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Effective Bi-predictive Motion Estimation Considering
Forward and Backward Motion Estimation for H.264/AVC

HirROAKI ITOY®  YUSUKE YATABE! HIROKI M1ZOSOE!

Received: April 24, 2014, Accepted: October 15, 2014

Abstract: In moving picture encoding like H.264/AVC, it is one of the big issues to calculate effective bi-
predictive motion estimation in low computational complexity. In this paper we focus on the encoding cost
at forward motion estimation and backward motion estimation at every block size and estimate suitable
block size in bi-predictive motion estimation. The proposed method realizes effective bi-predictive motion

estimation with low computational complexity with a little loss in encoding efficiency.

Keywords: image compression, H.264/AVC, motion estimation, bi-predictive prediction

1. EU®IC

Y674 A 7~ HD (High Definition) W1tk s v o 72
EEY FL— FNHEDLSENA VAT LT Y Y VGED
IR E Yy bL—NOH&EE CTRILSFIHTREZR, &
B - mEAR R T A WA e LT, H.264/AVC
(Advanced Video Coding) 7&K L2>2® 4. H.264/AVC
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PRI NERELHIT 5. 4BTRHRERT VT X LIZD
WTERFLL, 5 BTRET VT X ADFHIfERIZOW T
WAL, B 6HETELDD.

2. BEME

2.1 BERROHUTELEICOVT

H.264/AVC # 13 L L T2 EHiE 7 L — 2Pl T
&, B 1SR &) I b/ LA OE TG
ZM 7 L — 2 (Ref. Picture) & L THFHILATHRT L — 24
(Coding Picture) #5513 5. X b BRI, 55
1txt% 71 v 7 (Coding Block) &AHHBIDEWTHl 71 v
2 (Ref. Block) 287 L —2amhp o585, bt
L7y 7 ETVHTO Y 2 DESTH D TRED %551
T4, 20K, FROTFHZESICMAT, 7y 7 A4 X
R OE#RE, Fll7Oy 7 &5 bdg 7o v 7 o R
EDFEGTRENLEE X7 MV (Motion Vector) % &
b THTET 5. H264/AVC OB ZHHE 7 L — 2T
WFFEALTIE, B2 1R T &9 ICB) S B 2470 B L L
T 16 x 16 B3, 16 x 8 W3, 8 x 16 W, 8 x 8 WFED
ATEEOTO Y 7 A X% EINT LI EDTRETHL. £
72, 8x8WMFED T Ty 79 A X% FIR L HA121%, &4
DEXSWHENDT Ty 7 |ZxF LT, 8x8MHE, 8x4 MK,
Ax8WFH, AxAMEDTOy 79 A A% @ NS5 LS
WHETH Y, FEFCTEEO 7Ty 794 AT
H5.

— RN E T Ty A XE BT ETF IS TN
EL%bbon, 7uy s TEICEENRY MVEMNIIT S
VERH L7280, BIER7 MVOBHRESEINT 5. 72
FRlZES SRR LR (DCT) shizfk, 15T
A—=% (QP) ICX W ETILESNL-DOWEHLOER &
b, TD7H, FHESEEENXT MVORTT O
EBLCRERBENRY MV Ty 29 A A PET
LD B .

LREOREICK L, H264/AVC Cld~27ua70y s
(MB) % HfL& L CiRBELEFTILE— FE2ERT 2700
X ERTHFFIAEZL I T 05, X (1) AHLED
B 1ERGSNR 7Oy 7 Pl 7Oy 7 &£ OFHIESS
BT Y= VER L, ERBEOLRBOMHER & B L
72 SATD (Sum of Absolute Transformed Difference) T&
D, B2HEIHFFILE-FITLIZED LN B NA T A
(Bias) THh 5. NA T AEIZ QP 2L o THREENS.

Cost = SATD + Bias (1)

A LIZBWTH, ERoffofbax bzt L, K
Fafba A MoSi/hNe e B — FEEINT 5.
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Fig. 1 Inter-frame coding method in moving picture coding.
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Fig. 2 Block sizes in H.264/AVC.
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M ETEADEERIT) ¥ AYEY FH—F [4], [5]
L2, FEHREGSE R OE LTAARE &5 HOEREIT)
ANFH T —F (6] T, ERHFAN O 4210 L THEHR
2479 &3 (Full Search) [7] & I THREFT Z RE L
72F ¥, PSNR (Peak Signal to Noise Ratio) ®Z5{t% #]
WA AP SN TS, T2, BIEFEROET
THOLDPLOEDIFLIA M2 FRAEE X7 b LA
Woho 7R CEI EHEDFTHY Y (Early termination)
AT FEEIAT A2 MADBEFH SN TN 5.

KIS, TRTOTH Y ZH 4 ROV TE SHEEE1TH
DTIERL, b7y 7 TOREHEBREZH 7O Y
7 RRE)DET B TECOWTOMEL ST 5N D, T
Mk [8], [9] TIHRMICAXx 4R 8x8 B E/NE VT Y 74
A XCTESEEERAT, ZORKR, HERT FPLORE S
EMEPFM L7270y 7 2 HET 5 2 L CRLEE % R
BELFEPRESN TV D, F723CHK [10], [11] TlEk
M2 8 x 8 BMIFHMTH SRR ZATV, £D%RIOv s %
a7 ET A FEPRESNT VS,

3. MERYNERE
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Fig. 3 Encoder block diagram.
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Fig. 4 Encoder pipeline example.

et iz Nn— N = 7 CHEBT 2854, ERAJ), EHA
WPW, BIERETE, DOT &R, &1k, =¥ hu¥—4F
Tit, TTU Yy X7 4 vy L BT b AL
AR T 20N T Oy 7 2 HALE L8 774 VL
FREE COREIDILC VSIS, 3 ISt 7
Oy 7RERLTBY, ANEE (Video Input) 1%, HH
PNl (Intra Prediction) F 7z (T FEE) & P (Motion
Estimation) DWW N2 TTHMLIEIFTDIE. ATES
ETEF & DS TH BTN E 5L DCT/Q THERL
a4 A 254 (Discrete Cosine Transform) 8 & &1L
(Quantization) O % i S N7z, T b ¥ —FfF51k
(Entropy Coding) &4, /Ny 771V ¥ 7 (Buf) &7tk
ICEy MA MY =2 LTHNENE. —77, EELOTFll
R FIL WL T 1 288 (Inverse Discrete Cosine
Transform) 3 & &7t (Inverse Quantization) D%,
B 2 H#i1E (Motion Comp.) |Z& W HFMESERS NS,
HEWEIET7ay %77 14)% (Deblocking) (241
Ty 7 ) A XOBFALLEL DS Ttk RO ATIHiE
123 A2 HEE (Ref. Input) & LTHWHNRS.

M 41354 7734 > DO—Fla/RL72bDTHA. M4k
DEFIEMBEZERL, eI (A) DY A 32 7T,
MB %5 =4 O AJILE (Video Input), MB F5 =412
s ARG (Ref Input), MB %75 = 3 12xF9
% E) EHEE (Motion Estimation) 72 &A541 L CULEE S
B2 L ERT. ANWEA 7V HD Fifg (1,920 x 1,080),
7 L — 2L — 2530 [frame/sec] Dd, 1 7 L — L%
T % 8,160 fH D% MB % 33 [msec] CUIET 2L EH D 5
ZEMH, 1 MBI [dusec) LB, Thbb, M4
RS UL [4 psec] INICHE T T 208N H B, 2D
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Table 1 Motion estimation calc. times for each block size.

Block Size | Forward-pred [Backwad-pred|  Bi-pred
16X 16 1 1 1
16 X8 2 2 2
8X16 2 2 2
8X8 4 4 4

) BEFEUTICBWTIE, MR HAD AT v T
P —FITR LT HEY ) B L 9 ISR 2383 %
T—=F¥F 7 F ¥y TIIT =AM —A%ME L& 2479
VEH DY, WMPEREH ORAEZ X5 2 LAY L.

Mz T, H.264/AVC OB Z % 7 L — 2 7510
TIE, BIROM 2 TRUAZL D) ICB) S HifE 247 ) WAL e L
T16 x 16 B ~4 x 4 MFOFH 7O TT v 7 ¥ 4 X
PHERTRETH L. 20720, BEHETFHNOI L, #l
FRMDOA T, BT, BT & SR {% 0 3#R
Atz 2 BEZ FrIlBWCld, Rlss) X Pillogn
24 OMPESLEE 2D, —FlE LT, 2R
Ty 7 A XD E (1) 16 x 16~(4) 8 x 8 D 4 /%5 —
POTa Yy I A DI E RIS, &7y Z1Zx L
THIH T, %P, BGmFll R a8 &2 b
EMTLEEIIR 1 OLHIChAE. PESF v TIEHE)
A7 MVEREEA9 [ (£ 1 10 Forward-pred 54
ME) THHLOIHL, BEZFr ik 27h (F1Ho
Forward-pred, Backward-pred, Bi-pred ¥|O&5ME) & &
WA 327 5 2 D55,
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YA X TOFEFREREMNTT O Y 7 ZHE/0ET 5
7E13% {ATh N TWie2s, BT TORE R 71 v 7
YA ZEHETLHEMIIOVTIRFE SN TR, F2
T, KX T, FARTHTOR) & ERE R S5 W
FMTORELZ Ty 794 AeHfiEd s elzLh, K
FHaFHorssiba A N EHOWMHEEgLEZ HE 5.
BARMICIZ, B ¥ 7 F v OFF 5 {LLBLRER 2R L CHEsR I
2/3 (66.7[%]) DFB L, BHMTHN & 2555 mHl
HCR L CHERIL 50 (%) L EA HiE S 5.
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RETIE, #BET VT XLOFEMIZOVTRT.

4.1 FARTFREXARTFAOCHEREICONT
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Ty A XE, WHFAFIICBNTHESILIT A PSR
INETR BT Ty 7 A XL ORI D W THERGEZ 1T -
7. ADWIEIZIE, B 5 RSB EI{% [ Walk through
the Square (LLF Square) |, [StreetCar], [Driving] [12]
O 3R AT L7, [Square] (3 AEEORE ) % 7k
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Fig. 5 Test sequences.
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Table 2 Estimated block size in bi-precition and accuracy rate.

(a) Square
Block Size 16X16 | 16%x8 8% 16 8§ %8 Total
Estimated MBs| 438 253 249 410 1350
Accuracy 79.5% | 32.4% | 353% | 18.5% | 44.0%
(b) StreetCar
Block Size 16x16 | 16 X8 | 8X16 8§x8 Total
Estimated MBs| 695 207 220 228 1350
Accuracy 90.6% | 30.9% | 39.1% | 30.7% | 63.0%
(c) Driving
Block Size 16X16 | 16%X8 8% 16 8§ X8 Total
Estimated MBs| 328 242 228 552 1350
Accuracy 68.3% | 32.6% | 41.2% | 21.2% | 38.1%

SFIZEIC E EDIT, I ATHKFICR—)—F 52 =T
b, BHOL I OEERIEEOEE L AW OEEIZOT
AHAE LR 3 [13]. [StreetCar | (ZEW O % 7E 5 F i
BWHEAFHE L2 — v Th Y, By EMtZ &8 X dio L
DOFHIZ# L 7-WfETd % [13]. [Driving] 13fE A —7
Lzl aEs HEE AR L-EETH Y, BhXi2L5
g RS b & B X I LR O FEAIC#E LT\ A [13]. T
% JM18.6 [14] THZIL L, RAMTH (A FHlls Lo
BHTFM) CTHFALTA NP RANE R L TO Y 21 X2
OWT, BABTFHTED 7Ty 7% 4 X THba X b
D/ B0 EFHE L 72, IM (Joint Model) (3E#E(L
ZEADP O ENLEEY 7 v 2T TH L. & BEAWK
FECBWTIE 7Oy 794 X% 16 x 16, 16 x 8, 8 x 16,
Sx8D4MY & T4, MEEER 2 IIRT.

# 2(a) T, ZERZERFAFHTTTY 794 X
=16 x 16 " FFfba A M/ & 2 5556135 438 MB &
D, InERAMFHUTORE 7Ty 794 XEHfEg L7z
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£ 3 BHFMTMCBTL 70y 794 AEREE (Square)
Table 3 Block size ratio in bi-prediction (Square).
(@A HHTRITORIRT 7 v 73 X=16X 16 DIE
(a)Block Size in Single-direction prediction=16 X 16
Bisprediction 16x8 | 8x16 | 8x3
Selected Ratio 8.9% 8.2% 3.4%
(b) T TPRITORIRT 7y 7 %A R=16 X8 DI
(b)Block Size in Single-direction prediction=16 X8
Block Size in 16 %16 8% 16 8§x8

Bi-prediction

Selected Ratio 47.0% 13.4% 7.2%

() M THEITORRT 1 v 7 H A X=8X 16 DI
(c)Block Size in Single-direction prediction=8 X 16

Block Size in 16%16 | 16x8 8§x8

Bi-prediction
Selected Ratio 45.4% 12.0% 7.3%

(d) AHRTFRITOBRT o v 7P X=8X8 DI
(d)Block Size in Single-direction prediction=8 X 8

Block Size in 16X 16 16 X 8 8% 16
34.8% | 21.2% | 25.5%

Bi-prediction

Selected Ratio
B DEFEE (FEBIRTE) & PRl Z24T o 7286 %, 71y
IH A X =16 x 16 DFFFALIT A AR E 2 BEE) (3
795(%] ToHbH I L aRY. K2 ORI, FAHHTH
THFALIA NP RN E LD T0y 2 A X% ZDFFN
HIAFRTORE 7Oy 74 X g 57 72 —FT
&, 78y 7% 4 X =16 x 16 ¥ RV TETEIME N &
AH L7z, 22T, FABRTFRTE 70y 744 XOFF
LT R PSRN E o T2 AT, BT HICR S b
A NN E R LTy 7 A XOEEERE L. K3
I3 Square (2D W T OFPAFER LR,

L OFER, BHHFRTIER T TER ST
Oy 74 RXL )b KREVWTE Yy 74 XTHFLT A b
W/NE TR BMEETH D Z Dotz ZD720, Kl
MO8 X HEFFER» SRR TFHOTa Y 744 X%
DT (2) TRkorZ e L.

Bi_pred_blocksize = Blocksel( MV Cost16x16,
MVCost16x8 x W0, MVCost8x16 x WO,
MVCost8z8 « W1) (2)

BI%L Blocksel () (&R PRI OFF5 L2 X+ (MVCost16 x
16, MVCost16 x 8, MVCost8 x 16, MVCost8 x 8) DA
SighNenb Ty s A4 Az B IRNT L. 2B, W0, W1
FEAMPTRILTH ) AHETTIE W0 =1.02, W1 =1.05
LT3,

RO (2) 1THED EHE, AREIRH L F— D247 o
7o, AEREER 4, R 5 IIRT.

F4 ORI, IRETHETIE [Square] [StreetCar)
[Driving | DWW FHOFHHEEIRIZ BT HE 2 LHATEH
A I (Square: 44.0 [%] — 58.4 [%], StreetCar: 63.0 [%)]
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Table 4 Estimated block size in bi-precition and accuracy rate

(Proposed).
(a) Square
Block Size 16X16 | 16X%X8 8§X16 8§%X8 Total
Estimated MBs| 860 189 216 85 1350
Accuracy 67.0% | 41.8% | 46.3% | 40.0% | 58.4%

(b) StreetCar

Block Size 16x16 | 16X%X8 | 8X16 8x8 Total

Estimated MBs| 1054 109 117 70 1350

Accuracy 83.6% | 45.9% | 59.0% | 65.7% | 77.5%
(C) Driving

Block Size 16X16 | 16 X8 | 8%X16 8x8 Total

Estimated MBs| 689 217 264 180 1350

Accuracy 58.3% | 34.6% | 42.4% | 32.2% | 47.9%

&5 AJrmlc
(Square)

BUFs 70y 794 Z0FEEE (REFE)

Table 5 Block size ratio in bi-prediction (Proposed) (Square).
@A THTORIRT v v 7 A X=16X16 DkF
(a)Block Size in Single-direction prediction=16 X 16

Block Size in
Bi-prediction 16X8 | 8x16 8x8
Selected Ratio 14.5% | 13.5% | 5.0%

(b) A FHITORRT 7y 7 %A =16 X8 DIkf
(b)Block Size in Single-direction prediction=16 X8

Block Size in
Bi-prediction 16 %16 8X16 8X8
Selected Ratio 35.4% 13.2% 9.6%

() A HFMTHEITORRT o v 7 P4 X=8X 16 DI
(c)Block Size in Single-direction prediction=8 X 16
Block Size in 16%16 | 16x8 g§x8

Bi-prediction
Selected Ratio 28.7% 10.6% 14.4%
(d) A HFETRTORIRT a v 7 A X=8 X8 DHF

(d)Block Size in Single-direction prediction=8 X 8

Block Size in
Bi-prediction 1616 | 16X8 | 8X16
Selected Ratio 21.2% | 12.9% | 25.9%

— 77.5(%], Driving: 38.1(%] — 47.9[%]) LTw3Z &
Woahb., Fiz, FEIWRTETO Y 79 4 AROEEHR
ICBWTDH 16 x 16 xRV TAEEN M ELTWAE I LN
5.

—J, 7av 7H A4 X =16 x 16 THEIEID LT
BLEHIZOVWT, £ 3(b) T7H Y 7% A X =16 x 8 7%
Bl EHE SN2 MB D) B, 134[%] 70y 744X
=8x167T, 72[%| #7710y 794 A X =8x8 CHALNTF
MOFFLT A DR E > TVES, K (2 I12X) 7
Oy 794X =16x8, 8§x16, 8 x 8 DfFFILa A MIZHE
TR EAESTHILICLY 7Oy V4 X =16x 16
BELYBIREINLT L > TEBY, ERANOEHRYED
EZEINRTWARW, 2070, 70y 794 X =16 x 16
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Fig. 6 Proposed motion estimation block diagram.
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Fig. 7 Conventional motion estimation block diagram.

WKCBWTIEAEENBI L TnwaEbnEEz HN, RIEE
WZOWTIESBES L AP LETH S.

4.2 FHERERORET7ITU XL

REFHRICBUI 28 SHERLHZR 6 1217, T2
R0, RFECBTLH SHERLHELE 7 |

R PERFETIE, TRy 2P A AT, HUﬁT‘{EU
(MV _fw_blksize), #%J7 7l (MV_bw_blksize), M Ji¥
i (MV_bid_blksize) ®&#F51La A k %:%ttlj L, #orf

TG a X M A/ & 7% 2 Pl 2 #4R (Sel) 5.
blksize (£ 16 x 16, 16 x 8, 8 x 16, 8><80)l/>?‘ﬂ75‘0)7°13 ‘y
A RERT. FT70y 7 A4 AH16 x 8, 8 x 16,
Sx 8DBIZEE{ETay 7O/ Fa A M EEE (Sum)
LT1IMBOHFSLax NERDD, HHEIZ, 16 x 16,
16 x8, 8x16, 8x 8 DK T v 7 H 4 ADh) 55511
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A NDHRNE R DIFFALE— FE2#EIR (Sel) 74, Th
R LIREFE TR, i, B THofEs{ba A b
FHEET HMBIIERTHREFR L DD, 16 x 16, 16 x 8,
8x 16, 8X 8 DK T Ty 7 H A4 XD AT RO H 5 Hi
RO (2) 1ZEDWTHFTMO 70y 74 4 X% # R
(Bid Block Sel) L, 2070y 744 ATOHFFLa A b
rEM MV.Dbid) 5. &f&IC, £70 v 7 TORFILa
A b 4 fER L RUF T OFE5Iba A b L ERO T2 55
FALT A P DN E % BFFGALE— PR (Sel) ¥ 5.
5. &l

REFLEOFMAEIT) ICHD, ZOXR—AET VL
LT JIMI8.6 ZfliH L7-. EFAMSEERIC BT 2 RN %55
b4tz 3 6 (2R T. 72, FHMEFEEBRICMHEET 5 A
& LT, B 8 127”7 [Square] [Whale Show], [Green
Leaves], [Crowded Crosswalk] [12] ® 4 FEfH A L 7-.
[Square | OMIEEEIZ 4.1 EHICFE O 720 2 2 ClIFLH %
|54 %. [Whale Show| I3V v FDY +¥ » F2H5bET
HATHWETREAISYTHY—0ThHY), BROBERE
2iE, 7ay 7 /R EAELL T [13]. [Green Leaves ]
WFEDEWK S REE I AT TOoL Y X —01 F
Hy—=rTHY, HATORX—LIZE ) ETERDFLERTIE
FIZEZEZDA TR BB L, 7a vy 7 ELR EOWE
DAROEE, EHIE LT [13].

[Crowded Crosswalk | (ZAi#E % b725 N4 & 7 )
Yav bCIRELLY—VTHY, 70y s EREOHE
AEFROHBHZ &2 LRF e [13).

REFFERR T, ERRO L) ICZhENE) & oo R
b AMEOY = v AR WA Z L TREFEOPLHN
EEHiliTAZ & & L7

5.1 RUIBRE (CRIS B EHA
BANIRETEOMER IOV CEHE 247> 72, A5F
filiTiX, JM18.6 1248\ T encode_one_fame() B D i 12
clock() BA¥tZ A LT B ¥ 7 F v ORI 2 510 L 7.
MRERTICE LD L. FHIORKE, IREFHRIIIECRTFE
&R T 58.6~59.2 (%] DILELHF] CEITHRETH L Z &
PHERR S, HEEL LCwizhesklt 2/3 (66.7[%)) LT %
M7z e TE.

5.2 fFEALXRICEAT 35

RIIRETFFEICE L T& QP TORAE/ 58 L PSNR %
S L, FFa b osHiliz 7o 72, #RAE 9 BLUR S
WZRT. ARFEMITIE, IM18.6 % iV T 7 OLHE 2D
THEHEHEEEZATH) A (9 1o “Original JM”), JM18.6
2B TEREI A Pl ORI 2~ 2 7 L, ik il
BLUBLTTHOAZENE LTHEERZITIHE (M9
H1® “Original JM (no Bi-pred.)”), B X OETHE (M9
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x 6 fFofbskhlt
Table 6 Encoding configurations.

IM Version Ver.18.6

Profile Main Profile

Input Picture Format 720X 480

Frame Rate 60fps

Frame Number 140

Frame Structure M=2N=14

QP 25~32

Reference Frame Numer 2

Search Range 32

Optimization RD-Optimization off

. (d)Crowded Croswalk

(c)Green Leaves )

8 ATl 5
Fig. 8 Test sequences.

® T A UL A
Table 7 Encoding time.

Sequence Time[sec] AT
(a)Original IM | (b)Proposed ((b)/(2) X 100[%])

Square 8.67 5.11 58.9

Whale Show 8.69 5.14 59.2

Green Leaves 8.66 5.07 58.6

Sﬁﬁ:ﬁi‘;‘}k 8.68 5.11 58.9

o “Proposed”) M 3 FHEIZOWTIHEEZIT-72. HhBA
REFHEEIB Y Ty ORITHEE RITT720, K9 TIE
BYZFxOAEZFMiMFELLTBEZFrv17LV—20b
720) DI EFF SR & PSNR & Z 2 hksh, iR,

FoE8E, KT VAILBI L TEE (a)~
(c) 12, Original JM (no Bi-pred.) (ZxJ$ % Original JM
DOHIF 5= L, Original JM (no Bi-pred.) (2349 4§25
TFEOHRAFREDOILE (d) IRLTWA. GO,
[ 8 OV oAl 4 12 5\ T b IR EF 13 Original
IM S BT 2 BT 5 812 xf LT 60.3~84.8 [%] D HITH A
REEHLTBY, HEE LT 5BEIRE 50 (%) L
EER@TIENTE. F, £8(e) IIRT LI,
FFEIIBIT A B 7 F v OFER 5= E Original JM (12
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% @+ Original JM (no Bi-pred.)
g —®— Proposed
32.0 : T T T T
5 15 25 35 45
generated bit[kbit]
(a)RD curve (Square)
37.0

—*=-Original ]M
+++@-+- Original JM (no Bi-pred.)
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generated bit[kbit]

(b)RD curve (Whale Show)
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30.0 =
/Q —*—-Original IM
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generated bit[kbit]
(c)RD curve (Green Leaves)
40.0
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Z
7e]
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(d)RD curve (Crowded Crosswalk)
9 L — MEFHE

Fig. 9 Rate-distortion characteristics.

BIF5BYEYFvOREFTEOLIL 97.7~988 (%] &,
ITHO N ERIRE o TRD 2 L5005
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Table 8 Bit rate.

Ave. bit rate[kbit]
(d)= (e)=
Sequence (a) oni (b)l ™ (© ((b)—(c)g/((b)—(a)) (a)/(c) .

Original IM (nggﬁgred.) Proposed X 100[%] X 100[%]
Square 21.75 23.85 2227 75.2 97.7
Whale Show 124.79 131.76 127.56 60.3 97.8
Green Leaves 130.11 148.69 132.93 84.8 97.9
Crowded
Crosswalk 62.37 64.33 63.13 61.2 98.8

F 9 InlERIRGRR

Table 9 Circuit implementation.

Item Specifications
Video Format 1920 X 1080i
Video Compression Format | H.264/AVC (HP@LA4.1)
LSI process 90nm
System clock 162MHz

10 H.264/AVC FERMREE D HERBREE
Fig. 10 H.264/AVC testing.

5.3 [MEEEER

Full-HD (1920 x 1080i, 4 :2:0, 8bit) W{EDFFFLxT
I AT, AW % & 7 By IR A 5 AL o ] R 55 &
ol WRERIICFELDE, VAT L LSIIZHERL,
VTN A LEET ST ERRER L. LSI OFHIiTId 7
JV HD Mif% (1,920 x 1,080), 7 L — 24 L — | 30 [frame/sec]
DENEEE AL, LSINETIhefFaft - fiafb L7z
WG E— LT TV A 2EERTER T A L &
b, FElbr— 2 BLUESEBELY Y I 2L -3 Ml
LT85 2 L 2lBEE (B 10) THERRL 7.
B 10 1I2BWT, FEMOIERIFF5(LLEE %, A5 o0&
MEBLILIL 24T > CTB Y, EEEOE =7 13EMHA
bﬁ@<ﬁﬁ@>% HRAESEGEEZFR LTS

%&fi%%%&tw«fﬂﬁﬁmeﬁg%ﬁ

«JA%& %50y 7, SRAM 7 & O AT HE L
%% & b, RO MBRHBIEIIC & b v, JHEEN
DU E X% Z EDSTHEC BH & ER D
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H.264/AVC (28T 2 AN T8 SHERIZOWT, Fk
EFHOFFba 2 MEZ W Z & TRARTRO7H
A XRS5 FELRE L. REFHICLY, R
TN & 2 BT 5 & (B L CThEsk It 60.3~84.8 (%],
B Y7 F v &ROFF 5 L= & ik 97.7~98.8 (%] 12
FeLoo, o bALEIER % fE kI 58.6~59.2 %] IZHIK
T2 2P TE 2. ARlOMENE H.264/AVC % Xf
G LTW575, 2013 4 1 A ICHAR(L & 7z H.265/HEVC
TE7ay 7% 4 X, 7ay 7 5EE— FOBRPEAE 5
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