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The performance of a solar panel module is strongly influenced by its 
orientation and tilt angle. Tests have been carried out to track variations 
in the performance of the solar panel module and electrical parameters at 
various angles of inclination in the conditions of Karawang and Bogor. 
There are two experimental modes: 1) a varying slope module under a 
constant irradiance level, 2) a varying irradiation intensity at the optimal 
tilt setting. For the former schematic, the irradiation levels were carried 
out at 2 different locations, and for the later setup, the angle of inclination 
of the module was varied from 90° and 180° by using a single axis tracer 
At 90° tilted angle in Karawang test place at rest condition, morning 
experiment give the result of 5,69V on average while in Bogor the 
experiment gives 5,46V on average. At 180° tilted angle in Karawang test 
place at rest condition, morning experiment give the result of 5,49V on 
average while in afternoon experiment afternoon 3.026V on average. In 
Bogor test place morning experiment give solar panel 5,2V on average 
and 3,33V at afternoon experiment. In the electrical parameters of the 
module, the open circuit voltage, short circuit current, maximum power 
point voltage and maximum power point current decrease substantially 
with increasing slope angle, while the charge factor decreases somewhat 
gradually. Tests in both Karawang and Bogor in the afternoon and 
afternoon confirmed that the optimal tilt angle on cloudy on  with UV index 
between 1-2 in the morning and 3-4 in the afternoon on average is 180° 
tilted and directing the solar panel module at this angle will maximize the 
captured solar energy and thereby improve its performance. 
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INTRODUCTION  

The Internet of Things (IoT) technologies 
offer unique opportunities for organizations to 
improve their performance, innovativeness and 
as a result pursue competitive advantages [1]. 
Where the motorcycle security system is able to 
provide real-time information and is integrated 
into a web server via the internet, so that 
motorcycles can be monitored remotely. Seeing 
these problems, the author made a digital 
helmet as a security system on a motorcycle 
that can detect the location of a motorcycle, turn 
on and turn off the motorcycle engine, and 
sound a motorcycle alarm to provide a 
notification signal to the surrounding 
environment when the motorcycle is in an 
unsafe condition. controlled via a web server 

with a solar panel module as a standalone 
power supply. a motorcycle security system 
designed to be integrated with a Digital Helmet 
that uses Bluetooth to connect to a motorcycle. 

The smart helmet system is equipped with 
solar cells for charging. Then it will be stored in 
the battery. The battery capacity used is 1000 
mAh which is estimated to last about 24 hours 
when used in driving when the system is active. 
In the event of theft or use of a motorbike 
outside the owner's permission, website 
technology that has been designed and 
connected to a motorbike can turn off the 
motorbike engine and turn on the alarm on the 
motorbike and it will show the position of the 
motorbike. Basically this tool will detect when 
the Digital Helmet is far from the motorbike. If 
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the distance between the helmet and the 
motorbike is 20 meters, the motorbike will stop 
instantly, then after that this tool will also be 
connected to the internet to be able to stop the 
engine and the vehicle owner can turn on the 
alarm via the website and the alarm will sound 
repeatedly so that the thief becomes panicked 
and can attract more attention from the 
surroundings. This system provides a fairly good 
level of security for motorcycle users from theft.  

Since sunlight is the only fuel for the solar 
panel module system, it is important that the 
solar panel module is installed properly to 
receive maximum sunlight and avoid partial 
shade. To capture the maximum irradiance 
intensity module must face normal to the 
incoming sunlight [2-3]. One of the best 
solutions to maximally intercept solar energy is 
to apply a solar tracking system to follow the 
sun's trajectory continuously across the sky [4]. 
However, the module tracker is a complex 
system; it is expensive and requires repair and 
maintenance; hence, not always suitable for 
applications [5]. Therefore, fixed PV installations 
with well-engineered tilt angles are still prevalent 
in the PV industry [6]. 

Several previous researchers have tried to 
explore the optimal slope angle relationship, 
where some researchers found that the 
installation location is one of the important 
factors that should be considered in this 
exercise [7]- several theoretical models for 
optimal slope have also been proposed. Most of 
the proposed models are designed for specific 
locations in the field maximizing solar panel 
output is strictly an engineering problem defined 
for each solar panel site and system. Among 
others, Ebrahimpour. [8], Riyanto [9], Wirajati 
[10], as: the choice of inclination angle must be 

between the latitude of the location (𝜑) and (𝜑 - 
15°). This approximation of the combined 
maximizing angle in the range of ±15° results in 
a small loss in the total output (below 5%). In 
addition to the technical perspective, a study 
also focuses on: the economic perspective of 
the optimal tilt angle orientation of the solar 
panel system [11]. Hardiyanto et al. [12] studied 
the techno-economic optimization of a grid-
connected solar panel system, where electricity 
rates were found to reduce as a result of 
maintaining an optimal slope. [13] determined 
optimal orientations for four pricing conditions in 
Ontario, Canada. The authors found that a slope 
of 7 to 12° less than the latitude yielded optimal 
returns in all conditions [14], [15]. 

 
 

 

RESEARCH METHOD 

 
System Design On Smart Helmets 

This section contains the system model by 
describing the circuit schematic (Solar Panel, 
Charge Module, Battery, Bluetooth Module HC-
06, USB Doctor, Voltmeter, Battery Indicator, 2 
Way Switch, Switch) on the helmet system. The 
block diagram of the interconnection between 
components is shown in Figure 2. 

 

Figure 2. Block Diagram of the System 
 
The system model on the helmet is shown 

in the schematic circuit drawing on the helmet. 
The work process on the helmet has 3 parts, 
namely power input, storage and load. The power 
input section comes from the solar panel which 
will later charge the battery via the charge 
module, then the storage process section which 
functions to store the power generated by the 
solar panel which can be monitored via the battery 
indicator which will then provide power supply to 
the load, namely the Bluetooth module. The HC-
06 will perform wireless serial communication 
which converts the serial port to bluetooth and will 
connect the helmet to the motorcycle. Which will 
later function to control the motor as shown in 
Figure 3. 

 

 
 

Figure 3. Electronic System Design 
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Smart Helmet Prototype 

 
Figure 4. Smart Helmet Prototype 

 
This smart helmet uses a box measuring 10 

x 10 x 5 cm for the placement of components on 
the back of the helmet. There are connectors A 
and B which have a function to supply power to 
this smart helmet, connector A is where the power 
input uses a voltage of 12V while connector B is 
where the power input uses a voltage of 5V. 

 
Data Retrieval 

Data collection was carried out in 2 different 
locations, which are in Karawang and Bogor at 2 
different times, in the morning and evening. Tests 
are only carried out at 90° and 180° angles tilted. 
Outdoor experiments were carried out on different 
cloudy sunny days at different tilt angle conditions 
with the same mono-crystalline silicon (m-Si) solar 
panel module. Solar radiation, module electrical 
parameters and different temperature data were 
collected non-stop from 8:00 WIB in the morning 
test and 16:00 WIB in the afternoon test. In 
Karawang test place, from the weather report on 
climeradar.com, in five-time morning experiment 
the average of the UV index is 4. From the same 
source of data, the evening time experiment is 
being held while the UV index is 2. In Bogor test 
place, the UV index in morning experiment is 3 on 
average and 1 in evening experiment. 

Then, the data collected daily were carefully 
screened for irregular and asymmetric irradiation 
intensity and only reasonable values were 
considered every 30 min interval. Therefore, the 
corresponding recording parameters (ambient and 
module temperature and module electrical 
parameters) are curated based on specific 
radiation values, such as for 200, 300, 400 … up 
to 1000 W/m2. That is, after filtering and curation, 
the parameters measured at a certain angle of 
inclination are set and assigned to nine specific 
radiation levels (200 to 1000 W/m2 at 100 W/m2 
intervals). For all slope angles, data were 
collected and structured in the same way provided 

that the trend curve of the ambient temperature on 
the experimental day nearly corresponded to the 
representative day (the first day of the 
experiment). In this way, an even distribution of 
solar irradiance and ambient temperature on 
different experimental days can be maintained. 
However, wind speed and humidity on different 
days are not essentially the same and errors 
resulting from these variations are ignored in the 
performance evaluation. 
 
RESULTS AND DISCUSSION 

The effect of the variation of the slope of 
the module on the electrical parameters of the 
solar panel and the temperature of the solar cell 
has been explored in this research experiment. 
Experimental studies both indoors and outdoors 
have been carried out to make comparisons 
between the results. Another objective of the 
outdoor study is to experimentally determine the 
effect of the optimal tilt angle for the conditions of 
Karawang and Bogor. 

 
Testing of Solar Panels on Rest Conditions in 
Karawang 
 

Table 1. Testing of Solar Panels with 180° Tilling 
Angle 

 
Experiment Place Time 

Tilt 
Angle 

Sun 
Direction 

V 
Out 

A 
Out 

Experiment 
1 

Karawang Morning 180º East 5.60 2.5 

Experiment 
2 

Karawang Morning 180º East 5.62 2.6 

Experiment 
3 

Karawang Morning 180º East 5.34 2.8 

Experiment 
4 

Karawang Morning 180º East 5.48 2.7 

Experiment 
5 

Karawang Morning 180º East 5.42 2.6 

 
Voltage and current on the solar panel test 

located in Karawang in the morning and at rest, 
the experiment was carried out 5 times with a tilt 
angle of 180°. the graph of the test results 
obtained from the data in table 1, namely the solar 
panel test located in Karawang in the morning and 
at rest, with a tilt angle of 180° can be seen in 
figure 5. 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. The Effect of Angle on Voltage and 
Current in the Morning 
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Table 2. Testing of Solar Panels with 90° Tilling 
Angle 

 

Experiment Place Time 
Tilt 

Angle 
Sun 

Direction 
V 

Out 
A 

Out 

Experiment 

1 
Karawang Morning 90º East 5.72 3.5 

Experiment 
2 

Karawang Morning 90º East 5.70 3.4 

Experiment 
3 

Karawang Morning 90º East 5.65 3.5 

Experiment 

4 
Karawang Morning 90º East 5.70 3.3 

Experiment 
5 

Karawang Morning 90º East 5.68 3.4 

 
Table 2 above is a table of the results of 

measuring voltage and current on the solar panel 
test located in Karawang in the morning and in a 
state of silence, experimented 5 times with an 
angle of 90° facing east. a graphic image of the 
test results obtained from the data in table 2, 
namely the solar panel test located in Karawang 
in the morning and at rest, with an angle of 90° 
facing east, can be seen in Figure 6. 

 
Figure 6. The Effect of Angle on Voltage and 

Current in the Morning 
 

Table 3. Testing of Solar Panels with 180° Tilling 
Angle 

 

Experiment Place Time 
Tilt 

Angle 

Sun 

Direction 

V 

Out 

A 

Out 

Experiment 
1 

Karawang Afternoon 180º East 3.04 2.4 

Experiment 

2 
Karawang Afternoon 180º East 3.05 2.3 

Experiment 
3 

Karawang Afternoon 180º East 3.00 2.1 

Experiment 

4 
Karawang Afternoon 180º East 3.03 2.0 

Experiment 
5 

Karawang Afternoon 180º East 3.01 2.1 

 
Table 3 above is a table of the results of 

measuring voltage and current on the solar panel 
test located in Karawang in the afternoon and in a 
state of silence, experimented 5 times with a tilt 
angle of 180°. the graph of the test results 

obtained from the data in table 3, namely the solar 
panel test located in Karawang in the afternoon 
and at rest, with a tilt angle of 180° as shown in 
Figure 7. 

 
 

Figure 7. The Effect of Angle on Voltage and 
Current in the Afternoon 

 
Testing Solar Panels on Rest Condition in 
Bogor 
 

Table 4. Testing of Solar Panels with 180° Tilling 
Angle 

 

Experiment Place Time 
Tilt 

Angle 

Sun 

Direction 

V 

Out 

A 

Out 

Experiment 
1 

Bogor Morning 180º East 5.23 2.5 

Experiment 
2 

Bogor Morning 180º East 5.15 2.6 

Experiment 
3 

Bogor Morning 180º East 5.18 2.5 

Experiment 
4 

Bogor Morning 180º East 5.20 2.3 

Experiment 
5 

Bogor Morning 180º East 5.26 2.5 

 
Table 4 above is a table of the results of 

measuring voltages and currents on the solar 
panel test located in Bogor in the morning and in a 
state of silence, the experiment was carried out 5 
times with a tilt angle of 180°. the graph of the test 
results obtained from the data in table 4, namely 
the solar panel test located in Bogor in the 
morning and at rest, with a tilt angle of 180° can 
be seen in Figure 8. 

 

 
 

Figure 8. The Effect of Angle on Voltage and 
Current in the Morning 
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Table 5. Testing of Solar Panels with 90° Tilling 
Angle 

 
 

Table 5 above is a table of the results of 
measuring voltages and currents on the solar 
panel test located in Bogor in the morning and in a 
state of silence, experimented 5 times with an 
angle of 90° facing east. a graphic image of the 
test results obtained from table 2 data, namely the 
solar panel test located in Bogor in the morning 
and at rest, with a tilt angle of 90° facing east can 
be seen in Figure 9. 

 
 

Figure 9. The Effect of Angle on Voltage and 
Current in the Morning 

 
Table 3. Testing of Solar Panels with 180° Tilling 

Angle 
 

Experiment Place Time 
Tilt 

Angle 

Sun 

Direction 

V 

Out 

A 

Out 

Experiment 
1 

Bogor Afternoon 180º East 3.33 2.4 

Experiment 
2 

Bogor Afternoon 180º East 3.21 2.3 

Experiment 
3 

Bogor Afternoon 180º East 3.4 2.3 

Experiment 
4 

Bogor Afternoon 180º East 3.25 2.2 

Experiment 

5 
Bogor Afternoon 180º East 3.46 2.5 

 
 

Table 6 above is a table of the results of 
measuring voltages and currents on solar panel 
testing located in Bogor in the afternoon and at 
rest, experimented 5 times with an angle of 180°. 
the graph of the test results obtained from the 
data in table 6, namely the solar panel test located 
in Karawang in the afternoon and in a state of 
silence, with an angle of 180° as shown in Figure 
10. 

 
 

Figure 10. The Effect of Angle on Voltage and 
Current in the Afternoon 

 
CONCLUSION 

Solar power generation depends on many 
factors, among which the slope of the module is 
very important. The operative intercept of solar 
radiation plays an important role in the 
performance of the solar panel system, where the 
tilt angle works as one of the control parameters. 
The effect of tilted angel is less significant. At 90° 
tilted angle in Karawang test place at rest 
condition, morning experiment give the result of 
5,69V on average while in Bogor the experiment 
gives 5,46V on average. 

At 180° tilted angle in Karawang test place 
at rest condition, morning experiment give the 
result of 5,49V on average while in afternoon 
experiment afternoon 3.026V on average. In 
Bogor test place morning experiment give solar 
panel 5,2V on average and 3,33V at afternoon 
experiment. 
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