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ABSTRACT

This paper proposed a fast algorithm to reduce the amount of calculation for inter prediction which takes a
great deal of the operational time in H.264/AVC. This algorithm decides a search range according to the
direction of predicted motion vector, and then performs an adaptive spiral search for the candidates with
JM(Joint Model) FME(Fast Motion Estimation) which employs the rate-distortion optimization(RDO) method.
Simultaneously, it decides a threshold cost value for each of the variable block sizes and performs the motion
estimation for the variable search ranges with the threshold. These activities reduce the great amount of the
complexity in inter prediction encoding. Experimental results by applying the proposed method to various video
sequences showed that the process time was decreased up to 80% comparing to the previous prediction
methods. The degradation of video quality was only from 0.05dB to 0.19dB and the compression ratio
decreased as small as 0.58% in average. Therefore, we are sure that the proposed method is an efficient
method for the fast inter prediction.

¥ B =R gAY, AR, 20 £dF Y iage R R FAgazsige] AT dagivch
* shefeha AR 2333 ({dojakio8, chj, dwkim)@kw.ackr), **&ANER A ¥ EA12385} (yhseo@hansung.ac.kr)
=T E 1 2006-08-341, AU 2006W 84U 10, FHEE=EASLUAL 20061 10 269

1077



FFEA3]=FA] 06-11 Vol.31 No.1IC

I.ME

T AR AdRe] =it 34 Hes e
o] &3 o] ALHz gtk 53l delnt]e]
Aulzel] g 89 I JBlEeHdeE St
3l glon, tRh Bz $7eAe] 5841
Deloir}e] AMu|2E H3te] g wre ¢4=
7)ol E 277F o= grck AXA =l

H.264/AVCHE 7pH B2 =7) 7)Hb 2 174304
7] E S, v FE Ak 71HEe] £
d AF 2 ¥, Faue] oE57) g,
Aol dERY R53, I el ez}
dF §9 Az Jlese] FHENAR e
DCT/o¥A3HE W3slsiet. =gl 093] v B4
ko] AAEAS A7) sl E-9H(rate-dis-
tortion) A& 71& AHI old} e EE
F331 B85 AFsted vkl B ke ¥
27 el o] F Q¥ 5L AA Fus Aalwk
o} 60%~80% 5 A Adlare Zol7] e
Zibo™& A4 314 w+9) ©AS- 213} UMHexagonS
(A hybrid Unsymmetrical-cross Multi-Hexagon-
grid Search)®} A 3h& 9] 24L $J8 CBFPS
(Center Biased Fractional Pel Search) ¥ie|&%
A¥std ol #Al IMe] FME(Fast Motion
Estimation)®  H&=]e]  ApgElzw gich =3
Yeping®& =z 4 7t $2Q wele] A¢AE
o] g3l Q¥ oFe] EHEE Holv duElEe
Alkatsict

B =Fellie H264/AVC #3531719] ol 9
& daas A A% daEEE Ak
o] BpH.& ojAte]l EAAL o)&xF] $32]¢] wlE|e] v}

2 =59 AL od Rk 2AelMe M
2z mdolla AME T glE H264/AVCE <QlE

2 253 e Agkshe 24 QY ¢lE 5
3} wpglel disle] Adgdict 28l 3 AHY
<}

o

o} 7129} whise] vl AFE A3, ol
€ BUR 4elA ABE dert

ki
P

I. RIS OlF] o1& gx2lE

2 e 2 e dE5S dd AdsEe
ASS(Adaptive Spiral Search)®} ETSS(Early Termina-

1078

tion Spiral Search) ¥¢w2]&& Aloksly, ¥ =F
oA HEHOE Agksle 3 Balx mre] w4
Qe o2 dae]|El| disia i)

2.1 H.264/AVC JMZ2| QlE ol 2535

H264/AVCY M iz mddie 73 tiol
S Azdel A AR Teisl 3 BHE T
Z(high complexity mode)®?} * BA= T =(low
complexity mode)8] 5 7| A m=E 2|43l
ek =3 QE oS 3 A AP Ao 24
SlSlolE T4 73 SHAFME) WS Hasho]
sie Aste Axsis ke Ples
Zolxz 9Jri¥. FMEIME olelie}l 2-2 g
g w5 7E-E Aelskz gk

gl

2

» B BE 37] s 22 dE Y B
R mee) 29 Wy 24

3L
A

N
N
Q >
a
jo)}
©
=
<
o
»
©
S.
o
0
@
[v)]
-
[¢]
=
>
wn
wn

H264/AVC #3317 74 £502 0y 43
2 29 HEelE FA0E Y 729 QlE 4

5o Satch Y FRE R A ael
29 Wyl 97 2Ae A AL 7]

o= Y o) FAVE UL TeiEe] &

¢

T
=

49 WElE Rk ols} VAT A A2
el g FUE 5D $AY e o
st 94 ¥

AR A9 e 99 w3t A
Aol Wil ok E 12 Ao AREE AA 94
o daix HEHoz 3 $AY wele] $)x A
F=5 Jehliglcl Felld B upe} 3o, QP
Z7F852 $A14 HEel A AHEEr FolA|d
KR HF 80% oY A =& AHI=E
e Ag 4 5 gk

B =RdliE o) AY AE sulez gl
B &g 98l 5= $2Y wele] wEE o]
Bte] & odofo] pxeE AAgh 23 30
A AQRE W] sk A odde] AR wpHS
Holi gick A oZH A HWE mw,(z,y)E
FAeg 1, 1, I, NAREEE JAdgch +of oigt
WPt opel x=0 F2 y=03} 2ol my 9| ¥
3 kel AR 3T ol 3 S 7 9dem
2 oled RE sbea $2Y wEle wEE 3

L



2 [H264/AVCE] AAZE gFEE 913 1 Q] ¢lE 2353 7]

eale] Al2e YUk 22T w9l (x, y) 4
9] e AR FEGsign) e Balalel o]
el AR F Qo] Ee AEEE AU
Aok o)9A ARE ARRE U 45 S A
Ao g, ol 2l A1 $49
e &g 4 9 W

J

E 1. mvp2} mved] AE5(%)
Table 1. Accuracy between mvp and mvc(%)

Akiyo Mother | Foreman | Stefan Mobile
24 84.88 83.31 80.45 75.59 73.86
28 85.55 85.19 8221 78.21 7741
32 88.27 87.41 84.55 81.12 80.13
36 90.25 89.14 87.89 82.45 82.39
40 93.46 92.73 89.68 86.27 85.20
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Fig. 3. Direction-based Method to decide search range
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i = Jpa>>1, if Mode,,,, = Mode?2, Mode3  (2)

Jthi: r]thl>>2’ if%decurr = Mode 4 (3)

T = Sy >>3, if Mode,,,, = Mode5, Mode6  (4)

i = I >>4, if Mode,,, = Mode7 (5)
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Table 2. Distribution of rate-distortion cost values for
variable block sizes

Mode | Akiyo | Mother | Foreman { Stefan | Mobile

1 603.34 | 687.66 | 1314.81 | 2725.28 | 2673.40
309.08 { 356.60 | 652.11 | 1293.30 | 1333.36
309.80 | 356.07 | 655.88 | 1295.47 | 1322.29
161.81 | 181.07 | 339.60 | 62848 | 674.50
86.25 97.43 17993 | 324.59 | 347.19
88.13 98.12 181.41 | 32628 | 351.60
45.73 50.28 90.83 164.78 | 182.85
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Procedure {Early Termination Spiral Search}
// w = search range
begin
For each mode i (i=1,..,7) of the MB(x, y){
OL; = round(j) (j=1,...,(w>>1))
For OL,{
if (Jeost < Jum) then
{Jsess = Jeos, Stop motion estimation]
else
{Perform motion estimation for all round)}
/
For all OL; (j=2,...((w>>1)+1)){
OL; = round((w>>1)+(j-1))
if (Jeost < Juy) then
{Jbet = Jeos, Stop motion estimation]
elsef
{Perform motion estimation for all search points
within round}
if (Jeost < Jowgn)) then
{Perform motion estimation within OLg.p)}
else
[Jbess = Joug.1, Stop motion estimation]
/
/

/

32 7. ETSS dx=iEe] 48 24
Fig. 7. Procedure of ETSS algorithm
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Table 3. Experimental environments of JM 9.5

Configure Setting

Profile Baseline

GOP structure IPPP - - -
Reference frame 5
Inter prediction mode 7
Search range 16
QP 32

Entropy coding CAVLC
RDO On
FME On
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Table 4. Performance comparisons between previous
algorithm and the proposed algorithms

Zibo Chen’s algorithm” Proposed algorithm

Video
@Qp=32)| 4P | 4B | AS | 4P | 4B | 28

dB) | (%) (%) @B) | (% | R)

Akiyo | -0.01 -0.07 69.09 -0.05 | -0.09 | 80.26
Mother 0 -0.02 49.02 -0.02 | -0.04 | 77.84

Foreman | -0.02 | -0.17 34.92 -0.12 | 026 | 76.81

Stefan | -0.04 | -1.28 32.27 -0.15 -1.54 | 6724
Mobile | -0.02 | -0.13 34.36 -0.19 | 097 | 64.71

(P=PSNR, B=Bit-rate, S=SIR)
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a2 9. B4 %A d(Akiyo); (a) JM EME, (b) AQH3}
daeF

Fig. 9. Reconstructed image example (Akiyo); (a) JM FME,
(b) proposed algorithm
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