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Abstract. In this paper, a genetic algorithm (GA) and GA with diver-
sification generator (DG) for solving scheduling problems with crane
conveyance are proposed. It becomes very difficult to obtain an opti-
mum or near optimum schedule under consideration of restrictions to
avoid crane interference in addition to many restrictions on opera-
tion of each machine. GA-based algorithms are applied to obtain high
quality crane assignment which successfully leads to few working
hour delays caused by crane interference. Effectiveness of this algo-
rithm is confirmed by numerical experiments.

Keywords: Scheduling, Genetic Algorithm, Diversification Generator,
Crane interference

1 Introduction

Scheduling problems of the manufacturing industry generally have a
large number of variables and constraints. It is difficult to find an op-
timal schedule that satisfies all constraints within the practical time.
Especially when the products are conveyed by two overhead cranes
(hereafter crane), it is necessary to avoid interference of crane convey-
ance (hereafter crane interference) in addition to restrictions on opera-
tion of each machine. In the previous studies, authors proposed an
enumeration tree search method [1] and an enumeration tree search
method with perturbation [2]. These methods can solve the scheduling
problem in a short time, but the search of crane assignment depends
strongly on the initial assignment at the beginning of the methods,
which fails to explore the solution space widely.

In order to solve this problem, we develop a new solution method
using GA and GA with DG for crane assignment in which DG was pro-
posed by Glover [3]. Effectiveness of the proposed method is shown
through some numerical experiments.
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2  Problem Description

2.1 Production Process with Crane Conveyance

The process for this research is a job shop process with two cranes (Fig.
1) [2]. The products to be produced are carried in from the left side,
and are carried out to the right side after processing at any machine.
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Fig. 1. Production Process with Crane Conveyance
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This production process is consist of following three steps.
(a) First step---A
(b) Second step---B1~B5 (There are multiple machines)
(c) Third step---C

Both cranes can move in the left and right direction. Due to the mutual
positional relationship, interference may occur and the operating
range may be limited. The conveyance speed and the required time for
hoisting and lowering are fixed.

2.2  Objective Function and Constraints

The objective of this problem is the minimization of the total time from
carrying-in to carrying-out of all products. Constraints are as follows:
(a) There is no division / integration of products. Weight does not in-
crease or decrease.
(b) Each machine cannot process on two or more products at the
same time.
(c) Process machines, process sequence, processing times of each ma-
chine are given.
(d) Cranes can be selected.
(e) Adjacent crane keeps a certain interval or more.
(f) The possible start time for the third step is given. Delay of start
time for third process is avoided as much as possible.
(g) The first carried in time is the start time of the first step.
(h) There is no stock place between machines. If the next machine is
in operation, the product to be produced stands by at present ma-
chine or at crane.



3  Proposed Solution Method

The decision variable of the problem is the assignment of cranes 1 and
2, which 1s represented as a binary variable taking 1 and 2 if each task
of conveyance between machines is assigned to crane 1 and crane 2,
respectively. In this paper, the decision vector of the crane assignment
is called a solution which is obtained by the proposed GA-based solu-
tion method. The proposed method involves backward simulation (Sec-
tion 3.1) and forward simulation (Section 3.2) to avoid machine con-
flicts and crane interference. For diversification of solutions explored,
GA with DG 1is constructed by integrating diversification generator
(Section 3.3) into GA.

3.1 Backward Simulation

The determination of the latest process starting / ending time of each
machine begins from the third step in the order of due date, and then
1s continued by tracing back to the second step and the first step. This
time is obtained by subtracting processing time of the machine and
conveyance time of crane from the latest ending time of that machine.
If machine conflicts occur, processing times are ahead of schedule. Also,
without considering the crane interference, conveyance time is calcu-
lated moving distance / conveyance speed + lifting / hoisting time.

3.2 Forward Simulation

The crane assignment by GA for conveying the product is performed in
order of earlier process ending time determined by backward simula-
tion. If crane interference or machine confliction occurs, the process
starting / ending times of crane and machines are shifted backward to
avoid them (Fig. 2). The gene required for applying the GA is the as-
signment of crane (Fig. 3). The number of genes at locus is the number
of crane conveyance. Forward simulation algorithm is as follows.
S.1 Initial value setting

Set the number of individuals and the number of generations.
S.2 Initial parent solution generation

Generate initial parent solutions randomly for the number of indi-
viduals. Generate 1 or 2 is set as a gene randomly.
S.3 Operation simulation and Objective function value calculation

Execute operation simulation. Determine process time and calcu-
late objective function value by the following S.3.1 to S.3.3. Repeat this
procedure for the number of individuals.

S.3.1 Assign crane using genes. Determine process starting / end-



ing time of crane so as to avoid crane interference.

S.3.2 As a result of S.3.1, if a delay occurs at the latest process
starting / ending time of each machine, the delay time is
shifted backward. Furthermore, propagate the delay to pro-
cess time of the subsequent machines and jobs.

S.3.3 Apply S.3.1 and S.3.2 to all genes in the locus. Calculate ob-
jective function value.
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S.4 Child solution generation (GA)
Using GA for the parent solutions, generate the child solutions for
the number of individuals by the following S.4.1 to S.4.4.
S.4.1 Extract two parent solutions randomly from the parent solu-
tion group.
S.4.2 Perform two-point crossover to generate two solutions.
Crossover points are chosen randomly.
S.4.3 Change the genes of the two solutions generated in S.4.2 to 1
or 2 with a probability of 5% and make them a child solution.
S.4.4 If the solution group becomes an empty set, it ends. Other-
wise return to S.4.1.
S.5 Operation simulation and Objective function value calculation
Execute operation simulation in the same way as in S.3 for the
generated child solution, and calculate objective function value.
S.6 Survivor selection
Select the top half solutions that have good objective function val-
ue in the parent and child solutions. Make them the next generation
parent solutions.
S.7 End judgment »
If it repeats as many times as the number of generations set in S.1,
it ends. Otherwise return to S.4.

3.3 Diversification Generator

There is a possibility that bias will occur in the initial solution gener-
ated randomly. Therefore, we develop a solution method to use DG for
generating initial solution.

DG i1s a method of generating a new solution sequentially so that
the Hamming distance becomes the maximum with respect to the base
solution [3]. By using DG as the initial solution of crane assignment,
we aim to diversify the initial solution and explore the solution space
widely. Algorithm of DG for S.2 in forward simulation is as follows.

S.1 Initial value setting

Let gene locus be X = (Xl, Xgytey Xm) . Let n.= 2.
S.2 Initialize X and m

Let be M the number of genes and initialize the element of gene
with 1 (i.e. crane 1 is assigned).
S.3 Generate element x;

Let h=n . Generate element x; by following expression. Store the
generated x; in gene locus.

X = 3 —Xyyp (fork =0,...,m/h)
S.4 Generate 1-2 inversion x;’ of x;
Generate 1-2 inversion x;’ by following expression. Store the gen-



erated x;" in gene locus.
x;' =3 —x]
nr

S.5 Generate right rotation shift x;" of x;

If A>3, generate x;"’ by rotating k to the right relative to x;. Store
the generated x/"" in gene locus (for k=1, 2, ..., A - 1).
S.6 Generate right rotation shift x;"’ of x;’

If h> 3, generate x;""’ by rotating k to the right relative to x;’. Store
the generated x;"" in gene locus (for k=1, 2, ..., A- 1).
S.7 End judgment

When the number of stored gene locus reaches the number of indi-

viduals, it ends. Otherwise, return to S.2 with n=n+ 1.

4  Numerical Experiment

In order to verify the effectiveness of proposed solution, we solve
scheduling problems shown in Tables 1 to 3 for the previous research
[2] and proposed method, and compare objective function values and
solving time.

4.1 Numerical Experiment Condition

Processing times and machine positions from left side are shown in
Table 1. Many machines are arranged on the left side of process, be-
cause there are few equally installed machines in the factory layout.
Experimental data settings are shown in Table 2. The number of indi-
viduals of GA is set to 512 from the capacity limit of our computer. The
number of generation is set to 100, in which the update of the solution
almost disappears from experiment result. The delivery time interval
1s set to 25, because the operation was not established from crane in-
terference if it was shorter than 25 in the experimental results of the
previous research. We categorized the tendency of machine selection in
the second process (uniform machine selection, al-ternate jobs with
different machine selections, high operating load of the first ten jobs,
etc.) are and set the operation pattern in Table 3.

Table 1. Processing times and machine positions

Machine A Bl B2 B3 B4 B5 C
Processingtime | 28 [ 20 | 16 | 21 | 30 | 15 | 20
Position 20 35 55 80 | 120 | 150 | 220
Table 2. Experimental data settin,
Individuals | Generation Jobs Interval Simulation

512 100 20 25 10




Table 3. Operation pattern

Pattern Job sequence Characteristic
1 A—Bl1—B2—B4—C All the same machine

MachineofB2and B3,B4and B5is
unevenly processed

2 A—B1—B20rB3—B4orB5—C

3 A—Bl1—B3—B4—C Machine of B2 and B3, B4 and B5 is
A—B1—B2—B5—C alternatively processed
A—BL=BA=B5—C Operation with allowance

4 A—B2-B4—-B5—C in the first half of the job
A—B3—B4—B5—C

Machine of B1, B2, B3 is

5 A—BlorB2orB3—B4—B5—C
unevenly processed

6 A—Bl1—B2—B3—B4—C
A—B1—-B2—C The first half job has 6 machines
7 A—Bl1—B2—B3—B4—C The second half job has 4 machines
A—Bl1—B5—C
8 A—Bl1—-B2—C
A—Bl—>B2—B3—B4—C The first half job has 4 machines
9 A—B1—B5—C The second half job has 6 machines
A—B1—B2—B3—B4—C
10 A—Bl1—B2—B3—B4—C ) )
A—B1—-B2—C The number of machines is
1n A—Bl1—B2—B3—B4—C 6—4—6— ..
A—B1—B5—C
12 A—Bl1—-B2—C ) )
A—B1—B2—B3—B4—C The number of machines is
13 A—Bl1—B5—C 4—-6—-4— ..
A—Bl—B2—B3—B4—C

4.2 Results of Numerical Experiment

Average objective function value and the best value of 10 numerical
experiments are shown in table 4. Calculation time is average value of
10 numerical experiments. The following were confirmed from Table 4.

(a) Objective function values (average) of proposed solution (GA or
GA+DG) are improved by about 5 to 15% compared with that of
previous research except pattern 1. They are within 5% of the
lower limit of 10 cases in 13 cases. In many cases, the results of
GA are somewhat better than GA + DG.

(b) Objective function values (best) of proposed solution (GA or
GA+DG) are improved by about 8 to 18% compared with that of
previous research except pattern 1. They are within 5% of the
lower limit of 10 cases in 13 cases. In many cases, the results of
GA are somewhat better than GA + DG.

(c) Calculation time of proposed solution (GA or GA + DG) is 10 to 16
times that of previous research.

In the case where the number of jobs is 20, there are 280 possible
candidates for crane assignment, which is a very large optimization
problem. Previous research could solve in a short time, but it was not
able to sufficiently search solution space. As improving the above



problems using GA or GA with DG, the proposed method can derive
better solutions. Calculation time is about 15 minutes. It was possi-
ble to apply to the shift plan that was planned once / 8 hours.

Table 4. Result of numerical experiment

pattern objective fanction value (average) [ objective fanction value (best) Lower
PR GA GA + DG PR GA GA + DG limit
1 2702.0 2712.7 2708.9 2700.0 2710.2 2707.0 2700.0
2 2987.3 2649.1 2649.0 2952.0 2646.8 2645.8 2600.0
3 3099.6 2666.8 2666.3 3030.0 2666.0 2665.5 2600.0
4 3010.1 2672.1 26714 29935 2670.0 2670.3 2658.0
5 3020.5 2679.0 2680.4 3019.3 2678.0 2678.0 2658.0
6 3007.5 26414 2645.3 30015 2638.7 2638.8 2610.0
7 3093.0 2630.3 26334 3080.8 2625.0 2625.0 2600.0
8 33934 3246.7 3051.3 33885 3052.3 3046.8 2610.0
9 3706.2 33223 3357.9 3694.5 32783 32810 2600.0
10 3207.3 2766.6 2769.0 3172.8 27655 2767.3 2610.0
11 3206.7 2645.3 2645.3 3175.0 2645.3 2645.3 2600.0
12 28924 2623.9 2627.3 2869.3 2622.2 2626.2 2610.0
13 2972.8 2600.0 2600.0 2887.8 2600.0 2600.0 2600.0
calculation time
pattern
PR GA GA + DG
1 47.5 766.1 660.4
2 56.3 794.9 805.2 | PR: Previous research
3 57.6 7728 781.2 | GA : Genetic Algorithm
4 51.6 711.0 713.2 | GA +DG: GA with Diversification Generator
5 519 698.2 697.2 for initial solution generation
6 54.7 750.9 737.5 | Lower Limit: Sum of operation time and
7 54.9 704.7 711.0 crane movement time
8 56.5 864.4 877.2 | (without machine conflict and crane interference)
9 574 792.5 791.2
10 56.1 766.3 760.6
11 56.5 626.9 633.9
12 54.6 717.6 7514
13 56.0 585.2 596.1

5 Conclusions

A scheduling method for production process with crane conveyance
using GA and GA with DG has been proposed. The proposed method
has been successful in searching a wider range of solution space than
that of previous research, and it is confirmed that objective function
value improved by about 10%. In the future, we plan to develop a solu-
tion method that realizes solution concentration and diversification.
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