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Abstract To reduce the computational complexity of traditional elastic motion estimation, this paper
proposes a novel elastic motion estimation algorithm using two-bit-depth pixels. First, the Prewitt
operator is employed to calculate the gradient of each video frame. The mean and standard deviation of
the gradient norm is utilized to down-sample each pixel’s depth from 8 b into 2 b. Second, the bitwise
operation-based matrix multiplication and the comparison based partial derivative computation are
introduced. We subsequently describe an elastic motion model using two-bit-depth pixels, as well as a
simplified Gaussian-Newton method which avoids the repetitive computation of the Hessian matrix
and its inverse matrix. Meanwhile, we establish the functional relationship of the damping step size
versus motion vector increment and motion-compensated errors by the first-order linear
approximation, obtaining a method for approximately calculating the initial step size. Furthermore,
we address a fast method for solving the elastic motion model with two-bit-depth pixels, using the
diamond search algorithm as initial search. Experimental results illustrate that our algorithm
obviously outperforms the full search with eight-bit-depth pixels, the full search with two-bit-depth
pixels, as well as the conventional elastic motion estimation with eight-bit-depth pixels in terms of the

peak signal-to-noise ratio (PSNR) and computational efficiency.

Key words video coding; motion estimation; low bit-depth pixel; elastic motion model; adaptive

damping coefficient
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Fig. 1 Flowchart of elastic motion estimation using
the Gauss-Newton Method
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Fig. 2 Flowchart of the proposed 2 b transform
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Fig. 4 Comparison between matching error surfaces of 8 b pixel and 2 b pixel under full search
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~— 7/
EZeij(m) @e1j(m)-
i=1 j=1

an

Table 3 Truth Table of Improved XOR Operation
®3I WHMSHEHEER

ei; (m) el Gmy) el my) Xey (m) e (m) e (m) ehiGmy) (e m)P el Gmyp))— (2 (m)® el (my))
— — + 1 0 0 AD®O—(O0D0==+1
— + — 1 0 1 (1ODH—(O®H=—
+ — — 0 1 0 OAH—(1D=—1
+ + + 0 1 1 OADH-—UDDH=+1
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RO )3 H 1 B RS el (m) G5t 568 4 i
2b ¥4 )E  H T4 A A KON ERE i, A L
EEA HORE SR T R SCER(25 TR A
LK s R H -, T2 S gl 1) 0 1Y
N

Am=—s5Xsgn(b), (18)

Horp sgn(e) RRFF S pREL AR, X AL TE R T
JCFE T B S B % g 3T A 0 a2 R A A A 4 o T SC
Bk 19-20. 22 A9 BIF 55 45 18 40 22 B L 9 30— 4 3k X
146 326 AR AP A 88 Sy BE%, SCIR [ 25 11 3 R [ 5 0 1R
AR 2 AR AN I T 2k AR Rk S B 4 R B
fift. R T B UE X — 38 . FATHE B Akiyo, Tempete,
Football iX 3 4~iz g5 1 R 2B 5T 24 B 45 5 1 A0 430
JEATRIHT 10 Wi, W FH [ 25 1 2 b TR 3 5 A A
HEAT T8 sh Al THAME S5 /] 5 45 T 76 A TR 9 49
K s T3 ANFESIG s 15 Wk AR Bk 45 1 F
132 gl #Mz PSNR #iZ. W 5 AT UL, Akiyo J5 51 1
12 Bl IR AR /N I T 20 EE 40T 7 B B 25 0 B A K
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() HERER 2K /N2 1 X10°° R LR
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AT 34 PSNR ZER] 46 A0 K 4 X107 ° B HUAS
{E . SR 5 B 2 00 16 20 9 398 R R [ (1 5 (b))
Football J3 51 WA & P (1 115 5458 2l M rh 45 52 44
S0, AEFE R R iR A8 B R IR P K 4G F
3X 10 7 I A T s 3 b £ PSNR R A (B 5
(c)) . M ILEF , Akiyo #9°F-3 PSNR & b H femifE T
[T 4.74 dB.

XFEGIX 3 AN 51 Y S 56 25 S mT L R )
G 1 B A i 25 KA 22 L5 6 32 2l B2 4 /)
I AT 200 75 5 2 A A0 s IO Sy R 3 B — A A /N A AR
B 2 W TE By R R R R AR R 2
AL LR — AN R 3% AR A8 K I B i AT
WL, SCHRC25 TR € 7146 25 K 7 R TS ik IR i
B A 0T E L i L AE IS e R AR M i B B o R
R AT R — R HE R AP K s SRR H Y, R
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(a) Curve of step size s vs PSNR for “Akiyo” sequence
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(b) Curve of step size s vs PSNR for “Tempete” sequence
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(c) Curve of step size s vs PSNR for “Football” sequence

Fig. 5 The motion-compensated PSNR comparison

among with different initial step size s
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KA T AL R BB B /N A T — A AR TR
kA 1TURGEAR B B M 32 Bl e mHlﬁ:
m " '=m*+H 'b, (19

Hef, D(m) —ZZ[e (m) ) B4

i=1 j=1

;) B
DGm) S SValel (myT7e, (m) = —2b.

Im =1 j=1
(20)
PD(m) T
F —2’712{@ (m)]Te}; (m) +
[ (m)TTe, (m) 1)

T VCHC IR 25 e (m) A8 42 Jay 5 A0 it B JL-F- 7 2
FgE R QDS 2 Tile], (m)]Te,; (m) B E-
EER 0.5 F -

I*E(m)

~2H. (22)
Im*
MR E 1 B R Af ()~ f (2) -
Az B] 0.
ID(m"*"")  aD(m")
2*D(m) Im' ! Im*
amz ~ m/z+17m1< ’ (23)
— A B COMRAK23) 155,
’D(m) 2b*—2b*"!
am;" A~ = 20b[am. (21
HHX Q) GH H~—Ab/Am %31 )5 HI 7] 153 3
Emﬂ}ﬁ S
s=|H "|[=—[am|x[ab]| . @25

KE2OHEXW . AEN LK s Hizshm &2k
i Am BUIE L T 5 PC G R 22 W AR A L OC T m
E’J%ﬁ%fitlﬁ XF LG 5 SR8 45 5, Akiyo J¥ 81 Y
iz Z) I BEAR /N L Am JLF 2Ry 0,000 B TR 5L Sk
BB ANE S AR S A s 3L 5 1 GRS 7 A By DR
BRZE IR KT 0, Xk 15127 9 0 B 90 46 20 &
i F 05 )R Tempete J§ 547 1F T 4 iR B 1932 3))
CHI Am=>0) , T J& 5 2= S0 4075 b 7= A BRI UL
Bl 2=, Bt . i =X (25) AT HE SN Tempete J7 51 B4
DL iR 22 KA AR B2/ 5 % B8 F Football J3 81 4135
TR#ZE g, FL Am KB B8 i3 Akiyo #1 Tempete, H.
SUPHLAN T Y B 2% B — . DG C 152 22 A8 Ak o FE i
A2 i ZH KT Tempete rﬁﬂ TJ& Football )?W i3
BB RKBER.G46 R, XCHREERSE
Kl 5 B 9200 45 R — 2.
N T B REAR R (25) BT 75 E A THR R AR

ﬁFHHX%XﬂEl.%ﬁ%i%ﬁﬁqzﬁl_%ﬁ% ST AR

HAmH%Z‘Amk‘, (26)
Horpr, domy s Aby /\”HE/T Am L Ab BIEE ke A5 4
() i A SCAL A 2K (25) ~ 2D i E M iR R K
1% T J5 22 B kA D BRI Sk LA AR R B B
P A SCTE 2D KB 2 LT A% 1 I s 2R

b AT SAEIESE 3 WU Bl 3 Wk, RIZE KA i
(4 Jr R AR B P 2 AR AR A AR AN 4 1 ik, A
SCHAR AL R B2 1Y st Ve iz Sl AR B RE G 2 AN [R] 7 [7)
HEAT RN A A A il Ak AR D) 3R B 4 AR AT e Ak
TR 2 SR R o AL ik 0 B X)L, HY TP R
R T BT YR 3% AR AT e 2 e O e o 50 3 R /)
8 284K o X A fife FEA T I 0T
6 2b REGRWEEEHHITTR

TESS 5 TR EEAL F oA A —FEET 2D
WEEAR ZR (st iz Al 1+ 77 i, B AP IR an &l 6 fr

Ao H Ly R T PREDBRRBE AR,
0=z, .y, <B—1;m’ F/n HA & 0w WY ih
BEFmE, H m°=0n,,0, ); Th 3
AR AR B (E R (+) 7R 2 % Wi h 4 F
AR A 2 b TRIE AR R 8 b IRIEBR RN 2%
AR A S A R & ORSF o WXW
BR.

SRR,

7 EXBWERELHHN

R T B R AR SCRE B A R LhaE b ) A =X
(common intermediate format, CIF) . 4CIF Fl &7
#8334 AR AERLI T 51 (WLER 4) 1 1~ 901 S 7]
AT ISR SR T S IREBREME 8
ALY (FFR 8 b-DS) (FET 8 b IR B AR & 1y B
i R (RFK 8b-FS) JEF 8b IRER R M iitkis
AT (A FR 8 b-Elastic) JE T4 2b IREHR R
(B8 4 48 R B (R AR 2 b-FS) DL KAk 5 i
B 3& B W) 6 20 K AR SCHE L (R BR 2 b-Elastic-
NAStep) #47 Hb %5,

LS HOGR BN A RE Oy 33 X33 BREK K
RS B=16 2% . iX 5 3CHK[16,29,31 IR S 4L
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Table 4 Test Video Sequences’ Names and Their Formats
Clnput the current frame and its reference frame) x4 MNEMFFEINZHREEERR
Transform the current frame and the reference Resolution Sequence
fi into 2b tati
rame ito ¢represen ations Akiyo, Bowing, Coastguard, Football, Foreman,
— - - Hall, Highway, Husky, Ice, Intros _ cif, Mobile,
| Divide current frame into nonolverlapped blocks of sized BxB I 352288  Mother_daug, Pamphlet, Paris, Sign_irene, Soccer,
v Stefan, Students, Tempete, Tennis, Vtclnw,
| Choose a block /(x;, y;) to be predicted. Let m=0 | Waterfall
l 704 X576  Crew,City, Harbour
| Compute m, and m,».; by diamond search of 8b depth ‘ 832%480  BQmall, Flowervase

¥

‘ Compute the Jacobian matrix ow/om |

v

‘ Set the iteration counter as iter < 1 I
T

A7

For each pixel in 7, compute its matched value of 2b
depth R/(w(x,-, vi; m)) in reference frame by Equation (2)(3)

v

| Compute é;(m) and é;(m) by Equation (14)(15) ‘

!

| Compute &;(m) and b by Equation (12)(17) ‘

Compute Am by Equation (18)
and update m: m —m+Am

sgn(b) changes 3 times N
consecutively

’ Output the motion vector of current block l

All blocks are processed
Y

End

Fig. 6 Flowchart of the proposed 2 b elastic

motion estimation

F6 A SCER Y 2 b SRS B Al T IR A

B AH [, A 2 A0 20 T 2 1 L R0 8 O 1 A T
YR N ST el 1 B MV T IR E AR/ S @R 1
Th=5,7.2 T f X5 HEATHRA VT IE. [F L R 2
L, 1L 5L 8 b-Elastic BIEMR BB i & R 5 K.
iz Bl M BT & R FH PSNR #4717

1280X 720  sc_Robot,FourPeople,Johnny, KristenAndSara

960 X 540 BQTerrace, Cactus, ParkScene

7.1 EBEHEIH/AMEREN LR

5 B U T AWML T 5 1 52 B 43 R TS [
18 FATHEE BT 2 19 °F- 2 PSNROAER 5 7] UL, A
EFAEGM 2b IWRERE MW &M RA L 2b-FS™,
Kl H S N WG 2K AR SCR T 2 b-Elastic-
NAStep # PSNR V¥4 & 17 1.15 dB, R W & T
Prewitt 8 7 2 b A B Al 2 b ¥ BE 1% 2 1 538 5)
B 6 0% 3 17 T A 8% 1948 3h Ak 1/ 42, 2 b-Elastic-
NAStep B 19 V-1 PSNR AL S0 8 b 1 Ji b
iz g4k i1 8 b-Elastic”' " ##/ T 0.46 dB, HARA 5 A
FET 8 b AR F W VT fic % 2 i 1l & % Ja B A (4, 7
BOb BRI R E T 5 A R R, JFH 8b
D C 15 2 1 T A9 T A A B Sy s S0 — 4 o ik R Y 1%
RIK 3 I3 AS 2, U 8 BE &8 18 M 2 b-Elastic-
NAStep 83 M F|H] 8 b-DS 3154 5 32 2l 18] 4 1Y 7K
S-S A R R B AR A R A U Y
A D[R], P 5 B BE R B 1) AT 1R AR, XR IR IR
R SO T4 i R IS B Al T RORS B A AR
ZEE W5 ek [19-20, 22 ] W) BIF 9% 45 SR — B[R i,
2 b-Elastic-NAStep B kA F ) PSNR 2 8 b %
R E BB S 8b-DS & i 0.90dB, I H. 1
8b WRIEBREM YT 24 R 8 b-FS i 0.23 dB,
Wi R SCHR Y A A A, TR B 0P S8 B B A W AR 48 R
P SERE E IS T — B R R RE RS SR ESIIE T A A
NG K Z a4 SCH L R 32 8l 4R % PSNR 1
2 b-Elastic- NAStep X & 17 0.92 dB, i 3 W] i i
B 3 I AR K S R 2 R s AR AR B R R L A B
T A2 B A U SR B 4 R e A AL R T R B
8 b TR AR F A BELJE 1 37— 4 1 3o AF I 1Y) o o R

K7 44T Akiyo, Husky,City,Flowervase J¥
51 ) PSNR 2 1 L 51 Bl o, Akiyo AL & A
Jry ER A8 B2 2y, H 405 {8 55 Husky J37 91 0 5 2Z AH
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B Hi S BATROR R BE 1 Rz s HBC R et s P 0z Sl 38 00 | i T4 31 A2 2% B 45 A1 A ] L A S
City PO A BAR L b 42 Sz s A 5 il S0k 00 S A2 o i 3 B AR A 4 TR 40 17 L
WAF B 1M Flowervase JP 8 U4 & SR HLA I 3 A F#ECHUS T & m 9 PSNR. i At 585 125 19 328 g Al 1
PRI B SR IR SO AR 7 BroR R 4 KRS B AR KA R B — 2 .

Table 5 Motion-Compensated PSNR Comparison
R 5 ZEFMERI PSNR L&

Sequence 8 b-FS 8 b-DS 8 b-Elastic 2b-FS 2 b-Elastic-NAStep Proposed
Akiyo 42.67 42.65 39.99 42.23 41.91 44.41
Bowing 42.39 40,78 38.57 39.65 40.40 42.88
Coastguard 29.71 29.19 30.93 29.30 30.64 30.97
Football 27.37 25.52 25.37 25.76 27.09 27.10
Foreman 33.52 32.47 30.25 31.97 33.43 34.26
Hall 34.48 34.37 34.92 33.37 34.74 36.14
Highway 36.08 34.63 30.63 33.97 35.88 36.42
Husky 19.70 19.17 19.83 19.46 20.93 20.95
Ice 30.99 30.11 29.47 29.10 31.84 32.08
Intros_cif 37.30 36.36 32.71 36.29 37.87 38.48
Mobile 23.96 23.58 27.02 23.61 25.11 25.34
Mother_daug 40.26 39.95 42.08 39.45 40.78 41.76
Pamphlet 43.12 41.87 41.85 40.88 38.83 43.86
Paris 30.70 30.50 32.38 30.17 29.47 32.27
Sign_irene 33.56 32.95 34.59 32.59 34.65 34.70
Soccer 29.61 27.79 28.42 28.32 29.67 29.81
Stefan 25.90 24.45 24.90 25.44 25.95 26.22
Students 39.49 39.40 41.09 38.79 38.93 41.16
Tempete 27.75 27.37 29.32 27.29 28.87 29.21
Tennis 28.91 27.16 28.21 27.95 28.74 29.05
Vtelnw 44.70 44,70 42.08 44.01 43.77 46.46
Waterfall 35.53 35.52 39.43 35.41 36.64 37.28
Crew 32.36 31.64 32.17 30.93 33.48 33.53
City 30.86 29.46 28.77 30.29 31.06 31.24
Harbour 28.10 27.79 30.23 27.45 29.35 29.55
BQmall 29.63 28.22 28.59 28.71 29.56 30.14
Flowervase 37.42 37.34 36.24 35.71 37.66 39.10
sc_Robot 32.20 32.22 32.75 32.89 33.93 34.36
FourPeople 38.43 38.17 39.86 37.82 38.92 39.99
Johnny 38.83 38.61 39.71 38.08 39.71 40.37
KristenAndSara 39.38 39.16 41.01 38.71 39.47 40.93
BQTerrace 25.51 25.31 26.60 24.96 26.59 27.03
Cactus 29.53 28.95 30.98 28.57 30.52 30.84
ParkScene 29.98 29.57 31.14 29.43 31.08 31.18

Average 33.23 32.56 33.00 32.31 33.46 34.38
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52
—+— 8b-FS
g 8 -DS

20 —a- 8 b-Elastic
—e— 2b-FS

- 2 b-Elastic-NAStep
—— Proposed

Motion-Compensated PSNR/dB

Frame Number

(a) Akiyo

Motion-Compensated PSNR/dB

\1 —*— 8b-FS —e— 2b-FS
W/, o 8b-DS -%- 2 b-Elastic-NAStep
—e— 8b-Elastic —— Proposed

26
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Frame Number

(c) City

25
—+— 8b-FS
,,,,, o 8b-DS
" ~a-- 8 b-Elastic
236 540N 3 —e— 2b-FS

- 2 b-Elastic-NAStep
R | —— Proposed
21 /Y

Motion-Compensated PSNR/dB
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Frame Number

(b) Husky
44
—*— 8b-FS
((((( o 8b-DS
2% ~a- 8 b-Elastic
—e— 2b-FS

------ % 2 b-Elastic-NAStep
—— Proposed

40} &
38t

361

Motion-Compensated PSNR/dB

34t

32
2
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(d) Flowervase

Fig. 7 PSNR comparison among different algorithms on the first 90 frames of Akiyo, Husky, City, and Flowervase
[ 7 Akiyo, Husky,City, Flowervase MRl 90 Wi>R FH K [W]42 44 71553 Fr 45 21 1) PSNR 3¢

TG VR W PR IEAE B 1 AL, AR SOy
I3 2D XS TR S0 18 S AN Y R SR EE
A8 AR B PSS (4 Akiyo, Johnny,
Flowervase) Ju i A 8L, i X} F % A P 81z ) fil &2 24
SUH AR (A0 Husky AT City) . Hopk: BE 3 25 0 A 4%
B 5 R TR T, 05 & 1 DR G a3 22 it T 3k A2
A, FEERENN RN L KR Z B R ZER
2 AR R DA R EE B 5T A 110 B0 X [ i A HG
b R DR I 0 06 25K Y 5 3 P w2 52 ) 52
XA SRR TR R R SR AR X B LAAE AR SR
7 Mobile, Waterfall, Harbour %5 ¥ %) I+ A9 iz 3
#M32 PSNR i T4 45 8 b-Elastic i i 1 IR A %
W AR A Dy — B e TR IR AR R B P iz S A
TFR AR SCTAE R B A B 2 AE T H 5 5 Rz g Ak
T B 2 [B) S 6 52 LA A T AS 2 3 5ok A A T RH
JE AP K ke TS e AR A R B BN B B

AR SR A AR TR R A R M AR Y e L R AP K Y
I N R 8 R AR TR T BT Sk A B A T
7.2 WHHEE 5% R RS MITE

W S B A e M A2 S A TR AR AR 2
—. &l 8 lr7r A Akiyo. Husky, City J#41 55 2 Wik
ARSCHEERT 15 YRS RN E 8 R BEis & #L,
XF T Bl R R /DN A0 TR AR Akiyo AL AR SCE
AR 1 UGE ARG B T IS X i3 B e B K
SO 221 Husky J¥ 41 . 18 g #hE1) PSNR B & 1%
A/ G TN B =Y EP A U/ G- v/ A A
58 = PSNR {H 1Y 99.97 % 5 1 X} F &% A £ % 428
g B A5 1 City P A SCREAES 8 IR
B BUAS T B e 38 B AR T o, 2 5 B PSNR 1Y
TREAR S ES 5 WIS T8 PSNR EE M
99.99% ; H1 T Flowervase FEH &M 5 City 2510,
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XHEORHZOR. R 8 45 R, — il , A UL TE
yu%fﬁﬂﬁmﬁlgm%ﬁ%u [ 43 A R B I AE BLF
Y47 B HRUAS A B 1 WA SSCEE E 5 — T T, AR 1 32 B
JFE R 2, DA B 25 [) 0 35 20 M o AR S B  i lie 8
A A — S8 R . 224 D i 5 22 Y T 7R 4 R R B
L i B 0T 52 PR B0 43 A B (AN Akiyo) o AR SCRE B
P s, X 5 3.2 WETIHERY 2 b DT EL R 25 il i 2
FER - A R s GNP TS A U T R S N
B BE REHR A 2 0 10 R AR KB s Il 2 s M R
e AN [) f BP0 X ] B L AT R 51 R A2 B R T Y
P H B/NIE TR XAE NS 7.1 KRBT S
— IR TARSCRH T WA R AR 1K A S N
BRI H AR XA 2 2k A0 3 O 158 25 HEAT LA
1T ADIBM S N MR R, A g5 iR 2
(IR ] 52 2 8 O (Th X N)).

F IR B U 45 5 B AR ED AT R AG B
AN R 99 % B9 PSNR., Jf H i 2% AR i 2 7E 1R
RAEA T AIERAL T8 45 48 R S0 58 X R, B 3
IO AR X || H | LA A e R L FRATE S
Hof i &k ARREOE Th =5. B, 258 2~3 K
BRJE . A CH LR RE % 5 8] 5 8b-FS A X4 1Y
PSNR, Xt LB A LI F Prewitt B8 H FAIE K
TR P 55 460 v PR R T L0 ot 1) SC B AR AE , JF R i T
TR B 5 SR A5 3502 30 A TR B 9 B 0 L A Ak
B T AL G5 2 IR BE 5 40 0y 1 CAn SCik [ 28-29 D = A=
R T RO ¥ DX B R i e A ) B2
73 HESXESN

WRERRST BXBRE MR E L WXW
BR R R 2 gh Ak TF 5 vk b B 1 A 2 He i 3 5
N

1) 8b-FS F1 2 b-FS MR [E] 5 42 £ O(B*W?).
T3 2 b FSTER R IRIE B Beid 75 O(B*) W&
L.

2) i 3CHEk[31-32] 0] %1, 8 b-DS [ 315 & A4
25 8b-FS ) 7% . B O(0.07B*W?).

3) TRk R A 8 b R P 8 Bl A Y
R g U 3 AR T AR e S L DI S o L0 R I B T
B ORI AE FN Y 107 1932 2l #2215 25, L 30 B )

BRI OpBY) ,0(p*B*),0(p*),0(pB?),
O(B*),0(B%).

O T AT B M R O 5 AR
SCH ) R AR R U SR S B e e I
XLk VA7 (A0 32 2 022 15 22 L HL T 3 B 1) &2 2% % 4
W OpB*),0(pB*),0(B*),0(B*), 3T
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Fig. 8 Result of the second frame of Akiyo, Husky,
and City during the first 15 iterations
8 Akiyo,Husky.City M5 2 WY AT 15 Rk 25 R

2RI W 4G A5 A
AR,

MR O W=33 R~} B=16.% R KHK
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LYk O0.07BEW ) i &
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39.58 % HJE T 8 b-DS. 47 ik — ¥ AR KL Th
WD E] 2 ~3 W, AR SCHE LW A AE 8 b-FS Rk
10. 31 % ~11.60 %6 1Y B ] 2 2% BE 9, 3R A9 5 Z 40 Y
13z BN Al TR L

HARkHh, 3% 6 41 TH&MBEIL KM 1 My
B ) 2 i o 11 249 48 4 OB, s s Al T B B
“Addition” L 45 8 b [ AN Bk AR A k. A
6 AL A SOy B ERAE R B 2% D T 8 b-FS,
2b-FS F1 8 b-Elastic. &% 8 b ik .2 b ik Ik,

2 XHE | F A A 38 B 5 25 R R AE T TR 1 CPU JA
BB AR 7 76 B 2 25 5, T R X S R R AR
T EARMRE BT R4 2 4R . 8 I A ST el
Bl T DAFE R T i0F— 25 1 5 i LA TR0 T i vl &
UL SCHRL28 1 AN 3 o 25 1 3] AR SO 1 SR FH A 45 4 A LE
BEHRAE R SR B ) e Tl 1 PNz Bl b R 22, I
TR T 8 b RE ML Mk, HA M T
SRR NI AT I A S BR I A b O ]
2 7% AL,

Table 6 Average Operation Number Comparison Among Various Motion Estimation Algorithms on Each Block

6 AEAEZHFHITEENENTRNOFEHIRIERBER
Stage Operation 8b-FS 8 b-DS 8 b-Elastic 2b-FS Proposed
Fix-Point Addition 0 0 0 1076 1715
Bit-depth Multiplication 0 0 0 264 263
Conversion Comparison 0 0 0 768 640
Stage Absolute 0 0 0 0 512
Square 0 0 0 0 1
Addition 557568 41093 119890 0 41269
2 b Addition 0 0 0 278784 32512
Moti
onon Absolute 278784 20546 0 0 20562
Estimation
. Comparison 0 0 0 0 11680
Stage
Multiplication 0 0 155840 0 60
Bitwise Operation 0 0 0 836352 20480
8 & & 2 % x W

Oy it — 20 R SR A2 Sl A T A S AR SR
PE T T Prewice 4 B 5 7 MIE S 70 A (1R R IR
ARG LA K HE T3 45 A R LG R AR 19 R 3 0k A A
FAs B HE S s 2R WA 1A & LR B A K
1@ gy i, MR T —Fh 2T 2 b IR AR R
SRPEIZ B Al Tt FEAE AR TR AT RE MR A SR A 5
iz SRR g 3R Wk, S el RO AR ik i
S LT B S0 A 2 i A R 00 e 2 o 25 2R
TRk 1 8 g A 2 B A SRR T 8 b
WRIERR BB 2R 50k BRI L4
PP REE AL 2b RIEBR R RV 2
WREk.
T3 B0 A SO AT A A AT R A] B2 58 3% L AR
R TN AR A 4 2R AR R DT RS % 22 i T A ot AR A
oK T M SR AR AP K DL R T RE A e AR AT
AR SCEEE WO R FL B 4 FRATDRE A 4 5 B9 T AR v it
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