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Abstract. A new hybrid intelligent method for solving the assembly line balancing (ALB) problems is pro-
posed in this paper. The tabu search (TS) method, one of the most powerful AI search techniques, and the
partial random permutation (PRP) technique are employed to identify and provide solutions for the ALB
problems. With the proposed method, the workload variance is set as the objective function of the search
process. The TS method is used to address the number of tasks assigned for each workstation, while the
PRP technique is conducted to assign the sequence of tasks for each workstation according to precedence
constraints. The proposed method is tested against three benchmark ALB problems and one real-world ALB
problem from a survey of literature. From the simulation results, it was found that the proposed method is
capable of producing very satisfactory solutions. The maximum reduction of the workload variance is of
96.73% when comparing with the conventional COMSOAL method. It can be concluded that the proposed
method is an alternative potential algorithm to solve the ALB problems.
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1 Introduction

The manufacturing assembly line balancing was first introduced in the early 1900’s. It was designed to
be an efficient, highly productive way of manufacturing a particular product. The principle of an assembly
line balancing consists of a set of workstations assigned in a linear fashion. The basic movement of material
through an assembly line begins with a part being fed into the first workstation. A workstation is considered
as any point on an assembly line, in which a task is performed on the part. Once the part enters a workstation,
a task is then performed on the part, and the part is fed to the next operation. The time it takes to complete a
task at each operation is known as the processing time[20].

The cycle time of an assembly line is predetermined by a desired production rate. Such the production
rate is set so that the desired amount of end product is produced within a certain time period[2]. In order for
an assembly line to maintain a certain production rate, the sum of the processing times at each workstation
must not exceed the workstations’ cycle time. If the sum of the processing times within a workstation is less
than the cycle time, the idle time is said to be present at that workstation[4]. The assembly line balancing
(ALB) problem is one of the classic problems in industrial engineering and considered as the class of NP-hard
combinatorial optimization problems[8]. This means that an optimal solution is not guaranteed. Therefore,
heuristic methods have become the most popular techniques for solving such the problems[1, 9].
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To date, artificial intelligent (AI) techniques have become potential candidates to various industrial appli-
cations such as the genetic algorithm (GA)[17], the simulated annealing (SA)[13], the artificial neural network
(ANN)[16], the ant colony optimization (ACO)[14], and the particle swarm optimization (PSO)[11]. The tabu
search (TS)[5, 7] is one of the most powerful AI search techniques. The convergent property of the TS method
has been proved[6]. The TS method has been widely used for solving industrial problems[3, 12]. In our previous
work[21], we have developed the TS method and the genetic algorithm (GA), called the TSGA-based method,
to solve the ALB problems. Such the method was tested against four ALB problems compared with the con-
ventional COMSOAL[1] method. As previous results, it was found that the TSGA-based method is capable of
producing better solutions than the conventional COMSOAL method. However, the TSGA-based method will
spend amount of search time, when applied to solve the ALB problems which involve a lot of tasks. In this
paper, the TS method is conducted with the partial random permutation (PRP) technique to be an alternative
potential algorithm to solve ALB problems. The TS method is used to address the number of tasks assigned
for each workstation, while the PRP technique is conducted to arrange the sequence of tasks according to the
precedence constraints. To perform its effectiveness, the proposed method is tested against four single-model
ALB problems, three benchmark problems and one real-world problem, from a survey of literature. This paper
consists of six sections. The ALB problem formulation is illustrated in Section 2. The TS algorithm and the
PRP technique are provided in Section 3. The proposed method for solving the ALB problems is described in
Section 4. Results and discussions are drawn in Section 5, while conclusions are given in Section 6.

2 ALB problem formulation

An assembly line is a sequence of workstations connected together by a material handling system. It is
used to assemble components into a final product. The problem of balancing an assembly line is considered
as one of the classic industrial engineering problems. The ALB problem is assigning tasks (work elements) to
workstations that minimize the amount of the idle time of the line, while satisfying two specific constraints.
The first constraint is that the total processing time assigned to each workstation should be less than or equal
to the cycle time. The second one is that the task assignments should follow the sequential processing order
of the tasks (precedence constraints).

Traditionally, the assembly line will be represented by the precedent diagram. Fig. 1 shows the precedent
diagram of a simple assembly line consisting of 11 tasks, where node weights stand for the task time in time
units. The single-model ALB problems are considered in this paper. The objective of line balancing is to

Fig. 1. The precedent diagram of simple assembly line

assign tasks to each workstation according to the precedence relationships. The variable of interest for the
ALB consists of number of tasks (n), processing time, precedence relationships, and the cycle time (c). The
goals of the ALB problems are to minimize the number of workstations (m), minimize the workload variance
(wv), to minimize the idle time (Tid), and maximize the line efficiency (E). Formulations of workstation,
workload variance, idle time, and line efficiency are stated in (1) ∼ (4) respectively, where W is the total
processing time and Ti is the processing time of the ith workstation.
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m = W/c (1)

Tid =
m∑
i=1

(c− Ti) (2)

wv =
m∑
i=1

[Ti − (W/m)]2/m (3)

E =
m∑
i=1

Ti/(mc) (4)

3 Ts algorithm and prp technique

In this paper, the tabu search (TS) method and the partial random permutation (PRP) technique are used
to solve the ALB problems. Therefore, in this section, the TS algorithm and the PRP technique are briefly
described as follows.

3.1 Ts algorithm

Proposed by Glover in 1986[5, 7], the TS method is one of the metaheuristic AI search techniques. It is
a stochastic search technique based on iterative neighborhood search approach for solving combinatorial and
nonlinear problems. The tabu list (TL) is used to record a history of solution movement for leading a new
direction that can escape a local minimum trap. The TS algorithm is summarized step-by-step as follows.

Step 1. Initialize a search space (Ω), TL, search radius (R), count, and countmax.
Step 2. Randomly select an initial solution So from a certain search space Ω. Let So be a current local

minimum.
Step 3. Randomly generateN solutions around So within a certain search radiusR. Store theN solutions,

called neighborhood, in a set X .
Step 4. Evaluate a cost function (or the objective value) of each member in X via the objective function.

Set S1 as a member that gives the minimum cost in X .
Step 5. If f(S1) < f(S0), put S0 into the TL and set S0 = S1, otherwise, store S1 in the TL instead.
Step 6. If the termination criteria are met (count = countmax) stop the search process. S0 is the best

solution, otherwise go back to step 2.

3.2 Prp technique

The random permutation is a random rearrangement of items listed in a particular vector. The permutation
contains all the items in a given subset without any repetitions. The random permutation of n items consists
of n! subsets of items. For example, given a vector A = [1, 2, 3], the random permutation of a vector A
consists of six different random permutations. It can be represented by the permutation tree model as shown
in Fig. 2. From Fig. 2, six different subsets of random permutations are: 1, 2, 3, 1, 3, 2, . . . , 3, 2, 1. Details
of algorithm for generating the random permutation can be found in references[15, 19].

Fig. 2. The permutation tree model for 3 items
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In this paper, the random permutation technique is used to arrange the sequence of tasks according to the
precedence constraints. However, if the ALB problem has a lot of tasks, this technique will spend amount of
time. For this problem, the random permutation technique will be modified as the partial random permutation
(PRP) technique. The algorithm of PRP technique is described step-by-step as follows.

Step 1. Define the number of tasks as n.
Step 2. Define number of sets (sequences of tasks) as Ψi, and number of subsets of tasks as ψj .
Step 3. Subset ψ1 contains all tasks having no task that must precede.
Step 4. Subsets ψj , j > 1, contain all tasks having any task contained in subset ψj−1 that must precede.
Step 5. Connect subsets of tasks |ψ1|ψ2| . . . |ψj |.
Step 6. Random rearrange all tasks in each subset without any repetitions. The total summation of tasks

from all subsets is n tasks.
For more clearly description of the PRP technique mentioned above, consider the simple ALB repre-

sented by the precedent diagram as shown in Fig. 1. It was found that:
Step 1. Number of tasks n = 11.
Step 2. Number of subsets ψj , j = 1, 2, . . . , 6.
Step 3. Subset ψ1 contains [1].
Step 4. Subset ψ2 contains [2, 3, 4, 5], ψ3 contains [6, 7], ψ4 contains [8, 9], ψ5 contains [10], and ψ6

contains [11].
Step 5. Connect six subsets | 1 | 2, 3, 4, 5; | 6, 7 | 8, 9 | 10 | 11 |.
Step 6. Random rearrange all tasks in each subset without any repetitions. The total summation of tasks

from all subsets is 11 tasks, and the total set of tasks Ψ is 4! + 2! + 2! = 28 sets (Ψi, i = 1, 2, . . . , 28) as
shown in Fig. 3.

Fig. 3. Some sets of tasks obtained from the proposed prp technique

4 The proposed method for alb problems

The proposed method for solving the ALB problems is represented by the block diagram as shown in
Fig. 4. Referring to Fig. 4, the TS method is employed to address the number of tasks assigned for each
workstation. The summation of all tasks assigned by the TS method for each workstation is equal to the total
task of the problem of interest. The PRP technique is used to arrange the sequence of tasks according to the
precedent constraints. The workload variance, wv, is set as the objective function of the search process. In
each search round, the TS method will search the appropriate number of tasks for each station, while the PRP
technique will arrange the sequence of tasks according to the precedent constraints. The objective value (J)
will be fed back to the TS and the PRP boxes to be minimized as expressed in 5. The maximum number of
search round is set as the termination criterion. The diagram shown in Fig. 5 reveals the search process of the
proposed method for solving the ALB problems. It gives a clear view of the proposed method for the readers
to follow.

mim J (5)

J =
m∑
i=1

[Ti − (W/m)]2/m
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Fig. 4. The proposed method for the alb problems

5 Results and discussions

To perform the effectiveness of the proposed method, three benchmark single-model ALB problems[18],
i.e. Buxey, Gunther, and Kilbridge, and one real-world single-model ALB problem, the motorcycle assembly
line of Kawasaki motor enterprise (Thailand) Ltd.[10], are tested against the proposed approach. In this work,
the TS method and the PRP algorithm are coded by MATLAB v.7.0, running on a Pentium 4.0, 2.0 GHz, with
1.0 GB RAM. The maximum search round of the TS method = 50 is set as the termination criteria for all
tests.

5.1 Case 1 (buxey)

The first benchmark single-model ALB problem is named Buxey[18]. It consists of 29 tasks. The prede-
termined parameters of Buxey problem are set as follows: W = 324 min., c = 50 min., and m = 8
workstations. The precedent diagram of Buxey problem is represented by Fig. 6. The parameter settings of
the TS method are as follows: N = 45 and R = 1. With the PRP technique, subsets of tasks (ψj) can
be set as shown in Fig. 7. The boundaries of number of tasks for each workstation are set to perform the
search space as follows: Station#1 ∈ [2, 7], Station#2 ∈ [3, 8], Station#3 ∈ [2, 6], Station#4 ∈ [3, 7],
Station#5 ∈ [1, 4], Station#6 ∈ [1, 5], Station#7 ∈ [1 5], and Station#8 ∈ [1, 3]. The optimization of this
case can be formulated as stated in (6).

mim J

J =
m∑
i=1

[Ti − (W/m)]2/m

subject to

S1 ∈ [2, 7], S2 ∈ [3, 8], S3 ∈ [2, 6], S4 ∈ [3, 7], (6)

S5 ∈ [1, 4], S6 ∈ [1, 5], S7 ∈ [1, 5], S8 ∈ [1, 3],
and precedent constrains

In this test, 20 trials of simulation are carried out to find the minimum value of the workload vari-
ance (min−wv), the maximum value of the workload variance (max−wv), the average workload variance
(mean−wv), and the average search time. Each trial starts with a random initial solution generated by MAT-
LAB. Once the search process of the proposed method stopped, it was found that the proposed method is
capable of producing satisfactory solutions, i.e. min−wv = 2.50, max−wv = 29.00, mean−wv = 13.01, and
the average search time is 109.19 sec.. Tab. 1 shows the comparison between the optimal solution obtained
from the proposed method and one obtained from the COMSOAL method. From Tab. 1, it shows that the pro-
posed method is capable of producing much better solution. The wv obtained from the proposed method and
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Fig. 5. The diagram of the proposed method for solving the alb problems

the COMSOAL method are 2.50 and 76.50, respectively. The reduction of wv is of 96.73% when comparing
with the conventional COMSOAL method. The line efficiencies (E) obtained from the proposed method and
the COMSOAL method are 92.05% and 81.00%, respectively. The convergent rate of the best wv of this case
obtained from the proposed method is depicted in Fig. 8.
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Fig. 6. The precedent diagram of buxey problem

Fig. 7. The subsets of tasks of buxey problem obtained from the prp technique

5.2 Case 2 (Gunther)

5.3 The second benchmark single-model ALB problem is called Gunther [18], consisting of 35 tasks. The
predetermined parameters of Gunther problem are set as follows: W = 483min., c = 60min., and m = 10
workstations. The precedent diagram of Gunther problem is represented by Fig. 9. The parameter settings of
the TS method are as follows:N = 45 and R = 1. With the PRP technique, subsets of tasks can be set as
shown in Fig. 10. The boundaries of number of tasks for each workstation are set to perform the search space
as follows: Station#1 ∈ [3, 5], Station#2 ∈ [1, 3], Station#3 ∈ [6, 8], Station#4 ∈ [1, 3], Station#5 ∈ [1, 3],
Station#6 ∈ [1, 3], Station#7 ∈ [4, 6], Station#8 ∈ [6, 8], Station#9 ∈ [1, 2], and Station#10 ∈ [2, 4]. This
optimization of this case can be formulated as stated in 7.

Fig. 8. The convergent rate of the best wv obtained from the proposed method for case 1

min J

subject to

S1 ∈ [3, 5], S2 ∈ [1, 3], S3 ∈ [6, 8], S4 ∈ [1, 3], S5 ∈ [1, 3], (7)

S6 ∈ [1, 3], S7 ∈ [4, 6], S8 ∈ [6, 8], S9 ∈ [1, 2], S10 ∈ [2, 4],
and precedent constrains

20 trials of simulation are also carried out in this test to find the minimum value of the workload variance,
the maximum value of the workload variance, the average workload variance, and the average search time with
a random initial solution generated by MATLAB. Once the search process of the proposed method stopped,
it was found that the proposed method is capable of producing satisfactory solutions, i.e. min-wv = 30.21,
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Table 1. Results obtained from the proposed method and the comsoal method for case 1

A result obtained from the COMSOAL method
Station Assigned Task Processing time (min.) Idle time (min.)
S1 1, 2, 7, 9, 25 50 0
S2 3, 6, 12, 26, 4, 10 48 2
S3 27, 5, 14, 15 40 10
S4 8, 13, 19, 16, 21 43 7
S5 11, 18 38 12
S6 17, 20, 22 39 11
S7 23, 24, 28 46 4
S8 29 20 30

The total idle time = 76 min.
The workload variance = 76.50
The line efficiency = 81.00%

A result obtained from the proposed method
Station Assigned Task Processing time (min.) Idle time (min.)
S1 1, 7, 2, 12 44 6
S2 3, 25, 6, 26 41 9
S3 9, 4, 10, 27, 5, 14 39 11
S4 15, 13, 8 39 11
S5 19, 11, 16, 21 39 11
S6 18, 17, 22 40 10
S7 20, 23 41 9
S8 24, 28, 29 41 9

The total idle time = 76 min.
The workload variance = 2.50
The line efficiency = 92.05%

Fig. 9. The precedent diagram of gunther problem

Fig. 10. The subsets of tasks of gunther problem obtained from the prp technique

max−wv = 44.61, mean−wv = 35.25, and the average search time is 206.57 sec.. Tab. 2 shows the compari-
son between the optimal solution obtained from the proposed method and one obtained from the COMSOAL
method. From Tab. 2, it shows that the proposed method is capable of producing much better solution. The
wv obtained from the proposed method and the COMSOAL method are 30.21 and 47.81, respectively. The
reduction of wv is of 36.81% when comparing with the conventional COMSOAL method. The line efficiency
(E) obtained from both methods is 80.50%. The convergent rate of the best wv of this case obtained from the
proposed method is depicted in Fig. 11.
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Fig. 11. The convergent rate of the best wv obtained from the proposed method for case 2

Table 2. Results obtained from the proposed method and the comsoal method for case 2

A result obtained from the COMSOAL method
Station Assigned Task Processing time (min.) Idle time (min.)
S1 1, 17, 2, 5 40 20
S2 10, 12 60 0
S3 3, 6, 4, 7, 8, 14, 18 52 8
S4 9, 11 45 15
S5 13, 15 42 18
S6 19, 16 48 12
S7 20, 21, 22, 25, 30 55 5
S8 23, 26, 31, 24, 27, 32, 34 57 3
S9 28 40 20
S10 33, 29, 35 44 16

The total idle time = 117 min.
The workload variance = 47.81
The line efficiency = 80.50%

A result obtained from the proposed method
Station Assigned Task Processing time (min.) Idle time (min.)
S1 1, 17, 5, 2 40 20
S2 10, 12 60 0
S3 6, 3, 4, 7, 8, 18 50 10
S4 9, 11 45 15
S5 14, 19, 13 44 16
S6 15, 20 48 12
S7 16, 21, 30, 22 50 10
S8 25, 26, 23, 31, 24, 32 55 5
S9 27, 28 45 15
S10 34, 33, 29, 35 46 14

The total idle time = 117 min.
The workload variance = 30.21
The line efficiency = 80.50%

5.3 Case 3 (kilbridge)

5.3 The third benchmark single-model ALB problem is named Kilbridge[18], consisting of 45 tasks.
The predetermined parameters of Kilbridge problem are set as follows: W = 552 min., c = 80 min., and
m = 8 workstations. The precedent diagram of Kilbridge problem is represented by Fig. 12. The parameter
settings of the TS method are as follows: N = 60 and R = 1. With the PRP technique, subsets of tasks
can be set as shown in Fig. 13. The boundaries of number of tasks for each workstation are set to perform
the search space as follows: Station#1 ∈ [7, 9], Station#2 ∈ [5, 7], Station#3 ∈ [3, 5], Station#4 ∈ [6, 8],
Station#5 ∈ [5, 7], Station#6 ∈ [3, 5], Station#7 ∈ [5, 7], and Station#8 ∈ [3, 5]. This optimization of this
case can be formulated as stated in (8).
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min J

subject to

S1 ∈ [7, 9], S2 ∈ [5, 7], S3 ∈ [3, 5], S4 ∈ [6, 8], (8)

S5 ∈ [5, 7], S6 ∈ [3, 5], S7 ∈ [5, 7], S8 ∈ [3, 5],
and precedent constrains

Fig. 12. The precedent diagram of kilbridge problem

Fig. 13. The subsets of tasks of kilbridge problem obtained from the prp technique

In this test, 20 trials of simulation are also carried out with a random initial solution generated by MAT-
LAB. Once the search process of the proposed method stopped, it was found that the proposed method is
capable of producing satisfactory solutions, i.e. min−wv = 84.25, max−wv = 85.50, mean−wv = 84.404,
and the average search time is 393.15 sec.. Tab. 3 shows the comparison between the optimal solution obtained
from the proposed method and one obtained from the COMSOAL method. From Tab. 3, it shows that the pro-
posed method is capable of producing much better solution. The wv obtained from the proposed method and
the COMSOAL method are 84.25 and 113.00, respectively. The reduction ofwv is of 25.44% when comparing
with the conventional COMSOAL method. The line efficiency (E) obtained from both methods is 89.61%.
The convergent rate of the best wv of this case obtained from the proposed method is depicted in Fig. 14.
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Table 3. Results obtained from the proposed method and the comsoal method for case 3

A result obtained from the COMSOAL method
Station Assigned Task Processing time (min.) Idle time (min.)
S1 1, 2, 12, 39, 3, 4, 37, 7 71 9
S2 8, 5, 6, 11, 43, 13 69 11
S3 9, 10, 14, 15 73 7
S4 16, 17, 18, 23, 29, 30, 31 77 3
S5 24, 25, 32, 19, 26, 27 77 3
S6 20, 33, 21, 34 77 3
S7 35, 36, 22, 28, 38, 40 65 15
S8 41, 42, 44, 45 43 37

The total idle time = 88 min.
The workload variance = 113.00

The line efficiency = 89.61%
A result obtained from the proposed method

Station Assigned Task Processing time (min.) Idle time (min.)
S1 39, 1, 2, 11, 12, 37, 4, 7 71 9
S2 8, 3, 5, 6, 43, 13 69 11
S3 10, 9, 15, 14, 29 77 3
S4 31, 30, 24, 17, 18, 16 75 5
S5 23, 25, 32, 19, 26, 27 75 5
S6 33, 20, 21 74 6
S7 35, 34, 36, 22, 28, 38 64 16
S8 40, 41, 42, 45, 44 47 33

The total idle time = 88 min.
The workload variance = 84.25
The line efficiency = 89.61%

Fig. 14. The convergent rate of the best wv obtained from the proposed method for case 3

5.4 Case 4 (motorcycle)

5.3 The last problem is the motorcycle assembly line of Kawasaki motor enterprise (Thailand) Ltd.[10]. It
is one of the real-world assembly ALB problems. It consists of 60 tasks. The predetermined parameters of the
motorcycle problem are set as follows: W = 2, 475 sec., c = 360 sec., and m = 8 workstations. Details of
the motorcycle assembly line are described in Tab. 4. The parameter settings of the TS method are as follows:
N = 60 and R = 3. With the PRP technique, subsets of tasks can be set as shown in Fig. 15. The boundaries
of number of tasks for each workstation are set to perform the search space as follows: Station#1 ∈ [8, 10],
Station#2 ∈ [8, 10], Station#3 ∈ [7, 9], Station#4 ∈ [8, 10], Station#5 ∈ [8, 10], Station#6 ∈ [6, 8],
Station#7 ∈ [7, 9], and Station#8 ∈ [1, 4]. This optimization of this case can be formulated as expressed in
(9).

Table 4: Details of the motorcycle assembly line (case 4)

No Description Task time (sec.) Task that must precede
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Table 4: continued

1
Subassembly race (92048-009) to frame
(32160-1773) and press number frame

40 −

2
Subassembly front fender (35004-1457) to
front fork (44011-0033)

50 −

3 Assembly plug (92066-1081) to frame 24 1
4 Assembly front fork to frame 75 1, 2
5 Assembly harness (92048-009) to frame 55 1

6
Assembly front panel brake (41035-1543)
and front wheel (41001-0001) to frame

42 4

7 Assembly engine (54105-1005) to frame 50 3, 5
8 Assembly engine (54105-1005) to frame 50 6

9
Assembly guard engine and holder step
(92015-1222) to frame

40 7, 49

10
Assembly guard engine and holder step
(92015-1222) to frame

40 8, 49

11 Assembly right step (34028-1238) to frame 50 9
12 Assembly left step (34028-1237) to frame 50 10

13
Assembly bracket shroud (11052-1639) to
frame

17 11

14
Subassembly bushing (29042-1088) to
swing arm (33001-1622)

40 12

15
Assembly swing arm and shock (45014-
0037) to frame

40 11

16
Subassembly rod torque (43007-1203) to
swing arm

44 14

17 Assembly tube (92191-1700) to frame 40 11

18
Assembly swing arm and shock (45014-
0037) to frame

55 16

19
Subassembly panel brake (41035-1542) and
coupling (42033-1223) to rear wheel
(41001-0002)

36 15

20
Assembly left bolt and rear fender (35022-
1342) to frame

36 51

21
Assembly right bolt and rear fender (35022-
1342) to frame

36 51

22 Assembly guard (12053-1459) to frame 17 18
23 Assembly rear wheel to frame 80 19, 24

24
Assembly sprocket (41314-1323) and chain
(92057-0090) to frame

60 22

25
Subassembly rear level brake (43001-1445)
to rod brake (43011-1186)

45 23

26 Assembly side stand (34024-1390) to frame 58 24
27 Assembly rear level brake to frame 90 25

28
Assembly guard chain (12053-1460) to
frame

40 24

29
Assembly level front brake (46076-1107) to
frame

36 53

30 Assembly case chain (36014-1258) to frame 34 24
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Table 4: continued

31
Assembly grip throttle (46018-1434) to
frame

60 29

32
Assembly cover chain (14026-1285) to
frame

54 26, 28, 30

33
Subassembly cover (49107-1218) and
cover (49107-1217) to muffler (18087-
1168)

80 27, 31

34
Assembly switch stop (27010-1332) to
frame

30 53

35 Assembly muffler to frame 76 17, 20, 33
36 Assembly grip (46075-1024) to frame 50 34
37 Assembly cover (49107-1213) to frame 54 35
38 Assembly coil (21121-1331) to frame 36 12
39 Assembly damper (95161-1284) to frame 22 35
40 Assembly igniter (21119-1612) to frame 17 12
41 Assembly cover (48107-1221) to frame 36 35

42
Assembly air filter (11010-1773) to
frame

54 38, 40

43
Assembly level kick (13064-0012) to
frame

34 37, 39, 41

44
Assembly level change (13156-1667) to
frame

30 32

45
Assembly right side cover (36001-1667)
to frame

34 43, 59

46
Assembly left side cover (36001-1639) to
frame

34 36, 44, 59

47
Assembly right shroud (49089-1145) to
frame

40 45

48
Assembly left shroud (49089-1144) to
frame

40 46

49
Subassembly damper (92075-015) to
guard engine (5020-1784)

26 −

50
Assembly nut holder upper (92015-1653)
to frame

22 4

51
Assembly rear fender (35022-1342) to
frame

48 1

52
Assembly regulator (21066-1086) to
frame

17 1

53 Assembly handle (46003-0056) to frame 65 2, 49

54
Assembly damper tank (92161-1077) to
frame

30 1

55
Assembly damper tank (92075-1787) to
frame

17 1

56 Assembly tank (51082-5165) to frame 22 13, 42, 54, 55
57 Assembly bolt tank (132G0614) to frame 26 56
58 Assembly damper (92072-1229) to frame 17 57
59 Assembly seat (53066-0052) to frame 17 58

60
Assembly cap tank (51048-1124) to
frame

17 59
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min J

subject to

S1 ∈ [8, 10], S2 ∈ [8, 10], S3 ∈ [7, 9], S4 ∈ [8, 10], (9)

S5 ∈ [8, 10], S6 ∈ [6, 8], S7 ∈ [7, 9], S8 ∈ [1, 4],
and precedent constrains

Fig. 15. The subsets of tasks of motorcycle problem obtained from the prp technique

In this last test, 20 trials of simulation are also carried out with a random initial solution generated by
MATLAB. Once the search process of the proposed method stopped, it was found that the proposed method
is capable of producing satisfactory solutions, i.e. min−wv = 3, 784.50, max−wv = 3, 803.50, mean−wv =
3, 793.60 and the average search time is 376.84 sec.. Tab. 5 shows the comparison between the optimal solution
obtained from the proposed method and one obtained from the COMSOAL method. From Tab. 5, it shows
that the proposed method is capable of producing much better solution. The wv obtained from the proposed
method and the COMSOAL method are 3, 784.50 and 10, 474.00, respectively. The reduction of wv is of
63.87% when comparing with the conventional COMSOAL method. The line efficiencies (E) obtained from
the proposed method and the COMSOAL method are 90.20% and 85.94%, respectively. The convergent rate
of the best wv of this case obtained from the proposed method is depicted in Fig. 6.

Fig. 16. The convergent rate of the best wv obtained from the proposed method for case 4

6 Conclusions

A new hybrid intelligent method for solving the ALB problems has been proposed in this paper. The
TS method associated with the proposed PRP technique has been conducted to identify and provide solutions
for the ALB problems. By using the workload variance (wv) as the objective function of the search process,
the TS method can well address the number of tasks assigned for each workstation, while the proposed PRP
technique can assign the sequence of tasks for each workstation according to precedence constraints. The
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Table 5. Results obtained from the proposed method and the comsoal method for case 4

A result obtained from the COMSOAL method
Station Assigned Task Processing time (min.) Idle time (min.)
S1 1, 2, 49, 5, 55, 3, 4, 51, 52 352 8
S2 53, 54, 6, 7, 20, 21, 29, 34, 50 347 13
S3 8, 9, 36, 10, 11, 12, 15, 17 360 0
S4 13, 14, 16, 19, 38, 40, 18, 42, 31 359 1
S5 22, 56, 24, 57, 23, 26, 28, 30, 58 354 6
S6 25, 32, 59, 27, 44, 60, 33 333 27
S7 35, 37, 39, 41, 43, 45, 46, 47 330 30
S8 48 40 320

The total idle time 405 sec.
The workload variance = 10, 474.00

The line efficiency = 85.94%
A result obtained from the proposed method

Station Assigned Task Processing time (min.) Idle time (min.)
S1 1, 49, 2, 5, 55, 3, 4, 52, 54 334 26
S2 51, 53, 50, 21, 34, 29, 7, 6 329 31
S3 20, 8, 9, 36, 10, 11, 12 316 44
S4 17, 13, 15, 19, 14, 38, 40, 16, 31 330 30
S5 18, 42, 22, 56, 57, 24, 58, 26, 30 343 17
S6 28, 23, 32, 59, 25, 60, 27 343 17
S7 44, 33, 35, 37, 41, 39, 43 332 28
S8 46, 45, 47, 48 148 212

The total idle time = 88 min.
The workload variance = 84.25
The line efficiency = 89.61%

effectiveness of the proposed method has been tested against three benchmark ALB problems and one real-
world motorcycle ALB problem. As the results compared with the conventional COMSOAL method, it was
found that the proposed method is capable of producing much better solutions. The maximum reduction of
the workload variance is of 96.73% when comparing with the conventional COMSOAL method. It can be
concluded that the proposed method is an alternative potential algorithm to solve assembly line balancing
problems.
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