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Abstract. This paper is concerned with scheduling in Flexible Manufacturing Systems (FMS) using a Fuzzy 
Logic (FL) approach. Four fuzzy input variables: machine allocated processing time, machine priority, machine 
available time and transportation priority are defined. The job priority is the output fuzzy variable, showing the 
priority status of a job to be selected for the next operation on a machine. The model will first select the 
machines and then assign operations based on a multi-criteria scheduling scheme. System/machine utilization, 
minimizing mean flow time and balancing machine usage will be covered. Experimental and comparative tests 
indicate the superiority of this fuzzy based scheduling model over the existing approaches. 
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1.  INTRODUCTION 

The FMS scheduling problem, like many other 
practical problems, involves multiple objectives that 
must be considered simultaneously. In many situations, 
some of these objectives can be conflicting in nature, 
and have different importance to decision-makers ac-
cording to the changes in the environment of the produc-
tion system. Another major issue in many scheduling 
problems is the intrinsic vagueness and imprecision of 
human-assigned constraints and evaluation criteria. Fur-
thermore, in general, the aim of a workshop manager is 
not to optimize a single criterion but to satisfy many 
criteria at the same time (Srinoi, 2004). FMS scheduling 
problems can be solved using the following techniques - 
mathematical programming approach, heuristic or dis-
patching rules approach and AI approaches. Nowadays, 
however, Fuzzy Sets Theory and Computational Intelli-

gence methods offer more and more practiced alterna-
tives to conventional methods in many areas of produc-
tion control (Timothy, 1995).  

Fuzzy Logic has shown some interesting potential-
ity in different aspects of the scheduling problem in 
flexible manufacturing systems. Hintz et al. (1989) ap-
plied fuzzy logic to build aggregated dispatching rules 
for solving the sub problems of scheduling programs in 
FMS. The scheduling was focused on the derivation of 
the date criterion of Slack Time (ST) and Waiting Time 
(WT). Nahavandi et al. (1995) employed the same basic 
idea as Hintz and Zimmer-mann by applying fuzzy logic 
to shop floor scheduling for prioritization and ordering 
of jobs in a Factory Controller queue of the FMS. The 
fuzzy variables chosen are ST and WT, of a work order 
and External Priority (EP) of a job. A method of aggre-
gation of dispatching rules by using a fuzzy logic ap-
proach to realize the scheduling decision for FMS  
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with multiple objectives was also proposed by Yu et al. 
(1999) to decide the assignment of jobs to suitable ma-
chines and ordering of all jobs assigned to a given ma-
chine. Naso et al. (1998) proposed a fuzzy multi-criteria 
algorithm for dynamic routing in an FMS. Four heuristic 
routing strategies, which are Minimum Work in Queue 
(MWQ), Shortest Processing Time (SPT), Shortest Dis-
tance (SD) and Deadlock Avoidance are used as fuzzy 
variables for selecting the best alternative routes. They 
used the following performance indices; makespan, 
mean and maximum flow time, mean resource utilization, 
mean tardiness, mean queue length and the fuzzy multi-
ple performance measure combining all the above indi-
ces with equal weights. Srinoi et al. (2006) applied fuzzy 
logic to generate a Fuzzy Scheduling model for first 
selecting the machine and then assigning operations based 
on a multi-criteria scheduling scheme. The scheduling 
process aims at meeting due dates while approaching 
minimum setup times and work in process, as well as 
maximum system utilization.  

In this research work, Fuzzy Logic is applied to 
generate a Fuzzy Scheduling model for solving opera-
tion allocation and operation scheduling problems in FMS 
that can cope with several objectives of FMS sched-
uleing. 

2.  FUZZY LOGIC APPROACH TO FMS 
SCHEDULING PROBLEMS 

In this paper, the operation allocation (routing) and 
operation scheduling (sequencing) problems for a given 
production plan are considered. The operation allocation 

problem is to assign operations of parts to machines 
under the given production plan, while the operations 
scheduling problem is to determine the input sequence 
of the assigned operations for each machine (Gamila et 
al. 2003). Fuzzy logic will be implemented to solve this 
FMS scheduling problem in selecting the machine for 
each job operation and determining the processing se-
quence for each machine simultaneously. This schedule 
will be able to improve performance criteria in system 
and machine utilization, work in process, mean flow 
time, and also balancing machine usage. Four suitable 
fuzzy input variables, namely machine allocated proc-
essing time, machine priority, machine available time 
and transportation priority, are introduced. A fuzzy 
model is developed incorporating some rules to generate 
the single output reflecting job priorities for allocation 
to each machine in the given FMS, see Figure 1. 

3.  THE PROPOSED MODEL 

A fuzzy based mathematical model is developed to 
deal with the objectives set in section 2. The proposed 
Fuzzy model for job priority is shown in Figure 1.  

3.1 Notations 

This paper is concerned with dynamic routing, i.e. 
the selection of a part’s next destination machine, as 
soon as the part has completed the previous operation. 
The solution to this problem defines the operations to be 
performed on each machine and a route through the ma-
chines for each job. The parameters and fuzzy variables 
used in the model are listed below. 

 
 

Figure 1. Fuzzy model for route selection 
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Consider an FMS with M different machines M = 
{M1, M2, M3,…, Mk, …, MM} and a set of L part types 
(jobs) J = {J1, J2, J3, …, JL} in an FMS system, where 
each job Ji  consists of Qi parts, and a sequence of  Ni 
operations, Oi = {O1i, O2i, O3i, …, ONi}, where each 
operation may be performed on a specified subset Ei of 
M. We will use the following notations, which will be 
further defined, in section 3.2.  

 
Parameters and sets: 
Ni : number of operations for job Ji;  
Qi : number of parts in job Ji; 
fj  : input buffer capacity of machine Mj.  
 
Fuzzy Variables: 
Pijk : processing time of operation Oj of job Ji, 

on machine k; 
Ak : machine allocated processing time at any 

given event; (a function of Pijk) 
Majk : machine available time; 
Mp : machine priority; 
T : transportation priority; 
Jp : job priority. 
Note: Despite the fact that some variables are func-

tions of the others and can in fact be derived from them, 
they are introduced separately in the develop-ments. 
This will not change the nature of the work. 

3.2 Fuzzy Logic Model 

In order to meet the objectives, four fuzzy input 
variables are defined. As the definitions and notations 
are quite cumbersome, an example is used for clarifica-
tion. Consider the data in Table 1. 

 
3.2.1 Definition of the fuzzy variable 
Machine Allocated Processing time, Ak: Each job 

Ji has a set Ei of machines to perform all its operations, 
example: E1 = {M1, M2, M3, M5} in Table 1. Note that 
there may alternative machines available for some op-
erations. For example O11 can be done on M1 or M2. 
Also the same machine Mk can be used on different jobs. 
Example O11 and O21 can be done by M2.  

In order to balance the machine loads (or minimize 
makespan), a measure of load allocated to each machine 
at any given event (e.g. completion of an operation) 
needs to be defined. This is accomplished via two Pro-
cedures. Consider stage j where operations 1, … j-1 
have already been assigned for every job. 

 
Procedure 1: Machine load allocation for an opera-

tion j 
Set   0,       

k

A k= ∀  
At stage j, consider an operation j where  

/
{1, max   { }} 

i

i
i J J

j N . Operation Oij will be assigned to 

machine k where, 

0
1, ,

min  { }  
i

ijk

k z ijz
z E
P
i L

A A P
>

=

= +    
 (1) 

(1) also updates Ak g 
 

Example 1: Assignment of operation j = 1, Table 1. 
O11 → M1, O21 → M2, O31 → M5, and O41 → M4, 

resulting in 
A1 = 15, A2 = 20, A3 = 0, A4 = 30, A5 = 40 
Note that the job which has the shortest processing 

time will be prior assigned, so that M3 is unallocated 
while O51 is unassigned. 

When an operation Olj is unassigned for some l, j 
then assignment at stage j is completed by procedure 2. 

 
Procedure 2: Completion of assignment of operation 

j 
Define U as a set of jobs for which operation j is yet 

unassigned, 
Let 

1 2
{ , , , }

px x xU J J J=   
Define a matrix B(p×3) which stores  three values in 

each row  
t = 0 

For each Jz  U Do 
 { t = t+1 

 
Calculate

, ,min   { }  
z

Jz

z l J j l
l E

b A P= +  

   Set
 ( , , )( ) ()

z z zb J lB t =  

where lz shows the machine for which the bz 
was found 

 Remove Jz from U 
 } 

Find row t* of ()B  with 
)(min zt

b , mark it as (bz* Jz* 
lz* ) 

Set k = lz* 
Update *, ,k k z j kA A P= +

 g      (2) 
 

Example 2: In example 1, O51 is unassigned 
 
U = {J5} 
E1 = {M1, M2, M3, M4, M5} 

 5
15 16 ,     1

min
30 45,     4

l
b

l
+ =⎧ ⎫

= ⎨ ⎬+ =⎩ ⎭
 

 
So l5 = 1, therefore O51 is allocated to M1 and A1 = 

15+16 = 31. Deleting J5 from U, leaves U = ∅, so as-
signment at stage 1 is now complete. 

Machine available time, Majk: This variable identi-
fies the machine with the most slack time available, 
relative to other machines, to take up a new operation at 
any stage. This input variable would be implemented in 
the model only when the number of local input buffers 
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(IB) capacity is considered. On the other hand, if the 
local input buffers of all machines are infinite, this input 
variable will not need to be considered (Ro et al., 1990).  

At the completion of assignments of operations at 
stage j, calculate,  

 
     max* k

k
k AA =

  
0,  *jkMa k k= =   

* ,  *,    jk k kMa A A k k j= − ≠ ∀   
 
If fj is the input buffer capacity of machine Mj, then 

Majk must be adjusted as  
 

*( ) ,  *,    
100

j
jk k k

f
Ma A A k k j= − ≠ ∀  (3) 

 
In case of infinite local input buffer, fj can be as-

sumed to be 100. 
Majk will be considered as a fuzzy number and rules 

will be provided to assist further allocation, see later 
sections. 

Machine priority, Mp: This variable forces the as-
signment of the next operation of a given job to start at 
the closest possible time to the finishing of the previous 

operation of the same job.  
When selecting operation Oij to be assigned to a 

machine, find the machine k, which performed Oij-1. 
Get A′k* which is the point of completion of Oij-1 on 

a machine k*  
Note, this may not be the last operation performed 

by this machine. 
 

Calculate,
*

*

*

0           if ,
Positive,    if ,    
Negative,   if ,

l k

l k i

l k

     A A
Mp A A l E

A A

′=⎧
⎪ ′⎨
⎪ ′>⎩

 (4)

 

 
This variable will be used by the fuzzy rules to se-

lect the machine for Oij. 
Transportation priority, T:  The traveling time of 

jobs between machines are used as input variables to 
establish the highest priority of part transportation be-
tween machines.  

Let T be a matrix of transportation time of jobs be-
tween machines, 

 

tij =  travel time (units) between machines i, j,  
{ },ijT t= jitij ==   ,0  (5) 

Table 1. Example input data for each part type. 

Operation 1 Operation 2 Operation 3 Operation 4 
` Machine 

Time Time Time Time 
 M1 15   25 
 M2 18   30 

J1 M3  24   
 M5   10  
 M2 20 16   

J2 M3 24 10   
 M4    25 
 M5   35  
 M1  25   
 M2    15 

J3 M3   27  
 M4   30  
 M5 40    
 M1    15 
 M2  30   

J4 M3    25 
 M4 30    
 M5   20  
 M1 16    
 M2   15  

J5 M3  20   
 M4 45   30 
 M5   20  
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When the time to put a pallet on or to take it off the 
AGV is considered, it would be included in the trans-
portation priority.  

These fuzzy values are used as inputs to the fuzzy 
module to generate a priority for the next allocation. 
Job priority, Jp: Given several machines are available 
to receive a job jx, job priority Jp determines the ma-
chine to perform the next operation for job jx. The job 

priority is the output variable produced by the fuzzy 
system. It depends on four fuzzy time factors explained 
earlier. These criteria are summarized below: 

Criterion1: Assign job Jx to machine k based on Ak 
rule (see section 3.2.3) 

Criterion2: Assign job Jx to machine k based on 
Majk rule (see section 3.2.3) 

Criterion3: Assign job Jx to machine k based on Mp 

 
Table 2. Definition of fuzzy variable 

Linguistic variable Name Term set Term set values 

machine allocated processing time 
machine available time 

machine priority 
transportation priority 

Ak 
Majk 
Mp 
T 

SA, MA, LA 
SM, MM, LM 
NE, ZE, PO 
ST, MT, LT 

short, medium, long 
short, medium, long 

negative, zero, positive 
short, medium, long 

job priority Jp MN, NL, LO, 
NA, AV, PA, 
HI, PH, MX 

minimum, negative low, low, 
negative average, average, positive average, 

high, positive high, maximum 

 

 
 (a) (b) 

 
 (c) (d) 

Figure 2. Membership functions of input fuzzy variables 
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rule (see section 3.2.3) 
Criterion4: Assign job Jx to machine k based on T 

rule (see section 3.2.3) 
 

3.2.2 Defining membership functions  
The fuzzy sets of each universe of discourse are la-

belled as the term sets shown in Table 2. 
The universe of discourse for machine allocated 

processing time, machine available time, and transporta-
tion priority are (0, max), and the universe of discourse 
for machine priority variable is (−, 0, +). Each universe 
of discourse is explained by three fuzzy sets. 

In this research, the membership functions for each 
fuzzy set are triangular except at the extreme left are 
assumed as shown in Figure 2 (a) to (d). In practice choice 
of the membership function depends on the actual data 
available. 

As shown in Figure 2 (a), the allocated machine proc-
essing times increase in each subsequent operation. It is 
therefore, very difficult to determine precisely the nu-
merical range of this fuzzy variable. In order to solve 
this problem, Ak is normalized. 

Intuitively, another linguistic variable representing 
the job priority needs to be defined. Assume that the 
universe of discourse of Jp = (0, 10) and that fuzzy 
model will deal with the nine distinctions characterizing 
the job priority. In other words, the universe of discourse 
of Jp has nine fuzzy sets. These fuzzy sets are labelled 
as the term sets shown in Table 2. The membership 
functions for each fuzzy set are triangular as shown in 
Figure 3. 

 

 
Figure 3. Membership functions of output fuzzy varible 
 

3.2.3 Fuzzy logic mechanism 
When the inputs are entered into the system, they 

are first fuzzified according to the membership functions 
of input fuzzy variables. Then the proper fuzzy estima-
tion decision is inferred based on a defined set of lin-
guistic rules. 

The generic form of a rule can be expressed as con-
ditional fuzzy propositions in the form: 

If (Machine_allocated_processing_time is �) and (Ma-

chine_available_time is �) and (Transportation_priority is 
�) and (Machine_priority is �) then (Job_priority is �)  

Where appropriate states of the four linguistic vari-
ables are placed into the empty boxes for each particular 
proposition. Since the variables of machine allocated 
pro- cessing time, machine available time, transportation 
priority, and machine priority have three states each, the 
total number of possible ordered pairs of these states is 
eighty one (81). For each of these ordered pairs of states, 
an appropriate state of the variable job priority has to be 
determined. A convenient way of defining all required 
rules is a decision Table that is also called a fuzzy asso-
ciation memory (FAM) bank matrix (Kosko, 1993), con-
sisting of 81 (3×3×3×3) rules. This matrix cannot be 
physically shown due to its dimensions.  

Every entity in the decision table represents a rule. 
The antecedent of each rule conjuncts variation in rela-
tive sum of processing time and machine priority fuzzy 
set values.  

The job priority criteria used to derive fuzzy infer-
ence rules are shown as an example: 
1. If (Machine_allocated_processing_time is SA) and 

(Machine_available_time is LM) and (Transporta-
tion_priority is ST) and (Machine_priority is ZE) 
then (Job_priority is MX) (1)  

2. If (Machine_allocated_processing_time is SA) and 
(Machine_available_time is LM) and (Transporta-
tion_priority is MT) and (Machine_priority is ZE) 
then (Job_priority is MX) (1) 

81. If (Machine_allocated_processing_time is LA) and 
(Machine_available_time is SM) and (Transporta-
tion_priority is LT) and (Machine_priority is PO) 
then (Job_priority is MN) (1) 
 

Here the first rule implies that if the “machine allo-
cated processing time” is “short” and “machine available 
time” is “long” and “transportation priority” is “short” and 
“machine priority” is “zero” then the “job priority” should 
be “maximum.” 

Normally rule definition is based on common sense, 
the engineer’s knowledge and the operator’s experience. 
However, it has been noticed in practice that for mono-
tonic systems a symmetrical rule table is appropriate, 
although sometimes it may need slight adjustment based 
on the behavior of the specific system. Trial-and-error 
procedures and experience play an important role in 
defining the rules. 

When four inputs are entered into the system as shown 
in Figure 1, a crisp output will be obtained for job priority. 
This value is calculated using Mamdani’s (1975) method 
as the inference mechanism. 

4.  CASE STUDY 

The FMS described by Chan (2002) for a job shop 
is used as a case study in this paper.  
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4.1 Flexible Manufacturing System Description 

The layout plan of the FMS is shown in Figure 4. 
This FMS model consists of five CNC machines with an 
input buffer (IB) at each of the CNC machines. It is as-
sumed that the AGVs always park at the last location after 
delivery. Because the time taken by the AGVs to carry the 
part type is small compared to the production time, they 
are therefore combined and it is assumed that it will take 
60 seconds for an AGV to travel between any pairs of ma-
chines. 

4.2 Sequence of Operations 

Eight different part types are considered, each re-
quiring four operations. The sequence of operations for 
each part type along with the processing time for each 

operation is shown in Table 3. 

4.3 Assumptions 

The following assumptions are made with respect to 
the FMS model developed for the experiments: 

 
1. The machines are not identical. 
2. Each machine is capable of performing different 

operations, but no machine can process more than 
one part at a time.  

3. Set up times are independent of the job sequence 
and can be included in processing times. 

4. No breakdowns occur in machines or material han-
dling systems. 

5. No collisions occur along the AGV path. 
6. All pallets can be used interchangeably by each part 

 

AGV

AGV

Machine 5 IB
 5

Machine 1 IB
 1

Machine 4 IB
 4

Machine 2

IB
 2 Machine 3 IB
 3

Load/Unload
Station

Fi
ni

sh
ed

 P
ar

t
St

or
ag

e

W
IP

St
or

ge

 
Figure 4. The layout of the FMS model(Chan, 2002) 

 
Table 3. Machining times for different part types with alternative routings 

      Operation 1 Operation 2 Operation 3 Operation 4 
Part type Machine Time Machine Time Machine Time Machine Time 

J1 1 (2) 15 〈18〉 3 24 5 10 2 (1) 30 〈25〉 
J2 2 (3) 20 〈24〉 3 (2) 10 〈16〉 5 35 4 25 
J3 5 40 1 25 4 (3) 30 〈27〉 2 15 
J4 4 30 2 30 5 20 3 (1) 25 〈15〉 
J5 1 10 3 20 2 (5) 15 〈20〉 4 30 
J6 3 (5) 25 〈20〉 2 12 1 25 5 (3) 10 〈23〉 
J7 4 (1) 35 〈38〉 5 10 1 (4) 10 〈15〉 2 15 
J8 5 (4) 15 〈10〉 4 (5) 40 〈30〉 3 25 1 20 

Note: The numerical data in ( ) and 〈 〉 represent the alternative machine and the corresponding machining time respectively. 
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type. 
7. No new part types are added. 
8. Raw materials, tools, jigs and fixtures, and pallets 

are always available. 
9. Demand for each part type is known.  
10. Operations are not divided or interrupted when 

started.  
11. All parts are available for processing at the start of 

the experimentation. 
12. Where a part is started, it will leave the FMS only 

after all operations are completed. 
13. Infinite input buffer capacities for all machines. 

4.4 Fuzzy Logic Procedures 

In this experiment, only two inputs, machine allo-
cated processing time and machine priority, and one 
output fuzzy variable, job priority, are considered. Uni-

verse of discourse of the variables is defined as: 
 

Ak = [0.03, 0.14]  
Mpk = [−50, 0, 50]  
Jp = [0, 10] 

 
The membership functions of two input variables 

take the same form as in Figure 2 (a) and (c). In this 
experiment, the universe of discourse of Jp has five 
fuzzy sets, which are MN, LO, AV, HI and MX, and the 
membership functions for this fuzzy set are also similar 
to what is shown in Figure 3, except for the number of 
fuzzy sets. 

5. EXPERIMENT AND RESULTS 

To compare our model to the performance of exist-

 
Table 5.  Assignment of operations to machines and the utilization of machines, Jijn means that it is a part n of job i, operation j 

Machine Operations assigned Processing 
time 

Completion 
time 

M1 

(J5,1,1) (J3,2,1) (J7,3,1) (J6,3,1) (J1,4,1) (J8,4,1) (J5,1,2) (J3,2,2) (J7,3,2) (J6,3,2) (J1,4,2) (J8,4,2) 
(J5,1,3) (J3,2,3) (J7,3,3) (J6,3,3) (J8,4,3) (J5,1,4) (J7,1,4) (J3,2,4) (J7,3,4) (J6,3,4) (J8,4,4) (J4,4,4) 
(J5,1,5) (J3,2,5) (J7,3,5) (J6,3,5) (J1,4,5) (J8,4,5) (J1,1,6) (J6,3,6) (J8,4,6) (J1,4,6) (J1,1,7) (J6,3,7) 
(J8,4,7) (J1,4,7)  

748 1049 

M2 

(J1,1,1) (J6,2,1) (J4,2,1) (J5,3,1) (J7,4,1) (J3,4,1) (J1,1,2) (J2,1,2) (J2,2,2) (J6,2,2) (J4,2,2) (J5,3,2) 
(J3,4,2) (J7,4,2) (J1,1,3) (J6,2,3) (J4,2,3) (J1,4,3) (J3,4,3) (J7,4,3) (J1,1,4) (J6,2,4) (J4,2,4) (J5,3,4) 
(J7,4,4) (J1,4,4) (J3,4,4) (J1,1,5) (J6,2,5) (J4,2,5) (J5,3,5) (J7,4,5) (J3,4,5) (J2,1,6) (J2,2,6) (J6,2,6) 
(J7,4,6) (J2,1,7) (J2,2,7) (J6,2,7) (J7,4,7) 

732 1026 

M3 

(J2,1,1) (J2,2,1) (J1,2,1) (J5,2,1) (J3,3,1) (J8,3,1) (J6,4,1) (J4,4,1) (J6,1,2) (J1,2,2) (J5,2,2) (J3,3,2) 
(J8,3,2) (J4,4,2) (J2,1,3) (J2,2,3) (J5,2,3) (J1,2,3) (J3,3,3) (J8,3,3) (J4,4,3) (J2,1,4) (J2,2,4) (J1,2,4) 
(J5,2,4) (J8,3,4) (J6,4,4) (J2,1,5) (J2,2,5) (J5,2,5) (J1,2,5) (J8,2,5) (J4,4,5) (J6,1,6) (J1,2,6) (J8,3,6) 
(J6,4,6) (J6,1,7) (J1,2,7) (J8,3,7) (J6,4,7)  

927 1026 

M4 
(J8,1,1) (J7,1,1) (J4,1,1) (J8,2,1) (J5,4,1) (J2,4,1) (J7,1,2) (J4,1,2) (J8,2,2) (J2,4,2) (J5,4,2) (J7,1,3) 
(J4,1,3) (J8,2,3) (J5,4,3) (J2,4,3) (J8,1,4) (J4,1,4) (J8,2,4) (J3,3,4) (J5,4,4) (J2,4,4) (J7,1,5) (J4,1,5) 
(J8,2,5) (J3,3,5) (J2,4,5) (J5,4,5) (J7,1,6) (J7,3,6) (J2,4,6) (J7,1,7) (J7,3,7) (J2,4,7) 

935 1065 

M5 

(J6,1,1) (J3,1,1) (J7,2,1) (J4,3,1) (J1,3,1) (J2,3,1) (J8,1,2) (J3,1,2) (J7,2,2) (J2,3,2) (J1,3,2) (J4,3,2) 
(J6,4,2) (J8,1,3) (J6,1,3) (J3,1,3) (J7,1,3) (J5,3,3) (J1,3,3) (J4,3,3) (J2,3,3) (J6,4,3) (J6,1,4) (J3,1,4) 
(J7,2,4) (J1,3,4) (J4,3,4) (J2,3,4) (J8,1,5) (J6,1,5) (J3,1,5) (J7,2,5) (J1,3,5) (J2,3,5) (J4,3,5) (J6,4,5) 
(J8,1,6) (J8,2,6) (J7,3,6) (J1,3,6) (J2,3,6) (J8,1,7) (J8,2,7) (J7,2,7) (J1,3,7) (J2,3,7)  

950 1039 

Sum   4292 5205 
 

Table 6. Comparison between fuzzy logic and combined dispatching and routings strategies 

Control strategy Other approaches % Change against Performance 
measure 1 2 3 4 5 6 Best Average

Proposed 
method Best Average

Makespan 
(min.) 1212 1140 1078 1084 978 1120 978 1102 908 +7.71 +21 

Average machine 
utilization. (%) 68.5 66.5 79 78.5 80 79.5 80 76 81 +1 +5 

Mean flowtime 
(min.) 670 780 580 720 770 663 580 697 650 −10.77 +7.23 

Note: Bold figures are best values for other methods. % is w.r.t. best figures. 
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ing models, the same product data as shown in Table 4 
are used. 

     
Table 4. Demand for each part type 

Part type J1 J2 J3 J4 J5 J6 J7 J8

Demand 7 7 5 5 5 7 7 7

 
The results achieved by our model are shown in 

Table 5. Table 6 shows a comparison of the best per-
formance indices of combined dispatching and routing stra-
tegies achieved by simulation (Chan, 2002) with results 
of the fuzzy system. 

The list of the other methods and their abbreviations 
in Table 6 are defined as follows: 
1. NAR/SPT: No Alternative Routings/Shortest Proc-

essing Time 
2. NAR/LPT: No Alternative Routings/Longest Proc-

essing Time 
3. ARD/SPT: Alternative Routings Dynamic/ Shortest 

Processing Time 
4. ARD/LPT: Alternative Routings Dynamic/Longest 

Processing Time 
5. ARP/SPT: Alternative Routings Planned/Shortest 

Processing Time 
6. ARP/LPT: Alternative Routings Planned/Longest 

Processing Time 
 
The results indicate that overall the Fuzzy logic 

model performed reasonably well in most of the per-
formance measures. It produces results that are superior 
to the best produces by Chan (2002), in 2 out of 3 meas-
ures. Accordingly, the proposed method has the potential 
of being improved to a working scheme. Further ex-
perimentations are required to fine-tune the parameters/ 
assumptions.  

6.  CONCLUSION 

This paper describes the design, development and 
application of a fuzzy logic approach for selecting real-
time part routes in an FMS. In particular, the input vari-
ables for the fuzzy logic model are developed. Experi-
mental results indicate that fuzzy logic can provide good 
results in most performance measures. It is shown that 
fuzzy logic provides a technique to select the routes based 
on multiple, conflicting criteria. This enhances the exist-

ing approaches such as conventional optimization based 
on single criteria. Our study indicates the suitability and 
desirability of a Fuzzy logic approach in FMS schedul-
ing. Further investigations are required to establish a 
practical method. 

REFERENCES 

Chan, F. T. S. (2002) Evaluation of combined dispatch-
ing and routing strategies for a flexible manufactur-
ing system, Proceedings of the Institution of Me-
chanical Engineers -- Part B -- Engineering Manu-
facture, 216(7), 1033-1046. 

Gamila, M. A. and Motavalli, S. (2003) A modelling 
technique for loading and scheduling problems in 
FMS, Robotics and Computer Integrated Manufac-
turing, 19(1-2), 45-54. 

Hintz, G. W. and Zimmermann H. J. (1989) A method to 
control flexible manufacturing systems, European 
Journal of Operation Research, 41(3), 321-33.  

Kosko, B. (1993) Fuzzy thinking: the new science of 
fuzzy logic, Prentice-Hall, Inc., USA. 

Nahavandi, S. and Solomon, P. (1995) Application of 
Fuzzy logic to shopfloor scheduling, Proceedings 
of Second New Zealand International Two-Stream 
Conference on Artificial Neural Networks and Ex-
pert Systems, IEEE, 365-368. 

Naso, D. and Turchiano, B. (1998) A Fuzzy multi-criteria 
algorithm for dynamic routing in FMS, Proceed-
ings of the IEEE International Conference on Sys-
tems, Man, and Cybernetics, IEEE, 457-462.  

Ro, I. and Kim, J. (1990) Multi-criteria operational con-
trol rules in flexible manufacturing systems, Inter-
national Journal of Production Research, 28(1), 
47-63.  

Srinoi, P. (2004) A Fuzzy Based Scheduling Model for 
Flexible Manufacturing Systems. Ph.D. Thesis, Swin-
burne University of Technology, Melbourne, VIC. 

Srinoi, P., Shayan, E. and Ghotb, F. (2006) A fuzzy logic 
modeling of dynamic scheduling in FMS, Interna-
tional Journal of Production Research, 44(11), 2183-
2203.  

Timothy, J. R. (1995) Fuzzy Logic with Engineering 
Application, McGraw-Hill, USA. 

Yu, L., Shih, H.M. and Sekiguchi, T. (1999) Fuzzy in-
ference-based multiple criteria FMS scheduling, In-
ternational Journal of Production Research, 37(10), 
2315-2333

 


