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Robot Detection Mission Planning Based on Heterogeneous
Interactive Cultural Hybrid Algorithm

YU Ling-li, CAI Zi-xing
(School of Information Science and Engineering, Central South University, Changsha 410083, China)

Abstract: Aiming at the problem that robot mission planning hybrid algorithms lack a general architecture, a new interac-
tive bionics-swarm co-evolutionary hybrid algorithm system architecture is presented by using cultural evolutionary double
structure idea for reference. The architecture includes the upper ceiling knowledge space based on good-point set genetic
algorithm (GGA), the bottom ceiling population space based on discrete particle swarm optimization (DPSO), the top-down
influence mechanism and the bottom-up acceptance mechanism, to realize heterogeneous population interaction. Addtionally,
customer estimation interface is reserved to realize human-computer interaction. In order to improve particle swarm opti-
mization performance, the population space is initialized with good-point set to distribute the initial particles uniformly in
feasible solutions. A novel evolution model is presented and the particle evolution ability index is defined, which increases the
population’s diversity and improves the algorithm’s stability. A neighborhood local search strategy is introduced to enhance
search capability of the arithmetic. At last, the heterogeneous interactive cultural hybrid algorithm (HICHA) is tested with
TSPLIB standard data. Experimental results show that HICHA is better than the other algorithms in stability, convergence
speed and solution quality. HICHA provides a new way for solving the robot detection mission planning problem.

Keywords: robot mission planning; cultural evolution (CE); discrete particle swarm optimization (DPSO); good-point set

genetic algorithm (GGA); heterogeneous interactive cultural hybrid algorithm (HICHA)
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Fig.1 HICHA system architecture
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Algorithm HICHA
Good_Point_Set_Initialize (curSwarm);
Initialize(belief_curSwarm);
for curlteration=1: maxIteration
%o %0 % %o %o - F 7 NI HEAT VR &5 18 O T HE SR T8AL,
curSwarm = particle_swarm_algorithm(curSwarm,dist);
E(i)=Evolutionability(curSwarm(i,:),particle_best_pos(i,:),
global_best_pos, currente_best_pos(i,:));
if (EQ)<E)  %E #EAL J14R R BI{H
curSwarm(i,:)=pos_add_velo(curSwarm(i,:),randperm(nPoint));
endif
pMutation = curlteration/maxlteration*C; %C k2% M 5 15 &
for i=1:nParticle
if (rand<pMutation)
curSwarm(i,:) =near_neigh_search(curSwarm(i,:),dist);
endif
endfor
%o %0 o % Fo SNV [0 FFAT HEAT f s AR AR S0 4L
belief_curSwarm=genetic_algorithm(belief_curSwarm,dist);
for i=1:belief_nParticle
belief_fitness(i)=TSP_fitness(belief_curSwarm(i,:),dist);
endfor
%o % % %o W1 AT /R N2 5, SEINAS HARAE
[MAXBFE,MAXBF_index]|=max(belief_fitness);
if (MAXBF>global best)
belief_curSwarm(MAXBF _index,:)=global _best_pos;
belief_fitness(MAXBF_index)=global best;
endif
belief_ BEST(curlteration)=min(belief_fitness);
%o %6 % I Kb & FEMA S, SEER L AR
for i=1:AffectWidth
curSwarm(maxPOPULATION _index(i),:)
=belief_curSwarm(minBELIEF _index(i),:);
endfor
%o % % %o %o S HTRL T A A S e (L
for i = 1:nParticle
if(fitness(i)<particle_best(i))
particle_best(i)=fitness(i);
particle_best_pos(i,:)=curSwarm(i,:);

endif

endfor

%o %0 0% %o S H KL T4 Jr B B

if (min(particle_best);global _best)
[global_best,best_pos]=min(particle_best);
global _best_pos=particle_best_pos(best_pos,:);

endif

BEST!(curlteration)=global_best;

AVG(curlteration)=sum(particle_best)/nParticle;

end
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4 ¥t (Experimental simulation of robot
detection mission planning and the result
analysis)

FR A HLs N ERIAT 25 RIS AL ] 1, 162K )
L8100 TSP B4, R T AR — MR BT b
PR, 3 ST [16] N SEEARAE I AT 55 ST AL
Blas NEAT 3 [y X AR 25 K, A8 S AR B 55 )
N T ULV I A S A A () RS e MR B,
ST SEBRARX R ZEME S O T AR R T 1S A A
5 QAR I 22, 8 ST D 2 B IR A T i 22 MR
o Hod KO BREASI n) R B AT IR, AL
I K =10, B; &5 i Kl E s ifig, 0 £r
TSPLIB #5741 & A AL

EX 7: LA ZE (B IRERA B EAL
it R S8 5 S s e DI AR 1) 2 Bk DA S Bm e A A
it Wik 9).

K
2 B
B —min(B)
E=-K x100% 9)

min(B)

EX 8: MWz IR ZE (Eg) ARG EIN B
PR T 0 S D A 1 22 P S8 ok LA 2 e A e, AL
=L (10).

K
2 (Bi-0)

i=1
E;= 100% 10
d KxO X 0 (10)

6.1 FEB{ESEIZEX HICHA BRI

H# 5% m HICHA IR S5 WA, e
T A A LR R R A S R T
R MBESEE, 5— N RERESEHRE
S Ak SR W R B () AR e ME R B €. AR o
BB E 4 0.2, 050 0.8, BEFRBIME C EH
0.3+ 0.5, 0.8, 1% eil101 [a] 8 i BEAL Sy B E .
MER B C Fl 22 FEAH X IR 25 (E) RFR, WK
2 Fs. ATAD ARG EE ) BME E, A8 SR
fH C B 0.3 I, fwz BEAINHR Z (E BN, xtT
ANIE 7 SRR A C, BEALRE T I E B 0.5 1K,
it 22 BEAHA R 22 (Eg) AHXTIR /N, 2978 S5 M 3 (L
C =03, 34 1B E =0.8 I, Eq Bl /IMiE. 3Ek
ey BE — ELHEOK, R R IR A v PR 1 o, e 8l

LR AR SRR RGO, SRR ) Bk
RLf U, A SRR, S BSIOR . L SE
2 B (L (1 38 SRR o REURRASE . 384T I 1) 75 SR A
o i ) S R A T I

TREERSEE /%
—O — D W A L O ®

.80.7

0.6 L 0.8
0.6 07

0.5 > e .
ﬁwﬁwﬁ%%%g'”“- 55 04 0
01 0277 R

2 BMEX SRR ZE vk AT
Fig.2 Statistics analysis figure of thresholds’ effect on
algorithm performance

6.2 FHEZEZEMEERER

H T HAIE HICHA Hk A 3k, 51641 GA
FUT 142 H ) PSOBAI Sy 8k 47 L, b S
[12] R AR A B E B B, AT B B RE R 38 R %
AUEL. HICHA 22 ) (1 RS i AT 55 i B H
(R A%, AR 2 1] (1 RUARE A A 2 11 1) 40% ) Y
38, ORIEARIRECH 500 ¥k, 6.1 FT TR A, C
I 0.3+ E HUH 0.5 AT H5Z (1. GA S RiEARIREL
h 1000 X, 25 B ENREAS RS 2 5 o 3E4T 10
PCSES, SRR 1 PR, AR AEAR I 5 e
fif 7T, A AETESME R ZE U T, HICHA JIrf3 45 13
BN, BAT AR BSOS ERER T I Ah
FhEE . AEAT 55 BN /M), PSOBA Fil HICHA
ORI AR LF ) FARAE ST s MAEAT 55 R K1
PF, GA BIEEAR T 1000 7, AR H30 A 4252 .

Kl 3 b &Rl LR AE R TSPLIB bR 22 v 1 Bl
eil 101 AR BER tsp225 Xt HLas N AT IR AT 45
R h 2R B . i1 3 AT %0, HICHA W SIGH &
T GA F1 PSOBA, Jf H.ff i) 5 & Ak B B A0 T3 Ath
Wi s, (Al T HICHA o T 4828 Ak 4k
FEM s A ARAE S 5 ma B, i LA RE IR ) ) B 2
1T GA, PSOBA FEl b TSR ], & 4 4%
SR SRAE I TR LR T, ] A6 25 MK ) 1) S A
B R, k23 x4, HICHA 5 GA [ AL
7] 22 S AR At A8 K. T AT At e S B 1) R ) B A, 75
R K A o fe: WL P R R N ) PR 75 SR R



31455 2 W)

RIS FET 57 AL B A SO IR A AL s NSRRI 55 4]

143

A SCHEH P SEVEA AR R) JE AR EL T R, 25 REF)H 5F
AT H AR X — 52 Fp o) J, HICHA [ 5 3%0% nf
HE—L ¥ mE. 5 FE 6 435l & &1 % $din eil101 Fl

7

R BEERMRERRT T

Tab.1 Compared results of each algorithm

tsp225 MIALAE N BRI S5 BRI 25 R, FHorp 7
7~ TSPLIB H R 52 AT 45, LR s R G AT
iz,

Problem AR AR SR RPN L g QYW ROl Ey(%) Eq(%)
GA 31.8456 34.9027 9.6000 13.0324
burmal4 30.8785 PSOBA 30.8785 30.8785 0 0
HICHA 30.8785 30.8785 0 0
GA 454.6377 469.1147 3.1843 9.1007
eil51 429.9833 PSOBA 442.8900 454.2949 2.5751 5.6541
HICHA 429.9833 441.0769 2.5801 0
GA 702.9195 7289117 3.6977 7.4144
st70 678.5975 PSOBA 693.1586 716.3253 3.3422 5.5597
HICHA 688.3468 713.8860 3.7102 5.2002
GA 571.2668 594.985 4.1519 9.0940
eil76 545.3876 PSOBA 566.1853 589.7799 4.1673 8.1396
HICHA 558.3856 574.7540 29134 5.3845
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