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Target tracking using distributed Unscented
particle filter in sensor network
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Abstract: A new distributed target tracking algorithm,Distributed Unscented Particle Filter(DUPF),
is proposed to improve the usual distributed particle filter methods with more particles and more infor-
mation communication between the two nodes. In consideration of the enengy-limited sensor network
and the imperfect communication,a few node calculations are used in this thesis to get a better tracking
results for manoeuvering targets. The Unscented Kalman Filter (UKF) in new DUPF is used to im-
prove the particle filter to generate the proposed particle distribution, so the on line tracking for a tar-
get can be realized by the DUPF. A simulation experiment indicates that the number of particles nee-
ded by DUPF is only 25% that of the common distributed particle filter, which shows that DUPF has
gotten more accurate tracking results with less communication nodes and energy cosumption.

Key words: particle filter;sensor network;target tracking

Y 5 B #3:2008-03-14; f&1T H #7 :2008-06-03.
ESTA v B Bb 24 B AR AR TR E ; Sk BUF 3 m H



1708 e K TR

51T &

1 5 =

T L A% IR AT ) 245 i Hy K A1 A7 M 4 X3 )
B BE A RS T A B — I 2% 0 R A G
PR A5 32 IR AT 58 Be ) 32 BR LA M A fit e ) 32 R
SENF AL WUAT AR KRR ) 32 BRI 25 F T BRER BL B
H bR B4 A 15 B3 25 1) — > B 22 19 B 9%
m. HAT, EArC &4 W 7 o i X R R 2k
P A U R R S — R ik
B PN A 3 A 1) A0 Al R T 4 B T AR
C&f TSy Lo,

H TR 108 D RE 8 AR 47 M ik e L B H AR B R
rh R 2 AR e 0T Y Rl A, DT B R 3 JLAF R 1)
WFFEI R . BT UE PR S — R AL T Bayes J5iB
FHRL #2692 B R 19 ¥ 51 Monte-Carlo #4177
e HAZ O SR T — A~ H A A I AE Y Bl LA A
EHORFOREBRTENGRBEE., H 1 19 11
28 60 4F . Hammersley 42 1 T HEA (98 1 8
W HORS i B 32 S WO Tk 0 8 H A i
G3 A BT I TS EE T i BRI AR 1 B A )
R UR P AL HIRAZ B EMN ., 1993 4F,
Gordon X Hammersley B9 i T 5 KAy 2l gt
KL 8 T 4 R AR TS B

1 R 08 A7 AR &5 R E o A N E A
by S IAE R 5 DR R Ry R T JC R A M 2% 11 H
b B (0] 8 v — A EZ A AF 58 J7 ], Coates 4
TR T B B A O S B SRR Y R SR
4 ; Xiaohong Sheng Al Yuhen Hu $& i T ¥ il
oA 2R T 08 B S IR — 2 A GMM
RUGE W T TR AL I 45 AR AL BT 3 F2E5 Ver-
cauteren 7 73 A7 2ORL - U8 B 1Y 24l . 4545 jump
Markov model %5t T £ H A7 19 B 736

H i 7E TC 2R A% Ik I 2 v kL U8 D A Tk
FEAEPLE A NE L L IR 58 2 R U he
THAEXG AR Rk [0, A SCZR G % AL Ty
JHURE BV R DR U8 P B A6 4F )L 45 5 Un-
scented Kalman Filter (UKF) f143 f5 & & 3, 42
TR Y o A 0K B D R . B E
UKF Az Jl 3053 A0 38 85 1L D8 U A R0 ik 1

TR IR AL ) DL D kL B0 H R R AR
ST HLEh B AR AR ER . U7 HLA SRR A S
FESE R T H bR RS R B LA R AL T A 5K

2 FATE

2.1 #zh BARIRER
BBl bR R 3 o — A e B AR 2 R A, 5
7 SR RR 4 34 AL 3h H AR iz 3l A B A G
BRI H I A N (D) (2) TR
x,=F(x, 1,0, (D
z=H(x, ,w,) (2)
x, FTR RGAE ¢ W2 HIRZS X T H AR B R T 5
IS H bR ol i AL E R B N R SR L.
2, ACR BRI BB, o A w 43 ) 3R 2o 7 M
FI M L PR R FCx ) R L3N H bRz o))
T3 F w] LA H bRIR 25 72 6 & — B Markov
BEARY, pREC H ) 287 0 B0 A, O 35 B )
A HPOREZ H AR .
2.2 AR FIEHR
MR DL 307 8 O B8 — > — B S R BHR ¥
GG )R] DA ph A8 3 5 0 A0 30 4% T eR 4 P (X
) fpve, B

Pla, ‘2’1=k):P(Zk |a) P(ay | 21 0—1)

P(Zk‘zl;k71> ’
X T H bR B R R] T S w] LA Dy BN Ok A R B
Frd L, REXCOA

pla | Zi) = JP(ll | 2 plais | Zim))dae s

(3

(4)

Pl Zoecplz ) plap | Zioy) (5

2 () FRRTEAT B 1Y I H= A6 AT T FUH H AR &

T A 26, 3K (5) Fm AE 1S BB I S AE =

J& BT AL A

R U8 IR SRR L — A T S R N DL

Hrug P He n B bR B ER B k. AR SR R K R

P 5 0 MR % B ] DL — FR A Bl LR A R A
R GE T . B 50 WE R 8 BB

N
Pl | Zi) = % 2380, (). (6)
i=1

EE:J:E;B/T‘EP P(Io:k | Zl;k)ﬁﬁ%g/ﬁév



BT

M ZE[E , % . 43 7 5 Unscented 7198 5 MR B¢ 1709

N AEBRAE AL O3 A o PRI T A B — D 2R,
P Cao | 200 TR BRS04 HL2E 55 R A 4 R LA
h R A W 8 e R B E B e R g (o |
Zya) o WERAC i s wi ) N — R 5 Bt 3%
J3E pRER ) B ATL D S s o Sy 2 DN S 10T 7 1 A
fE. Hp

x2'~q(x),i=1,--N,, 7
D) — A~ 52 e R T 118 A A e e 1) B A AR (8D
I 2 ST 5 R (9 2H A, B

N

P(Ik ‘ Z,\,,l) — Ewlﬂ(?(‘nfl *I;\,,l) ’ (8)
i=1

ploe | Zo) = Dlwis (e, — ) . (D)
i=1

o b7 A AR A P eR R e IR S (10) B
Pl a) plai|x1)

gl | xh—1 s 2)

(10)

W COW)—)

434 2Ok T 38 I (Distributed Particle Fil-
ter, DPF) il & 45 30 (8) L (9) . (10) 40 A 2 53 v
B, AR Al 0 R A 2 AR N R
[P N S o BT Ay 7 S = R N B U B
T
2.2.1 H#H£TF A2 DPF 1)

P LT AETAERTHES Xo TN
Xi XD o b A N R BN AT RS
AT g AT O R B L IR S A
X5 Wi 3R ] 2 Hh s 5 5 s A A
PSS RBOF L I 1 B 5 2 W R A THE F 5
Ze{as Pt
2.2.2 A& H WA A= 4% 1A (DPF 2)

phy R SR WY =, &5 B T AT BT
A A AN Y A 0k S b R PR 0 D R AR
Hu R R T 25 5 6 (ks Prsw ) AL E]
AT Ao T R T R S SR R R A
RS THER Ty 2

FE 3 W 7 5 O Sk b A X A% IR R 4 2
TRZEIFE L. T GMM E Ry DPF,
F B AE TR AL S BB F GMM. 43 A S U
PAVE A 15 B 38 40 B 5 00 3 AR 3t 0L {1 9 DPF
TR RIS A B 17 SO0 3000 {1 1 S 308 3 o0 97 3R A
T 920 S0 00 (A 8 P 5 4 o b etk 1 A A
OB U8 P 32 2 2% 18 3 1 o A AU ) S DA
A5 1858 1R et o i gk 3R Ak 1) 8 H R i 1ok

HORAEMR O .m0 HL R TR A SRk 5 0K
B U BRSBTS
F1% ST 5 DT X T £ A SR ) 2% 114 743 i 7 A= AR K1
SR, IFTT AW X AL SR 25 1 S RE ST AE
) AR T R A3 T A 4 T R AR A
S G AR SRR BB 23 A X Unscented R
U8 R P SR 2 PR i AR S S A A1
f1 — b A0 D B

3 44 X Unscented ¥5F & )k B &

AT 953 A 2 Unscented BL 738 P 57 0%
AR T T 3 ) A IS A RE U B kL I K
JE 980 R R 1 AR AR = UPF (Un-
scented Particle Filter )& ¥ A8 5] A DPF &
%, SZ B Distributed Unscented Particle Filter
(DUPEF),

Arnoud Doucet JiE B 1 % ¥ 18 {k [n] @ 54X &
J5 2% Var Cwi) M5, J5 22 8 K, kL5 1B b B8 1]
B, Doucet Fl Gordon HiE B T fix 4 (1 2 180K
543 A R S S A R R R IR IR ] T A A A
ST I SR SRR U 228/ Gordon #2451
UPF! | UPF A Unscented /K 2 & Ik 25 4 i
WL A AR JE S AT IR b AR R R F
PR TN . T UKF A LLLL —Bioks B ik
J& B AR A A, R AT DAAS B B A 3E B R A
M ZA H R W], UPF A] DL R/ 0 R 15 31 58 4f
TS5 A L vl R A ]

% L& B TC LA % Ny B H A5 R ER i T
B R 52 B . 8 SR w8 sl AL Il » IS o L RR 8D
1R IR AR5 PRAS SCH 1y o A R F AT
PUR W s A - A W48 1 0 — A F A 7 1% )%
ar JF A —EMIH R EE . DUPF 9 B A AR 2
¥ Unscented 45| A DPF o, 78 bl 35 g 4%
WSCEN %A1 0B 0 UL A F o W0 00 K % 3
WA F I ASGE ) UKFE, 15 3] 8 2% 750 i (a0, |
VARDRS ;i {8 TN S i e 4 T W A
JEIE . H Unscented 22 42 5| A 3] DUPE 3 fin 1
R RAT 55 B R OR AR 1Y IR A 1Y
SR TR ik DS A SR 136 AT DL AR A 1 T oK
3.1 7% UPF &if

Fie BB 3R X AR B AR 4% R o, Bk



1710 e K LR 8517 %
DUPF B3LM0F . (e) S HRLTALE I IH—1k
(D #wiEtk YZ',("“)OCp(z’ | 2 )P(If""‘) | 2i)) ’ (25)

WRAESEEME R p o) W BT 5L s 900 IR
RLF-o3 A1

x5 =E[x]=[xs,0,0]", an
péf,.o.a — E[(féi.»),a _fr(()z.x).a ) (xém%a _‘%gin\‘)-n )T] —
(()i..\').n 0 0
0 Q O (12)
0 0 R

(2) 1 s ¥ e B ZIIIE = AT =t
W R T TR R O Y SRR R A M e
A 38 04 XL A AL O8I 1] i Z, IF Rk AR AT

3) X TEATTA s=1,2,-
Tt

(a) T sigma 5

g =Ly ey /G 0PI L (13)
(b 1 i) T

.S FEAT H A LA

o *f()( RS NP (14)
2 = ZW“") X (15)
Zf(ii)l:h(;(((’j"”"",X“’”’”) L ae
2
2 = 2W< D2 (17
P = %W“E o — il it — o 1T
- (18)

Co) 7 SAF BB UL INAE Z, ¥ BEAn R 25 B A
k=N

_EW‘”[Z, o iz =20 d",

(19

EW()I: :’”71 _I// IJI:Z;(H/* Z// l)]T
i=o

20)

K,=pP,, P71 ) 2D

2 =24 1—|—K (Z,—=520) (22)
P =Py, —KP..KI, (23)
KR =[x 0" ]y =0 ) GGt
(d) Ay 3 L0 A R £
WA T4 BB (24) =X R RBE
20 g (2 | 282 2, ) = N2 P
(24)

q(T(i.x) ‘J_(()z.;’)] .2, r)

Wi =i [w;. (26)

_ ;1’2'2'")
(D M 27) F(28) B 17 S A # H bRl
THE R 22

N,
— szz.nle..») , 27
i=1
NX

P = szi..\) (IZ,’,A) 71;)(1;1»
i=1

— a7,

(28)
(@) ¥t (s Piwoi) 3% [0 45 P04 4
(4) DT A
(a) ARHE T35 5 3 AR A ME

s
= ngxz, (29)
s=1

o wp = Q/Zz@k
b) fr%%%ﬁﬂ’ﬂk*ﬁ%

wa[P,Hxﬁ o @ —z0" ], (B0

U\LEE’J%&E—IU%&LDUPF 4 F 2wt
SEAT: 55 43 WO 4% AR T . A 43 A 2OkE
UGk B A H, DUPF 5 A T35 8 & 22 1)
Unscented 25 4, {H 2 B T UPF #H %} T SIS PF
[ I D A A Y = I N1 S s =
BHE B A T oK B TR 5 3
i BE5 UL T DUPF 0y etk vE H , 3 i — 2 45
#r DUPF X {5 252 4 5 ) 5200

4 R

TEIX HUR ] T 2 T 75 {5 5 1 BE it 5 78 ok
%fﬂ%”‘%ﬁﬁqﬁdnv AR Ty

o ak(t*tk,»)
2 (1) y,Z Torti—t0> =7, e

(3D
Horbroy, AR AR IR I RS 25 L I A
AR BR A B e I HAR b B (S S4E 1 m ALY 58
BEsor A HS b AR E B AR5 = &R
B0 (o) R G0N e Ao L R F A



557 3 M 2E [F , %5 . 7373 2 Unscented 71 I8 3 BR 25 1711
T M R B o, () ~ N (0.6°) . i T _
. ~ . - 500 Tracking Result

100 m o FR I DX 38 N o P A A5 R 4% 1Y B 00 1R ZE £ 450l | - Sensor
LR 0.33 s, LR A E 5% <5 m saof| = DPE
CIBUE AR 1932 36 3 i <260 km/h) . [ it AT LI o
B {7 1k 250}

0=y D (3 ol

L) =7, —_— (L) . r

: Y T —r 7 100/

[F s o B H b 88 10 24 20 2o 2 I s Y L 3% 500100 200 300 400 500 600 700

58 TR B 3 2 SR — A Sy e AR B
JEE B M A O — ST TR G AR L B R X T A
SE H LY F bR A B R 38 R L LA O
[E]BL BT

1 T T#/2 T/2
X, =10 1 T |+ | T |wes (33)
0 0 1 1
L, r=[a.2", 2]
T R MR 0 25
T /4 T/2 T°/2
Q=var(w,) |T?/2 T%/2 T (34)

T°/2 T 1
TEFHE A B, AUy =2 500, 8=
2.114 7. R MEFE T2 6= 6 X 10 7, (&R S U
PRBEHLAT B, I FEZ R 50 m, HAsLABFR (100,
100) e g, W46 14 3 2 AN 3 B 34 0 2 AR A
TRz S, S BRME S var(w,) =0.5, HAKGK
(DR

500
o Sensor o

440} ofo

350+ oo
>~ 300t °

250 o

200t °

150t Surirrrrhs

100 . . . . . )
100 200 300 400 500 600 700
X

BT B b 3 A s A i

Target trajectory and sensor position

Fig. 1

TEQF Hor, 43 5 R DPF HLA SCHE 3 1Y
DUPF 535 %t [/ — H AR 23 3 2517 17 BRER . 25 28 4
2 ffr s - ] W DUPF R BREZ G b DPF 247,

A RORE B H R O M ST M A AT 6 0
M1 AR LA AR A [ BB B H AR E T
DUPF XJ 7 H by &g — I 20 37 E (19 153 0 18] KoK 2

X

¥ 2 DUPF Al DPF f} IR i 45 3R
Fig.2 Tracking result of DUPF and DPF

T DPF Bk XA FEZh THIA TEA&M Un-
scented 728 i (14 Ji A L EUR BRER 45 2R 19 2 05 MR R 22
1 DPE Af L 42 AR 2 45 51 15 R 7 %0 8/
i), DUPF REZ W] . 3t ok 36 R B RS 52

R 1 EHHFHEHET,DUPF F DPT ) Lb &
Tab.1 Comprison of DUPF and DPF in
the same number of particles
o THE A /s PRS2 /m
LIRS 16 - N
DPFE DUPF DPF DUPF
500 0.043 0.551 2.107 2.036
400 0.021 0. 332 3.214 2.195
200 0.011 0.162 3.760 2.566
150 0.008 0.133 4.229 3.035
100 0.009 0.122 4,563 3. 111
50 0.005 0.065 6.465 3.277

AR T RCH AT B R B A R B —
0, i . DPF #l DUPF 1 BRER 25 R A&l 3 Bivs .

Tracking Result
450 Sensor

440
350
300
= 250
200,
150,
100

5 1 1 1 1 1 1 1 1 1 1
90 100 150 200 250 300 350 400 450 500 550
X

3 DUPF #I DPF 1y J 5 45 51
Fig. 3 Tracking Results of DUPF and DPF

M 2 A L E H DUPFE #] DL o 2 4 6t F
BHG 25 DPF A [R]85 R



1712 j\lﬁi

TRl

51T &

*k2 ERBEHE#IEM,DUPF #1 DPF By L&
Tab. 2 Comprison of DUPF and DPF with the same error

BT HL TENE () BREFSS IR 2 (m)
DPF DUPF DPF DUPF DPF DUPF
500 200 0. 045 0. 145 2. 449 2.229
400 100 0.038 0.138 3. 354 3.233
300 60 0.025 0. 050 3.625 3. 346
200 40 0.017 0.062 3.713 3.495
100 25 0.013 0.039 4.731 1 4.382 2

2 3 & DUPF il DPF {5 B aC e & 19 F &L
TERCOH ARE BARMIRE R E N 3.3 m, F1y
B — B 2 A AR SO0 ) B A% B, DPF
T2 400 AR5, 1 DUPE #5722 100 4SR5, A
& 3 WIS R Al 1R 45 8 1 BRLEORS B2 R DUPE
M DPF 1 A1 b, HAF B 28 4 iyl 2 T 85065 Al
DPF 2 filH , HoAF B ac e /b 1735 70 %,

# 3 DUPF 5 DPF1 DPF2 {5 & 3¢ #t & 1 Lb 3%
Tab. 3 Comparison of data communications

for DUPF, DPF 1 and DPF 2

WE  sSRSE RTHSMNE St

b TR Eff TR Eff TE

DUPF 4 4 4+16 — 100 — 128

DPF 1 — — — 400 400 800

DPF 2 4 4 4+16 — 400 — 428
S & Lk

[1] VERACAUTEREN T,WANG X D. Decentralized
sigma-point information filters for target tracking in
collaborative sensor networks[ J]. IEEE Transac-
tions on Signal Processing, 2005, 53 (8): 2997-
3009.

[2] RIBEIRO A, GIANNAKIS G B, ROUMELIOTIS
S 1. SOI-KF: Distributed kalman filtering with low-
cost communications using the sign of innovations
[J]. IEEE Transactions on Signal Processing,
2006,54(12) .4782 - 4795.

[3] GUPTA R, DAS SR. Tracking moving targets in a
smart sensor network [ CJ. Vehicular Technology
Conference, IEEE 58th, Orlando, USA, IEEE
Press, 2003(5):3035-303.

[4] ING G, COATES M J. Parallel particle filters for

tracking in wireless sensor network[ C]J. 6th Work-

X 2 B Ry T 4 A ORI R U L
FUFIF 5 s Z B 45 B AC e E2A WA kL
B PR ER A A I g 25 . Horb A7 B ac e ol
T P 5B o 0 5 — A N 20 T A 3
Hﬁﬂ’ﬂwméﬁgﬁkﬂiw Bk 757 s R I e g R

U5 B BRI XL s (5 S 3 He i B A
%ﬂﬁ%%%&ﬁ%%%fr%ﬁﬂ’ﬂw,.‘éﬁtﬁkﬂ—ith 758
22 vk~ A 194 $5H OB 08 I Y SRR R
H#EME. M4 DUPF g4 H 1/4 # ki F % H
SEPL Y DPF [ ) BRER RS BE L BT LA /D 1 RE A1
H G B it . R DUPE fig B 2 1o /b Jo 2k
18 S (3 {5 TH AE

5 & #
F T2 A5 2 IR 46 74 A RE i 32 PRI R L AR

PN %ﬁ%*lﬁ’ﬂﬁlf“tﬂk F85r FI A Un-
sented KL I HOK BE 5 RL 1 B0 19 4 i X BLA
1 73 A1 2ORE T U8 Rk 2EAT B L R i T DUPE
Bk . D ERWIA SCE 9 DUPE 593k f LA
{14 43 A OB T U8 EAH Fo R T B> T 7506,
SHTA) A A R T 70 %0 ~85 %6, HL T ik ) [ B
4 b B RO JEE o AT D2 T TG 2k A% 5 IR 45 i
THAE B2 1 P45 %5 fi .

shop on Signal Processing Advances in Wireless
Communications ,2005, 935-939.

[5] SHENG X H, HU Y H . Distributed particle fil-
ters for wireless sensor network target tracking
[C]. Acoustics, Speech, and Signal Processing ,
2005. Proceedings (ICASSP"05), 2005 (4); 845-
848.

[6] SHENG X H, HU Y H. Parameswaran Ra- man-
athan, Distributed particle filter with GMM ap-
proximation for multiple targets localization and
tracking in wireless sensor network[ CJ. 4th Inter-
national Symposium on.
in Sensor Networks,2005:181-188.

[7] VERCAUTEREN T, GUO D, WANG X D, Joint

Information Processing

multiple target tracking and classification in collabo-
rative sensor networks[]]. IEEE Journal on Se-
lected Areas in Communications ,2005,23(4) . 714 -
723.



57 M ZE[E , % . 43 7 5 Unscented 7198 5 MR B¢ 1713
(8] Lyzhila, A weir. JLL AL IR W 45 b oy A 20 T 98 I Science Edition) ,2006,7(5):25-29. (in Chinese)

[9]

(10]

WEMRBEERT]. MARR I XFFROA XM
B »2006,7(5) :421-426.
MA R H, SHENG X H, Target tracking based on
distributed particle filter in wireless sensor network
[J1. Journal of PLA University of Science and
Technology(Natural Science Edition),2006,7(5) .
421-426. (in Chinese)
)RS, RBER, e AR —FREE B S R
M 2% BAR R ER IR ). P HE K FFM(A
KA ) .2005,33(z1) : 335-339.
LIU ZH Y. ZHANG X W, CHEN X Q. VATT.
velocity adaptive target tracking algorithm for wire-
less sensor networks[J]. Journal of Huazhong U-
niversity of Science and Technology ( Nature Sci-
ence) »2005,33(z1) :335-339. (in Chinese)
JEA] . L, 3R UL AR AR 4 i H AR
WEHEIL 22 12X EFHRARHFRO
2006,7(5) :25-29.
TANG J. SHI H SH, HAN ZH X. Tracking al-
gorithm for wireless sensor networks[J]. Journal

of Air Force Engineering University ( Natural

EER

BEE (1977 B MK HFE N L
W 5E . 2001 4F T o [ B 24 R K
PAF L, FEPF R M T LA
TR W45 9 H b BRSSP IR AL B %

Email : xiaoyg(@ gmail. com

BEBA (1974 —), B W AR M AL
+- L EIBFFE 5L, 2005 4 F il K AF 3R
oY VAN CE 20 S I Vs o e R
Sk 5B

[11]

(12]

[13]

[14]

[15]

LI X R, JILKOV V P. Survey of maneuvering tar-
get tracking-part 1. dynamic models[]J]. IEEE
Transactions on Aerospace and Electronic Sys-
tems, 2003,39(4):1333-1364.

COATES M J, ING G. Sensor network particle
2005 IEEE/SP
13th Workshop in Statistical Signal Processing ,
2005,1152-1157.

VIEIRA M A M, COELHO C N, DA SILVA D

filters: motes as particles [ C].

C. Survey on wireless sensor network devices[ C].
Emerging Technologies and Factory Automation ,
2003:537-544.

DOUCET A, GODSILL S, ANDRIEU C. On se-
quential Monte Carlo sampling methods for Bayes-
ian filtering[ J]. Statistics and Computing , 2000,
10(3):197-208.

GORDON N J, SALMOND D J, SMITH A FM.
Novel approach to nonlinear/non-Gaussian Bayes-
ian state estimation[ J|. IEEE Proceedings on Ra-
dar and Signal Processing, 1993, 140 (2).107-
113.

SUmE I

X 968—) B R A A S
Ui, 1998 4F F v [ B 2 4 A K 2F 3k 15
WAL, TN R LA M BT,
WAE AR 5 B AL B 8 R B Y B

%%, Email:lht@sim. ac. cn

BBEARCI956 —) . B . #w. M t4S
Ui, 1986 41990 4% F 7 E BR 24 £ AR K
3/ B R T N B e o VA S S V=<3
i 2= % J7 H 58 . Email: zjyin

@ustc. edu. cn



