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ABSTRACT
An important problem in a Flexible Manufacturing System (FMS) is to obtain a layout of
machines such that material handling is the most efficient. Since poor layout would result in
more parts spending longer time moving from one machine to another, developing layout
for FMS is dealing with the arrangement of machines in the shop floor in order to minimize
the total flow of parts in the system. In this paper, a single row layout problem is
considered, and a heuristic approach, called the insertion heuristic, to solve the problem is
proposed. The proposed approach is tested on benchmark problems available in the

literature and the results are presented.
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1. INTRODUCTION

A flexible manufacturing system (FMS) is a
production system consists of a group of
flexible machine linked together by a
material handling system which is controlled
by a central computer. The system is
designed to provide an effective operation
sequence to  fulfil the  production
requirements and reasonably allocate the
resources. Machines in any FMS are an
important resource and it is critical to ensure
that they do not unnecessarily remain idle
because of a badly designed material
handling system. Therefore, an important
problem in a FMS is to obtain an effective
layout of the machines, i.e., an optimum
arrangement of the machines in the shop
floor so that to provide efficient operation
(Heragu and Kusiak, 1988).

The layout of machines in a FMS is typically
determined by the type of material-handling
device used such as material-handling
robots, automated guided vehicles (AGVS),
gantry robots, etc. In practice, the most
commonly used types of machine layouts
are the linear single-row layout, the linear
double-row layout, the cluster layout based
on gantry robot, the semi-circular layout with
a single robot and the closed-loop layout
(Kusiak, 1990). Among these layouts, the
most efficient material handling occurs when
robots or AGVs move in a straight line, and

hence the problem of laying out machines is
one of laying them out in a single row
(Solimanpur et al. 2005). This could be due
to the fact that the single row layout has
ability to support different type of material
handling system.
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Figure 1: Single row machine layout with
AGV

The objective of this paper is to propose an
insertion heuristic approach to solve a single
row layout problem in which the machine
sizes are not equal, and therefore, the
distance between machines is sequence
dependent.

The rest of this paper is organized as
follows: Section 2 reviews the related past
research in this area. Section 3 describes
the problem statement. Section 4 devoted to
a discussion of the developed insertion
heuristic. Section 5 shows the performance
of the proposed heuristic. The conclusion is
put in section 6.
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2. LITERATURE REVIEW

The facility layout problem is belongs to NP-
Complete type, where the complexity of the
problem exponentially increases with the
number of facilities. Therefore, several
heuristics have been developed to solve this
problem for a near-optimal solution.

Drezner (1987) proposed a heuristic method
for solving the problem, which is based on
the eigenvectors of a transformed flow
matrix. Another heuristic has been proposed
by Heragu and Kusiak (1988) to solve the
single-row machine layout problem in FMS.
In this heuristic, a pair of facilities with the
largest adjusted flow is initially laid and then
the partial order is gradually completed
through a loop adding new machines to the
right and left of the order obtained in the
previous iteration.

Another heuristic was presented in Kumar et
al. (1995). This heuristic ignored the lengths
of the facilities, and tried to assign facilities
with the largest inter-facility weight to
adjacent locations in the solution. It allowed
the assignment of more than one facility to
an existing sequence of facilities at any
iteration in the heuristic. A greedy heuristic
was presented in Braglia (1997). It derived
ideas from another heuristic for a scheduling
problem. An insertion based two step
heuristic was proposed in Djellab and
Gourgand (2001) to solve the Single Row
Facility Layout Problem.

Improvement heuristics based on Simulated
Annealing (Romero and Sanchez-Flores
1990, Kouvelis and Chiang 1992, Heragu
and Alfa 1992) were used to obtain single
row machine layouts for FMSs. Later, Ant
Colony Optimization (Solimanpur et al.
2005), and scatter search (Kumar et al.
2008) have been used to solve the machine
layout problems in FMSs. Tabu Search
(Samarghandi and Eshghi 2010), Particle
Swarm Optimization (Samarghandi et al.
2010), and Genetic Algorithms (Datta et al.
2011) have also been used to solve the
SRFLP.

These studies clearly demonstrate
continuing interest of researchers to solve

the single row machine layout problem in
FMS.

3. PROBLEM STATEMENT

Define m as the number of machines to be
located, f; as the frequency of transport
between machine i and j, c; as the variable
transport cost, and L; as the centroidal
distance between the machines i and j. The
problem is to sequence the machines on the
factory shop floor in a single row layout,
such that the total material handling cost is
minimized.

In order to determine L;, the dimensions of
the machines and the clearance, i.e. the
minimum allowable distances between the
adjacent machines, (dj) need to be known.
It is assumed that:

a. AGV moves parts among the machines in
a straight line.

b. AGV entries to machines only in the front
and has to load/unload at the centroid of
the machines

c. All machines are of rectangular shape
with different dimensions

Since the machine layout problem discussed
in this paper dealing with unequal machine
dimensions, the distance between machines
is not constant, but rather depend on the
sequence of machines (i.e., the value of L;
changes with respect to the relative positions
of the machines). Therefore, the problem
cannot be modelled as a Quadratic
Assignment Problem (QAP) in which most of
facility layout problems are formulated.

4. THE PROPOSED HEURISTIC

Since the AGV will moves back and forth
among the machines, sequencing the
machines is basically the same as building a
close loop of the machines. Hence, the
purpose of sequencing the machines is to
get a shortest Hamiltonian cycle. As it is an
insertion method, the tour is constructed by
inserting new nodes to subtours, i.e., partial
tours.

Notation:
T = subtour, partial tour
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Af = cik + ckj - cij = increase in tour length,
when node k is inserted between nodes i
and j.

Define the distance from node k to subtour T
as d(k,T)=mincy forjeT.

The algorithm of the insertion heuristic to
sequence the machines on the factory shop
floor is as follows:

1) Choose an arbitrary node i as a
starting node.

2) Find a node j closest to i. Form a
subtour T=i-j-1i.

3) Find an edge [i,j] of the subtour and a
node k not in the subtour, such that
the increase of length

Af =cy + Cyj - Gjj is minimized.
Modify the subtour by inserting k
between i and j.

4) Go to 3 until a Hamiltonian cycle is

formed.

To demonstrate how the proposed heuristic
works, a numerical illustration is created and
solved. Suppose we have to sequence five
machines with the transportation cost matrix
as follows.

[0 8 4 9 9]
[8 0 6 7 10|
cil4 6 0 5 6]
|l9 7 50 4J|
9 10 6 4 0

Starting node i=1.

Closest node j=3: T= 1-3-1.

Edge 1-3, insert node
2: Af=c¢12+c23-¢13=8+6-4=10
4: Af=c14 +c43 -¢c13=9+5-3 =11
5: Af=¢c15+¢c53 -¢13=9+6-3 =12

Since inserting node 2 gives the smallest Af,
insert node 2 to the subtour

k=2: T=1-2-3-1
Edge 1-2, insert node

4: Af=cld +c42 -c1l2=9+7-8=8
Edge 1-2, insert node

5: Af=¢c15+c52 -¢c12 =9+10-8 =11
Edge 2-3, insert node

4: Aff=c24 +c43-¢c23=7+5-6=6
Edge 2-3, insert node

5: Af=¢25+ ¢c53 -¢23 =10+6-6 = 10
Edge 3-1, insert node

4: Af=c34+c41-¢c31=5+9-4=10

Edge 3-1, insert node
5: Af=c35+c51-¢c31=6+9-4=11

Since inserting node 4 to edge 2-3 gives the
smallest Af , insert node 4 to edge 2-3.

k=3: T =1-2-4-3-1
Last node 5: optimal insertion to 4-3.
k=4: T =1-2-4-5-3-1,f =29

Note that the solution generated by the
algorithm does not produce the layout but
only the sequence in which the machines
are placed in the layout.

To compare the result of the proposed
heuristic on the machine layout problem, it is
then implemented to the test problem given
by Kusiak (1990). The flow matrix and the
cost matrix are shown below, while the
dimensions of the machines are shown in
Table 1.

[0 40 80 21 62 90
[40 0 72 12 24 28]
£ =180 72 0 14 41 9|
1121 12 14 o 21 12|
lo2 24 41 21 0 31
% 28 9 12 31 01

[0 4 4 6 4 5]
[4 0 2 5 2 3]
c.=l4 2 05 3 3]
il6 5 5 0 5 8l
Il4 2 3 5 0 4J|
5 3 3 8 4 0
Table 1 Machine sizes
Machine Dimensions
Number (length*breadth)
1 5.0*3.0
2 2.072.0
3 6.0*3.5
4 3.0*1.5
5 4.0*4.0

Without loss of generality, the clearances
between machines are assumed to be 1.

Multiply f; by c; will give the adjusted flow
matrix as follows:
Table 2 Adjusted flow matrix

1 2 3 4 5 6
1 0 160 320 126 248 450
2 160 0 144 60 48 84
3 320 144 0 70 123 27
4 126 60 70 0 105 96
5 248 48 123 105 0 124
6 450 84 27 96 124 0
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For the above problem the sequence of
machines obtained by applying the proposed
heuristicis 3—-4-1-2-5-6.

The final solution of the problem can now be
determined by considering the dimension of
the machines and the clearance between
machines, which result the distance between
machines as follows.

Table 3 The distance between machines L;
(proposed heuristic)
1 2 3 4 5 6
0 45 V) 65 9 135
45 0 165 11 45 9
0 | 165 0 55 21 | 55
6.5 1 55 0 155 2
9 45 2 | 155 0 45
6 135 9 2555 2 45 0
Multiply the distance between machines L;
by the frequency of transport f; will result the
transportation cost c; as follows.

[ B e & N R

Table 4 Transportation cost
(proposed heuristic)

1 2 3 4 5 6

0 180 | 9%0 | 1365 | 558 | 1215
180 0 188 | 132 108 252
%0 | 1188 0 77 81 | 2295
1365 | 132 77 0 3255 | 240
558 108 | 81 | 3255 0 139.5
1015 | 252 | 2295 | 240 | 1395 0

o Ul B W N

Table 4 shows that the machine sequence
obtained from the proposed heuristic gives
the total cost of 870.5.

The performance of the proposed heuristic is
then compared with the solution obtained
from the heuristic developed by Kusiak
where the sequenceis2-3-1-6-5-4
Kusiak (1990). In order to get a fair
comparison, the distance matrix between
machines is calculated using the clearance
between machines which is also set to 1
unit. The result is as follows.

Table 5 The distance between machines L;
(Kusiak)

1 2 3 4 5 6
0 85 5 15.5 9 45
85 0 35 24 17.5 13
5 35 0 20.5 14 9.5
15.5 24 20.5 0 6.5 1
9 17.5 14 6.5 0 45
45 13 9.5 1 45 0

o Ul B W N

The transportation cost obtained from the
sequence is as follows.

Table 6 Transportation cost (Kusiak)

1 2 3 4 5 6

0 340 | 400 | 3255 | 558 | 405
340 0 252 | 288 | 40 | 364
00 | 2 0 287 | 514 | 85
355 | 288 | 287 0 1365 | 132
58 | 420 | 574 | 1365 | 0 139.5

6 405 | 364 | 85 | 132 | 1395 | 0

with the total cost of 1621.

(O o B — N O N I

5. COMPUTATIONAL RESULT

To evaluate the performance of the heuristic
proposed in this paper, two sets of problems
are selected from literature. The first set is
the four machines layout problems adopted
from Heragu and Kusiak (1988). It consists
of nine problems, for which the data of flow
matrix, cost matrix, and machine dimensions
are given in the literature. The second set
consists of seven problems adopted from
different resources with the number of
machines ranging from 5 to 16.

Problems with 5 and 10 machines are self

created, where the flow and cost matrix are
as follows.

fij=

R NBAOSO WONNO
_O Ul N = DO R =k O
SR NUTW O WN W

U'l\]l\.)O-P/g?Nr—‘UJON
N—r
NUTONDN WRrowN

(b)
Figure 2 The flow (a) and cost matrix (b) for
problem with 5 machines
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0 4 1 2 2 3 4 5 4 5
4 0 25 485875
1 2 0 2 2 455 6 4
2 52 0 4 2 3 4 2 3
f_2424044856
U713 8 4 2 4 0 3 4 2 3
4 553 430516
5 8 5 4 8 45 0 3 4
4 7 6 25 2 130 2
5 5 4 3 6 3 6 4 2 0
(@

0 7 31 14 11 12 13 14 10 157
7 0 16 8 11 8 15 10 9 20
31 16 0 7 27 13 11 10 7 21
14 8 7 0 13 21 13 11 14 23
11 11 27 13 0 10 16 11 11 13
12 8 13 21 10 0 8 15 11 13
13 15 11 13 16 8 0 7 12 5
14 10 10 11 11 15 7 0 12 15
10 9 7 14 11 11 12 12 0 21

(15 20 21 23 13 13 5 15 21 O

(b)

Figure 3 The flow (a) and cost matrix (b) for
problem with 10 machines

For problem with 6 machines, the flow and
cost matrix can be found in Kusiak (1990),
while the flow and cost matrix for problems
with 12, 14, 15 and 16 machines are taken
from Nugent et al (1968).

Since there are only five different machine
dimensions available, the machines are then
numbered sequentially from 1 to 16 and
group them so that the first five machines
will have the same size as the next five
machines as shows in Table 7.

Table 7 Machine sizes

. Dimensions
Machine Number (length*breadth)
1,6, 11,16 5.0*3.0
2,7,12 2.0*2.0
3,8,13 6.0*3.5
4,9, 14 3.0*1.5
5, 10, 15 4.0*4.0

The clearances between machines are set to
1 unit for all problems tested.

In order to evaluate the performance of the
proposed heuristic, two other heuristic
methods are implemented in sequencing the
machines. These methods are the Modified
Spanning Tree developed by Heragu and

Kusiak (1988) and the Nearest Neighbor
method.

Since the first nine problems involving only
four machines, the solutions got from these
heuristics are also compare with the optimal
solution of the Branch-and-Bound method,
as shown in Table 8.

Table 8 Comparison for the four machines
layout problem
Problem | HK NN BB

Proposed

1 225 180 | 80 80
2 535 | 465 | 140 140
3 510 | 550 | 320 350
4 465 | 450 | 310 310
5 22.35| 11.2 | 8.2 8.2
6 359 | 230 | 139 155
7 318 130 | 90 90
8 82 46 46 46
9 244 70 62 70

HK : Heragu and Kusiak; NN : Nearest Neighbor; BB : Branch
and Bound Method.

The comparison of the proposed heuristic
versus the two other heuristics for the
remaining seven problems is shown in the
following Table 9.

Table 9 Comparison for the second set of

problems
Problem N“mb‘?r of HK NN Proposed
machine

1 5 116.5 98.5 97

2 6 1621 | 2746 870.5
3 10 1282 | 3003 1087
4 12 2038 | 1650 1594
5 14 1814 2430 1559
6 15 2324 | 2469.5 2324
7 16 2430 | 2934 2158

The two comparison tables show that the
proposed heuristic is competitive with the
other implementations in almost all the
instances. Six out of nine problems in which
the number of machines is four have the
same solutions as the solutions obtained
from the Branch-and-Bound method, which
are optimal solutions.

6. CONCLUSION
The single row facility layout problem has

been widely used to model the machine
layout problem in a flexible manufacturing
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system. The problem is computationally
difficult and researchers have focused on
improvement heuristics to obtain good
guality layouts in reasonable time.

In this paper a heuristic to sequence the
machines to be located in the factory shop
floor is proposed and the performance is
evaluated on several problems selected from
literature. The experiments conclude that the
proposed insertion heuristic is effective and
efficient for the single row machine layout
problems.
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