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W SR oM EE (3530) : FTV (Free-viewpoint Television) and SHV (Super Hi-Vision) are
two promising research targets for the next-generation video services. To achieve these
targets, a crucial technology is ultra-high-throughput video encoder VLSI, with
disparity/motion estimation (DME) as its core component.

To meet the requirement of FTV/SHV, we developed a 2Gpixels/s DME architecture
design, which i1s near 10 times faster than the state-of-the-art works.

AR ERA
(BRI : 1)
[ERESES eSS & &t

23 R 1,300,000 390,000 1,690,000
24 R 1,200,000 360,000 1,560,000

FEE

FEE

T
wwE 2,500,000 750,000 3,250,000

WFZe45 8 . AT AT
B D3 FL - JIH
¥—U—F:SHV, Z—— [ ETVz3>, FTV, HHHEET L E, 81X TH

20x1080) ~#hmL, BAET4L4K (3
840x2160) NEALLLOHDLTET

1. WFERRMG S IO =

IO 1 04 CHGAEIL 2 DDA
AL BT TS, 1 DITEBH OB KT
HbH, 1280x720Thol=bon, 7
INAET g EMEENS1080p (19

TlE7e<, A== A BV g EMIND
8K (7680x4320) ~DHkEkMArE
NTW5D, 9 120358k 2 kI TIER L,
2O 22— (FLR) HomEBRR 55 3



DHAZWEITZ U —Ea—EMEENDHBER
RREBRZR D L) lkoTo2THhD, =
O OB DT DIZlE T — & 23 KB
LB SR E 720 o B LUWERETFIEOB 5
N BEN TV,
CILETLI 9 94FICHEINTZMPE
G2I2XV#1,/50FTTF—ZDEMN
FEHL, A BV g VAN ATRE L 220 BIE
OTVEGETEREZ L, 2 00 4425
SN-H. 264 TN, 10 0DEMEN
EH L, BAEOT v ke, EF 4 A
FZRDVDIZBITHRERELE L THRAE
NEREMTON TV D A & i ERE
X, FES OFHRALS ISR WD TR 22V EI
D—2LESTHWMETITRW,
2. #FFEDOHW

TANAESa L AF LA 3DTVOE
FLISTIREIZ /e 7~ 2 & T, FTV (HHH
BT LE) ESHV (A—8— A EV 3 V)
DZOD0H LWET AT Y r— 3 Uik,
BITE, R ET AISH O x5 & 725 T
XTWD, ZTNHOFH LT Y r—ra v
FERMbESEL DI, £/ hEx Tl (D
ME) #F%—a iR —xr hE LZBE AL
—7y bOETF A a—FVLSIDE
B CEETHDLH, FTVESHVOD
B EM -T2 0O, ORI, /EkEx
FImOEEFLD 1 0fEbFV, 2GE L
SHOAN—T h (T680x4320/
60fps) ZEFODMET7T—X%T7F v %
HfsL T\ 5,

3. WDk
BEEREZE & T (DME) =Yy
BT HZLETHY, UTOEER 2SO0
R E AR 2 2 & 2 BT,

(1)AEV Y RIEZE L= TR —%
T 7 F ¥ ORI,

8 KD L 9 7 KB {7 — Z lZ B\
Tix, DME ToO#RHEE (SR) MNIEFIC
KBULE 720 | AR & AE Y N2 RO
ANV Rry 7 L d, KEERTIIREERHESE
FHEIZEY, RERDZ EEEZ TN,
PEREHIBESR TIE Tl W E 7 BBl
WEZ B LV E TORBRIRY TV
WigEHE L, ME ZBPEMICEITTHZ &
T, BN FTREL 725, BARRIIZIE

7) SBEEICBT AR T AR OT
— X DARTFNE & B DEE R O T — # DA
FHEEEE LT, 2R v 7IVEGR O RE{b
#X5, DRAMIZIZKEES N7 —# %
a2 T, 40%~60%DAETYN
v RIEHIBMAAIRE & & 2 T\ 5,

S HERE L AEY N REAE IS

LI, FHEBICHEOHBYY (¥ —3
F—b) FEEEANTD, NS pdhEomE
MR ESR A O T L— AT L0 D
BRFRE, REREBEOH D7 L—LILEA L
~OVDORKREAT, THIFEEZEATLHZ &
T, KB COHEELBRDITITHUINS Z &
MNAEETH D,

VAV a4

Level 0 Ve
Full Sampling _ _/_7-_7 _7 L_/._ .
Small SR .
Level 1
1/4 Sampling
Middle SR
Level 2 zZ 7.
1/16 Sampling _Z WZL/
Large SR - ,..’,;{, _,_/,_/

Ao

VAV AV AV AV

X1. BEHY—FFiE

U bEDOFEDBANT D Z & T, W HIER
B R oy 7iZ—oD~raray
Yy, 1507uvy 7% A 7/ THUEREET
HHV, 300MHz T, 4K/ DA[HEIZ/ 5
EFHILTWD,

; Engine 0
i —Synchronization
: : Engine 1
...... 3 Engine 2
B
Engine 3
SR Sharing E

K2, 7L —ALLDWF{L

(2) 7L —2xlFb > ¥ ORI

8 KD X 9 2 KB EIG T — % Tlx, 1
DODDME > Y TEAN—""> N &EERK
THZEFHLL, HEODME= VU %
WHNCEMESHETAL—Ty & EIF A2
ERMIL D, TERIZIAT A AL~ULTD
WHUEATTON TE 2N, REETIEIT7 L —



LLLOWFIEZ A LTt & X 5
FETHDH, FEMEZL VTl 7L —L0%
WHT %, 7 L— A CREFERO LA E
1TH52LICEY, MEDAEY N RiEZE 5
0%~ 7 0 %HIMNARETH D,

PDLED 25K 0EA L, GO P&k
LT, BIMICME= Yo 2E0 4 TEHZ &
HbiTHZ & T, 300MHZz T8K, 60 f
p s WEMRTEDHETFHIL TV,

4. WRIEEE

H2 34EETIL, X IZEICDME T —%F
JF X ICHEATEET LI XLADERRIC
B kAT, 7= —iz, V77 b
VAV TZ T (JMVC) IZHESL VT
NI =T ETFAVEWSL LT, 2OV 7 U x
T ETNVOVERRAEFHIT HITIX, Bk 7o ik
N FEa—LE/)RA Y ITOETFTF T
— U AMER &N, Bxld, BT AT =
— A DI OITIRE LT-FIEICH L, DME (12
FHTE2LICREE L Tob, HrLne
FHT L a—ZDEDIZHE LT LY

Al (A B —ATFHIFEFHOE Y 2T

KFEATAT 4 v TEEFRIFLER, OL
EMRBET 4 Rk l) 1o, ERoET v E
FAWTRHME L7z, 20D OO RE 72235
DEME L, BEHICRE 7 L—LA U — 0 %
BRERLE, V7MY TETAOFMELY .
HIEA/L—7"> b (2 GE 7B/ Bk
TEXDHZ L aEB Lz,

H2 4%FE T, AIZECDMEZ Y
DIEEERRFDOIZER VA AT, RBIEERENL LT
V7 U TETNAERKIZLT, DMExT Y
PUHOFRT LAY RN ERE L, R
WCHMET7L—b U= RRE LT, RETL
—LT—7 %&b LI, N R =T HFO}
B (AT T R, T —ZKTENE) 1TH
DRI, RRKDOANL—T > NEERTHT —
XTI F X LRE LT, FRHEENEDR
AMAY REEOHIEIZ AT T, 7 L—LT —
B DT A M E D DME =
VYT TR SRR A TR S AT RE AR T —
XTI T ERB L, HonleT—F%T7 7
Fr&EFEIZLT, HDL=— F&iEad L. R
TLY2lb—Yarv itz iro7-, DM
Exo P UBEEOLS T Y Ny A4 70E
BV IAALT, DMEZ 20 0T 7
NTYXDEN=RY =T T —%7 27 F ¥
WZOWT, BoNTERRZIY L, FEL
REEZEES (VLS I VR Y T L) ~%Fh.,
iR a7,

5. FERFERIWILE
(WFFEREET . WFFEo4HE M O JE 3 12
=N

CdesEam ) (Rt 2 1F)

[1] Gang He, Dajiang Zhou, Wei Fei, Zhixiang
Chen, Jinjia Zhou, Satoshi Goto,
“High-performance H.264/AVC intra prediction
architecture for Ultra-HD video applications”,
IEEE Transactions on Very Large Scale
Integration (VLSI) Systems (TVLSI), 2013.

[2] Xuena Bao, Dajiang Zhou, Peilin Liu, Satoshi
Goto, “An advanced hierarchical motion
estimation  scheme  with  lossless  frame
recompression and early level termination for
beyond high definition video coding”, IEEE
Transactions on Multimedia (TMM), Vol. 14, No.
2, pp. 237-249, April, 2012.

(EeiR] GH7)
[1] Jinjia Zhou, Dajiang Zhou, Gang He, and
Satoshi Goto, “A 1.59Gpixel/s motion estimation
processor with -211-to-211 search range for
UHDTYV video encoder”,
Symposium on VLSI Circuits (VLSI), Kyoto,
Japan, June, 2013.
[2] Dajiang Zhou, Gang He, Wei Fei, Zhixiang
Chen, lJinjia Zhou, and Satoshi Goto, “A
24.5-53.6pJ/pixel 4320p 60fps H.264/AVC
intra-frame video encoder chip in 65nm CMOQOS”,
Asia and South Pacific Design Automation
Conference (ASP-DAC), Yokohama, Japan,
January, 2013.
[3] Jinjia Zhou, Dajiang Zhou, and Satoshi Goto,
“Interlaced asymmetric search range assignment
for bidirectional motion estimation”, IEEE Int’l
Conference on Image Processing (ICIP), Orlando,
USA, pp. 1557-1560, September, 2012.
[4] Gang He, Dajiang Zhou, Jinjia Zhou, and
Satoshi Goto, “A 1991 Mpixels/s intra prediction
architecture for Super Hi-Vision H.264/AVC
encoder”,  European  Signal Processing
Conference (EUSIPCO), Bucharest, Romania, pp.
1054-1058, August, 2012.
[5] Heming Sun, Dajiang Zhou, and Satoshi Goto,
“A low-complexity HEVC intra prediction
algorithm based on level and mode filtering”,
IEEE International Conference on Multimedia
and Expo (ICME), Melbourne, Australia, pp.
1085-1090, July, 2012.
[6] Dajiang Zhou, Gang He, Wei Fei, Zhixiang
Chen, Jinjia Zhou, and Satoshi Goto, “A 4320p
60fps H.264/AVC intra-frame encoder chip with
1.41Gbins/s CABAC”, Symposium on VLSI
Circuits (VLSI), Honolulu, USA, pp. 154-155,
June, 2012.
[7] Zhenyan Guo, Dajiang Zhou, and Satoshi
Goto, “An optimized MC interpolation



architecture for HEVC”, IEEE Int’l Conference
on Acoustics, Speech, and Signal Processing
(ICASSP), Kyoto, Japan, pp. 1117-1120, March,
2012.

(Z Dfh)
R D= U
http://www.aoni.waseda.jp/zhou

6. WFIEiE
(OIFFEfREE
J&  KiL (ZHOU DAJANG)
R RS - REBEIEHRAEFE S AT LFIE
B - Bh#
WFgeE 5 10607336



