Dynam c¢ Load- bal anci ng bet ween Two Processing Means for

Real -ti ne Vi deo Encodi ng Techni’éat “Fi‘el &
5 The present invention relates to real-tinme video lﬁc<§
conpression and coding with nultiple processors, and nmore’” .
specifically relates to a nethod for optifum use of the “r~

conputing power_ avai,l able for the inprovenent of the
perf or mance of DYRAPLG daafsbajgneing between Two ProcessingsMeagi®%ofivF t o

the Invention The Real-cukscesded Enebaisges for video
conpressi on and codi ng, including the international standards
for noving I mges H. 261/ 3 and NPEG-1/2/4 are based on notion
15 estimation (ME), discr form (DCT) and

quant i sati on. 'll_li:Le ok d;erﬁquiﬁré ég'?srlé;laq{e%cq:%’rzeeﬁy tlmse video whi ch this

I s perforned. I nput un ries of processes
i ncl udi ng di sEERFETHIE anhrddy n(ﬁ with multiplepErocEssfisantdihti on (Q

11, inverse quRid @é@ﬁ:(ﬁlew Ineiftes to a mekhod m&r&g)tﬁnﬁﬁﬁ ] oS ne
transform (I I nter olatﬁgn 15,
of7 t

ra 1 ore ggs
moti on esti math ﬁﬂﬁgu iNg power aveg, &ﬂﬂﬁQ¥?
codi ng (SC) 1®erformance oﬂﬂﬁhdhﬁéyﬂhdnﬁﬁg. The intensive conputatlon

urce

ol ved in t hese techni ques poses challenges to real-tinme 25
I pl ement ati on. Perfornance mnth a S|ngle processor is
limted by i g ‘ gntidoncessing is the way
to TH@”HdﬁHEédH%éH%%ﬁ%*Hé&Hﬁ%ﬁﬂ@&Jﬂay'dﬁdga)dHMﬂﬂgkéﬁéﬁ‘éﬁh

exi sting algorithms and conputing power.  However,

bal anci ng amof@PMSee st qing it émq¢4ﬂ§9%9ﬂ§LﬁSQQﬂ§ards for movipg 3
dependent nat timaga‘s \H g 1y m%m i/yal arge ibhsed on motlori oad results

50 2151 SRR PO 01 6%reca g o A S 01 S 1S
bl ocks) - base@uantlsatlon Figure 1 shows the basic procedure by
which this is performed. The video input undergoes a
series of processes including discrete cosine transform
(DCT) 10, quantization (Q) 11, inverse quantization (Q7!)
20 12, inverse discrete cosine traﬁsform (IDCT) 13, frame
store (FS) 14, interpolation 15, motion estimation (ME)
16, motion compensation (MC) 17, source coding (SC) 18
and buffering 19. The intensive computation involved in
these techniques poses challenges to real-time

25 implementation.

Performance with a single processor is limited by
silicon technology. Parallel processing is the way to
achieve the necessary speedup for video coding with

30 existing algorithms and computing power. However, load
balancing among processors is difficult because of the
data dependent nature of video processing. Imbalance in

load results in a waste of computing power.
35 The load-balancing problem has been tackled with block-,

MB (macroblock)- or GOB (group of blocks) - based
approaches due to the inherent data dependency in an
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approaches due to the inherent data dependency in an

-2- | mge nei ghbourhood. This is described in, for exanple,
T. Fujii and N. OChata, "A |oad bal anci ng techni que for vi deo
sighal processing on a nulticonputer type DSP", Proc. |EEE
Int'l Conf. Acoustics, Speech, Image 5~ 2 - Processi ng, USA, 1988,

pp. 1981-1984, and K Asa 0 et a "An_AS| C approach to a video
codi ng processld‘i“"ge F‘?‘‘?J’c:‘:{f.&'ﬂoo"lrh"o‘i Thiftif FeFFribedghl PrivesramPid its
Applications, T. Fujll and Londoiatd 99%a D@hdmaﬂﬁ%lrﬁglciec&mﬁpm ogsh has
various ant a ut at i onal I ;y for 10
adj oi ni ng MBs ‘71(%‘5(% Sln%n di/o?r%geséﬂﬁgq a?n %SIB% a‘f?nflp%eer & n;_) S‘%&L t hey
are coded (|ntE¥OC(NIEEErEn9 i ¢émf erit¢quetrids e Speech, Image the border

of g1otion; (2)pRddSsLATPUSSA) Oloddld 55 01 §PF 1984, and X. ﬁé&é egylé%’ACl) i s

GOB- based approaches because source’ coding (e.qg., VLC
sequenti al ; (3}An HYEF amproach to wwﬁw%wmwm VPIQR@ry often

Qn-lchi p {TE{TPrYInt'l Conf. Itﬁé@@@r@éfsﬁ@'éﬂ% nﬂfesl?bdpmé@%ioﬂ%mf ]
i mpl enent ati o eca 0 e_need of de code for eac
processor ; (4;L‘¥bq%"ap]p%%%\tr% }%—guﬁ% MRy e%n?p%lfoa Tas Varieising

for every bl oahsaqwaussgaemg (BNndchei somsu et 1 @kl complexitep.sfdml‘e I n

%I -tinme irrpl c{?ﬁrﬁﬂ e aC(%&?% E%nal(f A8 be Slamlla 061?5%0) uﬁ[%%/ w}%n

dynam c | oad- bal-ancin
depends on mﬁlhe}plétlt%r%s;ed (inter- or lnﬁmthedhﬁﬁ%r@itlmlprb&mrs in

order to avol Y Brdexr of motion£afd) e %&nﬁm?aﬂ&maeﬂ@ dtldrdde (3)

| i sted above, t he encodi ng. process an MB can be di Vi ded.
This is are reqrisq by GOR- lﬁﬁe‘%x%ﬁ’m%‘ch‘ﬁs LF$FaYeH SBBFIEE B. J. Tye,
GA Powel |, codinm endy S vachsac) F@@Iséqmﬂii’ﬁﬁ (3) larger Video

ec using par al | el DSP" Pr | EEE | nf erence | mage
P %cesm ng, USKCHSES 3P é@’g"‘ Ory }very often, %IJCC% €YY oh,

W Lin, G A PRpeadd) ake @gﬂmb]qd needed in red&d.- uﬁndmmmpl'dmmamimrent ation
of very |ow b'ﬁecfaf\‘{sf‘e of the nee&)vdfje&)é:ﬂgael{ﬁcécg%s AR ey Proc. Int'l

Conf . nmuni catl ons an rocessi ng,
processor, (4) gome approaches require measurement o

timing for every block's processing, and this is not
20 feasible in real-time implementation; (5) there is no
opportunity for dynamic load-balancing (the actual

amount of computation depends on input pictures).

In the case of two processors, in order to avoid or at

25 least alleviate the problems (1) to (3) listed above,
the encoding process for an MB can be divided. This is
described in, for example, W. Lin, K.H. Goh, B.J. Tye,
.G.A. Powell, T. Ohya and S. Adachi, "Real time H.263
video codec using parallel DSP", Proc. IEEE Int'l

30 Conference Image Processing, USA, 1997, pp586-589, also
in B.J. Tye, K.H. Goh, W. Lin, G.A. Powell, T. Ohya and
S. Adachi, "DSP implementaticn of very low bit rate
videoconferencing system", Proc. Int'l Conf.
Information, Communications and Signal Processing,

35 Singapore, 1997, ppl275-1278, and in K.H. Goh, W. Lin,
B.J. Tye, G.A. Powell, T. OChya and S. Adachi,"Real time
full-duplex H.263 video codec system", Proc. IEEE First



35 Si ngapore, 1997, ppl275-1278, and in K H Goh, W Lin,

B.J. Tye, GA Powell, T. Chya and S. Adachi,"Real tine

full -dupl ex H 263 video codec system', Proc. |EEE First

- 3- Wor kshop on Multinedia Signal Processing, USA 1997,
pp445-450. The division of the encodi ng prdcess is as fol | ows:
Processor 1 (p[err])- interpolation, Mg and all auxiliar 5

processi ng bef¥pEkqfop on Multimedia s%%?%%r%ﬁo?%s%snﬁﬁi@%%*p%%géss

hereafter for ppass-450. TREVEINEHLEH of the encodHPCEsSOEs2 {F[8Er]) -
DCT, |DCT, Quant,. Dequant, source coding (SC), and all
auxiliary pro MFafter SC 10 - referred to as DCT-Q SC
sub- process hetwatdéssofol (p;) - interpcdandenm,eMis. and all auxiliabhe ME

sul- process i %Pécﬁé%ie#g?]ﬁ@f%%gfim?“t I ndependent |y, regardl ess
I ., _unti

of the progre he end of a 15 frame. The
DCT- @ SC sub- processeferrodstal 89 Marsukdoooeess hereafteripgependent |y
provi ded that thef&n fEL-dE- conpl eted MBs wai ting for DCT
processing. Figure 2 depicts a status table for a QCIF Frane

with 99 macr o TRI&SEMOWE nfPtIhe DCT, IDCT, Quagifre Q8RN eSQUTGRI Plerr] .
A frane 20I COftSchiiirng ofs@ sesah@sall auxi}iary%rcﬂ@éi@ﬁh@ﬁéﬁﬁtéﬂ%& 21. In
this exanple, the first s 22 have ha - C

cafbl etod Ve but rorierred to as pehATHE AR SRodBF MEeaLIR R FREr seven
MBs 23, so theconvenience. total nunber of MBs which have had ME conpl et ed
S ni neteen. The rest of the MBs 24 have not yet had ME 25

conpl et ed. In real-time applications, notion search can be
performed in dhefME cseptPragessuth Rsisheagriggdgeut independengéirch or a

pruni ng appr oagdyd Aesess boE ERe Lﬂ)ﬁoﬁfeé‘é,iﬁo%, until tH¥eefH 8k and Coh et

al nmentioned above) to neet the rame-rate requirenent. The

ardunt  of Conﬂg?ﬂ? ot g DCT-Q-SC sub-process in P; is also carried out
independently provided that there are ME-completed MBs
waiting for DCT processing. Figure 2 depicts a status
table for a QCIF Frame with 99 macroblocks showing the
progress of p, and P,. A frame 20 consists of a series

20 of macroblocks (MBg) 21. In this example, the first

twelve MBs 22 have had DCT-Q-SC completed. ME but not
DCT has been completed on a further seven MBs 23, so the
total number of MBs which have had ME completed is
nineteen. The rest of the MBs 24 have not yet had ME

25 completed.

In real-time applications, motion search can be
performed in an efficient way, such as the 3-stage
search or a pruning approach (described in Lin et al,

30 Tye et al and Goh et al mentioned above) to meet the
frame-rate requirement. The amount of computation for
the DCT-Q-SC sub-process can be controlled in P, as shown
in Figure 3. When the minimum SAD (sum of absolute
difference) for an MB is less than Ty4. (a threshold to

35 be determined), the DCT-Q will be skipped. The reasoning
for this is that when the sum of grey-level difference

for an MB against its match in the previous frame is



t he DCT- Q SC sub-process can be controlled in P2 as shown I n

Figure 3. Wien the m ni mum SAD (sum of absol ute difference) for
an MBis less than T[err] (a threshold to 35 be determ ned), the

DCT-Q wi I | be skipped. The reasoning for this is that when the
sum of grey-level difference “fbr-an MB against its natch in the

previ ous frane

| ess than a ce}?%?ntbﬁPu% Certain ¥altueabik 18 260EPFAkLe to code Jusﬁotlon

vectors and nomdXTomoeétterentAdNREdDUE coefficientsphee@ssed. 5
Summary of the Inventégn The object of the inventionis to
provi de a S|nﬁ?e and” yet effective nethod to achi eve | oad
bal ance dynam cal |y and adaptively while processing tine is
m g msed, at 10 t he %%g&ai%ﬂgfw%mgtqhméggfaiasonable | mage
quality and bit count, of Tmage quality 1s optimsed, at the
sane time maintaining processing tinme and bit count.

I n general, mﬁetbﬁﬁe@ﬂeoﬂr@ﬁ@sﬁﬁ{ieﬁ@ﬂoﬁelﬁsﬁd f:ﬁoil@de a smplerrahanent

h of th b
CRLore]) Ve SR P EEREEDve SheBlod®o arhigus; horfBniancr Loy Rapesablic

sub- process. and adaptlveIanhEhé proeeapphgcaimenss mheipisedssang tine

ang, coded 20 ype oone DLLLLOAGIN: 81 51118 BLaCORSAE! 211.90Sol L1 | pROg,gual ity

IS accep nven provi es t
strategy of Mbiw @{:@nt] o3 smgetqeaMyQLscpEubmee@ssaéaﬁhe same be

adj usted for Otpith&'ﬁ@a%lﬁé%ﬂaéeégﬂﬁgtti‘ﬁepaﬂﬁrblt édunt .
Accordlng to the invention e anount o conputatlon In
In general, more than one processor can be used to
15 implement each of the sub-processes for an MB:
Processing means 1 (P;)- ME sub-process;

Processing means 2 (P,)- DCT-Q-SC sub-process.

In real-time applications, the processing time and coded
20 bit length are major considerations if image quality is

acceptable. The invention provides that when the

strategy of ME in P, is set, the DCT-Q-SC subprocess can

be adjusted for optimum use of P,'s computing power.

25 According to the invention, the amount of computation in
P, should be reduced when P, progresses faster than P,;
otherwise the amount of computation in P, should be
increased. The amount of computation in P; is determined
by the ME strategy adopted, and is therefore kept

30 largely constant for similar images, except for some
small variation due to the effect in DCT / IDCT /
Quantisation / Dequantisation.

The amount of computation in P, may be controlled by Ti..
35 Ty i8S therefore decided adaptively for each MB in orderx

to optimise the performance of the system, according to

the dynamic load pattern between P, and P,. Determination



P2 shoul d be reduced when P[err] progresses faster than P2;

ot herwi se the anount of -conputation in P2 should be i ncr eased.
The amount of computation in Plerr] is determ ned by the Me
strategy adopted, and is therefore kept 30 - | argely constant for
simlar imges, except for sone -5 small variation due to the
effect in DCT /_IDCT_/ antisation / Dequantisation

The amount of @bnpoRdtPRRtERNPShar)dpROE oRRFEPHEEE b§igpbEiFanys

Tlerr] is Lherﬁﬁfi@iﬂﬂﬁid@dmpﬁ@@ti&ﬁ'Mof@heeﬁﬁ@eéféhﬁb@iﬂgrprocessh to
optim se the performance of.the_system according to . . .t

Gynam o1 oad pEATEFTRBLY e ERERRETE - aMbRPRERT | EoRet B8 nidhe; bime 1h',

- 5- and ofthé opdogaeser of sMBuid Rptmawntreoduseed .si gni f i cant

addi tional conputation to the video encodi ng process.

Preferably, therefore, neasures for the idle time in P2 _ and the
progress of MTh¢ fpéeptedagyepbodshalancges the worklog@eferyvehded net hod

bal ances the wWikb@sfgfRitMi #8OLi-processorsCHE88FAIMYI €6 APhhhipr P68SOrS
according to dynam c rather than_ dividing the

oad . ﬁ&ttern
task accordi ngP3otern, rather thap diyiding tha:FeK AFCPFitRrFatPon. The
control is 10 predetermihedegbsaeigoieatfl infoineticnm nNphatcoptirsunigse of

t conputing resources.for best perfornmance. An additional
acvantage is (HAPCTREr ol bFoRat SEbhpat X F BRI Gr Bughrethon 4Be7CE! Lh&TRC
vi deo encoder ¢ymphiingonesbatraasi figr neesodpésformance. Annagdigibhal 15

O h bj j j ] L
er o JeCtSﬁ%ﬁfaﬁggﬁﬁéfgg??gé.éﬂg Q&S§€f&néfvéﬁ%ﬁﬁmhtlon bro%?h¥“£5

becone appare rom ow ng descr]ption ] eferred
enbodi ment s t diked Yhde@dnfrAedevnPYi Ehis hkoad balancing apebagdny®ng
drawi ngs. 20 negligible. Brief Description of the Draw ngs

15
Other objects and advantages of the present invention
will become apparent from the following description of
preferred embodiments taken in conjunction with the
accompanying drawings.
20
Brief Description of the Drawings

Figure 1 shows a sequence for video compression and
coding based on motion estimation (ME), discrete cosine

25 transform (DCT) and quantization;

Figure 2 illustrates a status table for the progress of
ME/DCT for a QCIF Frame with 99 macroblocks in the
sequence of Figure 1;

30
Figure 3 shows an algorithm to determine whether or not
DCT, IDCT, guantization and dequantization are

performed;

35 Figure 4 illustrates a first example of the processing
time for frames with and without load balancing;



Figure 1 shows a sequence for video conpression and codi ng

based on notion estimation (ME), discrete cosine 25 + transform
(DCT) and quanti zati on; Figure 2 illustrates a status table
for the progress of VE/DCT for a QCIF Franme with 99 nacrobl ocks
i.n the sequence of Figure 1;” P - Figure 3 shows an
algorithmto fermn quanti zation
and dequantizgf}%% %r% 2843 Ens" lo%ér?%?%%ﬁn fOJFE.SECE-””“le:)cge EPhtire 4
illustrates a balatcexgnphetid fhesprexasmslag time for frames
wi th and wi thout | oad bal anci ng;

- 6- Figure 5 shows the |load pattern for a frame before

bal anci ng i n tHegdresé ehavpl ehe change in Ty Fiyo¥rg 62 stiomee tuitkehange in

Tleyr] during BafiR8End ¥br Bhe first eRAhBNEinNg for the first exanple;
Figure 7 shows the Ioad pattern and change in T[err] for a

frame with balancing for the first exanple; 10 Figure 8
illustrates a Bbgond BXenpwe t)lﬁetiawgp@ﬁtern and chandéat@sTy ttoangd
wi t hout | oad Q@Ianc the | oad pattern for a

frame before [rams Wth nalapcing for (RE LT ot P

Figure 10 shows the change in T[err] during a frame with
10 Figure 8 illustrates a second example of timing of

frames with and without load balancing;

Figure 9 shows the load pattern for a frame before
balancing for the second example;

15
Figure 10 shows the change in T4, during a frame with

balancing for the second example;

Figure 11 shows the load pattern and change in T4, for a

20 frame with balancing for the second example; and

Figure 12 shows a comparison of overall performance with

and without load balancing.
25 Detailed Description of th referred embodiment

As shown in Figure 2, each frame 20 of a video sequence
is divided into macroblocks (MBg) 21. The actions to be
performed on each MB are shown in figure 1. The

30 processing is divided between two groups of processors,
P, and P,, where P, performs the ME sub-process and P,

performs the DCT-Q-SC sub-process as described above.

Before performing DCT in P, with the m*™" MB in a frame /
35 VOP (Video Object Plane), n, is the number of MBs which

have completed ME; ng. is the number of MBs which have

completed DCT-Q-SC, and ng.<h,; p is the number of MBs



bal anci ng for the second exanpl e; Figure 11 shows the | oad

pattern and change in T[err] for a 20 frame with bal ancing for -the
second exanpl e; and Figure 12 shows a conparison of overal
performance with and wi t hout | oad bal anci ng. 25

Det ai | ed Description of the preferred enbodi nents As shown in
Figure 2, each frane 20 of a video sequence - Is divided into
macr obl ocks (MBs) 21. The actions to be performed on each MB

are shown in fvgueb havdheoppleted ME bptovetsiay compietdddDBEt@e8a,t wo
groups of procesgors.n -n,. and p_BLgrrb and P[ﬁqu ¥hE§% PLe ] per forns

t he ME sub- process and P2 f orns process as
descri bed abov@umber of MBs in BefBP@eégPvanFmg({XQ’|#§F¥?QM%¢ﬂQPﬁ#%Qerr]

I\/]I? in av\,};r aLrE inBérval in P, Vﬂﬁ:(éfpiﬁg &) ged ﬂaﬁ@suf&&réﬂmnb 5’5}? R/lé”ber
0 s whic er o s
mhf%ﬁ have counting EBﬁpPEF&SgEﬁg cP%chﬁﬁ%g W%éi? 20t s the

nunber of MBs waiting for the completion of ME in Pl, and -7-

mhlch have conpl et UbaxnoOt ye te
,p=n[err]- nTérrﬁdrdé\h&bbt—O 1, }2[l %‘1585?8'\? I\ﬁ L’he etot al
nunber of MBs PR’a frane/ VOP); t[err] (> 0) is the idle tine

Ngee=12, and

interval in P2 while p =0, and is neasured sinply by 5 counting
t he nunber of "no_operations" while P2 is waiting for the
cotdl etion of trakd T[err] T[err]<T[err]. In

Figure 2, N=99%he&heps|islAdly e(pd0-lehd ando) , Ty (m) = TePEA-1)-t,/0Q,
where Q, is an integer to control the decrease rate of
Tyer» Tyee is clamped at Ty, ™". Since Ty, is reduced,
more MBs are likely to undertake DCT / IDCT /
15 Quantisation / Dequantisation so that the IDCT-Q-SC sub-

process is slowed down.

When the progress in P, is faster(p21l and t,=0), Ty, (m)=

Tact (M-1) -p/Q, if 1sp<n,
20 Tace (M-1) +t,/Q; if ny<ps<n, and p{(m)2p(m-1)
Tyee (M-1) +t,/Q, if ny<ps<n; and p(m)<p(m-1)

where n, (20) is a small positive integer (e.g. less than
4) to keep the progress in P, slightly faster than that

25 in P,; n, (<N) is a positive integer close to N to avoid
the adjustment of Ty, being applied to the last few MBs
in each frame / VOP; Q,, Q; and Q, are three other
integers to control the change rate of Ty, in different
situations, and Q,>Q;. T4 cannot exceed Ty, . AS Ty, is

30 increased, fewer MBg are likely to undertake DCT / IDCT
/ Quantisation / Dequantisation so that the DCT-Q-SC
sub-process is speeded up.

At the start of the t*" frame/VOP,
35 Tact ' (1) =Y 1 wTace © 1 (m) /N, except for the first frame/VOP
in which T4."' (1) is the initial value set by the user.



10 MB- | evel control When P2 is idle (p=0 and

tlerr]>0Q, Tlerr] (m = Tlerr] (ml) -tlerr]/err] wher e
Qerr] is an integer to control the decrease rate of Tlerr].
T[err] is clanped at T[err]. Since T[err] is reduced, nor e
MBs are likely to undertake DCT / IDCT /- 1% - Quanti sation /

Dequanti sati on_so that thf | DCT- Q SC sub- process is slowed
down. ——?—%%h—?}ﬁ%—;#%;%%w ame 1 in Plerr] is faster (p[err] and
t[err]=0), T[emréimﬁrer scheme is to contf@BrTﬂérﬁﬂ)tHé(Ifﬁmé /VOoPf

1l err]p<n[err] rr] Ht)[ er rrd-
nferr]<p[err]n J[err:} ang® pffﬁ? ferFf ((g‘rrflvg)gr l}dc‘: ) '“‘1 “ﬁ“( 'll')[er)l/t]N(ml)
+t[err]/Q err]for ailnfesr] Phervihperef End jf fjepy nednstant for the

whefe nferr] (&ﬁ%ié)ffémé pebb, pQﬁath%&atQ&eQErtﬁé gtafﬁSéftQaﬂrame /

4) to keep th \é(sro gress in Plerr] faster than t I n
P2; nferr] ([ ?]hﬁh?scﬂnbéglt%%en?ﬁtéﬁe?f€¢%§év?oaﬂﬁtBlﬁﬁ%Ydas that

t he adj ust mrentgw©fMBl e&vé1 being applied to the |ast few MBs in
each frame / VOP, 2, B and Q4 are three other i ntegers to
control the change rate of T[err] in different situations, and

Jerr]>d err] Sd’r{lere:kamphestoﬁxthedugée@f]loaé\sba'l.amc:}ngswﬁm now be

d, d . .
&%Sﬁzgt i on / quan a%%g%%%&?h th ﬁ%%[)g%!& 1277 an H'263sﬁ%§%é)ocess
i s speeded up.encoder, aS descpibedeinthin of ahe Tyd eFand/ UTR, G3B et
Tlerr](l) [er ralir[:ﬁéﬁ&{&é&' aS&SG@Pt 1&£Ierﬁ8§téaréﬁu€&§”§ﬂ/§f’lel In

WhICh Tlerr](l) is the initial value set by tf
Progesgers \ep-Teyes Lontyypents TMS?’ZOC%\OSJ-%‘I‘%?dsEﬁerre i's

to control TJ[ eéﬁl@étéh&érmeﬁtvé& method. It rxhﬂyedat; alé\buth'e oterr] frane
I NOP T[err] %err%T err yal ue of

Tetr] is keptt EE 140008, crests show Phaf! thdTRerdd 2 tPdat ed

at the start dfha ¥orkkodd dynamically between two processors in real-

time applications.

Figure 4 (a) shows the processing time of each frame

20 for the test sequence of "Susie" when T, = 1000 without
load balancing. In this case, the ME sub-process is
significantly faster than the DCT-Q-SC one, therefore
the processing time for a whole frame is much longer
than that for the ME sub-process. The case is further

25 illustrated within a frame in Figure 5, in which the
progress of ME in P, (measured as p) is faster and the
idle time in P, (measured as t,) 1is zero, except for two
MBs when no load balancing is applied. When the load
balancing method is applied, T4 increases from the

30 initial value of 1000 to around 1600 by the end of the
first frame, as shown in Figure 6, and in consequence
the DCT-Q-SC sub-process has been accelerated. Ty, is
adjusted constantly in the following frames to keep
load-imbalance between P, and P, minimum. The load

35 balancing effect can be seen when Figure 5 is compared
with Figure 7 (a) and (b), which show the load pattern
for the same frame when load balancing has been applied.



VOP. The control is not as effective and tinely as that at

‘MB- | evel . Sonme exanpl es of the use of |oad balancing will now
be 10 shown with reference to Figures 4 to 12. An H. 263 video
encoder, as described in Lin et al, Tye et al and Goh et a
menti oned above, inplenented on two parafl@l- processors of
Texas Instrunents' TMS320C80 is used to eval uate the invented
method. It runZiEErabdlE) 7seye §Be change of  Tgesforpe t cﬁ%ﬁmeﬁésTgeshow

t hat the net hogdimshgntesrovement is obhitoubrkheadcdypani ngl Fygheeween two
processors in | - ty | cat.l X . kgure 4
(£, (B (; vkodd RALARPPAGCBLYAOS che progessins, LifH

(a) shows the eac

sequence of " Sisfetheheho¥geprpcesgooboapt houthat of ME. | oad bal anci ng.
In4his case, the ME sub-process is significantly faster than
the DCT-Q SC one, therefore the processing tine for a whole
frame i s much Tbsgee 8(a) shows atﬁaﬁetHﬁ?r?th?h@CREgsﬁﬁ-5P%CE§§?e?ﬁe case

s furtherf25 is c%rriediﬂbﬁﬁtfébﬁgrw(t‘n)u%aaﬁm@ﬁﬂoéfbﬂ g4 Barbeind). whi ch E“h'e
progress o in Pler measured as p).is faster apd t . . idle
o Tnopo (nosht EhEal ptERRRHLEG Dipk) 1hield8erho " lp ME cime in pyg
when no | oad bBbanesaoh EsamppiledouyheR, tiwe ddiad most of the thiadegnaEsng

od is appli Tl er . pcreas r t C : RUBY al ye of
IO o ar oond Hemn b FhabbElSE0RMhT Ol DoadObalaneing aIGLERRKELLE Of
Figure 6, and apPtbedeqitnee the idle timehdnpRrie stInubipprbEesTahasSbeen

accel erated. Ti@fhdtéd from its iniffhusigthe08Et 88bbyrbnzine Lol tpwi ng
frames to keep - i mbal ance between E%err and Plerr]

| oad
m ni num The |93d @5 the 1st gB%P%n%?nﬁhQV?eé? Exgupe t@enTfen Figure 5 is
conpar ed adjustm&ht hcbhgihged {A)thA8dEdD)ownhgCchranew tiheiload pattern
fglrsthe same frane_ when

1) th@dlbalanfingehaé gegn gﬁtﬁliedfl Fig 1
??6h? 9( ? Hohs* T he®2harge o %?rf 1or9%FFsitrane. The
timng inprovehimattisingvvbus ahénwibhpati hgadigatanding is similar,
as can be seen from Figure 8 (a) and (b), but the
computing power in P,, lying idle when no load-balancing
is applied, has been used for image quality improvement.
20
Figure 12 shows the comparison for the picture quality,
mean bit count and average processing time, with and
without lcocad balancing, on different initial T4. values.
Without load balancing, both image quality as measured
25 by SNR (Figure 12 (a))and mean bit count (Figure 12 (b))
are reduced with the increase of Ty.. This is reasonable
because a larger T4, means that fewer DCT coefficients
are coded. Average processing time at the lower end of
Tyee 18 much higher, since the DCT-Q-SC sub-process in P,
30 takes significantly longer to be completed. With load
balancing, SNR, mean bit count, and processing time per
frame are all kept approximately constant for different
initial Ty, values. At the lower end of the initial T,
values, the invented method is capable of reducing the
35 processing time and the bit count per frame (the speedup
being 2.5 when initial Ty4,=500 in Figure 6(c)) by

raising Ty, without unduly compromising image quality.



(a) and (b). Load bal ancing brings the processing tine for the

whol e process close to that of ME. 5 Figure 8(a) shows a case
where the DCT-Q SC sub- process is carried out faster (T[err] =
3500) before bal ancing. The total processing tinme is close to
the ME time in Plerr] for each frame although P2 is idle nost
of the tinme, as 10 shown in Figure 9. Wen the | oad-bal anci ng
algorithmis applied, since-th® i-dle time in P2 is significant,
Tlerr]t is adjusted fromits initial value of 3500 to 3175 at

t he At eneohigherilshdf pnthasishbuali B Fivgunesl0 thEhe

adj ust ment CO”&%§H§§thﬂ tﬁﬁlﬁeékﬁmkﬁg Eéﬁ@ﬁér88ééélﬂ§ time but ?QE&QE'”Hte

bal ance i s reac as s own In w th and
wi t hout | oad bamahégheruém§9ﬁ1ﬂaa 1tY bY lowerigg Ean,U@l%%eﬁom¢oﬁm¢1bure 8

(a) and (b), buhctbgse in bitstre&ANMPEhHBE.power in Plerr], lying idle when

no | oad- bal anci ng is applied, has been used for i mage quality

i mprovenent. 20 Figure 12 shows the conparison for the picture
quality, mean bit count and average processing tine, with and
wi t hout | oad bal ancing, on different initial T[err] val ues.

Wt hout | oad bal ancing, both imge quality as neasured 25 by SNR
(Figure 12 (a))and nmean bit count (Figure 12 (b)) are reduced
with the increase of T[err] This is reasonable because a | arger
T[err] means that fewer DCT coefficients ' are coded. Average
processing tine at the | ower end of TdCQt is nmuch higher, since
t he DCT- Q SC sub-process in P2 30 takes significantly |longer to be
conpleted. Wth | oad bal anci ng, SNR, nean bit count, and
processing time per frame are all kept approxi mately constant
for different initial T[err] values. At the | ower end of the
initial T[err] val ues, the invented nethod is capabl e of
reduci ng the 35 processing time and the bit count per franme (the
speedup being 2.5 when initial T[err]=500 in Figure 6(c)) by

raising T[err], without unduly conprom sing inmage quality.



At the higher end of the initial T[err] values, the algorithnms maintain the
sane processing tinme but result in higher image quality by lowering T[err],
with sone snall increase in bitstream]length. What
is clainmed is: 1. A method for bal ancing the workl oad between
a.first and second processi ng ¥eans for video encoding, the

met hod conpri si ng: X ) determ ning the | oad distribution
dynami cal |y EQEHLAL—JZQ%%ﬂﬁgeﬁi¥he first and second processing neans, and
adaptively adj usting fref haeo Wwdr Qfalca@muigatﬂm workload betweif @r rmtisb;y t he
second processin neannr#)asfed QL S me s for v eo aed doldstnrl bl.éth on.
2. The net ho&™ PRRITEY ellngt fe 288t e néLt(iI 5 g t he

| oad di stri but merthiodc logags: itsimadet er mi nati on of the anDunt of
idle tine of the se i g%%_l&s rrethod of
cl asm 2 wherein the‘a%r'}%exg{m%%a gn% dlsgﬁbuuﬁn dgé%md" stri but I on

i ncl udes the db¥e&meiemattinen fdfrscth@nd second ProgesEriags MeRNTot i3 esti mati on

|P thelfQLSt profes%F@@tlvely adgustﬁ%@n&he adldunt of comﬁutat}hﬁ1gﬁth0d of
claim erein the firs cessin means i s pted t.0
per f orm not i onpﬁgoﬁﬁﬁdoh’fﬂfg‘et P& CC ha processj‘%‘@cmnﬁr Fas seg%a i s

adapted to per fload @iwtafibution. DCT, |DCT, quantization and
deqyanti zati on. 25 5. The net hod of claim4 wherein adaptively
adjusting the anount of conputation perfornmed by the second

processi ng neads i s Ther irethed 9f ¢ledm dambpredmetfienidefermination of
whet her or not gy 1LdPEksthMelt iMHANHAYIRN t#2 determination of the

amount of idle time of the second processing means.

15 3. The method of claim 2 wherein the determination of
the load distribution includes the determination of the
progress of motion estimation in the first processing

means.

20 4. The method of claim 1 wherein the first processing
means is adapted to perform wmotion estimation and the
second processing means is adapted to perform any of

DCT, IDCT, quantization and dequantization.

25 5. The method of claim 4 wherein adaptively adjusting
the amount of computation performed by the second
processing means is performed by dynamically determining
whether or not any of DCT, IDCT, quantization and

dequantization should be performed.

30
6. The method of claim 5 wherein the video to be coded
contains frames divided into macroblocks, and wherein a
parameter is determined for each macroblock which allows
the second processing means to skip any of DCT, IDCT,

35 quantization and dequantization for that macroblock.

7. The method of claim 5 wherein the video to be coded

Qe



dequanti zati on shoul d be perfornmed. 30 6. The net hod of claim

5 wherein the video to be coded contains franmes divided into
macr obl ocks, and wherein a paramnmeter is determ ned for each
macrobl ock which all ows t he second processing neans to skip any
of DCT, |DCT, 35 quanti zati on and4equanti zation for that

macr obl ock. 7. h thod of claim5b [ '

be coded contains frames agv%dg% Qnto macrobqbckg@e;%bgw_g%e%%?%? to

cont ai ns franepatgaweted ikt detecmibledckor aadhwieneienwhich allows the
paranmeter is deterni.n faor h fr i al_l t second
processi ng nea%gg?gésﬁgﬁc%ﬁf%o B&?%gfﬁg?F%qp angwgf Bﬁgda% Fgﬁtion and
dequant i zat i onahenttize triwer epldocleguentigation for thet mpcxmiplocks of

8. g The nethodygt ¢haiyn 6 wherein the determ nation of t he
| oad distribution includes the determ nation of the idle tinme
of the second processing neans. 10 9. The nmethod of claim8

\é\herei n the degern malel @Rtdbd of claim 6 wh%rbaadtﬁbsaé?tbutniiﬁat!i@eﬂ @cfefs t he
eterm nation of the . . .progress .0 tiqn estimati,on i e first
processi ng the' 18aa 9&§ﬁ§}bf§l%n ncludes he %eﬁgfw&ﬁa%&Pan%a%g@ng t he
wor kl oad bet weddla timst of the secondppaoessisiggnemaeassand a second
prg&essing means for video encodi ng, conpri sing:

di vidi ng each frame of the video into nacrobl ocks; 20 usi ng
the first proc@ssi nfheeaeshod pér cdpimmét wogrein the detegggnggiioonof

using the secopfepfeeessiRe TBaRS oho iPe1lLee® 8R¥ @ktermination o¥CEhel DCT
guanti zati on and dequanti zatiqgn; determ ning the | oad

distribution dPREFFESE piogotion estipgationniphEbei LdFsinBrocesRdng
processi ng neamsausi.ng a

15
10. A method for balancing the workload between a first
processing means and a second processing means for video
encoding, comprising:
dividing each frame of the video into macroblocks;
20 using the first processing means to perform motion
estimation;
using the second processing means to perform any of
DCT, IDCT, quantization and dequantization;
determining the load distribution dynamically
25 between the first and second processing means using a
combination of the idle time of the second processing
means and the progress of motion estimation in the first
processing means; and
determining for each macroblock whether any of DCT,
30 IDCT, quantization and dequantization should be
performed on that macroblock by the second processing

means based on said load distribution.

11. The method of claim 10 wherein the determination
35 for each wmacroblock as to whether DCT, IDCT,
quantization and dequantization should be performed on

that macroblock is effected by the use of a parameter

oy



conmbi nation of the idle tinme of the second processing means and
the progress of notion estimation in the first processi ng
means; and determ ning for each nacrobl ock whet her any of
DCT, 30 | DCT, quantization and dequanti zati on shoul d be

perfornmed on that nmacrobl ock by the second3rocessing means
based on said | oad distribution. 11. The nmethod of claim 10
wherein the devbifghnasi dapgsdent on thepoiddgchimgceéblbek sgsongd whet her

DCT, 1 DCT, process1ngua@bhéabhantﬁ@d degvaBki &3t ek isRoukE 1REtBenf or med

on that macroblock is effected by the use of a paraneter
- 13 - in themﬁﬂEﬁt ?rﬂgﬁéﬁééﬁtmﬁﬁnﬁhe idle time of the second
processi ng neans and the progress of notion estimation in the

firgt processi Toang: methdd of Flaiml%l Q%e?%th%dtﬁf %E?&%‘%% Qegei n

at he start o eac rane sal par anet er erm ne usli ng
information  frame saidf pemepeteirods fesssmined using informgtiannet hod

for bal ancing ghguwprkl9ad bg&gﬁsg a first 10 processi ng nmeans and
a second processing neans For Vi encodi ng, conpri sing:

di vidi ng each frame of the video into macrobl ocks; usi ng

the first processing peansdt eopebhobAL-ABYI eﬁe workload be@&bbﬁahlﬁmrs%5
usi ng the secongogroce55|n§?neans to er

m DCT,
quihti zati on aRUCHEFHARE; FEAFENADD 3 Scond Proces&é?@rﬁ?ﬁ?ﬁgfarl8&830

pattern dynam eatbgihgt weenptrlieing: first and second processing

means “?ing a Conbi§§§hagagfeach frame oftgﬁe %aeblgﬁtgf %E%o Sgﬂg

processi ng neans an progr €ss of notion i the
first processing using the gFaxas; pgﬁ§e331ng means to perform motlon

estimation;
15 using the second processing means to perform DCT,
IDCT, quantization and dequantization;
determining a load pattern dynamically between the
first and second processing means using a combination of
the idle time of the second processing means and the
20 progress of motion estimation in the first processing
means; and
determining for each frame of the video whether
DCT, IDCT, quantization and dequantization should be
performed on the macroblocks ofthat frame by the second

25 processing means based on said load pattern.

14. A method for balancing the workload between a first
processing means and a second processing means, wherein
the amount of computation in the second processing means
30 is reduced when the first processing means progresses
faster than the second processing means; otherwise the
amount of computation in the second processing means is

increased.
35 15. A method for balancing the workload between a first

and second processing means for video encoding, the

method comprising the steps of:

U )L



determ ning for each franme of the video whet her DCT, |1DCT

quanti zati on and dequanti zati on shoul d be performed on the
macr obl ocks ofthat frane by the second 25 processi ng neans based
on said | oad pattern. 14. A nethod for bal ancing the workl oad
between a first processi ng neans and a second processing neans,
wher ei n t he anbunt of conputation in the second processing
means 30 is reduced when the firsf, processing neans progresses
faster than the second processi ng neans; otherw se the anount

of ConpUtat'On in taétégﬁQHQngrQﬁésiba@ eBaREibSition dynamlcaﬂﬂ?reaSEd-
35 bal a C|ngﬁeg§ wor kl oad between a fjrst

and second proEEEgFﬁB ﬁgﬁnglFﬁF 9? eG® dPRGCeERang means, andppipog

conprising the stepadaptively adjusting the amount of computatlon -
14 - det e ni e 1,0 am _c

bet ween the fngngﬁgegeg %ﬂ%rggggé?ngEgggsg Eg b%ﬂh Bagéﬁ gh % 1%
adaptivel y adj bsefingishegibmbden;of conputation ~ performed by the
second processing ”@?Q%egﬁs%ﬂeoamgﬁhg of com gutatlbﬁaQndkﬁkerﬁbhﬂn'
wherei n the anmount utation in the sec processi ng
neans is reducﬁﬁoﬁﬁéﬁlpﬁemﬁﬁp§tl§r66é§§ﬁﬁgWhen the firsgepreCEESdPEsses

faster than thﬁe§ﬁ§0@9rogﬁr@§§§%| f8ster than theMB@@dndobRetwesenghe anount

of co utatlon |n t he cond cessin ans.i s.increase
al ns; o% erw1se the amountp compu aggon in the sécon

10 processing means is increased.
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