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Abstract. Solar electric bicycles aim for remote areas, where there is no electricity coverage. 
To find out the position of the solar electric bicycles, therefore research on solar electric 

bicycles was made with the addition of an STM 32 microcontroller. This research was conduct 

to determine the speed and holding time of data retrieval during the data delivery from location 

to serve. This research was carried out by analysing the variations of holding 15 minutes with a 

delay of 3 seconds: holding 30 minutes with a delay of 2 seconds: holding 1 hour with a delay 

of 30 seconds. The research results showed that the difference between GPS (Global position 

system) and the delay was 4%. From the result of this study, conclude that the use of GPS 

microcontroller STM32 was good enough. 

1. Introduction 

Energy consumption continues to increase, causing all countries to compete to create alternative 
energy sources. Every discovery of new things about energy should qualify that generate a large 

enough amount of energy but minimises the cost and no negative impact on the environment. 

Therefore, the search for new energy is directed to solar energy by using solar cell panels that can 
convert solar energy into electrical energy [1]. One form of application of the use of solar cells usually 

found in vehicles [2] like an electric bicycle using solar cells. Electric bicycles use solar cells to be a 

solution for solar energy utilisation, where this vehicle has high mobility and does not cause pollution. 
To make it easier for users to find out the location of an electric bicycle using solar cells, a Global 

Position System (GPS) is installed on the bicycle.  

Position tracker system makes easy to search or find some object, especially for tracking the 

position of solar-powered electric bicycles that have been developed by adding an STM32 GPS 
microcontroller in this study. Research on tracking positions has been widely carried out, one of them 

is research conducted by [3].  On that research, a GPS is placed with a variety of specific locations; 

then the GPS data is accessed from a different location using short message system (SMS). The results 
of this study indicate that the GPS system has a fairly high level of accuracy with an average shift 

value of 16.25 m. Research on GPS on moving objects has been examined by [4] and [5], both 

researchers use Geographic Information System (GIS) to show geographic information on the map so 

that the coordinates of the position data from that location are sent to the user via SMS. The results of 
both studies show that the system used can work very well. In research conducted by [4], it shows that 

the average time to send location data through SMS requires around 17.8 seconds. The use of GPS and 

GSM network (by SMS data) on a moving object has been widely used and applied not only to 
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vehicles but also on other moving objects [6-8]. The use of GPS is also very helpful for users because 

it has the wide range of capacity as reported by researchers [9, 10]. 

This study aims to determine the effect of the data transmission period to the delay time data 
received from a solar electric bicycle that uses GPS microcontroller STM32 and comparing the results 

of the speed on the speedometer and the speed on the GPS. In addition to the mileage on the odometer 

and mileage tool on GPS microcontroller STM32 also discussed.  
 

2. Research Method 

To determine the effect of the data transmission period to the delay time data received and comparison 
of speed on the speedometer with the mileage on the odometer and mileage on the GPS 

microcontroller STM32 on electric bicycles using solar cells. Then, in this study using a folding 

bicycle modified by adding a solar panel to the top of the bicycle as shown in Figure 1. Three solar 

panels with a capacity of 50 Watt peak are assembled to produce 150 Watt peak. This power is used to 
fill a 48 Volt capacity battery which is used to drive an electric bicycle as well as the power supply for 

the GPS microcontroller STM32 circuit. The circuit scheme of the GPS system is shown in Figure 2. 

In this framework, the battery acts as the main power for charging the GPS device. An STM32 is used 
as a CPU in this circuit, max 32 as a component for input/output, and GSM MODUL is used to send 

data to serve. In the GPS circuit, there is one line connected to the antenna cable, the antenna on the 

GPS is tasked with finding signals so that GPS can continue to get signals from satellites. In this study, 

the retrieval data is only taken 5 data at every holding intervals to represent the accuracy of the timer 
is the holding time of 15 minutes, 30 minutes and 60 minutes. The three variations of holding time are 

chosen to determine the significant delay time that occurs between the data transmission time and the 

data receiving time. As was the case in previous studies, but on that study using holding time of 1 
minute and 10 minutes to determine the delay time that occurred [4]. 

 
Figure 1. Electric bicycle with three solar panels. 
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Figure 2. The circuit scheme of the GPS system. 

 

3. Result and Discussion 

3.1. Delay Time Data Reception on Sending GPS Data to The Server 

To determine the effect of data transmission time to the reception delay time, then the 5 data is taken 

at each time interval to represent the accuracy of the timer which is the holding time of 15 minutes,    
30 minutes and 60 minutes. The collection of experimental data samples was carried out in 

Ronggojalu village, Masangan Wetan, Sukodono District, Sidoarjo. Figure 3 shows the results of 

tracking from a solar cell electric bicycle. It shows that the tracking results are in accordance with the 
path that is traversed.  

 
Figure 3. The results of tracking the position of the electric bicycle with solar cell power. 

 

In the experiment with holding time of 15-minutes, it shows that at number 1 the delay is 0 seconds, 
while in the number 2 between sending data and receiving data in the monitor there is a time delay of 

2 seconds as shown in Table 1. In general, from this test, the average delay time between sending and 

receiving data is not too long, ranges from 3 seconds / 5 tests = 0.6 seconds at each holding time. 
Experiments with holding time of 30-minute indicate that experiments number 3 and 4 have a delay 

time 1-second as shown in table 2. With these conditions, generally at holding time 30 minutes has an 

average delay time of 2 seconds / 5 test = 0.4 sec testing at each holding time. Whereas in the 
experiment with holding time of 60 minutes shows the delay time is quite long in experiments number 

2 and 4 which is 7 seconds and 35 seconds, as shown in table 3. This causes the average value to 

increase to 42 seconds slightly: 5 tests = 8.4 seconds at each holding time. All data can be seen in 

Tables 1, 2 and 3. 
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Table 1. Test data with 15-minute holding time. 

No Date Sending time Receive time Longitude Latitude Delay 

1 2017-08-27 16:25:34 16:25:34 112.697774 -7.392929 0 second 

2 2017-08-27 16:40:34 16:40:36 112.697774 -7.392948 2 second 

3 2017-08-27 16:55:36 16:55:36 112.697794 -7.392931 0 second 
4 2017-08-27 17:10:36 17:10:37 112.697794 -7.392931 1 second 

5 2017-08-27 17:25:37 17:25:37 112.697825 -7.392907 0 second 

 

Table 2. Test data with 30-minute holding time. 

No Date Sending time Receive time longitude latitude Delay 

1 2017-08-27 17:40:37 17:40:37 112.697805 -7.392928 0 second 

2 2017-08-27 18:10:37 18:10:37 112.697805 -7.392911 0 second 

3 2017-08-27 18:40:37 18:40:38 112.697805 -7.392900 1 second 
4 2017-08-27 19:10:38 19:10:39 112.697805 -7.392921 1 second 

5 2017-08-27 19:40:39 19:40:39 112.697835 -7.392900 0 second 

 

Table 3. Test data with 60-minute holding time. 

No Date Sending time Receive time longitude latitude Delay 

1 2017-08-27 20:10:37 20:10:37 112.697856 -7.392900 0 second 
2 2017-08-27 21:10:37 21:10:44 112.697805 -7.392907 7 second 

3 2017-08-27 22:10:44 22:10:44 112.697805 -7.392933 0 second 

4 2017-08-27 23:10:44 23:11:19 112.697866 -7.392938 35 second 
5 2017-08-28 00:10:19 00:10:19 112.697815 -7.392927 0 second 

 

In general, from Tables 1, 2 and 3, almost all the holding time taken by the data is real-time data when 

sending data. This means that in general the delay time is very small this is caused because the GPS 
signal on the STM 32 is very good. This might change because the presence of an antenna blocks the 

incoming signal on the GPS to send to the server. Delay time is the difference between sending GPS 

data with the time to receive the server data. In the three tables, it was found that there was an 
accumulation of high delay time with a duration of 35 seconds in table 3 of the 4th data, which in that 

data used holding time of 60 minutes. This is due to a barrier that interferes with the GPS signal to 

send data. From the third result of the holding time variation that is tested, the best delay time and 
feasible to use is at holding time of 30 minutes. 

3.2. Comparison of Speed on GPS with Speed on Speedometer 

The test carried out this time intended to determine the difference in speed displayed on GPS with 

speed displayed on the speedometer installed on a solar cell power electric bicycle. The results of 
these experiments show that GPS and speedometer show the speed measurements generally have the 

same value, as shown in Table 4.  

Table 4. Speed testing data with GPS and Speedometer. 

No Date Sending time Receive time longitude latitude Speed on GPS 
Speed on 

Speedometer 

1 2017-08-22 04:06:25 04:06:25 112.769382 -7.343834 9.8 km/hour 9.5 km/hour 
2 2017-08-22 04:06:30 04:06:30 112.769566 -7.343875 5.0 km/hour 5.0 km/hour 
3 2017-08-22 04:06:33 04:06:33 112.769669 -7.343895 8.8 km/hour 8.7 km/hour 
4 2017-08-22 04:06:37 04:06:37 112.769833 -7.343942 9.0 km/hour 8.9 km/hour 
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From the data obtained the speed difference shown on the GPS on the monitor screen with a 

speedometer can be calculated as follows: 

Number 1: 

 _ _ 9.8 9.5
100% 100% 3%

_ 9.8

speed GPS speed speedometer

speed GPS

 
   

  

With the same formula, the difference in speed is shown in GPS and Speedometer is obtained in 
experiment Number 2 = 0%, Number 3 = 1%, and Number 4 = 1%. With these results, the difference 

in speed shown by GPS and Speedometer is around 4%, indicating that the use of GPS with STM32 

microcontroller is quite accurate and good. 

3.3. Comparison of GPS Mileage with The Odometer Mileage 

The testing data below is the result of testing of a solar electric bicycle. This test aims to compare 

between the use of GPS and the odometer to determine the distance of each. The measurement data 

can be seen in Table 5 and Figure 4. 

Table 5. Mileage data using GPS. 

No Speed (km/hour) Distance (km) 

1 9.3 10.310 

2 9.5 10.588 
3 10.2 10.883 

4 6.7 11.204 

5 9.2 11.327 
6 13.6 11.675 

7 8.5 12.141 

8 8.1 12.428 
9 12.5 12.756 

10 12 12.868 

 

 

Figure 4. The odometer distance is at the start and end conditions. 
 

Speed data retrieval on GPS cannot be stable due to the influence on the signal so that it affects the 

transmission of speed data that appears on the monitor screen. So what is done is to calculate the 
mileage from a bicycle, for example, the data above using GPS in table 5 shows the initial distance is 

10,310 km, and the final distance is 12,868 km. Thus the distance is 2,558 km. While on the odometer 

shows the number of starting bicycle runs is 48324.8 km and ends at a distance of 48327.3 km. It is 

seen that the odometer shows the bike mileage of 2.5 km. Then the percentage of error reading 
between GPS and odometer can be calculated by using the equation below, 

 distance distance 2.558 2.500
100% 100% 2.2%

distance 2.558

GPS odometer

GPS

 
     
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then the difference in reading error between GPS and odometer is 2.2%. It can be ascertained that this 

GPS device is quite accurate and good. 

 

4. Conclusions 

From data retrieval and data analysis from location tracker devices with GPS microcontroller STM32 

to the position of solar electric bikes can be concluded that the test results show that the average delay 
in receiving data in holding time of 15 minutes is about 0.6 seconds, holding time of 30 minutes is 

about 0,4 second and holding time of 1 hour is about 8.4 seconds. This because there is an 

accumulation of delays, from the results of the holding time that gets the best delay time and is worthy 
of use is holding time of 30 minutes. The results also showed that the GPS ratio with a speedometer 

was around 4% and the GPS ratio with an odometer was around 2.2%. This shows that the use of GPS 

microcontroller STM 32 is quite good. This result is expected to be used as a reference for the 

development of location tracker devices, especially for other transportation devices. 
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