W6 B TENRARASEELZRE Vol.26 No. 1
2016 £ 1 A COMPUTER TECHNOLOGY AND DEVELOPMENT Jan. 2016

ETREABENFRNMNETREFHNTFEHER

il S A O, b 4
(FHMAF R T FN 215011)

 E.m R TR (QPSO) B4 R FRRE I AR, B2 S B AR B e UL r B ba , PG B X XA ), i 4y 1 — R
ST IR A MRS A HT /N AR 5 B R (M- WMOQPSO ) S8k i sk B Bk o e ek FF Ak 5 B g LA = B
i, R B AL R A HEAL 5 R BU AR QPSO HEAL 5 78, AL SRR B 3 vk iy S RE 1, 1535, 0 T E IR & Sk i &
SRR, BB BTE A 5 B A R AR s R A B R, 70 - E Al A rh DA — 2 (R 38 o BEAT 3 B /NI A0 S b 3 8 e
FRIRER 2R b TR R SR R T B AR R SR A, WIS L A R SR H 1, BJE, SR TS AN LTI R 5
XPIZ SR B PEREHEAT IR IS SRR I, SOk AR 1 9 DR 8 T Rl S R A e AL B T A AR R4 s

KA TR IRA MR N R 2 R

B4 25 . TP301 SERFRIZAD A XEHS:1673-629X(2016)01-0078-04

doi;10.3969/j. issn. 1673-629X. 2016. 01. 016

A New Particle Swarm Optimization Algorithm of Wavelet Mutation
Quantum-behaved Based on Mixed—probability

HU Hao,CHANG Jun, GONG Wen-long,LIU Wen-bo
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Abstract : Quantum-behaved Particle Swarm Optimization (QPSO) algorithm has defects that the capability of global optimization is not
strong and is easy to fall into the local optimum. To solve this problem,an improved quantum-behaved particle swarm optimization is
presented by introducing Gaussian distribution into the evolution equation, and the evolution equation of QPSO is substituted by mixed
probability distribution evolution equation,and some particles were mutated in a definite probability by wavelet during evolution to in-
crease the diversity of the particle population, avoiding the optimization process into local optimization, and improve the capability of

global optimization. Finally,six typical test functions are employed to verify the improved method. The results show that the optimization

capability and the ability to avoid local optimum of improved algorithm have been improved effectively.

Key words : quantum—-behaved particle swarm optimization ; mixed probability ; wavelet ; local optimization ; global optimization

0 31 &

i T HEE (Particle Swarm Optimization, PSO) '
SRR Re IR B R ORI T X S T
FRAGBLALL 38 AR R Y58 4 5 B4 77 AR B IR R B 45
S E, KRR AEA LR REER MR R, 2
S T AL, AT T e R s AR Lotk AR Al R 22
AR 1Y 52 Z=Im) UL AL, BRI 2 78 3 T & RAR R |
GEURAT L S A 2 AR B T M HET A
TAERL AR E R 112 Bl RS ol R R &
P, I HL A AW R AL R 198 060 2 [ e N

& B HA:2015-04-07 f&E H#.2015-07-10

AR [ R (4 RS Bl A A P 2 2 B —E Y
LY 3k L P HORL (19 18 20 F 2 — A BRI I B
Wi/ INeY DI, AN BB o S n] AT A 2 () 33X 50 AT e B
ik HARa Ry U &, b A= i e i, 23 At ik B
PSO B IR RELA AR 1 Y B & R g™
T MR AR Y B AR B T2
R T — M B AT O IR R
(Quantum — behaved Particle Swarm Optimization, QP-
S0) ", QPSO Fi: LA il S 4/ B i fi | B fr
EARLFHER 1 2R 8L, IF B SO0 PE BB K RAL T4 e
PSO 5k, (HJE , S RZHGTE—F e Ul T

) 4% H AR B [ : 2016 -01-04

HETH VLA AREBFAILE I H (BK20141180) 5 YL 45 H T RE 5 5 9206 % T RO ( ZD1405 )
BB/ RE(1989-) 5 W5 AL BRSO 1) e A MO N TR REACAR B s % 8 T A S0, AR5 1) AT SR

R

[ £& AR Ik « http ; //www. enki. net/kems/detail /61. 1450. TP. 20160104. 1505. 030. html



513

WA R TIR A MR AT B N S R R =79 -

R HY R AENE, QPSO A WATTE R AU S A
BEXFIE A DR, SCH 3 1 — b TR A R 0 A
B, AL T A R TR/ 7 S A B Y ik
QPSO Bk o ok it R K 5 A5 R AR W, $2 th A 2k
PERE B TFOURE T AR CR AR AT T4 Nl 4G
I TS S A P SRk 4R SOURE ) A
BTG A RO TR B AR R A )

1 QPSO EixJFi2

TEPMR IR T Y QPSO Bk kL F RS A T
A 14 7 5 SR R T 2 3 e R T3 2 ) R
B R, ST & FBIE, I SRR X R Y A E 1S
R A5 BB E 2 [ — 7 B (0 ME 2R %% i R R, 3k
T A 57 B 119 AT eRE, o SR R % T i, A9 BIRL T
PRI TT R

pi () =@ (1) « P, (1) +[1 —@(t)] - G(1) (1)

X, e+ 1) =p (1) xa-|C(1) =X, (1)

Inl1/u, ,(¢)1 (2)
Hrp

G = (6,(1).C(0) . C(1)) = 2 3 (1) =

1 M 1 M 1 M
(M;Pi,l(t) ’M;Pi'Z(t) ’”.’M;Pi,n(t))

(3)
{b, p ke AR R P ST PR
KLY HT IR AL(E ; 6 MR R L {E ; X ki 5A9 24
HIBLE; C PRI E s M R HEREG o il u
Y25(0,1) XA BENLEG S8 o RS -9 5K
PRI 27005 o R Ak AR R
SRR 1045 J7 IV ERE RO TR T A
Sk EUR AR R A R SR A B R LA A [ e
W, WA AR R T P v 2 R R e ) R Y
(] R R AR 22 R o AN WD 2 o S A, 18 R 2 )
ARATBOR /N R 2R R4 1 RS A /N B A R (e A
i, A R TR R 2R TR S AR AR A T BB SR
3y eE= e NP <R S S A AR LIRS ELiE AR i oSiis
PR e R 4 R R AE 1, 1O SO R
SR CHE,

2 ETEAHERM QPSO FiE

MERHE QPSO Bk Ak b Ak Jr #2 v LUE ) IR
e B 1A A R ol P R — AR SR A R, BIAE 5 IR
{FFR A MER o0 A R B, —4E I, QPSO ik Y
R AT R

L(t)

X(t+1)=p(t) iTln[l/u(t)] @)

w(t) ~ U0,1)

%, 5 IR — S XU B0 AR W BEALI, K%
KPR — BB
X(t+1)=p(t) £A(1) (5)
K, A(e) —BERLTFF, I B3] 0, X FE,
FERT DLRIIE X () BEARBERILSLE] p(1) . QPSO Bk
M, ACe) REIRMSFEEC )
I ACe) BE R IES .
A(t) =a(t) +b(1) (6)
K, a(e) FHb(e) S P IR AN [ B 53 11 1Y)
BEHLTH, PMRAERE 42,4 a(e) A1 b(e) 5 BIARM
T A RIS R B3 A . B, 43 5 E «
a(t)==a|p(t) - X(¢) |+ In[1/u(s)] (7)
b(t)=B|C(t) - X(t) |+ Rn(1) (8)
A, w(e) BRAXE(0,1) ARSI 5045 ; Rn(t)
JIR AR B 307 204 s 250 o B B BRI -1 ik 2%k,
XFERLF A R W] LA B
X(t+1)=p(1) +a|p(s) - X(1) \-m[u(lt)] ¥
BlC(t) - X(t) |- Rn(2) (9)
M4 ] N 44 R 2s [ rh R iyt # ok .
X (t+1)=p, (1) ia‘pu(z) - X, (1) |-

1 G, (1) -
1n[ui.j(t)] +B X, (1)

* Rn(t)

(10)
RN TR A 0 QPSO B 7L ( Mixed -
probability based Quantum—behaved Particle Swarm Opti-
mization , M—QPSO) (k7 -2 £k J5 F , 8 2o ] 3K R i 3
W, M—-QPSO SEiE4 & TR (10 - B8 77, We S5 B A
XFFRRE QPSO W38 TH %, 2 RIFRME QPSO 5
ke AN 5 LR R TR S A e — 2L R
PR AL, JR AR A S ) REATS B0 A A5 B AR B 2%

3 WMB/NMNETZRIFE

BT/ B AR AR B/ A sl iR | R0 fE
J758; FLP AN ) S B0F- 7% R R REE R -] DAAR 4
ANV GO /N R4 T A% FIAR 7 305 7 1 AT AT AR P
Ling S H %0 2 25 /1N i bR 85 R FH - o i b 1
Bk R MR AN R TR L, mARE
T T G AR T W s B — st I
AR REAL . _LIRRERL TR A R o s T —
FERCAL  AHAR SR TC kB S F AR L A B A kb,
HRZS M RIS EE, A, /N AR 5 G R
HER /NI AR 5 T iR B R AR AL T AT RE
TR, SO — o AR /INE AR S s, BRI ZINE AR
SN - I R o SRR S R LR P A2



- 80 - HEBARS ERE

06 &

SRR DT YRR AR B B ARk R
AL

SO R FH A Morlet /N 521 S A8 S
& Morlet /NI BRI ILER A B I 2R iR .

1 (x-0
,()=—( )=
L. lx J;¢ .

%exp(%) cos(a)ox ;b) (11)
K, c ARERT; b ﬂff‘T‘@?‘, w, 7N R
B, R @, = 5.
HI T8 S AN B ARG A, 0% b = 0, 225X
(11) it H .

CENEY) —Lw(i) —Lex (_—xz) cos(wox)
e0 ¥ Je c Je P 207 c

(12)
R ¢ AR
c=exp(=In(o) - (1-L) + () (13)

K, o e I ERERIE; 7 WIERSE

AN AR S AR AN AR B YR AR b A
TUMHE ¢ B2, g € (0,1) ,BRAKXN.

X (r+1)=p (1) +¢ (x) - \Cw_(z) - X (1) |

(14)

Ao, x BL-2.5¢ 3 2. 5¢ IS S AR BEALEL, B «
e U(-2.5¢,2.5¢) ,

/N PR R /N B AR 8 2 el A5 78 S A X T DL )
B TR A 8 9 o R B o FEABIE S AR 5, BLARSE 111
BEAIL I B RE3E IR HE 2 R 8 R e J7, A F T3k 5 b
NSt A SR W ST 42 Ry e o

4 ETEAMENFENETRETFHNT

HEE

3T QPSO Bk i S ULk GE, IF 2 QPSO
kR RN 2, B O AR R R G , SCr
P B TR A AR 1 0 /NS S e R TR S
(Mixed — probability based New Wavelet Mutation Quan-
tum — behaved Particle Swarm Optimization, M — WMQP-
SO) , LLRAE R FI TR A W38 20 A1 2 Ak 5 5 A Qs v
QPSO HEALJ5 Bt i KL filt I, PEAE L7 BEAL ST 7 PP A
BN AR S | DA — 5 AL AR 0L AT AR S b B
SR uRatR~ NI I DNl oy AR oy 4 01171yl IR & A B9 N 8
BT B8 DXCIREA T 1 2R, B IR e F) 22 R S
T R AR — R R AL A, DT iR 1Y A R 1 R
€1, M—WMQPSO Sk i B BRANE

IR W E LT R M HER D IR RIR L
BT L B

AR 2 AT RREARL T B3 B AR, SRR T 2 A
AROLE P(1) MAREBMAE G(1) ;

AUR 3 AR A (10) BOFH AR T 1AL & 77 R
BT

AT A A MBENE r € (0,1) A5 r < p, MRIERX
(14) XPRrF I TAR 55

AR S TR R A B R AR AR, B A R
MR 2,

B 6t SRR E G FIRE

5 MK ERE S

Ay R Sphere PR Rosenbrock PR%X . Grie-
wank PR \Ackley PR %% . Schwefel PRZY . Ellipse PR X
A EAT RN R B T (WL 1), P E
SR R RLR 20 , 4855053 3L 10, e K AR B
1 000, bRifE QPSO HH it 4 -9 5K K 1 o 1181 i 125 1R 1K
BN 1.0 2 0.5 ZPEw/h, XFF M-WMQPSO 1, %
B o [817E 0 0.6, 250 B HEIEIKE 0.9 5 0.4 2tk
N RS E r BUE R 5, 28R ¢ 124 0.05, o B
{E-} 100 000,

51z PR UE QPSO 1% \M-QPSO 5%\ WMQP-
SO B 7L M=WMQPSO 53 474, b 07 B 1 18
RIX [ ST HA A X ) L2 1, HARNRZE SR L3 2,

SCH TR R 2L, Sphere PRET A — B2k M H.
PG ik 1) BP0 R S, F2 22 S A 0 Bk 1 ARG
Rosenbrock PR%Y . Schwefel PR%LFN Ellipse P& %X 3 2 H
FHREIIE P 1) T AE 77 ; Griewank PRELAT Ackley PR%X
Ry 20 R, HAT K 1) SRy B dee e A, T LA IR AR 2
Gy BN SRR e A, 9t LA — 8 FH 465 56 53 1 R e Jmy 350 e
haeS

P b ARt R K2 B35 AR 1 SO R £ mT LA
F L, M-WMQPSO F.7% i 18 51 5 S B WA F AR i QP-
SO Bk M-QPSO 5k Al WMQPSO %%k, #5:5 Grie-
wank PRIEICHT Ackley PRIEICP > 22 U R B 1Y) DN X045 51 1
ST A B 3 U A A B vk A Bk s R SR 1 i
JIAFE) TARKEE i o i A I 3 e 5 2 Rl SR
M-WMQPSO 57k i) -0 14 BE A e SO B 2 A
(1, PRI, M- WMOQPSO 57k PR RE 14 QPSO 51 M
—QPSO B M WMQPSO A4 fr ek,

6 LHRIE

SCrhERRIE QPSO B vk i BE A B SE Xt ik k7
FEEAT G , B RS TS 1, 6 QPSO v ik 1k Jr B M
TSR AN O TR A AT, et R
BRI SRS TR



1M B RRAE B TR AR IR /N AR S R R - 81 -
A1 KR HE X AT G
PUUFENEEE S BRIk WRXE WRXIE AR
Sphere PE%L flx) = erz [-100,100]  (50,100) 0
Rosenbrock FE%{ flx) = 2[100 X (x5, —29)% + (x;, - 1)?] [-30,30] (15,30) 0
Griewank FR%K flx) = ﬁﬁ (%, - 100)?% - ﬁ(tos(xi - 100 [-600,600]  (300,600) 0
il i

Ackley Fi%E F(x) = = 20exp( - 0.2 /—z 2) —exp(lTZ(’OQ‘lTx) +20+e  [-32,32]  (16,32) 0

Schwefel PE%L fx) = 2 a1+ T 1% | [-10,10] (5,10) 0
i=1 i=1
Ellipse PR%X flx) = [-5,5] (2.5,5) 0
2 MR R A e X R
D PR BT B3 AL QPSO M-QPSO WMQPSO M-WMQPSO
Sphere 20 10 1 000 1.95E-42 1.65E-44 1.94E-45 8.66E-51
Rosenbrock 20 10 1 000 91.75 65.81 54.72 27.96
Griewank 20 10 1 000 9.67E-2 7.34E-2 6.92E-2 1.12E-2
Ackley 20 10 1 000 11.15 4.81 5.67 2.05
Schwefel 20 10 1 000 6.09E-21 1.81E-25 2.49E-25 1.99E-31
Ellipse 20 10 1 000 3.01E-43 3.99E-56 3.48E-46 5.99E-57
4
L — QPSO QPSO 10 QPSO
S voso |k = oo =
% N so =% — \
104 —— M-WMQPSO ——M-WMQPSO 10' —— M-WMQPSO
£ 1
£ £
107 - 10
10-36 . . . . : T T T 10'2 T T T T
0 100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400 500
Iterations Iterations Tterations.
(a)Sphere (b)Rosenbrock (c)Griewank
5
gg 3”590 s QPSO 10 QPSO
1 RIS 00°8 e M-QPSO T — M-QPSO
18+ T WMQPQO - WMQPSO 101 TR WMQPSO
164 ! 1024 —— M-WMQPSO —— M-WMQPSO
2 144 2 E
E :]]g: i 1071 i,l 08
£ 4 T E10 £
] T N, -25 1
4] . 107 10
2 4
0 . i i i 10-22 . . . . 10°% . . . i
0 100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400 500
Tterations Iterations Iterations
(d)Ackley (e)Schwefel (DEllipse
31 R 2 s A )

A ROKCRES SR WS 5L & W 1] LB 10 £ e R
NP S AR WA - 5K R o A5 B S A0 5 A B
P FErh AR — R AR, WAL BEA T S e i
%*A?EﬁE’JHULﬁﬁ TR 5 2 A AL 14 DX s A T
FAR Gk 15 P A — L8 Ry AR (A, AT R R
AR E’Jé)%‘i‘;ﬂé%f AET 3G 1P 9 22 B
T B3 P B A R i dee DG AR5 Bk Ry iR e

3 Ao g R 0 3 R B O B AR A A R W M-
WMQPSO .3 (1) - £ B ikt 6 )= 35 4 £ BE ) #1645
B 7B R R TR G A R 40 A RN I AR S 0
T RA R

M-WMQPSO 53 A I Z b J2&, i A T /71
AR S AR P XA SR RS S HGE £ | i b4

(THE W)



513 B BEAF  OUH 1 73 B[R] A DR R (0 (R {5 9 0k -85

6 HRIF

SC b R R S P I 228 B 1 ) I PR
AR b AR BS 38 2 1T O PR R 3 3 T4 I X 38
RER ARG, AEATERG, DKk I34%
AT S KA P R K, 9 LT R I 4 PR
9 0 R G BRI

SE ik
[1] X1 Wil MATLAB (= EHRAE B[ M. Jb ot HLAK Tolk 4 i
#t,2010.

(2] BRSFRI. 2T EO7 AR GRS IE i b e[ )] K
=R B R 2011 ,27(3) :74-77.

[3] Hanmandu M,Jha D. An optimal fuzzy system for color image
enhancement [ J ]. IEEE Transactions on Image Processing,
2006,15(10) :2956-2966.

(4] whma e, Tk . £ T /0N A e ) 0% [ R P TR L5 3 i
[J]. 7ML THE,2010,36(12) ;224-225.

[5] Seow M J,Asari V K. Homomorphic processing system andra-
tio rule for color image enhancement[ C]//Proceedings of the
IEEE international joint conference on neural networks. Buda-
pest, Hungray : IEEE ;2004 :2507-2511.

[6] Seow M J,Asari V K. Ratio rule and homomorphic filter for
enhancement of digital color image [ J ]. Neurocomputing,

S G S G O S R

(EEF 81 W)

il ZHOn] R E— 2D B A — > B AR

B2k

[1] Kennedy J,Eberhart R C. Particle swarm optimization[ C]//
Proceedings of IEEE international conference on neural net-
works. [ s. 1. | :IEEE,1995.:1942-1948.

(2] R W, BEZE S AL S ST R TR Y Web
s A (7], IHE PR ,2013,36(5) :1031-1046.

(3] W& B,E . ETRTRER M T AL R 25 5 1Y
WF5E[0]. AP S K 2013 ,23(4) :202-205.

(4] HZEM M & SREL 2R TP PRSI
GEIRSYBOIRME [ V], A FEALEOR 5 A R 201,21 (12) .22~
25.

[5] WRWNIE, SRELE IR TERk IR b T HEOL AL ST TE WON 2 25100
AR L] FDRHIR AL 24 - A AR 1, 2014, 26
(2):177-181.

(6] Jmileste, PhJIUR, S8EN, 1 W, — A 1) 44 Jdds D00 25 Bic 3 s
TR IR [J]. PRI L R 22 e FUARFLA B,
2011,23(2) :214-219.

(7] BRIEAR, ZONT5. JET B Honn T HEOU AL T35 09 R RS B8 IR 43
FCRTSEL ] A FEHL TR S5, 2007, 29(10) 77-78.

[8] Clerc M,Kennedy J. The particle swarm—explosion, stability,
and convergence in a multidimensional complex space [ J].

IEEE Transactions on Evolutionary Computation,2002,6(1) .

(7]

[15]

[9]

(10]

[13]

[14]

(15]

[16]

[17]

2006,69 :954-958.

Jobson D J,Rahman Z U, Woodell G A. The statistics of visual
representation [ C]//Proceeding of SPIE visual information.
Washington; SPIE Press,2002:25-35.

TR RIS LT HST AR 0 ) 245 0 U 1t IR AR 3
SRETEL D] VNN S8k, 2013,30(12) :303-307.
FRE T . BT 4R DCT [l AS U8 I A% £ [ 1438 i
B 1] AL TR S 83,2013 ,34(5) :1752-1756.
HHYE, e R BKIEIAE S R HSV A5 [ Y X0E 3E () 25
DEP R FUBIERR [T ] PHEEHL AR 51, 2009,45(27)
18-20.

BT ORI T R 25 U8 I 09 % € RGO L BRAMES T 12
[J]. YEHF - #0%,2010,21(4) :602-605.

FEPTT  ARORE L HSV AR AN [ 25 08 I 1 72 G IRH5O6 B A
BLI] AHEALT AR SR ,2010,46(30) : 142-144.
FRIBEAR , E KR, VFHE b, 55 BT R S B R (0 IR 1558 B
APRETTE )] RO RS B, 2009,25 (12-1) < 114~
116.

XUMEE X 5. JE T W) AUk i -5 H 7 RIS A4k it 75 1]
BIGERIT]. h E R TR T S I RS ,2011,15(48)
9031-9034.

JEIPUMN, T T R A TR M Y RS SR SR R AT
(I BT L ,2012,29(2) :216-219.

S S S U O U SO
58-73.

R TR TR SR BTE [D]. BB LRk
2#,2000.

Yang S Y,Wang M, Jiao L. C. A quantum particle swarm opti-
mization[ C]//Proc of IEEE congress on evolutionary compu-
tation. Portland ,OR , US ;. IEEE Press,2004 :320-324.
Schrodinger E. An adulatory theory of the mechanics of atoms
and molecules[ J ]. Phys Rev,1926,28(6) :1049-1070.

Shi Y H, Eberhart R C. A modified particle swarm optimizer
[ C]//Proceedings of the IEEE international conference on
evolutionary computation. Piscataway, NJ: IEEE Press, 1998 ;
69-73.

Shi Y H,Eberhart R C. Fuzzy adaptive particle swarm optimi-
zation| C]//Proc of congress on evolutionary computation. Se-
oul ,Korea : IEEE Service Center,2001;101-106.

Ling S H,Iu H H C,Chan K Y,et al. Hybrid particle swarm
optimization with wavelet mutation and its industrial applica-
tions[ J]. IEEE Transactions on Systems,Man and Cybernet-
ics, Part B;Cybernetics,2008 ,38(3) :743-763.

IR T W I, S — R O i /N D AR SR
PeAbE )], HEPLITAR,2012,38(21) :145-147.
B56H. Morlet /N8 4 FLiE 5 7 IO B A SBR[ D .
P B LA AR R, 2007,

T B TR T RERR A e B AR T L A 4y
FCr NI D] . 1 50 9 AR R 2%, 2013,



EFRAWRNOHENEER R THT RN [H 2R

= W, W4, NSO, XISCH, HU Hao, CHANG Jun, GONG Wen—long, LIU Wen-bo
5 FA TN 22 e, TE95 IR, 215011

W LA S R ElsTIE]

BELTI 44

50 - 2016 (1)

SIS W0, 3 %5, SO, XS0k HU Hao. CHANG Jun. GONG Wen-long. LIU Wen-bo 3 J-i £ 28 1 35 22 /)
VAR R T RES DUIPe S - T SEHLEOR R 2016 (1)



http://d.wanfangdata.com.cn/Periodical_wjfz201601017.aspx
http://www.wanfangdata.com.cn/
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e7%9a%9e%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%b8%b8%e5%86%9b%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%b7%a9%e6%96%87%e9%be%99%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e6%96%87%e6%b3%a2%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HU+Hao%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHANG+Jun%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22GONG+Wen-long%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LIU+Wen-bo%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e8%8b%8f%e5%b7%9e%e7%a7%91%e6%8a%80%e5%ad%a6%e9%99%a2%2c%e6%b1%9f%e8%8b%8f+%e8%8b%8f%e5%b7%9e%2c215011%22+DBID%3aWF_QK
http://c.wanfangdata.com.cn/periodical-wjfz.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e7%9a%9e%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%b8%b8%e5%86%9b%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%b7%a9%e6%96%87%e9%be%99%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e6%96%87%e6%b3%a2%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HU+Hao%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHANG+Jun%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22GONG+Wen-long%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LIU+Wen-bo%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_wjfz201601017.aspx
http://d.wanfangdata.com.cn/Periodical_wjfz201601017.aspx
http://c.wanfangdata.com.cn/periodical-wjfz.aspx

