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Multi-objective scheduling algorithm for remanufacturing system
considering energy consumption

ZHOU Binghai, LIU Wenlong

(College of Mechanical Engineering, Tongji University, Shanghai 201804, China)

Abstract; To explore the potential of remanufacturing industry and enhance its contribution to environmental
protection without reducing commercial interests, energy saving is considered in the study of scheduling decisions
for the remanufacturing system with parallel flow-shop-type reprocessing lines. An improved multi-objective artificial
bee colony algorithm is proposed while turning off idle machine policy helps further cut down energy consumption.
First, bi-objective mathematical model is established to minimize the makespan and energy consumption. On this
basis, an original artificial bee colony algorithm was adapt to multi-objective algorithm with elite strategy and double
neighborhood search to ensure the convergence of the algorithm, and local optimal escape operator was brought to
improve the exploitation of the algorithm. Because of the component matching requirement of product assembly, the
disassembly operation and reprocessing operation are not fixed, leaving machines lots of idle time to be decided if
closing machine benefits saving energy, and the energy consumption subproblem is solved by a simulated annealing
algorithm with elite strategy. Finally, numerical calculation and comparison with the existing typical algorithm
demonstrate that the proposed algorithm is valid and feasible, and the energy can be saved substantially in desired
makespan.

Keywords: remanufacturing; energy saving; artificial bee colony algorithm; multi-objective; scheduling
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Fig.1  Remanufacturing system with parallel flow —shop —type

reprocessing lines
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Algorithm; IMOABC

>Input: NP, AS, limit, maxCycle
>Output; Fitness

1. Initialization

1.1 Initialize the colony with the parameter NP

1.2 Initialize crowding-distance archive with AS

1.3 Add non-dominated solutions without the initial colony into
the archive

1.4 Crowding Distance Assignment (archive)
2. For(t = 0; t < = maxCycle; t ++) {

2.1 SendEmployedBees( colony, archive)

2.2 CrowdingDistanceAssignment ( archive )

2.3 SendOnlookerBees( colony, archive)

2.4 CrosdingDistanceAssignment ( archive )

2.5 SendSeoutBees( colony, limit)

f
3.Return archive

4.FitnessCalculation

3 IMOABC X%
Fig.3 Pseudocode of IMOABC
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Tab.1  Objective performance under three strategies

strategy fi /min f> /kWh
null 1043 6.45

energy 1 043 4.77

on—off 1043 3.733

R 1 W LUDWER S, InAZ IEREIR N R 5 £
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fore =
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Sore
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(MBI R 48 bR L IMOABC #5375 2] T £ F NSGA-1I 19
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Tab.2  Energy saving rate of using on-off strategy respect to null

strategy under two algorithms

n,m P,y /% Py, /%
20,3 24.8 32.7
20,5 21.2 31.3
40,3 18.5 25.4
40,5 17.6 23.1
60,7 16.5 22.7
60,9 15.2 20.5
80,7 15.3 20.1
80,9 14.7 19.3
YA 18.0 24.4

x3 FEARDFHYETESR

Tab.3  Numerical calculation results of different scale problems

NSGA-1I IMOABC
n,m — — — —
NS SP CPU/s NS SP CPU/s
20,3 36 3.85 25.3 41 456  29.4
20,5 39 3.63 31.2 45 3.99 363
40,3 40 377 4717 39 3.67 56.6
40,5 43 4.11 59.6 44 4.43 67.5
60,7 46 3.82 83.4 45 4.35 96.1
60,9 35 3.75 99.8 43 3.87  103.9
80,7 42 3.47 1232 49 335 146.4
80,9 38 375 1321 43 412 1573
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