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ABSTRACT: In today’s scenario the efficient generation, transmission and distribution of power is more crucial.
Hence, the developing & developed countries do not want to waste electricity. Therefore, the wise use of electricity is
the need of the hour. This leads to the concept of Load Forecasting [1]. Forecasting of demand load is the precondition
to guarantee power system security and its safe supply, according to the non-linearity and complexity of load demand.
In the paper, a fuzzy logic approach for short-term load Forecasting (STLF) is attempted in power system operations
[2]. Short-term Load forecasting has become an essential part of modern control centere. The paper is written on the
convenient analysis of previous year’s load of a substation in India using the idea of fuzzy logic. The study has been
done on Mamdani type membership functions. MATLAB SIMULINK software is used in this work for system
designing and Simulation. Using Mean square error (MSE) and average error the results show that, the fuzzy model
with centre of area (COA) defuzzification method gave an improved performance compared to other defuzzification
methods. The error has been abridged to a significant level in the range of 5-6%.

KEYWORDS: Load forecasting, Fuzzy logic, Short-term load forecasting, Fuzzy set theory, Load Demand.

LINTRODUCTION

The estimation of future active loads at various load buses is known as load forecasting. The capacities of the
transmission, generation, and distribution strictly depend on accurate load forecasting of the system. The Energy
Management System (EMS) demands precise forecasting and Short Term Load Forecasting gives improved and
accurate Results [3]. Accurate forecasts of the system load in advance can help the system operator to accomplish a
variety of tasks like scheduling of fuel purchases, economic scheduling of generating capacity and system security
assessment. Load forecasting techniques are of three types such as short-term forecasting, mid- range forecasting, and
long-term forecasting. All these types of forecasting methods are valuable for different types of systems.

The method that has been focussed ahead in the paper is short-term load forecasting. It is defined as the prediction of
the system's load over a period from 1h to 1 week, which plays a significant role in effective power planning and
operation. Several techniques and methods have previously been devised for prediction of load such as Regression
Methods, Artificial Neural Networks (ANN), Fuzzy Logic, etc. Neural Networks are having much low ability to
process a large number of variables at a time and gives slow convergence time. However, Fuzzy logic provides a
platform to represent and process data in the linguistic form, which makes the systems easily understandable, readable,
and operatable. This is why; the Fuzzy Logic has been used to deal with the input parameters information after the
complete analysis of data and knowledge base (IF-THEN rules). Fuzzy logic is a form of many-valued logic in which
the truth-values of variables may be any real number between 0 and 1. In fact, fuzzy models are only one of
mathematical expression forms of fuzzy rules and reasoning.

II. THE WORK

In the work, short-term load forecasting technique using fuzzy logic has been considered. The system input parameters
are the season, day’s minimum temperature, day capacity, day’s maximum temperature, daylight intensity (Cloudy),
rain. Day’s minimum temperature is a temperature when working hours start [4]. All these parameters are set as input
to the fuzzy system and the inputs are first scaled in the required value limits and fuzzified. Previous load data, which
has already been stored in the database, is used for inference [5]. The rule base is designed to follow the heuristic
knowledge according to the membership functions of various inputs. As shown in Fig-1, Degree of Membership for
each input parameters is found out in the range [0-1] and then de- fuzzified to get the crisp output, further it is descaled,
to the required units and range.
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Fig. 1. Flow and Processing of data through Fuzzy Inference System.
III. HISTORICAL DATA AND KEY FACTORS

For input parameters, historical data of the last few years has been stored in the database management system (DBMS)
[6]. STLF mainly depends on the following conditions:
1. Day capacity

2. Weather conditions
3. Day temperature

4. Light Intensity

5. Season

However, the working day or non-working day (weekend or holiday) defines the capacity of the day. Nevertheless, as
per this study, weekend and holiday are put in the same category. One more category as the special day has considered.
This is the category when work is done after regular 8 working hours of the day (means if work is done for 9 Hrs. in a
day shows one complete regular day and 1 Hr. of the special day) or 9 Hrs. of the special day depending on the type of
work. The day capacity is very much dependent on two factors:

1. The type of work

2. Day elongation
Cloudy and Rainy are the two main factors have been defined to decide weather Conditions. Cloudy weather gives a
significant effect of the daylight intensity such as lesser the clouds, higher will be the daylight intensity, less will be the
consumption of electricity [7]. This may vary according to the season of the year.
In fact, there can be a relationship between two working days with similar day capacity but dissimilar weather
conditions; load consumed on both the days will be different. Also for two days, one is working and other is non-
working with different weather conditions, the load consumed is identical.

IV. LOAD FORECASTING

A FUZZIFICATION

The inputs, as well as output parameters as the member of fuzzy sets, represent Fuzzy linguistic variables in the paper.
In order to state the fuzziness of information, the paper makes an arrangement of fuzzy subsets for different inputs and
outputs in the complete universe of discourse as membership functions. The relationship between some inputs and
output may be non-linear but for the simplicity purpose, linear membership functions are considered [8]. The
membership function for seasons is ridge-shaped membership function such as gauss mf, gbell mf, and gauss2mf etc.
The Day's Maximum Temperature and Minimum Temperature are represented as the fuzzy subset [Low (L), Very Low
(VL), Very High (VH)], Medium (M), High (H)].

The linguistic variables of Day Capacity as [Very Low (VL), Minimum (min), Maximum (max), Low (L), High (H),
Very High (VH)].

The fuzzy subset for day capacity is [Low (L), Very Low (VL), High (H), Normal (N), and Very High (VH)].

The Season’s fuzzy subset is given with the names of the season as [summer, spring, winter, and autumn].

The rain forecast has been given by fuzzy subset [Drizzling, No Rain, Heavy Rain, and Normal Rain].
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Similarly, the output factor load also has been assigned as the fuzzy subset with membership functions [Minimum
(min), very low (VL), Low (L), medium (M), High (H), Very High (VH), Maximum (max)].
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The above figure represents triangular membership function. The simplest membership functions are formed using
straight lines [9]. The simplest membership function is the triangular membership function, and it has the function
name trimf. It is nothing more than a collection of three points forming a triangle.
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Gaussian membership functions, it can approach a non-fuzzy set if the free parameter is tuned. Because of their
smoothness and concise notation, Gaussian and bell membership functions are popular methods for specifying fuzzy
sets. The curves have the advantage of being smooth and nonzero at all points. Season do not change frequently hence
Gaussian membership function has been taken for the analysis [10].

B. FUZZY RULE BASE

It is the part of the fuzzy system where heuristic knowledge is stored in terms of “IF-THEN Type” Rules [11]. The rule
base is used to transmit information to fuzzy inference system (FIS) to process through inference mechanism to
numerically evaluate the information embedded in the fuzzy rule base to get the output.

The rules are like:

IF (MinTemp is M) and (MaxTemp is L) and (Day Light- Intensity (Clouds) is VH) and (Season (Day Number) is
SUMMER) and (Rain is NORMAL) THEN (Output Load is H).

IF (Min Temp is H) and (Max Temp is H) and (Day Light- Intensity (Clouds) is L) and (Season (Day Number) is
AUTUMN) and (Rain is DRIZZLING) THEN (Output Load is H).

IF (Min Temp is VL) and (Max Temp is VL) and (Day Light-Intensity (Clouds) is H) and (Season (Day Number) is
WINTER) and (Rain is NO_RAIN) THEN (Output Load is MAX).

IF Min Temp is H) and (Max Temp is H) and (Day Light- Intensity (Clouds) is L) and (Season (Day Number) is
SPRING) and (Rain is NO_RAIN) THEN (Output Load is M).

IF (Day Type (Day Capacity) is MIN) and (Season (Day Number) is SUMMER) THEN (Output Load is MIN).

V. RESULTS

Table 1 shows the Forecasted load, Actual load and the Percentage error in the forecasted load and calculated in the
month of September 2016. The Percentage error (% Error) of the study is calculated as

AL-FL
% Error = — %100
AL

Where AL is Actual load and FL is Forecasted load.

The actual load compared with the forecasted load gives the maximum percentage error 4.41618% and minimum
percentage error obtained is -0.28007%. The load curve is plotted as in Fig. 3, showing the minute variations in the
actual and forecasted loads for the same session given in Table I. which is the comparison between the actual load
(black colour) and the fuzzy forecasted load (blue colour). From the curve, it is observed that fuzzy forecasted load
curve is very close to the actual load curve. Thus, we can conclude that for Short-term load forecasting using fuzzy
logic provides better and improved solutions.
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Sr.no | AL (MW) | FL (MW) | % Error
1 59.98 64.8193 -8.06819
2 58.28 65.84711 -12.9841
3 62.47 64.4 -3.08948
4 57.43 53.74518 | 4.416185
5 58.39 53.74518 | 3.954813
6 67.29 65.84711 2.14428
7 61.04 65.84711 -7.87535
8 65.48 65.66339 -0.28007
9 65.64 65.84711 -0.31553
10 44.44 40.9787 2.788705
11 57.84 61.35723 -6.08097
12 63.23 60.7902 3.858615
13 59.26 64.66059 -9.11338
14 64.1 65.84711 -2.72561
15 65.25 64.4 1.302682

VI. CONCLUSIONS

Sr.no | AL (MW) | FL (MW) | % Error

16 68.67 64.4 4.218145
17 66.89 64.8193 3.095683
18 61.62 60.42771 1.934905
19 68.65 64.4 3.190823
20 64.81 65.463 -1.00756
21 64.85 65.84711 -1.53757
22 66.41 65.61538 1.196542
23 64.51 65.84711 -2.07272
24 60.21 62.25928 -3.40355
25 54.27 59.89406 -10.3631
26 59.38 65.19997 -9.80123
27 64.67 65.61538 -1.46185
28 62.34 65.24493 -4.65982
29 60.75 65.12265 -7.19778
30 60.92 64.41974 -5.74482

Table I -Error (%) in Load Forecasting for September, 2016

In the paper fuzzy for short-term load forecasting is discussed. It is concluded that using temperature, time, light
intensity and previous day load as the inputs and by formulating rule base of fuzzy logic using available data, the
maximum percentage error 4.41618% and minimum percentage error obtained is -0.28007%. In addition, it is also
concluded that fuzzy logic approach is very easy for the forecaster to understand as it works on simple “IF-THEN”
statements [12]. It also helps in; reduce spinning reserve capacity, schedule device maintenance, unit commitment

decisions.
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Fig. 3. Comparison of Actual Load (Black) and Forecasted Load (Blue) for September 2016.
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