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At NTIS, it will, be available to the general public, including
foreign nations.

This technical report has been reviewed and is approved for
publication.

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

(
~ 
(
~4t

GARY C. 4NFORT , NAJ ,JCSAF
P rogranl-4lanage r

~ ?J~1 
O

~4&~~
RICHARD E. STEERE , COL, USAP
Director, RPV SPO
Deputy f or RPV/ALSN

P1

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

~___1 -
~~ - -~~ —



UncIass1
~
ed

SECURITY CLASSI~~lC aTIO,I OF THIS PAGE (Wlim, D.e. EmS.,.d) 
— ____________________________________

I~~ F’ ~~l I&IrkI-rA-FIr1kIDArl: 
REA O NSTRUCTXO1~S

r
~ 

“ ~~UML I’~ I~~ I I~JI~~~U ~~~~I- BEFORE CO’.1PLET~NG FORM
f
~ 

~~~FORT MUMMER ;. 40VT ACCESSION NO 3. RECIPIENT~~~~~AT~~ _OG $uM$ EI~.

F33657-75--C-0353-A005 .,~~~~~~ “Z /‘.-~-J’~)2Y -
~ —. - , , . I/TYP~~O F R ~ ?OAY 6 PFR tOO COV EREC~

Video Image Bandwidth Reduct ion/Compressioz f Final ~ep~~ t,LfQ,r . ,per ioci

~~~~~ Study~ .
. .~~ ~~

. ~~~ - - , . .

~~~~~~

_ Jan~~~~~ ~~~ Dec~~~ 7~~
FInal R~eport - I— ‘ S. PERFORMING ORG . REPORT NU M U E R

~~~~~~~~~~~~~~ - . ..—----....- -—.—-------—-—----- .. ,.. 1. CONTRACT OR GRANT NUMBER(.)

‘ / :~ ~Ernest/Schmidt 1 ~~~ Paul ’6jntz .
‘ / ‘2— ---— ‘ V 

/
Wiliiam /Spicer Richar~’Yutz ,/ 

~~~~~~ 
F33657—75—C— ,Ø

’353 t~ --’-~
.Harry 1 Watkins 

, . 
-~~~~~~~~~~~~ . . — -

N A M E  A N D ADDRESS *0. PROGRAM ELEMENT, PROJ SCT , T A S ~(A RE A 4 W ORK UNIT NUMD ERS
Aeronutron1c~Lord Corporation3900 Welsh Road ~~~~~~~~ CLIN 0002
Wil low Grove , Pa. 19090 

- 
CDRL A005

II- CONTROLLING OFFICE N AM E A N D  AD D R E S S  ,
~~~~~~ 

j
~~ RE~ O~ -’ ~~AT~~

USAF 7// 
~., 13 Feb~~T 7~J ‘

Aeronautical Systems Division (AFSC) ~~~—
‘ t r ~~~~~~~~~

ASD/YMKS Wright-Patterson AFB Ohio 45433 _________________________
14. MONITORING AGENC Y NA ME 6 ACDR ESS(i I  dif(.r.nI from Control li ng OHic.) IS. SECURITY CLASS. (of tAt . r.por()

/ 

-- UNCLASSIFIED
/ IS.. O E C L A S S I F I C A T I O N. ’ D O W N G R A ~~3 N G

SCHEDULE

IS. DISTRI B UTION STATEMENT (of IA!. R~pott)

ASD/ 1IMRC 5/0 APPROVED FOR PUBLIC . _
~~~~~~

_.—
AMRL/HED i/O 

~~~~~~~~ c~’ ~ ~a~.~~t !_!__ - .

AFAL/AM i/o ~~~~~~~~~~~ 
- - 

.:
DDC 12/0 Distr~bL.~iCfl Lntirnlted .~~~ . -:

TAC/DRR 1/0 
-

*7. DISTRIBUTION STATEMENT (of A. .b.tract .nt.r.d In Diock 20, II dlII.r .nt from N.,t~ort) ~~~~~ .J ’ - -

..
~~~ ~~~~~~~~~ 

- -.

~~~ I
— 

~~~~~~ 
‘ ~~~ ~~~~~ .

15. S U P P L E M E N T A R Y  NOTES - -

*9. KEY WORDS (Conlinu. on r•veri• .id. ii n.c. ... r .nd Identif y by block numb.?)
Remotely Piloted Vehicles Computer Simulation
Video
Bandwidth Compression
Digital Processing

~~ ~O. ABSTR ACT (Con,lni.. on rev.,.. d c?. If n.c..aary .,id Ident i f y  by bloek numb.,)

This report covers the development , simulation , eva luation , and
implementation design of a video bandwidth reduction/compression
technique for use in remotely piloted vehic le systems .

The bandwidth reduction technique discussed is frame rate reduction.
The range of frame rates from 8 per second to 1/4 per second are
eva luated .
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The bandwidth compression technique selected is cosine
transform/DPCM encoding . A range of parameters are eva lua t ed ;
f i n a l parameters w h i c h  provide s a t i s f a c t o r y  performance even
under  h i g h  error ra te  cond i t ions  are 512 e lements  per scan l i ne ,
480 scan l ines per f rame , one frame per second and one b i t  per
p ic ture  e lement .  Under these condi t ions  the  baseband b a n d w i d t h
is under  250 kllz us ing t h e  conservat ive  assumption of one b i t
per 1-Iertz. 

. 
V

The design of a computer and I/O ftcility for generatiolT of
v ideo tapes simulat ing compression as appl ied to USAF prov ided
fl ight film strips is described . Ten, parameter var iations were
appl ied to each gf ten f i l m  s tr ips .

The r e s u l t a n t  s imu la t ions  were eac~ eva lua ted  by 8 observers
(military pilots). The results from wh ich optimum parameters are
defined are included . Results for the opt imum parameters are :

Mean Standard
S i m u l a t i o n  (To Target)  . Deviation -—

Time Slant  Time Dis tance
(SEC ) Range (FT) (SEC ) (FT)  

-

Basel ine  ( PCM , 24FP5 ) 18.1 12 , 579 ’ 1.47 1, 014

Cosine /DPCM

512 x 1; F~ER 0 15.8 11, 005 1.13 780
. . V

EL/Line  Bi t/PEL

~ l2 x 1; BER = i0~~ 15.1 10 , 526 1.52 1, 049

512 x 1; RER = i~~
—
~ 14.7 10 , 253 1.38 952

512 x 1; BER = lo
_2 

13.0 9 , 095 0.97 669

An a l l— d i g i t a l  imp 1en~en ta t ion  of the coder is developed w h i c h
provides h igh  r e l i a b i l i t y  and m i n i m i z e s  the  need for  m a i n t e n a n c e
and a d j u s t m e n t  under f i e l d  cond i t ions . W i t h  a reasonable amount
of LSI c i r c u i t r y  on ly  two 5” x 10” PC boards and a m i n i a t u r e  power
supply  are required . The a n t i c i p a t e d  volume is 150 cubic  inches
and power diss ip a t ion is 31 wa t t s .

F

An analog implementa t ion  is presently being developed w h i c h
will require only one 4” x 8” PC board and w i l l  consume less than
10 wat t s .
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A sensor which can be read out at s low frame rates is
recommended , particularly the presently emerging solid state
devices . If it is ‘necessary to use the encoder with a conven-
tional TV camera , a frame memory is recommended . This device
adds 90 cubic inches and 35 watts to the above estimate.

If target t r ack ing  is required , the  f rame ra te  should be
raised to 8 frames per second , while a reduction in resolut ion
to 256 x 240 appears satisfactory due. to the usual decreaseS in
field of view . Therefore , with the same coding algorithm , the
baseband bandwid th  s t i l l  remains under 450 kHz .
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Summary

The program objective was to develop a video bandwidth
r educ t ion  and compression system wh ich  would permit  t he  use
of anti—jam protection of the  v ideo  t ransmiss ion  c h a n n e l  of

V a remotely piloted vehicle (RPV). The technique which was
developed uses low camera frame rate for bandwidth reduction
(r e l a t i v e  to the conventional T.V. frame rate of 30 per
second) . A frame rate of one per second was found to be
opt imum by “ f l y i n g ” simulated miss ions  using A i r  Force suppl ied
film strips as input material.

The selected bandwidth compress ion technique uses a
comb inat ion of Cosine Trans form Encoding and D i f f e r e n t i al
Pulse Code Modulation (DPCM) . Figure 1 shows how video
generated by line scanning (Figure 1-A ) is first sampled to
form discrete Picture Elements  ( PELS ) as in F igure lB.
Horizontal segments of 32 PELS are subjected to a discrete
cosine transform which operates on the PELS with a succession
of cos ine terms harmonically related to the segment length .
The result  is a ser ies of cos ine term coeff ic ients w ith  an
amplitude distribution as shown in Figure 1—C . The statistics
of the coeff icients is such that the amplitudes of the lower
frequency terms are greatest , hence the transform spectrum
“energy ” is concentrated at the lower frequencies . Fortunately,
it is possi b le to t runcate  the  coeff ic ients by dro pping h i g h e r
frequency terms with minimal effect on picture quality . Also ,
when the coefficients are digitized , additional savings can
be realized by amplitude quantizing the higher f requency terms
to low precision .

The transform coefficients have a high degree of vertical
(line—to—line) correlation and hence their differences are
small (Figure l—D). DPCM . which encodes differences~ is a
highly efficient method for transmitting the transform coeffici-
ents . In the present system , DPCM encodes the  d if f e r ence
between the values of a particular transform coefficient of
two vertically adjacent segments . Proper selection of DPCM
parameters for each coefficient results in bandwidth saving .

For the  system developed on the  present program an average
of one bit per PEL is adequate to produce performance corn-
parable to 6 bit per PEL Pulse Code Modula ti on (P CM ) .  t h e
system usually used as a basis for compar ing compression
techniques .
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_ _ _  I _ _ _

Line #1 ______________ — — —— . I_______ I I

#2 
~~~~~~

#3 F _ _ _ _  L

et~ _ _ _ _  
_ _ _ _ _

ANALOG VIDEO SIGNAL (A) SAMPLED VIDEO SIGNAL (B)

Conventional 525 line , 4.5 MHz 16 segments of 32 samples per
Video Signal line. 32 PELs x 6 BJPEL = 192

bits per segment or about 1.5
x 106 bits per picture .

Iii 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I I I I I I — —  —

I I I i i ______ ____ I I I

-
~ DISCRETE COS INE TRANSFORM (C) COEFFICIEN T DIFFERENTIALS (D)

32 coefficients - laterally Differences between the First 17
decorrelated - vertically correlated coefficients on successive scan
energy concentrated in 1ow order lines - average of 1 bit/PEL, 32
coefficients , bits per segment , or 0.25 x i06

bits per picture .

1~.

COSINE TRANSFO~ 1/DpCM ENCODING

Figure 1

2

__________



F Y ______________________________________________

A laboratory T.V. facility was constructed to simulate V

the entire system including the  cosine transform/DP CM encoder
and decoder and also a data link with error contamination.
A l l  system parameters such as frame rate , resolution , encoding
precision , DPCM prediction coefficient , transform parameters
and data link bit error rate could be and in fact were varied
during the program . S imulator outpu t was stored on video tape .
Input video was generated from Air Force supplied film strips
taken during flight over terrain containing typical targets.

Performance of the Cosine Transform/DPCM system was
measured by hav ing  t rained m i l i t a r y  f l i g h t  o f f i ce r s  “ f l y ” V

simula ted  missions using the video tapes described in the
previous paragraph as input  ma te r i a l .

The final system parameters were selected by a three
step process. In a first truncation effort single frames H
f rom the Air  Force f i l m  s t r ips  were processed and recorded as
photograph ic positives . Project staff personnel viewed these
photos and selected those p r in t s  which retained the best
target d i s c r i m i n a t i o n  among the  various combinat ions  of
parameters .

A second truncation further narrowed the possible
• parameter values . Laboratory personnel flew simulated

missions using video tapes and also viewed static scenes to
de te rmine  l imits  of error rate which could be tolerated .

The first two truncations produced a narrow range of
parameters wh ich were used in detailed , statistically mean ing-
f u l l  simulated RPV flights by military flight officers . The
subj ects read a prepared Air  Force statement , received a

L . verbal briefing and then viewed a simulated mission on a TV
• mon itor . The time interval between start of run and recog-

n i t ion  of the target was recorded for each subject. Each run
of a given set of parameters used 8 subjects and 12 different
f i l m  strips , two of which were used to t ra in  the  subjects .

Aeronutronic Ford developed an all-digital implementation
of the overall system because such a system would require no
adjustment , would be insensitive to environmental conditions ,
and would be easy to repair by plug-in replacement. An
optional frame memory is included for presently available
cameras which operate at a high frame rate. With large scale
in tegra t ion  ( L S I ) ,  two 5” x 10” boards and a miniature power V

supply would be required with a resultant volume of 150 cub ic
V inches and 31 wat t s  of power . The optional memory would add

90 cubic inches and 35 watts . V

3
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LSI development would be approx imately $600,000.
Production costs per unit in 50 unit quantity would be
$1900 per airborne unit (no—memory) and $19,000 per
ground terminal.

Aeronutroflic Ford is presently developing an imple-
mentation which would require only one 4” x 8” board ,
would consume less than 10 watts of power and is estimated
to cost approximately $1200 per unit in production .
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1.0 INTRODUCTION

This report describes the Video Image Bandwidth
Reduct ion/Compression Study (USAF Contract F33657—75-C—0353)
as performed by the Communication Systems Division of
Aeronutronic Ford . The results obtained are presented in
d e t a i l .

The objective of this p rogram is to develop a video
bandwidth reduction and compression technique suitable for
use in remotely piloted vehicle systems . The puip ose of
reduc ing the video system bandwidth is to make possible
anti-jam protection on the RPV video data link . The per—
tormance of the reduction/compression technique is demon—
strated and verified by computer simulation .

The V ideo Image Bandwidth Reduction/Compression Study
consists of four tasks as outlined below and described in
detail in subsequent sections of this report .

Task A — Preparation of the Simulation

Th is task includes the design and assemi ly of the
simulation equipment used to demonstrate the bandwidth
reduction/compression technique .

Task B — Experimental Design and Test Plan

Under this task a detailed experimental design plan was
developed for collection and analys is of human subject
responses to the simulator presentations .

• Task C — Image Quality Analys is

The s imula t ions  of the  reduct ion/compress ion t e chn ique
generated with th’ equipment prepared in Task A were evaluated
by gathering s”- ’ jectiv~ responses according to the test plandeveloped in Ta~k B.

Task D — Implementation Study

A practical implementation of the reduction/ compression
technique was developed and a cost estimate prepared .

V.
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2.0 REDUCTION/COMPRESS ION ALGORITHM

2.1 COMPARISON OF COMPRESSION TECHNIQUES

2.1.1 Adaptive Compression Techniques

Adaptive video compression techniques essentially adjust
themselves to the statistics of the video signal being trans-
mitted . As a result , the number 0 bits per picture element
can vary considerably within a single frame , depending on picture
content. If the frame rate is maintained constant , the data
bit rate will therefore vary with picture content. Adaptive
video compression techniques are potentially capable of pro-
viding considerably higher compression than non-adaptive com-
pression techniques . However , the statistic dependent number
of bits per picture element and the variable output data rate
produce a serious drawback for the remotely piloted vehicle
application . The disadvantage is that picture element rate ,
line rate , and possibly frame rate, are no longer cyclic . If
the bit rate were constant , as in the non—adaptive system , vital
t iming  parameters , such as end of l ine , end of frame , et c . ,

A can be anticilB ted in the ground display system once synchron-
ization is establis hed , even inthe presence of jamming or loss
of sync due to other causes . Conversely , the adapt ive system
cannot anticipate sync data and integrate a number of predict-
able sync codes .

—/
Among the compression techniques which are adaptive by

nature are Run Length and Bit Plane Run Length Encoding . Other
techniques can be made adaptive at the cost of considerable
increase in hardware complexity .

2.1.2 Non-Adaptive Compression Techniques

The non—adaptive compression techniques have a feature
in common which is highly desirable in an RPV system ; namely ,
the bit rate and the number of bits per picture element are
constant . This feature is desirable in that the system , once
synchronized , is h ighly tolerant to temporary loss of synchron-
izatior information due to any cause , including jamming .

If data clock integrity is maintained during jamming ,
the receiver video sync circuits can continue to coun t data
clock pulses and stay correctly referenced to the transmitter
video sync generator . To ensure this sync continuity a Loss of
Spread Spectrum Sync signal , if available from the spread
spectrum receiver , can force the video sync circuits to assume
that they are locked . True , as in any system , video data will
be lost during a loss of spread spectrum sync . However , correct
video will very quickly be obtained as soon as spread spectrum
receiver sync is restored . At worst , a minor line sync correc-
tion might be necessary . This is considerably better than
requiring complete video resynchronization as would be the case
with an adaptive compression system . This resync operation
could take several one—second frame intervals .

The most common of the non-adaptive coding techniques are
Differential Pulse Code Modulation (DPCM), Interpolation .
Prediction, and the more recently developed category of Transform
Coding . 2-1

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

-‘

~~~ 

- - - - •



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

2.1.3 Selection of the Candidate Compression Technique

For a given number of bits per picture element ,
adaptive and non-adaptive coding techniques prov ide approxi-
mately equivalent picture quality. Adaptive techniques can
reduce the required bit rate when the picture statistics
permit, wh ile the non—adaptive technique requires the same
bit rate as required for a more complex picture . However,
this constant bit rate is considered desirable for the RPV
application because of the degree of sync independence
provided . Therefore,a non—adaptive compression technique
was selected .

Aeronutronic Ford has , over the past 15 years ,
developed a comprehensive library of photographs of the
results of a wide variety of compression techniques , whether
simulated by computer or produced by actual hardware . To
this were added photographs processed by transform coding
algorithms , in particular the Cosine Transform,’DPCM cod ing .
This formed a data base from which to select the candidate
compression technique . In addition ,the literature on

V the subject was thoroughly reviewed .

The factors brought to bear in the selection of the
candidate technique from this data base included efficiency
(picture quality versus bits per picture element), complexity
(amount of hardware required to implement the encoder) , and
susceptibility to channel errors . The result of this evalu-
ation was the selection of the Cosine Transform/DPCM com-
pression technique as the subject for the RPV Sensor Image

r Bandwidth Reduction/Compression Study .

2.2 BANDWIDTH REDUCTION

Bandwidth reduction for purposes of the study program
was defined as any method which provides a reduction in the
amount of data that must be transmitted other than tha t coding
algorithm which operates directly on the video signal to
remove the intraframe redundancy .

2.2.1 Frame Rate

Based on the reported results of other evaluations of
observer performance as a function of frame rate , and verified
by this study , it was determined that 30 motion frames per
second are in excess of t h a t  required for  t h e  RPV a p p l i c a t i on .
It is essentia l that the physical display be refreshed at
30 frames per second to provide adequate luminance together
with flicker-free performance; however , the displayed data can
be updated less frequently and still support adequate observer
performance.

2-2
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Frame rates between 8 and 1/4 frames per second were
initially considered as the range to be investigated as
described in Section 5.

Note that reducing the frame rate is independent of
target location , size , or contrast. Vehicle velocity is the
only dependent feature . For a given altitude and flight
profile , the required motion frame rate varies with vehicle
velocity . The evaluations in this program were performed at
simulated equiva lent velocity of about 410 knots.

Frame rate reduction was found to be a viable method
of bandwidth reduction .

In the study the 24 frame per second motion picture
f i l m s  were e lec t ron ica l ly  processed and d isplayed to the
subjects at reduced frame rates . The subjective performance
achieved verifies that reduction of the transmitted and
d isplayed frame rate is a satisfactory method of bandwidth
reduct ion for briefed targets .

2.2.2 Supplemental Bandwidth Reduction Techniques

Other  methods of bandwid th  reduct ion  were considered.
They can be divided into two categories ; those which affect
the video signa l , and those w h i c h  require pe r iphera l  equip-
ment and processes .

The bandwidth reduc tion techniques wh ich operate
directly on the video signa l include (among others) variable
resolution and reduced gray scale. Resolution in itself was
one of the simulation parameters ; that is , the image resolution
was varied to determine performance, but was homogenous within
a frame . It may be postulated that the resolution need not be
kept homogenous within a frame, but could be reduced considerably
at the edges . This technique is commonly known as foveal
viewing . In fact, the higher resolution area of the field of
view (fovea l area) can be made positionable under control of
the ground pilot.

Critical examination of the test film revealed two
features which mediated against the recommendation of the fovea l
technique . First , the target often became initially identifiable
at the edge of the film frame which in a foveal implementation
would naturally be the lower resolution region and , therefore,
identification would be delayed. Th is delay would be the same

V. as if the entire field of view were displayed at the reduced
resolution . Second , the erratic aircraft motion often caused

-‘ the target to jump from one region of the display to another
during the time when it was just beginning to be identifiable .
The effect of the reduced resolution might again cause delays
in the identification of the target to the same extent as
reduced resolution over the entire field of view .

- 2-3
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If the RPV f l i g ht  path  and stability can be planned
and controlled to cause the target to appear in the foveal 

- 
-

region , the lower resolution region might be useful for
bandwidth reduction . However , that this is possible is not
apparent from the film strips . If a better controlled flight
path is possible , then the foveal concept can be implemented
with most compression techniques , including cosine transform/
DPCM coding .

When a foveal window which can be positioned by the
operator is subject to the same analysis as above , there is
an added problem in t h a t  if an erroneous i n i t i a l  t a rge t
location is made and the window used to track it , the true
target has a high probability of appearing in a low resolution
area . A g a i n , t h i s  concept is also implementable  us ing  cosine
transform/DPCM coding .

Based on the above rationale , foveal viewing was not
included in the simulations .

Zoom , the controlled change in the viewing ang le ,
appears to have considerable merit. However,zooming requires
an a priori knowledge of the target location and then , not
only  must  t he  f i e ld  of view be a l te red , but , i t  is l ikely
that the direction of the optical axis must a lso be changed
to center the narrower field of v iew around the target . The
goal of this study is to compress the system base bandwidth
without adversely affecting time to detect the target. But
it is not until after this initial detection that zoom can be
prof itably employed . Now,if after the time has been spent in
accomplishing zoom and redirecting the optical axis on becoming
oriented to the narrow field of view , it is determined tha t an
incor rec t  i d e n t i f i c a t i o m  has been made , as v e r i f i e d  by the  zoom
view , the time lost together with that required for reorientation
to the full field of view can result in loss of the target.
This conclusion was reached from examining the film strip.
Fur thermore , zoom is provided by s w i t c h i n g  to the  M a v e r i c k  or
Hobo weapon sensors, if desired .

Based on the above rationale ,zoom was :iot included as a
study parameter ,although simulations of the zoom funct ion were
made .

Grey scale ranges or step sizes can be varied to reduce
the number of bits required to describe a picture element . In
the cosine transform/DPCM coding simulations it was decided to
vary the DPCM coding precision instead ,which produces a related
effect.

2-4
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As far as cueing aids such as correlators or pattern
recognition are concerned , the variety of the specific targets
depicted in the film strips indicates that the sophistication
of these devices , -to be useful , is far beyond the scope of this
program . Therefore , they were not considered for simulation .

On the  other hand , a l though  not simulated , Charge Coupled
Device (CCD) cameras and stabilized gimballed mounts are expected
to be highly desirable . The CCD cameras provide simple snapshot ,
and slow readout features . The stabilization removes the inherent
jerkiness  due to extraneous aircraft motion , while gimballing
permits following the target for additional verification .

2.3 COSINE TRANSFORM/DPCM CODING

2.3.1 Foundations

On the basis of fixed bit rate , encoding efficiency ,
ease of implementat ion, and natura l noise immuni ty , the  t e chn ique
selected is a hybrid of two compression techniques , each comple-
menting the other . The natural element—to—element correlation
inherent  in pictures  is exploited by ho r i zon ta l  one d imens ional
cosine transform coding . Differential Pulse Code Modulation
(DPCM) coding is then used-to take advantage of line-to—line
correlation of the transform coefficients. Inununity to channel
errors is effected by the proper selection of the DPCM pre-
diction coefficient. Recent advances in integrated circuit
technology will make a low cost , minimal volume implementation
of this technique practical.

Both DPCM and transform coding have been used with con-
siderable success for coding pictorial data . Both systems
have some attractive characteristics and some limitations . The
transform techniques achieve superior coding performance at
lower bit rates (moderate distortion levels). They show less
sensitivity to data statistics (picture—to—picture variations)
and distribute the coding degradation in a manner less objection-
able to a human v iewer , and so are less vulnerable to channel
noise and jamming . On the other hand , DPCM systems , when
designed to take advantage of spatial correlations of the data ,
achieve a better coding performance at a higher bit rate (low
distortion levels). The equipment complexity and the delay due
to coding operation is minima l , and the system does not require
the  memory needed in two dimensional  t ransform coding systems .
Perhaps the most desirable characteristics of this system are
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the ease of design and the speed of the operation that has
made the use of DPCM systems popular in real t ime coding of
television signals. The limitations of this system are the
sensit ivity of the DPCM systems to picture statistics , and
the propagation of the channe l errors .

The selected cand idate compression techn ique is a
hybr id system consisting of a cascade of a unitary trans-
formation , followed by a DPCM transformation to achieve the
desired compressed bandw idth for the baseband RPV signal .
The hy brid system combines the attractive features of both
transform and DPCM coding , thus ach ieving good coding capa-
bilities without many of the limitations of either system .
This system exploits the correlation of the picture data in

V 
the horizontal direction by taking a one—dimensiona l traris-
form of each picture line in segments . It then operates on
each column of the transformed data using a DPCM system . The
DPCM system quantizes the signal in the transform domain
where it takes advantage of the vertical correlation of the
transformed data to reduce the coding error . The unitary
transformation involved is a one-dimensional transformation of
individual lines of the pictor ial data , thus the equipment
complexity and the number of computational operations is con-
siderably less than is involved in a two—dimensiona l transfor-
mation . Habibi (1) initially studied this system in considerable
detail; he found , and the results of this study conf irm , that
the visual effect of small or moderate levels of channel error
was negligible , and that the degradat ion in signal—to-noise
ratio performance was also small. These advantages ; simplicity ,
minimal hardware , excellent performance , make the hybr id system
particularly suited for airborne (RPV) installation .

1. Habibi , A.  “Hybr id Coding of Pictoria l Data ,” Comm . Tech ..
C OM M —2 2 , pp. 614—624 , May 1974.
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2.3.2 Implementation

A block d iagram of the hybr id approach is shown in
Figure 2—1. The pictorial data is raster scanned to form N
lines w ith appropriate vertical resolution , then each line
is sampled at an appropr i a t e  r a t e .

n Suc :’essive DPCM Quantization
Cos ine  T rans fo rms —i Line to Line ~I of -

of Size N on Transform Differences
Coeff icient

Figure 2—1 Block Diagram of Hybrid Compression System

When the video line is sampled at the rate of P pels per line , and
N is chosen to be an integer such that these are n (= P/N)
segments in P. A cosine transform of size N is performed on each
nth segment . From line to line the coefficients of corresponding

segments are encoded in a DPCM quantizer and a code word generated
for each d i f fe renced  value . In the  synthes izer  the  inverse
func t ions  are performed to reconstruct the video segment. The

V code words are converted to differences and accumulated in a
bank of integrators . The integrator outputs become the input to
the universe transform which generates a segment of the video
line . Juxtaposition of the success ive segments creates the
composite video line .

t 2.3.2.1 Discrete Cosine Transform

Two different types of discrete cosine transform (DCT)
are useful for reduced redundancy telev ision image transm ission .
Both are obtained by extending the length N data block to have
even symmetry , taking the discrete Fourier transform (DFT) of •‘

the extended data block , and saving N terms of the resulting DFT .
Since the DFT of a real even sequence is a real even sequence.
either DCT is its own inverse if a normalized DFT is used .

The “Odd DCT” (ODCT) extends the length N data block to
length 2N—l , with the m iddle point of the extended block as a
center of even symmetry . The “Even DCT” (EDCT) extends the length
N data block to length 2N , w ith a center of even symmetry located
between the two points nearest the m iddle. For example , the  odd

V 
length extension of the sequence A B C is C B A B C, and the even
length is C B A A B C. In both cases , the symmetr ization
eliminates the jumps in the periodic extension of the data block

-‘ wh ich would occur if one edge of the data block

I’-
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had a high value and the other edge had a low value ; in effect it
performs a sort of smooth ing operation with no loss of information .
It will be noted that the terms “odd’ and “even” in ODCT and EDCT
refer only to the length of the extended data block - in both
cases the extended data block has even symmetry .

Both types of DCT may be implemented using compact , high
speed , serial access hardware , in structures similar to those wh ich
have been described for the Chirp—Z transform (CZT) implementation
of the DFT.(2)

Let the data sequence be g0, ~~ 
. . .,  ~~~~~ The

ODCT of g is def ined as

—i2 -175-nk
N-l 2N—l 

— for k 0, 1, . . . ,  N—i
Gk = g~~ e (1)

n=—(N--l)

where
~1

g...~ 
= g

~ 
for n 0, 1, . ..,  N—i

1

By straightforward substitution it may be shown that

N-I .  -i2’~
7’nk

= 2Re e 2N - 1 (2)
• n=0

where ~~ is defined by

fo.5 g0, n = 0

(,~ 
g~~, n l ,

The EDCT is g is defined by equation (3), where the extended
sequence is defined by equat ion (4).

~~~~ N—l —i2~ nk

Gk = e~~~ 
~i=~N 

g~ e 
2N for k = 0, 1 , . . . ,  N-i (3)

2. N. J .  Whitehouse , et al , ”High Speed Seria l Access Linear
Transform Implementat ions” Digi tal Computer Symposium
January 1973 .
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If the mutually complex conjugate terms in equation (3)
are combined , then equation (5) results . Equation (5) may be
viewed as an alternate way of defining the EDCT

( —1crk N-i -i211nk

Gk 
= 2 Re 

1

1e 2N g e 2N

(5)

N—i 2’Rn  + O.5)k
= 2  ~~ g~~ cos 2N

n=O

Ahmed~
2
~ has investigated the use of the EDCT as a substitute

for the Karhunen—Loeve transform and finds that it is superior to
the Fourier t r ans fo rm and is comparable to the Karhunen—Loeve ( K — L )
in r a te -d i s to r t ion  performance whi le  m a i n t a i n i n g  the  computa t ion
simplic ity of a tran~ {9rm wh ich does not depend on the picture
s t a t i s t i c s .  Habibi  “ ‘ has shown by simulation that the DCT is

V equivalent in a mean—square—error sense to the K—L transform
under basis restriction .

The effective performance of the transform depends on the
block size-N.Wintz (b) concluded that , for a fixed coding s t r a t egy ,
mean square error improves with increasing N up to N = 16, but
that beyond N = 16 there is no s ign i f i can t  improvement.
Alternatively , subjective quality is independent of N , for N � 16.
Therefore compression potential is increased by util izing the
longest possible block size. Conversely, since one or more bit
errors in the block can cause the entire decoded block to be in
error , the block size should be short to guard against jamming

3. Ahmed ,N., Natrajan , T., and Rao , K. R., “Discrete Cosine
Transform ,” IEEE Trans. on Computers, Vol . C-23 , pp. 90-93 ,
January 1974.

(1) Op. cited .
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-: and system noise. The block size parameter N is selected as
a compromise value between 16 and 512 (the minimum line size)
to provide both a high degree of compression potential and
protection against- bit errors . In the current study the value
of N = 32 was used for the t ransform block size in all simula-
tions .

Though there are no restrictions on N , if N is highly
composite (e.g. n = ~~~~ then the Fast Fourier Transform may beused to compute the coef f ic ien ts  of the cosine t r ans fo rm.

In this particular implementation since N = 32 , a modified
odd extension of the data is employed to generate 64 data samples .
W i t h  N = 64 a radix 4 (64 43) FFT algorithm is employed to

- 
- 

generate the transform coefficients.

- - The trans f orm coeff ic ients  are calculated according to
the following equation:

31
GK 

= 2 ~~~~~ PEL
( f l )  

. cos 211n .k (6)
64

n = 0, 1, ... 31
k = 0, 1, .. . 31

This represents an even implementation of the Discrete
Cosine transform . The computations are performed using an FIT
algorithm , which s ign i f i can t ly  increases the processing speed
and which , because of the symmetry property of the data and the
Hermetian properties of the discrete transform operations , allows
the s imultaneous calculation of the t ransform coeff ic ients  for
two segments of the video input .

The cosine terms are stored as 15 bit  f rac t iona l  numbers
with a scale of 0.0000 to 0.5000. The magnitude of the t ransform
oefficients is bounded by

- 
~—: 31

2 
~~ 

PEL(n)/2 or 11 bits if
V. . 0
~5

all PELs are equal to the maximum value of 6 bits. (PEL values
are always positive). The maximum value of the coefficients is ,
therefore , less than  2048. The actual magnitudes observed were
considerably less than this “boun d” , and decreased rapidly with
increasing coe f f i c i en t  number . The d is t r ibut ion  (var iance)  and

-~ relat ive range of the coefficie nts were assi,~m~d to have character-
istics similar to those described by Habibi~~-~~. This distribution
is approx imately an exp onent ia l  decaying func t ion  as the coeffi-
cient number increases . The variance behaves in a similar manner .

~.1

*
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A histogram analysis was performed by the consultant on
this contract , Wintek Corp., using typical photographs of varying
complexities to develop picture statistics . This data was then
employed in optimizing the coding algorithm in terms of bit assign-
ments and level selection.

4
The coding used in our simulation is non-uniform , providing

approximate log steps between levels . A certain amount of
“subjective optimization” was applied to the operational system
as the work was carried to completion. This was in part necessi—
tated by certain effects which only became apparent by observing
the motion pictures .

The coding used is shown in Table 2—1. Table 2—1
describes the quantization used as function of the hit rate and
coefficient number .

2.3.2.2 DPCM Coding

D i f f e r e n t ial PCM is the system element that produces
the actual bandwidth reduction . The process of the cosine trans-
form is invertabie and exact (provided all the G (n) coefficients
are retained) and therefore no bandwidth reduction occurs . The
DCT does generate sets of coefficients which are highly correlated
from line to line for correspond ing segments of successive lines

- - and are amenable to DPCM coding . DPCM is,however , not exactly
invertable because of the approximations use to quantitize the

-
- difference between coefficients . It is this approximation which

reduces the data rate , but which is also the source of errors
in the reconstructed video signal.

The basic structure of the DPCM coder is shown below :

~ 
- Quantitizer Level

~~~~~~~~~~~~~~ }-V
G(n)k

B 
~~~k-l _ _ _ _ _ _ _ _ _ _ _ _

where ,
V

D(fl)k = G(fl)k —B .G(fl)k...l
G(fl)k = n th transform cefficient for line k.

~ (n)k—l 
= reconstructed n th transform coefficient for line k.

B(n) = Prediction coefficient.
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Table 2-1

Bit Distribution as a Function of Coelficlent #

Coeff.
No. 2 bit/P~L 1.0 bit/PEL 1.0 bit/PEL 0.75 bit/P~L 0.5 bit/PEL

1 3 3 3 3 3
2 3 3 3 3 2
3 3 2 3 3 2
4 3 2 3 2 1
5 3 2 2 2 1
6 3 2 2 2 1
7 3 2 2 2 1
8 3 2 2 1 1
9 3 2 2 1 1

10 2 2 2 1 1
11 2 2 2 1 1
12 2 1 1 1 1
13 2 1 1 1 9

V 14 2 1 1 1
15 2 1 1 •0
16 2 1 1

V 17 2 1 1
18 2 1 0
19 2 1 120 2 0
21 2
22 2
23 2
24 1
25 1
26 1
27 - 1
28 1
29 1
30 1
31 1
32 1 v
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A line of video is divided into 8 segments of 32 samples . Each
segment is then transformed via the DCT and the 32 coefficients are
stored into memory . The DPCM computes a set of differences , D(n)k,
from the present coefficients ,G(n)k, and the predicted coefficients
for the corresponding segment of the previous line ,G(n) 

— 
. D(n)k is

then quantitized to ~ (n)k and added to the previously pr~dIcted value
to produce a quantitized coefficent for the present line ; i .e.,

D(n)k = G(n)k — B~~~(n)k_lB.
~~
(n)k....l +

B(n) is the binary representation of the quantitized difference D(n)k.

If we think of the transformed video as k columns of
coefficients Gk(fl) the DPCM operates on these columns to produce

~~
(n) k = G(n)k - B (

~~
)k..l , where B,the prediction coefficient ,is

a factor less than unity. The accumulator (integrators) in
both the transmitter and receiver must have a decay associated
with them to prevent errors from accumulating and degrading the
picture. Errors occur during the transmission of the data so
that the requirement for a decay factor is related to the
receiver ; i.e., if perfect error-free transmission were possible
then B could be set to unity . Although some experimental work
has been done wh ich indicates that the optimum value of B is in

V the vicinity of .85 to .90, for this particular application of
value of .93 appeared to give better results. One limitation
on B is derived from considering the magnitude of the quantization
levels. For example , in a uniform field with approximately equal
values of G(n)k and G(fl)k...l, when G(n)k — B G(n)k_1 ~ is
greater than the minimum quantization level oscillations will
occur in reconstructed image. Depending on the levels of the
quantizer , the picture content , the frame rate , and the BER ,
this oscillation effect can be more objectionable than a slow
decay of errors . Ideally ,a unique value of B should be selected
for each of quantizer values and for each coefficient . Some
experimental work needs to be done to determine the improvoment
that could be obtained and to select the values of B.

The most critical portion of the DPCM is the design of the
quantizer . For the coding of the coef~~çient differences alllevels must be equally likely . Habibi’-~~ has shown that for a
variety of pictures the differences between amplitudes of
coefficients are exponentially distributed . The probability
distribution for the differences is assumed to be

_
i,. —o(~ID(n)I

P[D(n)]= o( exp where
n

M 
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O( is the variance of the nth coefficient . c~ is approximately
e~ua 1 for all n , although the average amplitu~e of thecoefficients 

~~ 
is- also an exponentially decreasing function

of n . The quantizer levels 
~n ’ must then be exponentially

distributed over a range - Q (n) max to Q
(~~~~ ) 

max where Q(n) max
decreases for increasing n.

The quantizer values selected for the study system are
shown in Table 2—2 . In this system the levels are distributed
logarithmically over the maximum range , but the range is
changed as a function of the bit precision used to encode the
differences . Since more bits are used to describe the lower
order coefficients than the high order coeff ic ients, the range
is decreased as a funct ion of coeff icient number . The selection
of the numbers (quantitative levels) was first attempted by
approximating the function

Dnq Dmax in (1+ i5~~x~ 
, where Dn max

- 
- 

in (1 -1- G)

was determined by examining the range of the coefficients and
- - the range of differences for samples of video used in this

study . As stated earlier,these levels were then optimized
subjectively by evaluations of the reconstructed image . In
general , the results of the subjective evaluation indicated that
the minimum step size should be less than that wh ich would be
obtained from the equation above , however the higher levels were
not altered . In fact ,small changes in the higher levels made
little or no difference in picture quality . In fact the size
of the max difference has more effect than the spacing of the
levels.

-: In the receiver an inverse process takes place as shown
below .

Q Control

B( n) D(n)
k {~i}.

~B~~(n) [MemorY]

C(n)k 1

_________ - - 
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Table 2-2

Quantitizat .ion Levels as a Function of Bit  Precis ion

Comparison Level Quantitization Leve l.

700.- 
500.

-
~ 350.

-
~~~ 225.

100.
50.

25.
10.

0.0 3 bit
-10.

-25.
-50.

.100.
-225.

-350.
-500.

-700.

300.
100.

‘
1 50.

10.
0 2 bit

—10.
-50.

_100.
-300.

“I

-‘~50
- - 0 i bit

-50.

V.

4~t~

“I’

V.
;’
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The bit stream is converted into quantitized differences,Dn ,which
are then accumulated w ith the prev ious corresponding coef fic ient
to produce a replica (approximately) of the original input sample.
The quantization table used in the receiver is identical to that
used in the transmitter . Control of the quantizer is a function of
the coefficient number. The decay factor B is identical to that
used in the transmitter .

.
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3~ 0 TASK A - SIMULATION FACILITY

3.1 General Description

The purpose of the Simulation Facility is to permit
computer simulation of imagery compression techniques . Input
material is imagery on 35 mm film strips . The result
of the simulation is reproduced as television signals on video
tape or as photograph ic hard copy .

A block diagram of the simulation system is shown in
Figure 3-1. A transparent film strip (motion pictures) is
inserted in the film strip projector . The TV camera converts
the first frame to a video signal which is stored in a digital
frame memory . One picture line at a time is transferred from
the frame memory to the line buffer at TV rates for subsequent
transfer to the CSP-30 processor at I/O rates until the frame
memory has been emptied . The next film frame is pulled into
place in the filmstrip projector and the process repeats . The
CSP-30 can store the digitized video data on digital tape for
subsequent processing or can process input data directly.

Various programs have been written for the CSP—30 which
simulate one dimensiona l cosine transform/differential PCM
encoding , error contamination , and cosine transform/differential
PCM decoding . Another program can reduce resolution with or
without horizontal and vertical interpolation .

The processed data is outputted throug h a line buffer at
I/O rates and converted to analog form for precise entry onto
a video disc where a new frame ,and eventually the film strip ,
is built up. The video signals are then transferred to video
tape for viewing .

3.1.1 Input/Output Characteristics

A wide variety of input formats can be handled by the
scanning device ,depending on the type of lens used on the T.V
camera . For the present program a lens was chosen which
matches the T.V. camera scanning raster size to the single—
frame motion picture film format of 0.98 inch width by 0.735
inch height (SMPTE—PH22 .59, Style C). The film is advanced
one frame at a time on command of the system control electronics .
Each frame is precisely registered with respect to the previous
frame to prevent image jitter on the output display. Registration
is by frame perforations rather than by matching of the location
of objects in the depicted scene so that jitter due to aircraft
motion when the ground scene was photographed is not eliminated .

I
3-1

~lI

~ - --
V..

-
,
. J~~~~~~~~~.— - i  r~ - -  -

~~~~~- - . ~~~=—~~ ~~~~~~ ~ ;. ~~ -#  - ~~ ~~~~~~~~~~~~~~~ A*- ‘- - *0 
- - - V

- ——V.-~~~~~~~~~~~ ~~~~A - 
- -



I —I
I I - -

4) h. ,_ U :

C
e l m  I-_ U

4-,

,.1~~

h

3—2

• V.
- -

- ~~~~~~~~ 
-H -- . ~~~~.. - .~ .......s- - -t*~ -~~.5#*...~~~~~ *~t-  ~~~~~ *.~4M.4~i..dö~W 0  ~~ . ~ ~4 --~~~~- - - I -  

- -- 4. - 
., 8*4

- ~~~~-— - .~~•-~~--- [.~~~~~ - - V - -—-~~ —



Output images are recorded on a w ideband Internationa l
Video Corporation Model 1VC870 Video Tape Recorder (VTR)
us ing 525 l ine , 2:1 interlaced RS—170 standards . Display
field and frame -rates are 60 and 30 respectively, regardless
of processing frame rates . Low processing frame rates are
displayed by repeating fields in the proper proportions . A
flicker—free display is thus produced , even at low information
rates .

3.2 Detailed Description

3.2.1 Input Circuitry

A detailed diagram of the simulation facility is shown
in Figure 3—2 .

3.2.1.1 Camera and CCU

A high resolution COHU 6150 camera head with a series
6900 Camera Control Unit (CCU) has been chosen as the system
input  device .  An 8541A separate mesh v id icon is used for  good
corner and center resolut ion and also un i fo rm video ou tpu t  in
all parts of the field of view . In addition , electronic shading
correction is included in the CCU to assure constant video
amplitude throughout the frame .

3.2.1.2 Video Input Circuits

A cable—terminating amplifier (Philco 9SK9277) is used
at the input , followed by a clamped driver (Philco 9SK9285A )

V. wh ich restores video D.C. level by cl amping the video back
porch to a reference voltage at the beginning of each scan line.
This is necessary to insure tha t  video always f a l l s  w i t h i n  the
A/D converter range . Video voltage is boosted to the level
required by the A/D converter.

3.2.1.3 Sample and Hold (Philco 9SK9278)

A sample and hold circuit , running at the same clock
rate as the Analog—to—Digital (A/D) converter which follows
measures the video level at a given point and holds that value
until the next sample is taken. This operation is necessary
because the A/D converter uses six serial—processes , eac h V

requi r ing  the  same input  vol tage , to perform its convers ion .

-I
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3. 2.1.4 Ana log—to—Digital (A/D) Converter (Philco 9SK9279)

Functionally , the converter  is of the ser ial type ,
w i t h  six comparators  or d€~c i s i o n— m a k i n g  e lements  connected in
cascade . The sam pled and held v ideo is appl ied to the f irst
comparator wh ich determines whether video is above or below
m id ran ge (most sign if icant  b it )  . The result s of t he f irs t
dec ision are subt rac ted from t he  or iginal analo g s ignal an d
the ampl i f ied di f f e r e n c e  is app lied to the  second compara tor .
The resul t s  of the  second decision are su bt r ac ted from the
inp ut  video to the  second comparator and the  a m p l i f i e d
d ifference is applied to the next comparator . This process
of successive approx imations continues until the least
s i g n i f i c a nt b i t  is decided w i t h i n  the  s ix th  s tage .

3. 2 .1 .5  Solid S t a t e  Frame Memory

Because the  CSP3 O D ig i t a l  Processor cannot  operate
at realtime T V .  data rates (approximately 10 MHz in t h i s
s y s t e m ) ,a r a te  convers ion must  be performed . The method
chosen stores an ent ire frame of video in a d igi ta l  frame
memory . Th is perm its the T .V. camera and ancillary equip-
ment to operate in a normal manner  and prov ides storage for
an in d e f i n i t e  period with zero degradation due to the storage
med ium . Once “captured ”, a f rame is read out at any des ired

P ra te  on command of t he  processor . Also , once a f rame is
ca p tured a new f i l m  frame can be pul led  into the  f ield of v iew
and the camel-_ a video output level allowed to stabilize .

In the  present system a dynamic sh if t  reg ister
memory is used. This memory has capacity for 6 bits per
Picture Element (PEL) , 640 PELS pe r l ine  and 480 ac t ive  scan
l ines per frame . Since the  memory is dynam ic , i t  must  be
con t i n u a l l y  clocked , in t h i s  case at  the  A ’D sampling r a t e .
Data is accessed from the  memory a l ine at a t ime as it
becomes available at the memory output. The data is stored
w ith zero degradation because the binary bits are constantly
reclocked and requantized. The frame memory consists of
8 Intel IN6O boards interfaced with Philco designed mux and
demux c i rcu i t  cards .

3.2.1.6 Input Line Buffer

Data stored in the  f rame memory is fed to a s t a t ic
Random Access buffer one line at a time as the data becomes
ava i l ab l e  at  the  frame memory o u t p u t .  A t  the  beg inn ing  of a
f rame-processing cycle the  data corresponding to the  f i r s t
act ive T.V line is transferred to the line buffer at a 10 MHz
rate as it becomes available at the frame memory output. The
data is read out of the static line buffer on demand under
CS P30 processor clock c o n t r o l .  When  the  las t  PEL is read from
the line buffer a new load cycle is initiated and the second

~ scan line is fed into the line buffer as it becomes available
V 

at the frame memory out pu t .  During this load cycle a ready
signal is removed from the CSP3O , causing it to- mark time .
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3.2.2 Processor/Digital Tape Recorder

Simulation of compression - decompress ion and error
corruption are performed by a Computer  S igna l  Processors
Incorporated CSP3O processor . Data input and output is via
one of the fast data channels of the machine . Input image
data can be stored on an MDS Bucode 4025 d igi ta l  tape
t r anspor t .  Data thus  stored can su bsequen t ly be fed d irec t ly
back to the processor for further processing . Any other
pertinent data can also be stored on the digital tape transport.

3.2.3 Output Circuitry

Processed data is recovered a line at a time from the
- 

- CSP3O at its operat ing ra te , tem porar ily stored in a line
buf fer and t hen  assembled a l ine at a t ime on a t rack of the
disc recorder whose speed is synchron ized to the  T .V .  camera
sync generator . When a full frame of data is accumulated on
t he  d isc , i ts  heads are s tepped to adjacent  tracks and the
process repeats . When 300 frames of data have been accumulated
on the  d isc , they are transferred in real T V .  time to the

- - Video Tape Recorder (VTR) for permanent storage . If a run
cons ists of more than  300 frames , a second sequence of f ram es

- 
- - 

is assembled on the disc and electronically “spl iced ” to t h e
end of the  prece di ng 300 frames .

3 . 2 . 3 . 1  Out put L ine Buf fe r

Picture  element data from the  CSP3O processor is
loaded into a line buffer (identical to the Input Line Buffer)
under command of the CSP3O clock . When the line buffer is
f i lled , the Buffer Availa ble signal is removed from the pro-
cessor and the buffer data is transferred to the disc recorder
at a 10 MHz rate via the Digital—to--Analog (D/A) converter.
Transfer occurs when the part icular slot on the disc corre-
sponding to the stored line is moving beneath the video heads .
When the buffer is empty, it reverts to the load condition and
accepts the next line of data from the CSP—30 processor .

3.2.3.2 Digital-to—Analog (D/A) Converter

A Datel Systems DAC—HI8B D~’A converter w ith an extremely
V short settling time transforms the 6 bit binary da ta  to a nalo g

video at the 10 MHz clock rate.
-4- -
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3.2.3.3 Video Processing Circuits

The D/A output feeds a clamped video driver (Philco
9SK9285A ) which  raises the signa l to the + 1.0, -0.4 volt
levels required by the disc recorder input circuits . This
amplif ier drives a 75 ohm coaxial cable needed to connect the
out put e lect ronics  w i t h  the video disc recorder in an adjacent
cabi net .

V ideo out of the disc is processed by a clamped line
attenuator (Philco 9SK2901-lO) which removes a switching
transient in the horizontal blanking interval caused by record-
ing video a line at a time . Composite sync needed for monitor
and VTR synchronizat ion is added by a summation amplifier

- - (Philco 9SK9280) and the resulting composite video is fed to aii
output ampl ifier (Philco 398-11239-1) which is capable of driving
a terminated 75 ohm video outpu t cable .

L 3.2.4 Video Disc Recorder and Video Tape Recorder

3 . 2 . 4 . 1  Video D isc Recorder

A Data Disc Model 3302V Video Disc Recorder is used to
assemble frames of video from the CSP3O processor and to provide
temporary storage of 300 T.V. frames. The disc rotates at

-‘ 3600 RPM to produce the greatest possible bandwidth . At this
spee d , one revolution corresponds to one T.V. field ; thus 2
tracks are required for a complete 2:1 interlaced frame . Two
movable heads are provided ; one on each side of the disc. Odd
numbered f i e lds  are recorded on one side of the  disc , even
numbered fields on the other . While one head is reading or
wr iting the other head can be moved to the next track (next
field) . The same modulator/demodulator combinat ion is shared
by the heads on an alternating basis so that video quality
will be consistent for alternate fields .

3.2.4.2 Video Tape Recorder (VTR)

An Internat ional Video Corporation (IVC) mode l IVC—870
video tape recorder is used to accumulate outpu t imagery .
This mach ine was chosen because it produces wideband , low noise
recordings and in i t ia tes  assembly edit during the vertical
blanking interval to produce display continuity at the point of
electronic  “spl ic ing” . This f ea ture  is necessary to assemble
video sequences longer than  300 frames .
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3.2.5 System Timing

At the heart of the system is a Philco—constructed
television synchronizing generator . This generator uses a
stable 14 MHz c lock to generate  drive , blanking and sync
signa ls for the camera , VTR and all display monitors . These
signa ls meet EIA RS17O specifications for studio equipment.V Al so , s ignals are brought out of the sync generator to control
the disc drive servo and to select lines for processing .

3 . 2 . 5 . 1  Line Select Logic

The inpu t line b u f f e r  is loaded one l ine -a t - a - t ime
and the output line buffer is unloaded a line—at-a—time on
command of the line select logic . A static counter, which
stores the number of the line wh ich is to be loaded or
unloaded , is continually compared with the sync generator
counter so that a correlation is produced during the precise
63 usec interval when the desired line information actually
occurrs . A 63 usec “gate” is thus produced which enables the
high speed (real—time) clock to load video data into the input
l ine b u f f e r  or unload video data bits from the output line
buffer.

4. 3.2.5.2 Ca pture Log ic -

Capture circuits are enab led when a new frame of
video data is to be read into the Solid State Frame Memory .
This command is initially triggered by a start button and
subsequently triggered by an End of Frame command from the
CSP3O processor . “Capture” breaks the recirculation loop of
the Frame Memory for one frame duration and admits new data

• from the A/D converter . At the end of a load cycle the Frame
Memory is restored to the recirculate condition and data
t r ans fe r  to the Processor is act ivated .

3 . 2 . 5 . 3  Film Advance Logic
tV-

As soon as a frame is captured by the Solid State
Frame Memory, a pu lse is sent to the Film Projector to initiate
a film frame advance cycle . Approx imately S seconds are
avai lable  for  the f i l m  to advance and the T.V. camera gain
control circuits to s tabi l ize  video o u t p u t .  This is sufficient
time for the film projector and T.V. camera being used .

V .
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3.2.5.4. Video Disc and Video Tape Recorder Control

The line select logic provides video to the write
circuits of the disc recorder when the precise segment of
the disc corresponding to the line to be written passes under
the  recording head.

Head select logic connects the disc modulator and
demodulator either to the top or bottom head , depending upon
which  f i e l d  the line belongs . (Odd numbered lines are

V recorded on one side of the disc , even lines on the other) .

In the write mode the logic enables the erase
funct ion during the next field interval after a head is
stepped . Vertical blanking is written and then line—by—line
writing begins .

H Track select logic controls  the motion of the  two
heads depending upon what sequence is being recorded or
played back.  The most e lementary  control  is to step one head
while the other head is reading or writing and then stepping

V the second head while the first head is reading or writing .
This produces a sequence of 60 fields per second , 30 frames
per second , 2:1 interlaced as in standard T.V. display . More
complex sequences can be produced to simulate low frame rates .
For example , if every frame is recorded and then every other
frame is displayed twice , motion frame rate is halved while
60 field per second refresh rate is maintained . The amount
of reduction which can be thus obtained is limited by the
number of tracks which the heads can be stepped in 1/60th
second. Reduct ions  other  than  2:1 and 4:1 are po~~ ible (such
as 24 motion frames per second with a 60 field per second
refresh rate) by displaying fields an unequal number of times .
Frame rates wh ich were s imulated were 24 frames per second
(baseline) and 4, 2, and 1 frames per second (compression runs).

For film strips where more than 300 frames are
processed , several t ransfers  from disc to VTR are necessary
to generate a complete tape . This is accomplished by recording
a pulse on a VTR audio track near the end of the first 300
tracks . When the next group of tracks is recorded , this pulse
is recovered and used to trigger the write cycle at the 301st
frame .

II
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~ 4. TASK B - EXPERIMENT DESCRIPTION

4.1 Purpose

The purpose of this section is to describe
the methodology ~nd content of the simulation studies of
the Video Image Bandwidth Reduction/Compression Study . The

-

- 
objective of the simulation studies was to determine the
e f f e c t s  on target acquisition time which result from a
range of video processing variables applied in a number of
different combinations . The large number of test conditions
which can be permutated from Table 4—1 indicates that a con-
siderable amount of pre-selection was required . The range
of parameters shown in the table was truncated in order to

-
- de termine the optima l technique for the f i na l nine (9) test
4 

conditions (plus baseline) .

Table 4— 1 Red uction/Compression Parameters

Parameter Range of Variation

Frame Rate 8, 4, 2, 1, 
~~ , ~ 

frames/second

- 
- Resolut ion 512 x 480, 256 x 240 picture

elements

Number of Coefficients 64, 32 , 16 and 8 coefficients per
linear segment

Bits per Pixel 2, 1.5 , 1, 0.75, 0.5 average bits per
-~~ pic ture element assigned to the

DPCM description of the trans—
• - form coefficients in an optimum

manner

Bit Error Rates l0~~ , l0~~ , l0~~ and io
_2

Error Effect Reduction Two values of prediction
coefficients . -

H. NOTE : This table represents the range of parameters considered
in the selection of the final technique as described in the

- - text. Only some of the many possible combinations were used .

4 . -
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4.2 Test Procedures

The test procedures that were used permitted the gradua l
narrowing of the Parameters in Table 4.1 in order to identify
those reduction/compression system parameters w h i c h  prov ide bes t
performance within a base bandwidth of 450 kHz . The resulting
com b i n a t i o n  of va r iab les  was used for  f ina l sys tem t e s t i n g .  To
this end Aeronut ronic Ford examined the effect of each system
parameter on overall performance by the sequence shown in the
accompanying flow charts . (Figures 4—1 & 4-2) - This process
involved engineer ing  and human factors evaluation for initia l
selections , and the use of test subjects on these selected
p r e l i m i n a r y  test conditions . Once the optimum parameters
were s~ 1ected , final testing was performed using 8 subjects
and 10 film strips for each of the final experimental con —
d i t i o n s .

4.2.1 First Truncation Methodology

Single frames were selected from the film strips for
• simulation processing utilizing various combinations of param-

eters including resolution , coeffic ient number and DPCM bit
ass ignment . The processed images were displayed on a TV
monitor and photographed as film negatives . These negatives
we re p r i n t e d  as 8” x 10” posi t ives for image quality evaluation .
The preparation of hard copy prints allowed simultaneous corn-

- . par ison of the processed imagery . Since these prints were
made f rom a cathode ray tube , the  inherent  effects of normal
video presenta t ion  due to scan—lines , gray—scale translation ,

F etc., were acting upon the image quality. The selection task
involved viewing the prints at a fixed distance under controlled
illumination . Project staff personne l selected those prints
wh ich retained the best target discriminability among the various
combinations of parameters . Ultimately , prints representing the
best simulation processing techniques were identified . The sets
of parameter values represented by these prints were then used
for the  second t runcat ion.

V 
* Two a d d i t i o n a l  f i l m  strips were used for subject training.

~1~
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INI T IAL CONDITIONS
/ Includes the Maximum R g e  of

Parameters to be Considered

~ 6 Frame Rates 
2 Resolutions

\4# of Coefficients 2 Pred . Coef.
5 Encoding Precis ions

~~RST_TRUNCATION
Eng ineering and Human Factors
Evaluation Based on Viewing Test
Film Strips , Still Frames , etc .

REDUCED COND I T IONS
- - . 4 Frame Rates 2 Resolutions

Encoding Precis ions

SECOND TRUNCATION
Engineering Evaluation and

Observer Tests

/~~ FINAL TEST CONDITI ONS
( 1 Fram e Rat~~~ 2 Resolutions

~ 3 Encoding 1 Pred. Coef . )
V \ 1 ~i~~cis ions 3 Error Rates

Figure 4-1 Truncation Flow Chart
1’~~1•
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4 . 2 . 2 Second Truncation Methodology

The number of parameters to be evaluated in the final
test phase was further narrowed by a Second Truncation Effort.
Observer tests and engineering evaluation were used to
determine the  l imi t s  of compression which  could be to lera ted
befo re object recogni t ion was seriously impai red .  The t run-
cation of frame rates was accomplished by measur ing target
acquisition time on full—length runs of processed imagery
utilizing the same equipment which was used for fina l testing .
Also , static tests were performed to determine a limit of
error rate beyond which object recognition was seriously
impaired. Figure 4—1 shows the number of parameters selected
for use in the final test. The rationale for selecting these

V parameters is given in Section 5.2.2 of this report.

4.2.3 Fina l Test Methodology

The baseline imagery test was run firs t to establish
an “idea l video ” re ference  for  comp arison of compression tes t
resu l t s . (3ee F igure  4—2). The highes t quality reduced
ba n d w i d t h  system chosen d u r i n g  Second Trunca t ion  (Reduced
Bandwidth ~ 1 test in Figure 4—1) was tested nex t to obtain the
first measure of possible performance degradation due to band-
width compression . This system was also tes t~ d at three
transmission error rates (l0~~ , l0~~ , and 10 errors per bit ).

The results of the Reduced Bandwidth ~1 test were sofavorable t h a t  it was decided to increase compression by
reducing the  number of DPCM bits to 0.75 per PEL at 512
el ement resolut ion and subsequently by reducing o r ig ina l
resolution to 256 elements per picture d~mension. These
latter systems were also tested at a l0 error rate.

The results of the above tests and their internretation
are presented in Sections 5.3 and 5.4 of this report.

H 4 .3  Test Subject Q u a l i f i c a t i o n s

Reserve o f f i ce r s  (p i lo t s  and navigators)  supplied by
the training office at the Willow Grove , Pa. Naval Air Station
were used to perform the fina l tests . Flight officers rather
than laymen were used because they are trained to identify
objects from the air and are also trained in reading maps
similar to those supplied for the tests . One mig ht expect the
flight officers to find the desired object faster than laymen ,
and in fact they did locate the objects sooner but delayed
reporting this fact , obviously taking time to be certain their
detection was correct . This is the result of years of train-
ing : that is , to be c rtain of the target before taking any
aggressive action.
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I t  was noted that the officers relied more heavily on the
maps than did laymen . This is significant because the maps can
show features which might be obscured in the two reference
photos . The maps- would probably have been even more useful
had they been in color because elevation contour data was flot
readi ly  apparen t .

The types of aircraft on which the fligh~t officerscollectively had experience are :
I

A— 6 , 7
C—ll8 , 121
F—3 , 4, 8, 9
H—2 , 3, 46, 53
P-2 , 3 , 5

S—2

4 .4  Tes t i n g  Methods

4.4.1 Test Orientation

Each subject participating in the tests was oriented
by a member of the Aeronutronic Ford project team . The
subjects were first required to read the set of instructions
supplied by the Air Force and included in this report as
Appendix C. Next , they were given a description of the
purposes of the study , a familiarization with the testing
setup, and an explanation of the tasks wh ich they would be
performing .

4.4.2 Pre—Mission Briefing

Each map and the reconnaisance photographs relevant to
a specific film strip were mounted together on a single sheet
of heavy cardboard . See Figure 4-3. During the pre-mission
briefing the appropriate panel (map and photographs) was
placed on an easel next to the T.V. monitor for viewing by the
subject. The subject was permitted to study the briefing
materia l without interruptions . This interval never exceeded
three minutes . Other information which was given to the
subject was to show him the target as it appears on the one
mile and three mile photographs . In several cases where
aircraft approach is significantly different from that used
to generate the reference photos , the actua l heading was
indicated to the subject .

V
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The test subjects were instructed during the pre—test

briefing to sit at a distance from the monitor where the
entire screen could be easily scanned . The subject was told
to point to the target as soon as he could detect it as per
the printed Air Force instructions . The time between beginn-
ing of a run and detect ion was measured w i t h  a s top-watch by
a member of the testing team . If the subject failed to find
the target before it went out of the camera field of view , a
no detect (N.D.) was recorded .

4.5 Test Environment

Figure 4-4 shows the setup used in the tests and the
relative location of the various components . In order to
assure the validity of the collected test data , close control
over all significant elements of the test environment was
exercised. In terms of physical  configura t ion  of the  equip-
ment , the  only change permitted was individualized adjust-
ment of the subject’s chair to assure a comfortable operating
position. Illumination was controlled both in terms of level
of ambient illumination and prevention of specular re f lec t ion
and glare on the CRT surface. Acoustic noise was minimized
and distractions or interruptions by non—essential personnel
was prohibited.
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5. TASK C:  Image Qua l i ty  Evaluat ion

5.1 Introduction

The purpose of this section is to describe first , the
rationale employed in a r r iv ing  at the simulation parameters
used in the final tests and , second , the selection of the
optimum final system parameters as verified by subjective
testing .

The procedure adopted in selecting the parameters for
fina l simulations consisted of initially generating a list
of a l l  of the  major parameters which  migh t  be varied as well
as the log ical ranges of these var ia t ions . The e f f ec t of
these parameters on system bandwidth was then analyzed and
the u pper frame rate  vs b i t  per pixel contour e s tab l i shed .
The rang-c of parameters thus developed was subjected to a

* successive truncation process designed to isolate the
pa rameters Which  w i l l  provide adequate performance wi th
m inimum bandwidth requirements .

5.2 Truncation Results

5.2.1 Initial Conditions

- ;  Among the parameters included in this tabulation and
their ranges are the following :

Frame rate: 8 to ~ f rames per second

Resolut ion : 512 x 480 to 256 x 240 pixels

Coding Block Size: 64 to 8 elements

No. of Coef f ic ien ts: 64 to 8 coef f ic ien t s

Bits Assignment: 2 to 0.5 bits per pixel

Prediction Coeff ic ient : 1.0 to 0.8

5.2.2 Reduced Conditions

The f i lms  provided as simulat ion inpu t mater ia l  are
assumed to be typical of the range of scenarios to be con-
sidered and therefore were thoroughly analyzed by engineering
and human factors personnel to determine the upper and lower
limits of the parameter ranges.
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5.2.2.1 Frame Rate

The aircraft velocity and altitude determine the
le ngth of t ime t h a t  a target is v i s ib le  in the  display of
the film . In addition ,in some cases aircraft motion per—
tu rba t ion s , such as roll , pitch , yaw , sudden heading changes ,
e t c . ,  caused ra ther  radical  displacement of the target
within the display area . Based on these two considerations

~j and ~ frames per second were discarded because the target
may be visible in only one or two frames and then possibly
in h ighly diverse locations . Thus ,reliable performance at

~ frame per second or lower cannot be anticipated. As a
result , one frame per second was established as a lower limit.
Eight frames per second was selected as an upper limit for
several  reasons . Previous reports indicate  that eight frames
per second is en t i re ly  adequate for target locat ion .
Furthermore , eight frames per second is the highest
f rame ra te tha t  w i l l  suppor t even as l i t t l e  as 256 x 240
element resolutions within the confines established by the
system bandw idth. On this basis ,obviously one frame per
second would be the logical choice since minimum bandwidth
is the  goal .  It rema ins to be proven ,however ,t h a t  one f rame
per second prov ides performance equivalent to eight frames
per secon d .

5.2.2.2 Resolution

The problem of resolution was attacked with the
- -

- following philosophy : the unprocessed television image should
provide a discernable target to the observer in any target

.4 run at about the same elapsed time as the actual film strip
under similar view ing conditions . This was found to be
generally true when the television system had 512 by 480
element resolution ,as determined from still frames . Conse—
quently, it was deemed unnecessary to use higher resolution
such as 1000 x l000,wh ich would have forced unrealistic
requirements on the compression algorithm to achieve the
450 kHz bandwidth specif ied . The selection of 512 by 480 at 1
frame per second permits using up to 2 bits per PEL which
appeared to be a quite easily achievable compression.

While it was felt that the  512 by 480 resolution
would produce satisfactory results ,it was not clear what
results 256 by 240 resolution would produce . From the still
photographs it appeared that the target could be discerned

V very shortly after it was discernable in the 512 x 480
photographs. However ,the 256 x 240 photograph s were
esthetically poor in comparison . This was eventually
verified in the final tests by .just a slight increase in
target detection tinie ,but a large irk~rease in the number of

~ missed detectioi~~. At this time ,however ,there was no firm
reason to delete 256 by 240 from the viable system parameters .
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Considerable thought was given to the concept of
us ing zones of graded resolution within the viewing area ,
such as the foveal—peripheral field of view . Examination of
the target location at the point of entry into the realm of
detectability indicated that the target had often been at
the extreme edge of the viewing area at that time and its
detect ion might well have been delayed had the system
resolving power been lower in that area . The effect would
be qu ite similar with a dynamically movable high resolution
area . In fact,since several targets are v isible for just a
few seconds ,it is questioned Whether an operator could scan
the field of view with the higher resolution area to any
advantage.

Therefore ,it was decided that 512 by 480 should be
selected as the principa l system resolution and a dynamic
test be made to ascertain the  usefulness of 256 x 240
resolution . Finally ,it was decided not to simulate a variable
resolution field of view for the reasons given above and be-

V cause the proposed compression system would perform as well
as any other system with a variable resolut ion field.

5.2.2.3 Cod ing Block Size

The cod ing block is the serial picture element
segment whose cosine transform is calculated as the first
step of the coding process . The optimum length of this
segment was selected as 32 pixels . Sixty—four pixel blocks
require excessive time to process digitally and present con—
siderably more difficulties in analog processing as corn-
pared to 32 pixel blocks with essentially no impr ovement in

-
~~ compression . Eight element blocks,on the other hand ,are easy

to process,but do not permit agressive compression for equiva-
lent picture quality . The 32 pixel block size was finally
selected as the best trade—off between picture quality ,
achievable compression , and processing complexity.

5.2.2.4 Bit Assignments -

The problem of bit assignments is somewhat complex,
since it involves an interrelationship between the number of
coefficients utilized per coding block and the number of bits
ass igned to the DPC M word assigned to each coefficient
location . Thirty-two transform coefficients can be calculated
per 32 pixel coding block. If adequate precision (bits per
coefficient) is retained , the inverse transform will
identically reproduce the original picture.
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During the time that the Aeronutronic Ford
simulation facility was being fabricated , an analysis of
several typical film frames was undertaken under subcon-
tract by Dr. Paul Wintz to determine the optimum bit distri-
but ion on an rms error basis . The results of this analysis
formed the basis for generating several series of still
photographs from which subsequent decisions could be made .
For example , it appeared that using 19 coefficients at an
average of 1-bit per pixel (i.e. 32-bits spread over 19
coefficients) was adequate for target location at 512 by 480
resolution . The distribution selected was later modified
as described below . At 256 by 240 resolution the same series
of photographs indicated that for the same field of view ,
2-bits per pixel (64 bits) spread over 32 coefficients would
be required. The two bit assignments described were retained
for further evaluation .

[ 5.2.2.5 Determination of Prediction Coefficient

— - Minimizing error effects is achieved by use of a
— prediction coefficient in the DPCM encoding algorithm . Still

photographs were made of typical scenes with about 20 errors
— per picture . Various prediction coefficients were simulated.

The results were difficult to evaluate because the effect of
V 

--  errors in an actual scene is rather subdued . The same
simulations were then performed on an electronically generated
frame consisting of a left to right ramp signal. Here the
errors were obvious and were caused to occur at all levels of
the video dynamic range . Values of 0.96 and 0.91 were selected
for the prediction coefficient for f~’rther evaluation as the

- best compromise between short propagation of errors and
- generation of DPCM oscillation patterns and reduction of

dynamic range .

5.2.2.6 Summary of Reduced Conditions

The following tabulation shows the ranges to which the
various video compression system parameters have been reduced ,

4 V through the use of engineering and human factors analysis of
the original film strips and of still photographs of various
computer simulations .
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Frame Rate: 8 to 1

Resolution : 
- 

512 x 480 and 256 x 240 pixels

Coding Block Size : 32 pixels in a linear segment

Number of Coeff icients : 19 at 512 x 480, 1-bit/pixel
32 at 256 x 240, 2—bit/pixel

(During the subjective tests it
was decided to investigate 14
coefficients at 512 x 480, 0.75-
bits/pixel also)

Bit Assignment : 1—bit/pixel at 512 x 480
2—bit/pixel at 256 x 240
(0.75—bit/pixel at 512 x 480
as described above)

Prediction 0.96 and 0.91
Coefficient:

5.2.3 Final Test Conditions

The previous truncation process utilized eng ineering
and human factors evaluation of the original film strips and
t-iard copy of single frame simulations of selected film frames
to produce a set of reduced parameter ranges . The next step

- 
. was to evaluate the reduced conditions with groups of observers

viewing simulated film strips or filmstrip segments. The goal
is to select , ideally, the parameters for the nine final test
runs . A slightly different approach was taken ; namely, two
sets of parameters were selected , which , with two additiona l
error rates each , constituted 6 runs . The remaining set of 4
parameters was tentatively selected but left open for possible
redirection based on the results of the firs t six runs .

5.2.3.1 Frame Rates

The initial truncation could reduce the range of
frame rates only to 8, 4, 2 and 1 frame per second. Simulations
of several film strips were generated at 8, 4, 2 , and 1 frames
per second using PCM . Laboratory personne l served as test

4 ~. subjects so that target location performance at the four frame
rates was evaluated . Slightly better results were obtained at

V. 8 and 1 frames per second ; therefore additional runs were made
at 8 and 1 frames per second , again with in—house personnel.
The results indicated that performance at 1 frame per second
was no worse than at 8 frames per second . One frame per second
was selected as the frame rate for the final tests .
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5 . 2 . 3 . 3  Resolution

Short runs of 512 x 480 and 256 x 240 simulations
were made. Lab personnel again served as test subjects to
evaluate the effects of resolution on target location . The
results at 512 x 480 were comparatively consistent . At
256 x 240 , however , the results were somewhat erratic ; many
performances were as good as 512 x 480 , but a larger number
of no detects also occurred . The conclusion was that 512 x
480 was the better selection for system resolution and
should serve as the starting point for the fina l test.
However , the many cases of excellent results at 256 x 240
indicated that it should also be subjected to one set of
first tests.

5.2.3.4 Coding Block Size

The initial coding block size of 32 sequential
pixels was simulated and found to provide excellent perfor-
mance . Therefore , it was retained for the final tests.

- 
V. 

5.2.3.5 Bit Assignments

The bit assignments previously selected were
simulated and evaluated . Slight modifications were made to
the bit assignments based on artifacts which , although negli-
gible in still frames , became quite objectionable in motion
simulations . These artifacts are the breakup of the highway
in the lower right corner of Figure 5—lA . In this figure 19
coefficients were encoded with a total of 32 bits . In
Figure 5—lB , only 17 coefficients were encoded w ..th a total
of 32 bits. The redistribution of bits , to favor the low
frequency coefficients eliminated the artifacts wh i le having
negligible effect on high detail rendition . The versatility
of the now completed simulation system permitted ree7aluat ion
of previously discarded bit assignments and verified those

4 
-

- selected . Thus 1—bit per pixel at 512 x 480 was the principa l
selection for fina l test while 256 x 240 with 2-bits per pixel

-
~~~~ appeared worthy of further tests.

5.2.3.6 Prediction Coefficients

- - 
The prediction coefficient values selected by means

4 of the still frame simulations (0.96 and 0.91) were reviewed
with motion simulations and a value of approximately 0.93
was selected as the optimum compromise .
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B. Seventeen Coefficients Encoded With a Total
of Thirty-Two Bits — Low Order Coefficients
Favored.

Figure 5—1 Selection of Final Encoding Bit Assignments
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5.2.3.7 Summary of Final Test Conditions

A Baseline test was run first to serve as a calibration
for the reduced/compressed tests which followed . The Baseline
run is a minimum—degradation case representing the best that
could be achieved wit h the Aeronutronic Ford simulation system .
The parameters of the baseline system are 512 samples per scan
l ine , 480 active scan lines per frame , 24 mot ion frames per
second , 6 bit  (64 levels) quantizing precision and zero error
rate. In the following tabulation of the parameters for the
fina l compressed video tests , runs 1 through ~ represent theinitial selections . In this report “run ’4 means “test condition ” ,
not target .

~~~~~~~~~ un

Parameter’~’—.. 
1 2 3 4 5 6 7 8 9

Frame Rate 1 1 1 1 1 1 1 1

Resolution 512 512 512 512 256 256 256 512 512

Coefficients 17 17 17 17 32 32 32 12 12

Bits 7PEL 1 1 1 1 2 2 2 0.75 0.75
./
-

- Prediction
Coefficient 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93

Bit Error 3 3
Rate 0 ~~~~ 10 io _2 a 0 0 io

Other H & V
Features Interpolation

Runs 7 , 8, and 9 evolved from results of the first
six runs . Although the performance at 256 did not represent
a drastic increase in SLANT RANGE AT DETECTION the number of

-
; - NO DETECTS seriously increased. It was considered possible

that this could be due in part to the repeat field presentation
of the display to the observer . Because of the 2:1 reduction
in bit rate realizable at 256 x 2 over 512 x 1, run 7 was
allocated to 256 x 2 with both horizontal and vertical interp—
olation which produced a marked improvement in the appearance of
the display . The SLANT RANGE AT DETECTION results did not
improve significantly , so no further runs were allocated to
this approach .
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In work described in Sections 5.2.2.4 and 5.2.3.5, the
512 x 0.5 bit per - PEL still results were considerably poorer
than the equivalent bit rate 256 x 2. Therefore it was never
considered as a viable candidate. The requirement to further
reduce the bit rate below that produced by the initial selection
(512 x 1) led to a reevaluation of 512 x 0.75 and 256 x 1.
St i l l  frame results found the 512 x 0.75 to be far superior to
those of the 256 x 1 simulation . Therefore , runs 8 and 9 were
allocated to 512 x 0.75.

V 5.3 Final Test Results

5.3.1 Data Generation

The data to be described in this section includes the
data gathered during the subjective tests , measurements from
the original film strip, and calculations based on the given
aircraft flight characteristics.

5.3.1.1 Time to Detect

The principa l data gathered during the subject ive
tests is the elapsed t ime from the beg inn ing  of the  s imu la t i on
run up to the t ime the subject indicates that he has located
and correctly identified the target. Since 8 observers are
used to evaluate each test run , a conversion to a single
number is required , the median of the 8 observer scores was
selected. This interva l , the median of the eight observer
scores , has been designated TIME TO DETECT. A variation of
this data item which occurred during the subjective test is the
case where the subject fails to locate and correctly identify V

the target . In this case no specific TIME TO DETECT can be
assigned . Instead ,the run is defined as a~ o DETECT and
carries a special weight.

5.3.1.2 Time from Start to Ground Zero

These measurements from the original film are required
to determine the time from the start of the run to the time
the aircraft is directly over the target; i.e., SLANT RAN GE
equals altitude at a ground range equal to zero. Th is time was
determined by measuring the time from the beginning of tie
film to the point where the camera was stopped . There were
severa l films where this was obviously inaccurate. In these
cases the time from start of film to the time at which the
target passed the lower edge of the film frame was determined .
Six seconds were added to this interval to give the TIME FROM
START TO GROUND ZERO .

I.’
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5.3.1.3 Detect to Ground Zero

The difference between the two previous intervals
specifies a time ‘interval from which slant range may be
determined . It is defined as DETECT TO GROUND ZERO.

• (DETECT TO GROUND ZERO)= (TIME FROM START TO GROUND ZERO) -

(TIME TO DETECT)

NO DETECTS are weighted so that TIME TO DETECT equals
T IME FROM START TO GROUND ZERO , therefore for a no detect Hcondition the DETEcT TO GROUND ZERO = 0.

5 .3 .1 .4  Slant Range

~1ant range can then be r ead i ly  de te rmined  f rom the
DETECT TI GROUND ZERO data by the following eQuation.

/ 2 2SLANT RANGE = V 690 X (DETECT TO GROUND) + 1500

The following factors are incorporated in the above equation .
Aircraft velocity is 690 feet per second ( -

~~--‘ 410 KNOTS) .
Aircraft altitude is 1500 feet.

5.3.2 Data Presentation

The data generated from the final observer tests is
presented in two forms ; a) tabular form , Table 5-1 , Median

‘1 Scores for Test Conditions , and b) graphic form , Figure 5-2,
Slant Range at Target Detection . Additional data are inc luded
in Appendix A.

5 . 3 . 2 . 1  Median Scores for Test Conditions

Table 5—1 is a compendium of all the data gathered
arranged in a single table to facilitate data analysis . In
addition to the essentially raw data and the performance
summary for all targets , three other sets of data have been
computed and tabulated . This is the performance data of
groups of targets occurring at similar ranges : long , medium ,
and short.

The test film strip numbers are tabulated in the left-
most column of the chart and apply across the entire
corresponding row . The ten test strips as well as the two
practice strips are included . The data from the latter have
not been included in any of the calculations .

p 
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The second column is a tabulation of the TIME FROM
START TO GROUND ZERO for each film strip as defined in
Section 5.3.1.

The third major column is entitled MAXIMUM RANGE .
The subcolumn TIME TO DETECT is s imilar  to the  d e f i n i t i o n
for tha t  parameter as def ined  in Section 5.3.1 except tha t
it was determined by personnel who were thoroughly familiar
w ith the film strips . They were given the opportunity to
run each s t r ip  as of ten  as desired to determine the  earliest
t ime at which they could reliably locate the target. The
viewing condi t ions were s imi lar  to those for  the  subjective
tests . Although subjective , this time represents approx i-
mately the earliest that the target could be located and
theref ore the maximum SLANT RANGE AT DETECT .

Both subcolumns , TIME TO DETECT and DETECT TO GROUND
Z ERO , represent medians of the  8 observer results . The results
of the 10 runs are summed vertically and the sum listed in the
sum row . The average of th i s  sum over the 10 test runs is
listed . The SLANT RANGE AT DETECTION for all 10 runs is tabu-
lated in this third subcolumn .

Strips 14, 16, and 11 , the long range test strips , LR
were used to compute average LR by averaging the medians for
those test strips . A corresponding SLANT RANGE AT DETECTION
was calculated . This data is tabulated in the average , LR row
under the appropriate column headings .

Simi l a r ly,st r fp s  13 , 3 , 12 and 17 provided t !~~initial data for the medium range computations tabulated
under average MR and strips 7, 2, 5 for the short range d~ t~tabulated under average , SR.

The same data structure appears under the ina.jor
columns representing the baselines and each of the 9
simulation runs across the chart with the addition of a
fourth subcolumn tabulating NO DETECTS .

The most pertinent of this data ,namely SLANT RANGE
AT DETECTION and NO DETECTS , has been plotted in graphical
form in Figure 5—2.

-H
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5.3.2.2 Slant Range at Target Detection

Figure 5—2 is a graphica l presentation of the results
of the 10 final subjective tests . It represents the major
data from Table 5-1 , SLANT RANGE AT DETECTION and NO DETECTS ,
plotted agai .ist BER . In addition , the MAXIMUM RANGE indicator
is plotted as a reference mark (see Section 5.3.2).

The left graph indicates the performance on all ten
test strips for all ten test runs . The 512 by 1 bit per PEL4data is plot~ed as a solid line for four BER ; namely, 0, l0 ,
l0~~ and l0 . The 512 by 0.75 bit per PEL d~ta is plotted
as a dash—dot line for BER equal to 0 and l0~~ . The 256 by
2 bit per PEL data is plotted as a broken line also for BER
equal to 0 and l0~~ . The solid data point locates the perfor-
mance of the 256 by 2-bit per PEL with interpolation at BER
equal to 0. The numerals inside or next to the data point
circles indicate the total number of NO DETECTS at that point
for all test strips using the given compression parameters
and BER . Baseline data is presented as a solid triangle,while
the MAXIMUM RANGE data is a white triangle .

The next three graphs are plots of the slant range
data from Table 5-1 for the long range , medium range , and
short range test strips . Baseline and MAXIMUM RANGE points
are also included .

V .
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5.4 Analys is of the Fina l Test Results

5.4.1 Maximum Slant Range

The in itial data  generated in the analysis portion of
the program was a determination of the maximum slant range at
wh ich the  tar gets could be dependably detected . This data
was generated by personnel who were familiar with the film
s t r i p s . They examined each of the  f i l m  s t r ips  to de termine
the time from the start of the film to the point at which they
could undoub ted ly  i d e n t i f y  a unique a r t i f a c t  w h i c h  in subse—
quent f i lm frames prove d to be the  t a r g e t .  Landmarks wh ich
specif ied t h e  locat ion of the target  were not accepted e ithe r
here or in subsequent tests as valid identifications . From
the data gathered the TIME TO DETECT and TIME TO GROUND ZERO
were determ ined from which the MAXIMUM SLANT RANGE was
calculated for the compos ite of the 10 film strips as tabu-
lated in Table 5—1 . These points are also plotted in
Figure 5—2 as white triangles . These data points were used
to determine the validity of subsequent data .

5.4.2 Baseline Data

The baseline data was generated next and was found to V

agree rather well with the MAXIMUM SLANT RANGE results . In
the overall results for all 10 film strips , the TIME TO DETECT
increased 2.9 seconds (15%) while the slant range decreased
1919 feet (14%). It is interesting to look at this data for
the three different target ranges . The analysis indicates the
results are considerably closer than it would at first appear .
For example , in the case of the long range targets the best
TIME TO DETECT averaged 10 seconds ; that is , the target
could be found very shortly after the start of the run by
experienced persons . The test observers who had not seen
these films before,and therefore needed time for orientation
required only 14.7 seconds for the baseline average TIME TO
DETECT . This is an increase of 4.7 seconds . The equivalent
med ium range compar ison is 22 .8  to 26.4 seconds or a change of
3 .6 seconds . Since the targets appear later in the film , the
orientation time perhaps does not weigh t the baseline average

- ; TIME TO DETECT as heavily. In the short range target film
strips , the TIME TO DETECT is essentially identical for the
Baseline and MAXIMUM SLANT RANGE da t a .

V.
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5.4.3 The 512 x 1 Simulations

The next test run made was at 512 x 480 resolution ,
1— bit per picture element (512 by 1) and the BER—0 . The
overall TIME TO DE’I~ECT increased only 1.4 seconds (6’- ) from
the Baseline . The SLANT RANGE decreased 1027 feet (8~.). In
genera l , t he  chan ge in perf ormance was less t h a n expected
cons idering the Baseline simulations were 6—bit PCM while
th is run allowed only 1—bit per picture element. The TIME
TO DETECT increased 2 .3 secon ds for  the  lon g ran ge targets,
but only 1 second for  t he med ium an d shor t  ran ge tar get :
SLANT RANGE decrease percentage was rou gh l y  the  same for
each range of targets as as it was overall.

Th~ 512 by 1 simulation was next subjected to a
BER = l0~~~. The results, as would be ex pected, showed an
increase in TIME TO DETECT and a decrease in SLANT RANGE .
TIME TO DETECT increased 1.2 secon ds (4 . 5~ ) an d SLANT RANGE
decreased 751 fee t  (6.7~. - ) . The increase, aga in , a ppears
surprisingly low . At BER = l0~~ t he  TIME TO DETECT increased
on add it i ona l  1 .1 seconds (4 . 2~ . ) and the SLANT RANGE decreased
819 feet (7.4’~- ) . Raising the BER to 10—2 produced o n l y  an
add itional increase of 1.2 seconds 4.5%) in the TIME TO

- 

- DETECT an d 817 f eet 17 .3%) in SLANT RA NGE. The l a t t e r
cond i t ion essent ia l ly  simulates  a jamm ing s it u a t ion . As
can be seen in Figure 5—1 . the plot of these data points
is a line whQse base lies close to the Baseline data point
indicat ing good error f ree  performance , t h e  l ine slopes
g e n t l y  downward with increasing BER , indicating good
performance in a hostile environment.

A second set of data com pi led is t he  number of NO
- • 1 DETECTS occurr ing in each run . A certa in number are to be

expected due to the nature of the test. This is verified by
the occurrence of two NO DETECTS during the Baseline run .
Only one NO- DETECT occurred in the 512 x 1, BER 0 run
and none in the 512 x 1 , BER = i0~~ run . On th is basis, t h e

2512 x 1 simulation was more than adequate . At l0 and T0

— a sum of only 7 NO. DETECTS occurred , which was surprising
considering the extremely high error density . Again, this

~ , should be cons idered excellent performance.

The performance of the 512 x 1 simulation was, there—
fore, judged to be adequate.

- -I-
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5.4.4 The 256 x 2 Simulations

The next process was to determine if a lower bit per
pic ture  element  r a te  would prov ide adequate per formance . A
set of simulations were prepared in which the resolution was
reduced to 256 by 240 elements and the video encoded to 2-bits
per p i c t u r e  e le m e n t .  The 256 x 2 s imu la t i ons  represents  a
2:1 reduction in the number bits per frame over that required
for the 512 x 1 simulation .

The 256 x 2 s im u l a t ion w i th  BER = 0 produced a 3.5
second (l4~~) increase in TIME TO DETECT over the  Basel ine
results and  2.1 second/increase over the 512 x 1 results .
The SLANT RANGE decreased by 2392 (l9.7~~) fee t f rom t h e  Basel ine
and 1365 (12 .3~~) f eet from the  512 x 1 resul ts . These res u l ts
were also rather good considering the reduction in bit rate
ach ievable. However, the NO DETECT rate increased significantly .
The NO DETECTS for the 4 - 512 x 1 data points were 1, 0, 4,
an d 3 for  an average of 2 per data point (same as the Baseline) .
For the 256 x 2 simulation the NO DETECTS for the 2 data
points were 9 and 13 for an average of 11 per data point or
11 NO DETECTS for 10 film strips shown to each of 8 observers :
t h a t  is , 11 out of 80 possiole occurrences . The 256 x 2 data
was cons istent throughout the three ranges of targets except
for one data paint; namely , t h a t  for t he long range ta r gets
with BER = 10 . The only explanation available is that the
observers for t h a t  run were except iona l ly  ca pable . Base d
primar ily on the  NO , DETECT nerformance , the 256 x 2 simula-
t ions were considered inadequa te .

5 .4 .5  I n t e r p o l a t i o n

It was concluded that possibly the repeat field effect
of the 256 x 2 simulations could have affected the
observer performance. Therefore ,a 256 x 2 simulation was
produced with the scan lines of field B being produced as an
interpolation between the scan lines of field A. The results
were quite sim ilar to the 256 x 2 without vertical interpo—
lation and BER 0. NO DETECTS remained at an average of
11 per data point , SLANT RANGE decreased from 9776 to 9435,

-
; while TTME TO DETECT increased from 28.5 to 28.9 secondS .As

a resu l t  of the  lack of improvement , no f u r t h e r  s im u l a t i o n s
were conducted in this direction .
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5.4.6 The 512 x 0.75 Simulations

It was decided to simulate a compression rate midway
between 512 x 1 and 256 x 2. The selection was 512 x 0.75.
The results achieved were remarkably good ,as is immediately
evident in Figure 5-2. The TIME TO DETECT and SLANT RA NGE
are on a par with the 512 x 1 results . The NO DETECT
resul ts  are just sl igh t l y  poorer ,3 N0 DETECTS per data
point rather than 2.

5.5 Conclusions

The data gathered for the 512 x 1 and the 512 x 0.75
simulations are essentially equivalent. At 512 x 0.75 the
SLANT RANGE is slightly better than at 512 x 1 , but the
number of NO DETECTS is somewhat higher . One would con-
clude probably that the 512 x 0.75 is the natural choice ,
since minimum overall bit rate is the program goal. Two
factors were considered at this point; data accuracy and
display picture esthetics . It is typical of
cosine transform coded pictures to degrade gracefully up
to some threshold of bits per picture element after which
degradation is rapid. Therefore ,this threshold appears to
be below 0.75 bits per picture element. None—the—less ,the
512 x 0.75 performance should be somewhat poorer than that

- 

V at 512 x 1. Because of the  lim ited number of observers ,it
- - 

is possible that either the 512 x 1 results appear somewhat
poorer than they actually are ,or the 512 x 0.75 result appear
somewhat better than they actually are . The reverse is
illogical. Therefore ,the conclusion reached is that 512 x 1
performance is better than 512 x 0.75. Second , the displayed
pictures at 512 x 0.75 appear esthetically poorer in
quality than those at 512 x 1. If the target and flight path
are not as well documented as they were for the subjective
tests , the add itiona l quality of the 512 x 1 technique may
well provide the added margin to assure success of the mission.

Therefore 512 x I is conservatively selected as the
candidate compression technique , and the recommended frame
rate is one frame per second.

5.6 Statistical Analysis

An alternate approach to analyzing and presenting the
test data is described in Appendix D. This approach differs
from that of Section-5.4 in that (1) no detects are included

V. as valid data points with a slant range of zero feet , (2) de—
tection ranges for different targets are normalized to mean
baseline ranges so that all targets are given equal weight ,
and (3) average (mean) ranges are calculated rather than
median ranges . The results support the conclusions of
Section 5.5.

‘1
5-18

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
- V_ .

~~V.1± V V 1 i~1



- ~~~~~ V - V .

6.0 TASK D - IMPLEMENTAT ION STUDY

6.1 In t roduc t ion

Section 5.0 of this report selected compression system
parameters on a very conservative basis which satisfy the
scenar io  described in the  s t a t emen t  of work . A er o n u t r o n i c
Ford is aware that in reality there is no single RPV require-
ment , but that many different mission profiles and RPV con-
figurations are being developed . For this reason , the
Compress ion System Implementation should ha -~’e su f f ic ient
flexibility to be readily adaptable to a large num ber of RPV
systems and missions . The parameters in Section 5.0 thus

- - fo rm a basic system about which changes can he made for
specific missions or parts of missions . Three princ ipa l
classes of missions inc lude  Reconnaissance , ECM and S t r i ke .
Navigation may be a common requirement of all three ; the
first and third ,however ,may have spec ial video requirements ,
such as high resolution low frame rate sensor data for

- 
- reco nna issance and h igh f r ame  r a te  an d compa r a t ively low

resolution sensor data for target tracking . The basic system
parameters developed in Section 5.0 of this report were
optimized for target detection at a particular aircraft
velocity (approximately 400 knots). The compressor selected
can also handle high resolution low frame rate video from a

- H reconnaissance camera or selected frames f rom a rea l time
tracking camera in a s t r ike veh ic l e . The mechanism for the
latter is an optional solid state frame memory which ‘ snatches ”
a fast frame from a real-time camera and outputs the video at
a slow rate consistent with the RF channel bandwidth and
therefore also the video compressor processing rate.

The basic compression sys tem uses a cosine t r a n s f o r m
encoder whose output  coefficients are compressed by a
d i f f e ren t ia l I~ M encoder . The basic system has 512 h o r iz o n t a l
by 480 vertical picture elements , output coding precision of
1 bit per picture element and a frame ra te  of 1 f rame per
second . Output data rate is approximately 250 K Bits Per
Second .

The basic Video Compression system is shown in Figure 6-1.
The optional frame memory in the airborne portion of the
system is required with existing real time (30 frames sec)
cameras to act as a speed buffer between the high data rate
camera and the compression electronics . This frame memory
would not be necessary with a slow-scan camera which outputs
data at the processing rate. For this stud y the memory is

-
~~~ considered not as an integral part of the compressor ,but as a

separate subunit which can be added if required .
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The Aeronutronic Ford implementation is totally
compatible with video from vidicon cameras , FLIR sensors ,
and anticipated solid state sensors such as CCD , CID , etc.
The gamut 0 T.V. sensors presently in use or anticipated
for use inc ludes :

I )  E x i s t i n g  30 f rame per second v id icon  cameras
wh ic h are read i ly available at low cost and
hav reached a highly developed state. These
are used on RPV ’s presently being evaluated . A
frame memory would be required with these
cameras to slow down high rate video to the
compression circuit operating rates .

2) High frame rate weapon cameras necessary to
track targets . Regardless of the type of sensor
used for this application , frame rate will be
high and will cause the video data rate to be
h igh .  Transm i t t ing low f rame rate data from
the weapon sensor to ground in accordance
with the miss ion profile required by the present
program will also necessitate the use of a
frame memory.

3) Surveillance and reconnaissance missions where
low frame—rates are permissible require long
term storage (one second in the present program) .
Items 2) and 3) above considered an electronic
frame memory . Another approach would be to use
a storage target  v id icon  w h i c h  could output  video
at the rate required by the video compressor .
Electronically exposed vidicons are available but
are rather complex . Alternatively ,the vidicon would
be flash exposed by a shutter to prevent image
smear due to vehicle motion . A simple reliable
pair of counter rotating discs with slits in the
lens plane can be dr iven by a stepper motor
synchronized to the processing frame rate.

4) Anticipated sensors — A variety of solid state
sensors are being developed which will be ideally
suited to RPV use due to their small size , low
power consumption ,ruggedness and low cost. Avail-
able devices have insufficient resolution for the
present program . Noteworthy are the RCA SID with
256 lines x 320 elements/line and the GE CID with
244 x 188 elements . Although these resolutions are
too low for the present program ,both of these
companies , as well as others , expect to develop

Vs larger arrays . An indication is the development of
a 496 line x 475 element sensor by Bell Telephone
Laboratories . Even with the smaller arrays the
possibility exists of simply optically multiplexing
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several smaller arrays . This approach is much
more feasible with solid state sensors than with
vidicons because the sensors are small and have
image areas whose d imensions are essentially
perfect. Vidicons have electrically generated
“ras ter ” areas w h i c h  can d r i f t  in s ize and loca t ion
and can have  shape d i s t o r t i o n s  caused by d e f l e c t i o n
components .

Another advantage of the solid state sensor devices
under development is storage capability for low
frame—rate applications . The RCA SID has a
separate storage area and the GE CID can store on
the primary image area . Both devices are capable
of electronic “flash exposure” by enabling certain
electrodes . This eliminates toe need fo r  a
mechanical shutter.

6.2 RPV Video Compressor Implementation

6.2.1 Principles of Operation

The transmitter portion of the video system which is
located in the RPV is shown in the top half of Figure 6— 1 .
One sensor is shown in the figure but several sensors could
be used , for example one sensor in the RP V and others in

V weapons carried by the RPV . A remote switch would permit
the ground located pilot to select any one of the airborne
sensors . An optiona l Frame Memory is shown in 6—1 for the
case where the sensor generates high frame rate video .

Aeronutronic Ford has selected a digital appr oach to
implement ing  the RPV video compression equipment . Advantages
of the digital approach are insensitivity to temperature ,
component aging , and power supply voltage variations , no
adjustments required and greater reliability . Maintenance ,
should it be required , is simpler and f a s t e r  w i th the  digi ta l
approach because no adjustments are required after a board
(or module) is replaced . No specia l measuring equipment is
needed and very little service training is necessary at the

V 
operationa l level because “trial and error” board substitution
can be used.

The system which is described in this report can readily
be structured so that system parameters could be changed by

-; the ground-located mission operator . Such factors as resolution ,
frame rate and bit precis ion could be changed to match mission
requirements through a control link .
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6.2.1.1 Sensor and Video Preprocessing

The extremes of the range 0 sensors directly
considered in thi.s study are 30 frames per second , 525 line
standard vidicon cameras and slow scan flash-exposed cameras .
The Picture Element (PEL) rate for the fast camera (assuming
512 PELS per line) is approximately 10 MHz . The PEL rate
for the slow scan camera based on 512 Pels Per Line , 480 Lilies
Per Frame , 1 Frame Per Second , 1/60 Sec Exposure Time , 7 uSec
Horizontal Blanking Time is approx imately 250 kHz.

6.2.1.1.1 Automa tic Gain Control

The camera should have an AGC (Electrica l and/or
optical attenuator) to maintain constant video output level.

V This is important because any video compressor ,of necessity,
has a limited dynamic range determined by maximum inpu t
level (saturation) relative to minimum level (quantization
threshold) . The AGC should clip very bright
reflections caused by specular reflecting objects , bodies of
water , and most detrimental , the sky . The AGC should ignore
these bright areas while attempting to fill the system
dynamic range with useful information.

Simulation studies on the present program dramatically
illustrated two extremes in scene brightness and contrast ,
namely low contrast desert scenes (low contrast of high average
brightness) and forest area (low contrast at low average
brightness). The AGC should expand the range of the desired
video modulation around the average signal level. Sky light

r presents a common but serious problem because it represents
both high intensity and large area . Furthermore ,the size and
relative location of sky area in the camera field of view
changes if sensor attitude changes during RPV maneuvers .

Figure 6-2 shows a concept for performing the required
AGC function . Video from the sensor is fed into a black—level
negative peak clamp which is enabled during the active video
time . This clamp causes video level to shift down to a refer-

-) ence voltage level. A true peak detector w xild clamp on very
thin black video spikes , therefore a small amount of averaging
is provided to insure that a large amount of dark video is near

V the black reference. The clamp is disabled during blanking .

V .
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The outpu t of the black level clamp is fed to a
white peak detector which measures white level while ignoring
very small , extremely brigh t objects . Some degree of averaging
is used to prevent specular reflections from controlling gain
over the entire picture area . The gain control voltage
generated by the white P/A detector is fed back to the sensor
(vidicon target for example) to control its gain and also to
a feed—forward variable gain stage to compensate for imper-
fection in sensor gain control.

All gain stages through the variable gain stage
have linear transfer functions . A peak white/black clipper
next eliminates areas of extreme contrast.

V A critical factor in the AGC design is the time
constant ,especially in the slow scan mode where gain adjust-
ment must be predicted from the previous frame .

6.2.1.1.2 Filtering

A low pass filter is required between the sensor
and the A/D converter to prevent high frequency variations
(especially noise) from being folded over into the video
passband .

6.2.1.2 Ana log to Digital Converter

An analog to 6—bit—binary digital converter is required
to convert the video to a form which is compatible with the
digital processing circuits which follow . The conversion rate
is approximately 10 MHz when using video from a 30 frame per
second camera . If a slow scan camera is used which outputs
video at the data processing rate ,the sampling rate will be
lower , specifically 250 kllz for the parameters selected for the
basic system in Section 5.0 of this report.

A/D converters are not common items at 10 MHz sampling
rate , partly because popular designs use a successive conversion
process and therefore require a sample and hold circuit. A
minimal size implementation uses a parallel quantizer approach
which compares the video with 63 thresholds and makes a single V

- decision . The quantizer outputs are combined logically to
produce a 6 bit binary code . This approach sounds complex on
the surface but lends itself to Large Scale Integration due to
the fact that simple circuits , with minimal interconnection ,

V are repeated many times .

An A/D converter for operation at 250 kHz is fn the V

realm of commercially available dual inline packages ,such as
the Micro Networks Corporation MN512O which is reported to be V

~ capable of completing a 6 bit conversion in less than 2uSec .
This unit is 1” x 0.5” x 0.15” in size. A possible sample and
hold is the Teledyne Philbrick 4856 14 pin dual inline module .

14
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6 .2.1.3 Transm itter Frame Memory

The transmitter frame memory is necessary when using
presently configure-I high frame rate cameras. In this sense ,
the memory is an interim component which is needed to slow
down camera video to the Transform/DPCM processing rate.
Speeding up the processing rate requires some added hardware
volume . It is anticipated that future cameras will be able to
output v ideo directly at the processor rate , thus the memory will
not be needed . The combination of a low speed Transform/DPCM
encoder and a frame memory appears to be an optimum solution for
both present and projected sensors.

During system operation , 6 bit video words are written
in the memory at a 10 MHz rate until a full frame has been
stored (1/30 sec). Unfortunately, cameras presently being used
in RPV’s use interlaced scanning , therefore it is necessary to
organ ize the memor y into two segments so that v ideo is entered
first into one half of the memory (Field 1) and then into the
second half of the memory (Field 2).

The video data is read out of the memory in a line
alternating fashion (line 1 of field 1, line 1 of field 2, line
2 of field 1, etc.) thus converting the data to a non—interlaced
format . This is necessary because the DPCM encoder ideally
compares adjacent scan lines. Note : the inverse process is per-
formed at the receiver (ground) station to again produce an inter—
laced display . Design of the memory is straightforward , with the
greatest challenge being to minimize memory module count , size
and cost. A digital memory using the Fairchild CCD461A module is
considered the optimum choice at the present time . This module ,

V 

a 22 pin dual inline , is capable of storing 16,384 bits. A
total of 96 modules is required to store a complete frame . Input
and output levels are TTL compatible .

6.2.1.4 Transform Coder

The transform coder block diagram is shown in Figure 6—3 .
Thirty two picture element groups defined by six bit video words
(gn) are fed to a multiplier register one at a time and held
through a processing cycle . The 6 bit video word is successively
multiplied by 17 words from the Trig ROM. Each trig word , cos (nk),
represents a value of 17 cosine terms which are harmonically re—
lated to the picture element frequency . The resulting words are
placed in the Coefficient Storage Register via a summer . (For the
first summation , assume that all stages of the coeff icien t storage
register have been reset to zero). Each successive 6 bit picture
element is placed in the multiplier register and is multiplied by
the next basis vector word . Each of the resulting products is
added to the previous products obtained for the correspond ing
coefficient term. This process continues until all 32 video words
of a processing strip have been multiplied by the basis vectors.
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The next group of 32 video words (from the next pro-
cessing strip) are placed in the multiplier register and the
process repeats. During the first iteration , the previous
coefficient values in the coefficient storage register are read
out of the register and passed on to the DPCM Coder and zeros
are inserted in place of the data.

The trig ROM contains all of the basis vectors stored on
a point-by—point basis in the sequence in which they multiply
the picture element values. A counter , driven by the system
clock , addresses the trig values in the proper sequence.

The control logic coordinates the transform coder with
the video source and the DPCM coder .

6.2.1.5 Digital DPCM Encoder

The DPCM Coder is shown in Figure 6-4. Sixteen bit
coefficients are fed into a coefficient register of the transform

• coder . It acts as a smoothing buffer for the intermittent co—
efficient data from the transform coder . The coefficient , Gn , is
subtracted in a Binary Adder from a previously determined value
from the line memory G(n). (Some average value is assumed for
the first line to get the process started). This difference , Dn ,
is fed to a comparator which determines whether the difference
is above or below specific threshold values , Qn , supplied by a
32 x 8 ROM . The number and magnitude of thresholds for a given
coefficient are determined by the sequence of values determined
in the study program and stored in the 32 x 8 ROM .

V The DPCM Code HOM encodes the comparator output Bn as a
parallel code suitable for conversion to serial form for trans-
mission and also generates a quantitized magnitude of the conipara-
tor output ~ n. This latter value is added to the predicted value
which is a percentage of the value 0 the same coefficient of
the same segment of the previous line , to form a new predicted
value G(n). The new predicted value is put into the line memory
in place of the old value.

A counter which is interlocked with the transform coder
V 

- control logic times the operation of the DPCM coder .

Figure 6—4 shows an optional rate buffer structured
V. around a 1024 x 8 buffer block . This buffer is intended to

supply continuous data to the transmission link during the time
a new video frame is being captured either by the optional
frame memory or by a flash exposed sensor .
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6 . 2 .1.6 Sync Add it ion

Sync bits must be inserted into the video stream
prior to transmission . The technique which was developed
on t he  present  program inser ts  a s i n g l e  b i t  of a sync
sequence periodically in the video frame . See Appendix A for
a detailed ana lysis of the synchronization system .

The sequence of sync bits represents a pa r t i cu la r
-: word which , when recognized, per iodical ly  es tabl ishes l ine sync .

These words are phase coded to represent another word which
establishes frame sync . The advantage of th is technique in

V a jamming environment is that all sequences are repetitive in
- :  a way wh ich permits the use of windows to look only for

desired sync data once lock—on has been established .

6.2.1.7 Power Supply

The Aeronu tronic Ford Aeronutronic Division in
Newport Beach , California has developed power supplies for

-: powering electronics in aircraft and RPV ’s. The power supply
implementation is based on their proven des igns for the
BGM-34 operat ing from a 22 to 32 volt DC input range . Based

-
‘ on this design , it is est imated tha t  the  equ ipment descr ibed

in the  present sect ion of th is repor t could be powered by a
- .

~ scaled down version to meet our lower power requirements .
Est imated parameters of supplies to be used with and withou t
a frame memory are :

With Memory W ithout Memory

Power Required by Load 43 Wat t s  20 W a t t s

Power Input (@65% efficienty) 66 Watts 31 Watts

Power Supply Size 4”x8”x 1” 4”x8”xO .75”

Wei ght  3 lbs . 2.25 lbs.

Operating Range —25°C to 90°C

Input Voltage Range 22 to 32 volts D.C.

t
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6.2.2 Hardware

Pr ime cons idera t ions  in des ign ing  RPV hardware are
small size , low rower consumpt ion and ruggedness ,but mos t of
all ,h ighly reliable performance. Of course cost is an ever
present  f ac to r .

The A eronu t ron ic Ford implementa t ion was in it i a l l y
modeled w ith a design using off-the-shelf components to show
feasibility . Component groups were nex t subjected to analysis
to determ ine the i r  su itab il ity  for  LSI packa ging.  Factors
considered were grouping of components to m i n i m i z e  inter-
connecting leads for lower cost assembly , greater reliability,
and grouping in functional packages for ease in trouble
shoot ing . Consideration was also given to configuring LSI
modules to make them usable in both airborne and ground station
implementations .

The circuits are envis ioned as being constructed on
double s ided pr i n t e d  c ir cu i t  cards approximate ly  4~ inches
w ide by 10 inches long . The cards will be mounted in a housing
wh ich would be light in weight , yet rigid when fastened to the
RPV framework . Cards would be captured along the ir edges in
a manner which affords easy removal from the housing for test
and repair . Any h igh dissipation components (such as the power
supply) would be thermally connected to the housing for cooling .

Figure 6—5 shows the board complement for three con-
f igura t ions  represent ing different levels of LSI circuit develop-
ment . Table 6—1 shows the detai led component o rgan iza t ion  of
the various boards as a result of combining discrete modules
in LSI packages .

The package dimens ions on Figure 6—5 are compatible with
ava ilable space indicated on drawings for the BGM34C .

The follow ing list summarized the main characteristics
of the airborne RPV equ ipment. - -- -

Compressor No Level 1 Level 2
Character istics LSI LSI LSI —

Size 3 ~x5”x12” 3”x5”xl2” 2 ~k5”xl2”We igh t  15 lbs .
Power Input 31 Watts

Memory
(haracteristicS

l~ ”x5”xl2” (Added to Compressor)
5 lbs .

II~~4 t  Pci*~~r 35 Watts
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‘ 6.2.3 Alternate Approaches

The approach implementing the cosine transform/DPCM
encoding techniqcie previous ly described is the preferred
method of implementation . There is at least one alternative
approach .

The approach described in previous sections was selected
for several reasons .

a) It  is an a l l  d ig i tal approa ch r equ i r ing  a m in imum
- of adjustment and repair .

b) I t  is adaptable ; tha t  is , the  des ign can be such
- - that the encoder can be dynamically altered during

a m ission to accon-modate a wide variety of missions
and video parameters .

c) By appropriate application of LSI techniques the
hardware implementation can be reduced to accept-
able power , weight , and volume .

d) The performance of the device can be adapted to
the sensor by designing the degree of precis ion
desired into the digital processing circuit.

- — 
An alternative approach employing analog processing

techniques does exist. This approach was developed by the
Navy Undersea Center in San Diego . This approach solves the
transform coding problem by the use of transversal filters.
The implementation of these filters can be either charge
coupled devices or surface acoustic wave devices .

For the data sequence

g0, g1, . . . ,  ~~~~

V- the even discrete cosine t ransform can be def ined as

GK =ex P ~~~~JfI~~~ ~~~~~~~~
f o r k = 0 , 1 , ..., N—l

and ‘where the data sequence has been extended so that

-.4,-

i~~~~
’ n=O / . . . / ‘./ - /

-‘ -,

_ _ _ _ _  

6-16

5. 
~~~~~~~~~~~~~ .J~*..-..-. ~~~~~ ,‘ 1-4

~~~1



IF- . -V.- 
~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

If the mutually complex conjugate terms in the above equation
are combined , the following results .

2E~j~~~s [27c
~~~~~~~~~~~~~~~)~~~~~~~~

]

This can be put in the Chirp Z Transform format.

~~ 2~ erf[ ~~~ ] E~~ e fP LZ H[~~J
In th is  form the  t r a n s f o r m  can be obtained by a pre-processing
multiplication of the discrete signal with a Chirp, conv olu-
tion with a chirp, and post multiplication with a chirp.
Figure 6—6 depicts a block diagram of this implementation.

The analog approach is proposed as a secondary imple-
mentation because not enough can be determined about the
performance which can be expected . Maintenance and reliability
in an operating environment are also unknowns .

It appears that weight , volume , and power requirements
r will be similar to the digital approach when a moderate

amount of circuitry is in LSI form . The previous discussions
of frame memory and interface with existing sensors still
apply .

For a more dela iled description of the analog approach
the following references are suggested.

Whitehouse , H .J., Spieser , J .M ., and Means , R .W., “High Speed
Serial Access Linear Transform rmplementations , ” symposium
All Applications Digital Computer , Orlando , Florida .

Means , R .W ., Buss D.D., and Wh itehouse , H.J , “Real-Time
Discrete Fourier Transforms Using Charge Transfer Devices” ,
Proceedings of the CCD Application Conference , Nava l Elec-
tronics Laboratory Center , San Diego , CA., September 1973 .

- 
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6.3 Control Center Implementation

6.3.1 Principle of Operation

Figure 6—7 is a block diagram of the video processing
equipment in the contro l center . No special components need
to be developed for this center because all fucnt ions are
within the limits of off—the-shelf components . Also con-
siderably greater space and power is available compared to
that which is available in the RPV . It is realized , however ,
that components deve loped for RPV use should also be utilized
In the control center where there are significant size , power
or reliability advantages without cost penalty .

Digital circuits are favored ,where practica l .because
they require no adjustment , have high reliability and permit
maintenance at the operational level by simple board sub-
stitution withou t the need for making adjustments .

6.3.1.1 Sync Decoder

In the implementation of the sync system described
in Appendix A , video plus sync data bits are clocked into the
sync decoder by data link clock pulses from the receive modem .
The bit stream is clocked through a register which is tapped
at points corresponding to the location of line sync-bits in
the data stream .

These taps are tied to a comparator whose second
input  contains the desired sync code . - If the two codes match
within a certain num ber of bits ,a line sync detect occurs and
a bit counter driven by bit sync is reset and enabled . The
bit counter is configured to output a pulse when the next line
sync pattern should be available at the output of the comparison
register . If a match does occur ,the circuit continues to look
for the line sync code at the proper location . If a match
does not occur on subsequent looks ,the circuit examines all
comparator outputs until a match does occur . The counter is
reset and once again looks at predicted locations for the line
sync code . Once the first correct code is detected , this
window ignores false codes in the video information . Each
detected l ine code advances a t a l ly  counter which saturates
after s detects . If a no-detect occurs (due to noise or
jamming),the counter is decremented . The state of this counter
is used to determine whether line sync has occurred . A
count greater than a certain value ind icates “in—sync ” , below
another  va lue  indicates “o u t — o f — s y n c ” .
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Frame sync is determined in a similar manner to line
sync. There are actually two line sync codes which represent
two senses (1, 0) of the frame sync code elements . The proper
sequence of these code senses un iquely def ines frame sync .
Since line sync must be established before frame sync can be
established ,there is no need to be concerned with false frame
sync .

6.3.1.2 DPCM Decoder

As soon as line sync is established by the sync decoder ,
video bits can be separated from sync bits and shifted into
the DPCM decoder via a three stage shift register . (The 3
corresponds to the max imum number of transmitted DPCM bits per
coefficient.) Depending upon which coefficient is in the
register , one to three of the  bits are transferred into the
address ports of a code ROM . A difference value appropriate
for the DPCM code for the particular coefficient is applied
to one side of a binary adder . The other side of the adder
is supplied with a predicted value of the same coefficient
from the previous scan line . The prediction coefficient is
identical to the one used in the transmitter DPCM encoder .
(The predicted value for the first line is the same average
value assumed in the transmitter.) The output of the adder
is the decoded value of the coefficient. This value is also
fed to a one line memory where it is stored until it is

— needed to decode the same coefficient of the same segment
of the next line .

6.3.1.3 Transform Decoder

Operation of the transform decoder is similar to the
transform encoder except that the trig ROM stores 17, 32
point cosine terms corresponding to the 17 transform co-
efficients .

During operation of the transform decoder , co-
efficient values from the DPCM decoder are fed into a buffer
register from which they are transferred into a multiplier
register . A coefficient word in the multiplier register is
successively multiplied by 32 words from the trig ROM . Each
word represents the first value of one of 32 cosine terms
which are harmonically related to the picture element fre-
quency . The resulting words are placed in the picture element
storage register via a summer. (For the first summation
assume that all stages of the PEL storage register have been
reset to zero.) The second coefficient value is placed in the
multiplier register and is multiplied by 32 words from the trig
ROM representing the second value of each of the 32 cosine
terms . Each of the resulting products is added to the previous
product obtained for the corresponding cosine term . This pro-
cess continues until all 32 video words of a processing strip
have been reconstructed . Processing then proceeds to the
next strip.
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The reconstructed values of a strip are readout
of the PEL storage register as a new strip begins to be
processed . These values are held in a buffer until they can
be transferred to the frame memory .

6.3.1.4 Dual Frame Memory

The receiver memory is required to convert the low
frame rate video transmitted from the RPV to high frame rate
video for display to the operator . Capacity for storing two
complete video frames must be provided so that one frame can
be displayed whi le  the next frame is being received . As a
further condition , each frame must be split into 2 fields so
that non-interlaced video* from the RPV can be converted to
in terlaced form for  display . The memory is loaded in an
a l t e r n a t i n g  line manner , i.e.,line 1 is loaded into the field 1
memory , line 2 is loaded into field 2 memory , l ine  3 is
loaded into field 1 memory , etc . During readout, data is
read on a s tandard  f i e ld  a l t e r n a t i n g  basis to produce inter-
lace.

E x i s t i n g  solid state- memory devices, such as the
In te l  1N44 board , can be used for  the ground station memory .
On a total bit basis ,5 boards are required per frame . RAM
devices such as used on the 1N44 have an advantage over
shift registers in that they can be switched to the read mode
as soon as the last received picture element is loaded . The
memory which was previously reading can immediately begin to
accept new slow scan picture elements . The system need not
wait until the end of a field ,and so buffering is not required .

I1 6.3.1.5 Digital—to—Ana log Converter

A high speed 6 bit D/A is required after the memory
to convert the digital video to analog form . The accuracy of
this D/A should be equivalent to 8 bits and glitches should be
minimized . Composite televis ion sync is added at the DAC outpu t
to synchronize  the  display moni tor  or any per ipheral  devices ,
such as video tape recorders ,added to the system for performance
evaluation.

* The DPCM encoder in the RPV requires non-interlaced video
for its line-to-line comparison .

5-,--
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6.3.1.6 T.V. Monitor

The T.V. monitor should have the following parameters :

1) Size — A d isp lay  area w i t h  a diagonal  dimension
of no more than 14 inches is recommended if the
operator sits directly in front of the monitor
and operates controls physically located near the
viewing  screen.  Th is size is a good compromise
be tween being able to qu ickly scan the en t i r e
area when looking for a target and identifying
the target if it is small.

— 2 )  DC restoration to keep the image brightness
range constant.

6.3.1.7 System Control and T.V. Sync Generator

The control circuits serve the purpose of t im ing the
DPCM decoder and the cosine transform decoder with respect
to input data using bit , line and frame sync derived from the
input digital bit stream . Also ,the control logic has p r i o r i ty
in con t r o l l i n g  the w r i t i n g  f u n c t i o n  of the  memory.  This is to
insure that data is inserted into the memory as soon as it
becomes ava i l a b l e . .

)
The portion of the memory not receiving data is in

- V the read mode and supplies video bits under control of the
‘

V 

T . V .  sync generator . Because the memory uses RAMS ,write-to-—
read switching can occur at any time and thus the read and
write functions are asynchronous .

6.3.2 Ground Based Control Station Hardware

Because the bandwidth compression equ ipment is a
component part of an overall system , it can be configured as
a rack—mountable unit which can be installed in any convient
loca tion . For example , it can be mounted alone or as one un i t
of a mu l t i channe l  system in a s tand—a lone c a b i n e t .  The u n i t
can also be mounted in the bottom of an operator console should
this be desired by the Mission Control Center designer.

Because the  compressor u n i t  is all-digital , it needs
no adj ustments  and therefore can be mounted in a rather
inaccessable location . Maintenance , should it be required ,
is by board replacement on a go-no-go basis . Best of all ,no
adjustments are required after the defective board is replaced .
Mean—time—to repair is minima l even for an inexperienced
serviceman using trial-and-error substitution . The ground
based hardware is efficiently packaged so that it may be mounted
in a small , mobile van with limited space .
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The receiver circuits are contained on sixteen
8 inch x l0~ inch circuit cards housed in a 10.5 inch
card file . The cards are functionally organized as follows :

1 Sync Decoder
1 DPCM Decoder and Control
1 Transform Decoder & Control
1 D -A Converter , Sync Adder , Sync Regenerator

10 In t e l  1N44 Memory Cards
2 I n t e l  CV4O Control  Cards

The above cards occupy about 8 inches of the card
file width . The power supplies can be mounted in a standard
mount ing frame (such as prov ided by Lambda) or could be
mounted in the card file at additional cost if space is
critical. Space may be limited in an airborne control
station , necessitating additional des ign cost to mount the
su pp l ies in t he  f ile.

Power required by the receiver unit is estimated to
be 850 watts . The majority of this power is required by the
dual frame memory .

The In t e l  memor~ cards determ ine a system operat ing
temperature range of 0 C to +50°C. Storage tempera ture
range is determined by the power supplies as -55°C to +85°C.

6.3.3 Airborne Control Station Hardware

The airborne compressor hardware is functionally
-
~~~~~ identical with the ground based hardware . The major differ-

ence is in packaging . The overall unit will be configured
to integrate physically with the aircraft structure while
ma intaining structural rigidity and proper heat conductivity
w ith the aircraft structure and environment.

Printed circuit cards will be the minimum size which
is possible with efficient interconnection and will be
attached to the mounting structure so as to be unaffected by
vibration and shock. Power supplies will have high efficiency
and low volume and weight and will be compatible with avail-
able aircraft power .

-‘V

5~~

6-24

-7

~

. y~4~~~~~~~~..-Ir---
~~ _j— — ....-...- .- . - - . -- ~~~~~~~~~ . - $ -~~~~~~ - —-45--a-.’ 1-- - 54 _ ‘5_ _ - 

- ‘ .-. ‘

~ 

. _ _~(.5 ~~~~~~~~~~~~~~~~~~~~~ _ ~~~~~~~~~~~ - - . - - —~- .4- -~~~~~



6 .4  Airbor ne Relay Processing

Aeronutron ic Ford does not foresee any complications in
retransmitting the compressed/reduced video through a relay .
The v ideo data in its basic form is a binary bit stream with
a 250 kilobit p r second rate. Other than maintaining an
error rate less than the maximum acceptable level recommended
in section 5.0 of this report, there is no c o n s t r a i n t  placed on
the relay. In light of the fact that anti—jam techniques may
be used in t he l ink , baseband d igit regenera t ion would be
d i f f i c u l t  to implement because AJ decod ing and reencod ing
would be requ ired .

6.5 Interface With Maverick and Stubby Hobo

- 
- The f i r s t  requ irement for using the video com pression

system w ith the Maverick and Stubby Hobo is to provide a
suff iciently h igh frame rate so that the ground station
operator can manua l ly  acquire  the target for the weapon ’s
automatic tracker . The exact frame rate is a lunction of the
weapon velocity , field of view and camera attitude stability.
Determin ing the exact frame rate for target acquisition is
not within the scope of the present program , however an
example w i l l  be g iven .  The Maverick camera has a f i e l d  of
view which is approximately one fourth that of the RPV
camera used in the present s tudy . I f  256 PEL by 240 l ine
resolution- and one bit per PEL compression encoding precision
is used ,equivalent display resolution will still be 2 times
greater than was allowed on the present study and the operator
should easily recognize the target. The 450 kHz , 15 dB S-N
data link will readily support 7.5 frames per second with a
400 K Bit/Second data rate . Several simple tests on the
present program indica ted  t h a t  7 . 5  frames per second m i g h t
be acceptable .

Operating the compression system at 7.5 frames per second
with the T.V. cameras presently in the Maverick and Stubby
Hobo requires a frame memory to capture every fourth camera
frame and slow the video down to the compressor processing rate .

The second requirement for operating with the Maverick
and Stubby Hobo is to provide a smooth switchover from the
RPV camera to the weapon camera. Failure to do so will cause
the operator ’s display monitor to lose sync momentarily. Under
the conditions simulated on the present programs , loss of sync
could be disasterous ,because on some runs the target is only
visible for severa l seconds . Sync loss with its atterident
operator disorientation ,could prevent target lockon .
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The weapon cameras presently have their own sync
generators and cannot be driven by the RPV sync source.
It is recommended that the capability of driving the weapon
camera with RPV sync be provided . The weapon camera would
be slaved to RPV sync when mounted on the RPV , but would free -
run after launch.

The third consideration of operation with the Maverick
is video scaling and improved AGC . The Maverick AGC presently
operates to maintain average video level at about 2 volts .
Peak values can reac h a level of about 4.3 volts . W it h o u t
scaling the video will thus greatly exceed the A/D converter
dynamic range . The AGC concept described in Section 6.2.1.1.1
of this report is recommended to maximize the amount of useful
informa t ion t ransm it t ed .

6.6 Re l iability and Maintainability Estimates

6.6.1 System Mean—Time—Between-Failure (MTBF)

Figure 6—8 shows the reliability math model and MTBF
result for the RPV Video System . This model combines the
RPV (airborne) portion of the system with the Ground Display
portion to provide the total system , air to ground . The
Sensor and the air—to—ground video data transmission equip-
ment  are not an integra l part of this study and therefore
are not included in this reliability estimate . The estimated
system MTBF of 1100 hours reflects an assumed 100% operational
duty—cycle , i.e., 100% of all hours are RPV flight video and
ground video display hours . The total estimated system
failure rate is 88 fa ilures/10 5 hours . The estimated MTBF
of the RPV equi~ment is 1600 hours , or a failure rate of
62 failures/b hours . The estimated ground equipment MTBF
is 3,900 hours which corresponds to a failure rate of 26
failures/b 5 hours .

If the system is implemented using a Sensor having an
integral frame memory, the transmitter Frame Memory would
be removed and the estimated overall system MTBF would improve
from 1,100 hours to 1,200 hours .

6.6.2 Airborne RPV System MTBF

- 

~. Figure 6—9 presents the  rel iab il ity math  model an d
MTBF result for the airborne portion of the system . The

- ,- . model elements correspond to the functiona l sections of the
airborne equipment described elsewhere in Section 6.0 of
this report. The model estimated failure rate for operating
hours only is 62 fa i lu res  per l0~ hours . The failure rate
and MTBF of a single airborne RPV system , considering an
estimated 5’~. operationa l (flight) duty cycle , are 3.1 failures
per 10° hours and 32,000 hours respectively.
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r

If the system is implemented using a Sensor having
an integra l frame memory and slow analog output , the digital
transmitter Frame Memory will not be necessary and the A/D
Converter will become a slower version . In this case , the
airborne system would have an operating failure rate of
56 failures per l0~ hours corresponding to an MTBF of
1800 hours .

6.6.2.1 Frame Memory

Figure 6—10 presents a detailed reliability model
of the Transmitter Frame Memory element of the airborne
system reliability model. The Frame Memory, in effect, has
extensive redundancy in its field storage elements (Field
No. 1 Drivers . Field No. 2 Drivers , Field No. 1 Storage and
Field No. 2 Storage) . The redundancy results from estimating
that up to 8 percent of all the drivers can fail and up to
4 percent of all the field storage devices can fail before
the operator ’s performance is significantly affected . This
estimate assumes that component failures cause s~ ng1e PELerrors wh ich are randomly d i s t r ibu ted  th roughout  i he displayed
frame . With this redundancy , the Transmitter Fiame Memory
failure rate is held to 6.4 failures per 10b hours .

6.6.3 Ground Display System MTBF
I

Figu re 6—l i  shows the  Ground Display System r e l i a b i l i t y
math mode l and MTBF result . The model elements correspond

• to the functional portions of the ground equipment described
elsewhere in the Implementation section of this report. The
estimated ground n~~de1 failure rate for operating hours is
26 failures per 10 hours . This estimate is for an
individua l set of receiver electronics . It is possible to
provide one complete receiver unit as standby in the event of

• prime equ ipment failure . Th is redundancy reduces the ground
station failure rate to a negligible value . In a multi operator
control center one spare could be provided for the entire
center . Using reasoning similar to that of Section 6.6.2.1
above, the dual frame memory elements have an effective

•
1 redundancy in that only 342 out of 360 storage elements and

39 of 40 driver elements of each of two frame memories are
required to be “UP” . This is based on the assumption that

-• 10% of the storage bits can be lost before operator perfor-
mance is significantly degraded . By allowing this redundancy,
the driver and storage element part of the Dua l Frame Memory

1’ 
has almost negligible failure rate .

k
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6.6.4 Equipment Failure Rate Estimates

A failure estimate has been obtained for each model
element (block) Of the airborne system model (Figure 6—9
and 6-10) and the ground system model (Figure 6—11) . The
failure rates have been obtained by using the failure rate
model and failure rate tables of Section 3, MIL—HDBK—217B ,
Reliability Prediction of Electronic Equipment . Section 3
employs the parts count method of reliability prediction
and is applicable (1) to establish feasibility and (2) during
early design phases , when only generic part types (including
complexity for IC’s), part quantitites , part quality levels ,
and the equipment operating environment are known .

The types and quantities of integrated circuits were
estimated by circuit desigh engineers. The part quality
level of the IC’s is estimated to be MIL-M-38510 , Class C.
The airborne equipment operating environment is Airborne ,
Uninhabited~ the ground equipment environment is Ground ,
Fixed . The failure rates employed in the estimates correspond
to these condi t ions .

Since part types , quantities , and quality levels for
the  ground D/A Converter  were not accura te ly  known by Aero-
Ford , the supplier ’s MIL—HDBK—217A failure rate prediction
for this assembly was used . Power supply failure rates
were estimated based on previous experience with power
supplies of similar complexities and output ratings .

It is expected that , in the implementation , all dis-
crete parts will be of the MIL qualified types (JAN) or parts
which have been qualified so as to be MIL equivalents , and
without special screening tests . These parts , in general ,
have not been included where they accompany IC’s in this
overwhelmingly IC—implemented equipment . It is expected that
such discrete parts would add less than 5 per cent to model
element failure rates , and therefore they have not been
included in these feasibility estimates .

Also , for the implementation , it is expected that large
volume production will not be achieved for three or more years .
By that time , it is estimated that the failure rates for MOS
integrated circuits will have decreased to approx imately the

-• same values as were achievable for bipolar integrated circuits
of comparable complexity and function in 1974. Therefore ,

N bipolar failure rates from MIL-HDBK-2l7B have been employed
for MOS circuits so that the failure rate estimates will

V. . reflect the reliability expected at the time of large volume
production . The improvement in reliability of integrated
circuits with time , experience and maturity is a well known
reliability effect and has been demonstrated in the past with
bipolar IC’s, digital/linear . RTL/DTL/TTL , etc .

L
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6.6.5 Maintainability

6.6.5.1 RPV Equipment Maintainability

The RPV equipment will be designed to facilitate
rapid repair on the ground . The power supply will have test
points for each of the three output voltages , and a circuit
breaker or fuse with indicator lamp for the 28 VDC input.
Removal of the circuit board compartment cover will provide
quick access to the seven plug—in boards . The power supply
will also be removable as a unit. Spares will be provided

-
• for each of the seven circuit boards and the power supply.

Trouble shooting and equipment function restoral is most
readily accomplished by replacing the circuit boards one—by-
one until system operation is restored as indicated on the
ground TV monitor . The on—ground mean—time-to—restore
(MTTR) the airborne equipment to proper operation by circuit
board and power supply replacement is estimated to be
approx imately 0.5 hours .

6.6.5.2 Ground Display System Maintainability

The ground equipment will be packaged on plug-in
printed—wiring boards which will be contained in a printed-
circuit card cage . There will be approx imately 16 circuit
boards (including twelve in the dual frame memory) wit h from
50 to 90 IC’s per board . The standard power supplies will
be housed in the same card file . It is expected that the
TV monitor (and its backup unit , if required) would be
mounted in a separate operator ’s console . This arrangement
provides quick access to the equ ipment assemblies to facilitate
t ime ly equipment  func t ion  res toral .  Operat ing spares would
be provided for each circuit card and power supply type ;
these are all replaceable assemblies . Troubleshooting would
be performed to the level of replacing the defective assembly .
Test programs or test pattern generators could be provided
to aid in trouble verification and diagnosis and in equipment
checkout after assembly replacement. Equipment operation ,
test , and maintenance manuals would be provided to aid the
on—site technician . Standard test instruments and tools would
also be provided . Under these conditions , it is estimated
that the mean-time—to—restore the ground equipment to correct
operation would be approximate ly 0.6 hours .

V.
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6.6.5.3 Off—Line Repair

Off—line repair of failed circuit card and power
supply assemblies (air and ground) would be accomplished to
the piece part level at higher levels of maintenance support.
At these levels of support a circuit card tester,’trouble—
shooter would be necessary, especially for the high—volume
airborne circuit—card types , for most efficient maintenance. 

-
•

6.7 Cost of Implementation

6.7.1 Basis of Cost Analysis

The cost of produc ing the compression equipment located
in the RPV was determined for components of the quality used
to compute system reliability in Section 6.6. The quality ~fthese components is near the center of the range of available
component quality which extends from limited temperature
un—tested parts to fully qualified MIL parts . The chosen
level yields reasonable reliability at a moderate cost. In
actua l prac1~ice,qua1ity level could be changed by directsubstitution of higher or lower quality components . Table 6-2
lists a range of quality and resultant prices for a typical
digital integrated circuit.

The ground station cost was estimated using limited-
temperature—range ceramic integrated circuits since it is

• expected that the ground equipment will be located in a room
or van which must maintain a tolerable environment for
operating personnel. The ceramic integrated circuit packages
will withstand all extremes of temperature and humidity
encountered in shipping and storage .

Since the nature of the airborne control center is not
know n at th i s  t ime , it can only be stated tha t  its receiver
electronics would be simila r to the ground equipment if located
in a controlled environment in the aircraft. If mounted in an
uncontrolled environment , components comparable to those used
In the RPV transmitter would be required and special therma l

-• 

and shock mounting would be n&cessary.

k
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Table 6-2 Range of Typical IC Quality & Resultant Cost

Single Unit Cost
Part Number Component Characteristics Price Factor

SN7400N Plastic-Commercial 0-70°C $ 0.58 1. 0
SN7400J Ceramic 0—70°C 0.86 1.5
SN5400J Ceramic -55°C to +125°C 3.27 5.6
SNC5400J (TI) MACH IV/JAN B EQUIV . APPROX . 4.57 * 7.9

Failure Rate 0.004—0.008/1k Hrs .
JANSN5400J JAN M38510 - Fully Qualified 12.50 21.6

* Cost estimates were made with this level of component
quality for all parts except the Memory modules which , being
new , are presently at a quality level comparable to the
SN7400J module . This quality level is expected to be increased
in the future , also the memory may not be required with future
slow scan cameras .

-‘U
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6 . 7 . 2 Non—Recurr in g  Costs

Non—recurring costs of developing the first operational
prototype system, and also documentation necessary to produce
50 units ,are summarized in Table 6-3. Tasks which would be
performed under this effort are; definition of precise system
parameters and interface requirements , detailed circuit design ,
construction and testing of a laboratory breadboard , printed
circuit card design , housing design and finally construction
and performance testing of the prototype system . Laboratory
environmental tests would be performed prior to testing of
the equipment in an actua l RPV system .

Development cost of the transmitter memory is broken
out of the total cost to demonstrate the cost impact of
developing cameras with built—in storage .

Two levels of LSI development are described which reduce
the transmitter board count from 4 boards to 3 boards and
also to 2 boards .

Ancillary items necessary to complete the prototype
:~ e f f o r t  are also listed in Table 6—3 .

6 .7 . 3  Per-Unit Production Cos t of RPV and Ground Equipment

Table 6— 4 l ists the  cost of producing a quan t i t y  of
50 operational equipments based on drawings and experience
developed during the development program described in
Section 6.7.2 above . The costs must be used cautiously
because a quantity of 50 units is small for e~fficien t pro-duction of transmitter units , especially if the custc~n LSIcircuits are developed. On the other hand, 50 ground terminals
is a large number since one-for-one deployment of RPV ’s and
control stations is unrealistic .

The costs in Table 6—4 are actual production costs
on a per unit basis and do not include a factory startup
cost of $100,000 per procurement.

V.
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Table 6-3 Non—Recurr ing  Development Costs

Wi thou t W i t h
Memory Memory

1) System Design & Prototype Development 270,000 313 ,000

A.) Total cost with Level 1 LSI
Development 348,000 391 ,000

B.) Total cost with Level 2 LSI
Development 465,000 508,000

2) Documentation for Production 40,000

3) Instruction Manuals 50,000

4) Maintenance training including material
Preparation and 1 week course 8,000

5) Spare parts for one year 2,000 per site

6) Special test equipment consisting of one
set of transmitter and receiver electronics 25,000-site

- 
-i

6-3 7

I,

- 
• • . — - ... • ~~~~~~~~~~~~~ • ••• .. • •• •~~~ • •~~~ •-• ..• - ... - ..

~ 
•. .  

.. - • •

-— 5 - -  —~~~~ a-- .——- ~~- - —.-—-•• •- — — - .  -. •- _ .-_-•_.;_•5.. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - -



r.P ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —a-- a- —--•- - ---•-——— ---- — -a- — — - 5—--

U ’  
- -5—

Table 6—4 Fifty Quantity Production Costs

Wi thout  W i t h
1 )  RPV Equipment  Per U n i t  Cos t Memory Memory

Basic coder (No LSI )  $ 4 . 400 $ 8 , 100

Coder w i t h  Level 1 LSI $ 2 , 900 $ 6 , 600

Coder with Level ~ LSI $ 1 ,900 $ 5,600

2.) Ground Control Station Equipment Per Unit Cost

Decoder , Memory , Display $19,000
4

4.

- 
NOTE: The above cost figures are actual production

cost. Factory startup is estimated to be
• -

, 
$100 , 000.

- -4
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6.8  Potent ia l  Hazards

The risk of injury or damage is minimal in the recommended
system . The airborne compression equipment is all low power
low voltage solid state electronics . There are no moving parts
which could come apart during operation . The power supply will
be protected to current limit if a circuit component fails, thus
preventing heating and a potential fire hazard .

Ground based equipment is also considered quite safe.
Again, all processing circuits are constructed with low voltage ,
low power integrated circuits . Power supplies will be fully
short—circuit protected and also will accept unusual line
voltage variations without failure .

The T.V. display monitor, by nature, has three potential
hazards , however the Manufacturer of the recommended monitor
has taken the following precautions to minimize these dangers .

1.) CRT Implos ion — A laminated safety glass on the
CRT increases the  facepla te  impact resistance
and binds fragments together should an unusually
heavy blow be struck on the faceplate.

2.) X Radiation - Regulation of CRT ultor voltage and
faceplate shielding keeps the X radiation be low
the level allowed by Department of Health , Education
and welfare X-Radiation rules , 42 CFR , Part 78.

3 . )  High voltage shock and f i r e  hazard

High voltage components are covered and/or shielded
to protect maintenance personnel.  Also , f l ame

• res is tant  mater ia ls  are used in high voltage areas .
The operator is fu r the r  protected by the metal
cabinet in which  the monitor  is housed .

No components wi th  h igh  speed moving parts , such as a video
disc recorder , are used in the system , therefore no mechanical
hazards are ant ic ipa ted .
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• 6 .9  Operat iona l Constra ints

- The Aeronutronic  Ford Video Bandwidth Compression System
is designed to impose minima l constraints on the RPV miss ion .
The truth of ~his statement was proven during the experimenta l

- test phase of the present program . High compress ion ratios
were achieved with no increase in operating complexity over
that required for the baseline imagery . For example , the
recommended system has full resolution throughout the camera

- field of view . Therefore ,the operator need not slew the
camera to place areas he des ires to ’scrut inize in the  center
of the f i e ld  of view as he would in a foveal/peripheral system .
He merely needs to use his inherent capability of scanning
the viewing screen with his eyes .

Retention of full field of view at maximum resolution
also makes it possible for the operator to locate targets

- ~ - even in the presence of the rather severe gyrations in the
attitude of the camera used to generate the test films for
the present program .

- Although the recommended basic system operates at one
frame per second ,it is not necessary to modify the operation
of existing cameras . The frame memory permits the camera to
operate at its normal 30 frame per second rate .

I ’
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7 CONCLUSIONS AND RECOMMENDATIONS

The fo l lowing  conclusions are derived from the results
of the stud y program as presented in the preceeding sections .

7.1 Codi ng A lgorithm

The cosine transform/DPCM coding a lgor i thm appears
ideally suited to the RPV video compression task. The
speci f ic  parameters which conservatively appear to provide
a sa t i s fac tory  performance even under h igh  error rate conditions
ar e 512 elements per scan line , 480 scan lines per frame , one

-~~ frame per second and one bit  per picture element. Under these
conditions the baseband bandwidth is under 250 kHz using the
conservative assumption of one bit per Hertz.

If target tracking is required ,the frame rate should be
raised to 8 frames per second while a reduction in resolution
to 256 x 240 appears satisfactory due to the usual decrease
in field of view . Therefore,with the same coding algorithm
the baseband bandwidth still remains under 450 kHz.

7 .2  Implementat ion

An all digital implementation of the coder is recommended
to provide high reliability and minimize the need for maintenance
and adjustment under field conditions . With a reasonable
amount Of LSI circuitry only two 5 x 10 PC boards and a
miniature power supply are required . The anticipated volume is
150 cubic inches and power dissipation is 31 watts .

7.3 Sensor

A sensor which can be read out at slow frame rates is
recommended , particularly the presently emerging solid state

- - 
devices . If it is necessary to use the encoder with a
conventional TV camera , a frame memory is recommended . This
device adds 90 cubic inches and 35 watts to the above estimate .

4- -
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A PPENDIX A

LINE AND FRAME SYNCHRO1~IZATION ANALYSIS

Consider the i’o1lowin~ scheme in which a single bit ofa sync sequ e c e is i nserted per iodically*in t he video frame .
The bits of sync sequence can represent a particular word,
say a -~arker t ’iple ,wh ich ,when recognized ,periodically establishes
line sync. The tuples , iu turn , car ,  be phase coded to represen t
anothe r word which establishes frame sync. We have the following :

ii ____I i

~ 

I - -  

- - 

I I D  

I

Assume the horizontal word is spread over a sub-frame of size n;
the vertical word over m subframes. The period of the complete
framing signal is N = m x n bits .

Consider first line sync: A sub-frame of size n consists of
r sync bits and n-r information bits. If we let PS denote t he
probability of correctly recognizing an r bit pattern within a
subframe , we have

~~~~ (~
-
~~~)(i

-
~~~

) 
(1)

* If the composite data stream is transmitted directiy ,the
per~odicity of the sync pattern would be detectable by
spectrum analysis and therefore permit the use of sync—
correlated jamming . We assume, however , that in the present
application , spectrum spread ing will be used and as a result
the sync pattern will be randomized and therefore difficult
to detect.
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where

Pf = probability of f alse recogn ition of data as sync

= probabiUt~/ of failing to recognize a valid pa t te rn

False sync can occ tr in any of n - r posit ions wi th in  a sub-
frame . De n o t in g  the probabil i ty of f alse sync at any of these
pon i t i ons  as p~~’ we have

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

I -

or summing

?~ ‘-(-~,Y
(2)

where i run s up to n - r and Pf is given by

~~~- ~ r ( )

-15

A-2

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

_.-—--~~~
S---—- - .



- - -— -~~~~-—- -- - - -a- - -
~~~~~~~~~

-—- - -  - - - —~~~~ - - - -  

- 

The upper limit on the summation, t, represents a threshold
setting corresponding to the number of errors allowable in an
r bit pa t te rn

-
- The miss p robabi l i ty ,  pm ,  Is jus t  the probabili ty of t+l or

more errors i’~ a pa t te rn  arid , assuming a channel  character ized by• independent  erro rs ,

~~5

-
~ c:~ /~ - \  ‘ ~~~~ - -

L 
~~~~~- J r ~

_ . t/

or al ternatively

~
z__ 

~~~~~~~~~~ it
~~~~~~ ‘ L ( 11ip~~ (4 )

where p , of course, is t~e bit error ra te of t he rece ived data
stream.

The probability of recognizing a pattern correctly in Ic
subframes is given by

~ ~(‘~ J~ 
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hn the average, we will have to search only one-hal f  of the
n - r 1 possible sync positions. The mean time to line
synchronization ,in subframe s ,is then ~iven by the expectat ion of p~ .

E[~~~] 
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~~~(‘ ~~~~~~~~~~~~~~~~~~ 
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Tii~ we require ~ consecut ive accept able patt erns before
declarin~ line sync lock, we have

an d PS become s

_7 / 
/

/ .2 
(/  

~~~ 
(7 )

4- .-

having established line sync, we must look at the phase
— 

~~
- ( s ense)  of each of the r—tup les  carrying the line framing

• S in format ion . The o~ qse in fo rma t ion  form s an s-tuple , there
being  one or more s- tuples per f rar~1~ ( N )  such t -~at the beg inn in g
of the frame is de te rmined  x~.iquely.  Because line sync is
already established, we need not be concerned about false
f r a m in g , and we can write the probability of vertical framing,
p ’ , an
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6 ,,.‘I (8)

where

= probability of failing to recognize a valid pattern

This miss probability, 
~

‘m , is the probability of u ~
- 1 or more

errors in the vertical framing pattern and ,aga in assuming a
channel character ized by independent errors ,

(9 )

The p in this expression, of course, is the probability that an
r-t iple is not accepted because of errors, and q = 1-p . Ad jus t ing

4 4 u allows P ’ m to be n~ de very small at little chance of false
framing.

The overall probability of framing in a time equal to
2 s-tuples, (typically one video frame), PS, is

Prob ~ vertical framiv g/ horizontal frequency} x Prob

~acqu1ring horizontal framing in 2s-l r-tuples~

This later term is essentially un ity, so we can write

= p
~~ 

(1 - p t
m) (10) —
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If we fu rther requi re  tha t  t~e r ece ive r  see 
~ ? consecutive

accep table s-tuples , before adva r .c ing from tee sync acquisition
to the sync lock mode , we have

Ps = (1 - ~~~ ~ 2 (11)

‘~ons ider now the p robabi l i ty  of loss of f r a m i n g  once frarr d r ig
lock is declared. Loss of framing can occur by failing to recog-
ni::e t h r ~ line syn c pat tern in i ts  expected posit ion j or more
t imes , re turn ing  to the sync acquis i t ion  mo de and falsely
recognining the pattern before correctly recognizing it. Denoting
the probability of loss of horizontal  framing as p

~
, We have

2 ( ~~)
2
P ?tP)

-~~~~~~.4

_ _ _ _  
(32 )

where P1 may or may not be d i f f e rent from that  previously def ined
once reacquisi t ion is at tempted.  The number of consecutive
misses re quire d to in i t ia te  sync search is j ,and p~~ is again the
miss probability .- For reasonable values of p m an d Pf~ p~ becomes

~~~~ /~
, 

(13)

The probability t hat loss of line sync occurs on the kth
subfr ame , ELk ’ is given by

~i
. 

~~~~

= /-(/ -,)
~~4 

( 124- )
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The mean time to lon s of :‘r~ me , expressed in subframe s, is j~~st
the expe ctat ion of this expression with Ic let run to infinity
and can be shown to be

r — ~~
-i i

EL 1~~~J (15)
4

Alt-ernati’iely, if we were to require that loss of framing
not occur more freq uently than once in N subframes , (broadband
noise interference) with probability equal to or greater than~~ ,
we h av e

/ -

~~~~

and

( 16)

Fe t’ore dismissing the subjected loss of frame performance ,
one furt her point warrants cons ideration . There is t he probability
of non-recognition of loss of framing. By adjusting t and u
once sync lock is declared, p1 can be made almost infinitesimally
small ,but at the cost of accep!ing a large class of false framing
pa t t e rns .  Hence , loss of f raming  can go undetected by the
recognition circuits with high probability. This probability of
non-recognition is exactly the probability of false sync in any
one position, Pc, at the same t and u settings . Denoting this
probability of detection of loss of framing byp d~ 

we can write
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( 17)

and summing over k subframe s , the probabili ty of detection in Ic
subframe s , P,~4 is

- / - (-
~~~~~

)_
~ 

(18)

-~onsider  now the performance of a specific f raming scheme
w:-iich utilizes a distributed framing pattern of the type
described above. Assume the hor iz ontal  pat tern to be con-
s t ructed by augmenting a Barke r 7-tuple to an 8-tuple and then
formi r~g a l~ -bit r-t-iple by cascading a pair of 

t like sense ’
~both pos or both neg.) 3—tuple s .

gince we must look for both 8-tuples at all times, by eq. (3)
we h a - c , allowing no errors (t o)

= =

Depending upon the frequency with which sync bits are ir~ erted
into the video stream, we have by eq. (2)

25- - x 25b El Picture 512 x 512 El Picture

Sub-Frame P~ n-r Pf
Size n-r  hedundancy Redundancy

1 Line 512 3 0.0308
2 Lines 512 3 0.0308 1024 1.5 0.0(- Oh
11 Lines 1014 1.5 0.0606 20)48 0.75 0.1175
~ Lines 2048 0.75 0.1175

A— 8
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The miss probability, 
~~~~~ 

given by eq(4) and .again for t = 0, we
have for 10-2 and l05 error rate environments

P Pr

lO
_2 .i~35

l0~~ 1.6 x l0~~

Utilizing eq ’s (1) and ( 5) ,  t he probability of acquir ing hor izontal
framing in k subframes becomes

256 x 256 Element Picture 512 x 512 Element Picture

\PSk 3-~ Redundancy 0.75% Redundancy 3% Redundancy 0.75% Redundanc

p=10 5 p=l0 2 p=l0 5 p=10 2 p=10 5 p=l0 2 
p=10 5

1 0.8252 0. 9~ 90 0.75 14 0 .88214

2 0.9695 0.9990 0.9382 0.98~ 2 (sA~~)
4 0.9991 0.9962 0.9998

8 0.99999

If we were to require Li~ consecutive error free patterns before
declaring line sync lock, the r~sults in the above table aremultiplied by 0.5256 at p = l0~~ and 0.9994 at p = l0~~ . Framing
performance at p = i o 5  is unaf fected, but at p = 10-2 the
number of subframe s require d, Ic, increases by a f actor of
approxima tely 2 for a similar performance level.

having established horizontal framing (line sync), cons ider
now vertical framing.  We assume tha t the phase of horizontal
r-tuples has been noted and stored in a shif t  register as a binary
pattern . Actually, because we may miss certain r-tuples after
horizontal sync lock is declared due to errors, we record
erasures too by using 2 shift registers .

I
A —9

I
p

~~~~~ -
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-- a - - ~-

~~
- eq ’ s (~~~) and ( ‘d) we compute p .  and p5 ’ as a f n i c t ion  of the

th resh o ld  s e t t i ng , u , hor an s—tep io o1 length ~~~.

_ -) 
-p~~~j 0_— ~~~~~~ 10

I u 
~~ S ~m a- - __  _ _ _ __ _ _ _

0 0 . ( 2 3 . 0.0013

1 0 . 342

2 0.1052

1 0. 02l~ 0 . 178

In the aboy e calculat ions q = 0.8515 at p = 10 2 and q ’ = 0.99984
at p = l 0 - ~.

The e-nnber  of s-t ~ p1es of l ength  8 permissible in a 256
or 512 line picture is determined by the number of lines per
sub-frame (1 s-rbf ra ine  = 1 bit of verticle s—tuple). These
may be tabulated an below.

51~b_ ~~rame 
— 

_____________________

Sin e -~~~ ~ed qS-Tup l~~~~ %_ R~~~~J~~ S~ Tu~1e~~
i Line 3 64

2 Lines 3 l( 1.5 32
2t Lines 1. -~~ 8 0.75 16

2 Lines 0 .75 4
_ _ _ _ _ _  S 

~
. ________ _______ 

_ _ _ _ _ _ _

}- rom the  table it is evi dent that  there is ample room to
dis t r ibute  several vert ical  S-tuple s in any frame and hence ,
both hor izonta l  and vert ical  framing  can be achieved in one
frame .

I
A-b

____________________ • , 
~
. ‘.0

—_

~

- ~~~~~~~~~ ~‘~~- ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ —.—..----~~~~~~--- - - • - 
- - -
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Set ting, .‘ = 3 , and L~ ’ eq ( 10), we f ind

- - 

p = 1 0 2 p = 10 5

0.~6 0.99

If’ we choose , as a cr i ter ion for declarin~r loss of f r a mi nr r
t iv~ n on - r ecogn it i on  of’ 14 con secet ive  n—t u p le s , then by eq.  (13) ’
W-3 u~~e , at p = 10’- ,and largest s-tb-frame size

(o. 14 - - 4 )~ (0.1115) = 5.7 x l0~~

The mean—time to loss of frame Ly eq (15) is

/ - ~~~~~~~IO

On , set t ing  ~ = o. e~ , in eq( 1- ) ,  we cai say that  loss of
fr a v i  ug will not occ~ r more fre qu ent ly  than once in N s’ibframe s
with  probably 0.95 wh ere M is gi ven by

~~~~~

Ah ai n , thi s is at p = io 2 . letter performance can be obtained
by increas ing  bhe allowable n umber of misses or at lower p.

A-il

_ _ _ .
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APPENDIX B

SUPPLEM ENTA L DATA FOR THE RPV IM AGE BAN DW I D TH
REDUCTION /COM PR ESS ION STUDY PROGRA M

The results of the s tudy program have been discussed
in the body of this report. The evaluations were based on
SLANT RANGE at time of detection with NO DETECTS weighted as
SLANT RANGE equal to altitude.

The SLANT RANGE for any film strip with any one of the
ten processing methods was determined from the median of the
ten observers TIME TO DETECT (time from the beginning of the
film strip to target detection) . The TIME FROM START TO
GI~~1JND ZERO minus the TIME TO DETECT produces the TIME FROM
DETECT TO GROUND ZERO from which SLANT RANGE and all other
conclusions are drawn . Tables 1 thro ugh 10 repor t th i s  raw
data , i . e . ,  TIME FROM DETECT TO GROUND ZERO in the  following
format .

NO RUN (Film s t r i p  number and title)

= X Y ( Number of samples (X ) not inc lud ing  NO DETECTS
taken in sequence (Y))

= A B C D (TIME FROM DETECT TO GROUND ZERO in seconds)

This is followed by the tabulation of computer processed data
including median , mean , variance and deviation . Note that
NO DETECTS do not enter into the calculations .

The data presented in Tables B—i through B—l0 is depicted
graphically in Figure B—i showing the mean and deviation for
each film strip and each simulation .

Table B—li presents the computer print out which generated
a single mean and deviation for each simulation . Th is data is
tabulated in Table B—12 . The last row shows the mean of the
10 previously calculated means for each of the 10 film strips .
The deviation of the 10 film strip means for each simulat ion is
also t abu la t ed .  This data and the  equivalent  SLANT RANGE is
presented graph ically in Figure B-2.

- -~1•~

B-i
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Tabl e B—I Data f o r  B a ’ . ’ . l In e  Simula tio n

4(0 14 COLD SPRINGS 
- - - - 

.80 11 POWER DISTRIBUTION STATION 
- -

1 3 1  —13 1
—23.f~ 24 25.5 22 2? 22.3 25 24 19 23 002?. 26 22 .1? ~9.b 14 16.5 20.3 21 32 19.5 20.5 20 2? 32 25

NUM B E R OP O B S E R V A T I O N S  13 IUMR PR 0? OBSERVATIONS 13

MEA N — ERR — S t J N ) I ( I I ) ~~N 2.388462! 01 MEAN — IRE — S0NIX(I)( /R 2.196154? 01
M E DIA N 2.400000 1 01 

~~~~~~~~~~~~~~~~~~~~~ 9.0000001 00 RANGE ....  1.800000k 01
LJA DJU S TFD ( B U S E D )  V A R I A N C E  — (J A DJUSTE D (BIAS E D ) VAR I AN C E —

S U N ( ( X ( I ) — X B R ) 2 ( / N  — UV R 4.1213021 00 SUN I(I)—IBR)”2)/I • UVE 2.971006? 01
LEA DJU SIR D STANDARD D E V I A T I O N  ... 2.030099? 00 LE A DJU ST E D STA N DA R D D E V I A B I O N  •  5.450695? 00

440 17 SOUTH PUMPING PLANT .~ Q 13 GIBRA LTAR DAM
—15 1 j 3~~
.19 20 16 15 16 13.5 10 1? 15.5 14.5 19 16 15 —20 19.5 23 16 11 19 71 19.5 16 21 21 29 19

NU MB ER o~ O B S F R V A T I O N S  13 N UM BE R OF O B S E R V A T I O N S  13

- - NEAl — 13k ~ SUN (X (IH/N 1.3884622 01 MEAN • ERR — SUM)I(I)) /I 1.9615381 01
MEDIAN 1.600000? 01 MEDIA? 1.930000? 01
RANG E 1 .00 00001 01 PANG? 1.800000? 01
II AD J US TE D ( B I A S E D )  V A R I A N C E  — IIADJU STID ( BIAS E D ) VA?!  LICE —

S U M ( ( X ( I ) — I B R ) 2 ) / N  — DVI) 6.2?5148E 00 SUN)( 1( I )—Z3I ) 2)~ l • DYE 1.389053? 01
INA DJ USTE D STANDARD DEVIATION —  2.5050251 00 LIADJUST ED STA NDARD DEVIATION —  3.986293? 00

.80 7 BUILDING 4(0 3 SAMSITE (3500)
—13 1  —13 1
—20 13 14 17 14 10.5 14 1 7 9  7.5 9 1 2 12 —1? 11 18 13 21 11 12 12 12 10 18 22 16

-I

NUMBER OP OBS ERVATIONS 13 NUM BER OP OBSERVATIOI S 13

MEAN • IRA — S UN( I( I I )/ I  1.300000? 01 MEA l — ER R • SUM(I)I)) fR 1.b00000E 0*
MEDIAN 1.3000002 01 M ED IAN 1.3000001 01
RANGE 1.230000k 01 RANGE 1.200000? 01
.IADJUS ? FD ( B I A S E D )  VARIANC E — INA DJUSTED ( B IASED )  VA R IANCE —
SUMI ) I ( I)— ZBRI ’ 521 /N  — (JAR 1.188462k 01 SDMI( X (I)—XBR) 2)IN — UV R 1.569231? 01

L E ADJUS TED STANDARD DEVIATION —  3.4-4 7407? 00 LUADJUSTED STANDARD I} ERIATIOI —  3.961352? 00

-40 12 P IRU BRIDGE -40 5 SAMSI TE ( 7 5 ° )
—13 1  —15 1
—35.5 20 36 9.5 19 13 15 25 19.5 1? 12 12 1? —12 .6 15 11.5 9 20 1? 12 18.5 23 12 14 15 16

NUMB ER 0? OBSERVATIONS 13 NUMBER OP OBS ERVATIONS 15

- .-~ MEA N • IBR — S U M ( X ( I ) ) / N  1.9269231 01 4W • EBB • S UM(X ( IUh l  1.503846? 01
1(1511? 1.700000? 01 MEDIAl 1.6000001 01

-, RAN GE 2.680000? 01 RANGE 1.400000? 01
-
- -- LIADJU STF.D ( BIASED ) VARIANC E — !IADJU S?ED (BIASED ) VARIANCE —

SUN((EU)—XBE) • 2)~ ? • UVR 6.506213! 01 S U M ( ( E ( I ) — ? B R 1 2 ) /N  • DVI 1.382544! 01
IIADJUSTTD STANDARD DEVIATIO N —  8.066110! 00 IJADJUSTED STANDARD DEVIATION —  3.719259! 00

4(02 BRIDG E ~‘80°) 4(0 16 INDUSTRIAL B LDG .
—12 1 —12 1
—3 26.5 12 18 25 7 6 8 11 12 II 11 .26.3 16 20 24.5 21 29 26 31 22 29 31 29

IUMBEI I OP OB S ERVA T IOU S 12 NUMBER OP OB S ERVATIONS 12

MEAN • lED — 511M) 1(I)I/? 1.254167? 01 MEAN • 21? — SUMUIIf l /R 2.54 1667? 01
MEDIA? 1.200000? 01 MEDIAl 2.660000? 01
MAI d 2.3500001 01 RAId? 1.3000007 01
(IA DJUSTLD (BIA SED) VARIA N CE — (IADJUSTED (BIASED) VARIA NCE —
SUMI(X (I)—XPR ) 24/l • UI? 4.7727431 01 SUM4(Z (I)—XBI) 2)~ l — UVR 2.103472? 01

LUADJU STED STA N DARD DEVIATION — ... 6.9085041 00 LUADJUSTED STANDARD DEVIATIO N — ... 4.546363? 00

B-2
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F D 1 0  5- Da ta  f o r  5 12 x 1 h R  — 0 Simulation

-~ ~~~) 14 COLD SPRING S CANYON BRIDG E 
~NO ii  POWER DIS TR IB UT I ON STATION- I -8 I

- - 
2~ : - -~ I I  7’ 2~ ? f-  24  • 19 IS  20  17 27 (-3 10 25

i ’ -I~~E P  OF I~~~~~~E ’  • -I I J N S -3 N I M H E S  O F  i t-  L - ’ A I I U N S  

= ‘~~ -~~ ~‘ ‘ ~ c ’c ( I I/ ~~( - . 3 62 5 0 C L ~~~ 1F-~~~ 1 = ~( D~
- = 5 U M(X(  I) 1/N • J 12 5 t OF U I

‘ O E L I I N  4 0 0 0 0 0 1  01 ‘11D1 A~ 1 . 7 0 1 j O l O L  D i
- . ; JOL 5.2000001, 00 PA~1GE I .700B002- Ii
- - -,~ r J DI EL ( 1.1 ,ThEL) ‘J~~h1 (~iCE = IJN~.WU5TE D ( HI ASED) VAt’-! a~N C E

\ 
M ( ( ’ ( ( I ) — ’( 13°) 2 i / J  = U’J~~ .)-043 75E 00 5tm 1((~((I)_ Xbl)aa2) /N = l iD : 2 . 4 ~3 5 ) 37,  (‘I

- ‘ J D i ,J l 5T D D T P J L ~~°I I F I D ’ I J (  . . . 1. 7 7 ~,34I: 0 0  UN~~DJU5T0. L) STSN CI3’.U) DE ’J! A TI~YI . . .  . ~ . 3 / 5 7  I - S I 0 6

- j ’  17 SOUTH PIJI-IPING PLAICE •NO 13 GIBRALTAR DAN
I =~ I

(5  *3  12 I~ i I S  1’. I~ 14 15 II 13 17 IS *9 lb

A

l~~ -~~ F O L ~~, ’/P1I 3 ~ r0t~~DE1’ OF OLSE ! t ’ A T I O J S  

I F  i - i  ~~ I- ’~ 
- ( ~~( I )  ‘/ ~~I I. 4 2 5 0 0 2 1  ~~ M E 3 ~ • = SI~~ (~~ ( I )  ) / 3  1. ~~~ U 11 L i

I~~~~ 1 ) . S I J O t j C O E  II MEDI AN l . 7 0 ~~L-0Ii . DI
- .-~ ‘ o : _  — . 0 0 0 0 ( 3 0 1 - 3~I F A ~N O E  - .  2 1 2 1 0 0 1 C C

- - j , :.J - ( - I n S F - i - ) “ .31 I t~J i F  = 
- - INAL. J !’STED (LI ASED) ~~ )I.~!i-~L =

- ‘ ‘ 1 <  C ~~ I (— (H ) “ 2 ) / I  ‘J ’~ - . ( I  7~, Q O E  UI ‘ ) JM ( X C  I — ( H I - ) •~~2) /:3 = U’ ~. ) ~~~t T E I !  ST3L ! I ‘ 1  . I I - J : - ~ = . . .  I .  e~7) 0201 00 
~ Jj\DJ’ISTED STPN D AF - D L E V I  /.11 iii = . ..  I. )8~.i ( 3 1  10

- 
- .  = - 7 BUILDING =130 3 SANSITE (3500)

‘7 I I
- - 13 14 3 ( 3  1 0  (3 lb 12 1*  17 I~ II 17
J

- - 

• i-  -- 7! - I - - s - .  I HLSthEI3 OF ONE L’ .T Ii 5 7

- lE i i = ‘ h -  = E’ I (( ( I ) )/ ~ £ . 2 1 4 2 0 6 E  
~~ MEAN XEP F M(X(I))/1 I./,I4i16E DI

1 . 3 0 0 0 0 0 E  0 )  I F L I AN I . F P J O U 3  I I I[ ~~ 
- -M ’!E 5.Q~~0O0Ø 2. 23A~J C - E  7 . I U U C - 0 2  2.- 
~~i - ~~j ’ t ~~~ i ( D I I  I L :  ) “A~~I .3I1CF ‘tJ.31~1U S I E D  (b I A S E D )  ‘ :- I . 3 N~~E

‘~~~( C X I I  )-~~L- ) “57/ I = • 2.3 7)572E UI 
~~~~ ~~~ ~~~~~~~ 

..~~ = ~~~~ ~~. 
-
~ 3~~73~~ ~~‘ .nLJ ’  S E T c / l E t ’  b L~~.’L f ,T I  / ‘i  1.736 ( 492 00 WAI~~US TED I T A N D A F -D DL ’J L A T I  iN =  5. 7)34I7L Cu

F 1
12 PIRO BRIDGE :13 ] S SAMSITE (75 °)

= I’ 1-3 I ’ . 13 I S 1c * 2  15 
- = 14 I l  22 I I  1 14 I I  I / l

S t  iF  (3- - ~~ ‘ T A T t  ‘J ’YI SEP OF OH S E P V A T I O N S -

— S~~1(X ~~~ ) ) / ~1 I . 4 n ( 7 5 0 0 1  DI  M E A N  = X BR — S U I I ( X ( I ) ) / N  I. L.375 001 , II
— t H I c ~i I . 5 0 0 0 0 0 1  ~~ MEDI .,l (.- 000IEL DI

I- !A. - E  6 . 0 0 0 0 B O E  00 PAI3GE I .  l~~i~~ 0 C S  C l
£ ‘~ J~~~J ” c T ~~L (NIAIED) “~~“I hNCE J U S T E D  ( H I  f i S E D )  F ’A’ I ~~JCE =

- 
— 

S’~ -I ( ( ~~~~I ) — ° B R ) 0 1 2 ) / ’ I  • 3 .359375E 00 S M C ( X C I ) — X b P ) 2 ) / 1 3  ,‘, r ( .  ~ ‘4 7 , ,  I
S ’ J A C J U S T E D  SicU, t ~~ : L- L - l ’ ’ L A ( I O t i  — . . l~~8 3 286 I E  I I  U N A C , J T STED S T A N L A I D r 5 ’ I c - T I  YJ = . . . :— . - 3 1 ’ 7  0 , E  10

1~

~~~j t ’ 2 BRIDGE (180 °) = 13 0 16 INDUSTRIAL B LDG .S — -I I = 3  I
-‘. — I?  7 8 9 I V  ~ =24 (9 26 26 22 20 12 I D

- i ’  I l - E R  OF O L - 5 E~~’/.3 T 1 O I I S  ~ • 3~~~ 3 1 F r -  OF Oi :SE’ . / A T I ~13 E  I
- 

‘1 F t ~3 = T ’ S l ( X C I f l I N  7 . 0 0 0 0 0 0 0  00 M E A N  ~ b’ = SUI ICX(I )/ H ( . ) - 3 7 5 C 0 5  C i
‘IE DI IIN - a . 0 0 0 0 0 0 E  ~~ M E D I AN 2 . 2 10 0 1 0 1  ( ‘ I

U I IANOE 2. 0 0 0 0 0 0 E  00  Rf-tJGL I . 6 f ’ 0 0 0 r F  I I
S J A C m ) t ’ 5 T E D  C I . .! I,SED) ‘ ADO AlICE. — UNAL\ J I!ST EI )  ( ID! A SEE ’)  VAPI PO-JCE

• S F 1  I 5 . 0 0 I 0 l 0 L 7~II su l c c - ( ( L ) — ’ C b r - ) = ~~2 ) / - I  • U ’ ’ D  3 . I [ - ) 7 - , I D I)~~ AL~~U S T E D  T A / L M I  D D E l I  A T I O N  —  7 . 0 7 1 0 6 8 — I l  I O I P D J ” S T E I -  E T I ~~~~D [ L ’ O P T I  a l  —  ~~. - L ~~~
’. I ’  

- O B

P 13-3

‘Y’~~ ~~~~~~~~~ ILfl ~~~D ‘r L~~~~~~~~~~~ a- - I 41 # ~~~~‘.f I ~~~~~~~~~~~~~~~ 5- 
~~ 

~~~~

.
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T~ h 1o 0-3  Data for 512 x 1 , hER — Simulation

tjO 14 COLD SPRINGS CANYON BRIDGE =NO 11 POWER DISTRIBUTION STATION— I I  — 3 1
=20  28 25 22 26 24 20  2 1  — I - S  ( 7  17 l b  H 23 18 15

J I M I L I .  iF -JUEEFIJATIi\J S 3 1 3 I l 5 , 5~~~!’ OF (35505Vp1I011 5 3

IIEI’$J • 112 = S U M ( ( ( I ) /N 2 . 3 2 5 0 0 0 E  C i  M ( 3 , 1 U  • XE !’ • S I J M C X ( I ) ) / N   I. -,251101 I I
ME1IkN 2.4000000 DI MEDI c- I l .400000F CI 

3 .0000000 00 PANGE -3 .000101D C - U
S’Nc. L J l ’ 5 T 1 1  C N I A S E L )  ‘- ‘ r . l lI a .’ICE • L N A L , i I ’ 5 3 7 E 2  C ‘~I A E E D )  “A’-.IANCF

\ S’’M( (XCI i — C E l l )  “2 7 / 1 3  = l vi) 7.6075 VOL 00 5)P’1 ( (XCI) —X L )F I “ 2 ) /U  • ‘~~V R 4.737500: V t
TJNAL OJI STLI. STANCMR I.J LEVI ATIITIN • .  ~~. 7726341 00 IJN61~~I~STEL STAll S-ATE DEVI .311301 2.2220431 C I J

17 SOUTH PIJEO ING PLANT = 130  13 GIBRALTA R DAN
= 4  I — - 3  I
= 1 3  (3 (3 11 lb 15 1; 16 ‘I I  l b  I I  14 17 23 13 1 7

H

l I I 1 i E  IF ‘ ) H S E P U A T I  )SI S N U M b E R  IF O N S E R V A T I  JIl t I

M O A N  = = 513-I C 1 ( 1) 1 / I  I. 3 4 7 5 Q 0 E  ~ I M E A N  = ‘CL~1, = SUM ( ( ( I ) )  / 1 1  ( . 5  l O S  12 . 1  I I
‘l ILI AN I .a00010E 131 MEDI AN . 7 2 2 . 2 . 0 0 3  I I  

5 . 0 0 0 0 I 3 f l i /  ~~ T3AN JE I . 2 0 0 0 0 0 E  I I
T I E  L J ’ L T I L  (1IiiSEE ) DA llIANCE = 5’NnIJ’STED (HIASEL- ) VA2I ANCE =

SI ll ( ( 1 ( 1 )  — ‘C lit ’) • •2) /0 = IV! ’ 2 . 5 0 7  3751 10 Sl IM ( ( ‘ C C I )  — ‘( 82)  • 2 ) / N  = ‘‘ Vt ’  I • I 0 3 3 1 3  I
II13,, F J I I S T E I 3  S T M I J I I - i ”r L L V I A T I O S J  = ... 1 .6153561  ( 3 0  UNAE J ’I D T E D  S T h ’ J D h t ’L  L E ’ I I A T I 3 J  = ... 3.42. 7 55 3 1 1 ( 3

1%

= 1 1 7 BUILDING ‘UO 3 SAM SITE (350°)
=3 I

= ID II I; 4 1 (2  II  I?  = 4  12 Ii 12 I S  23 12 3

‘I “ I l . ’ I F  J S S E T ’ .’AT I CIJ I NUMbER OF OH S EPVA T ION S 

‘4 1 3, 3 = ‘C , - ’  = S t ” l ( 4 1 3 1 ) )/ 1 I  1. 225000 3- 01 M O A N  = ‘(HR = S 1 ’ M ( X ( l ) ) / N  ( . 5 3 7 5 0 1 2  V I
M E L I I-ci I . 2 1 0 0 0 1 1  (II MEDI AN 1 . 3 1 0 0 0 ( 3 0  C I
1 ./JOE 3. U 0 0 0 0 6 0  110 RANGE 5- . 00000 01- ( I I
t .3jL J’ STEL C L - I SEED) ~ .3r I AlICE = 

- 
U N A D J U S T E D  (SI SELL) “SF1 3OJ CD. =

S U 3 1 ( ( ’ ( C I ) — ’ C n F )~~~ 2) / .  1.147500 (3 00 SIIM(CX(I)— ’CEF-)”2)/N = Fit’ 2.7234311- (~I
I’J3/ .JUS TEL ETc.NDARD CEVIS TION = ... (.0877251 - 013 UNADJUSTED STAND.3FD DEVIATION = ... 5.4063321 00

— . 3  12 P IRU BRIDGE •NO 5 SAN SITE (75°)
I =3 I

= 1 7  4 13 ~ I] H ~ II 
- 

= 3  12 12 12 13 I S  13 1-3

‘V

J ’ .1( 2 1  11 OF ONSEt VATI NT ‘2 N1 ’lIHE! ’ OF O H S E R T J A T I ] I S  

V 
~ = ~~ s~

- — 5 I ’ l ( X ( I ) ) / ’~ 1 .3375 000 0 1  ‘IEA’J = ‘(H F = S U M ( X ( I ) ) / N  1 . 2 2 5 0 0 0 ( 3  C I
- 11 .~~l 1 . 4 0 0 0 0 0 0  0 I -lEt !  .311 1 . 2 0  l E V E E  D I

(.00000D b D l  R A N G i  I . 0 0 0 2 0 a 1  D l
li t - I ’ S T O I ( 1.1 EEl I “API A N C O  T J I - JA WU S TED ( H I  a- .SE D ) V5 5 15 ’J CE =

C (~~‘(  I 7 — X E ” )  = 2 ) / 0  • t ’ ~~1r I I .  1 4-3 4341  0 I SF04 ( ( ‘ ( ( I )  — X E ! ’ )  • 2 ) / N  • tj ’t ’E 7 .  ~ 756 0~ 0 0
‘“ # 1  J D S T E - tl ETANCA”I LI ‘‘I nO 1]. 3~ 3 3 ’ 3 3 S C E  00 UI-IADJT’STED ST1 -tUIAl L DEVIE -TI 13 • . . . 3. I 12 4 7 ’ E  UI -

f
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‘11/-U = ‘(B R = 51 J 1 1 ( ’ ( ( I ) ) / N  1 .2 3 7 5 0 0 1  0 1  M E A N  — ‘(ISIS — S U M ( X ( I ) ) / 1 J  1 . 7 3 7 5 0 0 1 -  I I I
M E D I AN I . 3 0 0 0 0 0 E  (11 M E D I AN 1 . 7 0 1 0 0 6 1 -. D I
F A N G F  6 . 0 0 0 0 0 00  0 0  P / l O S  - 7 . 0 6 0 0 0 0 1  1 1 3
U N A D J U S T E D  ( H I  A S E D )  V A R I A N C E  = UN I I \J ’( STEI5 -  (B IASED- ) - l i , C I  I - I J C F  =

= U V R  3 . 35 7 37 5 0  0 0  S’J -1( ( 1 — ’ ( B R ’ =2 /N = “2 ~~. 5 -~~~)~~~75F 00
9 fl’l~ ,W l ’ S T E D  ST ANDAF .D LIE VLATZOD  2 .3328601 0 14 VlU/J5 - ..1 ( STEZ ’  STANIOARIO 1E 5 - ’ U~~ I I  J O =  0 . 0 5 0 3 1 0 1  ( 0

(J ,J 7 BUILD ING =N 3 3 SAM SITE (350 °i
I = 3  I

5-’ = 1 ?  9 11 14 14 ID 9 13 — 9  I S  I - U  I 6  I I  ‘3 I I  I I

I”M LE OF O B S E R V A T I O N S  II ” M b E f l  OF OIISEF,VATIO1-J5 

1-l EAN = ‘( E R .  — S ( J M ( X ( I ) ) / N  1 . 08 7 5 0 0 0  0 1  -1 114 1 = ‘(B? = S U I - l ( ’ ( ( 0 ) ) ,’5-I 1 . 2 1 2 1 30 0 1  S I
(ED -I AN 1 . 1 10 0 0 0 0  0 1  M E N I Al I . ’ 1 0 0 0 0 E  11
R A N G E  6 . 00 1 1 0 0 0  0 6  RNUPF 1 . 0 0 0 0 0 1 1 3  C - I
I J N A D J I J S T E D  ( B I ASED) VARI AN CE — IJN A DJI STEL ( B I A S E D )  VAR! AU CE =
SUI1((’((I)—XETl)~~~2)/5-1 = IJljp 4 .619375E 0 0  S U M ( ( ’ ( ( I } — ’ ( b p ) ’ ’ 2 ) / N  = II’S!) I.43-1370 UI

U N A D J U S T E D  S T A N D A R D  D E V I A T I O N  — ... 2. I 4 6 7 4 6 L  V I  U N A D J I T I T E D  S T A N D A R D  DO’)! A TI U5 - I = ... 3.2222210 00

11-10 12 01210 BR IDG E — N O S SAM SITE ( 7 5 °)
— 7  I =3  I
= 0 !  I C  6 I V  1 2  I I  8 = 1 9  13 2 2  I S 14 12  1 0  3

M1 ’MBEr ( OF O B S E I S V A T I O -I S 7 MT11N E 13 .  OF OISS E T- VA’YI OFJ S 

MEAN — ‘(by  = S U M ( ’ ( C I ) ) / N  7 . 7 I 4 2 8 6 E  00 1  M E / I  = ‘( HR = 5 ) l M ( ’ ( ( I )~~,N ( .3 4 2 5 5 0 1  ~ I
3ED C /-! I . 0 0 0 0 0 0 E  V I  M E D I AN ( . 4 6 0 0 0 0 1  D I
RAN GE 6 . 0 0 0 0 0 0 0  00 F l A N G E  I . F U C I - 0 0 D  C l
UNADJUSTED (BIASED) VA 1,I ANtE — T J N A D ~1t ’STEt  ( H I  ASED) ‘J U T . !  Al C 5 -  =

1 - i  $ F y M ( ( ’ ( ( I ) ’CbI i)~~~~ 2 ) / N  — IIVP 3.6326531 00 su0l~~~’ ( I— ’ ( B R’ 2>/-4 = ‘- ‘ ‘r I  2 . 7 ) 0 4 3 7 1  L I I
UNA DJ U STED STAN D AR D DE UCA TIO TI  =  1 . 90 5 9 5 2 0  00  UNA DJCS TED STA NE ’AI5 -L rE’5 -I 1 ,TI-D -J =  5.o 710250 00

=110 2 BRIDGE (180°) NO 16 INDUSTRIAL BLDG .
=3  I = 7  I

0*~ ) 3 3 7 II 7 13 7 = 1 5  17 20 12 13 20 I I

L
i’ll N E - ’  OF JIUSE7VATIO5- Nt’ M N E 13 IF OE S E I O ” A T I O N F 7

M E.C J = ~5b5-’ = S U M ( ’ ( ( I ) ) / N  3 . 2 5 0 0 0 00  I I  ~~~~ • - 1 5 - - F ,  — SI J M ( ’ ( ( I ) ) / N  ( .5 4 2 8 5 7 0  D I
5 - I 1 I r ~N 3 . 0 0 0 1 0 0 1  00  M E D I AN 1 .5 10 0 1 1 0  I I

~~~ - A I C S  3 . 0 0 0 0 0 0 0 .  0 0  (13)01 9 . 1 4 0 0 0 0 0 0 .  00
IF’JA t sJUS TE D ( L I  A S E L )  715.1 /1CC “ M l , I J ’ 3 5 - T E L  ( N I  A 1 3k . t )  ¶ ‘ATII AlICE -

= U V I l  7.3750011— 11 1 ST’M (C ’ ((I)— ’ (BR )•’2)/N = l.’13’R I .  I 5 ’73471. C I
l:1r5J”STEC 5-110 5-CA R D LE”IATIJII —  9 . f ~4 2 4 ” 3 F 0 I  UT11IE0J ~~ 5TE D S T S t J D A~~D DEVI ATION — ..  3 . 6 ( 6 6 4 6 1  00

B-N

P .
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Tab Le 8-8 Data f or 256 x 2, 008 — 0 SI~u1atton

5-lU 14 COLD SPRINGS —NO 11 POWER DISTRIBUTION STATION
I =6 I

• O S  ~ D 2 ?  22  2 2  13  3 0  —~~~ 13 lB 3 (4 20

J ’ M b 1  I - , 014  O L i 5 - E ! ’ A T I O I S  : J V M N L O -  OF O B S E R V A T I O N S 6

M E A N  = ‘(N I  = 2 5 - I ’ M ( ’ ( ( I ) ) / J  0. 08~~ 7 I 4 E  I I  M O A N  — ‘(HIS — Si.01(’((I))/N 1.5303332 DI
MFt-I ~ .N - . 2 0 0 0 0 00  V I  ‘115-1 /1 1.1000010 II

I .400000E VI RANGE 7.000000k. 00
U N A L = J ’ S T F L  (bIASED) SAt 1 A’ICE - II1ADJIISTED (BI ASED) VARIANCE =

— T’VH l.49 79’,7E U I  SI 1M ((’ ((I)— ’ (BR) ”2)/N = UV R 6.2222221- 00
U N O I , J ( ’ S T E I  STAN DA IL) DEV IM T ILIU = 3.-’703 4813 IV UN A DJU STED STANDARD DEV IATI3 5 -5 - =  2.49443-l b 00

U )  17 SOUTH P UMP ING I’LANT =110 13 GIBRALTAR DAM
= 5  I =3  I
= 1 4  2 3  20  2 0  22 I I  = 1 7  17 I l  15 I l  20  25 3 bO

‘ I ’ M  L E F  OF J b T E C I V A F I O : I s  6 ‘ J I I M H F R  OF O B S E R V A T I O N S 4

‘(FAN — ‘ ( 0 -” = SIIM(’ ((I))/II 1.9500000 Dl M E A N  = ‘( b R  = SUM(’((I))IN 1.3250000 I I
1 0 5 - 1 1 0 1  2 .0000000. DI MEDI Al 1.1000000 VI
1i,) ) 7.3000000 00 RANGE 1.7000001 VI
t5- 41L-J’ (STFD (LI ASED) ) A ( I 6 - . 1 0 ~L UN ADJUSTED (bIASED) SA )!StJCE =

:T TTc( ’ ((I )—‘(B5) “2)/N = 2 1 1  1 3.5433330- 00 SI5-1l ((’ ((! )— X bR ) 2)/N — ‘“ ‘ 2  .3147501 UI
‘‘ilL ,JTSTEL STUSMDA (D I14 ”I ,.TI(J = ... 2 . 72 9 7 3 3 0 .  0 0  U N A D J U S T E D  STAN- DARD DEVI A T I O N  — ... 6 . 1 7 9 6 0 4 k .  0 1

5 - u] 7 BUILDING —5-10 3 SAN SITE (350°)
— 3 1

= I - .  12  I I  ( 3  10  2 1  — 1 0  2 1  7 9 I l  3 12

F ’ S OF - J b S F J i , I A T I - J N S S J T ~’10-~~ R ‘SF O B S E R V A T I O N S  

(1-AN ‘CLIP = 5t ’ -’j ( ’(( I ) ) / T J  1.3333331,. UI ‘lEAN = ‘(E R  = S U M ( ’ ( ( I ) ) / I  1.1000000 I I
‘15- L O AN (.3000001 01 MEDI AN (.00000014 Cl
reINc,E 1 .11 0 00 0 14- 01 RN I GE 1.3 0 1101014 VI
‘ 113 I , IOJ ’ST FO.  ( N I A S E D )  V A R I A N C E  = ¶JNADJIJSTED (BIASED) “AR!/’JCE =

C U 1 ( ( ’ ( ( I ) — ’ ( b l l ) 2 ) / N  = U’S ? 1 . 1 3 0 5 5 6 0 .  ( I I  SUM ((M (I)—XBP)”2)/-N = “JR 1.5000000. CI
IrJADJI’STEC S T A N D A R D  D E V I A T L 0 0   3 . 4 3 5 9 2 1 0 -  0 0  TTNAWUSTED STANDARD DEVIATION -  4. 101000E 00

41 12 01210 BRIDGE =1310 5 SAM SITE (75° )
1 7 1

I I  I S ’  I C  I I  I I  1 1  3 =7 13 22 8 14 12 IS

IT’ll -E l’ OF O1-SEI’VATI-0 I S  ~ NI ( M 1IE R OF O I U S E R V A T I O N I 7

ME Al = ‘( BR  = SUMCX (!))/J 1.0500000 01 ‘IF/I = (( BE’ = STSl (’((I))/5-I 1.2714290 Dl
‘1015- 1 1111 1 .100000 1 DI MEDI AN I .2100C1 E DI
15-A 3.0000000 00 P/JOE 1.4000010 II
‘ J I U . N J U 5 - T E L  ( N I  A S E D )  V A R I A N C E  = U N A D J U S T E D  ( B l A S E ! ’ ) ‘ T A II I A N C E  =

— UV R 1 . 0 0 0 0 0 0 0  0 0  S I I M ( ( ’ ( ( I ) — ’ ( B P ) ’ 2 ) / N  — 0”)? . 5 - 4 1 9 3 0 0 .  C l
U N A D J U S T E D  0 T S t I D A P -1) DE ” I . 4 T I C : U  = ... I .  0 0 0 0 0 0 0  0 0  T I N A D J ” S T E D  S T A N D A R D  5-F”! A T 1 3N  = ... 4 . 7 4 2 3 4 1 0 .  0 0

V.
5-3’S 2 BRIDGE (1800 ) N0 06 INDUSTRIAL B LDG .
1 86 I —-13 I

= 7  7 10  ~ I l  13 = 1 4  17 24 I S  14 I S  I S  2 5

5-1 1-lEE? OF I L S E R V A T I O I J S 6 U M b E R  OF O E S F . R V A T I O 1- IS I

‘I D IO T = ‘( B R  = 0 ’ M ( ’ ( ( I ) ) / l ’ I  ).166667E ~~~ — ‘(B R - S U 5 - I ( ’ ( ( I ) ) / N  1 . 13 7 50 0 k .  D l
M E D I AN 9 . 0 0 0 0 0 0 0  10 ME D I AN 1. 50 0 1 00 14. (‘I
2/lIE 3.0000000 00 F,ANIIF I. 1 7 3 0 0 F F  UI
T 1’If . 1 .J ’ T 5 - T E D  ( 0 - I  A’- E D )  “ A P I A N C E  - I ’NI A IUJU ST E I3 ( B I A S E D )  VA T! A lICE

G U I I( ( ’ ( ( I ) —’ ( B ! l ) ’ 2 ) / 5 - J  = C U R  1 . 1 3 1 3 8 8 9 0  0 0  S U M ( ( ’ ( ( I ) ’( B 5 - , ) 2 ) / 14  — I V?  . 7 7 3 4 3 7 1 -  I I
‘ T I A D J I .’GTED 5-TIll DA R D D E V I A T I O N  -  I • 0671870 00 UN ADJUSTED ST A ’J0 - A~~I) DEVLATI 14 —  4 . 2 1 1  2SDr I ’ D

8-9
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Tab !,.- 33-9 Da t ,  1~’~ 256 a 2 . 808 — OO~~ S imula t ion

= N l ’  14 COLD SPRINGS CANYON BRIDGE . 110 11 POWER DISTRIBUTION STATION

I — 7  I

= I - ~ ~4 24 21, - 3  22 25 I )  13  2 1  I I  16 I S  22 2 1  I )  I S

111-1 0 F ”  OF (( ‘ “1 -  ~T~ ’ AT !~ 1 U S  1- I4 I  M 5 - . 5 - _ 5 - ’~~~~~~ DSE O. ’J A TIO TI S 7

- ‘ t o o l = ‘( B ’  = ‘~~~( ‘ ( ( I ) ) / N  0 . 2 1 1 0 0 0 0  I I  M F A N  = ‘ ( / 5 -  S I ’ 4 ( ’ C (  1~~~~ /N  I . -’ 1 1 1 1  I F  I I

5 - L I  04 2. 4 0 0 0 0 0 1  D I  M LD1 IOI I .3I00000 ‘I
- I .  1 0 0 0 0 0 1  D l  R A J G E  3 . 0 0 0 0 0 0 0 .  1. 0

U.NALJ ’:ETED (1,1 1150.0) “A i5-I I-E NCE = “l1AL ~j ’~ U T 1 E  ( D3I f ~S E L )  VARIANCE =

~ ‘ 1( (‘((I) — < 0 - ’  1 “ 2) / . 5-  = ‘ “ ‘ U  1 . 2 5 0 0 0 0 0 .  0 I 5- (7111 ( ‘ ( ( 1  ) — ‘ ( L 7 )  •• 2)1:3 = 5 - ’ V 0  ‘I. 0 - 9 4  71 - I
‘ 5 - 1 f l 1 ,J ’ ( r5 1 STI’JI IOA!I D [1- “f AT ! IV = .. . 3. SJ S5 J~~1 00 l’ - -1it -Si~~ 5 - 7 1 - 0- STA’JCAD ( C C F ’ ; I A 0 1 0 : - J  — -~. I 4 N 4 33, 0 0

“ 5 - I )  17 SOUTH PUMPING PlANT
I = 11-1 13 GIBRALTAR DAN

= 1 2  17 I I  I I  I S  16 16 7 — 9 I
= 1 9  1 2  24 15 1 4 22 1 3  14  I S

l l l ’ M U E 5 - T  OF O B SE R L ’ A T X ’J N S -1
( l I M b E R  OF OBSERVATION S I

‘lEA’) = XL- ” = StJM (X(l))/IU 1.3375000. 01
-MEDI AN 1 .5010000. Dl M E / I  — ‘(B R = SIJOI (’((IU/N I. ’ .1s44445-: S I
‘SA llE 1 .0000010. 01 MEDI AN l .R00100L DI
1 ’ I k O E . J I I S T E D  ( B I A SE D )  ‘ S A I l / I C E  = RANGE I.200010E II

= ) 1 C ~fl 9 . 7 3 4 3 7 55 .  0 0  U N A D J U S T E D  ( B I A S E D )  V A R I A N C E  =

UTIMDJ”STEL S T A N D A R D  D F . U I A T I O ’ J  = ... 3 .1199960. 00 SUM~~~X (I)_’ (BR)a.2)/5-J = “(75-5-  I . ~~~’ U 2 4 7 F  01
U N A D J U S T E D  S T A N D A R D  D E ’ J I A T I O : J  = ... 3.3752320- 00

~~ 1’S 7 B U I L D I N G
= 7  3 110 3 SAM SITE (350 °)
= 1 0 10 12 10 6 1 1  = 9 1

I D  = 1 7 14 13 13 I D  I V  10 IS

1”? ( E R  OF 1 D (E ’ - . ’ M T I  214 5 7 N L ~~~~E? -OF O B S EF ,TJA T OTI I 7

‘11, 11’) = — ( ‘ < ( ‘ ( ( 1 ) 7 / N  7 . 4 5 7 1 4 30 .  0 0  M E A N  — ‘(E R  — S U M ( ’ ( ( I ) ) / N  1 . 1 4 44 4 4 0  D l
M D L I  AN 1 . 0 0 0 0 0 0 0 .  0 1  M E D I  AN I • 1000000 I’ I
5-~ -~~~3E 6 . 1 0 0 0 0 0 0  0 0  S A l lE  1 . 0 0 0 0 0 1 4 1 4  0 0

I j , t . J I J5TEL)  (14 1 ASED) / A 5 -~I AN CE • UNADJUSTED ( B I A S E D )  (711 5 - I AN C E  =
SUM ((’((I)— ’(bC-.)”2>/:-U — O U R  2 . 7 7 7 5 9 20 .  0 0  S I I M ( ( ’ ( ( I ) — X D ’, )” 2 ) , N  = IV? 4 6 9 I 4 L  0 0

L’1-JAL~J ’~ STED STANDA RD LF.VLATION =  1.7261490- Dl I1-I f,DJ1’STED STANDARD DEVIl-TOO’, - ( .•  2 . 4 7 ) 2 1 3 2 0-  5 - 0

.‘UO 12 PIR TJ BRIDGE = I I  5 SAM SITE (75°)
= 4  I =9 1
= 3 I l  12 13 14 13 ID 3 28 1 0  I l  I l  8

5-J ”M0-0113 h F  rfl ~ . -~ ( V A T I O . J  2 4 ‘)“M(-F’~ OF O B S E R V c . T I O J N S  1

M E A N  = < 0 - ”  — I ’ M  ( ‘ ( ( I ) )  /14 I • 12 5 0  O D E  I I  M E A N  = ‘(VIP  = S U SI ( ’ ( ( I )  ) /11 I • 2 1 1 4 0 0 0 5 -  V I
1 LO r A AN 1 . 2 0 0 0 0 0 0 .  I I  MEDI AN 1 . 0 0 0 0 0 0 0 .  V I
( 105 -2115 - 4. 0 0 0 0 0 0 1  0 0  RANGE  2. 0 0 0 1 0 0 0  V I

5-5- N [ , 0 J ’ / S  T E E .  ( L I A S E D )  ‘J M F ! b , 5 - I C E  = ‘NA ISJI ST E L  (E~IASE1’) VA R IAN CE
S U M ( ( X ( I ) — < L ’- ) ”2 ) / - J  — U’)? 2.11375000 00 SU’l((’((!)—’(E5’’2)/N — I”;r 3.13333320. Il l

‘ JNI , L O J U S T E L  ETANDATED LE ’IATILJT’J = ... I . 4 7 9 0 2 0 E  I I  INAD,.T U STE D S T A N D A R D  DE V I A T I D  S.764 113514 0 0

5- I ’ S 2 BRIDGE (1800)  =111) 16 INDUSTR IA L BLD G . —

= 5  I = 7 1
= 1 6  1 9 I I  I I  = 1 7  25 22 22 27 22 16  27 I S

I ’ - M L ~(R  I F  r I  E R U A T I J O-J I S ‘JIVI i)E R OF O B S E R V A T I O N S S

-l F , ~ J — O h ’  — Sl~ l ( X ( I ) ) / 1 3 J  1 . 1 0 0 0 0 0 0 .  D l  1-1010 1 = X L , I i  — S U M ( ’ C ( I ) ) / N  - .1 444440 I I I
‘(ELI /I 1 . 1 0 0 0 0 0 0  D l  -‘IEDI AN 2 0 0 0 0 0 1 4 .  I I
“ A l O E  3 . 1 0 0 0 0 0 E  0 0  0/104514. I . 2 U 0 E 0 0 L  V I
UNADJ U STED ( 0 - I  A S E D )  5- AP I A N t E  = U O h C , J I ’ $ T E C I  ( I I I P S E I I ) ‘.‘A ” !AN I5- E —

7 ’ M 1 ( ’ C ( I ) — ’ C L R ) ’ 0 2 ) / 1 - I  — OI V B 7 . 6 0 0 0 0 0 0 0 0  S l I ( ( ’ ( ( I ) — ’ ( B F , )~~ ’2 ) / N  = ‘ - ‘
~~~ 1 . 1 4 , 3 1 4 1 0 1

1l1U 1 t .J I E T L L  S T A N D A R D  L I E V I A T I O F I  — N . 2 . 7 56 8 1 00  00 T N A D J ( .’STED S T A N D A R D  15-E l i  T1 ’] l/  = .. . 4 . 2 9 7 5 1 3 1 4  10

8 -10

— -S 
..I,1,%.~~~~~~.�~ U5r,5a1~

_ .11 4. ~qp~~~w ~ ~••• 
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Table 8•lO Data for 256 x 2 , BER — 0, Interpolated Si iLa tton

= 11,) 14 COLD SPRINGS -NO LI POWER DISTRIBUTION STATION
= 13 1 — 7 I
= 2 3  19 23 24 17 22 22 24 = 1 4  20 23 26 12 25 28

I ’T l l , F  U OF 00,SEI-”ATION 13 N l ’ME E I(  OF O B E E R V A T I O N S  7

15 - i/O ! = < I T  = SUM(’((I))/l 2.2000001 VI 1-SEAN = IC E?  • SIJM(I( (1)>/5-I 2.1l423(’F VI

5 - 1 - l O A N  2.3000000 DI MEDIAN 2.30000015-0 01
1 ,100 5.000001E 00 RANGE 1 .60000014 III
I2OADJUOOTED (0-IASED ) VARI ANCE = ITNAD .JTJSTED (BIASED) ‘JAFTI ANCE =

DC’: 1 3.5000000. 00 Sl.D’1((’((I)—’(BR) 2)/TJ = ‘JUN “.21 2240-F CI
t’SAL.J’STED STAlL-AlL DEVIATIO:J =  1.170-3 211- 00 UNADJUSTED STANDARD D E V I A T I O N  =  13.4676570. ED

r N ’S  17 SOUTH PUMPING PLANT = 140 13 GIBRALTAR DAN
I =7 I

= 16 16 I S  15 II  I) 12 14 = I )  16 13 I S  I l l  2 0  22

.‘J ’ I MBER OF ONS E E1 V A T I ]N 5-5- . 13 5-lUMBER OF OOSERVATIONI 7

M E A N  = ‘( hR  = SUMUC (I))/5-U I .ii0 0000E DI M E A N  = ‘CR19 = ! I 1 J M ( X ( I ) ) / ’ S  I.’(S7I41 Cl
MEDI AN I.S00000E II 5--lED-I AN 1.6000001 311
210-100 5 .0000000- 0 9 .00001014 (0.
‘5-0 A5- .J”STED C BIASED) (P.11/ICE = ‘O I AD J U ST E C  (10 1 AS0-D) ‘.‘h”-O 11--ICE =

I (‘((I )‘(BR) ‘2)/1-1 = NV? ,. 0 0 0 0 0 0 5 1  6 0  SUM ( (‘((I) — ‘(100)~ 2)/5-l = ‘‘J R 3 .  2f-~~31- ’- 5- DC
UTJ AI4T JSTE D 5-TAI L-AlL DEVI AT100J =  1 .7 3 20 5 1 1  D O  I ’N A D J I I S T E D  S T A N D A R D  DE”I/,TI JTI =  5-11. L4339 7r I’”

5- 7 DUILDING = o.m 60 3 SAM SITE (350°)
=7 I = 13 1
= 1 2  I I I  I I  1 3  1 12  12  = 1 1  I V  12  24 3 7 16 1 7

J I ” 4  0—ER OF - 3 1 , 1 0 - 5 - - V A T !  I N S  1 IJ !’M U3E R 130 OES F .R’ /A T II5 -) NS 5-

‘ 1 1- A N  = ‘( L I P  = UM(X(I))/1-1 1.1142361 D I  1- 10- 101 = ( L-~~O = SUT-I ( ’ ( ( I ) ) / I - J  I . 3 3 7 S 0 U t  C I
MEDI AN 1.200000 1 V I  -1 0- f-I AN I .2DDDO0 E III
R A N G E  4.  0 0 0 0 0 0 1  00 7(10101 I. 6000000- 0 4
O’S I- DJ 5 - I S T E L  ( B I A S E D )  V A R I A N C E  = UTJAISJ’JSTED (BI ASED) VARI ANCE

= U’)? 1.8361350 00 ‘CCI _’(Boo*12),:l = ‘‘2 / 2.4-73437E Dl
UN ADJUSTED STANDARD DEVIATION =  l.355262E 00 lt - JAO, J U ST E D STAN ,A RD DEVI1~TI JR =  4 .9 -3 , 4 3 7 :  5 - f .

7~ ’) 12 PIRU I/RIDG E — 1 1 ) 5  SAM SITE (75°)
=6  1 = - ~ I

4 9 I !  13 I I  = 1 0  IV 26 IS 12 ID  2/  0 .0

‘ I T I - I F E R  OF O E S E ! 1 1 VA T I I D F I S  6 1 ’ T - T L , F 5 -  O F  ‘SE ‘ 1 - i  “ 0 - 5 - l u ’ S I

M E A N  = ‘CVI? = S’.. 0 - l (’ C ( 1 ) ) / N  ‘7 . 3 3 3 3 3 30 .  00  ‘- 10 - Al  = ‘(1,15- = 2 ’ ’ l ( ’ C C ! ) ) / ’ )  I . 6 ? C - 0 1 1 ( F .  ( ‘I
MEDI AN 7.0000001 00 MEL ! All .650000 1- I l l

0 f~/ J G E  3 . 0 0 0 0 0 0 E  00  )/10~1f T 4 I. -II0000( - - I

‘S4/~DJUSTED C t/ I ASED )  ( P ) I PNC E = lEI/,DJIJSTEE5- (B! ASEIO) “45-! 00 ULO
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APPEND IX C

VIDEO COMPRESS ION EVALUATION ORIENTAT ION

This appendix contains the text of a standard Air Force-
supplied briefing chart given to each test subject to read
prior to performing test runs . This chart was intended to
ensure that all subjects had the sam e understanding of the
purpose of and method of performing the tests . Each subject
was given as much time as he required to read and understand
the text.

- TEXT -

1
~
’You are an observer in a study whose purpose is to determine

the maximum distance at which most observers can reliably locate
- each of a variety of known man-make objects . You will be viewing

a television screen (or CRT) which displays the moving scene
5- inc luded in the field of view of a television camera aimed far

- 
ahead of the aircraft in wh ich it is mounted. The aircraft that

— took the pictures flew level at a low altitude and at a speed of

- 
over 400 knots . At the start of the TV picture the object to be
found is five to six miles away from the aircraft. It will some-
times be considerably off center of the TV display . It rapidly
moves closer , enlarging in size and clarity of details as its

k image moves down the display . Usually , but not always , not even
a “blob” (an unresolved or featureless blur) of the object of
your search is seen for awhile. In less than a minute from the
start of the run the image of the object to be found has moved
off of the picture at the bottom of the TV screen . The objects
on the terrain that you will be seeking include bridges , buildings ,

1- ’ a dam , etc . Some of the objects are large and conspicuous , being
easily designated at long ranges , while others are not easily
found until they are quite close to the aircraft. Different
groups of observers will all view the same TV pictures , but some
groups will have clearer pictures than others , some will have
noisy and/or very jerky pictures , etc., i.e. , different groups
will be tested under different conditions .
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Your task is to f i n d  and designate objects w i t h  which  you
have become f ami l i a r  before you start viewing the television
display . You w i l l  know in advance what the object sough t looks
like , where it is located on a map and where it is in re la t ion  to
ter ra in  fea tures , i . e .  , in the  televised scene . To gain th i s
advanced f a m i l i a r i t y  w i t h  the appearance and location of the
obj ects , it w i l l  be necessary for you to carefully examine in
detai l  each of three  briefing aids : a map and two glossy
8” x 10” photographs . One of the photos was taken by a hand-
held camera at a distance of about three miles from the ground
object of interest , while the other was taken from a distance
of about one mile. Keep in mind the fact that the photographs
were not taken from the same flight path as were the TV “movies” .
so, while they present the same side , etc., do not expect the
object for wh ich you are searching to appear at the same location
on the TV display as on the photos . Thus , on the photo the bridge ,
etc.. may be in the center of the picture , but on the TV screen
it may appear well to one side of center , or it may not.

The present study is not concerned wi th  the range at which
an object is so clearly shown on the TV screen tha t  you can be
cer tain , from the image of only the object (wi thou t  regard to
loca t ion) ,  tha t  it is the obj ect that  you seek . You should be
able to point to the obj ect , w i th  some confidence , well before it
is so close to the  a i rc ra f t  t ha t  it is depicted as a large and
highly-detailed image on the TV screen . Your aim is to point to
the object while it is far away from the aircraft . Point to it ,
if you can , while it is so far away that its image is only an
unresolved blob on the screen , a blob that has to be the object
that you seek because it is in the right location on the ground .

4 . ,  However , do not point to a place where not even a “blur ” or “blob”
can be seen s imply because it appears in the correct pos i t ion:
you must see something at the location , even if no d i s t i ngu i sh ing
details  are present .

During the tes t runs the photographs of the object of your
search w i l l  be on display along side of the TV display so tha t
you can refer to them as frequently as necessary . However , do
not expect the  TV picture to be as “clear ” as the photographs
nor to be taken from exactly the same place in space .

On each of the  briefing aids the object to be found is
designated by an arrow and the b r i e f ing  a id ’ s label includes
the name of the object .  Careful ly  study the map and the  pictures
so tha t  you can quickly locate the object that you seek, by use
of other objects and ter ra in  features that  precede and/or
surround it in the  scene . The context  is impor tant :  reliable
long range designation is highly dependent upon knowing where
the object is in the scene , i.e., in context .~
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Appendix D

Statistica l Analysis of Test Data

D.1 General

This appendix analyzes the data collected during the experimental pro-.
gram and attempts to determine its significance. This task is somewhat diffi-
cult because of the way the tests were specified . Because each group of ob-
servers performed tests on only one set of pa ramete rs , these parameters are
correlated with group capability differences which may have existed even though
an attempt was made to select observers at random from what was considered to
be one population (viz, airmen).

If each group could have performed one test on each set of parameters ,
the capability of a given operator would have affccted each system in a like
manner.

The procedures and assumptions which will be described were arrived at
through discussions with Aeronutronic Ford employes who have had experience in
statistical analysis and testing . All agreed that results are confounded by
the observer variability .

Several basic rules were followed throughout the tests . They are :

1. Slant range-to-target values at the time of detection were nor-
malized to give them equal weight in determining the overall
performance of a given system. The rationale for this procedure
is that a target which is only visible for a short time at the
end of a run cannot be detected at as great a range as one which

~~1 is visible for a long time. If compared on an absolute basis ,
short range targets would contribute very little to the analy-
sis . Therefore, a detection slant range for a certain system
and for a particular target was normalized by dividing it by
the mean observer detection slant range determined for the same
target during the baseline test. The baseline was used because
intuition suggested that the baseline would be the “best” system —

-; tested. The data which will be presented later in this append ix
tends to bear out this conclusion .

The normalized values are interpreted as the “slant range at the
time of detection for a given set of parameters relative to what
would be obtained for a given target with a baseline system.”

V. The above criterion is used in lieu of a definition of target
detection difficulty or a criterion for absolute detection time

-) in terms of how much time must be allowed after detection for the
remainder of the RPV mission to be a success. If such an absolute
time existed , it is realized that much data and indeed some tar-
gets would have to be banned from the study because they cannot
be detected in time , even by the “perfect ” baseline system .
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2. No-detects were treated as targets detected at zero slant range.
An alternative would have been to ignore the no-detects and base
computations only on the number of actual detections . The decis ion
to assign a zero value to no-detects resulted from the observation
that the number of no-detects increased with decreasing resolution
and to a slight degree with increasing error rate.

Targets which most often caused no-detects were the Piru Bridge
(#12) and the Bridge 180 Degrees (#2). This is not surprising
since these targets are small and have law contrast with their
surround . Since no-detects showed a definte trend , it was decided
that they represented real data and their effects should be in-
cluded in the statistical calculations .

Assuming zero slant range results in a stiff penalty , this assump-
tion may be justified if missing the target constitutes a mission
failure.

3. Comparisons were based on calculated means . The mean was used
because*

a. It is a commonly accepted quantity.

b. It lends itself to further statistical treatment. For
example, the means of several sets of data can always be

‘5 combined into an overall mean for all the data . Also , means can
be compared statistically for the significance of obtained difL€ -rence .

c. It is relatively reliable in the sense that for sample
data , it is generally not strongly affected by chance as
some of the other measures of location.

D.2 Basic Calculations

The values of Time-to-Detect-to-Ground -Zero reported in Appendix B of
this report were converted to slant range and are shown in Tables D-1 through
D-lO . For each target , a mean and standard deviation were calculated accord-
ing to the formulas :

Mean X = 
~.X where each X is a slant range value and ii is the
n number of observations .

1 2
I 2~L This is the form used b\

Unbiased Sample Standard ~,.X
2- n the Hewlett Packard HP25

Deviation S 
— — 

n-l on which the S values
were computed.

V

D.3 Normalization

-‘ All values of X and S in Tables D-1 through D-lO were normalized to the
mean for the corresponding target of the baseline runs . Thus all baseline

k
* Freund , John E., “Statistics , A First Course”, Englewood Cliffs , New Jersey,

Prentice-Hall , 1970.
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tar~ets have a mean detection-slant range of 1.00 or 1007.. Values for ~
_X and

‘ZX’ for each target of each system were calcu lated and saved. Normalized
results , although not expressed in absolute slant range , show the relative
performance of the various systems .

D.4 System Comparison

Using the ~~X and values calculated in D.3 above , a Grand Mean and
Sample Standard Deviation was computed for each of the ten sets of parameters
(including the baseline). These results are plotted in Figure D-l. The
values are positioned so that sets of parameters representing a given system
are grouped together. The dot in the center represents the normalized grand
mean for the particular set of parameters . The vertical bars represent the
range included by ± one sample standard deviation . The circled numerals are
the number of no-detects for each set of parameters . The dotted bars on the
512 x 1 x OBER and 256 x 2 x OBER are discussed in Section D.5 of this appendix .

The mean values follow a trend which might be expected in an intuitive
- - 

sense, namely:

1. The 512 sample density , 1 bit per sample, 1 frame per second
system , has a mean detection slant range which is only 14%
shorter than the baseline system; its data rate, however , is
24 x 6 = 144 times lower than the 24 frame per second , 6 bit
PCM baseline system.

H
2. The mean values of the detection slant ranges for the three

compressed systems (512 x 1, 512 x 0.75 and 256 x 2) decrease
with increasing transmission error rate.

3. The performance of the 512 x I and 512 x 0. 75 systems are
essentially the same. NOTE: The zero BER points of the two
systems are somewhat different , however , the i0 3 mean values
are similar. There is no intuitive explanation for the dif-
ference so additional tests of the 512 x 0.75 system with zero
BER were run using labroatory personnel. These tests produced
an overall mean value approximately equal to that of the 512 x 1
system. This limited sample result suggests that the observe rs
used in the original 512 x 0.75 test may have all been exception-
ally good . It should be pointed out that the 512 x 1 system
produces better subjective quality than the 512 x 0.75 system.

4. The 256 x 2 system (with and without interpolation) produces
lower mean detection slant ranges and greater deviations than
the 512 systems. The large numbers of no-detects are particu—
larly dis turbing because , in a sense , they indicate complete
mission failure.

D.5 Determination of Data Significance

Analysis of the results shown in Section D.4 was complicated by the
organization which was specified for the test program. It would b? des irab le
to determine the degree of confidence in a hypothesis that the distribution
of means is due to different system parameters and not merely to chance. It
would be desirable to know what portion of the variances (actually standard
deviations are plotted) is due to operator differences , what portion is due to
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target differences , what portion is due to operator learning , and finally, what
portion is due to system parameter differences . Unfortunatel y,  although many
data points were taken , only sma ll groups of data can be tested . The follow-
ing tests and analyses were conducted , mainly to compare 512 and 256 perfornunce :

1. The first step was to compute the standard error of the mean
for each set of system parameters . This was accomplished by
dividing each sample standard deviation by ,/T~

’, where n = number
of observers x number of targets for a given set of parameters .
Hence :

S

The values which are plotted as bars around the mean value in
Ffgure D-2 represent the expected standard deviation of the
maan if a large number of samples had been taken with other
observers and targets (all taken from the same populations of
observers and targets). The significance given to the results
of Figure D-2 is that the degree of overlap between two bars
is indicative of the degree of confidence that true system
differences are shown by the data . No-overlap suggests large
real differences , large overlap might suggest that random
effects are significant. The results generally show that
differences are significant except between the 256 x 2 system
with interpolation and the 256 x 2 system without interpolation
Interpolation does not seem to be worthwhile from a target
detection point of view. Its merit would have to be determined
strictly from an aesthetic point of view.

2. A X2 (chi squa red)  test was performed on the data points oJ the
512 x 1. system with zero BER and on the 256 x 2 system with zero
BER to test the hypothesis :

H: there is no significant difference between the 512 and 256
results , the result confounded by operator variability .
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• The following table was constructed listing the number of data
points which fall within each range:

Normalized 512 x 256 x
Range Interval 1 x 2x Pj 1~~

’ v~ .
(7.) 0 BER 0 BER n ’’j ~

? 105 V11 
= 14 V12 = 14 p~ 

= 0.175

• 90-105 V21 = 20 V22 = 11 P2 = 0.194

80-90 V31 = 17 V32 = 10 p3 
= 0.169

65-80 as 23 V42 = 11 p4 0.213

<65 V51 
= 6 V52 = 34 p

~ 
as 0.250

~~2
= 

~~~~~~~~~~~~~~~~~~~~ 
(Dl)*

i , j

n1 = 8 0 , n2 = 8 0 , n = l 6 0

Solving equation Dl,

- - L = 28.25

For this example

m = (r-l)(s-l) 4

since :

s = 2 , r = 5

From a X2 probab~~ity table*, a value of E = lO-’~ was determined for 4 degrees
of freedom and X = 28.25. Therefore, the probability of the hypothesis being
true that “there is no significant difference between the 512 x 1 system with
zero BER and the 256 x 2 system with zero BER, the result confounded by opera-
tor variability”is one chance in i05. Or stated differently ,  the probability of
differences between the systems being due to chance is one in l0~.

3. The general trend of the test results was as expected . For
example, the detection range decreased as bit error rate in-

- 
~~- creased , and also decreased as resolution decreased . Because

of the independent groups experimental des ign , group capability
til

* Handbook of Mathematical Functions with Formulas, Graphs, and Mathematical
Tables ,” AM S55 , Nationa l Bureau of S tandards , March 1965 .
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- is correlated with sets of parameters and it is not possible to
- - obtain “hard” evidence that the trends are free from observe r

- - differences . However , “soft” evidence that groups of observers
- 

have s imilar capability can be inferred by showing that observers
-
- within a group are sii~ilar. Since all observers were taken from

a single population of “airmen” and no attempt was made to screen
or organize the observers into groups with similar talent , a low
observer standard deviation would suggest that genera l operator

- variability was low and , therefore, had little effect on the
- comparison of systems .

To make an observer comparison , the slant range measurements of
each observer were averaged over all ten targets for a given set

- of conditions . These means represent the performance of each
-

- observer since all observers viewed the same targets , in the
same order , under similar test conditions . The eight means thus
determined for each set of parameters were averaged and their
sample deviation was calculated. The results are shown as
dashed lines in Figure D-l. For the 512 system , the observer
standard deviation is 0.41 of the total deviation , for the 256

-
- 

system it is 0.34 of the total deviation.

Since the standard deviation among observers for each set of

- parameters is moderate compared to the total standard deviation
for the parameter set , it can be inferred that observer varia-

- bility between sets of parameters is small , and does not signifi-
cantly influence test results.
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