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Abstract: In order to reduce the redundant connections and unnecessary computing cost, quantum-inspired clonal
algorithm was applied to optimize neural networks. By generating neural network weights which have certain sparse ratio, the
algorithm not only effectively removed redundant neural network connections and hidden layer nodes, but also improved the
learning efficiency of neural network, the approximation of function accuracy and generalization ability. This method had been

applied to wild relics security system of Emperor Qinshihuang’s mausoleum site museum, and the results show that the method

can raise the probability of target classification and reduce the false alarm rate.

Key words: neural network; quantum-inspired clonal algorithm; target classification; redundant connection; network

optimization

0 3%

P4 Tk sy F PR A28 R GE IR B 5
&R R, R ERMBI RSz~ R A
B, IR AR KR, 22 R R R e ik 8
TCARAR FTRA 13 155 R A1, RIS T A i 22 B % ) S
o SEXTUCER, R AR T 25 BERIFH SR %
RRTIE TR 2 MR B S S HORE . Leung 25 3
HE TR RRIE 1L ( Genetic Algorithm, GA) 34 H Rl F
P28 P 25 B S5 R ARUEAR Ab it 42 , R 335 B v i PR B i 8
PESRAR P 2 A 5 5 B, LB E T 28 A AR R 4 3
i K7 5 B AR B Bl o Xiao %51 (i FH IR A 4 45 ( Hybrid
Good Point, HGP) L4k Al 7] #4128 B 4% (1 S BUM &S, 3 e i
THFE AT B, (BT B M I AL BT ik BBt Shu
&xlo)ym o TF X3 A R AE Kk ( Orthogonal Simulated Annealing,
OSA) Bk, i F 4R kB35 0 F A B35 9 6 i 2R Tm) st A o
LB LTI, B LW SGR R BB T, Bl A
FiIHERM R, HCHE 7 BE TR T 258tk
( Cooperative Quantum Differential Evolution, CQGADE ) & #: 3

W B #E:2013-08-02; &[5 H #{ :2013-11-06,

A Z W R RUE, B F BBk Mg MR 2
TEBL BRGE TREFREBEMNEFEZ B RIS, K
SGRER, HH S TRERB YRR SR,
BRERERE, EASGARBEM. Tsai 2 REES
H 138 {58 3 (Hybrid Taguchi Genetic Algorithm, HTGA) , ¥
f&5i) GA 5 Taguchi kG54 EK, HHBE LA EBHE
U7 SR PRS2 (BB S 7 TR B R I T AU 2
Ko

B g sk ( Quantum-inspired Immune Clonal
Algorithm, QICA) .5 > & F it 1£ B ¥ ( Quantum Genetic
Algorithm, QGA) , & T RVLGIFI B FIk B BT
FEAEE G, R E RIS 00 S I R BENL A Bk, I i3
TR I S PR AR 7™ AR JEU0R I RE R 5 BE 1 HF SC IR AR BRY 5K,
R Rs Y R EBE T REERE; FREETHEX
B A R RM . QICARA T ZREET WrHmE
R R FIER T THRME, S ASIA TS A DRI
BTRXM, QICA TEA AWML RE A RIFH R,

EEXT AR E)RE, 3 T BB v R S B B A 2
KIS HEAUE R B AT DAL, B 7 AR B — e W

E& WA : H5FH 30 #T8)9 B (2010BAK67B09,2012BAK14B01 ) ,,

YEB R ARG (1982 - ) 58, HR 2N A L BT 50 L, FZAFSE T ] - TR ML BAR 2 EEFI(1964 - ), 5, INTEBIRA

B, ZEDF 7 LR LA B R 5
PR

FRAE (1968 — ), 5B BRVIVIE A, Bit, TR AN TR, RREBME . it



%2

AR AT T S ARk 0 2 AL 47

P B0 B ASLAE 0 PO 4% B 2 B A B AU AT A, SR T
A ORISR , ik e T AR AR R R A

1 AR AE A 2 B AR A

T JLIN R W 45 G b, M 25 S5 M TR 10 4R b )5 AN
Al AGES PR R AR R = R 45 2R X R R 14
LML A A 7 SEPRRL T P i T AR AR
Leung %1~ 52t 17 7 SCBUIE 1Y) b 22 I 4% , 388 5t 9 28 9T ¢
£ ST AT 0 O o 2 ) 4% O 5 MY A EE SR R, TR D3+
Rfr o HEFF RAUE I Fh 2 A RGN 1 s

BIL T SRAE B P R A

Bl 1 BT B b 2 P 4% ) o A B £ S AR AR (1) BT
v (2) = Zl,wjktjkgnhlg (sig ( Zl,”ijsijzi(t) - 0,8, ) -

8%11g(5ig(b?1 )) ) (1)
Hrpz(i= 1,2, ,n) ARMBRAy,(k=1,2,,n,) N
PIZEs 0, ARMAZRRE 0, AN AERE ;0 FRZ
TREE 0, A MWASE A RET RNEERE; o,
N JRET AT RN R R ERAUE ;0 NRE
TR BE, b, RN SR s g, 0 RUR T R R BT
K, R LR RAHIRZA A, 8 0 B RIR TCUEER 245 2838,
1 8, FornKa)2 T R A 23T SR BT O, T 5 E o 1 3R
N R ER, 2R & s, R AT AR
BRI BERTIT K lg(sig(+) ) R S BUXI LRS-

lg(sig(a)) = 1 +1e_a;a e R (2)
2 EF QICA Wyt 2 W &b 77 %

2.1 BEkrymos
R AT UES, v, Thaa i) RA BMIEL, =
(3) i -
sy = 1

N (3)
VS, =
5oy {0’ 55 = 0

oty WRA R AL R EETT R s; R o, 857
AR E AR o) T 0, BT BA MBI
e sk, RIS P AAE THRERAUE 0, W FIHE AT LUAE
R R R B 38 T A A AU

Bk fE R R e i D (4)

h i
v (1) = Z,wjk lg<5ig< _Z,vi,-zi(t) = vy, ) -
£ “

walg(sig(b})) ) (4)
A= 1,2, ,m) HREIRAy, (b =1,2,--,0,) K
Rt s, A SRR s, AR B 0, SRR
W B 0, W AT AR A AU oy
S AR A N R0 B s 0 T
R BET R R EIN o, BIBE —AIEE 0, Wi
JEA S SRR AU vy, R AR T,
BRI o, REE—TER; by HRES b,
St R A
2.2 WEHERSKLS

FRAR R T T S e TR | K 2 T LA 8 B AR A
B4 T IA
2.2.1 RAEHAR L

BT TR R R T B TR AR AR R Y,
HAT R AL 7 R BT ARG . — U i A
AR B B, TR 0 3 1, FURAR R HR(S) «

| ¥ =al 0) +81 1) (5)
Hork o, FT HIREARS H IURER P8, HE R o +
g =1

BT n AR HAS RGBT LR 2R (6)

a=[ "™ (6)

B B B

Hm 2R e RS B M 4% 1 B 52
FRoRYE m RN E B RE N BRI n BT FHEERR

H:Q(0) = {di,q5,,q. 1, Qe) B Ay FIZAUE I b 1 e
2,
2.2.2 #AHBD

X B 5 B 0 0 SHE WL AR T O ik, 3 =X (6)
Hh i B AR FH SCHRL 9 ] 07 B HEA TS B , I 2= (7)
BN

vy = 0.5« [rangMax(1 + o) + rangeMin(1 — «;) ];

E=1,2,-,m (7)

XAERPUAKE S ME M ERBUE BB AR, v, 38
EARF I MRATRER I AREY SEEERE R, 0,
U T DA% FR O Ao i 7 s E AT AL B

TEHEAT SERURAS S , 3k 4 R B A 150 58 O 7 i BE BE Lk
Bk < mNMUEBEBEERO,
2.2.3  RARMA LR

BOLERTMEEY Q1) = {41,¢5,,q,} , ITEREERME
FRMFEEEN Q) = {Q(¢),C(0) |, 3 C(2) Rraer=A: M
Bl R, AR 3 AP R B0 5 5 S A DA
BEARHR, AR B R AE T2 C(2) BIFNEE MR K 5 2L I
Tk, HuEMamX(8) 4.

o= [ (fa) / 3fg) i =128 (8)

AT m RS MR SR n, B S R
K R TFHBEEE N R8RSR P B MR 1. 5
£, f(q.) AE I ABURIERNE,[ - 130R 8 BB R %
2.2.4 FARFBEH

BETFREAEELD B THAELE T2
R REIEFHRIE. RANETFIEEETHR(9) :



498 3 5L R

%34 %

cos @

U(8) = [ —sin0]

sinf® cos @

(9)

VEFEFIE @ = k - emaeen , Eo E € [0.0147,0,15w] ,n k24
RTHELAREL, maxgen BRI EL
EHITE IR 1T R AR B, 0 T8 5 i fg
M X HRAE B RBEBA RS, BERE T 2T
MR, BB S NKEN 8 Bk, AR
XHBREERL,
F1 ETFHRBENEE

4 Ptk
1 A(1) E(2) D(3) C(4) B(5) A(6) E(7) D(8)
2 B(1) A(2) E(3) D(4) C(5) B(6) A(7) E(8)
3 C(1) B(2) A(3) E(4) D(5) C(6) B(7) A(8)
4 D(1) C(2) B(3) A(4) E(5) D(6) C(7) B(8)
5 E(1) D(2) C(3) B(4) A(5) E(6) D(7) C(8)

2.3 HESRERE
AR PRI 2 Fis

LR R AG
FHEEIL IR 1E

HEENE, T7iE
BRI

B AR )
K2 Bpne

Bk AR R

D) B BEAT 4Rtk BB B WA K S, A0 45 bR LA
sizepop , IR KIEIRIREL maxgen , MHERBLIE sparseratio,

2) IRGETUE SO £ F AR RE, #RE T & DU BR B
FEYI R sparseratio,

3R HERIMEE vy 5 AR targe fLARK
(10) THRE R , 3% B B Hinti th o n 4k .

fitness = O.SZ(y(i) - target(i) )’ (10)

4) 3 TR MRS T R K B R, TR BT RN 058 AL
BEfe, DR BOBTREE TP BT sizepop DAL T —AURTE,

5) & B BRI R IR 550, WIE 3 24 i i 1k B e
PREEIR ARG A0 B8 3, A IR BIME Lk 1, Ul 1 e A I,
Ryt b RUE 0 AL EE R

6) IRIEHLIA TR A O AR EAR B, X EA &
PR HEATOLAL , N B o A3 B B 9 o

3 EBRERIMN
1T e S ek AR R BT TR BE X 230

sl e R AR T, BIUTREE e, Sl
65 R R B AL ) AR LR M iR BT 1B DL B T iR S 5
LW AR AR BN
3.1 BHREEESH

BT w1 S B o B T e AN LA R
HEFE T MR B, I 0 TR A2 5 B X R B AT YR UORT
L, R H S B i B 2R S TP AR U R R R Rk
MAERER « A, HRE RBE S Ny, W%
PIEASRET S EERRUE 0 WBERN: 2+« N, B2E
TR S5 E R EEUE o RN N« y TP TR E X
B0 AT RUERIAR L, TR BE LA E B n(n < N) 99 K
MAUEBEE RO, FERE LR 0(n’) o T FOMEBEsR A
vk MR R s B, B B R &
JE SEGREERME, KEREXE SN 0(n*) . Hit,
R TR w RS M BB EREN 0(n®)
3.2 HEZMRENEIR

PEBE 24 22 B Ak 28 ¥ M #X ( Complicated Interaction
Function, CIF) ;

y = 1.9(1.35 + ¢"sin(13(x, —0.6))*e?sin(7x,))

(11)

HH0 < x;,2, < 1, JRERMpRSL CIF 2% FH TR B R 4%
fopERE

HEBUREZR 700 &1, Hrh 500 41 Filll 4k, Hdx 200 AT
PERE . MR IR RREMETTIR E N 20 4, F1iE N
SREEH R :2-20-1 , IR EHERUE A R LE . AE e S5 12 T BE
AEFEE & TR CIF ) e B SURE 3 fin,.

Vel 3 171 I B ) S DT BRI, o 20 ) % 1) A 0T
A ETRES , BT IR W B K, X EERE LR %
RIZEEDUERR R AG, 1 A 2 P 35 B P22 . BRGE IR
BRI 2,

F2 CIF HERERRE
MBE REUEDRE/% REWSHE

0.9 98.0 18
0.8 94.0 16
0.7 91.5 14
0.6 89.5 12

MR 2 HATLIE N, B2 AR RN E N E M %
B PERE. R T BT R HE TR A 5
BEAAF T HIT R RN, (B R . SRR AR i
KT 0.6 b, BL B @I E R T 90% A5 M4 BA
BAFIARL MR . HMAEMERETRBERT 12
P TR RN T e , 0 PP UL s o 2 ) 4% b PSR RO BE T 4
BEZ RIEWRS , U2 A B R B R R R 12 ~ 14 4, Xl
FEESCRR[ 14 1 S EE R

Bl 4 ARG T, FEIE R B SR 0L AT AR
HE T R RS B TR B SR, Bk Mo B AR
PR, BEAETEAR AR A YR P W S AR A, LA 0 T AT,
S22 1 T B AU R >, vk i SO BT B, R (R oz
i



F28 AR R

FATETLRAGET ZOHE MBS ®

499

81 [ SRR o BILAR o BERE | p

ot

F-83-B-8-8-8-9-0 B -G-5-8-8-8-90-0-0-0-F-8--

0 0.1 0.2 03 04 05 0.6 0.7 0.8 09 1.0
WA
(a) spratio=0.9

[ AR o SBIRAR -o- BERE | AL

a3
- 8

R 3= 2R

sty 3 —4 /' Vv

o A o
3 2\ -\ &/ o

s ) I

0 01 0.2 03 04 05 06 07 08 09 1.0
A
(b) spratio=0.8

Pt R R A — M EL M E A L m £,
T B8 AR R % B3 S W IR AE A LT WL ERIZ AR S
2o FREDMBIRG S HATREE 2 AR B AR 2
JERAZ S M AT AR

#3 FREFEHRMEITHEER

FREE(spratio =0.9) 1.7 x10~* CPSO 0.0450
B B ( spratio =0. 8) 0.0165 PSO 0.0460
Ky (spratio =0.7)  0.125 CQGADE  0.0405
KLy (spratio =0.6)  1.469 HTGA  0.0460

KBS MNMEESROEIR 4 MRS s,

LT
(c) spratio=0.7

0 0.1 02 03 04 05 06 0.7 08 09 1.0

R4 TBRBH
WA =4 WA E 7
R R 5 BIEHRE 433 MHz
BEHEXBEE 20mx20m BB KE 50B
CE: ] Star BigiaE 433 MHz
TLBEHEE  <19200 b/s R & A F+
- e yE 20 ~29C TEEAKE 18% ~29%
ARATEEE 0.7 ~1/(w/s) || EHITHERE 15 ~20 km/h
R 2~3 EREMWEE  <20m
xRS HEBH
ZH =1 BH =1
MART SR 200 || mEWHAEE 300
R SR 3 Bz 50
BAHRE 20 FrEEALAR 30

10
8
6
H N
& 44
e 2
0—D‘—D—D—ﬂ—ﬂ—-ﬂ—-ﬂ——ﬂ——ﬂ——D-—D-—D—ﬂ—ﬂ—-ﬂ—-ﬂ—-ﬂ——ﬂ——ﬂ——n
) . . . . . . . . L )
0 01 02 03 04 0.5 0.6 0.7 0.8 0.9 1.0
PN
(d) spratio=0.6
F3 BWHEELAMLT CIF B AEISE
0.06 0.10
0.09
0.05 0.08
]0.04 #0.07
.03 0.06
# £ 0.05
0.02 0.04
0.03
0.01 0.02
003 10 15 0 25 "’ 5 10 15 %0 25
HEALAREL SR E
16 (a) spratio=0.9 28 (b) spratio=0.8
1.4 2.6
1.2 2.4
i
%1.0 By o
0.8 ]ﬁz o
0.6 :
0.4 1.8
0.2 1.6
0 1.4
0 5 10 15 20 25 0 5 10 15 20 25
RS HAAREL

(c) spratio=0.7 (d) spratio=0.6
B4 RERGE T HERSHEE

F 3 MMREFAT A FEEERN BRI RS, A4S Bir
SRUERE BRZE T MBS, TLUED, YRRER T
0. 8 B , A SCH B WL SICHEAE 1z BE 394 TR MERL 58 ( Chaotic
Particle Swarm Optimization, CPSO )™ % 7 #f 1f 1k & &
(Particle Swarm Optimization, PSO) "' {§ & H O 1# /& & 1
[ Hybrid Taguchi-Genetic Algorithm, HTGA ] & H fi & vk, 3%
WG o LA TRAF I I SIGH B \ TS A& R
3.3 WRESHESE

LB bR 22 0 B A TR I A K9901 55755,

RGEXIE B R B A BOR AT 0 W7, SO AT R —
AT B AT AR B , B4 st Ak B O R A
B PAE T HBEAT 28 RYEHE SRR H it B s
H=2 NSRS SRS S AR E G, AR
= RGN ZIPILINE 5 Fim o

K6 THN THENRINITEER, QEARWHE X
TG PR B BURZ T SRR R TR BT L M o R
&, ALUE N, B AMRA TIR N ERUE T R,
IR R R . SRk W B R, L T,
SRR PR | (PRSI BE 5 45 SR R LR S A R B R 3
HERERI . YWEEMRT 0.7 b, Bk ME N A2, H
FREVIUHIE N 90% , FE LR AL IS B i ok 1 iR AR B 1)
VR, AR T S . DR ML 28 2y 2 7 R 100 e BB A1 S0 ) 222
i RGP T RGN 0.7 MR B M M 2%
HATRAL

®6 HETHER

B %Eﬁ% WMARSRE RESELE R S
VRl EENERE EERERE BNE WER%
0.9 270 54000 810 1.7x107% 94.0
0.8 240 48000 720 0.0165  93.5
0.7 210 42000 630 0.125  92.0
0.6 180 36000 540 1.469  90.0
4 i

IO THETEF R ER LRSS E



500 AL A %34 %
B IZB VS 2 N B AL A E B B R B T ot rithm[ J]. IEEE Transactions on Neural Network, 2003,14(1):79 -

FILZRBIBRIZ T R, LT R E R 4% 54 F M 48 BUE RO AE o
i i 20 B AR LR B BGE T AN B AR IR S, A BRI A
R P R M E P& KRR, AT R R R
AL ILIG Bl R 245 B2 T 28 0 27 2 T e BT 0 X4
ZRIRGH

900
800
700

Eﬁ600

1 500

o 400

i
300
200
100

% 30 40 60 80 100120140160180200
RERAFT

(a) A\ BB B B

£

1200

1000

800

4
=
o 600

iby
& 400

T

200

00 20 40 60 80 100120140160180200
57 )

7A

s
(b) MLEh 2T S R T B

2000
1800
1600
1400

Eé 1200

7 1000

4z 800

600
400
200

0

0 20 40 60 80 100120140160180200
REEFHEA S 5

2
(c) FEIIE S LR PTL I
SRR RMREITE

&5

5530k

[1]

[2]

[3]

[4]

QIAO H, ZHOU Y, SHAO N, et al. Software reliability prediction
based on learning vector quantization neutral network[ J]. Journal of
Computer Applications, 2012,32(05): 1436 - 1438.) ( I+ 1%, B E
£, HRHE, 55 Fe T 5 o [n) B B ALt 42 190 48 f) 44 T AR A B
[ 1. &ML, 2012,32(5): 1436 — 1438.)

PAN Y, DENG Y, ZHANG Q, e al. Deterministic prediction of
wavelet neural network model and its application[ J]. Joumal of
Computer Applications, 2013, 33(4):1001 - 1005. (¥ E R, Xk
41, FRAAE, . /N 22 I 4548 T B9 i M T B R AL - 3t
BHLNF, 2013,33(4): 1001 -1005.)

LEUNG HF,LAM HF, LING S F, et al. Tuning of the structure
and parameters of neural network using an improved genetic algo-
rithm[ C] // Proceedings of the 27th Annual Conference of IEEE In-
dustrial Electronics Society. Piscataway: IEEE, 2001:25 —30.
LEUNG HF, LAM HF, LING S H, et al. Tuning of the structure

and parameters of a neural network using an improved genetic algo-

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

88.
XIAO C, CAI Z, WANG Y, et al. Tuning of the structure and pa-
rameters of a neural network using a good points set evolutionary
strategy[ C]// Proceedings of the 9th International Conference for
Young Computer Scientists. Piscataway: IEEE, 2008: 1749 —1754.
SHU L, HO S'Y, HO S J. Tuning the structure and parameters of a
neural network using an orthogonal simulated annealing algorithm
[ C]// Proceedings of the 2009 Joint Conferences on Pervasive Com-
puting. Piscataway: IEEE, 2009:789 —792.
DU W, ZHOU R, ZHOU L, et al. Cooperative quantum differential
evolution algorithm based method for optimizing neural networks[ J] .
Journal of Tsinghua University: Science and Technology, 2012, 52
(3):331 -335. (RL3CH, A, B3, % BTRBTFRSELAE
B ER BT R WHRREFR: 8RR, 2012,
52(3):331-335.)
TSAI J, CHOU J, LIU T. Tuning the structure and parameters of a
neural network by using hybrid Taguchi-genetic algorithm[ J]. IEEE
Transactions on Neural Network, 2006, 17(1):69 -80.
LI'Y, JIAO L. Quantum-inspired immune clonal algorithm and its
application[ C]// Proceedings of the 2007 International Symposium
on Intelligent Signal Processing and Communication Systems. Piscat-
away: IEEE, 2007:670 - 673.
JIJAOL, L1 Y, GONG M, et al. Quantum-inspired immune clonal
algorithm for global optimization[ J]. IEEE Transactions on Sys-
tems, Man and Cybernetics, Part B: Cybernetics, 2008, 38(5):
1234 - 1253.
ZHOU C, QIAN F. Improvement of quantum genetic algorithm and
its application[ J]. Journal of Computer Applications, 2008, 28
(2):286 -288. (FfL 4, £0g. W H T AL B i R A
[J]. FEVLRF, 2008,28(2):286 —288)
ZHOU Q, JIANG S, ZHAO X, et al. Improved quantum genetic
algorithm and its application in test data generation[ J]. Journal of
Computer Applications, 2012, 32(2): 557 - 560. ( A%, = 1B,
T NE, . MO T AR B vk R H A i A e A
FALIT. HEHRE, 2012, 32(2) : 557 - 560. )
QIAO J,LEE Y G, SCOTT D S, et al. Self-organizing radial basis
function network for real-time approximation of continuous-time dy-
namical systems[ J]. IEEE Transactions on Neural Networks, 2008,
19(3): 460 —474.
HAN H, QIAO J, BOY, et al. On structure design for RBF neu-
ral network based on information strength[ J]. Acta Automatica Sin-
ica, 2012,38(7): 1083 —1090. (ST, Fr 2K, HF, 5. &
T B3R RBF W2 M SH3itarsi )], 8 3k2m,
2012,38(7): 1083 —1090.)
ZHAO L. Fuzzy identification and neural networks learning based
on cooperative PSO algorithm[ D]. Shanghai: Shanghai Jiao Tong
University, 2008. (#%3. & T ¥ 7 PSO BB IHA S W&
W& 5[ D]. b BHRAZE KA, 2008. )
LI B C, SUN L. Neural network prediction based on particle swarm
optimization[ J]. Journal of Xinjiang University: Natural Science,
2007,24(11): 481 - 485( 4=, M. & TR T RERAL I HI 2
RIZR BRI J]. Bk e AARBLHEEAR, 2007, 24(11) :
481 -485)
QI H, WANG F, DENG H. A novel approach to research on fea-
ture extraction of seismic wave signal based on wireless sensor net-
works[ J]. Acta Physic Sinica, 2013, 62(10):270 —277. ( #f 3%,
FES, PR, BT ERELRGMENILRG SHERR &
WFRLT]. PpFEe4R, 2013,62(10):270 -277.)



