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Abstract: An exact power system load forecasting (PSLF) tool is a compulsory part of the electricity industry for profit
maximization, energy conservation and environmental fo rtifi cation by limiting energy resources' combustion. This investigation
suggests an alike day scheme (ADS) upgraded the Sugeno fuzzy logic controller (FLC) model for exact PSLF. A new ADS is
projected here to improve the FLC's forecasting ability by appraising quality training data under irregular load conditions. Inthe
power system, the consumer behaviors that eventually govern the electric power system's demand are highly opinionated by
thermal inertia, triggered by many climatic factors. So, the exactness ofa PSLF model is highly dependent on the incorporated
climatic factors. Therefore, in the proposed model, the new ADS considers various climatic factors while evaluating the training
data. The research is being undertaken in Assam, a Northeastern state of India, and the proposed model is being used for the
week ahead of the power load forecast. Compared to traditional FLC without ADS, the efficiency of the projected model is
extremely very well. The experimental annotations authorize the dominion of the proposed model over conventional FLC.
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|. INTRODUCTION

In modem-day restructured power systems, the accuracy
in power system load forecasting (PSLF) is an obligatory
concem for operation, planning, control, maintenance, and
sustainable development [1-4]. Moreover, it is an obligatory
operation to ensure sustainable solutions for present-day
electric power systems. Considering the PSLF methodology's
tremendous importance in mind, various new, effective,
efficient and robust PSLF model. The researcher has to
review that finding out such methodology has numerous
modem tactic in this power system background, reliable,
powerful and robust PSLF modek over the last decades. The
various existing of these methods are Support vector
machine [1-3], artificial neural networks [5], GEP [6], the
fuzzy logic controller [7,8], ARMA [9], ARIMA [10],
Kalman filter [11]. Amongst these existed approaches, the
fuzzy logic controller (FLC) is set as one of the most
accurate and reliable in the field of PSLF [7]. Hence, here the
study going on an FLC to conduct an exact prediction of
PSLF. The accuracy in an FLC based forecaster engine is
also highly influenced by the quality of training data. The
most conventional way of evaluating quality training data

utilizes very recent data to stay in the required load demand
trend [7,12]. When studied out on literature survey and in an
experiment, it was suggested that the load demands are
always fluctuating in nature and depend on thermal conport,
which mainly depends on environmental climate change. If
the climatic condition of the very recent day is not similar as
the forecast day, then conventional way of evaluating the
training data may mislead the PSLF system. The whole
PSLF system will then train on the load data dissimilar to the
forecast day load data. Therefore, to attain a good forecasting
accuracy level on such irregular load conditions, this study
proposes a new alike day scheme (ADS) to evaluate the
quality training data. Moreover, these ADS will also help to
integrate the climatic factors in the PSLF methodologies. The
PSLF is divided into four groups according to the forecasting
duration[8,13].

O  Load forecasting of the very short-term power
system: operates fora few hours.

[l Load forecasting of the very short-term power
system: operates for oneweek.
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O Load forecasting of the mid-term power system:
operates on four weeks.

Il Load forecasting of the long-term power system:
operates on a few months.

All four groups of forecasted duration have different
functions in PSLF, such as very short ternms are responsible
for basic operations of the power system. Similarly, both
midterm and long term forecasted duration to estimate the
power system's planning or well operation [4]. The research
is being undertaken in Assam, a North-eastem state of India,
and the proposed model here is being used for conducting a
week ahead of the power load forecast, and the proposed
ADS upgraded FLC based PSLF model has engaged for
some week ahead PSLF or short term PSLF. However, FLC
based PSLF approach is successfully conducted in two cases
studied in two different seasons. Where the performance
study will see as well as such model compare with a new
methodology of ADS.

The other left portion of this paper demonstrates as
follows: we discuss the suggested ADS in Section 2; the
architecture of the proposed PSLF model is described in
Section 3. The FLC execution is clarifying in Section 4. In
Section 5, case studies with forecasting results are shown.
The conclusions are finally drawnin section 6.

Il. ALIKE DAY SCHEME

The new Alike Day Scheme (ADS) 5 responsible for
assessing good quality training data for the FLC. The
temperature variables in the PSLF process are ako
combined. In this analysis, temperature and wind speed are
considered climate factors, as both climate factors in the
study area are considered influential[2,3]. Any related days
are measured from previous historical days, according to
these ADS. Similar days are the day, the atrmospheric
pattems of which are very similar to the daily forecast. A
new Euclidian standard is based on the quest for identical
days here (EN). The lower the EN's value, the more
comparable the alike day i to the expected forecasted day.
However, the expression ofthe EN here is:

EN = (T, ~T)2 - (v, -V")? (1)

Here, T, is the present temperature value is taken into

account, and Ttp , as the latest historical value, Vt is

considered to be the wind speed value of the current day,
and the recent historical wind speed value. In order to
obtamned best solution through FLC, the consider EN value
shown in Eq. (1). So, far for each forecasted days may be
calculated through an ADS methodology. However, alike
days are picked up from the past historical days. All these
past forecasted load demands are easily getting from SLDC,
Assam. Here, the ADS methodology is responsible carry a
untt for data processing where all the previous data storing
of climatic factors such as (wind speed and temperature) and
the related value of the load demand are present as this unit
has obtained the forecast value of climate factors, which is
the key vital role in PSLF approach, for a particular date.
This unit should assess the alike days with the new EN aid

as defined in Eq. (1). So it is recommended that the FLC-
based ADS approach trained the data from those alike days
along with last two months before and after a given forecast
day was selected as the boundary of the forecast day's
search.

I1l. REPRENTATION OF THE SUGGESTED NEw PSLF MODEL

Fuzzy logic controller (FLC) is a popular mechanism in
the PSLF probing field, because of its simplicity and
accuracy. However, FLC's function is required for a specific
input variable; the fuzzy system can map a specific output
variable. In this work, the Sugeno FLC is utilized. The
architecture of the PSLF model proposed i depicted in Fig.
1. However, the different input and output variations for the
FLC are clearly seen in Fig. 1. The inputs to the FLC are (i)
electric power consumption (MW), (ii) temperature forecast
in (0C), (iii) wind speed forecast in (kmvs), (iv) binary input
(0 or 1) to decides the day type (if it is a holiday or working
day). This given input information’s are accessed through the
FLC based proposed ADS approach. However, this FLC-
based model’s output will forecast hourly to show the
information, which continuously estimates a week (168 hr).
All these information were taken fromthe SLDC, Guwahati,
Assam, India, for this work. The following section explaines
the application of this new model.

Forecaned kead
—

Fig. 1. The proposed PSLF model.

IV. THE DETAILS OF FLC EXECUTION METHODOLOGY

This topology uses FLC based alike day like scheme load
forecasted, and it has been studying in three steps of
deployment. However, at the very first step, the input and
output quantities are assigned to the different fuzzy values.
Both inputs and outputs are exchanged by assigning certain
membership functions in such fuzzy sets, as seen in Fig. 2-
Fig. 6. The topology is based on ADS, is dependent on
electrical load demand (in kW), and prefers to be the input
parameter, and then all input parameters are split into
different five membership functions. These are weak
demand for the load (EL), low demand for the load (L),
normal demand for the load (N), high demand for the load
(H), an extreme requirement for the load (EH). The
allocation of fuzzy rules in the forecasting framework is the
second stage of FLC execution. However, this
methodology's peculiarity is that strongly nonlinear
relationship between the input parameter and the concemed
controller's output parameter. Here, 36 rules for performing
the required PSLF are applying in this work. The execution
of the fuzzy inference & the last step of FLC
implementation. It is a method for finding out very easily on
the output parameter which may require mapping for the
considered combinations of input variables. This mapping
parameter ako may drive the outcomes on certain input
variables. So in the end, the defuzzified output values are
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derived from this method, and hence in this way, such FLC

is implementing in this new methodology.
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Fig. 7. Forecasting performance in the first case.
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Fig. 8. Forecasting performance in the second case.

Fig. 3. Allocated membership function for temperature data (°C).

TABLE I FORECASTING RESULTS OF BOTH THE MODELS FOR THE CASES
FLC without ADS FLC with ADS
Maximum Minimum Average Maximum Minimum Average MAPE
Cases load load load MQPE load load load MSPE difference
deviation (in deviation deviation ( iO) deviation (in deviation deviation (i?) (i-ii)
MW) (in MW) (in MW) MW) (in MW) (in MW)
1 121.57 -2.99 56.57 6.17 -73.01 1.78 34.24 3.76 2.41
2 125.88 -3.09 58.58 6.29 61.65 -2.08 29.58 3.14 3.15
EL\ /L\ /"\ /i\ /" |52 FLC without ADS —o FLC with ADS | '
N /s ™~ N, / . b

Fig. 4. Allocated membership function for wind speed (km/s)
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Fig. 9. Generated forecasting error in the discrete points along the timeline
in the first case.
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Fig. 5. Allocated membership function for day type. in the second case.
[ . . . The generated forecasting error in the discrete points
™. TN TN TN yd along the timeline in the first and the second cases i
/ NS "/ 5/ presented in Fig.9 and Fig.10, respectively. It is obvious
//\\ N A pas that, in both the case studies, the proposed model shows
- o S~ NG e lower forecasting error in almost every discrete point along
E — with the timelines. Henceforth, it can be claimed that the
. . . proposed FLC with ADS model is more consistent
Fig. 6. Allocated mernbersh&ﬁ&lftm for the output load demand forecaster than the conventional FLC without ADS model.
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At the same time, it comes to the consideration of
forecasting accuracy. In Table I, the forecasting results i
shown. In the proposed FLC with ADS model, the generated
maximum, minimum and average load deviancies (among
the discrete points along the timeline) in both the cases are
significantly low compared to the conventional FLC without
ADS model. Apart from this, the proposed FLC's inclusive
MAPE with ADS model is also considerably less compared
to the conventional FLC without ADS model. The modek’
MAPE difference clearly demonstrates that the proposed
model in all aspects outplays the conventional FLC without
ADS model.

\ CONCLUSIONS

As successfully study on ADS based PSLF
methodology carried on different climatic condition with
obtaining proper precision. However, the new MAPE
methodology can enhance the quality of the training data and
improve the system performance, which may be
demonstrated in the following Fig. 7 to Fig.10, where all key
parameter mainly focuses on environmental factor. The
major contributions of this particular work can be
highlighted as (i) An ADS methodology is considered for
evaluating upcoming quality training data using the FLC, (i)
the ADS upgraded FLC is offered to incorporate the different
climatic factors in the forecasting process, (iii) PSLF is
carried out the week ahead, and performance is compared
and evaluated for both enhance the system reliability as well
as analyzed successfully. Moreover, all newly obtained
results are correlated with the conventional FLC based
model. This research & being conducted in Assam, India's
northeastem province, and the proposed model is estimated
for the week ahead PSLF. This new methodology defined
model is compared to the conventional FLC without ADS
methodology, and two case studies are carried out in two
separate seasons of a year (e.g. considering in spring and
another case study on winter). In both times, almost the
conventional FLC was contained in the MAPE of the
proposed model without ADS method. However, such an
approach will provide minimum, and maximum power
demand based on the discrete timeline demonstrated. Hence,
the proposed PSLF model is a credible altemative model in
the branch of the efficient PSLF model. In Assam, only 37 %
of the families can use electricity as of 2016, and the state is
still not doing good enough to meet its daily peak power
demand [14, 15]. Therefore, for such a power scarcity state,
an exact PSLF model is an obligatory toolbox for the
policymakers to fix the future corrective course of action.
Furthermore, the proposed PSLF models greater accuracy
can help any power generating stations meet the demand
precisely withoutany overproduction or under production.

Hence, the proposed PSLF model can provide financial
benefits to the electricity industry and be used for enemy

conservation and environmental fortification by limiting the
power generating stations' combustion of energy resources
(coalorgas).

REFERENCES

[1] M. Barman, N. B. Dev Choudhury, and S. Sutradhar, “A regional
hybrid GOA-SVM model based on similar day approach for short-

term load forecasting in Assam, India,” Energy, vol. 145, pp. 710—
720, 2018.

[2] M. Barman and N. B. Dev Choudhury, “Season specific approach for
short-term load forecasting based on hybrid FA-SVM and similarity
concept,” Energy, vol. 174, pp. 886896, 2019.

[3] M. Barman and N. B. Dev Choudhury, “Hybrid GOA-SVR technique
for short term load forecasting during periods with substantial
weather changes in North-East India,” Procedia Comput. Sci., vol
143, pp. 124-132, 2018.

[4] N. Amjady, “Short-term hourly load forecasting using time-series
modeling with peak load estimation capability,” IEEE Trans. Power
Syst., vol. 16, no. 4, pp. 798-805, 2001.

[5] Z. H Osman, M. L. Awad, and T. K Mahmoud, “Neural network
based approach for short-term load forecasting,” 2009 IEEE/PES
Power Syst. Conf. Expo., no. April 2009, pp. 1-8, 2009.

[6] S.H. A Kaboli, A. Fallahpour, J. Selvaraj, and N. A. Rahim, “Long-
term electrical energy consumption formulating and forecasting via
optimized gene expression programming,” Energy, vol. 126, pp. 144—
164, 2017.

[7] R. Mamlook, O. Badran, and E. Abdulhadi, “A fuzzy inference model
for short-term load forecasting,” Energy Policy, vol. 37, no. 4, pp.
1239-1248, 2009.

[8] M. Barman, N. B. D. Choudhury, and S. Behera, “A fuzzy logic
controller based mid-term load forecasting with renewable
penetration in Assam , India,” ADBU J. Eng Technol., vol. 6, no. 3,
pp. 1-6, 2017.

[9] S. S. Pappas et al., “Electricity demand load forecasting of the
Hellenic power system using an ARMA model,” Electr. Power Syst.
Res., vol. 80, no. 3, pp. 256264, 2010.

[10] S. Barak and S. S. Sadegh, “Forecasting energy consumption using
ensemble ARIMA-ANFIS hybrid algorithm,” Int. J. Electr. Power
Energy Syst., vol. 82, pp. 92-104, 2016.

[11] T. K. Bhattacharya and T. K. Basu, “Medium range forecasting of
power system load using modified Kalman filter and Walsh
trans form,” Int. J. Electr. Power Energy Syst., vol. 15, no. 2, pp. 109—
115, 1993.

[12] D. K. Ranaweera, N. F. Hubele, and G. G. Karady, “Fuzzy logic for
short term load forecasting,” Int. J. Electr. Power Energy Syst., vol
18, no. 4, pp. 215-222, 1996.

[13] D. Ali;, M. Yohanna, P. M. ljasini, and M. B. Garkida, “ Application
of fuzzy - Neuro to model weather parameter variability impacts on
electrical load based on long-term forecasting,” Alexandria Eng. I,
vol. 57, no. 1, pp. 223-233, 2016.

[14] M. Barman, S. Mahapatra, D. Palit and M. K. Chaudhury,
“Performance and impact evaluation of solar home lighting systems
on the rural livelihood in Assam, India,” Energy Sustain. Dev., vol
38, pp. 10-20, 2017.

[15] M. Barman, N. Behari, and D. Choudhury, “ A similarity based hybrid
GWO-SVM method of power system load forecasting for regional
special event days in anomalous load situations in Assam, India,”
Sustain. Cities Soc., vol. 61, no. October, p. 102311, 2020.

Barman, AJET, ISSN: 2348-7305, Volume10, Issue3, August, 2021 0100300025(5PP) 4

4



ADBU-Journal of Engineering Technology

@

Dr. Mayur Barman received his Ph.D. in
Electrical Engineering from the National
Institute of Technology Silchar, Assam in the
year 2019. Afterward, he served in JIS College
of Engineering as an Assistant Professor in the
Department  of  Electrical  Engineering.
Presently he is working as an Assistant
Professor in the Department of Electrical &
Electronics Engineering in Aditya Engineering
College, A.P, India, His research interests
include power system demand analysis and
forecasting, application of sot computing in
modern day power engineering and integration
of renewable energy. Dr. Barman published
many SCI journals and he is a reviewer of
many reputed international SCI Journals.

[ prof N. B. Dev Choudhury received PhD in 2011

!
v

ya

from Jadavpur University, Kolkata, India. Prof.
Dev Choudhury was initially worked for a LT and
HT electrical power panel desian and fabrication
unit till March, 1997 as Engineer. He served as
faculty in Royal Bhutan Polytechnic, Bhutan for a
period of one and half years and after that joined
Regional Engineering College Silchar, Assam in
June, 1998, where he is currently a Full Professor

Mr. Sadasiva Behera received the M.Tech
degree in Power and Energy System
Engineering in  National Institute of
Technology Silchar, Assam, India in 2016. Mr.
Behera is pursuing his PhD degree in the
department of Electrical Engineering, NIT
Silchar, Assam, India. His research interests
include power system reliability and its
44 applications in smart grid.

with the Department of Electrical Engineering. His
research interests include power system reliability
and its applications in smart grid.
Barman, AJET, ISSN: 2348-7305, Volume10, Issue3, August, 2021 0100300025(5PP) 5

5



