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Abstract .

is studied. By analyzing and modeling, it is abstracted as a multidimensional combinatorial optimization problem with mul-

The mission planning problem of a team of modular and reconfigurable robots (MRRs) in hospital service

tiobjectives and multiconstraints. A population-based metaheuristic, the Improved Binary Bees Algorithm (IBBA) ,is pro-
posed to optimize this NP-hard problem. The IBBA is featured as,1) Functional partitioning and parallel implementation of
global search and local search;2) Integrating the methods of combinatorial schemes’ expression and evolution, multiobjec-
tives’ handling and constraints’ handing into the basic algorithm framework;and 3) Improving local search strategy from
the prototype algorithm. Experiments are conducted with respect to a practical example. The IBBA exhibits feasibility , stabili-
ty and advantages over its prototype algorithm in indices of solution quality, computational efficiency and single-objective
optimization. Further, the advantages are interpretable from algorithm mechanisms. This study extends the field of research of
MMR, and provides a general modeling method and optimization algorithm to solve general combinatorial optimization prob-
lems with multiobjectives and multiconstraints.

Key words: modular and reconfigurable robot ( MRR) ;robot team ; multidimensional assignment problem ( MAP) ;

combinatorial optimization problem ( COP) ;improved binary bee algorithm
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R, 1 2 3 4 5 6 7 8 9 10
M, 35,40 14,20,39 13,24 23,29 6,10 1 8,27 4,22 15 9,18,36
H, 3 3 3 6 2 3 2 1 6 4
My, 1,1 2,2,2 1,3 1,1 2,4 4 1,3 4,2 1 3,1,1
Ts,; 942 911 | 316,566,177 | 631,540 | 978,1032 | 257,762 515 395,571 | 478,763 1133 202,226,997

w,i (1) 11,24 16,1314 21,18 24,10 15,19 25 11,23 14,17 21 16,16,11

w,, (i) 5 5 10 5 10 5 10 10 5 10
w(i) 40 48 49 39 44 30 44 41 26 53
R, 11 12 13 14 15 16 17 18 19 20
M, 25,32 16,37 19 7 5,17 11,30 2,21 28,33 3,26,34 12,31
H, 6 3 1 4 2 2 5 4 5 4
My, 2,2 4.2 1 1 3,2 3,1 1,1 3,3 23,2 4,2
Ts, |873,1117 | 1139,1312 617 430 170,450 | 215,976 | 395,701 | 569,947 [153,517,1190 717,950

w,i (i) 23,16 11,21 23 40 16,17 10,13 14,15 18,22 14,12,13 15,28
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w(i) 44 42 28 45 43 33 34 45 49 53
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demiem | 1 2 3 4 5 6 7 8
PBEEs | - - 10.32]0.35|0.54 [0.46 | 0.38 | 0.43 | - -
R3I FIRBEMEENNIELRBHAFES
JEhihE | 1 3 4 5 6 7 8
PAEEES | - - 10.57 [ 0.54 [ 0.46 [0.38 |0.43 | — -

4.5.1 HEERRKR=E

K S F8hRFN C 3545 & B 1TAL IBBA Fl BBA iy

ETFHIE B, ZIRER. i IBBA A BBA 4 #E47 10 1%
T I PIEAE S 5hRF C $8 45 1A 100 41404,
PAFCGETH A5 RAE o I PP F

F 4405 7 IBBA Hil BBA £ 100 41 S #8458 22 I 5¢
AR QIR IR 20 b R OR(E R/ ME AP {H. 1B-
BA FELAT = AN J7 R B X BBA BOHE#H: (1) S 1545
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TE AL (3) P I E 0 IE XL
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S f6tn e BRI | BORME | BUME | CFIE
S(IBBA) -S(BBA)|  83% 0.0093 | -0.0041 | 0.0028
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5L AHE R A AR S B A 58 4 59 S BE A A L
DL C FaFR 1 S5 RAR e/ IME FIF- 34 {H. TBBA Fik &
B PLF: (1) 78 100 13345 K v, BBA (1) — 41X
BC A IBBA (1) — 2H 3 S IC A 56 42 55 L 18 Ol & AR
T TR, RZIMBEH %5 (2) C(IBBA, BBA) it - 4418
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C 16w SEERPIA | WoRfE | /ME | FIE
C(IBBA,BBA) 7% 1 0.1 | 0.537
C(BAA,IBBA) 0 0. 6364 0 0.018

4.5.2 HEHE

KBTS R R AL A A R AT Tt
BRIV SRR, 10 YO B G 45 R W3k 6 i,
IBBA fiff i) i Lo BBA F-33/012. 7% HRBCRIEH W
. JE AR ARYE 4. 4 9 R IIR SR, IBBA SR AT
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e B3 ey 1 2, (% B O R 2 A A H A R K s
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F9 TR AL, BT 6 5 7 i 2 (1] b 5 B3 B Jm) AR 4R R 1 7
BRI XA R TR m I SOR. AN, IBBA MRS AL
fitp PR A TR A 00RO L R R Ry 4 R G A 4
FE, AT REAS 7 PR UETH 3R 1 (R 348 R I S A T i
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R6 RUTENBHBENSITER
LS LN h/ME FI91E
IBBA 141807 123773 134090
BBA 168652 146847 153620
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HEMU R 2 B AR P B — B bR, R
fiE 1 AR SCIC AR A4 23 A1 38 B, 3t 2 6 RS 9% 18 4% vp 4k
PR B H bR e DAY PN AR ST AR JEIAL 32 7 8% T
IBBA FI BBA (] 10 41 # H bR e /M b G4 R 1
FRORAEL HR/IMEL P B {ELRIBR o 22 55 45 T SE T4 b L
IBBA By 5 H AR fe/IME R R BUARL T BBA. JX 2%
I TR SRR H AR A0 A £ 17 Jm B8 R ), IBBA fiE
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Ut P2

A EAG IR, IR AR R SRR A
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%7 IBBA F1BBA B 10 AEBERRNMIREFITER

. IR O R

1 2 3 4 5 6 7 8 9 10 KM | o MA | FIME | bRdEE
IBBA 757 753 752 776 759 760 757 753 760 753 760 752 755 3. 11
BBA 775 782 805 782 782 782 767 782 793 782 805 767 787.2 10. 05
. A T 45 b BB G 45 (L A B/ IV

1 2 3 4 5 6 7 8 9 10 RME | B/ME | PIE | bRz
IBBA 13. 30 13. 30 13. 37 13.24 13.24 13.27 13.27 13. 31 13. 30 13. 37 13. 37 13.24 13. 30 0. 046
BBA 13.42 13.43 13. 40 13. 40 13.42 13.43 13.43 13. 46 13.26 13.43 13. 46 13.26 13. 40 0. 058
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