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Abstract  Motion estimation (ME) requires huge computation complexity. Many motion estimation algorithms have been
proposed to reduce its complexity. But they are still insufficient for embedded video coding systems. So we propose an
ultra-low complexity ME algorithm with adaptive block sub-sampling and several techniques. The simulation results show that
proposed algorithm has about 1,000 times the speedup than full search (FS) maintaining high image quality. And we also
propose the implementation of the application specific instruction-set processor (ASIP). It is based on a reduced instruction set
computer (RISC) with sum of absolute difference (SAD) operation circuit. Our ME ASIP is implemented on FPGA. It is
required about 3,313 logic elements (LEs) and its hardware scale is about quarter of the previous ME ASIP. This ME ASIP will
make a significant contribution to the development of compact video coding systems.

Keyword motion estimation, full search, SAD, application specific instruction-set processor

1.IIC®»I
HERERBETA Y -y 20BENEAESE %
BRETLHFERTHY, BHEEML A7 LIEBVWTEE
TRHERLLTVWE. HEREEERL SV ICEST
THLBREIEALAEERXVLELX TS 0T, #HE
B2HRBLESLOHERBTAT ) ZLHREEN
T&E7-.
HERHEOAEREZHBRTEIFEL LTV D H

HRAVHSOGNTWS, | DRERARERKT 5%
(-6, 421 2B3<x2070y 7DHEEELEH
BT 2HK[TIBTHA. &6iz, JoBLEHLHE
BE2HIRTS2FED-[I2VREENRTWS. Znb
DHERHERNLSEREICE T 1/50 »5 1/200
BETHO YV ZIMIZT7TCOREREX-BE, +5
LRV TIRRED 1. '
AHFRTIEES, Y2070y 7D EHEEREH



BRIH>FE2RELLACHY VT VI FEERE
T35 OHEKIVEENSY -V OMGIEFELD
HFHEHEE O%HRTEEILERT.

¥, BRARQIOBLHY YTV IIFHEEHE,
RUEEBHZORWT Oy 7 OFNES, BTN 2R/
ELOoMETEI-OOBRREE, RALXADOBEVWEREREL
TOHELXFH T 2HERCIETITENFELEALS
beh-FEEEEL, 382 —-9% - v3Iab—-vs3
VIEEDEBREIIHERTH /1000 DHERTESR
TEHILERET S,

E5I, B2 RRETIHERUTNTY X L2y
AFLEERREDVWTIRHLAL. BHERUEOERGE
ELT AMSICORFEART Oy YANDOBES &LL<
FTonT&Ek. LALihrs, ASICKIEEREERAN
—Javr7y7TENIETHIILLrELY. T, AA
7oty HRBEHCEELBVPTIA VW &G,
BAR3ERSToLy Y ANEET B I LIZ L.

HEREEA SO0ty Hi3/)h &% RISC 7oty ¥
ER—ZZ, Fry7L—-}F, B —FTYVTRAXAEY,
SADEEB LY EEML THAR L, FPGA THEXK %Rt
Lz, £, BRSOy YDV 7 b7 %T7 Y
75 TCHREL, FPGA L THRIET 5.

2. BIERmHEHBEREBTVIT) XL
2,1 BIERHORA
BHERHEBHEST - SDEMRTE2 7L —L4I1I220
THEFEOTEEEBRETS. BHEREORL K
WA 70y 29y Fv o THd 7uy s3Iy
FUIOERNBEBERITEDLEN TH 5.
DRAB7Z V-7 T V—Fr7T0v 2 lckBE
DBR7V—LIlY—FI 4V FIIr2RE
NKRD SAD(ENRFEOKL) #HE

M-IN-|

SAD(k 1) =Y. Y |leti, j) = Ir(i+k, j+1)| m
1=0 =0

CIIT, WNRBTuy DRt BOBERTHD
4) SAD(k' 1" )HSADDOBR/METHAHBA. K 1)
EHmERIPLET D
REREFZITARTOERADSADERAET 2 Hik
TH2D, BERBLHERIMVERIETED
LA Ladrs, 2HERERHERESASVE VWS HEN
D, KEBRZ2FAERBHB TNV IT) ZLHEILED
nTtws.
22 HABRHIBET VIR A
CHERHOFERZHBRT2FHRLLTWVWLS 2N
ARVAENTVWE. BEAEZHRKT 5/, w70
7oy s DHBEEERERHB T A2HELDHD. BER
EMBT A A LT, 3BERETSS) (], HHE

FRIBIVIBBEREBIIBEROMBENELCLT
WSHEIPLEDT SO —-FThHdH, FEEDETH
FRRETLRY, /- BEHERENM], 7oys 4y
EBEFEEBBDS) (5], 1 KTAEBRTER (61T AEIC
EICHRATHY, BFAMLZRNECBEI L VI RA
NHb.
FUvZLV-btOHEEEREEHRT A2 AELE LT,
BEEHSIZMI< Bierling D HELHEHN . HER
HOBEFKESETTS. X ELL Chan DA
BREEEBRICEIOMBS ZE0NI - 2BIEHIIEX
2Lb0TH2H, EBREARAEPHMII EONY - B
BEHERNSLETHD.
ERUEUAOHERNRE LT, B2 L2FEIR
RENTW3, 12@Ya3alb—Fy k. .7=2—)
VIZHBTHD, BN RNMMEIORIETEIHRY
REETHIN, 7=V ZIZHERNMNMN>TL
$T. 5, SBBERELTOy IR-2GREEE
ERAGDOELBRRENSREEIN TV S [10] [11] 45,
HHBLHZRIEBEOBIVGAEETH .

IBERHOBRET VI Y X L
L 77U —bOBIS R FEH 5 X
22 TRRLEFHERBYBAED DL, T 7L
—rOHEBEEEZROBSH LM Z I >WTHRE L.
B2 2T TIZ Chan DFEL D CBEBRBERHEDIE
BALLHVAEERHRELTVWAS(12]. B 1))k
HA2DETGHEMELLELOT, (QRA Y F V87
L—24 (" Susie” QCIF 17T FED 7 L —4) ThHH,
MRBMEIEDNRI -V ERLELDOTHS M3 Z20
N —VRFETy BT 4112, =y VTR 21
YL, Ty PHERRBUTOL SIS,
B, =t ~Tu |40 -7 @

(i j =1, 3, . 15)
ST iR TF Uy 7= brDHAODEELRINTH B,
LL, EnEFRBEIDOLRKEVEAIZBI Yy YRLE
L, UTOBAERBELYy PHET S, T DHkid Chan
DHEECEXRTHERLEDUTTHD, Hald Ry
—VORD LY.

B l@REsERERKHNEOTEREZHIBRL 2
LOMEENRY -V T 8EEXSEEOY 770y s
WEWT, ROAJNRE IEFET 2

F= ZI Z‘ Vm_u»l - T41v2.4/-l|+
TOHERRRDORTEMIIENTEDEIE
HEMN 12, HEBHES 1/I6eDHERTERTSE
5.

(3)

74,”_4, - 7“,,_4,.;'



(8 A& Y ¥ F+ ) (“Susie” 17

(b) EBRHLEME & 08 —

(c) REF¥®
R1 Fv7L—-—bOMEIENY -

3. MAETNIVA LD L KT —

E5K, BRI ITRELEFVZL—-bOAER
WM Z2ImA, SEEEIRFEEEAXAADE T
ERELHBL LTHERORERHRER -7, K 2

RIOHMATNITYZLD7U0—%RLELDTH S,

B, ABHOCHENI PLVERBT IR, B
EDRVWR I 07OV IDRI ) -V I RTS. 7
YTZL—bOEEE 1116 IZM5(\T SAD(0, 0) % 5 &
T5. 4L, SADO.OAFEDRETHI &0 L/ &N
BECRHERIMAEWO. DL LTHERTHY 2,

RIZ, 31 TRELEF VL —rDFEISH 23]
EERET D, HARXTF ORMIME TH2 @ EEREIZ 100 12
RELL. ZLT, ZOFVyFPVL—FTHWT2.2T
BT BBDS I L VEIENZ P ADBEEFD. b
L. SAD OR/NEXFEDKME THS L0 L/hEVEA
KRB ERIPVEREL LTHERTHY 5.

#HIEME &0
Fy7TL—+

MV =(0.0) |

MV=argmin SAD(k,!)
k.l

le—
[‘

B2 MAETNVNIVXLD7U—F v —F

FUTERTORNED A %1ET LT BBCDS %175
LL, SAD OBR/NEXFREDRME THI £ L/ X Wi
BRRHERI PNV EREE LTHERTBY 5.

4 EAZ, SRBEREICIBPEEEEFTS. IhF
TOSADDBRNMELTLBRI ML EHERI ML ER
EL, BEREOLBERTT S

ERDOFr7 v 2z mMAT, SSDABEZARBE) &
ERALTCERSHEROBBER 7. ZOHER
HEFO SDELFRTORNELXEFT 2 THEEH G
CLAER B R EATEDERATCOHERT Y
3HRATH3.

BOIORAS Y -2y, U7 L—bDBERHEE
& SSDA BB EREDHEBRTEB/IBRIZ L TX
BIHEREEHRT 2DIbD, 72— s3]
BERIBRNROAEREOEMTRFAR/IEL, & DB
HeER-THIRHBOKEEM L¢3



33. vial—varERgER

B2ORETHAHERBINTY X LKKDWVWT 3
VPa—% vIalb-varsREHUEFHERRC
D2WTRE, Br 32 BRE(FS), 3RERE (1SS),
7oy s AEBERE (BBGDS), Bz DEITEMN (Pixel
Edge Detectiom) S K USEHDORRIZ DV THERG
L. QSIF ¥4 XD 3 ¥ F A —4% v
A " Susie” , " Foreman” , “MissAmerica” AW
BHEIFREOT V- LEROREEA) VT NVT L -
LEDERPINETHMELL. £/, ¥EEBEZRTRE
ELT, SAOEEREGE NS A—-YDHBEKXEDNS
EpRMEAD OEHE Y T .

RIRBEEFA Y-V AZODWTEBREILIZAD
EI# & PSNREvIalb—varyiORODEERERT.
REAEIZADERL 2BEREICHEH~TI/600~1/1800 T
»Y." Susie” . “Miss America” @ PSNR iZ &L\,
" Foreman” @ PSNR BREBRELIDLHIM. I BRER
2 BBGDS iR THE B iz &\,

£ BHERUEOHER EHEFM

’xR Susie Foreman Miss America
TAMIYR'L | AD AD AD
counts PSNR counts | PSNR counts | PSNR
FS 226819 | 35.30dB | 226819 | 28.92dB | 226819 |40.76dB
TSS 7273 | 34.97dB 7308 | 28.06dB 7252 |40.68dB
BBGDS 2438 | 3523dB 3302 | 28.05dB 2235 |40.76dB
AL
5l & 12} 290 | 35.28dB 377 | 28.51d8 172 ]40.71dB
-
¥3°Y2°h 232 | 35.28dB 359 | 28.50dB 123 |40.72dB
€3 3.3

4. BEREFER oy ¥
4.1. ER 7oty 07 —%77F %

BA2RRETIHERUTNT )X LOEEKIZD
WTRE L. HEREDREFEL LT, ASICOR
HFEeAH7oty Y NOBEVEISTTONTERL. L
PLEHS, ASICKREREERN-YVa T v 7K
WMETHZeAELY, Fh ARty YEIHE
MICHELBATARVWI LS, RARXERA oL
vy Y ANRET BT

HERA70t vy IR EEERIATHEDHS
NA-NNHB. E2D7NT ) ZLBHERRPEVD
T, 18y OB IS Ly bavyEPa—% RISC %
R=212F 5%, RIRR—ATo0LyHOBEERL
FLOTHB. TN 5 >20DRAF —
(IF.ID.EX.ME. ¥B)2» 5 72 > T3 D . PC. IM. PR RF. ALU.
M ErEh-TWS,

P

C

PC: 7707 7L09/% IF: ®&7:91
M 4 Aty ID: @47 2-v
PR : N 47°94/by° 2% EX: ®iT
ALU: BINABENIZH ME : i#)77¢2
DM : 7' -94%Y WB : 3{h 52

MUX : IW#7° b4
B3 16y bRISCO X v Y

BEREEA SOty ¥ T SAD E S EDGE /85
A=Y DHEENRILSKETTDHIC, M4LZRL
&I EXRATF—=VIEMEB MEZXF—-DIZF V7
V= FAEY)(MMEH—FIT YT AEY(SH), VBRTF
—JIENEMNEHERGAD), BELY 25 (MO %
ftmu .

[s)
z

TM : 777" b-bAgY
SM : 9-F1Y74%Y
SAD : ENEMERN
ACC: RE LI 2%

K4 BHeREM SOy %

RE5SAD I ARITHEDTMSHDOT 72 E2RLI
LT, PRINSTZFL2E LT THAIZ ADRIL A%, SM
FIZADRZ DAL, IR Ty7TL—F, SHAD
BRY—FTIVT70BEET -0 NENS.

CE: #97°4%-7")
ADR: 70 V2
R-DATA : J)-}7"-%

Bs SADWEERODXE)T727tR



R6ix. SAOEEREGE NS A—YDHET B0
DENBMNEREBLCADERELY 29 (ACC) DB
ERLELDOTHS. PR HDF YL —bEH—
FINVT7OBEEEENBABEETEL T, ACC IME
T3

M
U

ST 1

=

K6 SADz=v b

ROWEHEZRE T ot v YOHBERLEZLOTH
5. TH,SM,SAD 2 f+m L 7 16bitRISC THRK L 7=.

2 HEREFA oty $ 0L

HE [aks
N A7-%79%%- NN =N 7-%70F%-
14 AN A
7T VAN A 12 bits
74N A 16 bits
FT-9ARINT R GE®) (SAD, EDGE)
TR VAN R 16 bits X1 or 16bitX2
FAMFT-INT R 16 bitsX 1 or none
Y-bFT-5N" R 16 bits X1 or 8bitsX?2
ARV 2 16bits X 16
FAS -b 2
&BAE - 1
N 47731y SAT-V
ALU
AN 16bits X 2
A 16bits
HHE mE, BE. VMRE
AND, OR, NOT % &¥
A AT (IN) 16bits X 4096 words
7 =538 (DM)
RAM 16bits X256 words
ROM 16bits X 512 words

777°b-MA2Y (TH)
$-F1)7AEY (SM)

8bits X256 words (2 ports)
8bits X 2304 words

SADIZvF
AN 8bits X 2pixels, 16bits & & &
i) 16bits & B {#

DM

Jump, Branch, Subroutine Call
CPU Halt % &

4.2. EIBRER
B20HEREFRA S oLy 4 E2N—-FI7IT 7R
B EFEVerilogTRAB L, Alteratt DFPGAT /N 4 2 % &
BLAA-FRNDEAWTR: RIEET - 7. FPCA
TORFABERERICEAT. EBEAKEE KT Logic
Element#(133.313 LEsT& VD, Petersb DR L 18
EREFER 7ot vy ¥ [17]1(7,.530slices= 15, 140LEs)
DI/AEBRAETERTETWS

®3 FPATORIHBER

HE ok
FPGA7 N 42 Statrix EP1S80F1020C7
Logic Element 3,313 LEs
RAM 98,304bits
BABER KK 58.03 MHz

4.3. Y7 Ny =T DR
RAP3LTREL-BHERHEOKAT LT Y XL %
FRATOty S BELEL V7 b9 7HEY -
g\, Verilog7u s S LTHAXAEYRMND R
#Hiz" “define " FAWTT LY I ISRICEEL
FPCALTEIERIE L 1. 1. EBOEFA -4
2RTF - BEBLFPCACIRE S A TERVDT,
ENRAEM)ORERRE S A I VR EERT ST
U5 LEERL, EFF -4 Z20ADEKE Y 4
INVBERBU- 2. BACRBU--BEEERT

R4 NOEERHELT A 7V

Video sequence Susie Foreman |Miss America
iy
AD / MB 232 359 123
Cycle / MB 341 516 186
BEIL-L4
AD / MB 706 1213 286
Cycle / MB 995 1686 420




5. b

AR TR 7oy JBATHIEHWIZT VS L -}
DEERBEMFIEARL, TOHARIZVWL20DHR
ERALAADLEEHERETANTYVILEERL, 28
B/ W DHABERTHIHEHRHETALIT) X LR
Ll &6, TO7NVNITVXLEHRRECERT
F2EAToty b EERL, FPGATRIBRIT 2TV,
VIFP7I72RELTHERHOHEEXRIEL -
HERHEA oy YORBHABIIERD I/4LUTF
TERETETVS.
SOToty bREIBRAENE DL, BUEAEKT
BE R OBIEHN RAD S, ASICIIED LSIBIR
BHBENEBRALTWVELW.

OB CoWRR. XHHELEOGLAMEK L EMR
HWKOLRBKANN 2 729 —BIREXEDOIRIZL S,

X M

[1] T. Koga, K. limura, A. Hirano, Y. lijima and T.
Ishiguro “Motion-compensated interframe
coding for Video Conferencing,” Proc. NTC81,
pp. C9.6.1-9.6.5, 1981..

[2] J. R. Jain and A. K. Jain, “Displacement
measurement and its application in interframe
image coding”, IEEE Trans. Communication,
vol.29, pages 1799-1808, Dec. 1998.

[3] L.M. Po and W.C. Ma “A novel four step search
algorithm for fast block motion estimation”.
IEEE Trans. Circuit and Systems for video
Technology, vol.6, pages 313-317, 1994,

[4] J. Y. Tham, S. Ranganath, M. Ranganath and A.
Kassim *“A novel unrestricted center-biased
diamond search algorithm for block motion
estimation”. IEEE Trans. Circuit and Systems
for video Technology, vol.8, pages 369-377,
1998.

[5] L. K. Liu and E. Feig “A block-based gradient
descent search algorithm for block motion
estimation in video coding”. IEEE Trans.
Circuit and Systems for video Technology, vol.6,
pages 419-422, 1996

[6] O. T. C. Chen, “Motion estimation using a
one-dimensional gradient descent search”, IEEE
Trans. Circuits Systems Video Technology, vol.
10, pp.608-616, June 2000.

[7) Y. L. Chan, and W.C. Siu, “New adaptive pixel
decimation for block motion estimation,” IEEE
Trans. Circuits Systems Video Technology, vol.
6, pp.113-118, 1996.

{8 C. N. Wang, S. W. Yang, C. M. Liu, and T.

- Chiang, “A hierarchical N-Queen decimation
lattice and hardware architecture for motion
estimation,” IEEE Trans. Circuits Systems
Video Technology, vol.14, pp.429-440, 2004.

[91 M. C. Shie, W. H. Fang, K. J. Hung and F. Lai,
“Fast, robust Block Motion Estimation Using

Simulated Annealing,”. IECIE Trans.
Fundamentals, vol.E83-A, No.l, pages 121-127,
Jan. 2000.

[10]JR. Li, B. Zeng and M. L. Liou “A new
three-step search algorithm for block motion
estimation” IEEE Trans. Circuit and Systems for
video Technology, vol.4, pages 438-442, Apr.
1994.

[11}J. Choi, N. Togawa, M. Yanagisawa and T.
Ohtsuki, “An algorithm and a flexible
architecture for fast block-matching motion
estimation,” IECIE Trans. Fundamentals, vol.
E83-A, no. 12, pp.2603-2611, 2002

[12]S. Hiratsuka, S. Goto and T. Ikenaga, “A locally
adaptive subsampling algorithm for software
based motion estimation,” Proc. of ISCAS 2005,
pp.2891-2894, 2005

[13]D. 1. Barnea, and H. F. Silverman, “A class of
algorithms for fast digital image registration,”
IEEE Trans. Computer, vol. C-21, no. 2,
pp.179-186, 1972.

[14]H. Harasaki et al., “A single-board video signal
processor module employing newly developed
LSI devises,” IEEE Journal on selected areas in
communications, vol. 6, no. 3, pages 513-519,
1988.

[15]A. Hanami et al., “A 165-GOPS motion
estimation processor with adaptive dual-array
architecture for high quality video-encoding

application,” Proc. of Custom Integrated
Conference, pp.9.1.1-9.1.4, 1998,
[16]JA. Beric et al., “A 27mW 1.Ilmm? motion

estimator for picture-pate up-converter,” Proc.
of VLSID 2004, pp.1083-1088, 2004.

[17]H. Peters et al., “Application specific
Instruction-set processor template for motion
estimation in video applications,” IEEE Trans.
Circuit and Systems, vol. 15, no. 4, pages
508-527, 2005.



