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Abstract: A motion estimation algorithm was proposed using 2 bit-depth pixels. The reduction of pixel depth was first
formalized by two successive steps, namely interval partitioning and interval mapping. The former is a many-to-one
mapping which determines motion estimation performance, while the latter is a one-to-one mapping. A non-uniform
quantization method was then presented to compute three initial thresholds of the interval partitioning. These initial
thresholds were subsequently refined by using a membership function to solve the mismatch of pixel values near them
caused by signal noise and so on. Afterwards, a matching criterion was discussed suitable for the motion estimation using 2
bit- depth pixels. A novel motion estimation algorithm was consequently addressed based on 2 bit-depth pixels and fuzzy
quantization. To further predict the precision of the proposed algorithm, a bit resolution reduction error-motion vector
precision model was built by exploiting the auto-correlation function. Extensive experimental results show that the pro-
posed algorithm can always achieve high motion estimation precision for video sequences with various characteristics,
especially for those with detailed scene and complex motion. Compared with traditional 2 bit motion estimation, the pro-
posed algorithm gains 0.27 dB improvement in terms of average peak signal-to-noise ratio of motion compensation.
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5 2biti REGRzEITRIEES T

HAR 2 bit WG R IS TE T AL
GUE ATV R, R, R B R
PRI m E R . 2 TR AT PR
Z /b, WAEE TR 1 SCRRORE, HoE IR
ATRE T RIS o AT B 58 00 BT LIRSS 4 3
|z, drmitiRiEsh B R, Ba o
ERIRA =N =
5.1 IHERERRIRE—ENRENFBESIR

H 2.1 1A 5, ASCH PR B it 227 T
Wbt e, JF BT EANEMRE, 7 HR(6)
A, XA Z, (e{l,2,3,4)) W& RAE E
2 r, W= (T+17)/2|, WAHRE)HT T

S L Y3 LR IR P e R 2 (R B T3 N

T

D:i > p(e)e-[(T=1n)/2]] (s

"

i=1 g=T" +1

B AR IR S A 4 22 A W] e R Ao T e A L E 22
P v L R0 6 BRI N FTA 15 =ik
FSCAH FIE, 5 B0 AN DX P T A7 328 1) 6™ A AH [
IVCRC IR 22, JovkI i & A SCRRIL I IZ 5)
[FETTIAR] S R 2R . Ht, B E R Bk
Jeiz By ) EEANHER ) GBI EA T EOARR IR B e i
ZEMYES § 1 EK.

ARG 8 bit NG R A]
O EAE ) ), B 2 )R DU U BN [FDRG
JEIEEh R MR, EF- 2 MSHbih, FE
FHFOR AR ICECEH M, RO HUE 2 bit IR
B ZIEHE T E ICRL e M, JEEHIS T2
R B 420V (5,8) 142100 JLI, e M7 5 M,
(RS- B45 3 2 R4 0

D' =E{|1,(x.9)~1, (x+6.y+8) | =E|

I (x,y)r} +

{85+ 8 |2 {1 (s (s+0.5+8)) - (19)

B R T N KR AT B A (KR AL

Y1, W19 AT etk
D'=2(y} +0})-2r(5.5) (20)
Horb, r() RoRBENLIZ ) B AHOCRRHL
r(0,8)=E[I (x.y)I,(x+5,y+3)] (1)

FAA0E 31 ik :
,“ o~
\%% _________ !___ B
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K g

i’ -
SWELIE P it I 5
g .
- - :

=2 -1 0 1 2 e

2 AN[FRSREIE B i) ] 5K AR

T2 6 = 0 I 75 1) F A OC s AU AR A 55 T
0, UEIATTRI A M: 5 M, 2 558 42 t b
IREERE T 2 30, R

D~D' (22)

XA, ) LCRAIR P i 2 R 5 2t (P B
G SHOR AT LS 2 bit WIE GRS
fEo BARSBIN.

Stepl (1) LA EH IR % D »

Step2 IS FHEWIIGRIIE p, T % o7 .
Ld=1.

Step3  THEZSHMI H AR EE (6, 5)
PR 25 AN Q0) THF UL LR ZE [ Tl D' .

Stepd  WIE D> D', iU LR B 3 it 2=
FHHE S A DB B ) ST S UM UL ACIR 2, ToViAE o
BERERXME M, Wabo=0+1, HA
Step3; I, Ftho, HIEGH.

IR EE A A O B2 2 bit IR AR K Is Bl
THERBIIE B 0 B ORSRE, & nl LU M, 5 M
RSO
52 HEENH

TSI [R) 53 2% B 0 B0y i v 52 P RE 1
HEERbR 2 —. T30 WaREmm, #. b
POmFRIS, RS S w, SR A
AT A 2 AN RS ASCEIE T

1) ORI R4 0 R 17 BB A 46t
RSE T3 B B s B A A4k 2 AP, OH T E
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H P34

By e Gevt uumii e oAl p % wh O,
HJ7 B3 e 75 256 IFEFN 255 KNk vHoi e
LT 255 WILKIESE . @I T 38 B s 50 s
difb. B, THECYRTWOR S WG R IE T
2(wh =1) ML, VHEEMTIR 27 2215 2wh
A 2wh UINEs LR, W o) Ml ol i 1 RN,
1 IRTRVERN 1 IRIVAERHEIS 5 PR, 2.2.2 T
HAI L Step2 22 W7 10 XNV 6 TV
1 T J7 A 4 IR S5, Stepd X 7T 9 IRIIEFI
6 RIEIEH; BJa, WEREMEERI S BIA R X 4]
B2 3 IRIRIEH

LA OM@u1E, KT 352x288x2 R &AL
A CELEE AT Z B0, MR R N SE R
FRIR B 4T i 1.250 7 Wik 0.500 7 YRR Al
3.001 3 IRHLER. BEAk, WIMTATE 1 KHAERHER 1
WRIFPIis s

2) FETHRITE ST LAtz onfl,
(A7yaHn, T w<w FHERE L, PUTeERILHE
W xW x N x N X 2bit JVERT W x W x4x N x N IXAL
B, B, W =32, N=161, FEEME
FAFHET 1024 ¥ 2 bit JHiEAT 4 096 KA IE 5

6 KEERSH

N T IRUEA ST § th Ak PE R, 20 7 BLCIF
(common intermediate format) @ 30 i/s[¥]Akiyo.
Bus. Football. Flower. Husky. Mobile & Calendar.
Paris. Tennis. Silent. Stefan. Soccer. Sign Irene.

(a) &5 2 MRy It it (b) 8 bit IERZ FS [iazhxh 2

(e) T-FS iz stz

(H) AQ-FS iz )tz

Tempete, QCIF (Quarter CIF) @ 30 ii/s[f]Salesman
AT ACIF @ 30 i/sfrICityflHarbour% 7 41(#) 1~90 i Ay
i, JEAT T ORESEER, JRIGAE RS 8 bitR R HR 1)
A4 CFCHIFR 8b-FS). 1 biti i 15 2 fiFst®)
(1b-FS). 2 bitiF ¥ 1% ZFSY (2b-FS). T frak iy
HIESPAT-FS) AL+ BN AL 2 bitiF S % 2
FSPNAQ-FS)2%: 5 FivAAMI L. S A B B -
HRE R 32X32B3FK, HYIGI A 16X 16 183,
WRR N BHG F . ACHB(FQ-FS)ISHE
MBI =32, N=16, {=02F11= 0.625.
A P 5T 5 SR U R {5 T LK (PSNR, peak sig-
nal-to-noise) A TIPH . 1R, JRIAMKAQ-FSHE
152 N A ELEFQ-FSFIAQ-FSHY 2 bitiR &
BERIEIMTH AR, ACH 5AQ-FSHILS 1
TN TX b, T 20 LR SR 8 bitih AR 3R
MR AR .
6.1 EENEITAMERER LR
ENHR M 71, 43 R 6 FhEExT
Football JEHIIIEE 2 WIdHATIE s G T RIAMe, 1593
PIAMEMTANE 3 Frome XTHERIL, Bl 3(c)~KEl 3(D)
IS H) RGBS B /N 2 B A S B
EC IR IR A Y47 B J2 1 5% 1~ (ghosting  artifact) 5%
B2V (blocking artifact), 1M & 3(g)HBR T 1 &g 1
Ab, AR5 8b-FS (M mis (I 3(b) JLF
FFl. AT 0L, FQ-FS IR fedei #AR 45 R )iz 5))
fhvHvERE, UL AEWAIZ B3 TR ZL R IX 45
AR MT R, 22 1 25T %A WP H 1)

(c) 1b-FS i sh

(d) 2b-FS 12 sz

i . W EE

(g) FQ-FS iz stz

3 Football JFEFIRIH 2 Wiy 725t 8b-FS. 1b-FS. 2b-FS. T-FS. AQ-FS HIA L% FQ-FS K1z s i
(b)~(h)[f] PSNR 439>k 25.37 dB. 22.97 dB. 23.81 dB. 24.11 dB. 24.08 dB il 24.64 dB
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el 4y 5K AN RV SV i 459 2 0 °F- 3% PSNR. K FEd, 16-FS Wiizahflivh e %, ¥ PSNR
4(a)~K 4(d)ffr7 %33 4 Football, Tennis. Silent Al 8 8b-FS I 1.01 dB; HI2 T-FS §1i%, ~F-35 PSNR
Paris J¥41[¥) PSNR iZii Ll HH# 1 mI%0, 6 Ff Lt 8b-FS F£MIK 0.75 dB; FHXA 2b-FS 51k, P

34 a4
@3 32
23 g
} =30
£ %’
= 26 !;-:‘I'= 28
S :
2 2 £
s» =
) 724
=20 pist}
18 . . . . . ) . 2 -
2 10 20 30 40 50 60 70 80 90 2 10 20 30 40 50 60 70 80 90
Wi Wiy
(a) Football /751 Ty PSNR % . (b) Tennis J7 51 [ F k4 PSNR % b
44 33
2 424 =3
340 e}
il
fiz 38 &3
=2 =
= =
3 =
£ g%
g 34 30 |[®-8b-FS
= = 2|+ 1bFs
"3 = || 2b-FS
) B og ||+ T-FS
30 M- AQFS
. - FQ-FS
2 " " " " r . a N
B o0 30 40 50 60 70 80 90 2 10 20 30 40 350 60 70 80 90
Wi 55 Wi 5
(c) Silent J751 (¥ HAE) PSNR XL (d) Paris JPZI[f FA PSNR X} Lt
%1 4 Football. Tennis. Silent F11 Paris JF41 (1% i PSNR LL3¢
*z1 ARSI Y HEXF 6 MEshfbit A AR R PSNR LB
¥ 52 H 8b-FS 1b-FS 2b-FS T-FS AQ-FS FQ-FS
Football 27.46 24.79 25.85 25.75 26.14 26.58
Flower 26.03 25.67 25.84 25.83 25.86 25.93
Mobile 23.96 23.52 23.61 23.78 23.62 23.80
Paris 30.70 30.17 30.17 30.45 3027 30.49
Tennis 2891 27.28 27.95 28.19 28.10 28.25
Silent 36.27 34.80 35.12 34.98 35.40 35.59
Stefan 25.90 2527 25.44 25.70 25.49 25.70
Soccer 29.61 2822 2832 28.01 28.57 28.84
Tempete 27.75 27.09 27.29 27.47 2736 27.58
Akiyo 42.67 41.93 4223 41.84 4233 42.11
Bus 24.87 23.80 24.14 2449 2431 2450
Sign Irene 33.56 3235 32.59 3257 32.84 33.03
Husky 19.70 19.43 19.46 19.61 19.47 19.61
Salesman 39.41 39.19 39.25 38.78 39.18 39.27
City 30.86 30.07 30.29 28.66 30.40 30.41

Harbour 28.10 26.77 27.45 27.00 27.48 27.70
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i ¥

i 34 4%

PSNR # 8b-FS FB# 0.69 dB; #XJriit AQ- FS, 1
¥J PSNR Eb 8b-FS ik 0.58 dB; fit)&, FQ-FS (1) F1
PSNR [t 8b-FS ik 0.41 dB. 1M H., MK 4 GELI,
ASCEEA AR I ()P et A At 4 bR
LIRS T o
6.2 EHIEITHEE

H T IRAF 4.1 i H A EURRAR B e it —ig )
) RS TN ATY):, ASCEHUAS T FQ-FS. 0 14 2K )E
(1) 8b-FS FH(—1)I5 =KL 8b-FS Iz zhflivh 4554,
AR ZHEFEN 8b-FS [Ris sl &5 RAE 5%
. B 54T iR 4 FREAE Soccer Al Tennis 7
HI FHHTSEK Y PSNR. I 5 Al L, AR
PSNR JLFPAbAL T 6 B3R5 RER) 8b-FS, I HAR4
REHUEOLT, ART(-DIRZEHEER 8b-FS. X1t
ST () R B N T O BOATERf, B H ST
TP AT 1 MG . Ll AT Rt

RS R PR 2 bit YRR B Sk
RIFERS, A e etk fe 2%
6.3 ITHEERLLE

6 FIEIEMITH S AT 20 2 MY Bk, BPEL
FRR B L 3B BE RIS B A TR B, R 2 AW =32,
N =16 M0, 45 1 T &R EVE LA R B 75 1T E
S PRI, ASC R A PR e B B B
THEE ARG T BR A kb 77 vk LLAME 3 M LE gy
IREAG R s st 5k EE st B, A3
KHT BTSAD VCHL5ZE B s 0], i+ nl FH
IR EH, BT EEA ST 1b-FS. 2b-FS
A AQ-FS R FHMENI T 85 P LA B,
AT EER SRR T 1 bit LA 2 bit W EG &
%R, HHEFET 8 bit IKEGRENIEN
THEE o A I S8 4R bR AROR T FL A4 1R A A 1 v R
Pk R 2 4, Gl B AT wiaE, Bl

34 36
13 ~o-BHQ KT HEAYS bit FS —o-FEGFRTIENYS bit FS
m —- B AR I A A S R = 348 —- QSRS Y A S
=32 -=- T RS E Y8 bit FS o N —=-TlIRG E Y8 bit FS
= e L N 15— (2 7 2 5n e L A RERS — (4%
?: 31 A8 bit FS ﬁé {18 bit FS
=30 = 30
& 29 £
€28 =28
27 & 9
=26 = \
E 25 i 2
24 , 22 . .
2 10 20 30 40 350 60 70 80 90 2 10 20 30 40 50 60 70 80 90
Wi 55 i 5
(a) Soccer (b) Tennis
5 FQ-FS [#1i8 3] ) 5ok B Pt 45
%2 5 fRERIEFE T A EMEEMN T ERE
B B AR 8b-FS 1b-FS 2b-FS T-FS AQ-FS FQ-FS
JIIEER 0 24 2.8438 0 1.5 1.2507
Teidi 0 1 1.062 5 0 5.8594%107° 0.500 7
LERFIR LhAs 0 1 3 0 75 3.001 3
A B A 0 0 0 0 0.5 49322X10°¢
IR 0 0 0 0 0 4.9322X10°°
s 5 0 0 0 2 0 0
8 bit 5& s BEHINE 2048 0 0 0 0 0
2 bit FEEnk 0 0 1024 1024 1024 1024
BT 1 bit 450k 0 1024 0 0 0 0
B V2SR O] 1024 0 0 0 0 0
A=A 0 1024 3072 0 3072 0
BRIEH 0 0 0 1024 0 1024
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KR, BREH TPl HoAth 2 bit ¥R AR iz sl oy
AR DR BE,  UEEEE WO N 7 3 1) R i 2 )
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Ab, T S MR TR T B AR R B A 4 VAR
o, TR LURFR BE R R T R 2 3 A Ak, P
VRRZEN 320 IXFE, NHHE— RSP HIEAT 2 bit
FEAGRZAB G, gt BRI A T AR IA 2 1 1]
FERE, JEARE HARRN 75K, wog &Rk KL
FRRFEB R AR

LR, ASCER 5 SRR T AR INIZE)
fhivh sk, o H 2 HEBRAS R 2R SRS ) 2% ANk
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BJa, R E T B o A AR SRR S i —
TE TP THRYE B 7 EIRE A, SN OS5 ¢ R
Aoy b AR BN 5 PR AU AR () Al TR B
EARAEE T AR,

7 Z5ERiE

ASCM AL B AR SR 8 P s Bk, 3
T AT OR LR 2 bit IR FEAR R IS B A T
Jrid o ¥ 8 bit IR ZR I KA )l A2y 17 R
ek ORI AU EAL, I F 7 B ) A &k
gt — PR DR AR ik S L ek BonT LU R b
B M P A 22 DRI I X TR - R %, B5GE EE
ERRANLREEI 0TS O TR LS & SRR IR SR AP
(I ERE R, SR TR T AR G R K ELAR R B e
iR Z=—la B M BN T Tk, BEBOHER Ly
RSN — AR5, JFHAZ R A S ESCR A
FRREAEE MR R KRR, ACH
EPERERUE, X T 2RSS, TR
SRR S LA R e, ASCHA IR A eIk
FERC RIS T TR, 23 AMa )P4y PSNR B2 A%

40 2 bit G RMIZ B THE S 0.27 dB.
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