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Abstract -- The induction motor (IM) is widely used in industrial applications thanks to its simplicity of
construction, its robustness and low costs. But these many advantages are accompanied by a high functional complexity
due to electromagnetic interactions between the stator and the rotor which causes the high coupling between the flux
and the electromagnetic torque. The direct torque control is one of the most decoupling controls of induction motor. In
this paper we present, on the one hand, the hybrid control between DTC and fuzzy logic control (FLC) giving rise to
direct torque Fuzzy Control (DTFC), and on the other hand, a rotor speed estimator using model reference adaptive
system (MRAS) strategy is designed to eliminate Mechanical Sensor. Numerical simulations with MATLAB/Simulink
are presented to verify effectiveness of the proposed methods.

Keywords:

IM, Direct torque control, DTFC, Fuzzy Logic Controller, MRAS speed estimator, Anti windup PI

regulator
I. INTRODUCTION
Direct Torque Control (DTC) of induction motor introduced in 1985 by I. Takahashi as a competitive strategy of vector
control techniques. The main advantages of this drive are:
• easy to design and implement
• Lower sensibility to parametric variations (stator resistance the only factor affecting the DTC) [1].
• Elimination of the pulse width modulation bloc and inner current

regulators

• Very quick responses of torque and flux.
However, as each control, the DTC presents also some drawbacks such as:
• The switching frequency is not constant (due to hysteresis comparators used)
• High torque and stator flux

ripples [2]

• The necessity of flux and torque estimators
To circumvent some of those disadvantages and improve the DTC control, several authors [3],[4], have
Proposed the contribution of fuzzy logic to direct torque control.
The theory of fuzzy logic Proposed in 1965 by L.ZADEH has used

in very important domains, the first time when the

concept of FLC was applied in the regulation of an industrial process was in 1974 by M.mamdani [5], and in the recent years
the FLC technique increasingly used in the induction motor drives, thanks to its advantages such as:
1
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• Mathematical Knowledge of process is not necessary
• Robustness Against inaccuracies.
• Possibility of integration of expert knowledge
In this work the combination between DTC and FLC presented consists to replace hysteresis comparators and
switching table in DTC with fuzzy logic controller (FLC) in DTFC.
Moreover, for sensorless control of the induction motor, the rotor speed estimation is indispensable, the model reference
adaptive system (MRAS) is one of methods used to reconstitute the speed information from

the voltages and currents of IM.

A anti windup proportional integrator (PI) controller will used to regulate rotor speed estimated, this type of regulator with
anti windup compensator prove its good performance for speed regulation of induction motor.
II. IM MODEL
Model of the induction motor is presented in the stationary (α,β) reference frame in the state equation form as follows:
(1)
Such as:

(2)
The expression of electromagnetic torque can be written as :
(3)
The mechanical equation of the IM can be written
as flows :
(4)
III. DIRECT TORQUE CONTROL OF INDUCTION MOTOR

2
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IV.
Main idea of the direct torque control is the direct determination of control sequences (Sa,Sb,Sc) applied to the switches
of voltage-source

inverter (VSI) in very short intervals (sampling time Te), which oblige the torque and the stator flux to

track desired values. Figure 1 represents the schematic diagram of dtc.
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A. Voltage vectors of vsi
The vector output

voltage of the inverter is represented as a function of command sequences (Sa,Sb,Sc) with the

following expression:

(5)

Combinations of the three control signals (Sa,Sb,Sc) can be generate eight positions of Vs

which six correspond to active

vectors and two correspond to zero vectors .
B. Control of stator flux vector
The stator flux vector can be written in the stationary reference frame as:
(6)
During sampling time Te , positions of (Sa,Sb,Sc) are constants and
voltage

the voltage drop (

) as negligible compared to the

, so we can write:
(7)

Where :

represents stator flux vector at the instant t0

3
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This last equation (7)

shows that we can control

by the choice of vector

for example (fig. 2), the application of

vector V3 increases the amplitude of stator flux vector and turn it to the positive direction, thus an appropriate choice of
during successive time intervals of Te, we can give to the extremity of
amplitude of

a circular trajectory, that means a nearly constant

.
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Fig.2. Example of

extremity evolution

The control of electromagnetic torque with the DTC

principle is based on these two equations:

(8)

(9)

Equation 8 shows that we can vary Tem, by acting either on
So, the idea requires, to

keep

As it is indicated in section b ,
of
and

s and
s

r

or the angle between them ( s- r).

constants and vary ( s- r) to control Tem.

can remain constant ,

otherwise,

r

follows the s evolution

(equation 9) ,by using the sampling time (Te) very short compared to Tr (Te<< Tr),
r

are constants

after time constant

can assumed constant (

).

Therefore, we can control Tem

with flux stator angle

s

.
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D. Switching table and hysteresis comparators
From that mentioned above, le choice of
Figure 3 presents the effect of

β

s

decrease

Tem increase

Vi+2

(from

) is conditioned by two factors :

(increase or decrease) on Tem and

et Tem .

into six sectors in the plan (α,β).
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Fig.3.
Effectflux
of Vs
choice constant,
on s and
To maintain
the stator
modulus
orTmore
specifically, to keep its extremity in a small band, a tow levels
em
according
to sector
hysteresis comparator is
used. Also,
a threeSilevels hysteresis comparator is utilized to oblige Tem to follow its reference.
Otherwise, the switching table used in simulation of dtc can be presented by following table :
Table І. Switching table for DTC
IV. SENSORLESS DIRECT TORQUE FUZZY CONTROL
The schematic diagram of sensorless FDTC proposed in this paper with MRAS

speed estimator and anti windup PI

regulator is presented in fig. 4
U
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Fig.4 Sensorless Direct

torque fuzzy control
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A

Direct torque fuzzy control strategy
As mentioned in introduction, the

FDTC consists To

replace switching table and hysteresis comparators with

a

fuzzy logic controller.
To constitute the FLC, it must pass through three following steps fuzzification, inference and defuzzufication.
• Fuzzification
), the stator flux

In the fuzzification, the physical variables, that they are in our case: the Tem error (
modulus error (

) and position angle of stator flux (

variables, which those
where: PL denote

), must be transformed into fuzzy

fuzzy variables consists of trapezoidal and Triangular membership functions, as represented in fig. 5

Positive Large, PS Positive Small NS Negative Small, NL Negative Large, P Positive ,Z Zero and N

Negative, the voltage vectors are also fuzzified as shown in fig. 6.
Fig. 5. Membership functions for inputs
variables of FLC

Fig.6. Membership functions for output
variable of FLC
• Inference
The aim of inference is to establish rule of type IF-THEN,
to determine the fuzzy output of the controller

from the fuzzy

inputs resulting from the fuzzification.
The number of rules used according to the membership
functions of fuzzy inputs and fuzzy output are estimated by 180
rules as it is presented in [5],

Those rules are executed with

Mamdani’s minimum operation, therefore the weighting factor αi
of

ith

Rule can given as :
(10)

This i

th

Rule Result in control decision of:

(11)

The membership function

of the output

is Point wise given by:

(12)
6
ISSN 2304-7712

International Journal of Advanced Engineering and Science, Vol. 2, No.2, 2013
• Defuzzification
Defuzzification is the inverse operation of fuzzification, to determine physical variables of output. Maximum criterion is
used for this step, which output of FLC is given by:
(13)
B. MRAS speed estimator
The model reference adaptive system (MRAS), it is a technique belonging to the category of indirect speed

estimation

by exploiting the stator voltages and stator currents, this approach was formulated the first time by Schauder in 1989 [6],it
based on the comparison between two models (Ajustable and Reference models) of rotor flux estimation , error between
them, must be converged to zero, for this ,a PI regulator plays the role of an adaptation mechanism to generate the estimated
speed as

shown in fig. 7.

Référence model

Fig.7. Membership functions for inputs
Ajustable
model
variables of FLC

+
Adaptation
mechanism
The Stability of estimator and the choice of Ki_AM and Kp_AM are designed with hyperstability criterion of Popov as given by
Fig.7. Structure of MRAS Speed Estimator
[7],
The expression of estimated speed can be written as :
(14)

C. Anti windup PI regulator
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Fig. 8 shows the structure of Anti windup PI regulator of speed, its principles characteristics are the limitation of its output
(torque reference) to not exceed acceptable limits by a machine, and the correction of the integral action during the saturation
of regulator.

The choice of Ki and Kp of regulator is based on the method of pole placement, and according to conditioning proposed
by Hanus [8], we take the anti windup compensator K = 1 /Kp .

Fig. 8. Anti windup PI regulator

V.

SIMULATION RESULTS & DISCUTION

Fig. 10a. Electromagnetic torque response
To verify the proposed schemes, digital simulations have been carried using MATLAB SIMULINK
DTC
The comparative results between sensorless DTC and sensorless DTFC using MRAS speed estimator and Anti windup
200
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PI regulator are presented in figures from 9 to 12, therefore, the estimated
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Fig. 12b. Stator current response
DTFC
VI. CONCLUSION
In this paper we have presented a improved direct torque control by the contribution of fuzzy logic where this last has
clearly reduced the ripples of torque ,flux and current.
technique for

speed estimation has shown

After analysis of sensorless control

Moreover the elimination of mechanical sensor by using MRAS

very good results without affecting decoupling control used (DTFC) .

presented of IM (DTFC+MRAS), we propose to contribute

following

improvements (prospects of our next work ):
•

try to decrease the rules number of FLC used in FDTC (less than 180 rules).

•

Increase the robustness of the MRAS speed estimator with the stator resistance estimation using the same

technique (MRAS).
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APPENDIX
INDUCTION MOTOR PARAMETERS
Stator voltage (V)

220/380 V -50Hz (1.5 kw)

Stator resistance (Rs)

4.85 Ω

Rotor resistance (Rr)
Rotor/Stator leakage inductance (Lr,Ls)

3.81Ω
0.275 H

Mutual inductance (M)
Number of

0.258 H

pair poles (P)

2
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0.31 Kg.m2

Total inertia (J)
Friction coefficient (fr)

0.00114

Nm.s/rad
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Direct Torque Control of an Induction Machine driven by a Matrix
Inverter with Speed estimator (MRAS)
CHIALI El Mehdi, MASSOUM Ahmed, GUEBLI Abderrahmen, HANAFI Salah
Laboratory ICEPS, university djillali liabès sidi bel Abbes, Algeria
moh_massoum@yahoo.fr

Abstract -- To advance the performance of AC adjustable speed system, this paper proposes a strategy of direct torque
control of induction machines fed by a three-phase matrix inverter.In addition to the control of torque and flux obtained with
the DTC applied to a three-phase inverter with two levels, the matrix inverter application provides the control of an additional
variable which is the input power factor. This process control allows to combine the advantages of the DTC with the
advantages of the matrix inverter. The rotor speed is estimated by the model reference adaptive system (MRAS) scheme which
is determined from measured terminal voltages and currents. The MATLAB SIMULINK is used to perform the simulation.
Keywords: Direct Torque Control (DTC), matrix inverter, induction machine, MRAS.
I.

INTRODUCTION

Induction motors are widely used in industry due to their ease of manufacture and maintenance. Currently, many industrial
applications require control of speed, position and torque. A three-phase system does not allow these commands, because the
frequency is constant, so we used to provide a static converter has a voltage amplitude and frequency variables.
The strategy of direct torque control (DTC) has become one of the control techniques for high performance. The main
advantage of this technique is its simplicity and robust control system which does not depend on complex mathematical
transformations. The major disadvantage of DTC is its high torque ripple which leads to a distortion noise in the stator. In this
strategy, the torque and flux are controlled by estimating appropriate voltage vectors [1].
Recently, matrix converters have received more attention in the application of variable speed induction motors. This
converter uses nine bidirectional switches to connect the input to the output with a desired frequency. The drive of an induction
motor fed by a matrix converter is greater than that which is fed with a conventional inverter as it does not have large
intermediate circuit [2].
II. THEORY OF MATRIX CONVERTER
The matrix converter is a direct converter, totally reversible. The term "direct" from the fact that this converter has no
intermediate storage stage in the conversion chain. It converts a three phase network to another three phase network with
variable frequency and magnitude. It is capable of connecting each input phase to each output phase via nine (9) bidirectional
switch (figure 1) [3].

12
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There are 27 possible configurations of switching, among them, only 21 can be usefully employed in the DTC algorithm, 3
draws and 18 vectors vectors named (± 1, ± 2, ± 3, ........., ± 9) when two outputs are connected to the same input. These
vectors are spread over six fixed directions at 60 °. These configurations are summarized in Table 1 [4].

13
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The 18 configurations determining the output voltage vector and the

input current vector, with fixed directions, as shown in

(Figure 2) (a) and (b). At each sampling period, the reference vectors are synthesized by adjacent vectors.

4,
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V
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I
1
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V
1,

4
5

5
(a)

6

3,

voltages vectors

IE
1

6

4

2

(b)

I

1,

courants vectors

Fig.2 Diagrammes vectoriels

III. DESCRIPTION OF THE STRUCTURE OF DIRECT TORQUE CONTROL
A.

Dedicated to the control model (DTC)

The DTC model is developed in the fixed coordinate system connected to the stator (α, β), we can write:

V s = Rs I s +

dϕ s
dt

0 = Rr I r +

(1)

dϕ r
− jωϕ r
dt

(2)

Te m = P ⋅ (ϕ s ∧ I s )
A.1.

(3)

Stator flux estimate

The evolution of the database Concordia (d, q) space, breaking down into six sectors (Fig. 3). The magnitudes of the stator
flux and torque are controlled by two independent hysteresis controllers (fig.4 and fig.5).
The choice of appropriate vector is based on the voltage switching table given in Table 2.
Figure (4) shows that the module flux is controllable overall qualitatively using a hysteresis comparator using two-level error
measured flux (εφs) at a given time of operation.
With

ϕ ref

: the modulus of the stator flux reference.

V3

V4
V5

Fig.3

V2

V1
V6

Zero voltage vectors

V 0 ( 000 ), V7 (111 )

14 and areas detection
voltage vectors
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εφs

1

φref

Cflx

0

φs
Fig.4. Hysteresis controller at two levels φs

ϕref − ϕ > ∆ϕ ⇒ Cflx = 1 ⇒ϕref > ϕ ⇒
ϕref −ϕ < ∆ϕ ⇒Cflx =1⇒ϕref <ϕ ⇒

Increase the flux.

Decreased the flux.

In this case, a hysteresis comparator is used three levels (Figure.5).

Tref −Te > ∆Te ⇒CT = 1⇒

Increase torque.

Tref −Te <- ∆Te ⇒CT =−1⇒ Reduce the torque.
Tref −Te < ∆Te ⇒CT = 0 ⇒

Keep constant torque.

εTe

-∆Te

CT

Tref

∆Te

Tem

Fig.5. Hysteresis comparator three levels
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IV. PRINCIPLE OF DTC WITH INVERTER MATRIX
In addition to controlling the torque and flux obtained with the DTC applied to a three-phase at two levels inverter control,
the application to a matrix converter is used to control the average value of the sine of the angle φ between the current vector
of line input and the vector of Simple voltage (phase and neutral) (figure6).

The proposed technique control selects the matrix converter, in each sampling period, the switching pattern, which allows the
compensation of the instantaneous error amplitude flux and torque. [5]
The switchboard for this technique is shown in Table 3.
The output signal of the hysteresis comparators,and the number of the sector stator flux vector and the vector of the single
input voltage is the input to the algorithm to select each configuration.
Estimators electromagnetic torque and stator flux, and the average value of sin (ψ) require knowledge
voltages and input output currents.
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Assuming that V1 is the vector of output voltage selected by the control algorithm classic DTC, from the figure. 2 (a) and (b),
it is clear that one of the switching states ± 1, ± 2 or ± 3 must be selected.
Given that the magnitude and direction of these vectors depends on the input phase voltage vector,only those with the same
direction of V1 and the maximum magnitude will be considered.
If the voltage vectors are single entry in sector 1, the switching state +1 and -3 can be chosen.
If an increase in the power factor is necessary to know the average value of sin (ᴪ) must be reduced, the switching state -3
Must be selected.
On the other hand, if a decrease in the power factor is required, the average value of sin (ᴪ) must be increased, the switching
state +1 must be selected. [6]
The Adaptive system with reference model (MRAS) is based on the comparison of results of the two estimators.
The first, which does not introduce the quantity to estimate (the speed in this case) is called the reference model and the
second is the adjustable model [7].
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VI. SIMULATION RESULTS AND INTERPRETATION
P=1.5Kw, U=380V
N=1450tr/min, p=2
Rs=4.85Ω, Rr=3.81Ω
Ls=0.274H, Lr=0.274H, M=0.258H
J=0.031Kgm2, fr=0.0114Nm/rd/s

The removal of mechanical sensor replaced by a MRAS speed estimator gives the simulation results
shown below, also adding that the speed control is done by a IP controller (integrator proportional).
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Fig. 9. DTC simulation with inverter matrix and

estimator

MRAS
In the transitional regime, the flux variations are faster than those of the couple, and when it reaches the steady changes in
torque and flux are limited by the hysteresis comparators, exceedances of hysteresis bands are very logical result of the proper
functioning of the comparators.
It is noted that the couple fast catches the new setpoint. We also note that the dynamics of speed is very fast with a short
response time knowing that the speed response given by the MRAS estimator is almost the same with the actual speed, the
disturbance rejection is about 0.15 second after the speed returns to the steady state with an IP controller. We can also observe
that the stator current is almost sinusoidal.
The only major drawback is that the matrix converter output voltage is limited to 86.6% of the input voltage.

VII. CONCLUSION
The basic idea of the work that we presented was to analyze and see the performance of the DTC with matrix inverter.
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The direct torque control of an asynchronous machine provides a satisfactory solution to the problems of robustness and
dynamics encountered in control techniques based on the orientation of the rotor flux.
The matrix converter can achieve not only a direct torque control for an asynchronous machine, but also reduce the mains
pollution.
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Abstract

This paper presents Improved Adaptive Genetic Algorithm (IAGA) and Ant Colony Search Algorithm is proposed to
solve thermal unit commitment problem.

The proposed algorithm is based on the recently developed adaptive

strategy and introduces a normalized fitness between the current individual and other individuals in the population to
the control probability of mutation.

In the adaptive genetic algorithm the probability of cross over and mutation pc

and pm are varied depending on the fitness values of the solutions and the normalized fitness distance between the
solutions in the evaluation process to prevent premature convergence and refine the convergence performance of
genetic algorithms. Ant colony search (ACS) studies are inspired from the behavior of real ant colonies that are used to
solve function or combinatorial optimization problems.

In the ACSA a set of cooperating agents called ants

cooperates to find good solution of unit commitment problem of thermal units. In this paper we propose an improved
ant colony optimization algorithm (IACSA) with two highlights. First, candidate set strategy is adapted to rapid
convergence speed. Second, a dynamic updating rule for heuristic parameter based on entropy The UC problem is to
determine a minimal cost turn-on and turn-off schedule of a set of electrical power generating units to meet a load
demand while satisfying a set of operational constraints.

This proposed approach is a tested on 10 unit power system

and compared to conventional methods.
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Keywords: Improved genetic algorithm, Improved Ant Colony Search Algorithm, unit commitment, cooperating agents,
probability of crossover, probability of mutation.

1.

INTRODUCTION

Unit commitment (UC) program is used to economically schedule generating units over a short-term planning horizon
subject to the forecasted demand and other system operating constraints. In solving the UC problem, generally two basic
decisions are involved, namely the "unit commitment" decision and the "economic dispatch" decision. The UC decision
involves the determination of the generating units to be running during each hour of the planning horizon, considering the
system each hour of the planning horizon, considering the system capacity requirements, including the spinning reserve, start
up and shut down of units' constraints. The economic dispatch decision involves the allocation of the system demand and
spinning reserve capacity among the operating units during each specific hour of operation. The electric power industry has
been using optimization methods to help them solve the UC problem. The result has been saving of tens and perhaps hundreds
of millions of dollars in fuel costs.

Many optimization methods have been proposed to solve the UC Problem. These methods included priority list (PL)
methods, dynamic programming (DP) methods, sequential method, and Lagrangian relaxation (LR) methods.

More

recently, meta-heuristic methods have been tested and used, such as genetic methods have been tested and used, such as
genetic algorithms (GA), tabu search (TS) and simulated annealing (SA), along with expert systems and neural networks.
Because electric markets are changing rapidly from a single buyer to a wholesale competition, how UC models are solved and
what purposes they serve need reconsideration.
This paper proposes an Improved Adaptive Genetic Algorithm (IAGA) for RPO problem.

The proposed algorithm is based

on the recently developed adaptive strategy [15] and introduces a normalized fitness between the current individual and other
individuals in the population to the control probability of mutation.

In the adaptive genetic algorithm the probability of cross

over and mutation pc and pm are varied depending on the fitness values of the solutions and the normalized fitness distance
between the solutions in the evaluation process to prevent premature convergence and refine the convergence performance of
genetic algorithms.

The performance of proposed algorithm is evaluated on 10 unit power system.
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For the last few years, the algorithms inspired by the observation of natural phenomena to help solving complex
combinatorial problems have been increasing interest. In this study, a new UC problem method, which was derived by the
observation of the behavior of ant colonies, is proposed. In analyzing the behaviors of real ants, it was found that the ants are
capable of finding shortest path from food sources to the nest without using visual cues. In the application of this method to
UC problem, the initial population of colony can be first randomly generated within the search space of problem. Then, the
fitness of ants is individually assessed based on their corresponding objective function. With the selection of trail, the ant
dispatch can be activated based on the level of pheromone and distance of the selected trail in order to find the best tout or the
shortest path. Here we use improved IACSA for solving the unit commitment problem .ACO can be used to find the solutions
of difficult combinatorial optimization problems and it enjoys a rapidly growing popularity. Although ACO has a powerful
capacity to find out solutions to combinatorial optimization problems, it has the problems of stagnation and premature
convergence and the convergence speed of ACO is always slow. Those problems will be more obvious when the problem size
increases. Therefore, several extensions and improvements versions of the original ACO algorithm were introduced over the
years. Various adaptations: an algorithm based on the basis of the ant evolution rules [16], dynamic control of solution
construction and mergence of local search ([17], [18],
[19]), new pheromone updating strategies [20], max-min ant system [21], a strategy is to partition artificial ants into two
groups: scout ants and common ants [22], using candidate lists strategies ([23], [24]), dynamic ant colony system with three
level updates ([25-26]) and using the path selection controlled by information entropy [28] are studied to improve the quality
of the final solution and lead to speedup of the algorithm. All these studies have contributed to the improvement of the ACO to
some extent, but they have little obvious effect on increasing the convergence speed and obtaining the global optimal solution.
In the proposed system, the main modifications introduced by ACO are the following. First, ACO is more effective as the
candidate set strategy is adopted. This modification reduces the size of the search space for the ant colony algorithm. Second,
information entropy is introduced which is adjust the algorithm’s parameters. Additionally, the best performing ACO
algorithms for the TSP improve the solutions generated by the ants using local search algorithms. The experiment results show
that the algorithm proposed in this study can substantially increase the convergence speed of the improved ACO.
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2

PROBLEM FORMULATION

The main objective of the UC problem is to determine a minimal cost turn-on and turn-off schedule of a set of electrical
power generating units to meet a load demand while satisfying a set of operational constraints. Therefore the standard UC
problem is to minimize the sum of two cost terms. The first term is the cost of the power produced by the generating units and
the second term is the start up cost of the generating units.
Constraints include capacity reserve, minimum up/down
time, and operating limits. The objective function of the unit commitment problem for N generating units and T hours can be
written as follows:

(

)

T

Min F Pi t , uit = ∑
t =1

N

∑ [Fi(P ) + ST (1 − u )]• u
t

t −1
i

t

i

i

t
i

...

(1)

i =1

Subject to the constraints:

(i)

Power balance constraint

N

t
pload
- ∑ pit uit = 0

...

(2)

...

(3)

i =1

(ii)

Generation limits constraint

Pi min ≤ Pi t ≤ Pi max

24
ISSN 2304-7712

International Journal of Advanced Engineering and Science, Vol. 2, No.2, 2013
(iii) Spinning reserve constraint

N

t
pload
+ R t - ∑ pimaxuit ≤ 0

...

(4)

i =1

(iv) Minimum up time constraint

t −1

∑

uit = 1 for

uit < Ti up

.. .

(5)

h = t − Tiup

(v)

Minimum down time constraint

t −1

uit = 0 for

∑ (1 − u ) < T
t
i

h = t − Ti

down

...

i

(6)

down

where,
Fi(p) is cost of producing p units of power by unit i
STi
Ptload

is start up cost of unit i
is load at time t (demand)

Rt

is power reserve at time t (unit failures case)

Pit

is amount of power produced by unit i at time t

uit

is control variable of unit i at time t
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t = 1,2,3,……… N and i = 1,2,3, ……..N

3. SIMPLE GENETIC ALGORITHM
GAs is search algorithms based on the mechanics of natural genetics and natural selection.
The GA is a population search method.

A population of strings is kept in each Generation.

The simulation of the

natural processes of reproduction, gene crossover and mutation produces the next generation.

3.1. REPRODUCTION

Reproduction is simply an operation whereby an old chromosome is copied into a “mating pool” according to its fitness
value.

More highly fitted chromosomes receive a greater number of copies in the next generation.

Copying chromosomes

according to their fitness values means that chromosomes with a higher value have a higher probability of contributing one or
more offspring in the next generation.
3.2. CROSSOVER
Crossover is the primary genetic operator, which promotes the exploration of new regions in the search space.
structured, yet randomized mechanism of exchanging informing between strings.
scientists exchanging information.
pool during reproduction.

It is a

This operation is similar to that of two

Crossover begins by selecting at random two members previously placed in the mating

A crossover point is then selected at random and information from one parent, up to the crossover

point is exchanged with the other member, thus creating two new members for the next generation.

An example of the

crossover operator is depicted
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3.3. MUTATION

Although reproduction and crossover effectively search and recombine existing chromosomes, they do not create any
new genetic material in the population.

Mutation is capable of overcoming this shortcoming.

It is an occasional (with small

probability) random alternation of a chromosome position as shown in Figure 2.

3.4. FITNESS FUNCTION
The fitness function is the one which gives a raw measure of the among of fit to each possible candidate solution in the
problem space.
For a minimization function,, the fitness function is taken as
FIT = 1/1 + φ

- (7)

3.5. SELECTION METHOD
Here, Roulette wheel selection method is followed.

This is fitness proportional selection mechanism.

The better fit

strings get selected often to pass on their information to their off springs.

3.6. COMPARISON OF IAGA WITH OTHER ADAPTIVE STRATEGIES

The idea of adapting crossover and mutation operators to improve the performance of GAS has been employed earlier [29],
[30], [31], [32]. Schaffer et al. [29] discuss a crossover mechanism wherein the distribution of crossover points is adapted
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based on the performance of the generated offspring. The distribution information is encoded into each string using additional
bits. Selection and recombination of the distribution bits occurs in the normal fashion along with the other bits of the solutions.
Davis [30] discusses an effective method of adapting operator probabilities based on the performance of the operators. The
adaptation mechanism provides for the alteration of operator probabilities in proportion to the fitness’s of strings created by the
operators. Simply stated, operators which create and cause the generation of better strings are allotted higher probabilities. The
technique has been developed in the context of a steady-state GA [32], and experimental evidence has demonstrated
considerable promise. Specifically, a mutation rate that decreases exponentially with generations has demonstrated superior
performance for a single application. In an approach employing a form of adaptive mutation, Whitley et al. [32] have reported
significant performance improvements. The probability of mutation is a dynamically varying parameter determined from the
Hamming distance between the parent solutions. The diversity in the population is sustained by subjecting similar solutions to
increased levels of mutation. The adaptation policy in AGA is different from all the approaches described above, is not related
to adapting mutation and crossover rates. AGA is different from [30] in the AGA, Pc and Pm are determined for each individual
as a function of its fitness. In [32], Pc is varied in a predetermined fashion. In [32] too, the operator probabilities are invariant
with the individual fitness’s of solutions, although they are modified periodically based on the average performance of the
operators (determined indirectly from the fitness’s of solutions).

The AGA bears closer resemblance to Whitley’s adaptive mutation approach [32]. In both cases, the mutation rate is
determined specifically for each solution. Both techniques are also derived from the idea of sustaining the diversity in the
population without affecting the convergence properties. In Whitley’s approach, however, the adaptive mutation technique has
been employed in the context of a steady state GA, while we are concerned with generational replacement, in the AGA. Since
the steady state GA employs a form of populationary elitism, there is no need to ‘protect’ the best solutions from the high
levels of disruption. In the AGA, the best solutions are explicitly protected from disruption. The criterion for adaptation is also
different in both cases: in [32] Pc is varied based on the Hamming distance between solutions, while in our approach Pc and
Pm are adapted based on fitness values.

4.

IMPROVED ADAPTIVE GENETIC ALGORITHM

The IAGA is developed based on the canonical genetic algorithm (CGA).

The CGA consists of an n-tuple of binary strings bi
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of length l, where the bits of each string are considered to be the genes of an individual chromosome and where the n-tuple of
individual chromosomes is said to be a population.

In a multiple variable optimization problem, the individual variable

coding is usually concatenated into a complete string.

To decode a string, bit strings with specified string length are extracted

successfully from the concatenated string and the sub strings are then decoded and mapped into the value in the corresponding
search space.

There are three main GA operators: reproduction, crossover, and mutation. The reproduction operator allows

highly productive chromosomes (strings) to live and produce off springs in the next generation.

The crossover operator, used

with a specified probability, exchanges genetic information by splitting two chromosomes at a random site and joining the first
part of one chromosome with second part of another chromosome.

Mutation introduces occasional changes of a random

string position with a specified mutation probability.
4.1. REPRODUCTION, CROSSOVER AND MUTATION
The significance of Pc and Pm in controlling GA performance has long been acknowledged in GA research.
crossover probability Pc controls the rate at which solutions are subjected to crossover.
the new solutions introduced into the population.
can exploit them.

The

The higher value of Pc, the quicker are

As Pc increases, however, solutions can be disrupted faster than selection

Mutation is only a secondary operator to restore genetic material.

Nevertheless, the choice of Pm is

critical to GA performance. Large values of Pm transform in the GA into a purely random search algorithm, while some
mutation is required to prevent the premature convergence of the GA to sub optimal solutions.

Identifying optimal settings

for Pc and Pm is an important problem for improving the convergence performances of GAs and has been studied by many
researchers.
4.2. ADAPTIVE STRATEGY
The key idea of the IAGA is to adapt the probabilities of crossover and mutation based on the fitness statistics of population at
each generation.

In Ref.[8], it has been observed that the difference between the maximum fitness value and average fitness

value of the population.

fmax - f, like to be less for a population scattered in the solution space.

and Pm should be varied depending on the value of fmax - f. On the other hand, if

Therefore, the values of Pc

Pc and Pm have the same values for all the

solutions of the population, which means solutions with high fitness values as well as the solutions with low fitness values are
subjected to the same level of mutation and crossover, this will certainly deteriorate the performance of GAs.

The adaptive

strategy for updating Pc and Pm developed in [15] takes the following forms.
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k1 ( f max − f c ) /( f max − f ), f c > f
Pc = 
k 3,
fc ≤ f


...

(8)

k 2 ( f max − f i ) /( f max − f ), f i > f
Pm = 
k 4,
fi ≤ f


...

(9)

And

Where k1, k2, k3 and k4 have to be less than 1.0 to constrain Pc and Pm to the range 0.0 - 1.0 fc is the larger of fitness values of
the individuals selected for crossover and fi is the fitness of the ith chromosome to which the mutation with probability Pm is
applied.
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Figure 3. Flow Chart of IAGA Algorithm for unit commitment Problem
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5.

ACSA PARADIGM

5.1. Behavior of Real Ants

Ant colony search (ACS) studies are inspired from the behavior of real ant colonies that are used to solve function or
combinatorial optimization problems. Currently, most work has been done in the direction of applying ACS to combinatorial
optimization. The first ACS system was introduced by Marco Dorigo [1], and was called "ant system". Ant colony search
algorithms, to some extent; mimic the behavior of real ants. As is well known, real ants are capable of finding the shortest path
from food sources to the nest without using visual cues. They are also capable of adapting to changes in the environment; for
example, finding a new shortest path once the old one is no longer feasible due to a new obstacle. The studies by ethnologists
reveal that such capabilities are essentially due to what is called pheromone trails", which ants use to communicate information
among individuals regarding path and to decide where to go. Ants deposit a certain amount of pheromone while walking, and
each ant probabilistically prefers to follow a direction rich in pheromone rather than a poorer one.

The process can he clearly illustrated by Fig. 4 (a) ants are moving on a straight line that connects a food source to their
nest. An ant:
•

Ants deposit pheromone while walking.

•

Probabilistically prefers to follow a direction rich in pheromone.
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•

Figure 4: Behaviour of ants

(a) Real ants follow a path between nest and food source. (b) An obstacle appears on the path: ants choose whether to turn left
or right with equal probability. (c) Pheromone is deposited more quickly on the shorter path. (d) All ants have chosen the
shorter path.
This behavior can be explained how ants can find the shortest path that reconnects a line that is broken by an obstacle in
Fig.4 (b). On introducing, those ants are just in front of the obstacle and they cannot to continue to go. Therefore they have to
choose between turning right or left. Half the ants choose to turn right and the other half choose to turn left.
A similar situation arises on the other side of the obstacle Fig.4 (c). Ants choosing the shorter path will more rapidly
reconstitute the interrupted pheromone trail compared with those choosing the longer path. Thus, the shorter path will receive a
greater amount of pheromone per time unit and, in turn, a larger number of ants will choose the shorter path. Due to this positive
feedback, all the ants will rapidly choose the shorter path Fig.4 (d). All ants move at approximately the same speed and deposit a
pheromone trail at approximately the same rate. The time to go round the longer side of an obstacle is greater than the shorter.
This makes the pheromone trail accumulate more quickly on the shorter side. Ants prefer higher pheromone trail levels causing
this accumulation to build up still faster on the shorter path. This behavior of ants can be used to solve optimization problems and
in particular the Traveling Salesman Problem (TSP). This is the problem of finding a shortest closed tour, which visits all cities in
a given set once. This was the first problem solved by using the ant colony metaphor. [1]

5.2. ANT COLONY SYSTEM

A. ACS State Transition Rule
In ACS the state transition rule is as follows: an ant positioned on node r chooses the city s to move to by applying the
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rule given by Eqn. (10).

Arg

maxw∈Jk(r) { [τ(r,u)] . [η (r,u)]β } , if q <

S=

…

q0, (exploitation)

(10)

S, otherwise (biased exploration)
where
q is a random number uniformly distributed in

[ 0 …1]

q0 is a parameter (0 < q0 < 1)

S is a random variable selected according to the probability distribution given in Eqn. (10)
The state transition rule used by ant system, called a random-proportional rule, is given by Eqn. (11), which gives the
probability with which ant k in city r chooses to move to the city s.

 [τ ( r , s )] • [η ( r , s )] β
, if s ∈ J k ( r )

β
[
τ
(
r
,
u
)]
•
[
η
(
r
,
u
)]
∑
Pk ( r , s ) = 
µ ∈J ( r )
 k
0, otherwise

...

(11)

where:

τ

is the pheromone

Jk (r) is the set of cities that remain to be visited by ant k positioned on city r (to make thensolution feasible)

β

is a parameter, which determines the relative importance of pheromone versus distance (β > 0)

η= I/δ is the inverse of the distance δ (r,s)
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B.

ACS Global Updating Rule

Global updating is performed after all ants have completed their tours. The pheromone level is updated by applying
the global updating rule of
τ (r ,s )

Eqn. (12).

(1 -a) .τ (r , s ) + α.∆τ (r , s )

…

(12)

Where,
(Lgb )-1 I ƒ (r,s) ∈ global-best -four
∆τ(r,s) =
0 , otherwise

α is the pheromone decay parameter (0<α 1) Lgb is the length of the globally best tour from the beginning of the trial.

C.

ACS Local Updating Rule

While building a solution of the UC, ants visit edges and change their pheromone level by applying the local updating
rule of Eqn. (10 ).
τ(r , s )

(1 - p ) τ ( r , s ) + p.∆τ(r ,s )

…

(13)

where

p is a heuristically defined coefficient (O<p < 1)
∆τ ( r , s ) = τ0,
τ0 is the initial pheromone level
4. 4 ACS Parameter Setting
In this program of the following sections the numeric parameters, except when indicated differently, are set to the
following values: β = 2, qo = 0.9, α = p = 0.1, and τ0 = (nLnn)-1, where Lnn, is the tour length produced by the nearest
neighbor heuristic and n is the number of cities.
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5.3. Proposed improved strategy of ant colony system

A. Dynamic Candidate List Strategy
Candidate list is a strategy that tries to improve the performance of an ant algorithm. It was proposed by Gambardella and his
colleague to accommodate searching procedure of ACS on larger data. The proposed candidate list is a dynamic candidate list
procedure which captures a suitable number of nodes based on the total number of nodes. It is a static data structure that lists a
limited number of preferred closed cities to be visited order by increasing distance. In the ACS algorithm, when the ant
chooses the next city, the probability of its transfer from city i to city j needs to be computed, and then the city whose transfer
probability (decision process) is first need to consider those preferred cities listed in the candidate list. Only when an ant
cannot find suitable city to choose then the decision to choose a city will consider those which are outside the candidate list.
The numbers of closest cities that allowed being included into the candidate list were different from one algorithm to another.
Due to the purpose of improving algorithm performances, the proposed system is also applying candidate list. However, it
would not allow ants to venture into cities outside the candidate list. The number of cities or the size of the candidate list is also
restricted to one fourth of the cities n. For example, seven was chosen resulting from the candidate list computation to
determine the size of candidate list element for Oliver30 data. The candidate list procedure is as follows,

candidate_list=n/4 /*size of candidate list*/
determine cities that not yet visited
do
for i=1 to n
if city s is not yet visited
determine distance between city r and city s
if distance < distance of previous city s
move city s into node_list
end for
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candidate_list=node_list
while (until candidate_list is full)

B. Heuristic Parameter Updating
In ACO algorithm, the heuristic information is very important in generating high quality tours in the initial search stages.
Because the value of the pheromone trails do not have much information in the early stage of learning and cannot guide the
artificial ants in constructing good tours. In this situation, the heuristic parameter may be set to a large value. On the other hand,
in the later stage, the heuristic parameter may need a small value because the pheromone trails may have collected enough
information to behavior as required and the heuristic information may mislead the search due to its locality. Thus, in this
situation, we may need a small value for the heuristic parameter. The heuristic parameter is set as a constant in traditional ACO
algorithms. In this study, a high value of heuristic parameter can always provide high quality tours. This means that the
influence of pheromone is greatly reduced, and ants are able to search other paths in constructing feasible solutions. It is
evident that a small value of the heuristic parameter may result in bad performance in the early stage of learning. Nevertheless,
a small value of the heuristic parameter can have good performance when the search process lasts long enough. Thus, it is
intuitive to use an adaptive heuristic parameter for ACO. In this study, we intend to propose a way of designing an adaptive
heuristic parameter for ACO such that the search performance can be better. When ant colony algorithm begins to run, the
amount of information on every path equals to each other, information entropy is maximum at this time, but as an enhancement
of pheromone on the path, the entropy will be decreased gradually. If the entropy is not controlled currently, the entropy will
eventually reduce to 0, that is, the pheromone on only one path is maximum, and the final solution will be mistaken, thus
bringing about the premature. In order to overcome the easily-occurred precocious defects for solving complex combinatorial
optimization problems with the basic ant colony algorithm, a proposed ant colony algorithm based on information entropy is
discussed, using the heuristic parameter value selection controlled by information entropy. Each trail is a discrete random
variable in the pheromone matrix. The entropy of a random variable is defined as

(14)

E(X) =

Where pi represents the probability of occurrence of each trails in the pheromone matrix. For a symmetric n cities TSP, there
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are n(n-1)/2 distinct pheromone trails and r= n(n-1)/2. It is easy to see that when the probability of each trail is the same, E will
be the maximum (denoted as Emax) and is given by

Emax

(15)

=

We propose to use the entropy value as an index to indicate the degree about how much information has been learned into the
pheromone trails and then the heuristic parameter can be updated accordingly. Notice that in this study, the heuristic parameter
β is set to be an integer so as to avoid complicated computation because β is used as a power in Eqs. (7) and (8). Hence, we
propose that β is update according to the rule given by

where E’ is the entropy value for the current pheromone matrix and X, Y and Z are thresholds according to the city size. In
study, threshold X is set within 0.8~0.9(according to the city size) and threshold B is within0.75~0.55 (according to the city
size), and threshold Z is decided heuristically based on the value of Y.

C. Improved ant colony algorithm
The proposed algorithm is combined with candidate list strategy and dynamic updating of heuristic parameter.
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Procedure proposed improved ACO algorithm

Set parameters, initialize pheromone trails
Calculate the maximum entropy
Loop /* at this level each loop is called iteration*/
Each ant is positioned on a starting node according to
distribution strategy (each node has at least one ant)
For k=1 to m do /*at this level each loop is called a step */
At the first step moves each ant at different route
Repeat
Compute candidate list
Select node j to be visited next (the next city in the
candidate list) according to solution construction
A local updating rule

is applied

Until ant k has completed a tour
End for
Local search (2-opt, 2.5 opt) apply to improve tour
A global updating rule

is applied

Compute entropy value of current pheromone trails
Update the heuristic parameter
Until end_condition
end

6.

COMPUTATION PROCEDURE

To solve UC by ACS, the search space of generation scheduling problem is established using multi-process decision
making concept. Fig.2 depicts the computation procedure of the proposed method. The main computation blocks are
discussed below:
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Step 1: Ant Production Initiation
In the first step, the colonies of ants are first generated. Ants are positioned on initial state while the initial pheromone
value is also given at this step. Fig. 5 plots a multi-stage search space. All the possible permutations constitute this search space.
Each stage contains several states, while the order of state selected at each stage can be combined as an achievable tour that is
deemed a feasible solution to the problem
State 1

tc
State 1

tc
State 2

State 3

State 4

Stage 1
tc

tc
State 1

State 2

State 3

State 4

State 2
tc

tc
State 1

State 2

State 3

Stage 3

Figure 5. The Multi-state Search Space

Step 2: Fitness Evaluation
In this step, the fitness of all ants is assessed based on the corresponding objective function, which can be expressed as
follows:
n

f ( µ ) = ∑ tc(S µ (i ), S µ (i +1) )

...

(17)

i =1

where:
tc (Si,Sj) is the transition cost between state Si
and Sj
µ(i) for i = 1, …., n defines a permutation.
with the evaluated fitness of the corresponding ants, the pheromone can be added to the particular direction in which the ants
have selected.
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Step: 3 Ant Dispatch
In this step, the ants are dispatch based on the level of pheromone and distance. As shown in Eqns. (12) and (13), each
ant chooses the next state to move taking into account of tij ηij and values. When the value of tij gets larger, there has been a lot
of traffic on this edge; hence it is more desirable to reach the optimal solution. When the value of ηij increases, it represents
that the closer state should be chosen with a higher probability. If an ant "k" positioned on state i chooses the next state j to
move, then such movement can be expressed by:
If q>q0 select the next state at random with probability as before.
k

Pij =

[τ ][η ]
ij

β

ij

`. . . (18)

β
∑ [τ ][n ]
iu

iu

u∈ j k i

If q>q0 select the next state with best local pheromone-distance profile.

[ ][ ]

Maximum τ ij ηij

β

...

(19)

Now, if m is the number of ants, then for each iteration, these m ants will perform m movements within the time
interval (t, t+1). While building a solution to the problem, the pheromone of visited path can be dynamically adjusted by Eq.
(13) in order to broaden the search space, which this process is called "local pheromone-updating rule". After n iterations, all
ants have completed a tour. The shortest path found by the ants is allowed to update its pheromone. This shortest path will be
also saved as a record for the later comparison with the succeeding iteration.
Step 4: Stop Criteria
The computation process continues until the number of iterations reaches the predefined maximum threshold, or the
iteration counter without improving the best objective function reaches the maximum allowable value. All the four visited by
ants in each iteration should be evaluated. If a better path found in the process, it will be saved for later reference. The best
path selected among all iterations implies the optimal scheduling solution to the problem.
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Start

Ant Production Initiation

Fitness Evaluation

Ant

Dispatch

Local Pheromone Update

Global Pheromone Update

No

Stop Criteria?
Yes

End

Figure 6: The flowchart of the ACSA unit commitment program

7 .SIMULATION RESULTS
The proposed method is tested on the 10 generator system over the 24 hour time horizon 9. The system data and load
data are given in appendix. The result of the generation scheduling is presented in Table .2 As shown in
production cost of ACSA is shown to be less expensive than those of IAGA ,

Table.1, the total

LR[3], GA[3], EP[4], and LRGA[2] on the 10
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unit system.

Table 1: Comparison of total production costs

Methods

Total production costs ($)

LR [3]

565,825

GA [3]

565,825

LRGA[2]

564,800

EP [4]

564,551

IAGA

564,079

IACSA

563,991

Hr

PG1

PG2

PG3

PG4

PG5

PG6

PG7

PG8

PG9

PG10

1

455

245

0

0

0

0

0

0

0

0

2

455

292

0

0

0

0

0

0

0

0

3

455

370

0

0

25

0

0

0

0

0

4

455

455

0

0

40

0

0

0

0

0

5

455

260

130

130

25

0

0

0

0

0

6

455

360

130

130

25

0

0

0

0

0
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7

455

410

130

130

25

0

0

0

0

0

8

455

455

130

130

30

0

0

0

0

0

9

455

455

130

130

85

20

25

0

0

0

10

455

455

130

130

162

33

25

10

0

0

11

455

455

130

130

162

25

25

10

10

0

12

455

455

130

130

162

80

25

43

10

0

13

455

455

130

130

162

33

25

10

0

0

14

455

455

130

130

85

20

25

0

0

0

15

455

455

130

130

30

0

0

0

0

0

16

455

310

130

130

25

0

0

0

0

0

17

455

260

130

130

25

0

0

0

0

0

18

455

360

130

130

25

0

0

0

0

0

19

455

455

130

130

30

10

0

0

0

0

20

455

455

130

130

162

33

25

10

0

0

21

455

455

130

130

85

20

25

0

0

0

22

455

455

0

0

145

20

25

0

0

0

23

455

420

0

0

25

0

0

0

0

0

24

455

455

0

0

0

0

0

0

0

0

Table2: Generation scheduling of the best solution obtained by ACSA method

10 Units Model Power Systems
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Unit

1

2

3

4

5

(MW)

455

455

130

130

162

(MW)

150

150

20

20

25

a

1000

970

700

680

450

b

16.19

17.26

16.60

16.50

19.70

c

0.00048

0.00031

0.002

0.00211

0.00398

Tup(hr)

8

8

5

5

6

Tdown(hr)

8

8

5

5

6

S(hot start (S)

4500

5000

550

560

900

S(cold start (S)

9000

10000

1100

1120

1800

5

5

4

4

4

Initial state (hr)

8

8

-5

-5

-6

Unit

6

7

8

9

10

(MW)

80

85

55

55

55

(MW)

80

85

55

55

55

a

370

480

660

665

670

b

22.26

27.74

25.92

27.27

27.79

c

0.00712

0.00079

0.00413

0.00222

0.00173

Tup(hr)

3

3

1

1

1

Tdown(hr)

3

3

1

1

1

S(hot start (S)

170

260

30

30

30

S(cold start (S)

340

520

60

60

60

2

2

0

0

0

-3

-3

-1

-1

-1

max

P

min

P

cold

start

T

(hr)

max

P

min

P

cold

T

start

(hr)
Initial state (hr)

8.

CONCLUSION
In this paper, both the proposed IAGA &ACS methods are

efficiently and effectively minimized

the total cost in a
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UC problem.

The standard UC problem is to minimize the sum of two cost terms. The first term is the cost of the power

produced by the generating units and the second term is the start up cost of the generating units. ACSA total cost over the 24
hour time horizon is less expensive than conventional IAGA, LR, GA, EP, and LRGA on the 10 unit system. And the results
reveals about the effectiveness of the ACSA algorithm over other conventional methods.

9.
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Abstract
Decision Making (DM) always is one of the main purposes of Operation Research (OR).Related to the importance of
quantitative and qualitative factor's we have to use method's that include them both, one of these techniques is Fuzzy logic.
Many of commercial companies do not use scientific methods for ordering goods, and usually orders are made by personal
opinion. Such decision making will increase organizational costs and reduce their profit.
In this Article we are going to review methods that can help commercial organization's to predict and order good's, that will
reduce companies costs and increase their incomes. To reach this target we have to use qualitative and quantitative element's
that effect companies profit beside each other. For including both factors we have to use Multiple Criteria Decision Making
(MCDM) method's .With this technique we can reach to all planned target's by considering qualitative and quantitative
elements. The second issue we have to consider is the growth of uncertainty, the method that can include uncertainty in
decision making is fuzzy logic. We will combine MCDM with fuzzy sets to make profitable suggestions for commercial
companies. To reach this target we have used a Commercial Company as a case of study and used this company manager's as
consultants.
As a review in this thesis, first alternatives and qualitative criteria's will be identified by consultant's opinions, by the use of
Delphi Technique. Then, decision making matrix will be completed and criteria's weight will be calculated by the average of
consultant's opinion, with the use of Likert Questionnaire. Finally, three fuzzy methods, De-fuzzy- Fuzzy TOPSIS and FDM
software will sort the alternatives.
Key Words:

Multiple criteria decision making (MCDM), Alternative's Ranking, Delphi Method, Fuzzy sets.

Introduction
The speedy and increasingly daily changes make our setting changeable. In these unstable circumstances
Repeat programming or strategy-making confront life firms to dangerous. The essential of improvement on such settings is
flexibility.
One of the successful criteria on the importing and exporting is influential investment on the goods purchase. The commercial
firms must select those good purchase strategies that maximize their sales and profits and minimize their costs. The forecasting
sales methods can be useful but their efficiencies are limited. Because the managers can not invest base on next sales and must
look at other criteria. Besides some of required criteria for managers, are not quantifiable. These criteria are depended on the
mental judgments. The Aristotle binary logic does not have post value and instead of it Fuzzy logic was substituted. Therefore
is used Fuzzy logic for transformation judgmental language. Variety of the decision-making variables leads to there is not
comprehensive source for variable specification. Therefore the most effective source is expert's views.
The aim of this research based on above matters is introduce a procedure for importer and exporter firms specify and
evaluation of the influential factors on the purchase and good ranking based on customer utility. Based on the empirical
founding about one commercial firm we ranked choices of action .On the first we gathered experts views about selection
choices, criteria determination and weight allocation to each choice. On the next sections we will explain details of founding
and research methodology after literature review.
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Literature Review
In our research we used integration of the multi-variables decision- making, Delphi, Fuzzy logic and integration method for
goal achieving. Fuzzy Set Theory (FST), as pioneered by Lotfizadeh, allows for vague boundaries and provides a mechanism
to utilize fuzziness or imprecise information of preferences, constraints, and goals. [5] In decision making. Fuzzy logic enables
the decision-maker to emulate the human reasoning process with vague or imprecise data. [3]
With considering TOPSIS method as the main tool in this research, and related to the final aim of our paper, many researchers
have been working on combining multi criteria decision making methods for ranking, sorting and selecting suppliers, goods,
manufacturers, retailers and est. In 2008 integrating TOPSIS with multi objective decision making was used for supplier
selection.[13]. A complete model also was designed in the same year. [15] A year later fuzzy TOPSIS method was used during
the information technology outsourcing selection. [4] Group MCDM was also used in 2005 for selection and sorting problems.
[26]In addition and by increasing the role of supply chains in every economy and industry, a MCDM revised model was
proposed. [27]
Combining two different kinds of MCDM methods is also used by many researchers. In 2009 a mixed fuzzy TOPSIS with
Entropy was used for selection problems. [12] Previously in 2007 a fuzzy AHP and TOPSIS method was used for project
selection. [16]

Delphi method
The Delphi method is a structured communication technique, originally developed as a systematic, interactive forecasting
method which relies on a panel of experts.[10] In the standard version, the experts answer questionnaires in two or more
rounds. After each round, a facilitator provides an anonymous summary of the experts’ forecasts from the previous round as
well as the reasons they provided for their judgments. Thus, experts are encouraged to revise their earlier answers in light of
the replies of other members of their panel. It is believed that during this process the range of the answers will decrease and the
group will converge towards the "correct" answer. Finally, the process is stopped after a pre-defined stop criterion (e.g. number
of rounds, achievement of consensus, and stability of results) and the mean or median scores of the final rounds determine the
results.[24]
Other versions, such as the Policy Delphi, [21] have been designed for normative and explorative use, particularly in the area
of social policy and public health.[18] In Europe, more recent web-based experiments have used the Delphi method as a
communication technique for interactive decision-making and e-democracy.[17]
Delphi is based on the principle that forecasts (or decisions) from a structured group of individuals are more accurate than
those from unstructured groups.[25] This has been indicated with the term "collective intelligence".[11] The technique can also
be adapted for use in face-to-face meetings, and is then called mini-Delphi or Estimate-Talk-Estimate (ETE). Delphi has been
widely used for business forecasting and has certain advantages over another structured forecasting approach, prediction
markets. [8]
Delphi method was introduced with Round Research Company in USA for 1959 year .The objective of this method is to
participate many of people for decision making. Delphi method is the process of organizing writhed communication between
problems solving big group. This group is arranged proportion with type problem, and objectives of problem solving. [28]
This method based on this principle that; the best problem-solving way for which do not have a subjective and precise answer
is interviewing from experts. The purpose of Delphi method practices is reliable and innovative viewing for decision-making
information production. [9] Muller at el. (1994) said that Delphi method stages include:
Problem definition, decision-maker selection based on required skills, questionnaire design sending, receiving and analyzing
completed questionnaires, views integration, responses classification and repeating this process until experts' agreements are
performed.[19]

Multi criteria Decision-making
Herbert Symons says that decision-making is basis for all managers' activities. Decision-making for each level of
organizational level can be performed with several thinking methods. But this process often needs precise and step-wise
method. Decision-making methods are divided to many categories. One of these categories divides techniques of
decision-making to two class; one-criterion and multi criteria. In general every decision-making problem has one or several
criteria such as; profit, cost, time, satisfaction, distance, utility…
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If aim of decision is one of these criteria, it shall define one-criterion problem. But those problems that have more than one
criterion are named multi-criteria problems.
On the recent decades multi-criteria models were used increasingly. There were used for problem-solving such as;
organizational, general, governmental, military, and transportation… problems.
Based on the general definition, multi-criteria decision-making are problems such as; especial or preference problems,
evaluation, multi choices selections.
There are several multi-criteria methods. These methods based on processing data procedure are divided to; compensations and
un-compensations methods. Un-compensations methods are those procedures that transaction between criteria is not allowable.
In these methods, each criterion is in-dependant and evaluation is performed for each criterion independently. The
compensations methods are those procedures that transaction between their criteria is authorized. These methods are
categorized to three groups as follows:
1.

Point’s methods; these methods estimate a utility function for each choice and the best choice is selected base on the
maximum utilities.

2.

Aggregation methods; that based on which the best choice is based on minimum gap between choice and ideal choice.

3.

Homogenous methods; the results of these methods are set of ranks that prepares required comparison. [1]

Fuzzy Methods
Fuzzy logic is a form of many-valued logic or probabilistic logic; it deals with reasoning that is approximate rather than fixed
and exact. In contrast with traditional logic theory, where binary sets have two-valued logic: true or false, fuzzy logic variables
may have a truth value that ranges in degree between 0 and 1. Fuzzy logic has been extended to handle the concept of partial
truth, where the truth value may range between completely true and completely false. [23] Furthermore, when linguistic
variables are used, these degrees may be managed by specific functions.
Fuzzy logic began with the 1965 proposal of fuzzy set theory by Lotfizadeh.[7][30] Fuzzy logic has been applied to many
fields, from control theory to artificial intelligence. The most of managerial decision –making procedures and techniques are
deterministic. These methods have limited usage because the circumstances are not predictable yet.
Manblack and Asgarzadeh introduced Fuzzy method. On the deterministic sets each number or element is or is not belonged to
a certain set. For example suppose X={1,2,3,4,5} and A={2,3,4} as a subset of X . Membership for 1 and 5 is zero and for 2, 3,
4 is one. But on the Fuzzy sets, membership is defined zero to one instead of zero or one. Fuzzy number sets are used
increasingly. We used triangular Fuzzy numbers based on the experts interviewing. A triangular Fuzzy number is defined as
three elements such as A= {a1, a2, a3} that is drawled as exhibit (1)

Exhibit 1: Triangular Fuzzy Number
Based on the exhibit (1) membership function is defined as follows:

µ A

 0x − a
 a − a1
( x ) =  a2 − x1
2
 a3 − a2
 0

x < a1
a1 ≤ x ≤ a 2
a2 ≤ x ≤ a3
x> a3
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All of the mathematical calculations are allowed for Fuzzy numbers
Integration Rank Methods
There are several models such as Total Weighted, TOPSIS, AHP... for criteria ranking. Sometimes decision-makers do not limit
their ranking methods. They select several methods that they have difference results. Integration methods are used for
integration of different methods results. These methods are includes winning and Copland. [20] We used three different
methods for criteria ranking. Then the ranking results were integrated. Next the average of each goods-group ranks was
determined as final group rank.

Research Design
Sampling
Our statistical community was all of exports and specialists that had determinant view on one of the Iranian big commercial
firm. We selected all of them without random sampling.

Research Methodology
The main problems on our commercial firm were; 1) imports or exports goods grouping, 2) ranking in the first we specified
firm experts. Then we used Delphi method for goods groping and ranking based on the firm experts views. Then we
determined comparison criteria for goods ranking. These criteria to deterministic (quantify) and expert's views (objective) that
attained with Delphi method. After determination goods and criteria, was made decision – making matrix. Then relatively
situation of each choice based of each criterion was determined. The methodology used in this research is mentioned as
diagram below:

The export views or judgmental variable were explained with Likert scale. Then judgmental or quality variables were
converted to triangular fuzzy numbers based on fuzzy logic. Next by fuzzy numbers processing, we compared choices and
determined rank and priority of choices.
We divided 390 items of goods on especial groups for choices definition. The goods firm can divide to goods groups. This
grouping simplified and averaged our decision – making problem and foliated suitable decision – making. Furthermore we
executed Delphi method. The first we specified 6 persons of firms managers as export peoples. Then we asked experts that they
group firm goods. We participated with experts for goods ranking, on the end we determined four groups of goods included;
medical requirements, house requirements, chi ken requirements and luxury requirements.
After choices definition we specified choices comparison criteria. Then we divided these criteria on two groups (quantity,
quality, objective or subjective). The quantity variables were included profit of each goods group (C1), waste time for goods
purchase (C2), were gathered from accounting and other documents. Quality data were gathered by Delphi method. For this
purpose we repaid a questionnaire and distributed it between firm's experts. After four it ration following criteria were
specified:
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Table 1: Quality criteria for groups ranking
Criteria

Type

Code

Customer satisfaction

Positive

D1

Goods Quality

Positive

D2

Reliability

Positive

D3

Simplify of transport

Positive

D4

Competition

Negative

D5

Next fortunate

Positive

D6

Then we prepared a questioner and distributed it between firm’s experts for determination weight of each criteria. The
importance of each criteria was determined by expert’s views. Then was computed average of experts, views. For this reason
quality data were converted to triangular fuzzy data as we showed on table (2), [22]

Table 2: fuzzy conversion
Quality criteria

Triangular fuzzy criteria

Very , very much

(9,9,10)

very much

(7,9,9)

Much

(3,5,7)

Little

(1,3,5)

Very little

(0,1,3)

Very, very, little

(0,1,1)

The average weighs of experts views was showed on table (3)

Table 3: Experts views average
Weight

Criterion

(6/3,7/6,9)

Customer satisfaction

(6, 7/6,8/8)

Goods Quality

(4/6,6/8,6/3)

Reliability

(2/5,4,1/3)

Simplify of transport

(2/1,3,6/5)

Competition

(4/3,4/6,8)

Next fortunate

(0/87,0/9,0/98)

Goods group profit

(0/6,2,3/3)

Wasted time

As we showed on exhibit 2 decision-making matrix has four choices and eight criteria. Our criteria include two quantity and
six quality criteria as followed on exhibit (2).

Exhibit 2: hire chi of decision making
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Then we must define our decision-making matrix for choices ranking. The table 4 was showed this matrix. For this table was
arranged a meeting of experts for three hours.

Table 4: decision-making matrix
Weights

Criteria

Medical

Furniture

Metal(steel)

Luxury

(6.3 ,7.6 ,9)

Customer satisfaction

(8,9,9.5)

(5.3,7.3,8.6)

(7,8.3,9.3)

(5,7,8.6)

(6.7 ,6 ,8.8)

Quality

(8.3,9,9.6)

(4.6,6.3,8.1)

(6,8,9)

(5,7,8)

(4.6 ,6.8 ,6.3)

Reliability

(8,9,9.5)

(3,5,7)

(4.3,6.3,7.6)

(4,6,7.6)

(2.4 ,1,5.3)

Transportation

(3.3,5.3,7.3)

(1.3,3.3,5.3)

(5.3,7.3,9)

(5.6,7.6,9.3)

(2.1 ,3 ,6.5)

Competition

(0.6,2.3,3.6)

(6.3,8,8.8)

(1.5,3.3,6.3)

(1,2.6,4.3)

(4.3,4.6,8)

Improvement

(1.5,3.3,5.3)

(4.6,6.8,6.3)

(4.3,6.3,8)

(3.6,5.6,7.6)

(0.87,0.9,0.98)

Profit

226038500

81310570

38396610

84579450

(0.6,2,3.3)

Wait time

31.2

6.8

1.3

2.8

We used 2 equations for elimination the scale of decision-making matrix, these equations are as following: [14]
1.

Profit = maximization criteria

2.

Cost = minimization criteria

Rij / MaxRij
MinRij / Rij

On the other words for profit criteria we divided by each element to maximum of their criteria elements to each related element
for this reasons was used maximum or minimum three angular fuzzy numbers. On the second stage we made weighted matrix.
For this matrix we multiplied weight or importance of each criterion by weights or importance's coefficients of each choice. If
Nij is without scale decision-making matrix and Wij is weighted matrix of criteria, Vij or find weighted matrix will be
computed from multiple of NJ. [29]

Vij = Wij ⊗ N ij
The find weighted matrix was shown on table 5.

Table 5: Find weighted matrix
Code

D1

D2

D3

D4

A1

(0.52,0.71,0.9)

(0.5,0.69,0.85)

(0.38,0.61,0.81)

(0.07,0.22,0.4)

A2

(0.34,0.57,0.81)

(0.27,0.5,0.73)

(0.14,0.34,0.59)

(0.02,0.13,0.29)

A3

(0.45,0.66,0.87)

(0.36,0.61,0.82)

(0.2,0.42,0.65)

(0.11,0.03,0.49)

A4

(0.32,0.55,0.81)

(0.3,0.55,0.71)

(0.18,0.4,0.65)

(0.12,0.32,0.51)

Code

D5

D6

C1

C2
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A1

(0.02,0.07,0.4)

(0.07,0.13,0.5)

(0.87,0.9,0.98)

(0.001,0.006,0.01)

A2

(0.011,0.021,0.03)

(0.23,0.36,0.8)

(0.31,0.32,0.35)

(0.008,0.03,0.05)

A3

(0.014,0.06,0.16)

(0.21,0.34,0.76)

(0.14,0.15,0.16)

(0.06,02,0.33)

A4

(0.02,0.06,0.25)

(0.18,0.31,0.72)

(0.32,0.33,0.36)

(0.02,0.07,0.1)

Founding's:
At present we can compute ranking of choices. Base on previous concepts we ranked goods groups which; fuzzy TOPSIS, de –
fuzzy and fuzzy package. We used integrated all results of three methods.

De-fuzzy ranking
Base on this method we computed total point of each choice as a triangular fuzzy number and then converted it to deterministic
number for choices, ranking. Therefore on the first we computed total point of each choice by adding all of row elements
normal weighted points. Then we used following equation for conversion fuzzy points to determine stick points:

GM =

a + 4b + c
6
This equation was used for all of choices and computed rank of each choice as table 6.

Table 6: Goods ranking with De-fuzzy method
Total of fuzzy

Total of determines tic

point

points

A1

(2.43,3.33,4.85)

3.433

1

Furniture

A2

(1.32,2.27,3.65)

2.3416

4

3

Metal(steel)

A3

(1.54,2.74,4.24)

2.79

2

4

Luxury

A4

(1.46,2.59,4.11)

2.655

3

Row

Group

Code

1

Medical

2

Rank

TOPSIS ranking
Based on fuzzy TOPSIS are determined ideal fuzzy negative or positive choices. The ideal fuzzy positive choice is noted by
A~j. There are three methods for these vectors computation:
1.

Chen & lean method (2005): base on this method, maximum of three – angular fuzzy number is selected for A~j+.
Computation. Then minimum of three – angular fuzzy number is selected for A~j. computation .[6]

~
~
FPIS = A + = (V + , V + ,..., Vn+ ) Where
 → V j+ = Max{Vij 3 }
1 2
~
~
FNIS = A − = (V − , V − ,..., Vn− ) Where
 → V j− = Min{V }
1 2
ij1

2.

Wang method (2007) : based this method ideal positive choice equals (1,1,1) and ideal negative choice equals
(0,0,0) .[29]

3.

Jahanshaholoo & Izadkhah method (2006): Based on this method ideal positive choice equals maximum of three –
angular fuzzy numbers. In this method ideal negative choice equals minimum of three – angular fuzzy numbers .[14]

FPIS = A + = ( Max{V }, Max{V }, Max{V })
ij1
ij 2
ij 3
−
FNIS = A = ( Min{V }, Min{V }, Min{V })
ij1
ij 2
ij 3
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In this article we used Chen – lean method. Negative and positive ideal vectors were showed on table 7.
Table 7: fuzzy Ideal
Criteria

D1

D2

D3

D4

D5

D6

C1

C2

Positive ideal

0.9

0.88

0.83

0.53

0.5

0.8

0.98

0.33

Negative ideal

0.32

0.21

0.09

0.002

0.011

0.07

0.008

0.001

On the next step difference between positive and negative ideals way computed. The different between each choice from
positive ideal choice was defined with di+ .and the difference between each di- . For this reason 2 equations used as fallows
[6]:
n
n
d i+ = ∑ d (Vij , V j+ ), d i− = ∑ d (Vij , V j− ) i = 1,2,..., m
v
v
j =1
j =1
The dv (vij, v~j-) on above equations is explained difference between choice s situation from fuzzy ideal choice. It is computed
as follows:

~ , n~ ) =
d v (m

2
2
2
(m − n ) + (m − n ) + (m − n )
1
1
2
2
3
3

3

~ = ( m , m , m ), n~ = ( n , n , n )
m
1 2 3
1 2 3

The of each choice s differences from positive and negative ideal was defined as di- , di+. After these computations, closeness
coefficient or CCI index is calculated for each choice. For this reason following equation is used. [29]

d−
CC = − i + Where
 → i = 1,2,..., m
d i + di
On the next step, all choices are descending arranged (from maximum to minimum). We showed differences of each ideal
vector and theirs closeness coefficients on table 8.
Table 8: fuzzy – top sis group ranking
Group

di+

di-

cci

Rank

A1

2.5

3.11

0.55

1

A2

3.51

2.1

0.37

4

A3

3.22

2.42

0.42

2

A4

3.247

2.33

0.41

3

Group Ranking with FDM fuzzy package there are several Fuzzy packages such as ; fuzzy decision making (FDM), fuzzy
gen(FG) , fuzzy tech(FT), ... . We used FDM package in this article. In this package with definition of choices, criteria, criteria
type (objective or subjective, fuzzy or deterministic) and importance degree of each criteria, we make decision – making
matrix. Then with completion each cell of matrix and run exciting calculated ranks of choices. There is showed package
ranking result on exhibit (3).
Exhibit 3: package ranking choices
Group

Code

Points

Rank

Medical

A1

94.96

1

Furniture

A2

78.54

2

Metal(steel)

A3

70.53

3

Luxury

A4

47.73

4

Result Integration
After goods ranking with each fuzzy method we can integrate results of three methods , we calculation . Integration results are
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showed on table (9):

Table 9: Integration ranking results
Grope

Code

Top sis

De-fuzzy

Package

ranking

ranking

ranking

Average

Medical

A1

1

1

1

1

Furniture

A2

4

4

4

4

Metal(steel)

A3

2

2

2

2

Luxury

A4

3

3

3

3

As showed on table 9 ranking results of three fuzzy methods are seemly. For this reason if we used cap land or winning
methods for integration, result will be not changed.

Conclusion
This article is based on empirical research related with a active Iranian commercial firm. This firm purchases (imports) and
sells (exports) 390 goods types. The decision making process in this firm do not follow from any especial principal and
increase firms costs. Un-sailed and loosed sales are affected cists increasing. All of firms goods purchase based on firm boss
and sales manager views. They do not use any subjective of objective criteria.
This research was performed based on objective and subjective criteria. In the first step we specified all of quantities and views.
On the second step we converted qualities (objective) experts views to quantities (subjective) numbers based on fuzzy logic
and triangular fuzzy numbers. On the second step were ranked firms goods groups with each fuzzy method. We divided all of
firm s goods to four group based on Delphi and step – wise expert view surveying.
On the find step were integrated results of fuzzy multi – methods. For this purpose, we calculated average of three methods
results. As an interesting point we observed that results of three fuzzy methods were same, therefore average of ranks was same
as results of each method. We proposed for next researches that combine linear or goal programming whit fuzzy methods. Or
they can rank integration of Delphi and fuzzy methods. We used three – angular fuzzy number and they can utilize other fuzzy
numbers.
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