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A New Technique for a Maneuvering Target Tracking in Single
Observer Passive Tracking Based on Jerk Model

LI Da-zhi, LI Gang, XIN (Jin, HUANGFU Kan
(College of Flectronic Science and Engineering, National Univ. of Defense Technology, Changsha 410073, China)

Abstract: A new tracking filter is proposed for the highly non-linear single observer passive location and tracking ( SOPLAT) system
based: on the obeervation of bearing, bearing rate and difference time of arrival of emitter. The new method used the Jerk model for the
maneuvering target, and then used the IMM algorithm basing UKF 1o keep the tracking of the emitter. By using this method, the
precision of the tracking filter can be improved, and it is also good to the filter’ s stability. The simulations proved the feasibility and
availability of the new method. At last, further research directions of the IMM-Jerk were discussed.

Key words: single obeerver passive location and tracking; maneuvering target tracking; Jerk model; IMM; UKF

BYRAZHTHERXHEUREETE . RASREE B RRY, s BiR0EH R
FRIER A R EEARNEAD, ~HRIRNHR. HP HX B LR MR REhme i
PREFVER T AR R T AR AT AR . SCRRAO B AR W AR O S B S HLE T, BT
¥% Birblzhiz S e s R AR Bk B W R E R WY ERMEREME TREE
R B R RRE A LR G RAZYE, FER B DR R RS B S TR
F—EEE,

BRRMNAEH LA REENT AL EHRUENETER RERERREMTZESHK
FRFE A FP, RR8 - 91 Jeck MR BRI BER B NE A RIFHER, BRX
ROV JANHG EF R S LS AR RE SREXSAGR, BRETA Jek EUERENHRE
HRBHR QLR LS.

BB ERENS WA FRAEAT EOERERE, T RF/RBBEAEFESRE R
EBIRER, UKF™ SR FREE "™ (PF) R 4N B MOy 3, B F IR B B R &
HEBOR NI TR B A, T UKF 7 BRsket i b B WSt .

AT B B TIFE DM AH BT R Jerk SRIRHHLE) BAREEM, S5 A UKF BER T B 1S
HA Jeck MENEISSI(CV) RN R E S HBE L EH AP LRAT BE B N1EsHRNE

+ KIRER:2006-11-01
E-&TR B - B HTEEL L B (51420030505KG0I72)
EERAELE0978—), B, 814,



FEKRW, G —FET Jek BRIGHL3H B RIS TRE A H % 83

B,
1 R&ER

WSE = 4 S P T i T 8 B 00 0 23 P L 3038 Bh AR ST iR
MEREN, URHBNENREBRYEAYER, HiIRE
i B AT R P RBR AR, Il 1 fiw,

WENBERSEESESAN 7. Mk ES  WNERE NV
ﬁkﬁ‘ﬁﬁ—&mﬂ, %@Jﬂﬁ!ﬂﬁ £, = [ATmn Bk € B&JTD
AToa, By e fu AR MKHBIEN B2, HALA HNA TR
B H, KA, AToay, = Toa, ~ Toay.; = (1 = iy Ve + NIy +
NAT,. B%ReeBEERARNGEHE T, AT, = T, - T, 0fhit B1 AMESRREHRIILTIR
W fEAR A EAD B RRE TR — R R, D5 T seonely ehomiip botween

X, CHERRBIRRE, sy 245 DRI E R 2 Fr#

i B T B 0 BE A B (Jerk) o
1.1 EIHER

EAEREHE CV BRI Jork MR, BF BIRHGE RIS 32 30 BARE SR ER A OV HERR IR,
Lingh BAMENLEIESIR, BiREshBRR i Jerk BAIREIR, TEE CV Al Jek BEIN 4B R
Ao

CV R, =[xz 2 % % % =n zn ALY

Xias =.f1Xi(k)+ L4 (1)
a, 0

£=P,f.=djag(F,,F.,F1,1),F,=[; IT],diag(al,---,a.)=[
0 a,
Jerk B X, ={m 2 £ %% % % N Y a 4 4 3, ATT
Jerk BEIBLFF AT IE— M DIRFTF Jerk HERY , 76050 FEHE T AUE B B3 00 T X6 TR BE T 3 (Jerk)
#of53, BB T XN R E DRSO i, AT RESEBLRT R tL3h i) B AR A ER R
X = Xu (k) + Wy (2)
1 T 7R pl
1 T gl 2 -ar 3 ~ar
L pl=(2-2aT+ 7T -2e7"")/(2a°), ql = (e
(HE) |
ya F Jerk BRI BIIHE,

ﬁq’,fz=diag(Fz;Fz,an1),Fz=

"o o

D O O O

“1+alMa,r1=(l-e ")ia,sl=
1.2 WMAAER
Z,=h(X)+V, (3
(r,-r*_l)/c+Ni',,,+NAT,ﬂ
artan] 2
Y
Eren
el e
Zi¥i = ¥
2 2
\ %+ Y,

RERA W, R VIARHERTORE  HFEERFN ¢, Rio

h(X,) = (4)




84 SRR R N 2007 S5 43

e BRI BN RE , 2 A R, AW B R RS ] T B, BIX BB AToa fER1L,
Xt r o BRERBRIT:

T T Tt,+%1‘2r‘_%7ﬁ Faver=[(m- B+ 5 'I"xiE T’ x,)

+(n - +%T’y. —%T’ ¥+ (zg- mq'ﬁz& -Er’ ¥ (5)
CV R,

rbur,,_lss?,l(xksinﬁkoosei +J"kcﬂﬂﬁgcﬂssl +2"iSil'lE*) (6)

Jerk tHAY:
n-nasn (- B P P D (- B P g 1 )42 B P £ P )]

= T,*(:t,,sinﬁ,,cust‘,, + j?,,cos,@*cosel + .z‘.siﬂii) - Eﬁ(f}ﬂiﬂﬂimfk + jf;,ﬂ,,cﬂse,‘ + 2‘.Sil'l€‘.)
+%?a,*(;.isinﬁ}mi +5:.k008ﬁ5008€;+.2“‘5in€‘.) (7)

2 ETF Jak #HEMH MM REEEEE

UKF T UT(unscented transformation) 2 i /8 & BB I (KF) i, AT LUK B H KF BB M UBREE
¥, B UKF BEEAE IMMEREUR B AR KF B 5, EIER M3 b ] B SR B R s i A i
B, TS HET UKF 8 IMM BE0055%,

(DWAKZHE

X’:{um = ZiLllhl#f—l!k-l’ j=1ymr=2

P:{Hi—l = Zﬂf-llk-l{Pi—lli—l + [j{;-lll:—l = X:{IIE-I] [X;—llk-l - Xf{m-l]T},
i=1

Ff_um = P&”LI/EJ’ & = EP-‘;’F‘:J

WAL Sl 524

Zr B33 AR R R B BRACR A UKF 3, T E R UKF TR
Stepl  THH Sigma & ;

P:}.-Hb-l 0 0
X:'.j|=[22,-m-l 0 O]T, P:'.jl= 0 Q' 0]l
0 0 R’
wh=lx 50w L DPT £ (L )P

Step?2 BTI“JE%?,
i EN] taj pjm = m) %,
Xits1 = f[Xk-Jl’XE—l , & = E Wf )Xm-l
EWM[XHH X’ ][an 'XJ;]T
Zilk-—l = h[Xﬁ;i-l - Xb'—jl , Zi = ; W(iM)Zj;JJk—I
Step3 mgiﬁo
. A2 : . : i . )
Pliji:,‘ = 2 W?)[Z,i.m-l -2’;]{2’“!!-1 - Z;]T- P Z p)[Xm 1 'X’ ] [Z",,,, 1 -2’ It
i=0 i=0
Ki = I)flrkzk (Pgizk )—l



FRW G —HET Jek RAMHZ BB R E N IE _ 85

Bo=X + K(Z-20), Pu=P] -KP, K

YRREEES

v = Mgle, A= (r)"der(S]) Pexp - —;:(v’;)T(Si)" i), = E:A’E,-
(4) BT "

$ua = 28w P = S APl + (s = BTl = $iaT

3 fEIR

BT AR 7HAR Jerk #IBIFE SRR A8 KRR FIRIG A RLIF B MR H TS AE IR, BT
BETRER, ST O UBHARAEE o, 1 o, 9EESHLE G WITHE,
DIRIRET Jerk IR MM H % B BRIEHUR .

BEBH TR A0 E KR ( - 100km, 100km, 5km) , B 300m/s B EREF ¥ S EEKEH T
1005 , 7£ XOY FHMN, A w, = 0.05md/s fESI B3I KAT 508, FLL w, =0.08rad/s fESI 530 K 1T50s,
RUEHE 100s ST EKE AL, MIRIH T = Ls, LBBE a,, = 1/60\ay,, =0.006, B 0, = 10ns,
oy, =5mred\o, =5mrad\0, =0.2omadls, 7 0~ 50s, FARBRERHATIRR 7 50 ~ 300s, HEHHH A

TR RN p= 0 | T ko= [0.95 0.05T" AT D Jerk

WHEAEHRY Singer B1AY, S HIE M( =50)3K Monte-Carlo (7 Fo (TRERABAER A RE
. o
J%E(xhl - I£i’.n)z + (715.» - yhn)z + (zl,a b 2‘«1&)2

pR.E,, = ; =
’\/Hz_;(x""): + (a ) + (@)

Foho EF(5s Vionr 200 ) Bioa s Fron s £, VFFIRE 0 RAFEP b RIS IR0 B WL EM G
fi.

x 100% ®

50 16 22
# ol [P B | 20t
E o 3 ';Eﬁ'lm?lsug? . : i
g ~ 1 : ]
32 R
‘E 20 0gtk - " .f?‘
R P U0 U DU S N S
10 ’ A ’
5 PAPY N U A N B j
0 0 1060 150 200 250 300 20 9 4 7T 6 5 4 3 2
i/s X X 10¢
2 REEBMNRELE 3 XOY Y PR 5 RS EL e
Fig.2 The relative ranging errror of tracking Fig.3 Simulation of passive location

fE 2~ 5 WRUETS, 7 50 ~ 100s BT, IMM-Jerk BREFFUR S IMM-Singer AR B SCREA MR 7
100 ~ 200s B, #5388 i3 A2 H058 B 482 2h 7 8 0 ST 5 50, IMM-Jerk BREZ M R Eim i T IMM-Singer, St H:
EEBHEEM o, TED) o, 1, IMM-Jerk 38 REFHBH Z4ERKAIBEE, T IMM-Singer Z4EH KM
Bkl R B o, WRENREEMELTE o, B £ 200~ 300s B, H #7585 5h , IMM-UKF () 3225
BT MM-Singer 1A,



86 EPHERFEEER 2007 455 4 8

ot 9

-

5
-
-2
*;
.ﬂ'-
"

r
\

H

08 - OV J [«X:1 1 S N R N || I [ S cv

07 :
06}
05
o4
VL 03
| g8 ] ozl

Probabilty of Models
2 8 0 o o ¢
i
Probabilty of Models

B4 IMM-Jerk-UKF Bl 5 IMM-Singer UKF
Fig.4 IMM-Jerk-UKF Fig.5 IMM-Singer-UKF

ML LLE E], Jerk ﬁ&!'&ﬂﬁﬁﬁlﬁlﬁﬁﬁ% HE S BUE TR MR, MM-Jerk ZEFIRF AR
BRI T BRI QRS A RS S, AR aE R, IREFBR H BERK
BRIR, BRI, IMM-Terk B HETERRER HA7H ZFYLENIE SN R T IMM-Singer 82V, 35 &% B4R
by fiph e
4 ZitHRE

st Es B SR RENRT SIS WTH R, RE T —FET Jork BRI 8 I E G BER
PEBHE R MM-Terk, BRI OF E T LUE B, X5 A B A 8 B W S UL ARRE IR B M R AF O BRBR OR i1 T
Jerk BRI ERELBMREVSEHEE, MAERSEYRENNSBRR LB RER KB
xa,

$ % X #:

[1] s, A—F . ARE. REZEWAREREMHEARIM]. JbFH: EI Tl hEH, 1996.

[2] ZEF%E, SHE, A—F.%. —HETENGEEHBPOTRECRERL()]. EMBHEICEER, 2003, 25(4): 27-30.

[3] ATE. ETFUAREEESMEETET M SREXMHEATRTERTER(D], &ib: BRFRHAE, 2005,

[4) BEMA HIE. SHISEM BB TRRE L], BRAER, 2005, 27(3): 5-8.

{5] Tian H, JingZ, Hu S, et al. Tracking a 3D Maneuvering Target Using Bearings-only Measurements [ C }//Proceedings of International Conference on
Machine Leaming and Cybemetics, 2004845 ~ 850.

[6] Zhan R, Wan J. Pussive Maneuvering Target Tracking Using 3D Constant-tum Medel{ CJ//IEEE. Conference on Radar, 2006:404 ~ 411.

[7) LiXR, Jilkov V P. Survey of Mancuvering Target Tracking. Part 1: Dynamic Models []]. IEEE Tramsactions on Acrspace end Electroni
Systema, 2003, 39(4) : 1333 - 1364.

[8] Mehrotra K, Mn!'mpamPR.AJ«kaldfuTmnkingHiglﬂmemv&ingTugets[]].IEEET jons ot Aerospace and Electronic Sy
1997: 1094 - 1105,

(9] Muhapam P R, Mehrotra K. Mixed Coordinate Tracking of Generalized Maneuvering Torgets Using Acceleration and Jerk Models[J]. IEEE
Tr s on Aerospace and Hlectronic Systems, 2000: 992 - 1000.

(10] Julier S, Uhlmann J, Durrant-Whyte HF. A New Method for the Nonlinear Transformation of Means and Covariances in Filters and EstimatorsJ].
IEEE Transsction on Automatic Control, 2000, 45 (3); 477 - 482,

[11] Gustafsson F, Gunnarsson F, Bergman N, et al. Particle Filiers for Positioning, Navigation, and Tracking[J}. IEEE Transactions on Signal
Processing, 2002: 425 - 437,






http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200704017.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%a4%a7%e6%b2%bb%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%88%9a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%be%9b%e5%8b%a4%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%9a%87%e7%94%ab%e5%a0%aa%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Da-zhi%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Gang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XIN+Qin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HUANGFU+Kan%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e5%9b%bd%e9%98%b2%e7%a7%91%e6%8a%80%e5%a4%a7%e5%ad%a6%2c%e7%94%b5%e5%ad%90%e7%a7%91%e5%ad%a6%e4%b8%8e%e5%b7%a5%e7%a8%8b%e5%ad%a6%e9%99%a2%2c%e6%b9%96%e5%8d%97%2c%e9%95%bf%e6%b2%99%2c410073%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%99%e4%bb%b2%e5%ba%b7%3b%e5%91%a8%e4%b8%80%e5%ae%87%3b%e4%bd%95%e9%bb%8e%e6%98%9f%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200704017%5e1.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%ae%97%e5%8d%8e%3b%e5%86%af%e9%81%93%e6%97%ba%3b%e5%91%a8%e4%b8%80%e5%ae%87%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200304007.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%91%a8%e4%ba%9a%e5%bc%ba%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Thesis_Y789527.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%ad%e7%a6%8f%e6%88%90%3b%e5%ad%99%e4%bb%b2%e5%ba%b7%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_xdld200503002.aspx
http://c.g.wanfangdata.com.cn/periodical-xdld.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Tian+H%3bJing+Z%3bHu+S%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLHY_NSTL_HY.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Zhan+R%3bWan+J%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLHY_NSTL_HY.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Li+X+R%3bJilkov+V+P%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0212685716.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Mehrotra+K%3bMahapatra+P+R%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0212388708.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Mahapatra+P+R%3bMehrotra+K%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Julier+S%3bUhlmann+J%3bDurrant-Whyte+H+F%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0212847079.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0212847079.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Gustafsson+F%3bGunnarsson+F%3bBergman+N%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0212694954.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%ad%e8%89%ba%e5%a4%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%ab%a5%e5%ae%81%e5%ae%81%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%87%af%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22GUO+Yiduo%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22TONG+Ningning%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Kai%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_dgykz200901010&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_dgykz200901010.aspx
http://c.g.wanfangdata.com.cn/periodical-dgykz.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%89%b4%e7%a6%8f%e5%8d%87%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%be%90%e8%b7%83%e6%b0%91%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%98%b4%e6%b3%bd%e6%9d%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22JIAN+Fusheng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XU+Yuemin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YIN+Zejie%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_zgkxjsdxxb201003015&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_zgkxjsdxxb201003015.aspx
http://c.g.wanfangdata.com.cn/periodical-zgkxjsdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e4%ba%ae%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%b4%e5%b0%8f%e4%bf%8a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%a3%ab%e5%90%8c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e9%9d%99%e5%ae%87%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHEN+Liang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WU+Xiao-jun%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Shi-tong%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YANG+Jing-yu%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jsjgcyyy200831020&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_jsjgcyyy200831020.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jsjgcyyy200831020&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_jsjgcyyy200831020.aspx
http://c.g.wanfangdata.com.cn/periodical-jsjgcyyy.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%be%90%e6%af%93%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%87%91%e4%bb%a5%e6%85%a7%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_qhdxxb200307003&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_qhdxxb200307003.aspx
http://c.g.wanfangdata.com.cn/periodical-qhdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%89%b4%e7%a6%8f%e5%8d%87%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%be%90%e8%b7%83%e6%b0%91%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%98%b4%e6%b3%bd%e6%9d%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22JIAN+Fu-sheng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XU+Yue-min%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YIN+Ze-jie%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xdld200912009&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xdld200912009.aspx
http://c.g.wanfangdata.com.cn/periodical-xdld.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%88%b4%e6%99%93%e5%bc%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e7%bb%b4%e4%ba%ad%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9c%b1%e5%bf%97%e5%ae%87%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22DAI+Xiao-qiang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LIU+Wei-ting%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHU+Zhi-yu%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_cbgc200703017&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_cbgc200703017.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_cbgc200703017&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_cbgc200703017.aspx
http://c.g.wanfangdata.com.cn/periodical-cbgc.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e4%ba%89%e6%96%8c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%ad%e7%a6%8f%e6%88%90%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%91%a8%e4%b8%80%e5%ae%87%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YANG+Zheng-bin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22GUO+Fu-cheng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHOU+Yi-yu%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xtgcydzjs200701002&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xtgcydzjs200701002.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xtgcydzjs200701002&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xtgcydzjs200701002.aspx
http://c.g.wanfangdata.com.cn/periodical-xtgcydzjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%9f%a9%e9%9b%81%e9%a3%9e%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xtgcydzjs200301005&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xtgcydzjs200301005.aspx
http://c.g.wanfangdata.com.cn/periodical-xtgcydzjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e4%ba%89%e6%96%8c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%ad%e7%a6%8f%e6%88%90%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%91%a8%e4%b8%80%e5%ae%87%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YANG+Zheng-bin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22GUO+Fu-cheng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHOU+Yi-yu%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_yhxb200801055&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_yhxb200801055.aspx



http://c.g.wanfangdata.com.cn/periodical-yhxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%8d%a2%e8%8f%81%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%be%90%e6%9c%9d%e9%98%b3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%86%8a%e5%bb%ba%e9%91%ab%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%ab%98%e5%b3%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LU+Jing%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XU+Zhao-yang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XIONG+Jian-xin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22GAO+Feng%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xddzjs201015007&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xddzjs201015007.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xddzjs201015007&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xddzjs201015007.aspx
http://c.g.wanfangdata.com.cn/periodical-xddzjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e4%b8%bd%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%94%b0%e5%a2%9e%e5%b1%b1%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_sztx200903015.aspx
http://c.g.wanfangdata.com.cn/periodical-sztx.aspx
http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200704017.aspx

