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Fusing Multiple Features for Object Tracking Based on Uncertainty Measurement

GU Xin''? WANG Hai-Tao! WANG Ling-Feng? WANG Ying? CHEN Ru-Bing PAN Chun-Hong?

Abstract
measurement. It is based on the fact that tracking failure of particle filter often happens in the cases of low discriminative
To handle this failure, we first

define a new feature uncertainty measurement method to adaptively adjust the relative contributions of different features.

This paper presents a novel tracking algorithm that fuses multiple features based on feature uncertainty
abilities of the observed features and disperse distributions of the sampled particles.

Then we introduce a self-adaptive feature fusion strategy to overcome the shortcomings of product and sum fusion ones.
This strategy effectively sharpens the distribution of the fused posterior, and makes the tracking less sensitive to noises.
Thereby, the tracking robustness is improved. An extensive number of comparative experiments show that the proposed
algorithm is more stable and robust than the single feature, multiplicative fusion, and additive fusion tracking algorithms.

Key words

HARERERAE 5t g% . o, Bl A A E
SR AW RS WG RS . AR
HAEIRZ AR A ) 2 BN . 7R S R i R
SR I (KR HE DR R AE H b, s Bl id
B S, grabl | s a6, SIFT HHfiF Al 2%,
SR, HH 115 5t 1 AR A wfE LTI, H b e TH R R
A%, HbRERIE 2 bt 2L 5 BHE o) i B AR 1L
Ut R AR R X DA e R E AR RS 2
FREFAE, (FHRFAE 2 TR B AN, A AR PRI — ) A
BB

AR, PN R T KRBT 2R ER A
(1) R B A9, 32 B DX A TR I B O e 5 S s
(R TR]. T3S 0T 5o PR il R b (R R EAT T

Wk FJ0 2010-09-09 Sk 2010-12-27

Manuscript received September 9, 2010; accepted December 27,
2010

[ &K A RF 34 (60873161, 61005036, 61005013), VLI 14R%E
SIH (BK2010503), M liRHLRHH (SYG201024) %)

Supported by National Natural Science Foundation of China
(60873161, 61005036, 61005013), Natural Science Foundation of
Jiangsu Province of China (BK2010503), and Project of Suzhou
Science Technology Bureau (SYG201024)

1. BB ATROR S Al ik Be st 210016
AT AR A U B 2T S8 % bt 100190

1. College of Automation, Nanjing University of Aeronautics
and Astronautics, Nanjing 210016 2. National Laboratory of
Pattern Recognition, Institute of Automation, Chinese Academy
of Sciences, Beijing 100190

2. PEBREERAB)

Object tracking, uncertainty measurement, particle filter, multiple features fusion

A5, A O B 2 T 3 s X A3 PR v R R A AR Y
HEAT H AR BRER AR A 587 . Birchfield 250100 @it
RlA H b ) e RS AR AE K BR RN 1 Sk B,
BB T PR IR AE BRI R o BR R & R ) DTk an ¢
SEEEM. AEbIent ) Li &0 B T —Fhafe vk
L R, AR T IR A LS T I S B S50
RN G55 2 PREAE, SEIN H AR ERES, FH = PR fiE
SLIAE 26 0 S AR D H AR S O IIACL AR HE 2.
TR TR 2 1) e AR, T B0 B 45 A
W R OB, b s P AR H AR B S B
B o E R HAR. Wang ZE02 47 1% m@l A S B 210k
TIEPERER L, OB R ZAE 2 H AR PR
s, FHOUIUAE R I IACRNAE S H AR RS 108 4L
SRAEZE. IX Tk a5 i &5 R B AR — e R A
TR AHE A BESE RS R R B TAE B BN
18 BB 7 U8R H AR, S REAS ) B A,
I3k Frobenius 8 LARAERFAE 52 8 75 1175 AR i
5t i 1 I e et R0 I ek R i S s

B S8 Tk R SR M g b BT S B TR, AR S AR
TR 2 R A R R R, B, Bfi e X
T PR EANA 1 B, 1% ] DU RO A
[ RFAEAE PR ER I FE v AN e s AR5, O T s o
PR Ife 1 k7 SR AN AL, BT — R OR R S
W, TR S T LA R SRR R AN M 1 0 1



5 Y] JEE AR He AN 2 PR R 2 R AR A B 551

TR IEXS ERER ST R I DT ik; B, R izl 5 s
I L7 8 R BRERAE 2R v, S Tk H A R
. O LU IRk R, BT AR Rl £ SRS kD TR R [ T
DRAIREAG TF RV EL A 0. DA b e AT 2850 e AR AL
I 2T I 93 9 PR (10 ) AL, 6 A A L3 424 B
S L TP N AT 2 R R B R AR PR, X R Ik
FILET, OB IR Rl SRS v 17 LU ABA R b e oxsk
T HAR R SOIRA A M I R BORE S, X 5 B
A PRI FREIN SE DR ASG , R 5 SR DRI B ] .

1 RNFIRER

T SCUTM-Jr BRI i L, 5 8 B e ) A2
PR HRRARES:

z, = fi(®-1,€) (1)

Hr) z, B ERENZ ¢ FPIRES &, €, A FER
A LOERERIY H R AR an SRR, A H AR
PR

2z, = hy(zy,€) (2)

;H\:EP, Z I%%ﬁ?g I E‘]XJ’I‘;{M{E, € %Xjﬂ{ﬁlﬂuﬁéﬁ %
SAE,}, {en} 23R ik REmE 7R Fe 51 R e 7
B — I AME B {E,., } AL IR 3 A e 7 41,
{e1. ) ML oA (R P e 51, HL g g 7 e 51 A4
RS AR BT

N T S A o 5 B2, BRI i 0 A A AR Al & o
KIPH) {2y} HIAGTE HARIRES {2}, BIRYIE H bR
SR BRI AT p(24|21,). BB SR
P — B SR AT IR RS, JF DG TR 2
FAPISLIR . SRAFRLRE AT LR P 23 58 i

1) FaL A

p(mt’zlzt—l) = /p($t|$t—1)p($t—1|let—1)d$t—1

(3)
2) BB AR

_ p(zi|z)p(i|z1:40-1)
p(@ |21, = Tp @) p@ o)z, (4)

EARL e EmT s & &R g L (3)
A (4) KRR A3 2 TE VR AT v S5l kLT U
T2 HE T B SRS 3 R U DL 35 0 i Dy vl
ER AR I S A RS (SR AN 55, s
WM p(]21.0) WATIARIE

N
p(@e|210) = Z wy,;6(Z — T4 5) (5)
j=1

N BRI w,; RNZ 5 5 AR R,
WALk, BSY w=15 6() SRR

B BT W ENEN AT g2 5]T0-1 5, 21:) HK
R, 0032t JH DU S0 i v 3o R W] A R AL S
Pt

p(zt‘xt,j)p(xt,jmtfl,j) (6)
q(£t,j|xt71,jaz1:t)

K 7 AT p(@e|z 1) ME20 EVERAE f 5L, W)
BUE B RE (6) w) PAfATAL A

wy j o< Wiy ;p(2¢]Ts ) (7)

TESE ) SE B s B R ) s BOR 1R 5k H s
K&z, 2z = {cs, ¢, ls, 1,0} ey, Ly 1,
O 3 B EMEIR RO AR R . KAl L Ah DL S I AR A
biFguk kT, (1) BERRIRE B, BT
PASRAFAT 5 H AR SR Ik, AR S de o 1] a2
e I — B e Pk R GEAE A RL T DB B IRPIR S e B B
7.

Wt,j X Wi—1,5

xr, = A:l:t,l + W (8)

Horh, A SRR HRE, 83K BLIBCH O 8007 K
W ORI O [ e e s

2 YEEREE

AT I ik Ay AR E R R I DU R S, e
ST —FPRREAE e MR . R, ARtk il
A0 Rl A BRI 3 H T — OB IR 15 8 AR A
R ST,

2.1 $FEARTREM

HbRERER LR, 1 AN K37 5%, SRRl
H AR B AL VT (R R A FEIN. B AR
AR BR BRI R R AOANAE I (e ) 2 iR
T i) 7L

AE SE B R 5- E W R BRI, R AL A 2500 RE
T3 858 HOBL5 53 A AR 73 BN 2% 5 3 1 H b 25 2K
HTIE, AN SO AIE PR 56 531 fE 7 AR 123 [ 3 A P A
712 70 BPRpAEAE BRER T (AR EME. 155G, RHRFAE
(RIACLAR R AL (T AT 5 A BT Re i AR R0 %1
w7 H AR KNSR ) 1S, A FHELE,
ALK b K IR R B RE R AN R fBLAR R B R B R
o, BOULIMBEAR A ISR AR D BO LKL |, i
WIZAF AL 56 00 BE 0 0, BE I AN E M. ez
AN E VEROR. LR, PR R B AT =, AN
I 2, WL T (SRR B AN R . R I8 BRI R
H, HARIAL B d AR ISRl T3 2. R
IR AT, H AR E Al v 7 =N, AN E
PR, IR

gity Bk, BATRE AR ALAE y— A U
(RIRL T DE D BRI RE.  AREFRF AL N R RE 1 22 5 T3



552 H ]

(4

F {1 374

W, FERAE. LT, WEMFREAR T
(073 A R AEARAL, G R Ja, RS B, R kL 1%
(] 73 At 5 A SR . 2% PREAIE A 5 IS 20 ) 20 A IS AR
R LU DURME S, Wi 1 frox:

1) Ry AR R 4R, M mBCKkAE, H
FRALEAGTTE 7 ZE4R 71 W00 M 25 B AN 4R v 7 2D 5K
JUMEF R b, 2R S0 e 1R e, S FR A
Je, TR TR0 T — 0 1 ER R AR LU 1)
AT, ARFFAEAEBRER P AN 2 PSR AL,

2) Kifasm o AR F A, HARRL B AL v 16 7 22
AR/, MDA AERL T L or A AR AT, REAE 1) 4 1)
Ae I AR o R ER T A e s T ).

3) KLy A AR R, HARAL B ALV T 2
IR MEFAE AR P A DEULA KT b I RRE I 4
SIRE I8 ZEFEAEEREE T A e e A T D).

4) RLF IR [ A EAR AL, W2 InBGKRATE, H
LT IYA el W A = (RSN VARY 72 < e A il i o
RIS, AR BR80T 22, %0 e
7 VRRFEAE PR R TP AN 2 1 B v

MG FIR Ay, 5@ T B A I YRR AE AN
SEPERE SR

Bi = o H(p}) 9)
Ho, Bl Rom ¢ + 1 WZIEE ¢« FREE A & V.
oy WZ) ¢ FrATRL Y72 A B T 2, Roski 148
[543 A (A HORETE . oy = tr(X), X RARL T F ML
BAABR IS 7 ZEHRE, o 8RR 1 25 () A7 B
B H(ph) S 20 ¢ 55 ¢ FPRRAE N PG R WA 2

L, L RS AR R 3 10 7 BORE . R4S
BB, B AN E PR

N

=D (p(z'lz;) log, p(2'lz;))

j=1

o, p(2'fa;) R @ BIRHIEAESR j RCTIRE T
LR . H (p') 8K, WIFESEARFAE T BLNIRE S
(EAERL T LR S AT ).
2.2 HHERMEHER

TEBRERIOTLRE o, il o5 22 AR AR 2 42 IR B
FRVERIA RIS . SCHR [11] 4210 T e Eml 5 (5.
A HBRRAEE I L T, BBEH b 25 FOm il
HRAPMSLIY. FERVERAHES T, n FIRFAE RS S 1Y
MLIURESE

H(p') (10)

n

pz' - 2"z) = [ [ p(z'|z)
=1
SCHR [12] 32 TR RS SRS, S IRAG
PR HAAH R TE 0. RIS HEALE T, n PRE
AERRA 5 BRI N

(11)

Pt 2e) = S dplele)  (12)

oAt ot FRIRER @ PRREAE T N WA (R RUAE, 3
NG

40 40 40 40
T 20 T 20 o 20 ¥ * T 2 R ¥
2 g 2 . 2 . g 0 e .
o = o . e T T o o o oy
; - S . S .. ' w8y = . ...‘:'.. .
ER &' g 0 i.- g0 P LXN g 0 o
: * : = |z Dr LS wihe
& -20 & 20 A& -20 R £ =20
> P > P L]
L] L]
40 40 —40 40
—-40 =20 0 20 40 -40 =20 0 20 40 —-40 =20 0 20 40 40 =20 0 20 40
X Position /pixel X Position /pixel X Position /pixel X Position /pixel
0.1 0.1 0.1 0.1
=] =2 =3 =l
2 : 2 2
£0.05 0,05 20,05 %0.05
- — — —
0 0
10 20 30 40 50 10 20 30 40 50 10 20 30 40 50 10 20 30 40 50

Particle index Particle index

Particle index Particle index

K1 Ry I R b DU DO B8 (AT R IR oA, N AT BRI LI 2 Ai)

Fig.1 The diagrammatic sketch of four cases in process of particle filter: the spatial distributions of particles (top row),

and the distributions of probability values in particles (bottom row)



5 Y] JEE AR He AN 2 PR R 2 R AR A B 553

DA B Pl 5 SR A Ak 2 B2 WA
X LE P A LR AE (Feature 1, Feature 2) (M2 %
BE, ekl A (Product rule) i =% f 43 A A2 15
SN, X B Rl i M 3 T A i e ) B
T, XG0 SCHE T 2R R B PR R 2 (R0
RLOARITEAME] T 73 AT 2 Wk, UK TS, 4P
ANAHARL H AR AR B HE T FE 42 AR BB RS 1 0 I, 58
S BLRTPU, el St H AR & Bl vk 2
RAAR K 22, Ho BRI H AR, X RS R
NS ERE . S T TERL S (Sum rule) ME,
B4 A R IT BT H A T A, (2
Xof W P ANRRURK, 22 W AT B AR XU T R
(R Al vk T8, I BCHUE — MR A TR, 2
MR B R, D0 Rl B 20 T A B v ) S Mt
REVEAG L, B o WA 2 0 B8 ) I 1
o, JEBCA R R A ERER R TS L

0,025

—
=== Feature 1
4 ----- Feature 2
vozr 2?“'_ —+—Sum rule [
F ..lh —— Product rule ‘
)
20015+ \ —Our rule
=
=
]

0.01F

0.005F

0 Sttt
¢ 50

150 200 250 300
Particle index

Kl 2 FREmA LR (O RFHE 1; @ FHE 2; G IntEma gy
R @ Felbpla 451, © ACHE)
Fig.2 The comparison of multiple feature fusion
( @ Feature 1; @ Feature 2; ® Sum fusion result;
@ Product fusion result; ® Our result.)

N T 5 e b 3 9 ol i 5 SR PR B, AN SR
PR TR AR AN E PRI G N R A SR AR
n T RS AIE A2 2 A AR AR A L, K BRI RRAIE 114
AR AN b — AN 1E O TR e AN 5 1 (1 155
oA, AL B R, FHIGRR. FRIEA T

100

b2 = I <p(zi|””l>: gU(””)> (13)

Horh, 57 FORBHE @ S SIIORT R, Uz) &4
BB, Y0 = 2 I, ¥50 (13) JETF:

1
T+8)1+P)

p(a', 2%|x) =

<p<z1 2)p(le) + BV (@)p(le) +

B0 (@)p(e[z) + ﬁW(U(m))Q) (14)

g s (14), X T PIMERFET S, BT e 5%
JETFIG hy: PRFIE M e PE Rl 45 5, I BRI Ik
Rl A5 8L, BN E—AN IE B T PR AE AN 52 P e
RIS 43 A0 A SC I Rl 5w R 5 B ARR I IR A
iff e P RV LA I R 2 b i o R LG R, S
KRS MRS % — 23— B IE N IAHESE T
M Bt i T 0 B, RURFAE 1 1A e PRk B 5
X (13) M5 1 BHEIE T p(2t|z), F4E 1 70 A%
AT A7 (A BACEA B T M KA. Y g s T
oo B, BIRFIE 1 AN E Mk Bilds K, X (13) 38
1 I T 1, BPRERHE 2 7R AE A .

B 2 w0 bk b A, A SRS SR
(Our rule) XJ W JRCOE /N, B 0 53 A0 (1) 2 16
PE, e 04 AL BEAR L) H bR FE T HL 28 A0 BB A5 10
X HE IR Rl B, AR ST Rl A 0 0 M 3 AT AR A3 B
OB, P TR IR B B, MY TS A
73, WIS R B 5 el .

3 FHERBRFEZERIM

RSB I SR IO H b i 3 22 57 UK HLAH
HLARNT RS RN SR IE R AR AL H AR, AT o4
HPIRR AR SR IOV, Ot et H AR R X
AR ALLRE B 1 SRDAE 5 R 00 D R A< RS 20 e i 4
BRI SCHR 0 22 AR Rl S AR, 2 H SR I R RS
.

3.1 4FEFEER

PR 2 I8 FAR A — B 2 BRFAE, i AR H AR
ERORFE R RAEAT T KBRS, STk [1] haeth 7
— R LT BRI H RSB RAE, e v S A
B ARBRBRE, R H AR M | e A LU A
LS W|

B.

he(u) =) 6(I(z,y) —u)

u=1

Horh, I(w,y) REX B R, B LBt 7 K
NN

LG IR H AR 55— R H IR E. A S0k
PEAE FUGR BEAR ST B ARG 2 T i) 75 BT A A
W& H ARG IERS . w o, o G b B X A A T
TP AR B, AEMR B SRR R S I (,y), X T
B RR LD GRS G T o

(15)



554 H ]

F {1

374

Gz,y) = \/124+ 12, ofz,y) =tan™! <y)

(1
CAPHAN R 0 SRR 20 0 4 ASER o, X TR jI

7, FILZTT 10 MR B, ﬁﬁﬁﬁﬁﬁﬁl, ¥
AR A (0 ) BT BRI 5. Lk, RS AT L S
JEAR R 2, 433538 73 AR, 7 1a) FL T 1. i
J&, K VU 1 BT A5 IR k.

¥ O B AR, Bhattacharyya B & & —Fh
AR R By R Runoa 2303 24T
VA A J5 R 3 X L7 PR RTSE AR EE 7 P P B
P R ARALLE Ay

o~
03

(htamh’mod \J 1-—- Z \/’m 17

FESEIER b, PR AE (KU IR s A 1)

p(2'[x) o exp(=Aip} (hmod; hear))  (18)
Horp, i€ {1, 2}, BIOEEE 1 PR Ak, G252 Fi
RFAIL.

3.2 BZEZH

PRERSIVL B R
T8 1. e HERRE xo, THHEBRE
(N TWET@ h’O’ hg? % {w07 - 1/N} =1 /60 -
Bg = 0.5;

T 2. W e, = Az + W, R L
WIRPRES @,y 1B TR 24

S 3. IR p(2t|z,,), p(22|z.,), %
P53 SAUE — AL 2 RS (10) SR FRFAE UL
BRI H (py), H(p});

e N b TENSSUE (A PVA IR A e
FORFE, TE45 58 AL BIAE Y TH S AIREAE ™ N ASKL T
()07 5 22, LABH (AN IR T A% o, 5 1k 77 22 1
K;

IR 5. X (13) vHHE PR RS S
WER p(2!, 2%z), ik (9) TP RERE I AN 52 1k
B, B2, JEHe A — A b B

P 6. TP AAERRIE AL S SR LSRR 2
SEBORL T AU Wy = Wi 1Pzl ), VA HAR
B 24 RT I ASTIR AR -Tt = ZN Wy, Lt 55

ST *E%Eﬁ%ﬂﬁ“#ﬁﬁ%%%@ FORFE, A
1/ (o, w?,) < N/2, WA {@ )Y, o g Rp
N KAFE) {z, o}, ARFBUE wey = 1/N, H 0
N SEE

P 8. ML 2.

4 SKEHERRSH

h T B0 E Rl SR TR AT O, BRATTA U AL
SRR R E BR R AT T LR, 65 e bEmh A Ko
PERNA BRESUEAT T ERIR. T340, T IR S S
PR, LEEHR IR b, A A SRR 1 S5 Al
bk 5 AW ) e S O N T 7 S P s e A
FEA RV BRI AE DL R AR SCRVE S R IE RS (5256 1
FIsEEG 2) Wb, DA R B A O T - o 1
B I PE R TR Ll (S5 3 FISEES 4). kAU ]
8 O LU GO R AE IR ER B A U SR, 2RALL
e AR ER . Tt PR ERFN N PR ER.

LGSR E IR H IR BT ahgh e R
THH N w2 100; ¥4 Uz) = 1/N; JilA
HITEE B, = 18; S Bt 57 K B, =
216; ZLAMIAI T K EAR B EH T B, = 64; X X
fHINE 1 fioRs.

K1 PRFIERREL

Table 1 The coefficients of two features
REPNEIE BUORHE (Ae) THEHRHE (Xe)
S 1 MBS 90 40
Sy 2 AT 90 30
S 3 WHUT 90 40
S 4 WHUTH 80 40

SE: 1 SR LLAMILBUT SR BOAT NBRER . AR
B, CLAMILAITB B ER (5 a2 MU A K, R
Hbx 221 540, R, e A2 AE o) — N EH
TRT- () 8L A7 N2 TR A 3B, i 3 pos, 4
H B AT N7 3416 (37 7), BERERER 2 H A5,
1730 S BREAAUASCEVE v LL— LR R H b, X2
T H AR AL A AT AP A BEAE 20 AR, BT AT
AL AN BEAER 2> % Y H 5. il s A2 5 T
HOARBR EE T 1R (R S, BARAT PR e, (H 2 132
GRFAEA A W R AP PR, SR B0 A B —
BZRFAE T LUERER H b, 10 A S (0 il S 8 PR 27
RERE AT DL 3 N B v R A A AR E T, A
11k /0 e AR BRI R IR A BB, ) B LR 2
H A%

S 2 2 A MUY SR I 7R AR ER . 1AL
Fe ol % 2% 2 R T-P0. & 26, A Wik i B 3
DX, SRR PO AT A A AR . K, SR
A AE B 2 A SR 9 (1 T34 IZJEJF%I?

b WAk A Otcbvs Benchmark Dataset Collection [Online],
available:  http://www.cse.ohio-state.edu/otcbvs-bench/, De-

cember 28, 2010



5 Y] JEE AR He AN 2 PR R 2 R AR A B 555

ST MIAGER A AR, I 4 PR, A4
ABREIX I, FERIR D ™4 TIRKAR AL, BRI
PREFAE 121 Wi AT ER Z H AR, (EAG T ) H AR A7 &
20 W] fi 85 1 H AR 0 SCSEAE L. T 24 240 ot
ANFHFEIXI (346 i), BUEERERE 4R T, X114
GRIREAIN &, H 15 P RS SRl 245 B 0T,
ML ZARHRAE BARR A WEE, BTLL, 7E28 246 W,
WGIREAB IR E T Hbs. Dk, hFp5mE s
P, AR B RRIEAR SR AT S M I BRI ST R . A S
FR) it S A PR ) AR S0 AR IR 42,
FE T 2 ) AR A PR AN S e, B U 2 A
=R OB, TR, AEREANRLIR A h, ASC
(RIS AT R e BR B H AR

N T HE— B B WIAE R B R R AR A E PR

HRFABTAALI R, AL T 520 2 PRy
LRI AN EYE (WIE 5). 28 1 AT 2 AN R B LA
FEAS, B8 2 AT S PIRFIE IO AR E 1. WA T LA HY,
RFAIE PR AN 5 1 B R S5 PR AR A I 220 e A3 AR,
FATAT AAE AP 50K A B 25—
BrBL, HERWIEEARLIAIX, H AR I B E R AR B 5
BRI, AN PR 2] /N T GO 2 B B
HAR I T BE A B SEIX, eI 320 G A AN 52 155
Ny =B B HARAS B HEE 2, B Ry AT
IAGRFAE A E MR AR S DURT B, H bt B
S, TDZRRFAL K AN 8 PR 2 TR AL 56 Tk
BORISE —Rir BBl DRIk, i1 3 H AR Ab A5 1 2 %
P, R B A SR s DA SRASH R AR
S 3 1k HLLAMIUIR S T AOAT NBRER (R

B3 SKie 1 ERER

gER (BB 147 BUEIRER; 5 2 17 WEIRER; 28 3 17 ASCH) (% 1, 28, 37, 43, 61)

Fig.3 Some results on experiment 1 by using single feature: color (the first row), edge (the second row), and proposed
multi-feature fusion method (the third row) (Frames: 1, 28, 37, 43, 61)
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Fig.4 Some results on experiment 2 by using single feature: color (the first row), edge (the second row), and proposed
multi-feature fusion method (the third row) (Frames: 6, 206, 246, 346, 376)
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Fig.7 Some results on experiment 4 by using: product rule (the first row), sum rule (the second row), and proposed
multi-feature fusion method (the third row) (Frames: 61, 116, 271, 291, 396)
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Table 2  Comparison results (“—” interprets that we did not perform in this sequence)

Y RS AR P B k2 3 et i IR AR
S 1 LLAMILER 3L 150 i o5 31 Wit (BRZE) TER - - TER
S 2 Jez 3t 378 i o5 346 Wi (BRE) o5 246 Wi (BRZE) - - TER
S8 3 ZLAMIAT I 647 i - — 35 456 i (FRE) #5486 i (FRE) TEK
S5 4 SR 3£ 393 i - - %5291 Wi (R Z%) o5 116 i (FRZ) TEK

e T RS T {5 B, i BT DAAE BRI
38 3 Hb 1 R K R I AN 1, RIAEAE
AR SRR, 98K T DA B R R H A5
2 T DAL R PR R SRR
Ttk BRI Ik BRER AN A S IR R A SRR L (T
T W B 71, X L AT A0 B B ALK P A B
HAIAR). S 25 FR M AR AE G2 B L A
BEHE, TR, B RIASEIN R R T, 5
ANEFAE (MBS T0%%) RS 45 AT AR 1,
THH I O ME LU e TSP REAIE (1) PR ER AR B 4,
RE A 2 BERAE, AR 2 TR ECK AN, BEE A Rith
fif PR B gk R, Sk EE SRk R B A AL S 1
WS, AR ST LRSS S T S SR ) A
B, SO THme A KRR, LR R S s
AR T S P4 3.4GHz 1024 M
LERIHHSEHL E Matlab 7.6 45 BLS2El. 352595 H i)
JE, ARSCHEE MR RGR TR IECH « SRR R

ANE PR AR E BERPRR AL TR T ST R R
FER HARBR N, BARBEE R 5K H 80, 2ok
BN S SE RN, A i e R B ) S I
OEMR M. R 3 4 T ARSI IR L fps
(it/#5). AT LAFE HH AR SCEIR IR 52 2% PR R Al il 5 557
IR

£ 3 5 ML AR ST L

The comparison of computation costs of
the five methods

Table 3

WA BUIEURES (fps) AGIRE: IEIRE:  SRerbiRE:  ASCHIEL
SEEG 1 25.8 24.7 11.5 11.4 10.9
S 2 21.3 21.5 10.1 10.0 9.7
K 3 24.9 24.1 10.9 11.0 10.3
P 4 25.6 24.5 12.3 12.1 11.8
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