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ABSTRACT

With the increasing demand for electrical energy in the household and industrial sectors, reliability in the dis-
tribution of electrical energy is very important. Disturbance in electricity distribution is a routine problem that
will always occur in the field. To improve the quality of service, readiness in overcoming distribution disturbances
is needed, for example by knowing the disturbances that will occur in the field. This study was conducted to solve
this problem by applying the Knowledge Growing System (KGS) method in predicting the type of electricity dis-
tribution disturbance that occurred in the PLN unit. In this study, the scope of the research object is limited to
PLN units in the South Surabaya area. This prediction is done by recognizing the pattern of disturbances that
occur every month based on data taken in 2020. This method was chosen because it is an intelligent agent that
can generate its knowledge through observing certain phenomena so that it can produce its own knowledge in
making predictions. In this study, 5 patterns of electrical disturbances were used at the location of the electricity
distribution. From the results of calculations and analysis using the KGS method, it was found that the prediction
of electrical distribution disturbances in the form of animal disturbances with the highest degree of confidence
value (DoC) occurred at the Sukolilo substation of 34.77%. Predictions of other disturbances in the form of "ma-
terial" disturbances occur in Rungkut, Waru, and Darmo Grand feeders with DoC values of 28.33%, 29.72%, and
34.72%, respectively.

Keywords: fast fault predictor, intelligent agent, Knowledge Growing System, power distribution fault.

. INTRODUCTION

CCURACY and speed in making a decision in a particular situation is a challenge, especially in

critical systems, such as electrical systems. In electricity distribution, the problem of disruption

of the electricity distribution network must be handled quickly and appropriately because this
will have an impact on the reliability of electricity supply to consumers [1]. Based on PLN statistical
data, the number of disturbances throughout Indonesia in 2020 was 47,443 times. This shows that the
handling of electricity disturbances in Indonesia is still at a less reliable level. Power outages often occur
either intentionally due to maintenance or due to disturbances, which can have an impact on equipment
damage, especially in the industrial sector which can disrupt the production process. In addition,
disturbances that occur can also harm PT PLN (Persero) as a provider of electrical energy and
consumers, especially if there is a blackout for a relatively long period of time. Therefore, the handling
of these disturbances needs to be done quickly and precisely in order to prevent losses for both parties
[2]-{4].

In an effort to anticipate the possibility of future interference, a predictive system is needed that is
able to predict interference based on available interference pattern data. One technology that is often
used in forecasting is artificial intelligence (Al) technology, such as machine learning [1], [5]-{7] fuzzy
[8], or combination with artificial neural networks, or using statistics. In 2009, a new prediction method
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in artificial intelligence was discovered which was later called Knowledge Growing System (KGS) [9],
[10]. KGS is a cognitive artificial intelligence or cognitive agent-based system that is able to grow its
own knowledge over time by utilizing more and more information to be extracted into knowledge as a
basis for decision making. KGS has been used in various problems, such as dynamic prediction of the
COVID-19 pandemic in Java, prediction of transformer health conditions, prediction of maritime
security, and for predictions in other applications. Based on various prediction problems using KGS,
this technique is considered capable of predicting electricity distribution disturbances, so it was chosen
to be tested to ensure that the prediction results obtained previously can be tested properly [5], [11]-
[13].

Research on electricity load prediction using artificial intelligence has been widely conducted. Among
them are predicting electricity loads on the island of Bali using Backpropagation Neural Networks and
forecasting short-term electricity loads on East Java and Bali electricity systems using fuzzy time series.
The use of artificial neural network methods in predicting electricity load has several disadvantages,
such as only producing one output value. Meanwhile, the use of the fuzzy inference system method has
a disadvantage, namely the need for an optimization method in determining the parameters used [16],
[17].

In the KGS method, knowledge growth runs in a cycle of sensing, inference, and formulation of
Decisions and Actions (PIKT) based on the fusion of inference-information, Multi-Time Observation,
A3S, the quality of knowledge grown is measured using the parameter of Degree of Certainty (DoC)
[5], [14]. The A3S method has been refined into the ASSA2010 method [11], [15].

The availability of information on predicting electricity distribution disruptions will be able to
increase readiness in anticipating electricity distribution disruptions that occur. Prediction of this
disturbance can be obtained by processing information data from previous electrical load disturbances.
To process the data, the right prediction technology is needed to process the data. In this study,
predictions of electricity distribution disturbances were carried out using KGS applied in the South
Surabaya area.

Il. RESEARCH METHOD

A. KGS (Knowledge Growing System)

Processing information can be done very easily by the human brain. Any kind of information
including images, text, sounds, and tastes coming from human sensory organs can be processed in just
a very short time. The output of the process or the information processed can be used as decision-making
material or for subsequent processes.

The concept of KGS was born as an effort to create a system that can imitate the human way of
thinking, namely obtaining as much knowledge as possible from the environment so that it can act ra-
tionally. The KGS concept wraps two perspectives to create intelligent systems, namely systems that
carry the characteristics of human intelligence. Therefore, we can say that KGS is a new perspective in
Al. In simple terms, we define KGS as a system that has the ability to develop its knowledge as it
increases the knowledge it receives over time [2]. KGS is a system that can think humanly to take ra-
tional actions. For example, at time to is assumed to be when no information is obtained. Then, at time
to, we try to find out by utilizing our 5 sensory members, namely eyes, nose, ears, tongue, and skin. At
t1, the eyes will see and convey information to the brain, but the brain still cannot conclude what phe-
nomenon is conveyed. Then, at tz, our skin comes into contact and conveys information to the brain.
This process will continue until t, or until the brain obtains clear information that can be used to make
inferences about new knowledge phenomena.

B. A3S Method

The development of KGS starting from the concept, way of thinking systems and how to get new
knowledge, is carried out through approaches from several scientific fields, namely psychology, social,
mathematics, management, and electrical engineering and informatics. From psychological science, the
Human Inference System model also includes a new decision-making model. From social science, con-
sensus theory is obtained, where there are several formulations to reach agreement, one of which is the
Linear Opinion Pool (LOP) which presents the formulation of social decisions. In terms of mathematics,
it is developed based on the Bayes Inference Method (BIM) which is considered capable of presenting
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Figure 2. Flowchart of Research Method

the way humans think. However, there are several obstacles in LOP and BIM that have not been able to
handle multi-indication and multi-hypothesis phenomena so that a mathematical formula was developed
into the A3S (Arwin-Adang-Aciek-Sembiring) method [14].

In conducting this research, the authors used the KGS method which is described in the research flow
chart, as shown in Figure 1. This research flow chart starts from a literature study of predictions using
KGS, conducting discussions and interviews with related parties, followed by consultation, then collect-
ing data in the South Surabaya Customer Service Implementation Unit (UP3). This data collection is in
the form of distribution interference data at 7 substations, namely Rungkut, Waru, Wonorejo, Sukolilo,
Ngagel, Darmo Grand, and Wonokromo.

After the data is collected, the data is then processed into KGS input variables. If the data meets the
eligibility parameters, then proceed to the KGS analysis calculation process. Conversely, if the data
obtained does not meet the eligibility parameters, then the field data processing is carried out again. The
KGS Analysis calculation will produce a Degree of Certainty (DoC) value or degree of confidence that
can be the basis for decision making to get conclusions in this study. To perform calculations with the
A3S method, (1) can be used.

22 P@)) "
5

where P(LPi’ ) is the qualification value for a particular alternative based on certain eligibility parameters.
P(v}') is hypothesis i on indication j. § is the number of sources of information that observe a phenom-
enon, in research shows the number of months in one year of observation (12 months)§. i is an indication
that refers to 7 substations by looking at indications of disturbances that occur. j is a hypothesis, hy-
pothesis refers to various disorders.

Feasibility parameters are a list of parameters used as standards in comparing a phenomenon (object,
state, situation). Feasibility parameters are an important component of input processing because the
system only accepts input in the form of a series of binary numbers '0' and '1' that represent feasibility
on the parameters tested. Eligibility parameters will be transferred in the form of matrices n x m where

P(¥/) =
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TABLE 1

ELIGIBILITY PARAMETERS FOR SELECTION OF SOUTH SURABAYA UP DISTURBANCES DURING DECEMBER 2020 [16]

No.  Name of Substation Date Time of Disruption Weather Cause

1 WARU 02/12/2020 23:15-23:17 Bright Undiscovered

2 FREE GRAND 04/12/2020 10:54 — 10:58 Bright Out of Control

3 SUKOLILO 05/12/2020 12:55 - 12:59 Cloudy Undiscovered

4 WARU 05/12/2020 15:15 - 16:53 Wind Rain Material

5 RUNGKUT 05/12/2020 15:26 — 16:00 Wind Rain Row

6 WARU 05/12/2020 15:14 - 16:29 Wind Rain Undiscovered

7 WARU 06/12/2020 04:45 - 04:49 Bright Undiscovered

8 WARU 07/12/2020 03:07 —03:09 Rain Undiscovered

9 WONOREJO 08/12/2020 15:32-15:34 Cloudy Material

10 SUKOLILO 08/12/2020 18:02 - 18:04 Cloudy Undiscovered

11 FREE GRAND 08/12/2020 19:39 - 19:42 Cloudy Undiscovered

12 WONOKROMO 08/12/2020 23:15-00:00 Cloudy Undiscovered

13 WONOREJO 09/12/2020 15:48 - 16:18 Rain Undiscovered

14  WONOREJO 10/12/2020 07:38-08:10 Rain Undiscovered

15 WARU 10/12/2020 01:30-01:33 Rain Material

16 FREE GRAND 10/12/2020 13:40 - 14:07 Wind Rain Undiscovered

17 RUNGKUT 13/12/2020 21:56 —22:54 Rain Material

18  WONOREJO 16/12/2020 12:41-13:42 Rain & Thunder Material

19 WARU 17/12/2020 04:33 - 04:36 Bright Undiscovered

20 RUNGKUT 18/12/2020 21:44 — 22:06 Rain Out of Control

21 RUNGKUT 19/12/2020 11:41-12:34 Bright Material

22 WONOREJO 22/12/2020 14:02 - 14:04 Bright Undiscovered

23 FREE GRAND 23/12/2020 07:59 - 08:01 Bright Animal

24  WARU 23/12/2020 13:49 - 14:16 Bright Material

25 RUNGKUT 24/12/2020 03:45 - 04:50 Bright Animal

26 RUNGKUT 27/12/2020 19:33-19.35 Wind Rain Undiscovered

27 NGAGEL 27/12/2020 20:10 — 20:42 Wind Rain Material

28 RUNGKUT 27/12/2020 20:12 — 22:05 Wind Rain Material

29  WONOREJO 27/12/2020 20:57-21.42 Wind Rain Material

30  WONOREJO 29/12/2020 14:13 - 14:15 Bright Undiscovered

31 WARU 30/12/2020 01:45-01:47 Bright Material

32 RUNGKUT 31/12/2020 18:09 — 18:26 Overcast, Lightning  Undiscovered
TABLE 2

ELIGIBILITY INFORMATION FOR EACH CANDIDATE IMPAIRMENT IN A 12X5 MATRIX TABLE

Information from Substations

Monthly Disruption

Various Disorders

Year 2020

Material

Animal

Row

Undiscovered

Out of Control

Rungkut

January
February
Maret
April
From
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July
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October
November
December
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0

o
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-
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1

1
DPPB value 0.2833  0.1764  0.0417 0.2736 0.2458

n is the number of eligibility parameters and m is the number of candidates. If we have determined the
feasibility parameter, the DPPB value will appear where the DPPB value is what shows the phenomenon
of knowledge growth in KGS. In this study, the feasibility parameter determined was the type of dis-
turbance that occurred in UP3 South Surabaya by taking disturbance data at 7 substations for a year with
disturbances in December 2020 in Table 1.

After comparison with eligibility parameters, feasibility information was obtained in the form of num-
bers'0"and '1'. The number '0" indicates no disturbance while the number '1" indicates a disturbance that
occurred as shown in Table 2 with samples of the Rungkut substation.

An application of the A3S method that returns the DPPB value with (1) is shown in the last row of
Table 2. Before doing calculations, there are two important things that must be considered, namely in
the row there must be at least one information number '1', if all information contains the number '0* then
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TABLE 3
ILLUSTRATION OF THE A3S METHOD
To Ai is multi-hypothesis
Material, Animal, Row, Undiscovered, Out of Control

Bj 1 i n
Bj, 1 P@H . P@) .. POD
Multi Indication 2 P(¥}) P(8%) P}

(7 Substations with daily data)
iope@H) . P .. PO

the data row cannot be included in computing because it does not meet the requirements. If the infor-
mation for all candidates is incomplete, then the information on that line should be ignored. To facilitate
understanding in processing DPPB values, see the illustration in Table 3. Therefore, if put into a formula
that uses the A3S method with a sample on the material hypothesis, it can be calculated as 0.2833.

C. Determination of DPPB Candidates

The next step is to determine the candidate with the highest probability value in the DPPB using (2).
P(l‘y)estimation =© [P(l[/])] (2)

where P(¥) estimation SNOWS the estimated value of the knowledge obtained by KGS from each candi-
date disorder, while the symbol © indicates the operation operator to obtain the highest value of the
total probability addition operation after knowing the actual situation as the best estimate of the multi-
hypothesis to be selected [15]. ¥; is the probability of the DPPB value. So that with the same sample at

the substation Rungkut the value will be obtained using (3). Therefore, a value of 0.2736 is obtained.

P(¥)estimasi =O [P(lluj)]
P(¥)estimasi =O [0.2625; 0.1764; 0.0417; 0.2736; 0.24558] 3)
P(¥)estimasi = 0.2736

D. Degree of Confidence (DoC)

The next step is obtaining the DoC value, where the DoC or degree of confidence presents the con-
fidence value of the choice that is most considered appropriate according to KGS knowledge. This
knowledge is used as a basis for decision making to make choices, by calculating the degree of confi-
dence that will obtain what percentage of interference occurs in the medium voltage distribution network
of the Surabaya area. DoC is obtained by calculation according to (4)

DoC = |P(¥)estimasi — Pv}| X100 %
DoC = 10.2736 — 0| x 100 % )
DoC = 27.36 %
where Pvi is the initial knowledge of the system when it has not received any information. The calcula-
tion results show that the Degree of Contamination (DoC) value of the Rungkut Substation sample is

27.36%. Therefore, the basis for determining the frequency of disturbances that occur at the Rungkut
Substation still cannot be found.

I1l. RESULTS AND DISCUSSION

The predictions in this study were made based on observational data for a year, namely in 2020. Data
collection was taken in the UP3 South Surabaya area which is addressed at JI. Ngagel Tim. No.14,
Pucang Sewu, Gubeng District, SBY City, East Java 60283 with location points as shown in Figure 3.
Data collection is taken based on the dominance of disturbances that occur in the UP3 South Surabaya
area in Figure 4.
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TABLE 4
ELIGIBILITY INFORMATION FOR EACH CANDIDATE IMPAIRMENT IN A 7X5 MATRIX TABLE

Various Disorders

Information from Substations Day Disruptions in 2020
Material  Animal Row  Undiscovered Out of Control

December
Rungkut 1 1 1 0 1 1
Waru 2 1 0 1 1 0
Free Grand 3 0 1 0 0 1
Wonokromo 4 0 1 0 0 1
Wonorejo 5 2 1 0 1 0
Sukolilo 6 0 0 1 0 0
Ngagel 7 0 0 0 0 0
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Figure 4. The dominance of UP3 disruption in South Surabaya in 2020.

The dominance of disturbances in UP3 Surabaya Selatan in 2020 can be seen in Figure 4 above. From
the description of the dominance of disturbances obtained from the Substation, several types of disturb-
ances can be seen which will then be hypothesized for the prediction of disturbances that may occur in
the following year. This indicator uses data from seven substations for one year in the South Surabaya
area. Observation data for one year, with sampling in December 2020, is presented in Table 2.

There are some differences in the types of interference between Figure 4 and Table 4. In Figure 4, ten
types of interference dominance occur, while in Table 4, only five types of interference dominance are
used. This difference is due to the fact that the dominance of interference such as that on arresters, FCO
transformers and transformers falls under the category of material interference. On the other hand, the
dominance of interference due to fallen trees and billboards falls under the category of uncontrolled
interference. This is the reason why Table 4 only uses five types of disturbances.

After obtaining information on the eligibility of each candidate for interference, the next step is the
determination P () .stimasi Obtained using (2). The results can be seen in Table 5. The final step is to
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TABLES
ELIGIBILITY INFORMATION FOR EACH CANDIDATE IMPAIRMENT IN A 7X5 MATRIX TABLE
Various Disorders
Material ~ Animal Row Undiscovered  Out of Control

No Information from Substations

1 Rungkut 0.2833 0.1764  0.0417 0.2736 0.2250
2  Waru 0.2972 0.1833 0.1278 0.2500 0.1417
3 Free Grand 0.3472 0.2778 0.1111 0.0417 0.1389
4 Wonokromo 0.0694 0.3472 0.1944 0.1389 0.1667
5  Wonorejo 0.2736  0.2667 0.1069 0.2667 0.0861
6 Sukolilo 0.0833 0.3472  0.2083 0.3194 0.0417
7 Ngagel 0.2083 0.0833 0.0417 0.2083 0.1250
TABLE 6
PREDICTED POWER INTERRUPTIONS IN 2021
Repeater DoC (%) Types of disorders
Rungkut  28.33 Material
Waru 29.72 Material
Wonorejo  27.36 Animal
Sukolilo  34.77 Animal
Ngagel 20.83 Undiscovered
DarmoGrand 34.72 Material
Wonokromo 34.72 Animal
TABLE 7
COMPARISON OF PREDICTIONS OF ELECTRICAL DISTURBANCES IN 2021 WITH OBSERVATIONS
Prediction Results for 2021 Results of PLN Data Observations in 2021
Master DoC (%)  Types of disorders Repeater Types of disorders
Rungkut 28,33 Material Rungkut Material
Waru 29.72 Material Waru Row
Wonorejo 27.36 Animal Wonorejo Undiscovered
Sukolilo 34.77 Animal Sukaolilo Undiscovered
Ngagel 20.83 Undiscovered Ngagel Material
Free Grand 34.72 Material Free Grand Material
\Wonokromo 34.72 Animal Wonokromo Row
0,4000 /
m 0,3000 """\ -
o q ;
0,2000 N\ 7 N\ 2 —e— Material
5 01000 — TN N Animal
0,0000
\g‘\ & '@\b & S & & Row/Pole Substation
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Q° =@==Out of control

DoC Disorder Patterns

Figure 5. DoC Interference Pattern

determine the degree of confidence on which the prediction decision is based to establish the highest
disturbance as the right choice. The DoC can be illustrated in Figure 5.

From Figure 5, it can be concluded that the prediction of electricity disruption for 2021 is listed in
Table 6 below. This table is the basis for conducting interviews with PT PLN in the field to verify
whether the predictions made are in accordance with the observations in the field. The interview results
show that the type of material disturbance is the most common in the UP3 Surabaya Selatan area. This
strengthens the belief that the KGS method can be recommended as an effective method for predicting
disturbances.

Comparison of the calculation results of the KGS method for 2020 predictions with PLN observation
data reveals differences in fault conditions, as shown in Table 7. Based on the results of data processing
and analysis, it can be concluded that the prediction of electricity distribution disturbances in the UP3
South Surabaya area shows the highest confidence level of 34.77% occurring at Sukolilo Substation
with the type of disturbance caused by animals. Meanwhile, the prediction of electricity distribution
disturbances with the lowest confidence level of 20.83%, and the type of disturbance has not been found
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to occur at Ngagel Substation. For Rungkut Substation, the confidence degree value is 28.33%, Waru
Substation has a confidence degree value of 29.72%, and Darmo Grand Substation has a confidence
degree value of 34.72% with the type of material disturbance. Wonorejo Substation has a degree of
confidence value of 27.36%, while Wonokromo has a degree of confidence value of 34.72% with the
type of disturbance due to animals.

There are some discrepancies between the predicted results and field observations recorded in Table
7. Factors such as erratic weather conditions, periodic checks on materials that have reached their max-
imum service life, and maintenance in accordance with Standard Operating Procedures (SOPs) can cause
this discrepancy. This can have an impact on the performance of materials that may not function opti-
mally or have undergone maintenance by related parties in accordance with the SOP, which in turn can
minimize disturbances that occur in the future.

IV. CONCLUSION

In this study, a knowledge growing system (KGS) method was used to predict the disturbing type of
power distribution at PLN unit in South Surabaya, East Java. Based on the calculation results, it can be
concluded that KGS is able to quickly predict electricity interference in the observed area. Even though
the disturbance data from the previous year is still used, KGS can successfully predict electricity distri-
bution disturbances in the following year. From the findings of the KGS method for predicting electricity
distribution disturbances, this research and information is expected to provide benefits to related parties.
This allows for anticipation and handling of electricity distribution disruptions more quickly and pre-
cisely.
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