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Abstract—Flexible manufacturing systems (FMS) are 

production systems consisting of identical multipurpose 

numerically controlled machines (workstations), automated 

material handling system, tools and load and unload 

stations, inspection stations, storage areas and a hierarchical 

control system. The latter has the task of coordinating and 

integrating all the components of the whole system for 

automatic operations. The basic problem in FMS operations 

is scheduling of jobs on the different machines. This 

problem can be solved through various approaches. One of 

the techniques is fuzzy logic. This technique answers a 

problem in a probabilistic way by  values ranging between 0 

and 1.in my problem, I have taken two priority conditions-

job priority and route priority and the scheduling has been 

done accordingly. The results are compared with shortest 

processing time and more time is consumed using shortest 

processing time technique. This shows that fuzzy scheduler 

can be used as one of the powerful tool in FMS scheduling 

problem. 
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I. INTRODUCTION 

Flexible manufacturing systems (FMSs) are the most 

automated and technologically sophisticated of the machine 

cell types used to implement cellular manufacturing. An 

FMS usually has multiple automated stations and is capable 

of variable routings among stations, while its flexibility 

allows it to operate as a mixed model system. The FMS 

concept integrates many of the advanced technologies that 

we met in previous units, including flexible automation, 

CNC machines, distributed computer control, and automated 

material handling and storage. The increasing demand for 

low cost, low-to-medium volume production of modular 

goods with many different variations creates the need for 

production systems that are flexible and that allow for small 

product delivery times. This leads to production systems 

working on small batches, having low setup times and 

mainly characterized by many degrees of freedom in the 

decision making process. Even though there is no 

universally accepted definition of what an FMS is, we can 

refer to the ones given by Tempelmeier and Kuhn [1] and 

Viswanadham and Narahari [2]. Thus, a FMS can be defined 

as a production system consisting of identical multipurpose 

numerically controlled machines (workstations), automated 

material and tools handling system load and unload stations, 

inspection stations, storage areas and a hierarchical control 

system. For a more practical definition of an FMS (i.e., 

number of workstations, different parts, etc.) we can refer to 

a literature study by Young-On [3] stating that 60% of the 

FMSs in the world have less than eight workstations and 

work on less than ten different parts. 

II. LITERATURE REVIEW 

Grabot [4] proposed some approaches based on fuzzy logic 

to build aggregated dispatching rules, which obtain a 

compromise between the satisfactions of several criteria. 

Two priority rules, Shortest Processing Time (SPT) and ST 

rules were combined for the job prioritization purpose. 

 Subramaniam [5] proposed a fuzzy scheduler that 

uses the prevailing conditions in the job shop to select 

dynamically the most appropriate dispatching rule from 

several candidate rules. The results indicate that the fuzzy 

scheduler is effective. 

 Angsana and Passino [6] proposed a new 

scheduling policy which was designed to emulate a human 

scheduler. In particular, they presented how to perform 

scheduling via a class of intelligent controllers called fuzzy 

controller (FC). 

 Nahavandi and Solomon [7] applied a fuzzy logic 

to shop floor scheduling for prioritization and ordering of 

jobs in a Factory Controller queue of the FMS. 

 Politano [8] proposed a system that made the 

scheduling of machining operations, part production 

alternative routes and transportation operations 

simultaneously through an approach based on fuzzy logic. 

 Pramot Srinoi [9] has worked on fuzzy simulation 

and tried to compare it with other methods of scheduling. 

His work was confined to routing problems only. 

III. FUZZY LOGIC APPROACH TO SCHEDULING PROBLEM 

In its most general form, the resource-constrained 

scheduling problem asks the following: Given a set of 

activities, a set of resources, and a measurement of 

performance, what is the best way to assign the resources to 

the activities such that the performance is maximized? The 

general problem encapsulates many variations such as the 

job-shop and flow shop problems, production scheduling, 

and the resource-constrained project scheduling problem. 
Scheduling is the process of arranging, controlling and 

optimizing work and workloads in a production process or 

manufacturing process. Scheduling is used to allocate plant 

and machinery resources, plan human resources, plan 

production processes and purchase materials. 

 Developing a production schedule involves 

determining the flow of parts and assignment of operations 

and tools on each machine that will result in the completion 

of a part and determining the start time and finish time of 

each operation at its allocated machine. Technological 

sequence of operations on each part has to be preserved and 

the ordering of operations on each machine has to be 

selected so as to achieve the desired objectives. The models 

for the optimal machining sequence for problems of this 

type are NP-hard, i.e., the time required to solve in 

optimally increases exponentially with problem size. Given 

that the nature of most of real factors are subjective and to 

avoid the complexity of the associated scheduling problem, 
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we adopt a fuzzy approach in this work. Fuzzy logic has the 

ability to simultaneously consider multiple criteria. 

Furthermore, the advantage of the fuzzy logic system 

approach is that it incorporates both numerical and linguistic 

variables. 

 Yet planning and scheduling are coupled; the 

performance of the scheduling algorithm depends on the 

problem formulation, and the problem formulation may 

benefit from information obtained during scheduling. 

 Fuzzy logic, although a mathematical technique, 

defines its behavioral framework through a compact 

linguistic rule base. It has the ability to simultaneously 

consider multiple criteria and to model human experience in 

the form of simple rules. Furthermore, the advantage of the 

fuzzy logic system approach is that it incorporates both 

numerical and linguistic variables.  

IV. EXPERIMENT AND RESULT 

The FMS described in this paper consists of 4 different CNC 

machining centers with finite local buffer capacity, all 

capable of performing the required operations on each part 

type, a load/unload station and material handling system 

with an automated guided vehicle (AGV) which can carry 

one pallet at a time. The system produces three different part 

types, A, B and C. 

 It is assumed that it takes 3 minutes to load and 

unload a part on a pallet at load/unload station. The time to 

cross the distance between two consecutive MCs is assumed 

to be 0.5 minute. The arrangement of the FMC hardware is 

shown in Figure 1. 

 
Fig. 1: Schematic Hardware Setup 

 Each machine is capable of performing different 

operations, but no machine can process more than one part 

at a time. Each part type has several alternative routings. 

Operations are not divided or interrupted when started. Set 

up times are independent of the job sequence and can be 

included in processing times. The scheduling problem is to 

decide the sequence of the jobs and which alternative routes 

should be selected for each job. Proposed approach of this 

work is to identify different scheduling parameters such as 

processing time, due date and profit over cost for Job 

sequencing and processing time, travel time, work in queue 

for routing and construct their membership functions and 

fuzzy rules. Using these membership functions and fuzzy 

rules a fuzzy interference system (FIS) is developed to 

identify the priority of jobs and to identify the best route 

using MATLAB fuzzy logic toolbox. 

 Three variables are selected to identify the job 

priority, named, processing Time, Due Date and Profit over 

Cost. All the variables are assigned with triangular 

membership function and divided into three zones Small, 

Medium and High. The output of these variables is priority 

varying from 0 to 1. The priority variable is also assigned 

with triangular membership function and divided into 9 

portions. Minimum (MN), Negative Low (NL), Low (LO), 

Negative Average (NA), Average (AV), Positive Average 

(PA), High (HI), Positive High (PH) and Maximum (MX). 

The membership functions for each fuzzy set are shown in 

figures below: 

 
Fig. 2: Work in queue Membership Function 

 
Fig. 3: Route Priority Membership Function 

 Three variables are selected to identify the best 

route, named, Work in Queue (WIQ), Travel Time (TT) and 

Processing Time (PT). All the variables are assigned with 

triangular membership function and divided into three zones 

Small, Medium and High. The output of these variables is 

priority varying from 0 to 1. The priority variable is also 

assigned with triangular membership function and divided 

into 9 portions. Minimum (MN), Negative Low (NL), Low 

(LO), Negative Average (NA), Average (AV), Positive 

Average (PA), High (HI), Positive High (PH) and Maximum 

(MX). 

 In case of job sequencing, the variables of 

processing time, due date and profit over cost have three 

states each. The total number of possible ordered pairs of 

these states is 27. For each of these ordered pairs of states, 

we have to determine an appropriate state of variable job 

priority. A convenient way of defining all required rules is a 

decision table. 

Processing 

Time 

Profit Over Cost 
Due Date 

Small Medium High 

Small MX PA NA Small 

Small MX PA LO Medium 

Small PH AV LO High 

Medium PH AV LO Small 

Medium PH AV NL Medium 

Medium HI AV NL High 

High HI AV NL Small 

High HI NA MN Medium 

High PA NA MN High 

Table 1: Decision table for Job Priority 

 The job priority criteria now used to derive fuzzy 

inference rules shown as an example: 
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1) If (Processing Time is Small) and (Profit over Cost 

is Small) and (Due date is Small) then (Priority is 

High) 

2) If (Processing Time is Small) and (Profit over Cost 

is Medium) and (Due date is Small) then (Priority 

is Positive High)........27.  If (Processing Time is 

High) and (Profit over Cost is High) and (Due date 

is High) then (Priority is Negative Average) 

 In case of route selection, the variables of 

processing time, work in queue and travel time have three 

states each. Similar to job sequencing, the total number of 

possible ordered pairs of these states is 27 and for each of 

these ordered pairs of states, we have to determine an 

appropriate state of variable route priority. 

 The route priority criteria now used to derive fuzzy 

inference rules shown as an example: 

1) If (Processing Time is Small) and (Work in Queue 

is Small) and (Travel Time is Small) and so on. 

The data collected from HAL Facility at Lucknow has been 

used in this experiment: 

Job  

Name 

Processing 

Time 

( In Min) 

Profit Over 

Cost(In 

Thousand) 

Due 

Date(Day) 

Job A 17 6500 4 

Job B 19 3000 1 

Job C 8 4000 2 

Table 2: Job Priority Table 

Machines 
Machine 

1 

Machine 

2 

Machine 

3 

Machine 

4 

Job A 6 2 7 2 

Job B 5 5 3 8 

Job C 7 1 1 2 

Table 3: Processing Time for Jobs 

Route 

(Machine 

Sequence) 

Work in 

Queue (In 

minutes) 

Total 

Processing 

Time (In 

minutes) 

Travel Time 

(Including 

Load/Unload 

time) 

1-3-1-4 6 21 6.5 

2-3-1-4 12 17 7 

3-2-3-1 9 22 6 

Table 4: Route times for Job A 

Route 

(Machine 

Sequence) 

Total 

Processing 

Time (In 

minutes) 

Travel Time 

(Including 

Load/Unload 

time) 

Work in 

Queue (In 

minutes) 

2-1-2-4 23 6 7 

3-1-2-4 21 6 11 

4-1-4-2 26 5.5 8 

Table 5: Route times for Job B 

Route (Machine 

Sequence)  
Total Processing Time  

Travel Time (Including 

Load/Unload time)  

Work in Queue (In minutes)  

3-1-3-2 10 5.5 8 

1-4-3-2 11 6.5 6 

1-2-3-4 11 5 9 

Table 6: Route times for Job C 

4.1 RESULTS: 

Route Priority Normalized Priority 

1-3-1-4 0.687 0.418 

2-3-1-4 0.456 0.277 

3-2-3-1 0.500 0.305 

Table 7:  Route Priority for Job A 

Route Priority Normalized Priority 

2-1-2-4 0.750 0.428 

3-1-2-4 0.500 0.286 

4-1-4-2 0.500 0.286 

Table 8: Route Priority for Job B 

Route Priority Normalized Priority 

3-1-3-2 0.500 0.298 

1-4-3-2 0.676 0.404 

1-2-3-4 0.500 0.298 

Table 9: Route Priority for Job C 

Job Name Priority Normalized Priority 

A 0.500 0.314 

B 0.501 0.316 

C 0.588 0.370 

Table 10: Priorities of Jobs 

 The final Sequence based on the both control 

systems and normalized priority is as in TABLE 11. 

Job Route Total Time Taken (In Minutes) 

C 1-4-3-2 11+6.5+6=23.5 

B 2-1-2-4 23+6+7=36 

A 1-3-1-4 21+6.5+6=33.5 

Table 11: Output for fuzzy 

Job Route Total Time Taken (In Minutes) 

A 2-3-1-4 17+7+12=38 

B 3-1-2-4 21+ 6+11 =38 

C 3-1-3-2 10+5.5+8=23.5 

Table 12: Output for shortest processing time method 

 Total time taken for a job =total processing time + 

travel time + work in queue  

Total time taken using fuzzy logic method 

=23.5+35+33.5=92 minutes 

Total time taken for a job =total processing time + travel 

time + work in queue  

Total time taken using shortest processing time 

=38+38+23.5=99.5 minutes 

V. CONCLUSION 

The work presented in this paper was directed towards 

investigating the applicability of fuzzy techniques as a 

decision aid in the short-term control of flexible 

manufacturing systems. For this purpose a flexible 

manufacturing system for three jobs composed of four 

machines, one AGV, one load and one unload station and 

with routings and arrivals with fixed statistical 

characteristics was considered. A fuzzy scheduler for job 

sequencing and routing was developed. This scheduler uses 

fuzzy logic systems as well as fuzzy multiple attribute 

decision-making techniques. In this research, industrial data 

are used to determine the job priority and routing. Here, 

only job priority and routing are taken into account, some 

other criteria’s can also be added. Several parameters are 

used to design the problem, but, yet there may be other 

parameters which can be added to make the model more 

accurate. Here, triangular membership functions were used. 
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There are some other membership functions which could 

give different results. All possible rules are taken, but if 

more parameters were added, number of the rules would 

have been increased. All this changes may lead the model to 

better results. The results in the above experiment show that 

time take by shortest processing time( 99.5 minutes)  is 

more than fuzzy logic method ( 92 minutes). 
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