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a b s t r a c t

In an electrical competitive market, load shedding decision support systems are needed to find the ways
to process load shedding to satisfy both economic and technical conditions. This paper proposed the
Fuzzy Analytic Hierarchy Process algorithm (Fuzzy-AHP) and fuzzy logic for load profile approach to
determine the weight of the load nodes of the system and select the control strategy when the system
operates at various load levels. Weights of the load nodes were calculated by triangular fuzzy numbers
in the pair comparison. These results combined with the fuzzy logic for load profile to draw out the
suitable control strategies for various load levels in case of emergency. The effectiveness of the algorithm
was demonstrated through the experiment of load shedding of IEEE 37 bus compared with traditional
AHP algorithm.

� 2015 Elsevier Ltd. All rights reserved.

Introduction

When all the available controls can’t maintain a stable fre-
quency of electrical power systems, load shedding will be used
as a last resort and effectively to restore the frequency return to
permissible limits [1,2]. Although successful at certain levels, tradi-
tional load shedding methods based on under frequency or voltage
relays had disadvantages as follows: only consider the declining
frequency or voltage of the system, the shedding power amount
was scaled according to each threshold reduce the frequency, in
this case the results were often less accurate; load shedding
capacity of a step sometimes was so large, it causes excessive load
curtailment, the plans did not have the flexibility to increase the
number of load shedding steps [3,4].

To improve the effectiveness of load shedding, some load shed-
ding methods based on frequency, voltage and QV sensitivity in the
load buses. However, these approaches only interested in aspects
of decreasing frequency, or voltage, but did not interest in the eco-
nomic aspects, meaning that the suspension of power supply to the
load will cause damages to various load types. In some cases, the
speed of processing algorithm programs was relatively slow [5].
Moreover, on today the electricity market, the load shedding needs
to consider the economic indicators and the important factor of the
loads in order to reduce to the minimum of the damages.

There were a lot of Fuzzy-AHP methods that were proposed
by various authors [6–10]. This paper presented the application
of the Fuzzy-AHP algorithm and fuzzy logic for load profile to
load shedding. When using this method, the load shedding
considered to the important factor of the load to cut the less
important loads before and contribute to reduced damages. Also,
coefficients did not measure correctly will be evaluated effec-
tively using fuzzy techniques to resolve the limitations of the
previous studies.

Approach methods

Analytic hierarchy process algorithm

Analytic hierarchy process algorithm [11,12] is performed by
following these steps (see Fig. 1):

Step 1: Set up a decision hierarchy model
Step 2: Build judgment matrix LC and LN that show the impor-
tant factor between load centers (LC) and load nodes (LN) each
other of the power system. The value of elements in the judg-
ment matrix reflects the user’s knowledge about the relative
importance between every pair of factors.
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where wDi/wDj is the relative importance of the ith load node com-
pared with the jth load node; wki/wkj is the relative importance of
the ith load center compared with the jth load center. The value
of wki/wkj, wDi/wDj can be obtained according to the experience of
electrical engineers or system operators by using some ‘‘1–9” ratio
scale methods. According to the principle of AHP, the weighting fac-
tors of the loads can be determined through the ranking computa-
tion of a judgment matrix, which reflects the judgment and
comparison of a series of pair of factors. Therefore, the unified

weighting factor of the load nodes of the power system can be
obtained from the following equation:

wij ¼ wkJ �wDi Di 2 Kj ð2Þ
where Di 2 Kj means load node Di is located in load center Kj.

Step 3: Calculate the maximal eigenvalue and the correspond-
ing eigenvector of the judgment matrix.
Step 4: Hierarchy ranking and consistency check of results.

The definition of the triangular fuzzy number and the operational laws
of triangular fuzzy numbers [13]

The membership function ~MðxÞ : R ! ½0;1� of the triangular
fuzzy number ~M ¼ ðl;m;uÞ defined on R is equal to

~MðxÞ ¼
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where l 6m 6 u and, l and u are respectively lower and bound
values of the support of ~M. According to Zadehs extension principle
given two triangular fuzzy numbers ~M1 ¼ ðl1;m1;u1Þ and
~M2 ¼ ðl2;m2;u2Þ (l1 and l2 P0).

The extended addition is defined as:

~M1 � ~M2 ¼ ðl1 þ l2;m1 þm2;u1 þ u2Þ ð4Þ

The extended multiplication is defined as:

~M1 � ~M2 ¼ ðl1l2;m1m2;u1u2Þ ð5Þ
The inverse of triangular fuzzy number ~M1 is defined as:

~M�1
1 � 1
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Fig. 1. Analytic hierarchy process scheme.

Fig. 2. The comparison of two fuzzy numbers ~M1 and ~M2.

Fig. 3. Fuzzy-AHP model includes load centers and load units.

Fig. 4. Linguistic scale for relative importance.
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