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Multi-objective Multi-robot Mission Planning Based on
Improved Fireworks Algorithm

Zhang Tao Liu Tianwei Li Fuzhang Hu Mengyang
(School of Electrical Automation and Information Engineering, Tianjin University, Tianjin 300072, China)

Abstract: Multi-robot mission planning is one of the main problems in multi-robot system research. Multi-objective multi-
robot mission planning refers to optimizing multiple indicators of the multi-robot system at the same time. In recent years,
heuristic algorithms have increasingly been used to solve multi-objective problems. In this paper, a multi-objective multi-
robot mission planning method based on improved fireworks algorithm was proposed. In addition, the sorting method and
selection strategy of the multi-objective solutions were discussed in detail. In order to verify the performance of the method,
seven instances were tested, and the method was compared with other four multi-objective algorithms on the S-metric index.
The other four multi-objective algorithms were Non-dominated Sorting Genetic Algorithm IT ( NSGA-IT), Strength Pareto
Evolutionary Algorithm 2 (SPEA2), Pareto Envelope-based Selection Algorithm (PESA) and an Improved Strength Pareto Ge-
netic Algorithm 2 (SPGA2). Experimental results shown that the proposed multi-objective multi-robot mission planning method
based on improved fireworks algorithm has obvious advantages both in Pareto solution set quality and solution set scale.

Key words: fireworks algorithm; multi-objective optimization; multi-robot mission planning
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Y EARIREL iter<500 ;
XA X
AR 2N 2K (10) 358 AR AE 9385 7 B (1
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Tab.1 Data set . N w

Numb &R 5 0 i 45 P i O 8 i, C (X)) AT T,

7 T I < ! oG ‘
fEHL BARAN_ BUSEEM. ) e X, mmiAs B ARG OF FLAE AR 4

R2 300 30 Z% 8 X, FF Xy o

gi 15(5)(?0 ;8 SR Y R X S 56 25 SRR A b, AR S A
RS 1500 100 BRI EEW] 4y Bk ST a8 4T 10 k. A B
R6 300 100 FUGBITEE R S-metric $845, 2 3 ) H T 10 Kz
R7 1500 50 ATEE R0 B KAE e/ IME, FPEYE. T B0

524 PC AL, AE FEES - Intel (R) Core

X ELSRE R PR RE, 181 2 45 T Is 4T 10 AR 2 Y
S-metric V- E I KL o

(TM) i5-2310 CPU @2.90 GHz, N7%:2.48 GB,#¢
YERGEMUA : WINDOWS 7 JHEAR R, 4 135 5K WA
Microsoft Visual Studio 2010, X Fb3ZEG 1R < Xt
T 7 MR RIFEG], 2 BT 4 Fh 2 B ARG .
X EEAFEFIHATIH ., B RV EE AR B AR B iE
1710 Ko XTSI 1 4 R LS HR B
2 Fios. o, BXHEEHR 0.9 AF R
B 0.1, FEFRUBORIRYS SR B8 S 50, fi R
Y KAEBOR 3 38 K ABE 3 715 100 F0 50

#2 HksgarsE
Tab.2 Parameter settings

e R S AR B mik

Pk MM M0 LT LT KekdE dEEA
Num  Numb Bom g
MOFWA 50 50 - - 100 50
NSGA-IT 50 - 0.9 0.1 - -
SPEA2 50 50 0.9 0.1 - -
PESA 50 50 0.9 0.1 - -
SPGA2 50 50 0.9 0.1 - -

KT VG SRR PERE , A SCHTT T S-metric 45
B R A Al S L R ) 2
AL SRR T R BB MR A SO g — iR
M= tmy,my, - m, | Rl — M AR RUCRCHY
S 1 %, URAR MBPEARERR S-metric A9TH5L)5
VARG RIEZ0F

S(M) :=A( U {x[m<a<x,l)  (15)
Horr A FoR 8 DRI BE I Hom SCE & & SO %,ero
ATSCH, EAR BREUE 4Ry, PIAS H AR5 B9 5
1] T, AEAE C.. s BE R — WA A 1 B
DEfif IR SCRC AR U S-metric i 5 19315534«
B MR~ H AR ST B S B K P HED AR
HHae6) .

S(M)=_Z (1 Con(X) =€ (X | -

T (X)) =T (X))

sum

(16)

#3 10 wistT4ER
Tab.3 Results of ten times’ running
NS f/ME IEoN ] FHE

NSGA-II 2.7176e+06  3.5549e+06  3.0206e+06
SPEA2  3.3026e+06 4.7412e¢+06 3.7015e+06

R1 PESA 2.9944e+06  4.1367e+06 3.2734e+06
SPGA2  3.7641e+06  4.0532e¢+06  3.8898e+06
MOFWA 4.0244e+06  6.0341e+06 4.7885¢+06
NSGA-IT  8.4483e+06  1.0132e+07 9.3545e+06
SPEA2  8.1592e+06 1.1595e+07 9.8113e+06

R2 PESA 7.4364e+06 1.1043e+07 8.6355e+06
SPGA2  9.5021e+06  1.1952e+07 1.0360e+07
MOFWA 1.1762e+07  1.3572e+07 1.2555e+07
NSGA-II  3.8730e+07  4.7963e+07 4.2704e+07
SPEA2  3.9934e+07  5.6612e+07 4.7147¢+07

R3 PESA  3.4730e+07 4.7641e+07 3.9031e+07
SPGA2  4.1042e¢+07  4.3216e+07 4.2244e+07
MOFWA 4.5842¢+07  7.1026e+07 5.6945¢+07
NSGA-II  2.1423e+08  2.7974e+08 2.3438e+08
SPEA2  2.0989e+08  2.8569e+08 2.4631e+08

R4 PESA  1.8449e+08  2.3700e+08 2.0992e+08
SPGA2  2.4697e+08  2.9114e+08 2.6385e+08
MOFWA 2.5060e+08  3.3405¢+08 2.7392¢+08
NSGA-II  7.0921e+08 8.3815e+08 7.6443e+08
SPEA2  7.0570e+08  8.7238e+08  8.0123e+08

R5 PESA 6.1496e+08  7.7524e+08  6.9799e+08
SPGA2  7.0082e+08  8.8588e+08  8.0259¢+08
MOFWA 7.0556e+08 9.1475e+08 8.0768¢+08
NSGA-II  4.6594e+07  5.4327e+07 5.1242e+07
SPEA2  4.4577e+07  5.6116e+07 5.1089e¢+07

R6 PESA 3.1321e+07  4.1243e+07 3.6121e+07
SPGA2  5.1821e+07  5.9485e+07 5.5597e+07
MOFWA 5.2778¢+07  6.2683e+07 5.6987¢+07
NSGA-IT  3.1027e+08  3.2104e+08 3.1613e+08
SPEA2  3.4312¢+08  4.0478e+08  3.6383¢+08

R7 PESA 2.8372e+08  2.9009e¢+08 2.8751e+08
SPGA2  3.5339e+08  3.9917e+08 3.7638e+08
MOFWA 3.6950e+08 4.0370e+08 3.8917e+08
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ATH 18] & F NSGA-II Fil PESA & ik, (H 2k F
SPEA2 FI SPGA2 vk, X FHESLif 43 Bt R Ge i
5 VA I A R 4R A5 A B4 55 23 e 7 8
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Tab.4 Average time of ten times’ running
(A7
§ NSGA-II SPEA2  PESA  SPGA2 MOFWA
FEpl

R1 9.217 24.910 7.311 24.302 22.620
R2 9.670 27.185 7.686 27.034 23.573
R3 11.606 33.561 8.967 33.384 26.259
R4 16.723 46.853 14.715 49.902 36.491
R5 23.276 64.328 22.463 71.403 52.079
R6 20.563 57.375 17.549 63.556 39.775
R7 10.779 28.272  7.718 30.573 27.308
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Fig.3 Multi-objective optimal solution set
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