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The Attitude Control Method of Variable Mass Spacecraft
Based on Genetic Algorithm

JIANG Peihua', HUA BingI , HUANG Yu', WU Yunhua', LI Jianfei’ , ZHANG Dawei?

(1. College of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China; 2. Beijing Space

Vehicle General Design Department, Beijing 100000, China)

Abstract: A model independent attitude control method based on genetic algorithm( GA) was proposed to

solve the high—precision attitude control problem of complex and nonlinear uncertain systems such as variable

mass characteristic spacecraft. The algorithm optimized the control parameters based on the independent scale

of the spacecraft model, without relying on the quality parameter identification of the spacecraft. The

simulation results showed that the model independent attitude control method based on genetic algorithm could

control the spacecraft with variable mass characteristics under the condition of controlling torque and angular

velocity constraints. The algorithm would be of great value for the use of orbiting spacecraft.

Key words: variable mass characteristic spacecraft; genetic algorithm; on-orbit service; attitude control;

model independence
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Fig.2 The Pareto optimal fronts obtained by MLMPIO
and MPIO
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(2.942 17x10° 1b) 255 1. 42%. L245WH BFR
A A L AT 20, MLMPIO ()94 8224 F HCRO.
TES A 3 vh i J7 T, MLMPIO 2 fff - RCGA/
NSGA-TI Al CRO; IBFA ()75 Y HE ik H brfE /N,
IR RE 28 A (2,517 117 x 10° $) #E & T
MLMPIO( 2. 516 345x10° $ ) ; MAMODE 75 | %%
B2 B bR S, (5 H 5 e HE R H bR
MLMPIO % 2.375%10° 1b. £ |, 5 Hfth 5 FhiE
AH LG, MLMPIO JG i 75 4% i fife 14 S 4 v i 7 T 1
T B et fE.
£3 FAEEEMERYTLE

Tab.3 Results comparison of different methods

PLEIIE T MPIO. £E S A3 A % J7 T, MPIO [ S i ‘X%*ﬂréﬁﬁﬁ/ ‘Faﬁéflfﬁﬁt/
WhoRL 2 FEOH BR (E (2.509 541 x 10° $) {2 [ (10°$) (10 Ib)
MLMPIO( 2. 516 345x10° $ ) {i% 0. 27% , [fii 7£ 15 Yt ZUREE 2.481502  3.187 46
Heo)y T, MPIO( 3. 280 98x10° 1b) #1Hk MLMPIO ~ MLMPIO R 2.578 485 2.94217
(3.003 67x10° 1b) B £ 8.45%. £ [ ] Al, 2% FefLdrei i 2.516 345 3.003 67
B 109 MLMPIO %5 A L T35 42 MP1O S ., % 2FME 248178 327502
BLE (2 R R R R, Wb PPN PRRIE ©enan s
4 5 T B fi{ijﬁdﬂﬁ@ 2.517 117 2.990 37
%2 MLMPIO 5 MPIO S04 ®x4 1t RCGA/ VERIL 2.516800  3.174 00

Tab.2 Comparison of experiment results between NSGA-TI ¥ HERAR 2. 636 300 3.041 20
MLMPIO and MPIO BRI 2.522600  3.099 40

U 2.492 451 3.151 19

Sk H b7 M@*ﬂrjﬁfﬁﬁ / ‘?%i’?éj%ﬁﬁl/ MAMODE"  FEifAl 2.581 621 2.952 44
(10°8) (107 1b) BRI 2.514 113 3.027 42

Z Al 2. 481 502 3.187 46 AL 2.481 613 3.212 14

MLMPIO  3FBifeft  2.578 485 2.94217 CRO™ WEEft 2519305 2.986 64
BHSE 2.516 345 3.003 67 Feffdrfg 2517821 3.019 42

23 2o 2. 499 769 3.343 84 , EFRL 247993 321347

HCRO"™ TR etk 2.520 067  2.984 56

MPIO  FREEHAL 2.513 881 3.271 41 FL AR 5 517 076 5 990 66

BHAT TR 2.509 541 3.280 98

2 3 ¥ MLMPIO /) i B 45 S 5 30 47 ok SCik
SR FHAH R HLZE A (R oAl 5 b3k i 25 SR itk 47
XL A3 M e 3 g Sl 0, AR &0k H AR A
H br 89 d5 6 (A% o f#) J7 T, AH G T IBFAL
RCGA/NSGA-Il \MAMODE L) & CRO 4 F& i,
MLMPIO {44555 ( 2. 481 502x10° $ Fi1 2. 942 17x
10° 1b) #HE e L fY; 5 HCRO 53k AH L, H o
H AR PEAE (1 2.479 931x 10° $) {¢ Ft MLMPIO
(2.481 502x10° $ ) & 0. 06% , {H 7E 3£ 55 H 5 57

T AL T MLMPIO FrsR A5 a0 s L4 o i,
s 1R AL 7 A S B I Be iy ) RN T
If 26 T AN B P 28 48 08 450 A 6 iy /).
TR AT ML A 25 08 B I B B 35 T
I BEAR G 5 e 2 A X R MLMPIO
SRAFI I LT e el i 3 3) B (9 2 A5 24
A TR A ALZE IR R/ i A HLAL H 24
HORIE 3 29 . X 9E — 20 B ik T 2 3 B 4 i
MLMPIO F357ER % DEED [ i n] 17 E HAY
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Tab.4 Best compromise solution obtained by MLMPIO
- A I BOLAL /MW S M S
ML H4l2 H413  Hld4  H4ls  Hgle M7 M4l8 M9 Mo MW MW MW
1 150.042 135.042 106.515 85.733 105.101 127.609 113.631 97.120 79.938 54.990 1055.72 19.7209 1036
2 150.063 135.218 104.983 104.864 131.985 135.168 119.052 116.162 79.978 54.988 1 132.46 22.4608 1110
3 152.665 146.897 144.293 135.802 174.834 147.200 129.980 119.987 79.990 54.990 1 286.64 28.6374 1258
4 169.392 163.284 173.293 174.653 216.326 159.954 129.994 119.994 79.993 54.993 1441.87 35.8748 1406
5 173.569 171.002 195.367 211.606 223.404 159.968 129.969 119.968 79.971 54.972 1519.80 39.796 4 1 480
6 203.053 196.305 243.933 245.719 242.746 159.999 129.998 119.998 79.998 54.998 1676.75 48.7458 1628
7 216.117 216.883 273.899 260.876 242.905 159.999 129.999 119.999 79.998 54.998 1755.67 53.6749 1702
8 229.992 252.311 283.398 281.331 242.998 159.999 129.999 119.999 79.999 54.999 1835.02 59.0246 1776
9  280.148 304.039 322.638 299.923 243.000 160.000 130.000 120.000 80.000 55.000 1994.75 70.7479 1924
10 328.327 345.195 340.000 300.000 243.000 160.000 130.000 120.000 80.000 55.000 2 101.52 79.5224 2022
11 381.739 384.103 340.000 300.000 243.000 160.000 130.000 120.000 80.000 55.000 2 193.84 87.8419 2106
12 396.135 418.262 340.000 300.000 243.000 160.000 130.000 120.000 80.000 55.000 2242.40 92.3974 2150
13 351.732 376.646 340.000 300.000 243.000 160.000 130.000 120.000 80.000 55.000 2 156.38 84.3785 2072
14 298.067 307.087 303.724 298.223 242.988 159.989 129.989 119.989 79.988 54.988 1995.03 71.0299 1924
15  240.890 245.993 281.767 278.504 242.986 159.990 129.990 119.990 79.990 54.990 1835.09 59.088 6 1776
16 187.892 176.929 236.594 232.914 218.838 159.983 129.985 119.985 79.986 54.982 1598.09 44.088 8 1554
17 176.650 163.264 192.224 214.592 228.065 159.996 129.996 119.996 79.996 54.996 1519.78 39.7751 1480
18 196.951 203.795 253.417 241.509 236.086 159.999 129.999 119.999 79.999 54.999 1676.75 48.7525 1628
19 241.296 262.574 271.233 272.172 242.998 159.999 129.999 119.999 79.999 54.998 1 835.27 59.2676 1776
20 307.557 320.785 330.987 299.658 243.000 160.000 130.000 120.000 80.000 55.000 2 046.99 74.9889 1972
21 286.500 296.816 323.586 299.846 243.000 160.000 130.000 120.000 80.000 55.000 1994.75 70.7487 1924
22 207.989 218.156 245.035 251.851 209.173 159.960 129.961 119.961 79.963 54.963 1677.01 49.0106 1628
23 157.404 142.186 165.231 201.945 159.342 153.813 129.618 119.755 79.837 54.841 1363.97 31.9733 1332
24 150.379 138.790 120.168 152.343 122.613 143.902 127.660 118.548 79.987 54.989 1209.38 25.378 1 1184
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Dynamic Economic Emission Dispatch Based on Multiple Learning
Multi-ebjective Pigeon-inspired Optimization

YAN Li, LI Chao, CHAI Xuzhao, QU Boyang

( School of Electronic and Information Engineering, Zhongyuan University of Technology, Zhengzhou 450007, China)

Abstract: For solving the dynamic economic emission dispatch problem ( DEED) , a multiple learning based
multi-objective pigeon-inspired optimization ( MLMPIO) algorithm was proposed in this paper. In the proposed
multiple learning strategy, individuals of the population were allowed to learn from multiple global best posi—
tions of the external archive, and from the personal historical best positions simultaneously. This learning strat—
egy could enable the preservation of the population’s diversity and global search ability to avoid premature con—
vergence. Meanwhile, small probability mutation was introduced to enhance the swarm diversity further. The
external archive with adaptive changing capacity was used to store the current Pareto optimal solutions. The
DEED problem of the TEEE 10-generator power system was used to verify the performance of the proposed
method. The results demonstrated the feasibility and effectiveness of the proposed method.

Key words: economic emission dispatch; multi-objective optimization; pigeon-inspired optimization; multiple

learning; small probability mutation
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%@=mmwmn
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Fig.1 Simplifed model of the target’s visibility regions
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Fig.2 Schematic diagram illustrate the polygon

point selection process
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Pigeon-inspired Optimization Based Trajectory Planning Method
for UAVs in a Complex Urban Environment

YAN Yiru, WANG Yin

( College of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: In this paper, a trajectory planning approach based on the principle of dynamic programming and
framework of pigeon inspired optimization ( PIO) was proposed for UAV surveillance tasks. In this approach,
the sensor visibility was firstly analyzed by considering the occlusions caused by terrain feature, and the delec—
table areas of the targets were approximated by a series of polygons. To determine the optimal trackable path to
cover all target sites, the target visibility polygons were replaced by with their centers firstly, which allowed to
obtained an initial solution by optimizing the order of the targets to be visited. In the following step of the algo—
rithm, a path refinement scheme combing dynamic programming and PIO was proposed to refine the initial
route by considering the sensor visibility and turning radius constraint of the UAV. Comparative simulation
proved the performance of the proposed algorithm in terms of efficiency and accuracy.

Key words: pigeon-inspired optimization; unmanned aerial vehicles; path planning; sensor visibility



20194 7 A
FA40% AW

Journal of Zhengzhou University ( Engineering Science)

B K 2E 2= (T2 M) Jul. 2019

Vol. 40 No. 4

XEHS:1671-6833(2019) 04-0020-05

E TGRS ABRMNESTTIE

~ ) Pz S 2
@E}%}], /f%*ﬁﬁi":” /EE ;q]" /E/ﬁj\/ﬁj\
(dbmTfizs fiR R: TSNS R4 TR0, Jtat 100191)
B O R A A TR b0 A8 BRE AL F R (EGTPIO) , A 5k & 3083 B i 4) 2 ( ADRC)
89 AR XA A O LA AR T B T AR A PAT AL A R B T K W@ A5 AL E A (DGMR) 6 M4k,

EGTPIO RA24% 4 T A5 BEALAL( PIO) 644K %, , o BBt ig e i A B 2 e B Ao 38 4T T B Ar
AT E , B 2L EAKE B A F 329 ADRC 32 4) B o9 Heig Ao fs 2 M 45 A4 R &9 EGTPIO &

BRI T RS Aol Sk JE 7 e R AUMEAE ADRC Heik ik 24424 ,42 % DGMR #4u3h M4k
KB TEBRGBHHIEA; BRKIEH,; BHIFRML; HEEE; BBKL

HESES: TP242.6 MEKER SR A

0 3

i B Rt BAE I — R R S AR R G R s
2w TR TR ALaR 2= > B sh A
AU 32 R RS 0T §L47 8 5 R L Duan
AP U Y RS REAIE AL 3925 ( pigeon-inspired opti-
mization, P10) .PT1O £ %} 245 4% H AR P B
B, 4 M 18] R HE mE £ 5 ( map and compass
operator) I i #55E T ( landmark operator) P Fl i1
SR PIO. PR A AT SICHE B 8 R A% 5 Ty T L
AR, BRIz Y R, BT R ST
TG T S8 B WA B A 5 L4 e, =
OGN JR R A

1 18 AL 1 25 3248 ( evolutionary game theory,
EGT) ', ¥ fk & %2 5% W& ( evolutionary stable
strategy, ESS) F1 4 il 5 4% ( replicator dynamics,
RD) 355l FRAE 18 A 19 25 A A IR 2SN [ 3 b RS
PERSEWEGS R, ¥ EGT 5 P10 AHES S TE K
FrHEL EGTPIO, f 42 T 5 4R P10 Sk A9 18R
RO TR 2 B A Jmy B B A g )il

Ry —Fof g 2R A £ 1 B At 42 1 75 7% . ADRC
AMAT KT Geast R AT /N RS 75 LA
Bt fe 1, ) iz Tl TR
(B2 BB S HOR € TARAUFEIT , 5242 ) 4%
AR TR IR | i 2 BR T BB R R AR PE FE.

i

W= B #3: 2019-01-06; &7 H #8: 2019-03-16

ESTE: 34 Wi 54 ¥ B B (61400020101)

doi: 10. 13705/j.issn.1671-6833. 2019.04. 012

¥ EGTPIO B9 T ADRC i #7 24K
SIS oA 42 T s 2 BORE S T AR S i
R 20 X R A py FE AR T H FE ik
THHF & () AT A8 JE M i # 3 B 4% A ( deformable
ground mobile robot, DGMR) A7+, i1 Xt &
SR L A A I gt )RR S R 22 A T
Bt N7 RGEPEBETT U FR b L X It 1) 5 k2R A T
SRy LA IR W B AR N Y T Ik R e 4R
ADRC Fi 1] 28 6 Pk fig, fff DGMR ) 28 2545 il 58 fin
g8
1 EUIEZESERK
1.1 fBER4L

PIO ", % D 4H8RZS B N HAG 0 &
RS R X, =[xy .xp. 0 0x, ] ATV, = o,
Vo stttovy LHH D= 1,2, N, s B AT R AL
T 1) fros:

VY= Ve Yt rand - (X,
X'e=xV 4y,

A R OZHL NSRS B B G N 2 HATIE IR
B rand ZREHUVEG X, 72 N — 1 IRERUE HLEL
A R A5 3 1 4 Jay e A A B S8 PR U EIGA )
P ST R VA | B Y5 B e < R e < M L
ST R IR N 22 DL 75385 1 A
B2 MR T bR, i 2) .

Rl

- X)) NC_I?
(1)

B TR 1973—) 300 T 5% A LA AR K 20 £ R T 500 R 5 TS, E-mail: renyi@

buaa.edu.cn.



e ), A ST R RS AL I HLAR A A PR Tk 21

T XX

U

%cenler NN¢—1

5 N R R )
u

U

av

5

Ne-1
W N

)
X, = X" +rand * (X0 - X7
K X e HASHERIZE AL rand ZEREHLEL
1.2 EHEFER
1 1k 18 28 3 38 ( evolutionary game theory,
EGT) Vo PR B S 43 B A W 0 Ak sk A 53 AT AH 45
A0 AL R B R e ( ( evolutionary stable strategy,
ESS) T SR A 1 R R IR R A
?%ﬂ%ﬂi%lﬁﬁjjj‘ﬁé‘ﬁ& ik % 2 5 #HWIEh
FPAE n FPATSRIG , 4 p, RIS 92 58 1L
B, K& mEp = (pyopyyoeop,) FRSHERIM
REG HREq#=p 2(1 -e)p + eq Wi
F(ql p) < F(plp) (e RRBENHIEE) B, 4R
&pie— N ESS. F(il p) FomBANS5FH LA
() A FH SRS A2 2 p 19 R
1405 3h 25 ( replicator dynamics, RD) fiiR T
p AEAL, P B s AR Oy A, N
F(q p) =qAp. 33575 T F LA IR — SR 113
D B '3$ﬁ]L W RE 25 5, AT ( 3) RO,
p.=p[F(ilp) —~F(plp) 1, (3

AUtz p, = A HLH N = X n, P 5

HERG n, = ring,r HIRIEASE .
1.3 EUEFBEHML

PIO (h P/ 57 3% ARG PR 43 AL Ak, B Vg i
B | NS T R TR PN T T
B SR, T A BT 100 T AN ) A 3
T SEOTCTEAH B 48 T ESS FT RD AL, AT
1 PIO h RS AR S 53, HEI F48 F
AT SR E T S5 5 0 R 0 Fh 2l 5
ik ESS Ml RD 1T B R AR & L idk y, F
¥y, MHE(3) L AL ASHEAY RD 5

y, =ylay - yTAy> (4)
Hor, i f a, 7% A 05 0 91, A £ 8 RS RERY A
(S B, I 5) R,
0 a('sy) +a(s)
o a(s) —— 0
A=0 O, (5)
Fis) +a(s)) . H
|:| 2 52

Hrb,a(s) i= 1,2, FoR— a8 s

s IR
as) =L XV AX) (6

Ao e MEARREG Y, —4 ESS {H. I, AR IR
ZE ST, EGPIO 384t 5 i

Ve = vl e N L orand o tr ey,
(X — X)) "0+
rand * tr =y, * (X060 = XM, (7)
A or TR T Ead PR 7, 3l 5 U 5L 2; v,

Fly, 2X(5) B—difit, BE y, +y, = L
S5k L AT IR RS RE AL AR A B O Ak
AL R EAGS B AT TR A, i_ﬁiﬁ%‘a%;/%
e i N A E AR BT A, RO HR
THRACE; [, AL IR J‘iﬁ%ﬁﬁ/\%?ﬂ’ﬂfﬁ
FHATIC T RUE , {5550 0k B A — 2 13 P, I
BIEBA AR EAR RIS, B T 48 R A HER B
(A2, Bk ny R PR PR R IAE B 8 R A5 R B 2R
T AT b S0 3 B A O R P A,
RO RRTC T 0 VA A, S TEAK

2 FEXBS5ERSN

2.1 DGMR #j ADRC t&#

ADRC H1 IR B2 159 %% ( tracking differentiator,
TD) . 4" 5K PR 725 WM 25 ( extended state observer,
ESO) F1E £ 1 R 25 5% 22 B 5t 45 1 73 ( nonlinear
state error feedback law, NSEFL) 24 &[161 CHEAR
hEkniE 1 iR,

, [ Q> [

— sl | v A .

h[l
e [ >
2 I FRRE
T

E1 Aimitshlsegsid
Fig.1 Structure of ADRC controller
UL H EROT AR —3K] 22 H R R 3
Plaw A( DGMR) *%ﬂi\jb}?nﬁ%,ﬁﬂ ADRC X%f
Haz gl & GO i or—— AT AT LA i L4
i, HAz i A an i 2 fos.
HiPE 2 ], 12 8 xF DGMR %@‘*ﬁlﬁ%’
A7 M0 o A 138 2 4 o i 4 1 2 22
*f%ﬂfr% 5T IR B ER 5 T LA S AL, ii&_f
B4 5 8] A2 22 18] A AT TR O 8 T E A A Bl
il T Bl 48 A0 07 B AR R, BRI B DOGMR %
& Ho DOMR AT A2 I LA BB 2 8 5% 1
IR,

op B BE N




22 L IPNES

AR (TF W)

2019 4F

3 X R G AR AT, T e

118 X R G R HEATHE A | BT AR S PRI
L PRI ALY B, Simulink 7 B [&], Ei}ﬁf Simulink 7
T %ﬁﬁﬁﬂﬂ’ﬁ"t% EH BT 3 DB ESO Hali
FE R 1A= ADRC F5 il 5% % DGMR PEAT
RV P — FHJH:HIH,%TEIF P AR AN 8) R
Wy O—O—O—CO (=0, — Uy
M2 DGMR Esh RGBT TR EE Hh = fhan( e, ;10 ,h) ; .
Fig.2 Control chart of pusher deformation mechanism L =0, + hoy; (8)
in motion system of DGMR O, = v, + hfh,
*1 FEEBEREHVESE EFEEIEESEIRE
Tab.1 Parameter values of pusher deformation mechanism for DGMR
ik B ik BE
WA V,/V 24 Bk M/kg 2
HLAL Pife AR rl/m 0. 025 HEFF T 4% r2/m 0. 100
B R/Q ! JiAE R R K2/ (Nom ™) 8
WA FHJE b/( Nesem™) 4 R R EL K 1
‘ S 2 k1/(Nom™) 8 AU R a 1
=K Vg jﬂ,%éﬁ?ﬁj/\( ﬁr) vy j‘jvo FIRER S 5 ¢; <5
» 1€, 1= 05 N
vy Kooy BIRUME: rg FLR REERIGSECARLKIER fe, = fal(e;,a.8) = (8" KAk
Ok e; |"sign( e;) ,

ol = rh?;
%zo=hx2;

@_xl * ag;

Bz =/d(d +8rl|y])

2 = @ +élgn(Y)(al = d) /2

o =(a, +y) fsg(y,d) +a(1-fsg(y,d))
O
Eﬁlan(xl,xz,r,h) =— r(d)fsg(a’d) _
O

rsign( a) (1 - fsg(a,d)) ,

sign(x +d) —sign(x —d
ey =D i)

ESO = 10) ~( 12) fff7R.

€=z~

‘:‘Q

zp =2z, + h(z, = Byey) s ( 10)
z, =z, + h( = Bpfe,) »
e, =z; — 2,3
2y =z + h(z, — Byies) s (11)
zy =2z, + h( — Bpfe; + bu) ,
es =25 — 2z,
zs =z5 + h(z, — Byes + bu) ; (12)
zg =24 + h( — Bpfes)

N
/]
+

%‘Z PERREL ¥ ﬁ%%ﬂﬁﬁjbﬂ)ﬁﬁﬂnv,zl\zs\zﬁﬂ%
& e BATHE: 2552020 ARG ?fEBJJ Ak Bo
ﬂlﬁoz PR IR S AR i e R R GE SR B A THE:
b M T
NSEFL 4nz( 13) ffR:
uy = k(e e ,p)
AP e, e, FIRETRZE: uy =— fhan( e, ,ce,,r,
hy) R2ERGER R p h—H S
2.2 ENESRETEM
1 DGMR LAY rh i 5 1~ ADRC 42 il 5 19 455
i GG T S e S P S E i SUR/ SUN N
SRR 25 U T 25 R0 R 250K A RO T S8
C(ro,rsh,a.Bo B »c) T TR Y. AR TAER A
G BRI N A A £, « B TR E] £, AR A TR
2% [, VE BRI S 8 PP 48 , B I FE R AR
FARRLVER R bR T8 7R
[fitness = w ., f, + w,f,, + wf.;

(13)

. minf(t) — 6,
%{ - t>0 .

[ 2

0) -0,
2 1 79(0) -,
g;r =1, | 0(12) =0.9x(0(0) -9 — L1 | 0ty =0.1x(0(0) -8, >
.= [ lec
l>l.\’Pl

(14)



4

1w, v, wy 5350 R VAT 48 A5 4T I AR, w0,
=200,w, = 100,w; = 30, 2E¥ PO K AH LAFSIE N
IR E M. DA b 3 R RE S A )N, MR GE
PRIk D e/ M3 I 8 eREICH AR H .

2.3 ETF EGTPIO Rz HIsz S8«

5T EGTPIO {6 55 i 1y 2 B0 Ak it 72
.

IR 1 DCMR BAIZH W) i Ak, i A H
PREASARE 0=0 rad JfEAK K 0.01 s, fff H R
FEIFR] A 30 s.

T2 VIR SE S EGTPIO Bk S
B P DL R I R eR AL

W3 AR HAY Tl I R RS T
AR B I 32 R S, S A A v e I
(A

R4 SRR T E R A T S
HWARET IFFHIE(4) ~(6) TR, 755 —
ZH ESS.

FES MW7) A LB R ESS
{H# T EGTPIO.

HI6  WURIEFR BV N T I KB IEL, 1R
[l Step 3, 75 Wl A AL 45 2R
2.4 HESRESH

HIE EGTPIO 5355 (4 A 3501 , 76 AH R 16 4%
2 A R T4 (particle swarm optimization,,
PSO) PIO &5 A5 AL T Hoid 8 X T i e A4k
( CPIO) #1 EGTPIO &% DGMR £ 4t ADRC %4l
ST AR RS A S EORE Gk 2 Fow,
FIEZEA -2 an &l 3 .

x2 EESHEE

Tab.2 Parameters values of different algorithms

Fiath B fiok IR
Num K2 2

0 e TR 0.1.1)
PO a wmrawT 2
2 eI 2

Newe SOEREHFECHE 20

P10 N RFEH 20
R WERHEMEAE 0.3
S R HIRETTE
S e CHEE

BGTPIO ¥ el Wi (0.5.0.5

K 3( a) NARGAENER(F 54 0.4 rad T HIA
[F) 30k i 7 P T 28 Al 20 RGP 3 {E: P 3('b)
NERGAENERAE S N 0. 6 rad T AY A [A] 8335 1
JE 222 1k 20 O H{E. AL 2 n] DI 51,

R, A ST RSB AL g A B UL dE i Oy vk 23
800
y she—epIC)
600 ¢ pso
" ——CPIO
% —@— EGTPIO
400t
400000 900000000009
a
0o o
200 4 B8 ¢ g.0.0-0-0-0-0-0-0-8
AAAAAAAAALAAAAAAAAA
t‘ AAAAA
2000000000000 000000000

10 15 20
AR H
(a) 45 SEBHERE5-40.4 rad
800 -

fe
600 h’
0000000000000 0000000

=l
% A—plo
;3, 400 | o psO
B \ —9—CPIO
\\ —@— EGTPIO
200 |

Oo\oooo0oO0OO0OO0OO0OOOODOOOOOOOOOOOaO
AL G HO60660606060606060666060660606066
0 5 10 15 20 25
IEAUH
(b) 5 EMBRAE5240.6 rad

E 3 BinitiEtlsfS8m sk

Fig.3 Convergence map of parameter optimization
in ADRC

EGTPIO.PIO F PSO 1£Z B itk h R B 4r , P
o) TR, T CPIO T F A R 3B e, e &
PRV A5 HAl 3 FhITEAR LE , i 2 B A ) .
M T PSO.PIO, EGTPIO 7£ B BR{5 5~ 0. 4 rad
I BEAE B I 8] PR R B e A A1 5 O B
AL WA S B2 AT B R A 0. 6 rad IF B SR IACEL
BRGNS  (HRRE R B e U

4 a] EE B 4 MO T R
SRR ER AR 5 B e 1 1 28 EGTPIO 7588 4 4
T ) 5 T A 3 R AR A A B A AL
e BRI Z A1, EGTPIO fEHT T MR A iR 2 BOHAR
P RE P E .

3 #r

(1) Bt PIO A A58 7 Sz 353 1) At
P T — P LTI 1k 1 2R BRE A RO RE O AL T
&4t PIO AN S AR R BEAT 45 01, IF AT RS 1
AL TSR I R S RO T P 5 R L B A T
IRt

(2) KA igEas AR OU L 1 A EBHIF
F T AR ot A2 s HL s N A P d s, £

0



24 LRI IPNE S o

% i) 2019 4

0.4

P1O

PSO
—CPIO
—— EGTPIO

B /s

e (c) 44 W BR(55-90.4 rad
O

P10

PSO
—CPIO
— EGTPIO

0.4

0 5 10 15 20
i[85
(d) 25 FEHBRES-90.6 rad
B4 FRRNE R RS H BRI X b
Fig.4 Comparative result of step response of system
for different algorithms
X ADRC 28t 2 H 2800 385 A BT XE L
HEE BRI DR s S BotE AT e AT
WG Z&AE XL 4 MR ABOR 07 BLAE R RN
FH LT PSO.PIO. CPIO, EGTPIO f498 2 Jfi &« %%
(3) RGNy g — 2 B uFE T EGTPIO (1)
D RLAPERE I B HE i A il % 2 B T n]
ASIERL S N REAARTERE.

S Z 3k

L] Sy, 054, @ F . — R T R B A 1 R Y
RPN TR [0, M R 222 i (T2
fR) , 2018, 39( 6) : 30-35.

(2] TR, E R4, ERAR. B TGS 2 i S Rk
% Agent Q %) [J].3HHHL T 5 T, 2009,
45(/16) : 60-62.

(3] S AR BRI I, 45 0 T SOt R B S0 Y
AR TR R T LT ]. RN 2 24 (T2 )
2014, 35 (1) :34-38.

[4] DUAN H B, QIAO P X. Pigeon-inspired optimization:

a new swarm intelligence optimizer for air robot path

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

planning [J]. International journal of intelligent com—
puting and cybernetics, 2014, 7( 1) : 24-37.

DENG Y M, DUAN H B. Control parameter design for
automatic carrier landing system via pigeon-inspired
optimization [J1. Nonlinear dynamics, 2016, 85( 1) :
97-106.

ZHANG S J, DUAN H B. Gaussian pigeon-inspired
optimization approach to orbital spacecraft formation
reconfiguration [J]. Chinese journal of aeronautics,
2015, 28( 1) : 200-205.

Bofpie b Ae g YU 4. B TR RS I OL A
TENHLE % i AU R ) L], op I BL 2 (R B
), 2015, 45(6) : 559-572.

Buipiss M2 o0, =T 04 AR S Al R OU A i R R R
FeHLRshEt sl (0], b E AL (HARRF)
2018,48( 3) : 277-288.

SMITH J M. Evolution and the theory of games [M].
Cambridge: Cambridge University Press, 1982.

HAN J Q. From PID to active disturbance rejection
[J]. IEEE
electronics, 2009, 56( 3) : 900-906.

ZHANG H, ZHAO S, GAO Z Q. An active distur—

control transactions on industrial

bance rejection control solution for the two-mass-spring
benchmark problem [C]//2016 American Control Con—
ference. Boston.MA: IEEE, 2016: 1566-1571.
et , YOARE, XIRETE 55, A DTl HoRTE &
MRIEASRAU R G AR D], THR AL & 5 4%
#il, 2015,23( 11) : 3644-3647.
RETH R, HAEIET AT =fhbett T2
g V). RGEMTEER, 2015, 27(8) - 1831-1837.
SMITH J M. The theory of games and the evolution of
animal conflicts [J]. Journal of theoretical biology,
1974, 47( 1) : 209-221.
TAYLOR P D, JONKER L B. Evolutionary stable
strategies and game dynamics [J]. Mathematical bio—
sciences, 1978,40( 1/2) : 145-156.
HatE. AR M. b5t ER5 Tl i
#t, 2008.
KARNOPP D C, MARGOLIS D L, ROSENBERG R
C. &G 1% PIHRGEMEB S0 M]. X%
PR, Abst: [ER Tk bt 2012.
b ek A0JE , 5K JE. $£TF Matlab/Simulink A9 8 &
BT E [T ], K3 3 T K 2 24 4, 2003, 43(5) -
632-635.

( TEEES 31 150)



20194 7 A
FA40% AW

B K 2E 2= (T2 M) Jul. 2019
Vol. 40 No. 4

Journal of Zhengzhou University ( Engineering Science)

XEHS:1671-6833(2019) 04-0025-07
SINRERZEEFH I RANFNBABHALEE

HERLE N FRE, FEE

( LARMIC? i UL Be TR AN 450001 2887 77 Mk BARBESERE i B AR 450001 3.7 g
A MRk 5 AL ORGS0 = g AR 450001)

W E: BB ik ( pigeon-inspired optimization, PIO) 4f 4 — A3 32 69 AL AR, B A ALk Z b A
FEdEMmE AR T — s AR B R R AL P AL KA AR R A g AR PaBE Taaikk
Wk Ao e BE 0 AR SN RSB BEARACTE o - T — AP R IR K 5 B o ZLAB B HRAL F % (lost and
split pigeon-inspired optimization, LSPI0) ,i#% %k 3K & M| 69 FI NAeik T Sk ey 2 B30 R sk, M AE 45 2L
PUHI 3G n T AYBE S ARRE R IR O AR R B AT JL b AR R4S, O S AR RSB SL R Ae F AE Sk i
A7 3¥ Ve, 25 R A, LSPIO SE ik JEARH R AT I SIORE ST 89 ) B 5T AT R 38 %, F- 3 P18, B4R & T #Y 3 %

M.

KER: AR ERIRE FHI AL HESHR

HE 525 TP301. 6 XERAREED: A

0 3%

HE IR RE SRS ASHR 18 BEK P AR A A B
(LR AN A g TR U 0 25 00 1 Kb 558 27 ) A 1 i
TR R 52 [ AR R BT R 0 S T 72
g — 2 A N T RE 5 1. Colorni 45 M A ) 3k
A BB 2 35 % B U A TR TR
PRI T WCREO A Y R SO 3 KL B
B A SR 3 5 Al s Kennedy 253 i WL 8¢ &% B T 2
FT M8 TR REG AL ) ( particle swarm op—
timization , PSO) , it S5 45 e, 1H 55 B3 A=) 3%
B AT B R I AR L B AT TR fi
FEIAC B by BR 5 3 0 Hb bR 1) 44 5 4% 31 7C
Roberts 25 , 49 T ] BEAE MR AR A9 AS 17 B BE At
AR SAL T HD, Guilford A0t i[5 9T % T
—ANECFRER AT LT AG 0 B M — i S 7
AR —Fh I YRS T I I B A R AR AT
AT e T Z Mk M As B sty TR 78
TR e, YA B AR 1 Hb I a2 R e B
i, B ATV T P A . 2 S R A RE IS 4T

WS L #A: 2018-12-17; 1&1T B #3: 2019-03-12
ESTE: HEARPH AR SR IIIH (61673353)

doi: 10. 13705/j.issn.1671-6833. 2019.04. 017

HL A9 % Duan 2548 1 T —Fh RS R AL 31
( pigeon-inspired optimization, P10) , H:fij HL. 4 54
R 2 LB A B T AR 2 LA
I

RO AL RVR W S B e R vy (HUR
fb—2e 4 R L vk — A, B AT Rl s 31
G X R I X — BB, AR — LE s Ty
2, B0 Sun SRR FHHLHRISIARS RERL L
Li S5 A T AELE ik, Yang S5 fof 7 25 57
ClUNGLT A7 ¢ 7= S I 33
SRR BR A , (ELJE: X AT =) 0 5 110 fEL ) R KA
IR R IR 2E 2 X A SR B9 T HER AT 4T
HPEAT T RS R T — R AW AT O R kA
AR5 R 2L A b a3k
(lost and split pigeon-inspired optimization , LSPIO) .
AL DL R4 Ry s AL EEAT O 2 07 1w) , 5249
T H AR AT AR AT RE S 2k 2K 5 1) (RN A F A
) TR A FR S IR B AL B %
W B3 R AN AR — A R SRR, Tk R B 1) 28 1
2 A HHRR  BINEE B 2 /A R AE ) . [F] IR 48

EF R #EWI1975—) L 5 HR M R IRAEcz 1, T2 A R 25 B S B GRBIFT Y, E-mail:

zhigang_shang@zzu.edu.cn.

BIEEE: 2O 1978—) L I I BN RSN A RO, 1 b A, J2 2O A 5 Ab L5 Bh W ik Al 2 > 2, E-

mail: lizhrain@zzu.edu.cn.



26 B K 2 F W (T % W) 2019 4
A7 AT I R R R AR Y R AR 2L BEAL > 2 S X,(1) * fitness( X,(1))
T TR T MR AR R, X REREAIE T 4718 X(1) = o (4)

RIERE WA TR aRIf R MR e £ R 9 MR
HEI I R K LSPIO ik i PEfE L I S iER
ERE ORI Ik 45 R AT X e b, E 24
PR R Y25 SRR W], 235 4 1D A S AN U,
A ACEUPERE , T LA 255 ik 7 B A ), O
HA RS R TR R

1 SBEAUEENSR

TERSHEOLAR IR b, 230 B A%+ 19 K BH < b
T S ATHLE AN AR S AL 4 T P Fh T b
B S5 AR B AR A A R v, i 30
il FH L 557 T S bR

(1) Mo % B 58 RG] LAGE i FH i Je
A R ik v 9 i e P e A0 O B v B PR A A
R ET R Ty ).

(2) MR T MG F 5 H i CATR, B
ATTHE A 1530 1) M b4 7 T 1)

PIO AR Hfr, BEAS 0 Ak ] 85 1 i #0248 R &
B g — R LA T A R A A — DR
AL O R TR BT S w6 DL R R
[ R B, Bk A T A0 BTG I Y A el B
VEIZAS 1) 385 7 ( fitness value) . T A7 6% 1>
AT HE — 5 8 R DU A i 25 ) v R e AR A L RIS
o7 JEE 1 e KB B e /ML, 287 LA S/ IMEL DL AR A 167)
AL,

FERSHFRAL VL b, i s 1T s R % 25
TR F L AL E R R X RV, RO,
AW B A B = AR VA= L s AL [/

V(1) =rand - (X(1) -X(t-1)) +
V(it-1) - ™ (1)
X(1) =X(t-1) +V(1), (2)
A RZEHUEFNIE 88 rand & —A~BEPLEL
X, BUmr e E0 g, oT Ll A A RS
W BT 6 B R R A ¢ F0R Mg AR

N 55 7 1s AT — B R e, 5% o bR
BAiafr, Hh e Eg B RS X bR A 2R
TR /PR RE S I p & 25 %5
BRGS0 8 X, YYEHER , A B 2
FRAAS T B 4 K bR, bR 5 T as Fr— Bt ]
J A PG A b bR SR 0 7 R 2 =X
TR

N(t-1) -1
N(t)=——F

: : (3)

N(t) + Y fitness(X,(1))
X(1) = rand * (X (1) = X(¢ = 1)) +X(z - 1), (5)
K fitness FoR 851K IS N FE: N, S R #E
B

2 BRIRSEMILER

TERSHEL L s Ay ad R v e 30, 2R A R
AT R B S AR AR DU, A RS R
R i) HEAE . A R Z I U7 o — SRy R B L A, 9
FERLICIEAE M 25 R N TR R, IR, Sk B AR
TR, BE T i ) LA 4.

SEAE G PUAT T BRI A R T S 6 0L
I, RS A RAT IS AEAE LU PSR B AT A
HL:

(1) 85 F2AE)A 8 AT 7 A AR e A 2
BEAR B H B RE O, A A IR RS R
L AT AR — A BRI LR R ML A
TAE RATIREM AN AR ], TR 22— 07
6] AT — B ], A SR AR BeN AN BE RS H A
T3 1A B s e B 1) AR B F SRR B —
L2 EYSNITNC -y a i

(2) i FIELEAP IR 2R ( ANFRE AR R ECSS)
AT, RO REID BLd R rh 2 R AR SRR R TR L
o5 R TREE W2 RS A AT, TR AT
A HESIRAR B AR 1 L U BB R ) L .

BT BaRHLH] SEE R RS RS A Tk 4
H—MB RSt LSPTO 33k 15 55 AR R IR R
BT C i b Pl 2 38 DA i Bk 1) 42 JRy 4 R g
AR A R T B AT — AR K T
my , F7N RS T AR AR RE BRI AT 2 A i
— D EEHLEL, IRIZBEHLECN T m, W AT 2K R 4R
RIRE A T HE AR IR, 22847 B iR R,
TSR REL AR T — I 2 A B R 7 1), 280 — g
AR AT IS, AR B B 5E I B A 1) A B Y
T3 1 22 WIS AT T7 1), SR i B Ak A — Bt
)i, PRS2 T APRIN 21 27 5 i AR 2B SRS I L
EERCYE A RN
diffitness{ t) = fitness,(t) — fitness{t —1). (6)

0, diffitness(t) < 0.
- [bl. +1, diffitness(t) = 0. (7)

rand * V(i - 1), b, < 2.
Vi) = (8)
2+(rand = 1) -V b, > 2.

max

s Vi) 9 YRTI 23 V(e - 1) Oy bE—f



4

RN A5 IR RARR SRR 2R 0 Sl R AL AL 0 27

ZVHPE; V. AR SVF R diffitness il
IO 22 b, Ay 3 AR A BRI, B U R
J& , W RGE B BE VA WD, BRI b, B I 1 A1, 1%
ZL 3 YCIE N EE A (B b, = 2) B kAT
T3 I FEATEREE , A AR B L, PRy AT 07 )
R BFRIC b, B

TEMCEER b, 51 ASERE > 2R 4 i A A
R AT LT — DR T m,, %
NS Al e RS P AU L 5K 5 S e I NE
B BEALEL, I RZ LR T m, , W R4
FEPZURAE MG TRE RS s 1IXh 1, Bk T
FENEL < 30 T4 A>T RE, G B e
N X% TR A A 2 R X, L TR — Tl
Bl A 04 Jmy R e LA » -5 20 b i e 0 i 47 1
B BN TR A R s s , 7 REAE 0 244X
UECr > 10 JFEH S FREIRR, IFAFR K
A R R 4 2

V.(t-1)e™ +rand - (Xi -

d x(e-1).
V. =

E‘/i(t -1e™ +rand * (X, -

1 x(i-1),

25 ERYRSREOLA S SR AR R

(1) B A AR oaE A0 258, BENLIK T 15 H R U
B 1AL O B A R O O AR N R
W 42 e e A

(2) A ey R EACKE p = gene,,, W
p= 05 ABH(T) , mWp=p+1,i= 115
ALIR(3)

(3) FIWT RS ¥ @ (173 2R, 24k T4 340K
A WARGE 2 (9) BT e B AT T e AL 3R
6) ; I ALTRE(4) .

(4) 4= BEHLEL rand , FIWT &4 rand < m,,
Ao, WA T AT R R 1R R4 (6) (7).
(8) BT o B A W IMARIEZC( 1) (2) B
BZAG T R RE AL

(5) A FEHLEL rand , FIT 25 rand < m, H.
SMTFREUNT 3, QiR %R 1 SO kSR RS
TUCE N ERTE.

(6) ARG FIENE, i =i + 1, HIWER i >
Ny s A0 AR (2) s I ALIR(3)

(7) MRHEN(3) ((4) ((5) HHALE, A
TN B B AR SR LR p = genl,,,
i 1 45

SRR R AN A 1 TR R KR m, Ry
PR m, FR R R B Wi B RSSO RE L A2 ik

rand < my;

rand = m,.

BT T3t e, MR 2AT T S MHL TR
S 4 R 0 22 Bl ) S0 (LI Bk B 2518 R 2
M S FE AT (EL T R AR 0 I A1 . 5 2 L
my 5 my GIAESY I 0.2 F11 0. 1.

Hak
ST s R
o SR RHL L BT HEEY

AR R IEARTOR
i=1,5=0,=0,p=1,L=0

| BEBRC) () GrEH—

HW

1 LSPIO &EixikizE
Fig.1 Flow chart of LSPIO algorithm

3 BEHMAUBEEGESRE

iR 2 A 4R RS LSPIO B0k i A7 Rtk
T E A O A S5 () o R R T
K, I 5 PIO S5 A1 PSO Sk AT L4, 3 Fh
VR AT SR AR B [R] , O HLA7E 4 K
AR R T, AR ST — A AR Y
JFE.9 AN R B A Xt B2 DR ek R =
i 7 491 151

(1) Sphere PR

10
F1=2x2,—600$xi$600. (10)
i=1

(2) Three-hump camel pF%L:



28 P IPNE S o QN Y

2019 4F

200 3 000,

150( % /20004
100
50

0.

g 600 4

1000}
“300° 7300 I
()(Jl) (,Ug; O '3_41'4 <

(a) B0 B 41 (L)W iR R R 2

100y, 3

50,

v

% 11
5550 | Q 00000
o :
25 555025 0 o600 so000
()i PR B0 4 (e)ﬂﬂm“@ﬁu 5 (OIR E He 6
60 0.5 2000,
40 0 1000
20 -0.5 b
i ' -1909-
S 10 2256 512
5o 03 lﬂﬂmo 501007 (om\ i 2 356°
S070 00100 512-512
() Bl B 2017 (h) R B 8 (1)U B 29

B2 WS =R
Fig.2 3D example of test function
6

1 2
— txx, t+x;,

F2 =2x; - 1.05x] +

-5 <x,x, <5 (11)

(3) Rotated Schaffers pRZY:
14 2
F3 = (42(@ +ﬂsin2( SOZL-O‘Z))) ,
iz
Mz =yl +il, 0= 1,05,

y =AMLT(M (x =0)) . (12)
(4) Rotated Weierstrass pR%{:

5

kmax
F4 = 2(2 [akcos( 21Tbk(zi +0.5) ]) -
=1V o
Emax
52 [a"cos( 2mwb" +0.5) 1,
HAor,a=0.5b=3;k, =20;

- A“)MZT‘;j(M1 0.3(x - 0) 5(1960 %) ) .
(5) Matyas pRZY:

F5=0.26(x; +x3) —0.48x,x,,

- 10 < x, < 10. (14)

(6) Griewank RR%L:

5 X2 5 X,
F6 = - —Hcos* +1,
& 2000 L
- 600 < x; < 600. (15)

(7) Levy pRZL:
F1=2(x, - 1)*(1 +sin’(2mwx,)) +
(x, = 1) (1 +sin’(3mx,)) +
sin’(3mx,) , — 10 < x,,x, < 10.  (16)

(8) Easom pR%Y:

F8 = cosx, cosx, *

exp( = (3 = m) 7 + (3 - m) ),
- 100 < x,,x, < 100. (17)
(9) Eggholder p&%i:

F9:—(x2+47)sin( / x2+x2'+47)_

xesin(/Ix, = (x, +47) ])
- 512 s x,y < 512 (18)
Hih, o = lo,0,,70,]" £ % Bl LI Fi 7E
[~ 80,80 1" %L, D FIRUEE: A FORLISS i 4

FATEE R A, = a7 1 D Yl Lk A .
Horp s FLOF2VFS 238k ) 200 B ZS o
B, R F3 R FA E35 8T SR FERE stk
BRI, F6 FT. F9 J& BLAT 24N Jay 3 fhe e 14
PR, F8 14 JR fe/IME R K25 M)/,
LT E S RN 3 R A LR RN R
i), KL F B S IL (PSO) 2= W F ¢, =2,¢,=2;
PIO B3k i €] & 8 1 - R =-0. 02; LSPIO %
HRHEF A F m =0.2,m,=0. 1, 535
9 AN R ALY AR B AR R, 21T I
1A TH 3 AR LR R s
T 10 IS EIA P2 s R AL i R 1 nT LR
Hh X T B ek ORI L A R 8 e I B Bk R B
LSPIO 33 (4 £t Ak 25 SR At T JH Atk 9 o 530325, v
TIEH s, LSPIO f 2 B AT EL At 5 b 3324 2.
3 Sy 3 FpE R BRI AL 10 WG -1y
RSN AL M 6. R T IR E LRSS 2 ¢ 2
A S VR0 2 W b R BT A O AT IR A
B TR R Y A5 TR 5 T
DL, 283 18 BRI 6 R4 6 T R ARG, 3 1) 2
AR SEAR: 2R IS ST, DU 2 E Y SR A 0
SRR #5IE TR RS I B 5. 43 B %t LSP1O P10
A1 LSP10PSO HEAF RIS , Y i & 18 T )5 & OF
HAGM P E/NTF 0.05, WA “+7 5, FoRFT &k
FIa B e w0 Y )5 H L TR E I L P E /D
F 0. 05, kR “=75, Fom 5 &0 T R 2
1. A P=0. 05, WA B2 R AR E. 5K 2
GRS T, WK 2 Hhal LIE 1, LSPIO 75 H:
7 AN A B R BT PIO, WEW] LSPIO [t
PIO WS B 553 145 PSO ALt , LSPIO 7 6
AR RIS LA RR. 25 L iR S B
() LSPIO Bk e 30 2 4 1) 4 S 48 & RE T LA
A R G R S AT B4 ) R




5 4 1] AR A TGRSR IR S AR LR 04 ke R RO A 5 12 29
F1 3MEFIET 10 XREHRMRE
Tab.1 The average optimal solution of three algorithms with 10 runs

PREK w3 PIO PSO LSPIO
F1 0 5. 16E-14+5.2E-29 4. 58E-15+3E-30 0+2. 7E-50
2 0 7.5E-05+2. 5E-10 1. 67E-12+1. 3E-25 1. 1E-16+6. 6E-35
F3 0 7.3E-07+3.7E-11 2.2E-07x1. 03E~12 8. 8E-08+1. 2E-12
F4 0 0. 7E+00+0. SE+00 1. 04E+00+0. 9E+00 0. 93E+00+0. 1E+00
F5 0 2.1E-11x1. 7TE-22 4.9E-14+2. IE-29 1. 2E-17+2. 2E-36
F6 0 0. 26E-01+0. 7E-02 0.25E-01+0. 3E-02 0. 2E-01+9. 2E-02
F7 0 0. 1IE-03+4. 4E-08 1. 1IE-11+2. 6E-24 2.4E-15+1.9E-31
F8 -1 -0.98E+00+1. 7E-09 -0. 99E+00+ 1. 65E-24 -1E+00+1. 6E—24
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Tab.2 Statistical test of 10 results of three algorithms
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Improved Pigeon Herd Optimization Algorithm with
Lost Exploration and Cluster Splitting Mechanism

SHANG Zhigang"**, WANG Li"?, LI Mengmeng"?, LI Zhihui'*"

( 1.School of Electrical Engineering, Zhengzhou University, Zhengzhou 450001, China; 2.Industrial Technology Research Insti—
tute, Zhengzhou University, Zhengzhou 450001, China; 3.Henan Key Laboratory of Brain Science and Brain-Computer Interface
Technology, Zhengzhou 450001, China)

Abstract: As an emerging optimization technology, pigeon inspired optimization ( P10) algorithm had the ad-
vantages of fast convergence and high precision. But it was not ideal for some problems with local optimal val-
ues. By introducing lost & exploration and cluster splitting mechanisms of natural flying pigeons, an improved
PIO algorithm based on lost & exploration and cluster splitting ( LSPIO) was proposed in this paper. The lost
& exploration mechanism enhanced the global search performance of the algorithm, and the cluster splitting
mechanism increased the diversity of the population. In this paper, 9 standard test functions were selected for
algorithm performance evaluation. Compared with standard pigeon group algorithm and particle swarm algo—
rithm, the results showed that the new LSPIO algorithm could effectively avoid premature problems, improve
the population diversity while maintaining good convergence properties.

Key words: pigeon-inspired optimization; lost & exploration; cluster splitting; global search; population di-

versity

(b4 24 1)

Robot Active Disturbance Rejection Control Based
on an Enhanced Pigeon-inspired Optimization

HAI Xingshuo, XU Binghui, RENYi, CUI Jingjing

( School of Reliability System Engineering, Beihang University, Beijing 100191, China)

Abstract: In this paper, an evolutionary game theory based pigeon-inspired optimization ( EGTPIO) algorithm
was proposed to automatically tune the parameters of active disturbance rejection control ( ADRC) controllers.
The novel approach combining EGTPIO and ADRC was subsequently used to improve the performance of the
deformable ground mobile robot ( DGMR) . Based on our design, EGTPIO not only could keep the advantage
of fast convergence of P10, but also determine the proportion of the two operators through the process of group
evolution. Thus, the probability of results falling into local optimum was reduced and the speed and stability of
the controller was improved. Simulation results showed that the superiority of EGTPIO in the quantity, quality
and convergence speed of optimal solutions made ADRC reach stable state quickly and improved the maneuver—
ability of DGMR.

Key words: deformable ground mobile robot; active disturbance rejection control; local optima; evolutionary

game theory; pigeon-inspired optimization
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Vit +1) =w < V(t) +cr(pbest; — X (1)) +
crry( ghest(t) — X(1)); (1)
Xi(t+1)=Xi(t) +V(t+1), (2)

Krfi=1,2,,Nory Flr, J2 0 2] 1 Z[E] 3557
A B RENLEG w SRR EAUE S ELG ¢ Al e, 2222
HFZ4

BT HEA AL B R

(1) BEHLRIER AL N A7 A R A 5 A
WA RREE P (1) , ¢ =0. 35 44k 1 1Y & I (5
SX (o)) M B AS KL T 1Y pbest, F1FPRE Y
gbest.

(2) X FFpHE ) RS RLT, He B (1) A
(2) BRI TR B V.(e+1) FIOLE IR X (1+1)
FEIHE TR fE R 38 L A X (e 1) ) 2R T
B B9 38 B fE AR T Pbesl )44 B I 1Y)
LA WRAE LG pbest , EMUREF pbest (1) T

(3) XFFFhRE R AEASRLT1 phest , QAR HALF
gbest , L% pbest TRAELZS gbest , BVRAF gbest [FIHHT.

(4) A r=0+1, MRBEILE AR K BUFHLEAF,
MK 2 TR( 2) « & WS RS IE AT, Fr 45 21

2 EFHRFEEERKTRE RN

2.1 BIMETFHH

SRR T K B U SR i R Z A AR, i B
B AT RIAFREE VN I8 A1 O A st T R T
R T AR AT R M K A R At K
RSB A 15 5 5 . 22 1 25 T/ B Tl 2003 ~
2015 4F {9 7 S KB A Fh T LA Y, 5
BRI & T 4 A5 Tl R el K
R PR A= 25 K Bt 25 6 ) £ 2 T2, g 5 7l 14
FRZK T3 85, 9K T2 PR S0 30 0. DA 43 43
(-2 FK i Lo ke L Al K o5 He ik ) 57%
Tl AR R K O R A, 4k 28% A
12% , M ZS A RAL o5 3%. B 1 35 Wi Hb Bl 5k T 4%
FR 3 K A3 AR 1 B T 85 A 5 0 i 2 T 7K 7 U5
TR 2 B H A T A AR R 3 A4
B3 P BRI 17 220 2 A K
2.2 KEEERFMER

HET T AT L 76 R 1 B T K 7 BT R
OB , 5 %105 B8 Tl Al R B 3 A4N36
3 FH K BT G 106 (9 PR - 2 5 ) Tl JH K Rl

*x1 FEETH 2003~2015 &£ LR AKEE
Tab.1 Actual water use data of Nanchang between
2003 and 2015

B Tk falk BRSO AER
Fy o K& AR AR AR FKY
(10°m’)  (10°m’)  (10°m’) (10°m’) (10°m?)

2003 24.21 9.81 11.55  2.53  0.32
2004 26.22  8.72 14.47  2.75  0.28
2005 28.14  8.30 16.92  2.60  0.32
2006 27.71 8. 11 16.73  2.52  0.35
2007  32.55  7.51 21.27 2.92  0.85
2008 30.42  6.90 19.73  2.94  0.85
2009 33.42  6.57  20.15  3.21  3.49
2010  30.87  7.51 17.37  3.49  2.50
2011  31.26  8.97 17.70  4.03  0.56
2012 28.82  9.20 14.68  4.36  0.58
2013 32.62  9.35 18.23  4.45  0.59
2014  31.42  8.92 17.35  4.54 0.6l
2015 30.64  9.17 16.21  4.64  0.62

SEHME 29.87  8.39 17.10  3.46  0.92
L 100% 28% 57% 12% 3%

3%
12%

m Tk A
m ek K
JE BRI
A=A A

1 EEmhERKSHE

Fig.1 Distribution of historical water use in Nanchang
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Y =x, 8 +x,°85, +x;,°85; +x,; (3)
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Y,=x, *SP2 +x; 5% +x5* 8P +x,5 (4)
IRA AL
V,=xy°Y +(1-x%) - Y, (5)
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F2 MBE™2003~2015 £HEZRAKE AD. T
BrEEfR S E
Tab.2 Historical total water use, population, gross
industrial production, gross agricultural production
in Nanchang between 2003 and 2015

O /'é\ﬁﬁgkxﬁ/ )\4[31 / Ilk/%f‘j Zﬁﬂk?fj

(10°m’)  (10° A\) fEH/(10° JT) {H/(10° JT)
2003 24.21 443.75 250. 95 51.29
2004 26.22 446. 97 306. 08 99. 11
2005 28. 14 450. 07 374.93 115.76
2006 27.71 453. 08 448. 15 124. 58
2007 32.55 456. 30 532.75 142. 84
2008 30. 42 459.79 676. 61 171. 14
2009 33.42 463. 21 753.20 187. 20
2010 30. 87 504. 26 952.75 204. 66
2011 31.26 508. 90 1223.72 229.70
2012 28. 82 513. 16 1290.93 249. 35
2013 32.62 518.42 1 398.63 266. 12
2014 31.42 524.02 1 500. 70 283.63
2015 30. 64 530. 29 1 619.50 296. 92
Y= (%08 +x,0 8, +x;0 8 +x,) +

(1 =) * (2528 + 25 28 +x9 255" +xy) .
(6)
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TR AR Sf AG 6 TN ASE R ) P RE. O 1 A T A
T, S RS2 F 7 R KA 1 DA e

X =% (Y. =Y.’ (8)

i=1

A Y Y, 73 530 D T 4 e 7 S PR 7K

s m R
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3.1 HEBUKAR

TR rp o RL 3 SR 0E BT T K B IR
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2012 4F B VE S I 2R 7 R A Al T A5 21
IRJE A HH 2013 ~ 2015 AR AR 1 S T RE AR
SRR AL A7 B S B R A A S BT : N =30,
w=0.73vc,=c,=1.496. 5B 5 11 554 B K
ARl KR, 24 3 A AL I OBA ) 1L OE +
05 I, 8395 45 1k s 47 It 45 L. % T 45 ol A
AL A BT 10 k.

2 3~5 pRI a1 A Ak TR L 48 BT
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95.51%.7E 2013 A4F p) F 0 45 5% b, 3= 22 U 0
1. 72% fH 2 2015 4E YR 225

x3 LHEMNERHNERFITEER
Tab.3 Best results achieved by the linear prediction model

Y SIBRE/(10° m®) TR/ 10° m’) PR/ %
2013 32.62 32.06 1.72
2014 31.42 32.63 3.85
2015 30. 64 33.06 7.90

R4 BEINREHRIFTEER
Tab.4 Best results achieved by the exponential

prediction model

O SBRE/(10° w)  BUNE/(10° wd)  RE /%
2013 32.62 31. 14 4.54
2014 31.42 31.31 0.35
2015 30. 64 31.36 2.35

x5 RATMNEENSFITESER
Tab.5 Best results achieved by the hybrid prediction

model
AR SEBRE/(10° m’)  FRINE/(10° m’)  iRPE/%
2013 32.62 31.26 4.17
2014 31.42 31.4 0. 06
2015 30. 64 31.45 2.64

M 4RSS RRTR B T 45 LU A L A 2]
R 2208 2. 41% , TR HE 3R 2 97. 59% . 1
He—AFFE R BN A5 2R L, fe /MR ZEAUR 0.35%,
HRRIRZEN 4. 54% . GLNEFNR R 1L, 355090
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Tab.1 Objective evaluation index of each fusion algorithm in Figure 3

AT Std Avg oMF MI SF [5HE] /s
CT-SML 41.184 9 0.0112 0.678 3 6.708 6 8.084 0 43.177 4
NSCT-PCNN 40.614 3 0.0110 0.677 5 7.494 8 7.909 1 925.464 7
ST-PCNN 40.387 0 0.0111 0.690 0 6.792 7 8.020 2 3 658.504 7
CST-GF 40. 859 5 0.010 9 0.687 5 7.892 5 8.084 2 216.255 0
CNN 40. 460 2 0.011 1 0.724 4 8.302 5 8.203 7 784.127 5
VN i 40. 860 2 0.0112 0.730 6 8.580 8 8.405 7 984.127 5
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Tab.2 Objective evaluation index of each fusion algorithm in Figure 4

FlE s Std Avg oMr Mi SF ] /s
CT-SML 56.74 0. 026 0.79% 5.35 18. 85 43.48
NSCT-PCNN 56.31 0. 026 0.79%4 5.32 18.79 927.49
ST-PCNN 56.07 0. 026 0.787 4.74 18.73 166. 90
CST-GFF 54. 86 0. 026 0.779 5.04 18. 44 3 602. 31
CNN 56. 87 0. 026 0.798 5.42 18. 85 204. 66
VN Qi 56. 88 0. 026 0.799 5.57 18. 86 216. 66
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Multifocus Image Fusion Based on CNN in Non-sampled Shearlet Domain

LIU Shuaiqi' >, WANG Jie"*, AN Yanling" >, LI Zigi""*, HU Shaohai’, WANG Wenfeng"

( 1.College of Electronic and Information Engineering, Hebei University, Baoding 071000, China; 2.Machine Vision Engineering
Research Center of Hebei Province, Baoding 071000, China; 3.Institute of Information Science, Beijing Jiaotong University, Bei—
jing 100044, China; 4.Digital Image Processing Laboratory, Xinjiang Institute of Ecology and Geography, Chinese Academy of
Sciences, Urumqi 830011, China)

Abstract: In this paper, a new multifocus image fusion algorithm was proposed based on convolution neural
network ( CNN) in non-subsampled Shearlet ( NSST) domain by using the advantages of timeHrequency of
NSST. Firstly, the source image was decomposed by NSST. Secondly, the fusion strategy based on the convo—
lution neural network was applied to the low frequency coefficients of the decomposition. Then, the improved
weighted sum of Laplace energy ( IWSML) based on the guided filtering ( GF) were carried out to the high—
frequency coefficients of the decomposition. Finally, the fused image could be gotten by inverse NSST trans—
form. Experimental results showed that the fusion algorithm could not only achieve better visual effects, but al—
so improve its objective evaluation index.

Key words: image fusion; multifocus image fusion; NSST; CNN; guided filtering
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Tab.1 Segmentation time and overlap of different
image segmentation algorithms
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PIO 0.15 0.07 0.11 0.98 99.0 97.6
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Research on Image Segmentation Method Based
on Pigeon Group Optimization Algorithm

HU Chunhe, WANG Yifan, ZHU Shuhao, LIU Wending

( School of Engineering, Beijing Forestry University, Beijing 100083, China)

Abstract: Image segmentation was a kind of constrained nonlinear optimization problem that aimed to seek the
optimal solution in nonlinear parameter space. In order to improve the precision of the optimization problem,
an image segmentation method based on pigeon group optimization algorithm was proposed. Firstly the segmen—
tation threshold was used as the optimization variable, and the image segmentation was modeled as a nonlinear
optimization problem with the optimal threshold equation as the objective function, and the inter-class variance
and the w, and w, ranged as the constraints. Then, using random segmentation threshold as the initial value of
iteration, the optimal parameters were solved by the pigeon group optimization algorithm( PIO) . In order to
verify the validity of this method, two kinds of images with different features were divided into experiments,
and the algorithm was evaluated by overlapping degree and time efficiency. The results showed that the algo—
rithm had the highest degree of overlap and the shortest operation time.

Key words: pigeon group optimization; image segmentation; group intelligence optimization; threshold seg—

mentation; image processing

( L35 35 )

Water Resources Demand Prediction Based on Particle Swarm Optimization

LONG Zhiwei', XIAO Songyi*, WANG Hui’, ZHOU Xinyu’, LI Wei*

( 1.Yaohu Honors College, Nanchang Institute of Technology, Nanchang 330099, China; 2.Jiangxi Province Key Laboratory of
Water Information Cooperative Sensing and Intelligent Processing, Nanchang Institute of Technology, Nanchang 330099, China;
3.School of Computer Information Engineering, Jiangxi Normal University, Nanchang 330022, China; 4.School of Information

Engineering, Jiangxi University of Science and Technology, Ganzhou 341000, China)

Abstract: For the prediction of future water resources demand in Nanchang city, a method based on particle
swarm optimization was proposed for water resources demand prediction. Based on historical population, econo—
my and water demand data of Nanchang city, linear, exponential and hybrid prediction models were construc—
ted. The prediction models were optimized by particle swarm optimization to determine the parameters of mod—
els. Simulation results showed that all three models could achieve good prediction accuracy. The hybrid predic—
tion model obtained the best performance and the prediction accuracy reached 97. 71%.

Key words: swarm intelligence; particle swarm optimization; water resources demand; prediction; optimiza—

tion
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I BAMREAE BT IR AT
By A\ item AR, n Sy G A ARADHL R, R E X
BN B R, E SR B
1: function REPAIR( item,n,R,,..,R,,..)
2: for i=1—n do
3: item [i ] <—(item [i]-R,,,..) mod ( T
Ry t1) +Ry
4: end for
5: for i=2—n~-1 do
6: while item [i ] =item [i=1] or item [i ] =item

[i+1] do

7: item [i ] =Random( R, R pper)
8: end while
9: end for

10:  return item

11: end function
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Tab.2 Shortest passage time between different zones
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Tab.3 The initial number of vehicles and vehicle

changes in each zone
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Tab.4 The scheduling process of DDE algorithm

0 1 0 0 0
1 5 5 +13 13
2 2 13.6 -13 26
3 4 23.2 +20 46
4 3 31.2 -10 56
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7 5 57.2 +10 86

3.3 5HMEEITLL
(1) BSOS, 500 SR O 4 IR R
i 547 S [R]85t e DR B9y DX A O A Y
A XKE Fr AR AR R S R, &I
Kk Q=84
£5 AUEHERETE
Tab.5 The scheduling process of greedy algorithm
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Tab.6 Comparison of average scheduling volume

of ant colony optimization and DDE algorithm
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Discrete Differential Evolution Algorithm for Solving Free-floating
Bike-Sharing System Scheduling Problem

WANG Shenwen' >, YANG Feng" *, XU Liang" *, LI Meiyu'*

(1. School of Information Engineering, Hebei GEO University, Shijiazhuang 050031, China; 2. Laboratory of Artificial
Intelligence and Machine Learning, Hebei GEO University, Shijiazhuang 050031, China; 3.School of Traffic and Transportation,
Beijing Jiaotong University, Beijing 100044, China)

Abstract: In order to solve the freefloating bike-sharing system scheduling problem, a discrete differential
evolution algorithm was designed to solve the problem. After introducing the principle of discrete differential
evolution algorithm systematically, the individual coding, mutation operator and repair operator were
redesigned to solve the freefloating bike—sharing system scheduling problem, so that the specific scheduling
path could be calculated during the execution of the algorithm. The results showed that compared with greedy
algorithm and ant colony optimization algorithm, the proposed algorithm had higher quality and faster conver—
gence speed, and had certain practical value in a series of scheduling problems such as shared bicycle schedu—
ling.

Key words: freefloating bike-sharing system; scheduling problem; discrete differential evolution algorithm;

vehicle routing problem
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PSO 4. 611 5E-05 2.503 1E+07 2. 383 6E+03 2. 602 S8E+06 6. 248 9E+06
s TA 1. 532 9E+00 1. 171 6E+09 1. 303 6E+06 5.012 1E+07 1. 701 2E+08
PSO 1. 129 9E+00 1. 686 2E+02 1. 663 1E+01 2. 890 2E+01 3.537 4E+01
S 1A 6.150 0OE-02 8.193 7E+01 3. 600 4E+00 1. 050 2E+01 1. 781 8E+01
PSO 0. 000 OE+00 0. 000 OE+00 0. 000 OE+00 0. 000 OE+00 0. 000 OE+00
s IA 0. 000 OE+00 0. 000 OE+00 0. 000 OE+00 0. 000 OE+00 0. 000 OE+00
PSO 0. 000 OE+00 8. 186 7E+01 9.997 3E+00 9. 248 6E+00 1. 122 OE+01
fe IA 4.500 0E-03 3. 992 7E+00 5.800 0E-03 5. 857 0E-01 1. 386 1E+00
PSO 2. 668 2E+01 1. 407 4E+02 7.590 4E+01 7. 885 0E+01 2.931 2E+01
f IA 6. 149 0E-01 1. 146 7TE+02 2.789 4E+01 3.190 4E+01 2. 847 2E+01
ﬁgi A0 : f IAGRFPSO
ch A f IAZTPSO
B
R
r', r'l / f f: f f f £
B4 30 fZ1TER
Fig.4 Operation results of 30 dimensional
;”_‘gz l | : iy IAEFPSO
Ay Rt | U A f1azFPso
BEM B K G @K
AR A () \

B 5 504

=g

BITER

Fig.5 Operation results of 50 dimensional

Sy PRBSUR A8 B0 BB I b3 BE OR B AR K
A 2 9 328 20 A 00 e 50, LR A — A LT
S 4 DX 3 A 5 5 R B R — A A L
T i T 3B AR AN SF- A 3 558 - 24 X 3
BEMK 1y , [RIFEA I AS R BRBUE A £35S PR
WS ranis oo B o A A 5 B2 (14 BE U 1Y U
AIE LI AR 22 Jrd 3 di A0 00 MRS 3595 19 23 B
ORI 9B I B 0T AN GE TR g B e
I PR

TE ST RS BATHIAE R rp, 28 DR B A
S ABRELSo S5 S Sisfre s R 10230250 2 |- 1Y
25T PSO B i fra~So P o5 7E 30,50 4EFE -3
22T PSO Bk AR R UEE 3 4 LT
PSO B9, B0 UE T 5503 199 20 #7 B B33 1 A 301k
BRI 7, 1 5 B AE CEC2013 pR 85 4E iy
53 R B B S5, A ) 4540 il 5 3k
FARG RE FE  E  al O 1 © ) 32 I B R T
R
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x4 10 zEfs"‘fzs
Tab. 4 10 dimensional f;f,

REC Bk FUE e EAE r ) {E SEHE Frifi 22
PSO 2. 002 9E+01 2. 048 4E+01 2. 032 6E+01 2. 031 3E+01 8. 960 OE-02
Sy A 2.016 3E+01 2.051 OE+01 2.035 6E+01 2.033 3E+01 7. 900 OE—02
PSO 3.370 OE+00 1.017 7E+01 7.554 S5E+00 7. 490 4E+00 1. 467 6E+00
5 A 6.010 OE—02 6.271 6E+00 2. 994 4E+00 2. 846 SE+00 1. 349 0E+00
PSO 8. 870 OE-02 1. 698 1E+00 3.718 OE-01 4.092 0E-01 2.768 OE-01
fu A 3.200 OE—02 6. 357 OE-01 2.416 0E-01 2. 612 0E-01 1. 296 0E-01
. PSO 2.089 4E+01 1.313 3E+02 5.472 2E+01 5.616 6E+01 2.088 9E+01
fu A 9. 950 OE-01 2. 387 9E+01 1. 094 4E+01 1. 151 0E+01 5.170 9E+00
PSO 1.591 9E+01 1. 134 2E+02 5.173 7E+01 5.396 1E+01 2.121 2E+01
S IA 3.979 8E+00 4. 676 2E+01 1. 591 9E+01 1.749 9E+01 9. 056 1E+00
PSO 2.429 1E+01 1. 575 9E+02 7.454 4E+01 7.396 4E+01 2.563 1E+01
fis A 8. 598 9E+00 5. 488 6E+01 3.258 3E+01 3.251 5E+01 1. 179 0E+01
PSO 1. 657 8E+02 1. 535 8E+03 1. 058 6E+03 1.016 9E+03 3. 045 7E+02
fu A 4.346 6E+01 1. 645 2E+03 4.174 2E+02 5.984 SE+02 4.405 5E+02
PSO 5.833 5E+01 1. 723 4E+03 1. 031 2E+03 9. 959 6E+02 3.471 SE+02
fis A 1. 254 6E+02 1. 988 4E+03 1. 464 4E+03 1.283 3E+03 5.136 1E+02
PSO 1. 196 0E-01 1. 064 9E+00 3.189 0E-01 3.565 OE-01 1. 831 0E-01
Fis A 7.513 OE-01 1. 557 4E+00 1. 135 8E+00 1. 130 1E+00 1. 948 OE-01
PSO 2. 444 4E+01 1. 181 7E+02 5.228 9E+01 5.430 9E+01 2.030 1E+01
S 1A 7. 009 6E+00 4.253 9E+01 2.112 2E+01 2.414 6E+01 9. 088 9E+00
PSO 2.253 3E+01 9.135 6E+01 5.627 9E+01 5.657 8E+01 1. 615 4E+01
Fi 1A 2. 633 6E+01 5.523 4E+01 3.932 9E+01 3. 882 2E+01 7.196 9E+00
PSO 1. 660 8E+00 1. 541 9E+01 4.735 OE+00 5.707 1E+00 2.771 TE+00
fo A 3.822 0E-01 3.491 3E+00 7.237 7E-01 8. 284 0E-01 4. 825 OE-01
PSO 2.223 SE+00 4. 500 OE+00 3.637 1E+00 3.581 SE+00 5.792 0E-01
f A 1. 074 6E+00 4. 499 SE+00 3.193 6E+00 3.233 6E+00 6.741 OE-01
PSO 1. 000 OE+02 4.001 9E+02 4.001 9E+02 3. 687 9E+02 8. 128 2E+01
fa A 1. 000 OE+02 4.001 9E+02 4.001 9E+02 3. 609 4E+02 8. 072 7E+01
. PSO 6. 160 9E+02 2. 085 OE+03 1. 280 3E+03 1.331 7E+03 3. 662 9E+02
S 1A 1. 409 SE+02 1. 892 3E+03 5.747 TE+02 6. 658 4E+02 3. 058 OE+02
PSO 6. 066 SE+02 2.001 OE+03 1. 470 4E+03 1.472 8E+03 3.104 OE+02
Jas IA 1. 942 9E+02 1. 984 6E+03 1. 380 2E+03 1. 301 8E+03 4.967 8E+02
PSO 2. 184 6E+02 2. 404 3E+02 2.271 1E+02 2.265 4E+02 4.716 9E+00
S A 1. 168 6E+02 2.233 1E+02 2. 081 S5E+02 2.071 9E+02 1.375 7E+01
PSO 1. 342 6E+02 2.370 SE+02 2.242 1E+02 2.230 SE+02 1.398 1E+01
Jas A 1. 164 SE+02 2.231 7E+02 2. 089 2E+02 2.077 TE+02 1.224 SE+01
PSO 1. 129 3E+02 3.296 8E+02 2.000 2E+02 2.015 5E+02 5.593 3E+01
fa A 1. 069 6E+02 3.107 6E+02 2. 000 2E+02 1. 988 7TE+02 6.095 7E+01
. PSO 4.000 OE+02 7.661 1E+02 6.219 SE+02 6. 048 S8E+02 9.234 2E+01
I 1A 3.025 4E+02 5.394 4E+02 3. 847 0E+02 4.079 5E+02 7.370 1E+01
PSO 1. 000 OE+02 1.278 OE+03 8.563 8E+02 7.936 1E+02 2.325 SE+02
I 1A 1. 000 OE+02 6. 619 1E+02 3. 000 0E+02 3.511 3E+02 1. 481 3E+02

4z B Ja 78 CEC2013 pRE4E b i 4T S50 4041, 45

R, A L T B SA 0 SUCRE T 9 TR TR
R R LR TPV = I R o e N R N 2 LR DR N I LD MG/ NSRS OL SR R |
V5 Gl 1 R B Bk AT RZ SRR B A OF AR R R R T SO B AR .
X5 WSS s B R R B 3R A A B AT 4R
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A Metaheuristic Algorithm: Island Algorithm

MA Jiming, ZHANG Song, SU Rijian, ZHANG Guoliang, CHEN Haoyang, SHAN Shijiao

(' School of Computer and Communication Engineering, Zhengzhou University of Light Industry, Zhengzhou 450001, China)

Abstract: If the total amount of plants was constant on the island, the plants would become more and more
concentrated at the highest point with the rising of sea level. Inspired by the phenomenon, a metaheuristic al-
gorithm, Island algorithm ( TA) , was proposed. IA algorithm consisted of three phases in each iteration, elimi—
nation phase, sea level rising phase, and balance phase. By analyzing IA algorithm, the reason for the advan—
tages of TA algorithm and the characteristics of the favorable and unfavorable functions were found out. The
complexity and robustness of IA algorithm were analyzed. IA algorithm was applied to CEC2013 function set
and compared with the PSO algorithm in many dimensions. The results showed that TA algorithm was worse
than PSO algorithm on the functions with certain characteristics. On of the other test functions, the accuracy
and robustness of TA algorithm were significantly better than PSO algorithm in many dimensions, which
verified the effectiveness of 1A algorithm.

Key words: island algorithm; optimization; evolutionary computation; metaheuristic algorithm
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& T Duffing B 5 imFRIER BB ME 77 %

=, KA

( LABIHER Tolk 22 B EARIREE TRRZABE , IR AR 450002; 288 MEE Tl 2B S5 B TR Be , e
¥R 450002)

B OE RET—HATRAEZRARREREGEEIME T L. E %5, 440 SHAS kit oA L A1
A AARL VR A R R R AR B R, R R R e S KT A 48 R AR 0 UM S P R AL, 34X, Logistic Bk
SH1F BV B FAAUFR 5 5F & B A AR HE T, 3T AR 34T B 4L 5 B He B R, 454 Duffing w4455 DNA % 3 K,
A RAREREELEKTF L, FARFTHLAF XX ETFRAARBFTOT RS T, 2E W MmE Faak
B RGBS R AP AT AT RER, R R GRA Y R R R A AR S

Mo R A, R B ANBKRMR R MIKRA AT L F A 2 5 F 5, m BRI B ERI.
KigiE: B %; Duffing me4t; sAE3R4E; DNA %h; AR 53) &

hE S E: TP309.2 XHERPREED: A

0 3

MG B =R T B e O LIRS A
LRIR R Z B HAT AR 5 1 AH OG4BT LAAE G2 i 5l s
JN#E )5 Peig in AES.DES.IDEA il RSA 25255
P AN S BUT T S 408 BT TR VA
FHCEL SR 0 G N % 7 vk

TR 2 4 R Gz sl i AE R 1 DL R
U 5 A B R AR e 45 2853k T P AN T
TP e 2 L T B 1998
4F, Fridrich 7 YRR 1E R g2 FH T S 2%
FEAMEAIE T i Ak Y S TR R 5
(1 PRG0N % 7 B BUAS T — BRI B I iR
{HOR:, 36 TR R 4 iy BRI 2 7 A E e %
A, He TR AR AL X 3T B SC i ek O KB A
RE LA ML BRI R G 5 HAh ik 455, K
S H AT P

WAL AR — R LA A SRR R 5 Y B AL
BRI R s RS B o
LT JLAR N 85 4508 B F S ATy 2 — 2014
4, Wang 555 | AL R 520 F1A8 P AP ERAE R L 30
R PR T —Fh IR A AR IR R 4

i

I F5 H #A: 2019-02-15; 1&1T B #8: 2019-04-07

doi: 10. 13705/j.1ssn.1671-6833. 2019.04. 014

(G IR [FI4E , Enayatifar 2532 H T 3T
L5 DNA 7 510 Ao B 4% 2 5532018
4R, Pujari 545G DNA JP51, 25 H—Fh LIRS
AL B PG 2 i S By 1k £ SR 3t
PR AL SRR SR EUR 4 i

BT, 2 # F ] Duffing Logistic S 108
BEATLE: < 3 Py a5 A% B 1 14 3¢ AR S 051 R i
PG T BT 38 2] 1 22 4 RS0 AR R (7] R
i R TR A AN R
1 IEiPE
1.1 RiERkst

(1) Logistic i 205250 )1 R G IR 7
WEGRRGAT NN — SR, H HAT R4
ARIEARR M LR AT

X =px (1 =w) (1

Ao e Rk ACHES B 2P ow AT SR Y
3.569 945 6<u < 4 Hf, Logistic 5 4b F 1R 1
R

(2) Duffing Mtif( t#x Holmes WHT) J&—4
BRI R 3 7] R4, /& Duffing J7 F i — > B5HK
T, HECERR IR

ESWB: HRKARPAREE I H (61602424,61472371) ; i o 45 BHE BT A AR B¢ By 3T H ( 174100510009) ;
T R 4 oy A M S BT 5 B T H ((18AS510020) 5 I07 R 45 BB EOG T B B 2T H (1 192102210134)
EF BN A2 ( 1982—) 2, s I BN A2 Tl 2 Be ) 808, 2 2 BE AR EAL BRI , E-mail: niuying@

zzuli.edu.cn.
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N =¥
Yoo = = bx, +ay,, — ;. 2
Duffing MG B PH S8 5L o FI b 38 H 9 1% E
Jya=2.75 1 b=0.2, AIF= AR T 0, a0 1T
TRE X W AR B A B L 50 4 AR s 7. 33k L L X
P A SRR 783 PR TR o 25 B33 X6 B S o
B Bk 5 IR ELYE . Duffing Wl 5 148 ELAT 08 BL Y
PhREAILE , U 78 A 2 R JE 0 AN IS, B
A ARG FEALYE K A o] F . © W ELS b E S
T Duffing BE AT DLy A= Ge vH4 1 B ) P BE AL
3.

2.0

1 4-FREHIRZSH Duffing BR5t
Fig.1 The duffing map in chaotic state
1.2 DNA %f5
DNA 7p 72 it A% {5 B B sk, th 4 R 4R
B TR AL, 73 R NREERE (A) EWEE(C) 5
RIS ((G) i Ji v W (T . Bk 5 P b = 45 ) il
T BBHE EL A IC X Y SN 33— 2R K B Y g 2
B R4S 2 T AT W B 2 B8 — 2 i 26 AL
1, 32 B R B0 R 50 445 AT LR AT 15 8 B9 A7 i
A
XTI PR R, 5 3R 19 I JEE B AT LA
FH 8 Az Z B s, An ARk ] DNA 4 i i 345
U PN ) 2 1 — > B, L 4 Bl R Bl g
SEM— B B9 G 8. 38 1 X MR R HEAT DNA
i, K PRI 1G e 49 i DNA J581), T LOKE DNA F 51
A4 52 SO S A5V T BN 8. 8 ol 2 A 9 D o
1 s,
F1 8 FEREHN
Tab.1 Eight types of encoding rules.

M1 2 3 4 5 6 7 8
0W A A ¢ G € G T T
01 c 6 A A T T C G
w ¢ ¢ T T A A 6 C
11 T T ¢ € G € A A

2 MEE*

2.1 ZPWTE

Z M B b B U B B
SISCTER, XM B Y R 5 R 58 o) 52 1 4%
B S B N B SR R AR ] 1 3 50 (AN
[ 14y B SC P40 107 25 A [) 1) 25 08 o BE AT S804
eI SC s B ] SO

F &5 e SR DL R R e A (B A IR Tl R ¢
FRIEFI S E0, SN 25 Y 2 A R 5 3 A %
5B OCIR. ] Keccak 530325 A5 1l B SCIEMB A s
Al K, HACE N 512 bitfg K 430 64 21, fp 44
{i’i\ 8 /I\HQ}%{TLJE K={ k1 akz’ka s ""k64} ?ﬁﬁgﬁﬂ
TANXIFIRM R G M W EH Key, Key,-
Key, Key,:

q=64
( kj+1kj+2kj+3kj+4) + 21 kq
— 9=

h; 3
; 756 (3)

Key, = Key + abs(round( h;) —h;,), (4)
o Key: REGEME; =4(i — 1) ;1 =1.2.3.4.

2.2 mEHRE

RN MXN (R E S K MR RE
PE—A> AR AL FITR TG WS 77 A i BB
AMARTE PG B o7 R e A, 33t 45 551 %
AMRIEAT 28 AR R AE.

Peff: 257 Duffing WL 9IME , %48 Duffing
5552 000 Y, LATH B ASSON A R A RS2, L
AR AL AREEIRAN MXN R PN P51 U=
{wyuy, s uyn ) FLV={0,0,, 0, 0y00) , AR 4
NA(S) F(6) HATAIFH/ENFL) U= {uj,
Wyt Wiy ALV ={07 05, 05} WA U I
V BRSO 3R BB R/ NE 23 58 B L A

u; = floor( mod( 10°14 ¢ u,,256) ) ; (5)
v; = floor( mod( 10°14 * v,,256) ) , (6)
HH:i=1,2,,MxN.

S HEMANME(RER) A T B R HARER
EH B3R 5 AL H - C RIS A
(058 SUERAE. T 8 Ar 1 il 9 B — o7, 5 5 1) 5
FYHTALZ O B, AN A F B Y24 /i A7 4 A
A T AT AL L, MA A R B B R
HRHTAL R AT BRI AR B Lban g5 i AR
AB Rl 5 € 43 5 10011001, 00111100+
01101001 B, 38 3 Ji5 15 2 19 A~k A-F1 B R
10111000 £ 00011101, 22 i B an & 2 Fiw.

AR S AR S A ORI R 1) i B T B X L



P58, A5 JET Duffing WU 38 (L A ) L (B0 % O 1 63

55 4 3
A 080 1 0]
e A 10111000
C DJIHI ol oo |\+
L bl B 00011101
BOOIL11 100

B2 M 10011001 71 00111100 3173z XIiR4E
Fig.2 Crossover between individuals 10011001
and 00111100
P FARAEE A AR 10 28 e A BN SR P
Rtk SIAARLRAE Y BIHL Hl——DNA Zi i385 A
SEPEDNA 7250 1928 S, AT B PR S S5 Y
AR5t A I, e R R KA P v B8 3 — R R e 9 AR
DA Gl PR 1 b A A g A LD ()
PAREAT B 25 G %) RE for B 4 1) 1 5 Rk o 2 4y
DNA JF 51, A5 B TR A8 2 v B 5 — 3 B R 4%
il B SC &5 DNA FR ARG St 5 | A —A> 728 57 pRI 4
(%) JFBEATUNT 205
{x # k(x) # k(L(x)) # k(k(k(x))); (7

x=k(k(k(k(x)))),
Afae(A,C,6,T) XN E AT 6 Fhighk
ARSI, I 2 B

F2 WETRAN
Tab.2 Base mutation rules

HLI

3
Nl

Y ARG ELENARELEN LAV
A0S0 -5
A1 56 -5
AR L N SN FLEN

AL S K0 Kg

(=2 Y B R S

A —K>G —K>C —K>T—K>A

TEFEATAARAS S 10, W] L B AL e — 28
ML HEA T BB 57, MTI I8 B IR R B AL Y H 9.
X HEREAL VB IBCHE A A h e —> DNA 51, A
IRy 4xMXN DFER 81, fiv 44 P81 Q =
{90202 quan) - 38 T3 £ 22 55 2 il A2
ST IR

x: =«;, q: = A;
%i:K(x")’ LT
Hxi=K(K(xg))v q; = G
o =x(k(k(x))), ¢ =T

2.3 HIREM

Ao R B (AR A RN %) 2 5L T B 1
— PR R . e 3 A SR e AR %) R e
PSS RIS R A MBI TR AT L AR M
BT A IR B 1 S SEAE T 0 8 B, 2R Jin 4%

TR AN ] 308, SORE TG 34 e BH SC. Ay 3 6 fin 2%
R TTER Z [A) 9 OME DG, 283 i VR DB 7 91 4 i
3901002 R R I AR R B 2 18] 8 A DG A, AT
SO T i
PRt i G B 4 MR —41, 4R 4%
1 HYHERE 1, 8 F 3G 4x4 G0 s W,k EE2
PG R 1A = 8 1) A 0 P 8 L 0 2
AR
E = (W x I) mod256, (9)

W Wy W3 Wy

| O
W, W, |j'021 Wy Wy W24|:|
W = = , (10)
W, W, D’USI Wi Wi w34D
| g
[y Wy Wy Whl]
N Wy Wp Wy Wy
A Wn:[ ]§W12= ];W21
Wy Wy Wyz Wy

W, 2.

M W BT WA RE W' = W, %55 SCitk A7
fift3%: I=( W' XE) mod256=( WXE) mod256.

W8 W B WA 4 W, oM i
RUF:

(1) Logistic B AE A D BENLECR A 4% , 45 7€
WHEMSEO LRI T 5, I X6 7 5 317 BB Ab
AR EARUGEBIRIET A oo R R W,
FELFE.

(2) 4 Wi, =nx(I-W) T A B R
W,,iXH n 2.

(3) A PR Wy,=-W,.

(4) s Wy, = 1/nx(I+W,)) THRE T4
W W, S A: L 4 DT HRE W W, W,
W, 6 T 31 AT 306 0 25 6 4 W

FEF YR E W, A B0 B e kG B B
B, S JOR M .

2.4 BEYH

B SO R R A B SO IR NV AR TT DL R
AR, WA TELB SC B S %SRRI G R
A DA SR8 43 B S0 5 o T B, S I S
PR o PG W 42 BEA T 516 P 2 46 K B oy
MXN [—H4EJF ) S={s,,8,, s syen) » 208 I
T C={ ¢\ crs s epen) » BB CY HUS 19751
HE={e  e;, ey B B AXAT:

e =5, @ ec,. (11)

WG T e(0) = 127,i=1,2, -, MXN. 3"
RO AR AL IE 1o 47 HOR S 7 H AR g AR A 2K
X—4Ep8 S WA BT #E AT — R A= 11) i
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NIB S, JE TR P BOSCR A R, K
I, 2O AR B 0P8 E RAESS S, SR 5 T4 I
(1) BT IR MNAT B2 B I 19 1L

2.5 mEIIE

ARBIEIINE L5, F L AHE: RR A E B AL
Ao R FEL I 4 X PR R A Tt AL AR RN 5 S
R I m AR A P 3 frs. BRI R

A R FE R AN .

B i mw ER.

(1) BB RE PGS 4 SR /N Ry MXN () — 4
HilE P,

(2) R A sRBOTHE EURFEFE P, 105 Ay
K, IR R0 3) At 4) 545 2R Wi i
4.

(3) R4 Logistic WL ™ E 0y )74 L, F+FHE
SR EEWRETFH) LW LA AT M A
T AT A5 2 AR R, B SRS SRS P, 15
FEFLS BRI P,

(4) RH] Logistic W5 7 4= 1 )57 3] L, 14 &
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Fig.3 Description of the encryption process
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Fig.5 The histograms analysis
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Tab.4 Correlation coefficients of the images
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Baboon
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Fig.6 Correlations of plain and cipher images
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Image Encryption Algorithm Based on Duffing Map and Genetic Operators

NIU Ying', ZHANG Xuncai’

( 1.School of Architecture Environment Engineering, Zhengzhou University of Light Industry, Zhengzhou 450002, China; 2.Col-
lege of Electric Information Engineering, Zhengzhou University of Light Industry, Zhengzhou 450002, China)

Abstract: In this paper, an image encryption scheme based on chaotic systems and genetic operations was
proposed. Firstly the SHA-3 algorithm was used to calculate the hash value of the plaintext image and input
the key as the initial values of the chaotic system. Secondly the sensitivity of the chaotic map to initial condi-
tions and pseudo—randomness were used to obtain pseudo+random sequence by iterative the Logistic map, and
generate the Hill matrix to carry out image scrambling and permutation. Thirdly combining the Duffing map and
DNA coding technology, the selection, crossover and mutation of pixels were realized at the level of genetic
operations to achieve pixel diffusion and scrambling, which significantly increased the decoding difficulty of the
algorithm. Finally, bidirectional exclusive OR operations with chaotic sequence was carried out to further en—
hance the confusion and diffusion characteristics of the algorithm. The experimental and security analysis
results showed the algorithm was sensitive to the keys and could effectively resist statistical attacks and differ—
ential attacks, and the image encryption effect and performance could be significantly improved.

Key words: image encryption; duffing map; genetic operation; DNA code; nucleotide sequences database
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Fig.1 The pixel sets obtained by the proposed method
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Tab.1 Experiment results of decision variable dimension

PR AR AERL RE(H REARIEID
40 10.38 4.13
50 8.65 4.19
60 6.34 4.36
70 6.12 6.75
80 5.94 9.61

R2 MBAENIEER

Tab.2 Experiment results of population size

PR AL PRI RIS
20 11.13 4.07
25 8.96 4.21
30 6.34 4.36
35 6.23 6.39
40 6. 06 8.86

RI BRAREAEHNIBER

Tab.3 Experiment results of maximum sampling variance

WRRFE#E 13 14 15 16 17

RZE{E 9.24 7.8 6.34 7.93 8.64

x4 BIRBEFENIBER

Tab.4 Experiment results of minimum sampling variance

/N RFETT 2= 2 3 4 5 6

IRE(E 10.23 8.75 6.34 8.64 11.36
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Tab.5 Experiment results of different solution methods
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MRS E B AR 3K — THE I ) Al L% A2 Y.
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4 it
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Tab.1 The reduction algorithm based on inhibitor arcs
Y, = RABLAY

WA 2 (FEZfT TC-PPN)

it Y (AR TCPPN)

1. for eachi = (s,1) e[

2. WM, (s) =0A+s = theni— ¥ ikpict WD

Ak

3 else i — i

4. end if

5. end for

6. for each ¥ = (s,t) el

7. s D

8. 1, —17 .1, e s \iD> WBR 1 LISk s BIFTA IS B AR I RRIC

A%

9. fi =t i e
fiodD Jie (s2x8) N F

10. end for

s} Xs )\

11. for eachi® = (s,1) e I;it—1”

12 f > fuofu e {8} X1

x—a® ,x e Tt A ‘x' <2
13. end for
14.del(%) ,(x e SUTUF) A(xis(J U ))

D> MR T A bid Hesi DT R
15. while 3t € T,¥se*t: s = NM,_y(s) =0do
16.  del(f) ,f = (s,t) ,s €';5del(s) ,s €';del(¢)
17.  end while

8. Y =3

19. return 2 .

MR 12 Y P TCPPN, Hl ks

PREER ROM,) U Y, A BACH — RS PRI
M, = (MUI’M ) SiE VM, = (M, ,M,) .M, e
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J—A-TCPPN, ¥ LA RABIA 5324 i 15 51
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AT d, & XM:

dou
- t=5(e)
[8(e) |- [el’
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Tab.2 The construction method of 1 type decoupling

network

B2 zl = get | Decouplingz »

A Y, (MEZHTRER: Peui [ TC-PPN)
it Y (1 AARRSI)
1 E, = s T, = s Fy = s S, = & Son = %
2. foreachs € S:s+=(JdoS, =S, U/{s)
3. end for
4. for eachd e D":d] = 0doE, = E, U {e}
5. end for
6. for eache € EjdoT, = T, U §(e)
7. end for
8. for each: e T, do
Fy = F, U {(s;50)
F‘sj e S}
9. end for
10. T =T\Ty;F" = F\Fy;I" = \NF;E" = E\E,
D Hr x\y RS« 5y ek
11. zmp = (S,T4F I E",§,7,M,)

12. for eachs € S A S'i“z. sse=ANs = do
emp

St =S U {5}
13. end for

14.5° = S\S,..;: 21 = (S, T4 F I E*,8,7,M,)

e Fls; e S} U {(t.s) €

15. return 2 .

MM AR Y LY R AR,
S ={sls €S Nse= .S, =(slseSNse=
®} ,% Sim :Sin N SI—in N Sim 7= @wad‘ Vs e Sim
HM(s) =M(s).

Ay =S T FE 08,7 M) Y, =(S),

Ty Fys ELns.7. M) o 303 0 TTRURBIN S|
) 1 T HA

23y I AR A% 35 v , T T 28 At
WEA L .

WER6 Y Ay, ISR, I
ATREAR BN Ry Y, | AT BACH — ik
BERRM, =(M, . M,) WY M, =(M,.M,)
M, € R: M, (s) =max{M(s)} N M(s) C
M, (5) FEM, Y, | HHRAORES.

HRT 4 X, X, IR R,
H

>, = (ST FE LS, 7.M,) .

211 :(S]I’T]I;F]I’EH’IH’S’T’MO")-

e JURVANY =11 S b 2O A

‘lXM[»Ml ]JjJIJj‘jZTP‘ 2 1 E’J:ﬂiég’y(/mxv
Spe = AslseSyAs=0 }.S, =
{sls e SAs*=C) &S, =S, NSy BS,, #
B IXTF Vs e S, A M) =M (s)

*3 DEBBREIESZ

Tab.3 The construction method of II type decoupling network

Fik3 X, = getlDecoupling( 3 . D)

fiA: Y, (ML b Peu [0 TCPPN)
> (1 AR
ik Y, | (TREHLR)
. S:=¢
2. foreachs € S:s+= (JdoS,: =S, U {s)
3. end for
4. foreachs e S;:s*= A {s)
NS, =NM,_s) =0do
Fop={(t,5) eF:tes)
U{(s,t) eFriesNs,e(S;\{s})}
6. 21 = (S s}, T\ FNF 01 E 8,7, M)

end for
7.0y . 21
8. return 2

o

3 BGRREHETESRERE
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YIRS Pei [, Y = (87T FLE L
87"\ My) JHKFAFE) TCPPN.

%S, CS:seS,—>M(s) >A\ANs*=0N
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Tab.4 The precipitation algorithm of simple causal chain

B4 CS = getSimplechain( ZET’S"’)

A Y, (4RI Petri [ ETPN)
S, ( EHRIA R BT 4E)
it CSOHTth ol R e 2 o AT Y
¥ ETPN fF)
1. =T = F =k =il = 0,68 =
2. for eachs € S, do S = {s}
3. whiles € S’:5+¢ T°do
4. TP =T Us-S =5 U,
FF=F U{S$xTY u(rl xS5%
5. B =E'UeekESe el
P=PuU(SxT elLS, =(S, Ut-)\s
6. end while
7. M = [0,1,,1] s
DM g1 x | S| i, S — Ao 0, AR T4 4
ey
8. Y . =(S.T:F.FE.8,7.M,):;

cs=csu Yy’
9. end for
10. return CS

x5 BHYFERFHRERE

Tab.5 The recessive state of simple causal chain

ByES5  [S...E. ] = get Recessice( 2 e 2 :l)

fiA: Y (BT Pevi [ ETPN) ;s Y ; ( PR )
fiti: S, BREIRESER) ; E, (BB FHE)

LS, =5E, =0

2. for eachs ¢ S° do

30 0fM(s) =1L AM(s) =& A\ Vs, e SSM(s) e S:
My(s) =0A (s;,"s) e Ithen

Swe =S Ulshi B = B Uedle) N(sU) #O
end if

end for

® ok~

return S, , E .
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Fig.1 A local certain weapon system model with 16 com—

ponents
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Tab.6 The mapping of events and their transition sets

‘, 5(e) ‘, 5( e)
€ 1 €4 57
e, 2,3,4 e 33
e, 23 €6 36
e, 13,16 e 32
€5 19 e 35
e 15 € 31
e, 18 €5 27
eg 14 e, 41
ey 17 €y 42
I 11 € 43
en 20 €24 44
€1 55 €25 38
e 56 €5 34
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6 Y, | FERI AR S fs T ALARRI D, L OF
MEAT R L B G DAL SRS R AN 3, BRSSP
SCak [11].

LA 1 R 3 AT, 2 — YR A TR AN U A
FRJT L B2 ) ) 52 2% JBE R IRATR L 22 T A 5
A2 AN 13 A4S A8 56 AN 13 4,
IRAHCEE I 117 SR80 31 26 £5. 45 LASE R 25 4 e

*7 EHREODDT &
Tab.7 Events and their ODDT values

e, ODDT {H e, ODDT {H
e 0.95 ey 0
e, 0.89 es 0
€3 & €16 &
e, 0.492 e 0
es 0. 308 e &
e 0 e 0
€7 & €2 0
eg 0.59 e, 0
€9 0.2 € &
e 0. 63 €y 0
en 1 €24 &
e 0.718 55 0
e 0. 658 €y 0

& 2

1 BUfE M

Fig.2 1 type decoupling network

B3 OEEEWN
Fig.3 Type Il decoupling network

MRV 8 L A B S B Y » BILR
Y FE45 LR35 h: FERT 69% , 28 E 77% , 5K 78%.
1 .

iy o T ICEBEBAT:

(1) S" ={ B3, B3m, CB5, CB6, CB7, L5, L55m,
L5Rm,L1Rs,L7Rs,CB2,CB12,B5) .

(2) T" = { sty sty sty stisstiystisstig st sty
t55at56} 5FH ﬁn@ﬁﬁti—\‘vlﬂ = {}

o_
(3) E" ={e .e;,,e4,e5,e5,e5,€0,¢,,e5,e5} .

(4) e FF LR T AR AU S R ANk 8

7.
®8 MBENEHRETTISMMEXR

Tab.8 The mapping relationship between decoupled
events and their transition sets
e S(e) e S(e)
e, 1 e 57
e, 2,3,4 e 33
e, 13,16 e 32
es 19 e 35
eg 14 ey 41
ey 17 €y 42
el 11 I 43
e 20 € 44
€ 55 €25 38
€13 56 €26 34

(5) 7(t,) =7(t,) =7(t,) = [-40, - 10],
7(ty) =7(t3) =7(t,) =7(t7) =7(ty,) =7(1y) =
[—40, =20 1,7(t,) =7(t,) =7(tss) =7(ts) =
[- 540, - 510].

(ym,,=1[0,1,1,1,1,0,1,1,1,1,1,1,0;

o
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M, ,={e, [45,45], [72,72], [80,80], [70,70 ],
e, [120,120], [115,115], [615,615], [610,
6101, [640,640], [630,630 |,¢}.

() HHEEATW p(e - | -0 B H N
FARI A RTBEPE ar( ¢+ | - 1), B4 fnh 2% % W 1) &%
JLR.

W 9. LA 25 S 2405 2 il & S5 F, e —
fil K B e, eseqe; e egepene5 s FI 15

M, ,=10.9085,1,1,1,1,0.9931,1,1,1,1,
1,1,1,0.072 8 : M,_, ={ [0,40], [40,50], [72,
721, [80,80], [70,70], [60,110], [120,120 ],
[115,115], [615,615], [600,620], [640,640 ],
(630,630], [60,110]}.

HUCET AL A Y, b LS R AR R T e
Befe, A 0.993 1, Bk AT BE & A& A R R) 1 7 (60,
110 J; B3 &A= RGBT gk A 0. 908 5, AT E A& E
F (0,40 J; B5 &L SRR T MR 0. 072 8, n] B
AT [60,110]. f1F B5 % Af Bk (4 vl ek 2L
TN, I, AR LS 5 B3 oA T ke,

R EMHMEEMTEE

Tab.9 Event triggered matrix element values

t m(te | 1) [ m(te | 1)
by 0.908 5 Ly 0.993 1
l, 0.489 1 ty; 1

I3 0.489 1 tio 1

ty 0. 489 1 by 1

Ly 0.993 1 Lss 0.707 28
Ly 0.993 1 tse 0.707 28
Ly 0.993 1

2.3 LIGXTLE
PASCHR [14 ] rp iy Joy &8 B ) 2 58k i A7 X6F
LS5 2 WA R AR 10 foK.
F10 SEIRLER

Tab.5 Comparison of diagnosis effect

XX
Yt RS 1, ks ke
i ik

AR

L5Sm( 40 ms) ,L5m( 50 ms) ,
1 L7s(540 ms) ,CB12( 575 ms) ,
CB7(73 ms) ,CB2( 575 ms)

L5 LS LS
R R R

L5Sm( 43 ms) ,L5SRm( 52 ms) ,
L7Rs( 544 ms) ,CB12(570 ms) , L5 L7.15 15
CB7(76 ms) ,CB2(570 ms) ,  fkFa  HchE gk
CB13( 575 ms)

AT PSR Al A
% 1 A5 EA5 5 NI JC 22 55 19

i
—
(]9

B 3CHk [13-14 ] ik 5 ik 5 AR SO 15 Y e S 51
T — iz g 2. @75 2 &5 B
CB12( 570 ms) .CB13( 575 ms) [ [ i ) 90 i 75 25k
TEEF I AT AR B () 9 DL 3 e L7 VLSl s
DU BT X 48 7 3 AR SO AR TSR B
BERJS , ob s 1T L7 SR r iR

3 #ig

EHEHXE R EE PR R R S A
R (e SAHRR G BT 7 A AR A K R A, 418 1
—Fh%ET ODDT Ay FDES &5 PN R 552 AL i 4
D74 %7 VR FE 5 R T LI A I ] 2R
Lo 255 AR A5 B T AR b J2 Ak M fige 4
BRI A2 A O 2 PRI ) PR 2R O R TS A,
(R A ME E , I AR/ AR M 17 R GTIR
ASSRINAT R 73 AT 858 2 B — foft DR R R 4
PR TR Y 7 1 S AT .

S 23k
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A Hierar Chical Decoupling Method of FDES Complex Causality Chain Based on ODDT

ZHU Chunfeng', LIU Qi*, LI Dongkun®, XU Wei’

( 1. Zhengzhou Campus of Army Artillery and Air Defense Academy, Zhengzhou 450001, China; 2. School of Software
Technology, Zhengzhou University, Zhengzhou 450000, China; 3.Beijing West Station Equipment and Information Technology
Division, China Railway Beijing Co.Ltd, beijing 100000, China)

Abstract: In order to solve the state explosion problem caused by the coupling of fuzzy causality and inaccu—
rate information in complex system structure, in this paper a hierarchical decoupling method based on ODDT
for FDES composite causal chain was proposed. The method was based on Petri nets model ( TC-PPN) for de—
coupling the causal chain under the time constraints. Then based on the merged state information and timing
information, the conception and measurement method of Observable Degree in Dimensionality of Time
( ODDT) of complex systems in FDES were further proposed by constructing the time constrained graph of ob—
servation information. Finally, based on the time information of the global state, the degree of observability was
calculated and a hierarchical decoupling method based on ODDT was proposed.

Key words: FDES; uncertainty; time constraint; causal chain decoupling

( L4 72 50)
A Multi-ebjective Estimation of Distribution Algorithm for
Fingertip Localization

LIU Ke', GONG Dunwei’

( 1.School of Electronic and Electrical Engineering, Shangqiu Normal University, Shangqiu 476000, China; 2.School of Informa—
tion and Control Engineering, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: In order to solve the optimization model for fingertip localization efficiently, and obtain the fingertip
positions accurately and rapidly, the estimation of distribution algorithm for the above optimization model was
explpreg in this paper. The analytical results of this algorithm showed that due to the optimal solution compo-—
nents of this optimization model distribute around the fingertip centers, the used algorithm parameters should
accord with the above distribution law. The experimental results showed that when the values of the decision
variable dimension, population size, maximum sampling variance, and minimum sampling variance of this al-
gorithm were their best values. The results obtained by the proposed method were better than those by the ex—
isting methods. Thus, when the values of the above four parameters were their best values, the fingertip posi—
tions could be obtained accurately and rapidly.

Key words: fingertip localization; multi-ebjective optimization; estimation of distribution algorithm;

sample variance
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2 M AR HLAR G A AL BT L, 2B
BEHL 30 A FATE L (PLEERRAN) AR, 2T
2002 ~2016 AR iy DX AR 77 S A8 XA
RS 1 o a e i VAl A ' e L B e R 4
SEIEL AR L b T A lb A R AR 5 = 3
JIMEL 4 Rl 38 L S 285 ( BHEES R AN 3¢
SHIRCEY NEPNEE g8 % EE VAN DN I E N @
SR BN AT SIS AT 1 9% 245
PRA AN G0 55 Kt , A L M A B
PAFA BT AL, A SRS A FIRAE,
3 1M FH BB LR S TE M A 5 R T VAR 4G
R IR R Z HARR TR LR
2 APRZ N ZFE IR T BT R AR A A A,
TSR AL R NC B AR LA S ELAE R s i
ROV, TR FARR A AR RIS, s %%
RN ERAS BN RESTHR S BN (.

1 #XHEE

1.1 BB#HARH
FE H1 % A& 8] 13 ( random forest regression,
RFR) A5 2 Breiman a1 0001 448 Y2

VEZ T A 1968—) 2 T pl = [ TR KRI85 WF 9807 1) O 28 B0 e B 45 BB 7 E-mail: liyy

@zzu.edu.cn.

BIEEE MR R(1994—) 55 RN BN o 7 Ml B AR BT Be At 1, B9 28, 2 205207 1) A BIL &= >

AL E, E-mail: yang. haotian@foxmail.com.



4

ZEHEIHE, 5 HE T BEHLARAR MOPSO [T B At e A 4544 43-#r 81

Wl Bagging HE M ) IS S WEML T-25 1] 7 k45
A R P T RS S R ) B

AL A (L B % Ak B0 375 45 10 5000 14 B, T
LA AT DA Ak B EA 5 TR o 0 B A AT
e, FLR b AP MR | BT L% )02 1
T WA I8 AT DR B (1 4 2 R ] e 4
STk AR A R AT R RO VRS A
RS2 R AT 5 G ) 1 2 > 4

T B 4R A AR FE ikl At B 8
00, BEHL AR AR 8] A T Bagging H1BEHL 25
(] JELARL ™ 2 23 3 T A A 4B S A 5
AT TN 22 SRSk S ¢ A28 4 T £ ),
RFR R i 2850 R?) A5 )5 M5 2% ( RMSE)
ST R A LA R
1.2 MFBEMRHLEE

i R T REI LB 22 ( particle swarm optimiza—
tion) " HAT G ER A B EOULS IR 5L T LATE
TAR AR B T I R TR AL 1 R
e WIUE AR RERUREE B AL A VR B 1 4
BEEN D EAECH kI ,x, = (2,03, ,)
VERES | ASRLT AL, B 53 A 388 3et ) 62 1Y
AMAKAE pbest, FIAJRHAE gbest % ] e HHT T 1
(8, 2 JE ek AR A b R W34 Ok T i
AR 4 o AR A 0 SR e PR A L - — AR A (1
U R B0 ok PR B 37, S5 2 AR B b — R
AN AEL A Jo % (. 4 ok, ks T RE R 1k
TR B B 15 1k P 53 B0 WUt e A i 1
F 2 A 4k 0%, O R T 14 R RS . 280 R
MR PR T BRI i e 24 4 Y TR T 14
FE BTN 1) RIS E R 2)

k1l _k k k
vi:i =wv; y t e ri( pbest; ; = xi,d) +
1y gbesli} - xfd) 5 (1)
i =l ol (2)

e w R BPEACE , BUEEE R [0.4,0.9 1, ff
HARYE A B B AT EIZ 8h; ¢ 5 e, N
T, BRI T2 [ 5 KA R IR B L 1 1
PRI AN 4 R e O 5 1) AT BB KBS sl 4 K
5y 20 8 1 ABEHLEL o, 25 & UGERIER i A
KL T4 d HEMHE ,d = 1,2, D.
1.3 ZHIRNFEHARERX

— LT L 2 B AR A ) B 45 A B AR
SEMIE R, — A F BRI EGE A T RE S5k
T—F BERREAR, R 2 A7 B AR — ik
FIRARAESE AR TT BE Y, R BETE e AT Hp () 2E4 T H
FT R AR, 45> HARERS AT 8 ik 21 A

A 5 U BRORE T RE S v R AR R — B
TS MRSk [13].

TR TR O 2 AE U B, 3
AT Y 2 T RE IR A BE LA v ) R 4R
ST TR ARG AR T SsiT L vk 5
RGBSR T 2 B ST T e Bk
] 25 B A8 S ek 22 EL AR AL S5 i e
FEARATUN T T2 B bR /S U2 4 L B %
KRS AT M gm a5

2 BEUHME B TFREX

2.1 HEx&EH

BEMLARARIA A 2 8 WAL L BE A X B ol =2 R
PR BE AU G BEATL AR AR 1 R LA ] Bk i AR 4L
(R*) 13475 MR ( RMSE) 5 H 45 4F 5 H b
FAEZ 8] A R 28 28R I RS AE 5 HARFFAIE 2 1]
456 2 I AN RE F HAR 1) R B 1k 53R T A
FHBEHLRRARI k0 1 VI R 53 U1 e A OB TR R
FORFHES HARRHAE 2 8] 59 9¢ &R i ad X RE A 7
2 WUAT AR REAL AR M B A O 22 F Aok 1 fif
SER H b e B I MU 2 H ARk 75005 5
DU BT 2 F b R 3k B AL, Br LA HIBE
PURRMAE T AA S 254> H PRI -5 H A RRAE =22 1)
(5 AR H b R 28 25 18 S A S b B2 454
FFIE AL IRATAE— € W LR F, B AR (i 2 H
PR RERE S U0 Z T, T 0 AR R AR I 2
A R e g S, D) R B LA T 46
e AR R4 T2, Bl ORI REAL AR MK 40
EREER B R AR BT i FARFRIEREA T o B UL
FHIHSCR , O] IR G 2 H bk 7 i 5k ot 47
T, FRENBEAS [F A F) 2 HARB L.
2.2 HENRA

BRSS9 H A 2 3 T e L B AR 465 4
BOE NI HIX AR 7 S R AT SRS []
P 32K 3] oy S JIT S 02 1) 2% I R AEAEL A 3R T BT A 4
H e B R U 25 P AEEAT 2 FARIEALIN , 75 22 1]
B2 FAR AR AL (EL-5 A Rr A (EL 22 18] A9 5C 3R 2
TR M iR A R A A TR, [ BE
PUBMRIATE AT LR R 280 I S 22 (i i
e 2 A ARFAE S HAB R AR (R Z R A G &R
AL HE L R 48 & i) SR RL 2
— AR AR IR S BRE DL A T 2R E 2R
WIS A 22 J ARk 34 29 AL 3 ik 2647 500
Z AR LR SE S BEHLARMAHES 5 1Y
BEMLARARZ H AR RL A5k, R AE bR i A5 A5
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WA BT 58 SOsD T30k M S 2 1k A TS
AT LISRAGF oI 25 AN RAAE B (A R A ST B AL B A
SiHey, SR 5 AR 3 30 3T 2002 ~ 2016 4F [H] £ 4l
ST AU AS G5 A B AR DG, 5t BEAS S A TS
BB T A

3 EKI

3.1 BIESH

2 18 AR O R BT 128 B T Ik
T2 K AR Oy DX 1) S Rl e FH 21 ) Rk A & H
FRAFAE. I, 30T 2 5 1 AR SR — el 251 2
ARFSHT— Lkt 2851 3 AR —2dnints &) 4 1R
LRI s AR R S P R T BRI AL
FI R /R AR FE B e A H A 77 11

®1 IBATEBENSN

Tab.1 The structure of data selected for the experiment

i " Htr
Wt . G FFAE B
bt 1 2002~2016
FoH 2 2002~2016
L ifg 1 2002~2016
EEZN 2 2002~2016
AGFE 3 2002~2016
N 3 2002~2016
IEFIVERE 4 2002~2016 Mo B R
W 2 2002~2016 [ AL
K& 3 2002~2016 & PO BB
WA AR 3 2002~2016 + 4 ik 4
MR 2 2002~2016 AN
B 2 2002~2016 fH: BLELLL B
/aiHE 3 2002~2016 I{kﬁ{kﬁ:ﬂnﬂ O X
RN 3 2002~2016 A A= —
HE 3 2002~2016 b 34N fe; 4 mfﬁ@é
i} 3 2002~2016 b 34 i 1A A
B 2 2002-2016 B g D
WA 2 2002~2016 7 7 4 K A
Kb 2 2002~2016 g5 & 1% b
TN 1 2002~2016 KA POl A
T 302002~2016 g gk 1 g
T 30 2002~2016 - s gy
; 2 2002~2016 |, -
5 g T S
i 3 20022016 FI AN 7% 475
[liikre 2 2002~2016
22 3 2002~2016
ien 4 2002~2016
NI 4 2002~2016
BE K 3 2002~2016

TR BT R AE =2 18] 9 56 R AT 9, T LA
SEUHE SRR AEAE S H AR, HIBEAIL AR AR T 40
A I RATIX P ANEAE 5 HABARAE 22 18] 1 6 .
3.2 HESEuEE

H BTG 94T 55 8 T Z 40 8 ek
T T E AR R A T2, ST E T
— 2 B Y VA BEHL AR AR T, BERR R AL 2
10 A4, B REEAR IR ECH 1 000 WK, Fr k#5210 i
KREOTN BB E R 240 000. %7 FHEPLALTA
RIS E: RN 50, BUMHEACE w BE&
PEARVECM 0.9 % 0. 4 eI, T T ¢, 5
¢, B0 1.494 45,1 55 r, BRKEACHEHLEL O~ 1 £
V=% i@

3.3 WEMRTEM

KT A RO an ey, AR 4 A5 74 1) e 2 R B
( R®) R34 75 #1522 ( RMSE) T AL, | I B
HLERMAS R L5 2 J5 15 e e R B0 RY) Oy
HR 2% ( RMSE) 43319 0. 995 6 F1 0. 000 45.4%
I, BEATL AR R ] LS B0 57 BE A 48L& XS T
PHARE TR RS Z 5, 0T LS DT A R
fiES BEREHIEZ B R R
3.4 HRAW

AP A RO G PEAY L T 0 B AL AR MR 8 AT
VASEES Iy s B0 10 55 BE W) BE RS E A LA Q3R
Py s e HFRFEAE 5 25 AN FRAE 22 (8] 19 ¢ &R 7E e 3
b I R Z Bbski 7R R BRI R A BEs
R S G A B T X6 7 18 25 A R AIE 22 5] 8 iy 2 L.
FIFHARDCHE R 2) 5 SR R S L i 4R 5 g s
BRI AR e 250, v DAAS R S, RS RE 4R
153 JH ] v e AN 38 T AR 4

Cov( X,Y)
Y ey
L Coo( X,Y) A X5 YWY Ir%: Var [X] H X
HJ5 25 Var [Y] R Y Y7 25

ST B b X 22 55, A B — I 2 — 2k
TIFFE X 338 A~ 9% LA b 36k 1T iR HE44 K 3k Tl
O3 N —SRIRTT A — LI el L = ek
b, 28 T FI Y 30 i, — 2R AL
TN s B — ek A R B TR R
B VRE AT TR PH S R B P KV RB M L
Pé; ERIRTTA AR SR B A R U O VAR 22
B E B T AR K BB AR KE: =
2 Il T A R R P T R
341 KIBEH B LE RS

A B o A R AT S5 AR
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1 ] 2002 ~ 2016 4F- 1] 4= [F] (1) 30 >3k iy LA & 30
AN T H A — 2R IR T B — 2Rk T L R T
R A B A T 5 X L B TR 3R S
B2 AL B0 R R AR R DGR R, I T R AR 4
P TC R A 2 € G 9 DU R DG B I, I i 9 AR
SR 2

2002 ~2016 4F[] 42 [ 30 Ak, W BEAs
SRR B A A Y S 2007 AR PE T, MO R B
0. 994 787; HYK & 2009 4E (A ML, #HE R ECH
0. 993 822; F¥K Ky 2002 4F- ) BLER T , A OC R ECH
0.990 5884 £ NI TT 15 a LRk #r, &2 E
30 AT H 30k 7T AR 5 AL T R A Y T
ML AR RECZ R 14,812 322; HRZm T 11,
FHOC R AR 14,765 423; RO A T, A0 G
FECZ AN 14,761 251, AEAIR T g —Ze s i
BEAR G R L AR AT ) 2 2002 AR 1) M T L ARG R
04 0.994 057; HK S 2002 45 LT, A0 R
HA 0,993 213; FURCH 2004 AE[GAL BT, A4 £
0 0.992 688 K45l 15 a LRGSR AT,
FEAR I T v — R I TT rh I T B AR S AL T AR 1Y
ST AR RECZ RN 14. 840 293; Hyk Myt
BT, AHCRBZ AN 14,820 292; PRk i
T, A R B Z Fh 14. 799 533.

2002 ~ 2016 AF [ FEA I T H 18—
I T R AR S R T B B 2 2011 AR R A T, AH
KFRECH 0.995 032; HK A 2012 FFEAYPEL T, A
KZRECH 0.994 559; FIK A 2015 AEAY B Rg T, AH
K Z BN 0. 993 2964545 IR 7E 2002 ~2016 4F

15 a ZEE AR T AR IR T i B — e i v
IR ARG I E R R R T, A R B
FA 14,771 292; HR R EE KT, AHC RELZ AR
14.763 693; FR IR ML BHTT, M C R E Z F1hy
14. 760 872.

2002 ~2016 AEFEA I T i Y Z 23T T
TEA LA L AR A 1 S 2002 AFEARN T, AHOC R %K
4 0.998 697; HUK A 2015 4E IR TT , AHOC R %K
7 0. 998 690; FEYK A 2009 4F- B RG B T, Ao R B
0. 998 6645 5 A3k 1T 7 2002 ~ 2016 4F 15 a
R, R I H I T R A G R T
IR DT A OC R B AR 14. 950 136; Hk
HEE BT AR R B2 AR 14,950 021; PR AR
THT L G R RCZ HIN 14. 948 310.

2002~ 2016 4EFEAR I T o Y = 2RI T B AR 45
FAITC & B 4 1Y J& 2004 AEAR I T, AHOC R H
0. 999 594; H: ¥k ky 2006 4F- P4 7 17 , #H K RECH
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Tab.2 The experimental result of the data being true
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Tab.3 The experimental result of the data being growth rate
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Urban Optimal Capital Structure Analysis Based on Random Forest and MOPSO

LI Yanyan] , YANG Haotian*, ZENG Yufan’

( 1.Business School Zhengzhou University, Zhengzhou 450001, China; 2.School of Electrical Engineering Zhengzhou University,
Zhengzhou 450001, China; 3.Department of Mathematical Sciences, University of Liverpool, UK)

Abstract: Urban capital structure was a complex problem that was influenced by multiple factors. In this paper
a city optimal capital structure model was constructed based on random forest and multi-objective particle
swarm algorithm to analyze the state of capital structure. Firstly, historical data were analyzed by using the fit—
ting regression characteristics of random forests to find the relationship among historical data features. Accord—
ing to the existing relationship characteristics, eigenvalues that could achieve the best results by using the
multi-objective particle swarm optimization algorithm were identitied. Then, according to these characteristic
values with the best effect, the data with the highest correlation could be searched, so as to analyze the cities
and years with relatively excellent capital structure allocation. By constantly learning these optimal structure al—
location, it could serve as a good reference for the development of other citys.

Key words: random forest; multi-objective particle swarm optimization algorithm; urban capital structure allo—

cation; fitting regression; correlation
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Numerical Analysis of Flow and Heat Transfer Characteristics of Helical Baffle
Heat Exchanger with Winding Threaded Tubes

WANG Yongqing, WANG Fangfang, GU Xin, WANG Dan, XIONG Xiaochao

( Key Laboratory of Process Heat Transfer Energy Saving of Henan Province ,Zhengzhou University , Zhengzhou 450001, China)

Abstract: The heat exchanger heat exchange tube of winding spiral tube baffle plate was a new type of structure
combining the externally threaded tube with the light pipe spiral baffle. Using the CFD code FLUENT, the shell
side heat transfer mechanism under winding thread action was analysed and compared with that of light pipe spi—
ral baffle heat exchanger. When the helical angle were 10°, 15° and 20°,and shell side Reynolds number ranged
from 2 000 to 6 000. It was shown that the comprehensive performance of shell side in winding thread spiral baf—
fle heat exchanger increases by 4. 5% ~ 14. 5% than that of light pipe helical baffle heat exchanger. The heat
transfer coefficient increased by 4. 27% ~23.39%, and the temperature field and the pressure field were all bet—
ter.

Key words: heat exchangers; helical baffles; numerical simulation; field synergy; temperature field
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Research on Performance Improvement of Crowdsourcing Based on Task Pricing

DENG Shaohong', LI Ling', GUI Bin®

( 1.School of Economics and Management, Changsha University of Science & Technology, Changsha 410114, China; 2.School of
Computer Science and Technology, Huaiyin, Normal University, Huai’an 223300, China)

Abstract: Firstly, based on the theory of space crowdsourcing, the concept of equivalent task representative
points was proposed. The relationship among the original task pricing law and task density, membership densi—
ty, member average credibility and nearest neighbor reach distance were studied. Then, from the perspectives
of the contractor, the platform and the contractor, a task pricing model based on multi-objective programming,
a member dynamic grab order model, a task allocation model, and a task completion probability prediction
model were established respectively. Furthermore, the TOPSIS method was used to calculate the
comprehensive evaluation index of different pricing schemes, and thento choose the optimal task pricing
scheme by the ranking result of the comprehensive evaluation index. Finally, the optimized scheme was com—
pared with the original scheme. In the condition that the total cost of the contractor was as low as possible, the
platform task completion rate, the average individual member income and the unit reputation value conversion
rewards were significantly improved, that is, the crowdsourcing performance were improved. The result verified
the feasibility and effectiveness of the model and provided reference for the task pricing of the crowdsourcing
platform.

Key words: crowdsourcing; task pricing; performance improvement; model; multi-ebject programming
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