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1. Introduction

The Image Frocessing Institute of the Urnivercsity of Souwlhern
California 1initisted a research rrodect on March 1, 1973 under
contract NO0123~73-C-1507 from the Neval Undersez Center to study
various technicues of intrafreme coding of video si1gnals. On liecember
1y 1974 the Institute received another comtracts NOQ123~-75-C-1192y to
extend the rreviously develored coding technicues to interframe coding
of television sidgnzls., The obdective of these rrodects wes to develos
efficient coding technicues of video signels from remotelw =iloted

vehicles to dground stations.

In this final rerortsthe results of the <tude om interframe

coding will be summarized +The srecific dozls will be defined for

imeroving and evelusting the rerformance of huebrid interframe coders

on real-time RFV datz.




g Fesearch Summary

\\he Image Frocessing Institute of the Univereite of Southern
California initialed &8 research srodect on Msreh 1 1973 unvler
contract N0O0123-73~-C-1307 from the MNaval Undersea Center to studu
various schemes of intreframe codindg of video signels. The cbdect of
the rrodect was to develor an efficient technicue of tremnemitting
video signals from remotely riloted wvehicles (RFY) to ground claticrnes
comratible with rether severe rower and volume restrictions on the

transmitter.

The Primarg technicues that have been exrlored for intreframe

coding are transformey linear sredictive and hebrid trensform/linear

. . % - . ' " . . Rl =
rredictive techicues <1s2#7 The hubrid coding sustem which combines
the &attractive fesatures of bpoth transform end rredictive coding
syztems haes been studied in detsil. The srecific trensform uweed 1¢
2 ; R i "
the discrete cosime transfTorm <3, The huebrid cosine/IFCM swsltem maw

be imrlemented to orerste in reazl time through the wse of charge

-

courled devices and conventional DFCM technigues @4#?/

In December 1974y the Image Frocessing Institute embarked on  the
second Fhase of the studwy undder a serarate contract
(NOO123-75-C-1192) from the Neval Undersez Centery to stude Lhe
interfreme coding of RFV imzdes and to extend the sreviously develored
coding techniaues to combine the seatiel eénd temrorzl coding of imoge
SEQAUENCEeS . Coding suystems based uron the two dimensional cosine and
Fourier trenceforms combined with IFCM in temrorel direction were

investidated in detail. Results were sresented in terme of coding
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efficiencyr <ctorede recuirementes comrutational coms-letitbyy anid
sensitivity to channel noise <95, ( Reference S is attached to thi.c
final rerort.) Ferformance of the hubrid interfreme coders hes opeon
investidated in the sresence of channel noise. Results show thaty for

both coder imrlementations studiedy minimal imedge dedradation occurred

for a8 channel error erobebility of 10 or less.

A series of exreriments were rerformed to determine the tradecff
between averade bit rate rer frazme and the frazme reretition rate for 2
fixed channel caracite. The mezsure of channel ceregcity uwsed was Lhe
bit rate (BTR)y which is defined as the rroduct of averadge rixel D1t

rate rer frame and frame rete. The results of these exreriments show

svErage

(

that reduced frame rates courled with corregpondinglu higher
bit rates sroduce smeller MSE for the individuel frames coded. This
indicates that reductions exrerienced in frame-to-frame correlaslions
due to temroral subsemrling gre comrletely comrencated for by the
increesed number of bits aveilable for coding. Howeversy subdectivelus
reduced frame retec tend to recult in Jderke cubdect motion. In order
to simulate this effect on actusl RFYV datzy 8 new &4-frame 512 3¢ S12
data basse was diditized and coded wusing two-dimensiornal cosine
combined with DFCM in temroral direction. This data base i¢ of
tacticel significance since it represents @ low zltitude flwover of =&
chemical slant. Comrputer simulations rerformed on this date bese have
demonstrated hidh aquality coded imedges with & 32:1 reduction in  the

averade tit rete.




3. Outline of Future Studies

Imn this section s1t is emsrhasized that further imsrovement of the
hubrid two dimensional transform/IFCM interframe coder is rossible. A
rerformeance evaluation should be undertzlken to exercise the interframe
i coder wucing the real time RFV date base. This task recuires in-derth

investigations of the torics mentioned bhelow.

3.1 Channel Noise and Error [etectiorn/Correction

Simulations to evaluste the extent of imade dedradstion due to

the rresence of chernnel noise have rreviousle been rerorted for the

hebrid two-dimencional transform/IFCM  coders <3, The denerally
monotonically non-decreasing character of the NMSE curves illustretes

thety for the ortimum imerlementaetion of the hebrid interframe ccders

once an error occursy its rate of decay is slow and the error tends to
rroredate in the temroral directions From srevious exrerience with
intraframe hubrid transform/DFCM coderssy 1t has been found that imasdge
degradations due to the imbherent DIFCM error sroredation cen be more

raridly reduced bw usindg smaller then ortimal weighting coefficients

R N T T N e

in the epredictor feedback loos <é6r. Thusy the predictor 1is orerated
in a2 manner which is subortimal in the sernce of minimizing the mean
y csauare rrediction error. Howevers such oreration hes the advantaede of
accelerating the exronential decaw in the contribution of transform

coefficients of rreviously scarnned rivels.

This concert can be arrlied to the hubrid interframe coder since

8 first order 1linesar rrediction is wused to trar;msmit transform




coefficient differences in the temroral domain.

It has been exrerimentally verified with hubrid intraefrzme codere
that increeses in imade fidelity can be achieved by rost rrocescing of
the encoded imzdes to detect and then correct charrel induced errore
Ly e Fromrt correction of errors detected a2t the receiver minimizes

dedradations to successive framee caused by error rroradgaetion.

The rrorosed detection of channel induced errors is &8 two ctews
FTOCESS . Initiallyy the assumrtion is made that differences between
decoded transform coefficients for successive frames are small, Thusy
a8 threshold sarrroach 1is arrrorriate where the threshold is selected
such that if the comruted tramsform coefficient difference between
successive frames exceeds this thresholdy & error 1s considered
likelws The second stade of the error detection rrocess seelks to
determine 1f an observed chande which‘exceeded 2 given lhreshold 1s
indeed an isolated error or 1is &2 valid leeding eddge of &8 local
increase in decoded transform coefficient values. This determination
is besed on the exronential decaws frorerte which should occur during

the several frames following the occurrence of arn isolated error.

3.2 Bit Transfer Rate (BTR)

High euality RFV imadgery in 8 dJdammable envirornment derends in
art on the frame rate emsloued. In manwy RFV miscions such as
nevigation or general surveillencey the frame rate camn be as low as 1
frame rer second. For tardet acauisitions higher frame retes of 3 or

4 frs are considered adequate sirmce this i1 the mayimum rate at which




a human orFerator cann 2esimilate new information. In the srorozed
simulationss BTR is defined 2s the rroduct of zsverade sinel bit rate

er frame and frame rate and has units of bite/rivel/second?

BTR = (bits/rixel/frame) X (frames/sec)

For 311 ceses examined with rrevious date beses it was shown that
reduced frames courled with corresrondingle higher averadge bit rates
result in smaller normalized MSE values for +the individuzl frezmes
coded. This indicastes that reduction exrerienced in frame-to-Trame
correlations due to temrorazl subsamrling are comrletely comrensated
for by the increased number of bits available for coding. Howevers

subdectivelys reduced frame rates temd to reswult i Jerky subdect

motion. This ic most errarent for reridle movinmg obdects in the field
of viewy and is of lesser consecuence for slowle changind scenes.

Intensive verification of this effect besed on RFV imaderye remains to

be investidated.

3.3 Motion Comrensation

A rarticular asrect of the RFV deta bese seauence is thelt it is

B

denerated from &3 moving rlatform. Consecuently the images in the
sequences exhibit frame~-to-frame disslacements in the sratiezl domain.
Comrensation for the effects of motiorn is a rroblem of grest sractical

interest as frame-to-frame disrlacements reduces the correlation

between rixels in sequential frzmes.




In dgenerzaly moving areas 1n one freme of @ televicion sidnel are
very similar to corresronding areas 1n the rrevious frame eycest for a
linear translation. Thus the effect of motion carn be comrensazted 1f

the sreed and directiomn of motion canm be estimated at the coder =8>,

Motion comrensation wusing the discrete Fourier trensform should
be investidated for the hubrid two-dimensional transform/LDFCM coder.
The Fourier transform 1s considered beczuse of ite shase <cshift
rrorertus a2 shift in the sratiezl domzinn variasbles resulte 1n @
myltirlication of the Fourier trenesform of the un-shifted imzase bw &
rhase factor, This shifting rrorerty is exrected to be useful in
detecting and comrensating for effects of motion between frames since
manyg tueres of motion such a8s ranned motion rroduce sidgnificaent chandes
in rhace comronents and small chandes in amrlitude comronents. Thusy
comrensation for rlatform induced motion may be imrlemented directly
in the array of rhase comronents by srrlication of arrFrorrieste rhase

correction factors.

3.4 Simelified Encoders

To achieve maximum coding rerformancesy the hsbrid two-dimensionel
transform/IFCM coder is desidned to be asdertive in the sense that
serarate statistics andy consecuentley serarele bhit allocaltions are
comruted for each subblochk. An alterrnate version which features a
much simeler imrlementetion is a non-adartive or simrlified coder,
Ferformance charecteristics of the cimerlified coder should be comrared

with those of Lhe zderlive coder. A cseries of simulslions should be




<

Facae 9
rerformed using RFWY date to determine dedradaetlions in  coder
rerformence resulting from non-adartive imrlementationsy e.dey uce of

averede statistics for bit essidgrmentss scaling snd feedback loos
coefficients and use of simrlified quantizers. The obdective of these
simulatioms 1is the decign of an interframe coder whose rerformance
closely arrroximates that of the adartive codery but whose harduzre
imerlementetion 1is conmsidereblye simerlified, An edditionzl tosic which
should be investidated is variations on subblock rartition size wused

for two dimensional tranmnsforms.
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