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Abstract – This study aims to analysis peak load prediction of Indonesian national 

holidays for Jawa-Bali electricity system. Forecasting applied using the Fuzzy Logic 

System (FLS) method combined with the Cuckoo Search Algorithm (CSA). CSA is used to 

determine the optimal membership function in fuzzy logic. Cuckoo search algorithm has a 

very good performance in terms of optimization. This method is applied for short-term load 

estimates on holidays/special days on the Jawa-Bali electricity system, Indonesia. The 

study used data from daily peak loads during Indonesian national holidays in 2014 on the 

Jawa-Bali electricity system. The data analyzed is the daily peak load documentation data 

for 4 days before national holidays and during national holidays in 2014. Testing the 

simulation results, it was found that the Fuzzy Logic System - Cuckoo Search Algorithm 

(FLS-CSA) method gives good forecasting results, this is evidenced by using the mean 

absolute percentage error (MAPE). Forecasting results using the Cuckoo Search 

Algorithm (CSA) optimization method on fuzzy logic membership functions for peak loads 

on national holidays on the Java-Bali 500kV electrical system give satisfactory results with 

an average forecasting error of 1.511314562% 

  Keywords: Load Forecasting, Fuzzy Logic System, Cuckoo Search, MAPE 
 

 

I. Introduction 

Load estimation is very important for energy 

management in operating electric power. Precise 

estimates help electrical system operators in making 

decisions such as unit commitments, maintaining 

equipment, minimizing generation costs which are 

indispensable for power system reliability [1], [2]. 

There are several types of load forecasting that 

are used for example load forecasting for very short 

terms [3], [4], load forecasting for the short term 

[5]-[7], load forecasting for the medium term and 

load forecasting for the long term [8]–[10]. 

Research on load forecasting is very important for 

developed countries, especially short-term load 

forecasting due to energy market competition [11]. 

Forecasting the burden on special days/holidays 

is something unique because special days are 

different from ordinary days [12]. Many methods 

can be used for load forecasting. The methods that 

are often used are the conventional method and the 

intelligent method. The advantage of artificial 

intelligence methods lies in the techniques and 

algorithms that are not complicated. Satisfactory 

results without the need to solve complex non-linear 

mathematical equations. 

In this study, a fuzzy logic system method was 

applied which was optimized using a search 

algorithm from the cuckoo bird for short-term load 

estimates, especially the top load on special days. 
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Special days are used as national holidays. Cuckoo 

Search Algorithm (CSA) is an optimization method 

based on behavior of the cuckoo bird [13]. 

II. Fuzzy Logic System 

Fuzzy logic was discovered by professor Zadeh 

in 1965 by using mathematical equations derived 

from set theory in describing ambiguous things into 

linguistic variables. Fuzzy logic is the development 

of Boolean set theory, which only recognizes two 

states, namely 0 and 1, into a set that has 

membership values between 0 to 1. Zadeh modifies 

set theory where each member has a continuous 

membership degree between 0 to 1 [14]. 

The process of classifying input data from crisp 

sets into membership degrees that have limits to 

become fuzzy sets is a fuzzification process or 

membership function. Various forms of fuzzy 

functions, for example: 
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Fig. 1. Fuzzy membership function in the form of a 

triangle 

 

The equation for the membership function of the 

triangle is: 
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or similar to the following equation: 

𝑓 (𝑥, 𝑎, 𝑏, 𝑐)  = max(min (
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X is input parameter, a and c expressed leg of 

triangle, while b declares apex of triangle. 

b.  Trapezoid function 
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Fig. 2. Fuzzy membership function in the form of a 

trapezoidal 

 

The equation for the membership function of 

the trapezoidal is: 

𝑓 (𝑥, 𝑎, 𝑏, 𝑐)  =
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or  𝑓 (𝑥, 𝑎, 𝑏, 𝑐)  = max(min (
𝑥−𝑎

𝑏−𝑎
, 1,
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) , 0 )  (4) 

parameter x is input, a and d showing tip of 

trapezoidal leg, then b and c represent the tip 

of the trapezoidal shoulder. 

The basic operations on fuzzy sets A and B of X 

with membership levels 𝜇𝐴(𝑥) and 𝜇𝐵(𝑥) for 

𝑥𝜖𝑋are as follows: 

a. Complement 

The complement of the set A represents all 

components of the set that are not in the set A 

( ) 1 ( )A x A x            (5) 

b. Union 

The Union or OR set operation on two fuzzy 

sets A and B is expressed in the following 

equation: 

max ( ( ), ( ));A B A B x X       (6) 

c. Intersection 

The intersection AND operation on two 

fuzzy sets A and B can be interpreted as 

follows: 

min ( ( ), ( ));A B A B x X       (7) 

III. Cuckoo Search Algorithm 

Cuckoo Search is a heuristic algorithm based on 

the behavior of the cuckoo bird that has been 

proposed by Yang and Deb [13]. Cuckoos have a 

unique reproductive strategy by laying eggs in the 

place of other birds, which may be different breeds 

or species. To make it easier to describe the Cuckoo 

search, three rules were made as references, 

namely: a. The cuckoo laying eggs in the nest is 
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chosen at random; b. Quality nests with the best 

eggs pass to the next generation; c. The number of 

existing host nests is considered fixed, and the eggs 

that hatch are found by the host bird which has a 

probability of 𝑝𝑎ϵ [0,1]. In this situation, the host 

bird has a choice, namely to leave the nest or throw 

away the eggs and then build a new nest. Therefore 

this approach can be assumed with the 𝑝𝑎 fraction 

for n nests replaced with new nests randomly. When 

continuing with the new generation x(t+1), the step 

randomization process with Lévy Flights is used as 

in the equation: 
( 1) ( ) ( )t t

i ix x levy             (8) 

Hereby a > 0 is the step size which corresponds 

to the order in which the problem is being executed. 

Meanwhile, Lévy (λ) represents a function of the 

Lévy Flight position equation, which can be 

represented as follows:

 , (1 3)levy u t    :         (9) 

IV. Forecasting Peak Load for National 

Holidays using FLS-CSA 

In executing the forecasting of peak load for 

national holidays using FLS-CSA, three stages are 

carried out, namely before processing, processing, 

and after processing [6]. 

IV.1. Before Processing 

Prior to processing is the preparation of peak 

load data for national holidays to obtain LD, max 

WD, VLD and TLD. LD is Load Difference, max 

WD is Maximum Weekdays, VLD is Variation 

Load Difference and TLD is Typical Load 

Difference. LD is sought to obtain the difference in 

load in the four days before the holiday with the 

equation: 
( ) ( )

( ) 100
( )

MAX

MaxSD i MaxWD i
LD i x

MaxWD i




  (10)   

( ) 4 ( ) 3 ( ) 2 ( ) 1

( ) 4

WD WD WD WD
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  (11) 

Where maxSD(i) is the peak load on the special 

day and maxWD is the average maximum load 4 

days before the holiday. TLDMAX is obtained by 

averaging LDMAX according to previous years. then 

solve for VLDMAX which is the difference between 

LDMAX and TLDMAX expressed in: 

max max max( ) ( ) ( )VLD i LD i TLD i          (12) 

max max max
max

( 1) ( 2) ( 3)
( )

3

LD i LD i LD i
TLD i

    
 (13) 

Table 1 and Table 2 display MaxWD and LD 

max peak load data Eq. (12) and (13). 

IV.2. Processing 

Process of data management by modeling load 

forecasting on national holidays using FLS-CSA. 

The process is run on the membership function of 

the Fuzzy Logic System. Membership function 

optimized using cuckoo algorithm. 

Fuzzy IF-THEN rules used in the FLS-CSA 

method to predict the largest electricity load on 

national holidays which are expressed as: 

IF X is Ai AND Y is Bi THEN Z is Ci (14) 

X and Y input process using Membership 

Function, there are eleven membership functions 

used [6] namely Negative Very Big (NVB), 

Negative Big (NB), Negative Medium (NM), 

Negative Small (NS), Negative Very Small (NVS), 

Zero (ZE), Positive Very Small (PVS), Positive 

Small (PS), Positive Medium (PM), Positive Big 

(PB), and Positive Very Big (PVB). 

The use of fuzzy rules is shown in Table 3. 
 

TABLE I 

PEAK LOAD IN 2014 
 

National Holidays Peak Load in 2014  (MW) 

WD(i)d-4 WD(i)d-3 WD(i)d-2 WD(i)d-1 MaxSD(i) 

19786,00 19025,00 19462,00 18046,00 16720,00 

22450,00 22217,00 22048,00 20529,00 18474,00 

22789,00 22714,00 22489,00 22573,00 22375,00 

20106,00 22259,00 22230,00 21884,00 19652,00 

21438,00 20377,00 19070,00 20508,00 19425,00 

22843,00 21480,00 20429,00 21913,00 20687,00 

19707,00 17920,00 16180,00 15214,00 14227,00 

17920,00 16180,00 15214,00 14227,00 14590,00 

21974,00 22274,00 22105,00 21959,00 19744,00 

20429,00 21913,00 20687,00 22326,00 20837,00 

20106,00 22259,00 22230,00 21884,00 19652,00 

22276,00 21888,00 20491,00 19129,00 19204,00 

21215,00 21189,00 21102,00 20562,00 18395,00 

20531,00 22006,00 23022,00 22602,00 20674,00 

 

 
TABLE II 

VLD MAX FOR WAISAK 2013 AND 2014 
 

Year
 

MaxWD
 

LDMax
 

TLD Max
 

VLD Max
 

2014
 

21573,5 -13,496 -7,5221 -5,9736 

2013
 

19491,8 -10,167 -6,9931 -3,174 
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TABLE III 

. VLD MAX FOR WAISAK 2013 AND 2014  

 

No. 

Rules 

Antecendent Consequent 

X Y  Z 

1 ZE NVS ZE 

2 PB ZE NVS 

3 PVS ZE PVB 

4 PVS PVB NVS 

5 PVS NVS PS 

6 NS PS PVS 

7 NVS PVS NVS 

8 NVS NVS ZE 

9 ZE ZE NVS 

10 ZE NVS PVS 

11 PVS PVS ZE 

12 PVS PVS ZE 

13 NS ZE NS 

14 NM NS PVS 

 

The rules in Table 3 can be observed in the rule 

editor as follows: 

 

(Rule 1) IF X is ZE AND Y is NVS THEN Z is ZE 

 

(Rule 14) IF X is NM AND Y is NS THEN Z is PVS  

 

The input variables X, Y and Z are VLDmax for 

holiday data. X is the VLDmax (i) of the same 

holiday in the year preceding the forecast year. Y is 

VLDmax (i) the holiday adjacent to the predicted 

holiday in the previous year. Z is the predicted 

result of VLDmax (i). The value of the membership 

function is processed using the CSA optimization 

method. 

IV.3. After Processing 

The last stage is after processing, which is 

looking for differences in peak load forecasting 

which can be announced as follows: 

           MAX MAX MAXForecast LD i Forecast VLD i TLD i  (15) 

After getting the estimated load difference, the 

estimated peak load on national holidays can be 

seen: 

' ( ( ))
( ) ( )

100

MAX
MAX

ForecastLD x MaxWD i
P i MaxWD i 

   (16) 

The benchmark for the performance of the 

method used is by applying the absolute error 

equation. The smaller the error obtained, the better 

the accuracy of the proposed method. Absolute 

error can be obtained as: 

  

100%
actual forecast

actual

P P
Error x

P


                   (17) 

V. Result and Discussion 

The peak load data used is data on national 

holidays for the Indonesian Java-Bali system. 

National holiday data is processed using the Fuzzy 

Logic System – Cuckoo Search Algorithm (FLS-

CSA) method. The Fuzzy Logic System (FLS) 

method is used as a comparison with the proposed 

method. The results of the validation of the FLS-

CSA method for forecasting the peak load of 

national holidays obtained very good results with a 

Mean Absolute Percentage Error (MAPE) of 

1.511314562%. MAPE obtained by using FLS is 

1.627702763%. More detailed results are obtained 

in table 4 and figure 3. Table 4 is the detailed result 

of forecasting the peak load of national holidays. 

Figure 3 is the result of forecasting the peak load of 

national holidays plotted from table 4. 

 

Basically, Figure 3 is the same as Table 4, Figure 

3 is the result of plotting from Table 4. Based on 

Table 4, the biggest error occurred on the day of 

Proklamasi Kemerdekaan RI. The error using the 

FLS method is 8.56% while the error using the 

FLS-CSA method is 8.37%. The smallest error 

obtained using the FLS method was 0.05% on the 

day of Idul Fitri II while the smallest error obtained 

using the FLS-CSA method was 0.04% on the day 

of Nyepi. 
 

Fig. 3. Comparison of peak load forecasting results using FLS and FLS-CSA 
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TABLE IV 

RESULTS OF PEAK LOAD FORECASTING ON NATIONAL HOLIDAYS IN 2014.

  

No Holidays Name 
Actual  

(MW) 

Fuzzy Logic System (FLS) FLS-CSA 

Forecast 

(MW) 

Absolute 

Error (%) 

Forecast 

(MW) 

Absolute 

Error (%) 

1 Tahun Baru Masehi 16720,00 16627,35286 0,554109672 16599,05759 0,723339751 

2 Proklamasi Kemerdekaan RI 18474,00 16891,56861 8,565721498 16926,85881 8,374695202 

3 IdulAdha 22375,00 21842,96323 2,377817985 22009,98773 1,631339767 

4 Tahun Baru Hijriyah 19652,00 19632,92551 0,097061331 19631,77966 0,102892019 

5 Maulid Nabi Muhammad SAW 19425,00 19512,05213 0,448144794 19450,25449 0,13001025 

6 Isra Mi'raj 20687,00 20824,57442 0,66502838 20796,64662 0,530026706 

7 Idul Fitri I 14227,00 14306,39202 0,55803768 14306,15045 0,556339687 

8 Idul Fitri II 14590,00 14582,06756 0,054369009 14558,46208 0,216161206 

9 WafatnyaYesus Kristus 19744,00 20784,14859 5,268175602 20738,00557 5,034469058 

10 KenaikanYesus Kristus 20837,00 20276,38292 2,690488457 20244,50283 2,843485974 

11 Natal 19652,00 19788,80586 0,696142158 19756,72215 0,532882902 

12 Nyepi 19204,00 19227,23717 0,121001709 19196,1952 0,040641553 

13 Tahun Baru Imlek 18395,00 18301,48665 0,508362852 18372,83937 0,120470952 

14 Waisak 20674,00 20636,08852 0,183377562 20607,50232 0,321648841 

Mean Absolute Percentage Error (MAPE)  1,627702763  1,511314562 

 

 

VI. Conclusion 

Fuzzy Logic System – Cuckoo Search Algorithm 

(FLS-CSA) is applied in this research to forecast the 

highest load on national holidays in 2014. Data on 

the Java-Bali 500kV electricity system is used. This 

method shows more accurate results than 

unoptimized FLS. 
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