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Abstract

In this paper, an efficient SAD(Sum of Absolute Differences) processor structure for motion estimation of H.264 is
proposed. SAD processors are commonly used both in full search methods for motion estimation and in fast search
methods for motion estimation. Proposed structure consists of SAD calculator block, combinator block, and minimum value
calculator block. Especially, proposed structure is simplified by using Distributed Arithmetic for addition operation. The
Verilog-HDL(Hard Description Language) coding and FPGA(Field Programmable Gate Array) implementation results for
the proposed structure show 39% and 32% gate count reduction in comparison with those of the conventional structure,
respectively. Due to its efficient processing scheme, the proposed SAD processor structure can be widely used in size
dominant H.264 chip.

Keywords : SAD(Sum of Absolute Differences), Motion Estimation, H.264, Distributed Arithmetic

g 2

I.M B Motion Estimation)®] 7} E&3718 23 §l7] d&

olth &, H264 A9 7 £837|9 AHE-E B3 &

OAE 594 AR FR P Bustez 39 Wi S YFES 24T & o A AR o]E F
U3 B A7 APH% o, 53 FAANLY F& ok 28t o] 2 UM B2V 24U FHL B
& By wet 450 U T 7Y o] IQ 2 ¢ ANE FaE ) Y FE P A 4
A = olet & 874 whel H264 BFo] &4 9 2 4(Full Search) ¥4 14 &4 Wajo] glr}. A

stan Hood B2 29 B4 & 7129 ¢% $4ut

Az Y A% dIZJg4 o%

X0 o =2 0
O

ZRe
AHE 84S A5Y + QA Ak olsh Lol we ¢
£8¢ 2= olft 3 shizh Hoto) $39 FAMVE,

A, T g8, AEdgn ARENTE
(College of Engineering, Sangmyung University)

¥ B =52 33 AdUiedEsidy Aried &3
L Ao 93 dFEAY YT

HAEdAl 20069847, £S5 A 2007d2¥21d

(187)

FAA 4 74 B A GG 9 A o] AUFHA
), gL BFT F2E 723 JAY EJT A E
gz §l_q_}2][3][4][5][10] T4 B WA o 2 thololRE
2 7103 1 ¢4 sEel AgFa o
H264 239 AL A3 1499 24 T2olvt u&
g vy B2E JEAHoZ 16719 4x4 SAD(Sum of
Absolute Differences) AlXH-E 2 2 gt} &, 4x4 SAD
ANZIE §7) HEolA 16W& WHESt ALRSAY



2007 3¢ MASEE

4x4 SAD A7) E 167] BEOIA & Wol AL v
TT Utk T3 2 F70) 4719) 4x4 SAD AN E T
Sold 44 WEde] AT FE Uk o] ERANE
4x4 SAD AN 167) AHgdle} 1402 SADE A
Ao P4 ALDTE 16709 dxd SAD AN E Al
$3122 2479 4x4 SAD A9 BEdle) P2E 4
A she Aol o] £ES BAolh

0. ®MQIE SAD ZEAN 7=

2.1 MA #x9 EEX

H264014¢] 2239 F4& dukdel 317 16x168
o2 AMgshe AT 28 A
71 21 3o & EE9 =
2} 2ol 16x16 371«1 EES 7T

H2649) &3¢ AL SAD =24
e AAZE RE A9 JPHEES SADE T
= Zolth Y 194 EEXo] 16719 44 BEFE
SADE F3hd ydzx tg E25d o5& 23%
ZM SADE 7F F itk F 16719 2=
M SAD #& 7 4 otk 16x16 SAD Ak
3EE0E 74ET A WA 52 4x4 SAD A
2A 4x4 HA9 SADE g9 ADE AXtgeh

"

S

AolA B

e

+ N 1y+ N—
SAD{dz,dy) = E 2 — F_(m+dz,n+dy)l (1)

5 WA Combination EEoAE=
A A5

16749l 4x4 SAD
Z§3td] 4171/ 79 SADE WHEod

CILE]E]

HEEH
I
e [

2]l 1]

4x4 blocks 8x4 blocks 4x8 blocks
A B

a0 a2
A B A B A B

al a3

¢ a4 ° ab
c D 9 D c D

ab a7
8x8 blocks 16x8 blocks 8x16 blocks 16x16 blocks

J8 1. 44 2SEER TAE H2649 T 37|19 2

=

Fig, 1. H264 variable blocks composed with 4x4

blocks.

=EXN M4 ASPEHAZS 75

Current maowblock da'a
Search area data | [ ‘ll

1l ll llll ll H ) llilllllllll ll lll

4x4 SAD H| 4D

NS ERRNEANENE

Combination 25

IO

x| A2k s
242 A -

a3 2. HietEl 16x16 SAD ZRMA 7=
Fig. 2. Proposed 16x16 SAD processor structure.

oA A Ao AN 2EAAE el A A
g3te] Ho9| SADRE 2% $49 WS Fohje
e s

MV= (MV, MV) min zSAD(doc dy).

dzd

©217} AstE #A sl=gols A WA EE4
4x4 SAD AA71e] A8 Fxolth 5, 4x4 SAD
AL 98 AHE £2E A, o) F 1670 AFE-st
o 4x4 SAD A7 FZ2E AASAC Aot A<
SAD Z2AAN FZE tS3 o] 37 HER 14
At

a9 A WA stEQ 4x4 SAD AA7|dA = 1670
o] 4x4 SADE AMFTH Z 16x16 vt B2 16
N 4x4 BEo2 FAHDEZ SAd 16709 4x4
SADE AMsE  sEdd WA mEQ
Combination ZE9ME 4x4 SADES =334 o &
27)9] SADEE ANHT F, H264NH B2 417}
] SADE S HEouTh BAReE A ¥A FEQ
Hagt AWIINE Ao B2asd @ Az
SADE vlmstel BAGY W bY 4e Ae 2
g A9le g,

==

2. 2 Mo 4x4 SAD AMI| #+Z

4x4 SAD AX7lE Ad & Alsle AD 447
s} SADZ AXEE =gz FAAET WA @A
Ty Fx Zede FAFGUYe] vuEFe] 4
dAage WAl Hd 7 AD(absolute deference)E
a3 33} o] ALtsteo et

a3 39 Al 7RP7lE A7) TSt W) 1)
7} ArgEnh o A3 e MSBE AAbste] 009, &

:=_4

—



7 | H.264 85 F8 91t

CUR_PIXEL  REF_PIXEL

A2 1

sel

MUX

!

a3 3 FHetE ADHAY|
Fig. 3. AD calculator.

B 1. om2 16712 AD%
Table 1. Example of 16 AD values.

ADO 001110101
AD] 000111100
AD2 010101010
AD3 011100011
AD4 001100111
AD5 010011100
AD6 010101010
AD7 000011101
ADS 001101010
AD9 000001101
ADI10 000111110
AD11 001110101
ADI2 010101011
ADI13 000011100
AD14 000011110
ADI5 010101001

G50l MUX9 selo] 0¢] Ho] & 2oz F7HA
1A AAsHS. 283 MSB7} 1019, & A3 3ol
SFold Adgtg AdsrIske] A3 R +13]
22 AXNEE AASAY. ] F2to] APE FFein
2 A28 +13E & Wb 2 A8 ¢ o
ojst o} AH=2 A= HE olfre FEst AL
e @Y SAD A7} bit-by-bitE2 1 HER
AY3t7] o), 7]Ee AD di7iE Algoz A
7R TS W) 1A A, Aoz AtE
o2 A gAet Wb 17 AHgEd o))
Zol 16709] ADZ}F AXbEW 189 €<l SADE T8
oo} gt} 7]E9] SAD W& 12A 871 7Ht7]
g U8 3t & ADO# ADI], AD2¢F AD3, AD4¢}
ADS5, AD63 AD7, AD8% AD9, AD10%} ADI11, AD12
¢} AD13, AD14¢} ADI5E Z4+z} 7R & AHEst o

E830l SAD ZZAHM

34 2

ADO 001110101 e 10

g®
AD1 k1
AD2 T
o3 T
AD4 i
ADS
ADs
ADT é
s T
ADS
Abto
AD11 ;
AD12 T
o013 >
AD14 % 1

AD15 010101001

a3 4 JIE WAl 44 SAD HibY
Fig. 4. Conventional 4x4 SAD calculator.

gk, wakA 2gAld = 470, 3eAldE 270 wiA e 4
Aol 1719] 7718 dag o aYPOE ofolr]o]
2 4A 2937 fsd, dsjof & 1670¢] 9HE F
AEe] AD FEol t& X 13 2o 7HE3.

16709 @& F37] A% 71EY HA2 o 18 3
3} o] guERE 128|E 15719 7MI7IE AHEE
th 29 49 7oA, A9 wR] e Al
E FFo0z BE A7M7)7} 1314, ¥7k4E7] 1570 A
9.

71&8 SAD WA A Fx& vt e
1670¢] operandE LSB¥E dde WAg At
Z 1671¢) AD #ES W= wolx LSBY IHER
B Aitste whaolrt

ol¢} 7+ dihe EAF AiKDistributed Arithmetic)
4 SAD £¥ y& Ye¥

y= Y7, (3)

A @)AA = 16709 AD FEEA t53 2ol 8
HEZ Yed 5 o

8
Xy = 2 b,m2“ " (4)

n=1

A (37 W8 AR 4x4 SAD 29 y& tad
Zo] yehd 5 itk



20073 3® MXAZes =X M 44 HSPEHA 25

i [120 bkn]Qﬁn

n=1k=0

y=20[

b2 "] =
k=0n=1

)

A 0F Atsr] 9% Add txe ad 59 2
o}t a9 59 By 1GAdAE Bk 87 2.
stk 29 Al M E W] 470eh ") 4700 2
238t 3gAdAME 3HEY dolHE gsjotsinz
B7E7) 270 9F A7RE) 407 Hast vixjete s
42ANA = 48] ES HlolHE dIuR Hbads] 1)
&} A7 3MF L oA 49AE AXE 5
H|E9| LSBY Fo] E¥dr o] A3 #e 1 ¥E &
2 HAZE 99 g& 20 (LSB-DHIEY &3} o3
Atk o]gA MSB7HA|. 8 HIES] Fo] T wafAd
SAD7} FajAlE FxolT,

I 59 AA JMVE AdESFFeR BY AL

MSB LsB

(OO IO} 5
OO R |
OO THO T} EHHEl

O HO SN
OO eI
OHTHEHOYHHAHeH]
O AIEHT )
(O} OHOHOH T} HaH ]
BoEnnnonn
[OHOHTHOHTHT}THaHT
or0-{OHOHGHAY IO
011-{O} A HTHTHOHTHOH)
otz {ON THONTHONTHOH T
sore- {0} o OO} AHTHAIOIS)
sou-{OHG OGN (o
OHTHEH e ]
a8 5 MohE B4 AN A o] 4x4 SAD HLbY|

Fig. 5 Proposed 4x4 SAD calculator using Distributed
Arithmetic.
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Table 2. Number of full adders and half adders in the
proposed structure.
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