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Abstract
Considering problems like product blockage and machine faults in the batch scheduling of product
assembly lines, this paper proposes a multi-objective flow shop batch scheduling model taking these
problems into account, and by comparing with the traditional flow shop scheduling model, it verifies
the feasibility and superiority of this model. The results show that, regarding the product blockage
problem, this paper improves the MWH heuristic algorithm, leading to better quality of the initial
population produced; and that it also proposes a new ISBOX crossover operator algorithm, which is
used in combination with the nondominated solution information to calculate the new solution for
offsprings, improving the local search capability of the algorithm. In order to address machine faults,
this paper obtains new solutions by optimizing the maximum completion time and the early
completion time, takes the new solutions as the initial population, and uses the proposed model to
optimize the robustness and stability of the existing algorithm. By comparing the proposed model and
the traditional scheduling model in terms of product blockage and machine fault, this paper finds that
the proposed algorithm has high local and global convergence, and generates high-quality
nondominated solutions. According to the re-scheduling strategy, this algorithm can effectively reduce
the effects of product blockage and machine faults on the objective function.
(Received, processed and accepted by the Chinese Representative Office.)
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1. INTRODUCTION
The traditional workshop assembly line scheduling is about allocating a certain amount of
resources on demand to different tasks in the workshop to optimize the completion time and
production efficiency of the entire operating system. The workshop assembly line scheduling
mainly includes single-machine scheduling, job scheduling, parallel scheduling and so on.
In actual production, there are many uncertainties, such as product processing blockage,
machine fault, uncertain production processes and so on. The production scheduling of
assembly lines involves the combination and optimization of multiple factors. Currently,
researchers have proposed a number of flow shop scheduling optimization schemes. By
algorithm, these can be divided into classical algorithms, approximation algorithms and
intelligent algorithms [1-10]. Classical algorithms include the dynamic programming method
and branch and bound algorithm; the approximation algorithms include the simulation
algorithm, NEH algorithm and Lagrangian relaxation algorithm; and intelligent algorithms
include the annealing algorithm, tabu search algorithm and genetic algorithm [11-18]. These
algorithms are very effective in solving specific problems, but all subject to some limitations.
So far, few studies have been carried out on the product blockage and machine faults
occurring during the product processing on assembly lines [19-20]. When there is any
machine fault, the original scheduling scheme may no longer be the optimal one and needs to
https://doi.org/10.2507/IJSIMM16(3)CO12
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be redesigned, which means, re-scheduling strategy needs to be used to address the
uncertainties in flow shop scheduling brought by product blockage and machine faults [21-26].
Considering problems like product blockage and machine faults in the batch scheduling of
product assembly lines, this paper proposes a multi-objective flow shop batch scheduling
model taking these problems into account, and by comparing with the traditional flow shop
scheduling model, it verifies the feasibility and superiority of this model.

2. MULTI-OBJECTIVE FLOW SHOP SCHEDULING CONSIDERING
BLOCKAGE EFFECT
2.1 Description of the scheduling model
The multi-objective pipeline scheduling model considering the blocking effect can be
expressed as follows.
Let the product sequence be:
   (1),  (2),  (3),... (n)
(1)
π(j) can be further divided into several sub-products π(j) = {π(j)1, π(j)2, π(j)3,…, π(j)l}.
Product processing needs to meet the following conditions:
(a) Until all the sub-products of one product are finished, the next product will not be
produced;
(b) A machine can only process one sub-product at the same time. There is no buffer area
between adjacent machines;
(c) There is certain wait time between the processing of two products;
(d) The processing time includes product processing time, machine preparation time and
sub-product transportation time.
As there is no product buffer area on any traditional product processing line, there will be
products stopping on and jamming the line during the process. Therefore, the total processing
time of a product should take into account the blocking time.
Set the objective functions as the minimum product completion time f1 and maximum
earliness f2.
min f1  C  n,m,l n
(2)
 

n



f 2   max 0, d j  C  j ,m,l j
j 1

 



(3)

lπ(n) is the number of sub-products within the product n; Cπ(n) is the completion time of the
product by the machine.
2.2 Improved Hybrid Artificial Bee Colony Algorithm
Hybrid Artificial Bee Colony Algorithm (HABC) has been proved to be effective when
addressing multi-objective flow shop scheduling, but when the blockage effect is considered,
the initialization strategy and the elite retention mechanism in HABC cannot meet the
requirements. Therefore, based on the HABC algorithm, this paper proposes an improved
hybrid artificial bee colony algorithm (IHABC) and uses the heuristic algorithm to generate
multiple elite initial solutions, and then uses the nondominated solution design to obtain
crossover operators and the multi-objective local search method.
This paper uses the vNEH heuristic algorithm to initialize the population and generate a
number of high-quality initial solutions and uses the random function to randomly generate a
solution in the search space. If the solution falls within the population set, the algorithm
removes this solution and continues to the next calculation; otherwise, it will put the solution
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into the population. When the number of new solutions in the population is greater than the
original number in the population, the algorithm terminates.
The traditional algorithm is random and aimless when generating new individuals, which
increases the difficulty in the global convergence of the algorithm. The Improved Similar Job
Order Crossover (ISJOX) is used to increase the proportion of elite individuals in the
population: first, it generates a temporary solution to contain all nondominated solutions;
secondly, it selects parent individual that has the same solution as that in the temporary
solution set from the population for genetic operations; finally, it implements the repair
strategy and uses the single-point cross method to obtain the remaining parts of the offspring.
As the ISJOX algorithm is displacive, it is not limited by spatial position and can effectively
prevent high-quality products from being damaged in the process.
2.3 Steps of multi-objective flow shop scheduling
Start
Calculate function value of all solutions based on
vMME,vNEH and stochastic method initializal population
Employment bee execute crossover operator by pc
probability,execute mutation operator by 1-pc probability,and
calculate function value of new generated solutions
Observed bee perform neighborhood disturbances for
selective solutions by local searching based on Pareto,and
calculate function value of new generated solutions

N

Investigation bee perform disturbances for renewal
solutions by reconstruction method,and calculate objective
function value
Update external archive

Whether to satisfy the
limits of termination?
Y
End

Figure 1: Flowchart of the multi-objective blocking lot-streaming flow shop scheduling.

According to the above theory, this paper establishes a flow shop scheduling model
considering product blockage. The core steps of the algorithm are shown in Fig. 1 and
outlined as follows:
(1) Set the population size, crossover probability, local search probability and iterative
completion time;
(2) Use vNEH to initialize the population and calculate the objective functions for the new
solutions;
(3) Use the local search function to search the neighbourhood of high-quality solutions in
the population to enhance the development ability of the algorithm;
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(4) For solutions not updated, use the reconstruction algorithm to carry out forced
disturbance updates;
(5) Use the EAs to store the nondominated solution obtained from each round of iteration.
There will be many times of iterations (100-200 times). After 200 times of iterations,
determine whether the condition for iteration termination is satisfied.
2.4 Test and verification
In order to verify the rationality of the proposed algorithm, this paper compares it with the
traditional scheduling algorithm. The verification criteria are as follows.
Number of nondominated solutions N(Si):

N  Si   x  Si x

y, y  S

x y

S =  Si

(4)

i 1,2,3,4

The greater N(Si) is, the more nondominated solutions the algorithm will have.
The proportion of nondominated solutions R(Si) is:
N  Si 
R  Si  
Si

(5)

R(Si) can be used to evaluate the quality of the nondominated solution set. The greater the
R(Si), the better the quality of the nondominated solutions.
Distance from the reference solution set D(Si):
1
(6)
D  Si     d y  Si 
S yS 
2
 4 
fk  x   fk  y   

(7)
d y  Si   min    max
 
min
xSi
f


f





k

1
k
k

 



D(Si) is mainly used to evaluate the convergence of the algorithm. S* is the reference set;
fk(x) and fk(y) are the kth objective functions of the independent variables. The larger the D(Si)
is, the farther away the solution will be from the centre of the optimal solution.
Table I shows how the changes in the crossover operator pc affect the IHABC algorithm
proposed in this paper. The pc value is increased from 0 gradually to 0.8. 8 instances are used
for comparison.

Table I: Sensitivity study of pc with respect to the distance indicator.
Instance
n×m
50×10
50×20
70×10
70×20
90×10
90×20
110×10
110×20
mean

0
0.29
0.31
0.27
0.26
0.33
0.25
0.47
0.28
0.32

0.1
0.22
0.17
0.19
0.21
0.15
0.23
0.41
0.38
0.29

0.2
0.07
0.16
0.24
0.11
0.26
0.15
0.31
0.33
0.18

0.3
0.03
0.06
0.10
0.12
0.15
0.24
0.52
0.22
0.16

pc
0.4
0.04
0.04
0.15
0.19
0.07
0.16
0.18
0.18
0.15

0.5
0.16
0.21
0.44
0.28
0.06
0.24
0.21
0.19
0.19

0.6
0.06
0.07
0.05
0.12
0.02
0.07
0.09
0.13
0.08

0.7
0.28
0.09
0.12
0.05
0.06
0.22
0.20
0.20
0.16

0.8
0.14
0.02
0.11
0.08
0.05
0.27
0.25
0.42
0.19

From the table, it can be seen that, when pc = 0, the proposed algorithm only generates
new solutions through the mutation operator and it does not involve any crossover operation;
on the whole, the distance value D(Si) first decreases and then increases along with the
increase of pc; when pc = 0.6, the distance value D(Si) reaches the minimum, indicating that
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the traditional solution mainly performs the crossover operator and has a very small
probability of performing the mutation operator, leading to local optimal solutions. The
algorithm proposed in this paper increases the probability of the new solution performing the
mutation operator and improves the perturbation of the solution, leading to a higher
probability of a global optimal solution, so the pc value is set to 0.6.
Table II shows the comparison results of N(Si), D(Si) and R(Si) under the three
initialization strategies. The three initialization strategies are random generation of initial
population (Random), NEH algorithm and the proposed vNEH initialization algorithm (the
proposed method). From the table, it can be seen that in terms of N(Si), there are 2
nondominant solutions obtained by the initialization function under the random algorithm, 3
under the NEH algorithm and 6 under the proposed method; in terms of D(Si), the value
calculated by the proposed method is far less than those by the other two algorithms; in terms
of R(Si), the average R(Si) value by the proposed algorithm is 77 %, and the R(Si) values by
the other two algorithms are more than 50 %, indicating that the initialization algorithm
proposed in this paper is more superior – the initial population is of high quality and the
convergence is fast.
Table II: Performance of different initialization strategies.
Instance
n×m
Random
50×10
0.39
50×20
3.22
70×10
0.27
70×20
2.24
90×10
2.51
90×20
2.44
110×10
0.46
110×20
2.56
mean
1.93

N(S)
R(S) (%)
NEH+M propos. Random NEH+M propos. Random
0.29
4.44
100.0
54.00
55.00
3.63
1.02
0.35
0.00
3.67
1.14
0.54
5.31
8.27
50.00
44.00
100.0
0.46
2.37
7.47
65.00
80.00
100.0
0.22
1.28
4.24
100.0
90.00
55.00
0.00
3.45
7.29
0.00
70.00
76.00
0.09
2.26
9.46
0.00
75.00
100.0
0.31
3.65
11.22
20.00
90.00
100.0
0.11
2.64
7.28
48.73
49.94
77.29
0.26

D(S)
NEH+M propos.
1.12
0.14
0.46
0.00
0.25
0.10
0.05
0.00
0.16
0.01
0.09
0.18
0.00
0.01
0.20
0.00
0.25
0.14

Fig. 2 shows the Pareto fronts before and after the local search function is added to the
algorithm proposed in this paper. It is shown that the convergence of the algorithm without
local search is better than that of the one with local search, indicating that the built-in local
search function is enough to meet the calculation requirements and can guide the evolution of
the population effectively.
6500
IHABC
IHABCnl

6000

f2(x)

5500
5000
4500
4000
3500
3000
7700

7750

7800

7850
f1(x)

7900

7950

8000

Figure 2: Pareto fronts obtained by IHABC and IHABCnl.
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Fig. 3 shows the D(Si) evolution curves of TA, INSGA, NGA, BBEDA and the proposed
algorithm in the instance of 110×20 with 1000 iterations. It is shown in the figure that the
evolution curve of the proposed algorithm is obviously lower than those of the other four
algorithms. It is also shown that the proposed algorithm can effectively guide the evolution of
the population along the Pareto direction.
0.55
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INSGA
NGA
BBEDA
IHABC

0.50
0.45
0.40

D(S(i))

0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00
0

200

400
600
800
number of iterations

1000

Figure 3: Convergence curves of instances 110×20.

3. MULTI-OBJECTIVE FLOW SHOP SCHEDULING CONSIDERING
MACHINE FAULTS
3.1 Problem description
The last section discusses the multi-objective batch scheduling when there is any product
blockage. In fact, in actual production, machine faults often occur, preventing the entire
production line from working and greatly affecting the production efficiency. Therefore, this
paper designs the flow shop scheduling against machine faults.
Fig. 4 shows an example of the multi-objective flow shop scheduling considering machine
faults. There are two main types of machine faults: one is the faults that are likely to occur to
the machines during the wait time or processing time in the beginning of processing, and the
second is those faults that only occur when the machines are working. No wear or failure
would occur when the machines are not working.

Figure 4: Gantt figure of lot-streaming flow shop with machine breakdown.
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When the machine fault factor is taken into account in the model proposed in this paper,
other factors should also be considered. For example, when a machine fails, the product
processing on the machine should be stopped immediately. When the machine is repaired, the
product should be reworked rather than be processed continually.
The proposed multi-objective flow shop scheduling machine fault is shown in Fig. 5. The
main steps are as follows: the steps of the proposed multi-objective flow shop scheduling
considering machine faults are shown in Fig. 5 and summarized as follows:
(1) Initialize parameters like population size, pc and calculation time, etc.
(2) Use vNEH to generate a set of populations and assess the maximum completion time
and early completion time for each solution within the set;
(3) Add the machine fault factor into the model and recalculate the robustness and
stability of each solution in Step (2);
(4) Substitute the calculate pc value into the ISBOX method to work out a new solution
and calculate relevant target values;
(5) Determine whether there is any machine having a fault on the assembly line; and if
there is, start the re-scheduling;
(6) Carry out the dynamic storage of new solutions. After several iterations, determine
whether the termination condition is met.
Start
Calculate function value of all solutions based on
vMME,vNEH and stochastic method initializal population
Employment bee execute crossover operator by pc
probability,execute mutation operator by 1-pc probability,and
calculate function value of new generated solutions
Observed bee perform neighborhood disturbances for
selective solutions by local searching based on Pareto,and
calculate function value of new generated solutions

N

Investigation bee perform disturbances for renewal
solutions by reconstruction method,and calculate objective
function value
Update external archive

Whether to satisfy the
limits of termination?
Y
End

Figure 5: Flowchart of multi-objective blocking lot-streaming flow shop scheduling problem with
machine breakdown.

3.2 Test verification and result analysis
Using similar test setup as above, this paper verifies the proposed multi-objective batch
scheduling model that considers machine faults and compares it with the traditional DABC,
INSGA and DHS algorithms.
Fig. 6 shows the evolutionary curves of the R(Si) index under the NEH and vNEH
heuristic methods. It can be seen that both the local and global convergence of vNEH are
512

Yin, Liu, Yeh: A Multi-Objective Scheduling Optimization Model Considering Product …
better than those of NEH, which shows that vNEH is more superior in multi-objective flow
shop scheduling, gives new solutions of higher quality and is more helpful to population
convergence.
Fig. 7 shows the D(Si) and R(Si) values of the proposed algorithm in the case of different
crossover operators. From the figure, it can be seen that, when pc = 0, D(Si) is the largest and
R(Si) is the smallest, because when pc = 0, the model only uses the mutation operator rather
than the crossover operator to generate new solutions and at this point, the convergence of the
algorithm is the worst; when pc = 0.1-0.9, the D value gradually decreases and the R value
increases gradually. When pc = 1.0, the D value rises after reaching the minimum value. This
is because the algorithm only uses the crossover operator rather than the mutation operator in
the evolution process, which leads to local optimal solution. Therefore, finally this paper sets
pc = 0.9.
1.0

vNEH
NEH

0.8

R(S(i))

0.6
0.4
0.2
0.0
0

10

20

30

40

50

time(s)

Figure 6: Performance of different initialization strategies.
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0.0

0.1
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0.3

0.4

0.5 0.6
pc

0.7

0.8

0.9

1.0

Figure 7: Effects of pc on D and R indicators.

Fig. 8 shows the D(Si) evolution curves of DABC, DHS, INSGA and the proposed
algorithm in the instance of 110×15. Among them, DABC and DHS algorithms do not
consider the rescheduling strategy. The number of machine faults on the assembly line is set
at 16. It can be seen from the figure that the D(Si) evolution curve under the proposed
algorithm is the lowest, followed by that under the INSGA algorithm. The DABC and DHS
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algorithms that do not consider the re-scheduling strategy have the highest (Si) evolution
curves. This is because the proposed algorithm and the INSGA algorithm utilize the
information about nondominated solutions, which increases the probability of producing highquality offspring and direct the population to evolve towards the optimal Pareto. The DABC
and DHS algorithms do not take into account the information on nondominated solutions,
which reduces the convergence efficiency of the algorithms.
3.5
DABC(N)
DHS(N)
INSGA
Proposed

3.0

D(S(j))

2.5
2.0
1.5
1.0
0.5
0.0
0

10

20

30
time(s)

40

50

Figure 8: Convergence curves of instances 110×15.

4. CONCLUSIONS
Considering problems like product blockage and machine faults in the batch scheduling of
product assembly lines, this paper proposes a multi-objective flow shop batch scheduling
model taking these problems into account, and by comparing with the traditional flow shop
scheduling model, it verifies the feasibility and superiority of this model. The conclusions are
summarized as follows:
(1) Regarding the product blockage problem, this paper improves the MWH heuristic
algorithm, leading to better quality of the initial population produced; and that it also proposes
a new ISBOX crossover operator algorithm, which is used in combination with the
nondominated solution information to calculate the new solution for offsprings, improving the
local search capability of the algorithm.
(2) In order to address machine faults, this paper obtains new solutions by optimizing the
maximum completion time and the early completion time, takes the new solutions as the
initial population, and uses the proposed model to optimize the robustness and stability of the
existing algorithm.
(3) By comparing the proposed model and the traditional scheduling model in terms of
product blockage and machine fault, this paper finds that the proposed algorithm has high
local and global convergence, and generates high-quality nondominated solutions. According
to the re-scheduling strategy, this algorithm can effectively reduce the effects of product
blockage and machine faults on the objective function.
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