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The Inia~~c’ F T ’ace t ~5ir i~i Ini~ Li LuLe of’ the Ur iv .. i-~ L~ or s~ i . ~ni

Cal ifo rn u ia  iruiti~j ted a research proJect or~ March 1~ 1973 ui~~~- r

cont ract  N00 12 3— 73—C— 1507 f roni t he Naval Undersea Cente r  to st’j d~

‘~arious techr u ic~’j~ of l rut raf r 3rTue codinia~ or v ideo si~~nials • On Ll~~~ce i~~L ~ r

1, 1974 the Institute rece ived  ano ther c ont r a c t,  N00 12 3—75—C —11 92 ,  to

e~ terid the Prev iousl ’4 developed eodiri~i technuic~ues to inuLerf’ ranie cod inu~
of  television si~~r~~ls. The ohJe~~tj v~ or these proJects  was to develo~

ef f ic ient  coding techrpicwes of’ v idco si~iruals f ro m r~ n:otele n’iloted

vehicles to ~ rourud sta tions.

In this Pirial report,the results or the study or, inuterf r~~ne

codinu~ w ill be sujmma ri~~ed .The specif’tc ~o~~ls will he def ined f o r

improv inu~ arid evaluatiru~ the F’erfornuan,ce of’ h’.~hrid inuter f ra t iue coders

on rea l—t ime  RF’ V data.
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ic Iiii~~~e F- ’ r occ~~sj nu d Ins t i t ute  of’ the Uruivc rs itu of Soutl~ .~~nu

Cali fo rrui~i init iated a nese~;rcii F’roj ~ ct cr1 March 1, 1973 ~ i~~~ c r

cont rac t  N001 2 3—7 3— C— 1~~07 Iron the Naval Undersea Center to ~ L’j~~
j

var ious s~~h~ iiuos of int ra f ranue codini~ of  v irj eo s ignals.  The chj cc t  of

the proj ec t  was to develop an e f f i c i ent  techniGuj e of ’  t ran i sni tL ir~~

video si~~nials Prom remotel~s pi lo ted veh ic lec  (RF’V) to ~ roj r d s ta L~~~ :s,

compa tible wi th rather severe  rower arid volume rest r ic t ionis  or the

t ransmi t te r .

The prj n;ar ’d techn,ja’j es that have been e~~~lored for inutrafranie

codini~ are trarusforn, , linear pred ic t i ve  arid h~ hrid Lrantsfo rnu/ l i r ieai

pred ic t ive techiou~es -44.2)-; T he hybrid codinu~ system which comhii c’;

the at t rac t i ve  features of both t ransfo rm ar,d pred i c t i ve  csdi rui~

s~~ sterns has beet-u studied irs de tail • The specif ic  t ra r isforn i  u~~od is

the discrete cosine t rar~sf or m <3-> .~~ The hybrid cos irie/ LIPCM ~ c s t e i i u

be iiyipleurierp ted to operate ir~ real t ime Lhrou~ h the use of char~~e

coupled devices arid conivenitionuel t1PCM Lechr ic ~ues ~~~~

In, December 1974, the Iit,a~~e Processin;~ Institute en a rked  on the

seco nd phase of the study, uiider a sepa rate  cont r ac t

(N00i 23—7~ —C—1 19 2) f rom the Naval Undersea Cente r ,  to study t~~e

inuterf ranie codin~i of RPV ina~~es arid to e xt e nd  the prev ious ly  L~CvE ic i -L

• ccdinu~i techniioues to conuhirp e the spat ial  ~ nud tem pora l codiru~ of’ ~~~~~

seGuenices. Cod:i nu~l swstems based upon, the two di~iu en,sior,al cos ine  ~nd

Fourier trarusfornis combined w i th  rIPC M in te riun-ora l di rect ior ,  wL’r e

in,yest i~i~~ted in, deta~. 1 • Results wer e  f r resen ited  in Le r rn~ of’ c i i d i r , ~i

~~~ ~~~~~~~~~~ 4 ui ,~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~- . -- • ~~ ~~~~~~~~~~~~~~~~~
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elf ici L’nICy • sto ra~~e roc~’Ji reuii nt s , cOITi p’J t~ ti ni ij  1 CIYIII ~ ~ t ’ i  , ~‘r 1

• senis it ivi t’4 to chaririel noise <5:: • ( Reference ~ is ~tt~~c hed to th .

• f ina l  r epo r t .)  Pe r fo rma nce  of the hybr id in,te rfraIT ie code rs h;”.~ o’:~~

investi~~ated m i  the presenice of channel r io ise.  Results show that,  I or

both coder im~~lementationis studied, niiniimal in~.x~e de~~i~~rJationi o c c u  ccl

for a channel  e r ror  probabi l i ty  of 10 or less.

• A ser ies of experiiiien,ts were  ~er 1ormed to determine the t rcdeo lf

• 
• between, avera~~e hit rate ~er f rame arid the frame rei ’etitioni rate for a

f ixed chaniniel capaci ty .  The measure of channel capac i ty  used w as  the

hit rate (BTR), which is defined as the product of avera~le pixe l  hit

• rate ~er frame arid f ra me rate • The results of’ these exper iments  show

• that reduced frame rates coupled w i t h  correspondini~~ls hii~her a v c r a ~ie

hit rates produce snial icr MSE for the individual f ram es  coded • Th:i s

• • indicates that reductionis ex pe r ienced  m i  f r a n c — t o — f r a m e  co r r e l al ,ior:s

• due to temporal suhsaiTiF~lini~ are com ple te le  cois ipe r isated for by the

increased number of hits avai lable fo r  codiri~~. Howeve r ,  subJect ivc•lu-

reduced f ra me rates tend to result in Jerky subj ec t  motion, . Iii o r d e r

to simulate this ef fect  or, actual RE’) rj a t a,  a r,ew 6 4 — f r a m e  512 512

data base was di~~i t i~~ed arid coded usini~ two—diii ier,sior ,al cosine

conihinied w ith EIPCM in tem pora l  d i rec t ion . This data base is of

tac t ica l  si~~nif icance s ince  it represents  a low al t i tude f lyo v e r  of

- 

chemica l plant .  Computer s imu la t ions  pe r fo rmed  c i i  this data base havg ’

demonstrated high oual i ty coded ii~c~~es w i t h  a 32:1 reduct ion in the

averasl e hit rate.

1 :1
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3. Outline of Future Studies

• In, this sec tion. ,it is eniphasi;:ed that further iiii~~rovenier t. 0 t it e

hybrid two d imensional trar ,sfQrm/t IPCM ir i terfranie coder is po~~sihlu , A

pe r fo rma nce  evaluation, shou ld he undertaken -to exe rc i se  the in ite rf rame

coder usini~ the real time RFV data base. This tas k recuires in-depth

inives ti~~ationis of the topics nienitionied be low.

• 

- 
3. 1 Channel Noise arid Error D~~tect ioni/Correctioni

Simulations to evaluate the extent of image de~iradationi due to

the presence of channel no ise have previously been repor ted fo r  the

hybrid two—dime ns io na l  tran ,sform/ L1FCM coders <5::- . The r~enieral l~

rnonioton,ical ly nion,—dec reas i-~~ charac te r  of the NMSE curves il lustrates

that~ for the optimum impleriien,tat ioni of the hybrid inite rfranue coder,

once an, e r ro r  occurs, its rate of’ decay is slow arid the err~~r tends to

~ ro~ a~ ate in the temporal direction,. Front i~revio’J s ex per ience  w i t h

• int ra f rame hybrid tranusfor n,/ tiF’CM coders,  it has been found that ima’i e

de~~radat io rs  due to the inherent LiPCM e r ror  propac ~,ation, can he more

rapid ly reduced by usini~ smaller than optima l weiciht in~l coe f f i c ien ts

irs the pred ictor feedback. loop :::6:: . Thus, the predic tor  is opera ted

in a maninier which is s’~ho~~timal in, the se nse  of minimiaini~ the ii,ear,

sGuare prediction, e r r o r .  However,  such operat ion has the advantta~ e o f

acce lerat iri~ the exponent ia l  deca~ in, the contr ibut ion of tran isfo rsT i

coefficients of previously scanned pixels.

This concept cart he a,’pl led to the hybrid inter l r’ari,e co der s ince

a f i  rst order 1 inear ~‘niidictioni is used to t ra nsm it  t r a nsf o rm

~~~~~
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coefficient dlffeT’enices in, the temporal domain ,

It has been experimentally verified w i t h  hubrid in,tr afrani e coov~~.

that increases in, image fidelite can he achieved he post processir,~ of

the encoded ina~ es -to detect arid then, correct channel induced errors

<7:::-, F’ronip-t correction, of errors detected at the receiver n,inin,i;:es

de~~radationi s to successive frames caused Lie error pror-ac~at ion,.

The ~ ro~ osed detection, of channel induced errors is a two ~ t~~
p

process. Initially , the assumption, is made that differences between

decoded transfo rm coefficients for successive frames are small. Thus,

a threshold a~~~roach is appropriate where the threshold is selected

such that if the corn~ uted transform coefficient differenice hetweer~

successive frames exceeds this threshold, an er ror  is cons irJe red

likele. The second stage of -the e r ro r  detection, process seeks  to

determine if an, observed chanu~ e which exceeded a ~ iveni threshold is

indeed an, isolated error or is a valid leadini~ ed~ e of a local

increase in decoded t rans fo rm coe f f i c i en t  values, This deter lT ; iniationi

is based on, the expon ential decay pro~~e r ty  which should occur durini~

the several  f rames f o l l ow in~ the occurrer,ce of an isolated error.

3.2 Bit Transfer Rate (BTR)

High auality RPV isT, a~~e ry  in  a JBIT,mahle environ,ITuen,t den-er-iri s in ,

• n-art on, the frame rate emn-loeed . In, mans RFV missions such ~s

n,av i~~atiori or ~enieral surveillenice, the frame rate can be as low as 1

frame n-er seconid. For tar~let acu’jisitioi-i , hidher f rame r~? te s  o f  or

4 f n-s are conisidereri arJe~ uate sintce this is the max imum ra te  a t  w h i c h

~~~ ~~~~~~~ ~~~~ .~_~~~ 2& —-‘ 
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a human, ope ra to r  car, ass i  ni. la te  h O W  ir i f u rn,~ti 0r • Irs thu i- i  o~ o~~c’ ti

SiiTi ’J l ationis, BTF< is r.lefinied as the product, of avcrade n-i~~el hit rate

n-er frame arid franc rate arid ha~ units of hi’ts/n-ixel/ceconud

BTR = (hits/pixel/frame ) X (frames/see)

For all cases examined with previous data bases it was shown that

reduced fran,es coun-led with corresponidir ,~~ly hi~1her avera~ie bit rates

result in snialler n,orniali~~ed MSE values ‘for the ir,dividual f r~ ncs

coded. This indicates that reduction, experienced in frame—to—frame

correlat ions due to temporal suhsamplin,~ are comn -letele conipenisated

for by the increased number of hits available for codini~~. Howe ver,

subjectively, reduced f rame rates tenid to result in Jerky subJect

• motion,. This is most an-n-arenit for ran -idl y iiovin,d objects m i  the field

of v iew~ arid is of lesser coniseouen,ce for slowie chari i~ini~ scenes.

Initen,sive verification , of this effect based or~ REV inia~iery remains to

he ini vesti~~ated.

• 3.3 Motion . Con,n-en,satiori

A particular aspect of the REV data base seo’Jenice is that it is

~enierated front a n,ovini~ platforn,, Conisecuenitle the in,ades in the

seeuen,ces exhibit f ran,e—to—fr a n, e dispi. acemen,ts irs the spatial domain ,.

• Compensation, for the effects of’ motion is a n - r o h l e r n  of �reat prac t ica l

int erest as fran ,e—to—fr an i e d isplacolTienits reduces the co r re la t i on

between, n-ixels in, setiuenitial frarr,es.

~~ L~~~~~~~-~~~~~ -~’ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
•



rr ‘ T - - ” ~~ ~~~~~~~~~~~~~~~~~~~~~~~ •~~~~~~~~~~
‘

•~~
‘ 

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

~ e9L ~

In ~~ r e r r l  ‘ niov:i n,C a r e a s  ir ~ one Irene of  a te lev is ion ,  s ic~r,a l ; -e

ve ry  s imi lar  to conresn-onidir i~ are as in, the n- rev ious  f r a s y , e exce pt  19r a

I i r, ear  t r a r i sl a t i o r,  • Thus the effect of motion, car, he conin-erseted ~f

the sn-eed arid directioni of ITiotior, can, he estimated at the coder <Si:

Motion, conipen,sation, usin~ the discrete Fourier transform should

he in,vesti~~ated for the hebrid two—dime n sional transforn,/DFCM coder.

The Fourier tran,sforn, is considered hecaujse of’ its n-hase shift

property a shift in, the spatial doma in-i variables results jr a

mul t in- l icat ion of the Fourier t rans form of the un—shi f ted isis a~~e be a

n-hase factor , This shiftin,~ n-ron-erte is exn-ected to be useful in

detecting and compen,satin,~ for effects of motion, between , frames since

mar.e ten-es of motion such as n-anir,ed n,otion, n-roduce si~~niific ani t chanc~es

in phase comn-on,enits arid sn,al 1 chani~ es in, amn-l i tude conpor ,en its. Thus,

comn-en,sationi for platforn, induced notion , mae he iniplem enited directly

in, the arrac of n-hase con— orients he appl icat ion, of appropr ia te  n-hase

correction, f ac to rs .

3.4 Simp lified Encoders

To achieve maximum coding perfo r r~ian,ce, the hybrid tw o~ dinienisior,al

tran ,sfor m/ DPCM coder is desi~~ned to he adapt ive  in, the se nse that

sen-arate  sta t is t ics ar,d, coniscoij erit le , se pa r a te  bi t  a l locat ions are

comn -uted for each suhhlock. An, a l te rnate version, which features a

muc h simpler implemen,tation, is a nuoni—ada ptive or s impl i f ied co de r .

F’erforn,an,ce charac te r i s t i cs  of the s impl if ied  coder should be co mn-a red

w i th  those of the adan- t ive coder .  A se r ies  of s imu la tio ns  should he

I~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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p L r f o r n c d  j o  irei REV tie La t o  ‘i et t ~ i n , i r , e  ri~~i r~~rj e l , j  O I L  iii C0~~~ ..

per fornienice re ’~,ult ird  f ro m n ,on ,— ada ,t i ve  in,ple,iic ’n’,tat i u is ~. , e * . , ‘ion 0 ~

avera~ e statistics for hit assi~~n,mcnits, seal ir,~ arid feedback uo i~

coef f i cien,ts  and use of silTiPi i f ied Guanit izers .  The obJect ive  of these

• sin,ulation,s is the desi~~r, of an, in,terframe coder whose n-e r fo r~~:; ce

closele an-proximates that of the adaptive coder, but whose h a r dw a r e

in ,n-leiiienitationi is con,siderahly simplified. Ar, additional topic which

should he in,vesti~~ated is variation,s on, suhhlock. part i t ioni s ize used

for two d in,en,sionial transforms.
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