LT.XMIN) XMIN~ XT
41 GO TO 100
42 60 CONTINUE
43 XMAX )(T
44 100 CONTINUE
45 C
46 XT~ X (IX )
47 IF (XT.GT.XMAX ) XMAX~ XT
48 IF (XT.LT.XMIN) XMIN~ X T
49 RETURN
50 END *

223
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10 16*TE MP( 1) .PLT1
1 SUBROUTINE PLT1 (X .Y. IX.N.M.XS .YS.XMIN.VMIN .
2 1INCX~~INCY.CHAR.F)3 C
LI. C
5 C ROUTINE FOR LINE PLOT OF DATA POINTS GIVEN IN
6 C X AND V ARRAYS. AS RETURNED BY SRI SUBROUTINE
7 C
8 C X....,..HORIZONTAL LOCATION VALUES
9 C Y . . . .. . .V ERTICA L LOCATION VALUES IN DECREASING ORDER

10 C I)(......NUMBER OF POINTS TO BE PLOTTED
11 C N.......NUMBER OF CHARACT ERS IN GRAPH PER LINE
12 C M.......NUMBER OF LINES IN GRAPH
13 C XS. .....1/(INCREMENT IN X CORRESPOND ING TO 1 CHARACTER)
14 C VS......1/(INCREMENT IN V CORPESPOII4O !NG TO 1 LINE )
15 C XMIN ,,. .MINIMUM X VA LUE
16 C YMIN,...MIN IMUM V VALUE
17 C INCX....NUMBER OF CHARACTERS BETWEEN VALUE LABELS ON X A X I S
18 C INCY....NUMBER OF LINES BETWEEN VALUE LABELS ON Y AXIS
19 C CHAR... .CHARACTER TO BE USED FOR PLOTT ING
20 C F. . . . . . .FO RMAT ARRAY FOR X AXIS  VALUE LABELS LINE
21 C
22 C NO EXTER NAL SUBROUTINES REQUIRED
23 C
211. C
25 DIMENSION X ( 1 )  ,Y ( 1)  .GRAPH ( 100 )  .F( 1)
26 REAL ICH ,MIFJUS , IT
27 DATA PLUS,ICH,MINUS,BLANK/1H+,1HI,1H— ,1H /
28 C
29 I~~130 M1~~M—1
31 INCX1~~INCX—1
32 C
33 DO 100 ,J~~1.M1
34 IT~~ICH
35 IFUM—J /INCY*INCY .EQ .M—J ) IT:PLUS
36 GP APH (1)~~IT
37 C
38 DO 20 JJ~ 2,N
39 GRAPH (JJ)~~BLAN K
40 20 CONTINUE
41 C
42 GRA PH (62)~~1H.
43 25 CONTINUE
11.4 IF (I.GT.IX ) GO 10 50
45 IF (M—IFIX (.5+yc* (Y(I)—VMIN)).NE .J) GO TO 50
46 IX T~ 1+XS* (X (I)—XMIN )
47 GRAPH (IXT )~~CHAR
48 I~~I+1
49 G0 T0 25

224
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50 C
51 50 CONTINUE
52 IF (IT .EQ .PLUS) GO TO 70
53 WRITE (6.60) (GRAPH (,,JJ),JJ~~1,N )
54 60 FORMAT (17X,100A1)
55 GO 1.0 10(3
56 C
57 70 CONTINUE
58 YT~~CM J)/YS+YMIN
59 WRITE (6.80) YT, (GRAPH (JU),JJ 1.N)
60 80 FORMAT (5X,E1O.14,2X ,100A 1)
61 100 CO NTINUE
62 C
63 DO 120 J~ 1.N,INC X
64 C
65 DO 110 ..jJ~ 1,INCX166 JJJ~ J+UU
67 GRAPH ( JUJ)~~M INUS
68 110 CONTINUE
69 C
70 GRA PH(J )~~PLUS
71 1.20 CONTINUE
72 C
73 125 CONTINUE
74 IF (I.GT.IX) GO TO 150
75 IF (M—IFIX (.5+VS* (VCI)—YM IN )).NE.M ) GO TO 150
76 IXT~ 1+XS* (’X (I)—XM IN )
77 GRAPH (IXT)~~CHAR
78 I~~I+179 GO TO 125
80 C
81 150 CONTINUE
82 WRITE (6.80) YMIN .(GRAPH (JJ).JJ~ 1.N)
83 I~~0
84 C
85 DO 200 J~ 1.N .INCX
86 I I+1
87 GRAPH(I)~~XM IN+ (J—1 )/XS
88 200 CONTINUE
89 C
90 WR ITE (6 .F)  (G R4P H(U) .U~ 1.I)
91 RETURN
92 END

225 



1016*TEMP (1).GFILT
1 SUBROUTINE G F I L T (Y . N . L .W . Z )
2 C
3 C
4 C ROUTI NE FOR A GAUSSIAN LOW PASS FILTER
5 C
6 C V.....INPUT FUNCTIO N
7 C N.....NUMBER OF INCREMENTS IN V
8 C L.....LENGTH OF DOMA IN OF V
9 C W.....WIDTH OF FILTER, STANDARD DEVIATION OF WINDOW

10 C Z. . . . .FILTERED RESPONSE
11 C
12 C NO EXTERNAL SUBROUTINES REQUIRED
13 C
14 C
15 DIMENSION Y (1),Z (1),S (500)
16 C
17 AT~ L/W/N/SQ RT(6 .283 18)
18 N 1~ N+1
19 N2~~15*W
20
21 C
22 DO 20 J~~1’N2
23 ~~~~~~~~~~~~~~~~~~~~~~
24 20 CONTIr’~L’F25 C
26 DO 60 ~J~~1’N
27 ZT~ Y (U)*AT28 C
29 DO 14(3 KK~~1.N2
30
31 K1~~J+K
32 K1~~K1— (K1— i)/N*N
33 K2~~ J+ .J—K
311 K2~~K2—(K 2—1 )/N*N

.35 ZT~ ZT+S (KK)*C’f (K1)+Y(K2))
36 40 CONTINUE
37 C ’
38 7(J)~~ZT
39 60 CONTINUE
40 C ‘

41 RETURN
112 END

226
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SECTION 9

SAMPLE TRACKING IMAGERY

Twenty video images have been digiti zed at 512 x 240 pixels , 8-bits per
pixel , and are stored on magnetic tape and on floppy disks at WSMR. These
and future digiti zed images to be taken from sequential video frames can
be made available upon request. The image names are as follows :

MI1V1 - Missile 1 , View 1 (Before take-off)
MI1V2 - Missile 1 , View 2
MI1V3 - Missile 1 , View 3
MILV4 - M i s s i l e  1 , View 4
MI2V1 - Missile 2, View 1 (Before take-off)
M12V2 - Missile 2, View 2
M12V3 - Mis sile 2 View 3 (Field 1)
M12V4 - MissIle 2, View 4 (Field 2 of M12V3)
MI3V1 - Miss i l e  3, Vi ew 1
M13V2 - Missile 3, View 2
PL1V1 - Plane 1 , View 1
PLIV2 - Plane 1, View 2
PL1V3 - Plane 1, Vi ew 3
PL2V1 - Plane 2 , Vi ew 1
PL2V2 - Plane 2 , View 2
PL2V3 - Plane 2 , View 3
PL2V4 - Plane 2 , View 4
CR1V 1 - Cruise Missile 1 , View 1
CR 1V2 - Cruise Missile 1, View 2
CR 1V3 - Cruise Missile 1 , View 3

Figures 9.1 through 9.20 are gray level half-tone copies of these 20 images
produced on the Tektronix 4014 display terminal using WRP5 12 , a 17 gray
leve l display program. A gray leve l histogram of each digiti zed image is
also included as part b of each figure.
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