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Abstract — Pole-mounted Metering Circuit Breaker (PMCB)
is @ medium voltage protection device. Problems in the
PMCB because operating at medium voltage causes
insulation problems. The isolation problem that arises is due
to partial discharge. Partial discharge can trigger the risk of
flashover. In addition, corona discharge causes corrosion of
the conductor, the effect is a failure and disconnection of
electricity. This control system aims to maintain the
temperature and humidity of the PMCB at the nominal
values according to the standard. Based on SPLN D3.021-
1:2020, it is known that under normal service conditions, the
ambient air temperature does not exceed 40°C and the
average temperature for 24 hours does not exceed 35°C and
the highest relative humidity is 100% RH. The control
system uses an AC voltage controller which is used to control
the input voltage of the heater and exhaust fan so that the
temperature and humidity can reach nominal operating
conditions. The control method used is an artificial neural
network (ANN) to find the ignition angle of the AC voltage
controller as a TRIAC control. The test results using the
ANN control method, system simulation produces a
temperature error of 1.029% and humidity error of 2.48%
and the hardware system produces a temperature error of
2.364% and humidity error of 8.673% compared to the set
point temperature of 35°C and humidity of 50% RH. It can
be concluded that the ANN control method can maintain the
PMCB temperature and humidity according to standards.

Keywords: Artificial neural network, exhaust fan, heater,
PMCB.

I. INTRODUCTION

Pole-mounted Metering Circuit Breaker (PMCB) is a
medium voltage protection device [1]. One of the PMCB
components is the Vacuum Circuit Breaker (VCB).
PMCB is widely applied in densely populated areas where
fire resistance and low maintenance are required [1].
Because PMCB operates on medium voltage, insulation
problems arise in the PMCB equipment. Isolation
problems that arise are caused by partial discharge [2]-
[7]. Examples of partial discharge are internal discharge,
surface discharge and coronal discharge [5]. Partial
discharge can trigger the risk of flashover [4],[8],[9].
Since corona discharge causes corrosion of the
conductors, the resulting effects are failure of electronic

components and disconnection of the electrical
connections which affect the performance and reliable
operation [10]-[13].

This research aims to produce a system that can control
the temperature and humidity in the PMCB always at
standard nominal operating conditions to prevent these
disturbances from occurring [14],[15]. Standard values
based on SPLN D3.021-1:2020 are normal service
conditions ambient air temperature does not exceed 40°C
and the average temperature for 24 hours does not exceed
35°C and the highest relative humidity is 100% RH. This
system is a new idea in the method of controlling
temperature and humidity. The system adds an exhaust
fan to dissipate excess heat and regulates the heater
temperature on the PMCB. Exhaust fan and heater control
is carried out using an AC voltage controller with the
ANN control method [16].

The AC voltage controller controls the input voltage of
the heater and exhaust fan so that the temperature of the
heater and the speed of the exhaust fan are controlled so
that the temperature and humidity of the PMCB are
maintained. [17]. Based on the research that has been
done, the ANN control method is used to control the AC
voltage controller which works by finding the ignition
angle of the AC voltage controller [16],[18]. The ANN
control method modelling has complex relationships
between inputs and outputs to reveal patterns in the data.
ANN has been implemented in the classification field
[19]. The ANN control method works by searching for the
ignition angle of the AC voltage controller based on the
temperature and humidity values read by the DHT22
sensor. Thus, the ANN control method will classify the
temperature and humidity that are read by the DHT22
sensor to find the ignition angle of the AC voltage
controller which produces an output voltage to control the
heater and exhaust fan whose temperature and humidity
correspond to the set point value according to the nominal
operating standard. If the temperature is above the
nominal standard, the heater turns off and the exhaust fan
works. If the humidity is above the standard nominal, the
heater works and the exhaust fan turns off. The condition
is the opposite. Heaters and exhaust fans work in opposite
directions. In this system, there are 4 ZMPT101B voltage
sensors on each AC input and output voltage controller to
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measure voltage values. The LCD in this system serves as
a display of temperature and humidity information on the
PMCB which greatly helps the work of the electrical
operator.

Il. METHODOLOGY

Research [16], used the ANN control method to search
for the optimal ignition angle of the AC voltage controller
within a certain operating range. Research [18], used the
ANN control method with backpropagation learning data
to monitor circuit breaker temperature and humidity then
the system will predict the working state and remaining
service life and give an alarm for the breakdown.

Based on previous research, this research has the
advantage of using research or systems that have been
made before, namely the system not only monitors
temperature and humidity on the PMCB, but also has
actions to control temperature and humidity using a heater
and exhaust fan whose input voltage is controlled using
AC voltage controller whose ignition angle is classified
using ANN control method. This system is also able to
monitor the voltage at each input and output of the AC
voltage controller and display temperature and humidity
information on the LCD.

A. System Design

Figure 1 shows the block diagram of the system with
the main components of the system. The main
components of the system include the STM32
microcontroller, AC voltage controller, DHT22
temperature and humidity sensor, ZMPT101B voltage
sensor, LCD, heater and exhaust fan. The voltage source
of this system is 220 VAC.

| Artificial Neural Network |
DHIZ  }— GPIO MICROCONTROLLER GPIO — LCD
DaAC ADC DAC
¥ [ -
IMPTI01R IMPTI01B
AC Voltage POVAC AC Voltege
Controller - Controller
»  IMPTIOIB L IMPTI01B
Heater Exhaust Fan

Figure 1. Block diagram system

Figure 2 shows a system flowchart that shows the
workflow of the system from the start of the system to the
end of the system.
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Figure 2. Flowchart system

The system flowchart starts from a reading of the
DHT22 temperature and humidity sensor. There is also a
reading of the ZMPT101B voltage sensor on each input
and output of the AC voltage controller. The results of the
DHT22 and ZMPT101B sensor readings are processed by
the microcontroller. The value of the sensor reading is
displayed on the LCD. The temperature and humidity
values are classified using the ANN control method with
a target ignition angle value for the TRIAC control on the
AC voltage controller. So that an output voltage is
generated to regulate the temperature of the heater and the
rotational speed of the exhaust fan so that the temperature
and humidity reach the set point values of 35°C and 50%
RH.

B. System Hardware Design

1). PMCB Box

Based on the PMCB manual book page 13, the PMCB
switching box has dimensions of 130.5 cm long, 125 cm
wide and 90 cm high. Figure 3 shows the placement of the
DHT22 temperature and humidity sensor, heater and
exhaust fan in the PMCB box. The reason for putting the
heater on the bottom and the exhaust fan on top is because
heat moves from the bottom up and the function of the
exhaust fan is to dissipate excess heat in the PMCB box
to control temperature [20]. The PMCB box is planned to
be made of iron with a thickness of 1.5 millimetres.
Because the PMCB box material is iron, and iron is a
conductor that has high thermal conductivity [21].



Figure 3. Placement of the DHT22 temperature and humidity
sensor, heater and exhaust fan

Figure 4 shows the placement of the control system
hardware outside the PMCB box. The control system
hardware consists of a microcontroller, 2 AC voltage
controllers, 4 voltage sensors and an LCD.

Figure 4. Placement of control system hardware

2). Heater

The heater functions to control humidity. Based on the
PMCB manual book page 12, the heater specifications
used are heaters that use a voltage rating of 220—400 V
with a power of 150 W and have a temperature scale of
30-110°C.

3). Exhaust Fan

The exhaust fan functions to control and remove the
excess temperature. To determine the exhaust fan
specifications used, it is necessary to know the CMH
value. The following is the equation for calculating air
circulation

CMH =V x ACH (1)
where CMH is the air volume can be pull in one hour, V
is the air volume and ACH is the air changes per hour.

C. Artificial Neural Network Design

The ANN in this system uses the multilayer network
architecture type with the data feed-forward
backpropagation learning method. The feed-forward
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backpropagation data learning method allows to solve
different prediction, recognition and classification
problems using smaller networks and simpler learning
algorithms than those used traditionally as well as
demonstrating good performance in convergence speed
[22]. The architectural model of the ANN in this system
uses multi-input and multi-output because there are 2
inputs and 2 outputs. 2 inputs are temperature and
humidity and 2 outputs are ignition angles.

Based on references from [23]-[28], there are 3 points
of the training or learning process in backpropagation
neural networks. First, the forward propagation has 3
steps:

e The first step is that from the input layer there is an
input unit obtained from the results of the DHT22
temperature and humidity sensor readings which are
then forwarded to each neuron in hidden layer 1.

e The second step is to calculate the output value for
each neuron in hidden layer 1.

n
Znet; = Vl/}'o + Zizlxivv}'i 2
—(Znet ;)
1-e J
zj = f (Znetj) = 1+e—(znetj) 3)

e  The third step is to calculate the output value for each
neuron in hidden layer 2.

Znet, = Vio + 21 XiVii (4)
1
z=f (Znetj) = Gy ()

where z; is the output hidden layer value, Wj, is the output
weight hidden layer 1 value, Vj, is the output weight
hidden layer 2 value, X; is the input value, Wj; is the input
weight hidden layer 1 value, Vj; is the input weight hidden
layer 2 value and f is the activation function.

After the next forward propagation process is the back-

propagation process where there are three stages as
follows:

o The first step is to calculate the & factor at the output
layer based on the error value of each unit output.

8 = (ti = Vi) f' Onery,) (6)

Perform calculations of the speed of change of
weights in W, ; with a

AWk] = a5ij (7)

e The second step is calculating the 6 factor in hidden
layer 2 based on the error value of each neuron.

Onet; = Z;=15iWij (8)
Then the § factor value in hidden layer 2,
6]’ = Snetjf’(znetj) %)

e The third step is calculating the & factor in hidden
layer 1 based on the error value of each neuron.

Snet; = 2, 0¥y (10)
Then the § factor value in hidden layer 1,
6] = 5netjf,(Wnet}-) (11)

where &, is the gradient error in the output layer, t, is the



actual target, y, is the actual output at the output layer, y;
is the actual output at the hidden layer « is the acceleration
rate and d; is the gradient error in the hidden layer.

And in the last process, namely determining the weight
changes in the back propagation ANN algorithm:
e Change of weights in hidden layer 1

Wijtmew) = Wijoiay + AW (12)
e Changes in weights on the hidden layer 2

Viijmew) = Vijowy + AVyj (13)
e Changes in weights on the output layer

Zijtnew) = Zijioiay T AVyj (14)

where Wijmew is the new input weight hidden layer 1
value, Wijiqy is the old input weight hidden layer 1
value, AW;; is the change of weights in hidden layer 1,
Vijnew) 1S the new input weight hidden layer 2 value,
Vijowa) 1s the old input weight hidden layer 2 value, AV;;
is the change of weights in hidden layer 2, Z;ew) is the
new input weight output layer and Z;;(,4) is the old input
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weight output layer.
D. System Simulation Design

System simulation design includes AC voltage
controller and ANN control method. System simulation to
prove that the planned hardware system works and the
data is used as a comparison with hardware data.

The following is the theoretical calculation equation for
the output voltage of the AC voltage controller [29]-[32].

sin (2a)
2m

Vin a
Vowrmsy = % 1--+ (15)

where Vo &ms) is the output RMS voltage, Vi is the
maximum voltage and o is the ignition angle.

Based on Figure 5 is a system simulation circuit with a
temperature set point of 35°C and 50% RH humidity. This
simulation is done using Matlab software.

RMS

% [y

RL

L Temperature Input
Temperature Set Point 35
Temperature Set Point

Humidity Set Point

Humidity Set Point

Humidity Input

Heater

Figure 5. System simulation circuit

Based on Figure 5, the system needs a transfer function
as a representation of the temperature and humidity
response system. Based on Modern Control Engineering
by Katsuhiko Ogata, the transfer function value is used to
convert the voltage value into a temperature response
output in a system simulation. From a mathematical
model of a system, the order of a system can be seen from
the power of the variable s (in the Laplace transform). A
system is said to be first-order if its transfer function has
a variable s with the highest power of one. The first order
system model can be written mathematically as follows:

C(s) _ K
Pt (16)

T,+1
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To determine the parameter K (gain overall) if the
system is linear, then the relationship Y with Xss can be
written as follows:

K=Y

o 17)

The analytical formula for calculating the response
parameters of the first order is as follows:

Steady time (0,5%)

tg =57 (18)
where C (s) is the system output, R (s) is the system input,
K is the overall gain, 7, + 1 is the time reaches 63.2%
(seconds) in first order, v, is the set point, x is the
response results and t, is the steady time.



The transfer function value of the calculation results
will be entered in the block on the Matlab Simulink
software.

I1l. RESULTS AND DISCUSSION

Table 1 shows the results of hardware testing without
using the ANN control method. The test was carried out
in the afternoon for 30 minutes.

Table 1. Hardware Test Results Without ANN
Humidity

Temperature

Time - Temperature - Humidity
(Minute) Seffcc;'“t °C) 5(%2;‘:;? (%RH)

0 35 30 50 64.3

3 35 33.2 50 58

6 35 35.7 50 52.6

9 35 39 50 47
12 35 42.8 50 41.3
15 35 45.6 50 37.6
18 35 49 50 34.4
21 35 51.1 50 324
24 35 53.3 50 304
27 35 54.5 50 27.8
30 35 55.3 50 25

Based on Table 1 it is known that the temperature value
at the initial test conditions is 30°C and the humidity is
64.3% RH. In steady state conditions, the temperature is
55.3°C and the humidity is 25%RH. The temperature
value reaches the set point of 35°C within 6 minutes with
an average error of 27.143%, while the humidity value
reaches the set point of 50%RH within 9 minutes with an
average error of 18.036%. Based on the data from
hardware testing without the ANN control method, it can
be concluded that the system can be controlled because it
is able to achieve the planned set point value and ANN
control methods can be added.

Figure 6 and Figure 7 are graphs comparing the output
response of temperature and humidity to the time of the
simulation test results without using the ANN and using
the ANN control method using the Matlab software.

Temperature (°C)

Time (s)
Set Point
With ANN
Without ANN
Figure 6. Comparison graph of the temperature simulation test
results without using the ANN and using the ANN control
method

Based on Figure 6, it is known that the output response
of the system using the ANN control method is steady
state at the set point temperature conditions, while the
output response of the system without using the ANN
control method is steady state at conditions of
temperatures exceeding the set point. Based on Figure 6,
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it can be seen that the response time parameters are shown
in Table 2.

Table 2. Time Response of Graph of the Temperature
Simulation Test Results

Time Response Without ANN  With ANN

Rise time (ms) 252.003 84.391
Overshoot (%) 0.995 20.122
Steady state error (%) 6 1.029

Based on Table 2, it is known that the rise time of the
system using the ANN control method is smaller which
indicates the system is able to approach the set point value
more quickly. However, the fast rise time results in an
overshoot value that is 20 times greater than without using
the ANN control method. In steady state conditions, the
system without using the ANN steady state control
method is at 37.1°C with an error of 6%, while the system
uses the ANN steady state control method at 35.36°C with
an error of 1.029%.

Humidity (%RH)

Time (s)
............... Set Point
With ANN

‘Without ANN

Figure 7. Comparison graph of the humidity simulation test
results without using the ANN and using the ANN control
method

Based on Figure 7, it is known that the output response
of the system using the ANN control method is steady
state at the set point humidity conditions, while the output
response of the system without using the ANN control
method is steady state at conditions of humidity exceeding
the set point. Based on Figure 7, it can be seen that the
response time parameters are shown in Table 3.

Table 3. Time Response of Graph of the Humidity Simulation
Test Results

Without ANN  With ANN

Time Response

Rise time (ms) 388.237 265.3
Overshoot (%) 0.872 0.41
Steady state error (%) 6 2.48

Based on Table 3, it is known that the rise time of the
system using the ANN control method is smaller which
indicates the system is able to approach the set point value
more quickly. However, the fast rise time results in a
smaller overshoot value than without using the ANN
control method. In steady state conditions, the system
without using the ANN steady state control method is at
53%RH with an error of 6%, while the system uses the
ANN steady state control method at 51.24%RH with an
error of 2.48%.



Based on the results of system simulation testing
without using the ANN and using the ANN control
method at temperature and humidity, it is known that
using the ANN control method produces a smaller steady
state error value which indicates the results are closer to
the set point.

After getting the results of system simulation testing
with small error results, the ANN control method can be
tested on hardware testing. System hardware testing using
the ANN control method was carried out at night for 30
minutes. The results of system hardware testing with the
ANN control method are shown in Table 4.

Table 4. Hardware Test Results with ANN
Humidity

Temperature

Time : Temperature : Humidity
(Minute) Se(f, g"“t (°C) S(f,;]FF;OF"';t (%RH)
0 35 28.9 50 73.9
3 35 37.1 50 53.4
6 35 36.6 50 52.8
9 35 36.9 50 523
12 35 36 50 53.7
15 35 37 50 52.2
18 35 36.1 50 52.2
21 35 35.8 50 52.9
24 35 37.5 50 50.2
27 35 36.4 50 51.2
30 35 35.8 50 52.9

Based on Table 4, it can be seen the graph of
temperature against time and humidity against time in
Figure 8 and Figure 9.

]

50

0 5 10 15 20 25 30
Time (Minute)

‘Without
ANN

Figure 8. Graph of characteristics of temperature against time

——  With ANN Set Point

Based on Figure 8, it is known that the response of the
output temperature to the time the system hardware test
results without the ANN control method is unable to
maintain the temperature at the set point value because the
temperature value will continue to rise until it reaches a
steady state value according to the temperature that can be
produced by a heater with a power of 150 W The results
of system hardware testing using the ANN control method
were able to maintain temperatures around the set point
value of 35 °C. The average error of system hardware
testing without using the ANN control method in steady
state conditions is 27.143%. After adding the ANN
control method, the average error in system hardware
testing at steady state conditions is 2.364%.
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Figure 9. Graph of characteristics of humidity against time

Based on Figure 9, it is known that the response of
output humidity to the time of system hardware test results
without the ANN control method is not able to maintain
the temperature at the set point value because the humidity
value will continue to rise until it reaches a steady state
value according to the humidity that can be produced by
a heater with a power of 150 W The results of system
hardware testing using the ANN control method were able
to maintain temperatures around the set point value of
50%RH. The average error of system hardware testing
without using the ANN control method in steady state
conditions is 18.036%. After adding the ANN control
method, the average error in system hardware testing at
steady state conditions is 8.673%.

The results of the addition of the ANN control method
to the system simulation and system hardware show the
average error results shown in Table 5. The average error
is the result of a comparison between the temperature and
humidity values of the test results compared to the
setpoint value.

Table 5. Comparison of System Test Error Values Using the
ANN Control Method

Parameter ~ Set Point Simulation error Hardware error
Temperature 35°C 1.029% 2.364%
Humidity 50%RH 2.48% 8.673%

Based on Table 5, it is known that the average
temperature error in the system simulation test results
compared to hardware testing using the ANN control
method shows an identical value with a small average
error. However, the average error of humidity in the
system simulation test results compared to hardware
testing using the ANN control method shows that there is
a difference in value but is still categorized as a small
average error.

Errors in temperature and humidity in the system
hardware test results are caused by weather factors
(temperature and humidity) at the test location and heat
conductivity. Because the PMCB box material is iron and
iron is a conductor so it has a high thermal conductivity.



So this affects the temperature and humidity in the PMCB
box because if the temperature somewhere is high then the
humidity is low and the opposite if the temperature is low
then the humidity is high.

In addition, based on Figure 6, Figure 7, Figure 8 and
Figure 9, it can be seen that by adding the ANN control
method it is able to reduce the error value to be smaller
when compared to not using the ANN control method.
This shows that the ANN control method is able to
maintain the temperature and humidity values at the
standard nominal or set point value.

IV. CONCLUSION

Based on the results of testing the temperature and
humidity control system on the PMCB using a heater and
exhaust fan with the ANN control method, it can be seen
that the advantage of adding the ANN control method can
reduce errors and obtain stable values around the set point.
The results of system testing without using the ANN
control method in the simulation produce a temperature
error of 6% and a humidity error of 6% and the hardware
produces a temperature error of 27.143% and a humidity
error of 18.036% compared to the set point value.
However, after adding the ANN control method to the
system, the simulation produces a temperature error of
1.029% and a humidity error of 2.48% and the hardware
produces a temperature error of 2.364% and a humidity
error of 8.673% compared to the set point value. It can be
concluded that by adding the ANN control method can
reduce the error value and produce an output value close
to the set point. For future research, it is recommended to
conduct a disturbance test to determine the performance
of the control method and use a different control method
as a comparison.
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