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Abstract 

Advancements in technology have enabled various innovations that increase convenience and improve 

services. One such innovation is the Internet of Things (IoT). In this research, we developed a system to 

detect and map road damage. The goal is to provide users with information about the condition of nearby 

roads. This project is part of developing IoT-based location mapping systems and highlights the importance 

of continuing advancements in mapping and detection technologies. The detection process uses an 

accelerometer sensor to measure changes in an object's axis caused by vibrations. During pothole detection, 

the accelerometer records acceleration values along the x, y, and z axes by tracking changes in axis values 

for each event. The data is captured by an Arduino Nano and sent to a Raspberry Pi for processing, which 

also retrieves data from a GPS and camera before transmitting it. When the data meets the classification 

criteria, the GPS collects coordinate data, and the camera captures images. This processed information is 

then sent to a database and displayed on an application dashboard. The system was tested along Jalan 

Radio Palasari in Bandung Regency, where 50 data points were collected with the sensor's detection delay 

to 1 minute, while data transmission to the database took 6 seconds. The detection and mapping accuracy 

was approximately 85%, with a location variance of only 3-6 meters from the actual pothole. The results of 

this study can help drivers avoid damaged roads, and future improvements in camera quality and internet 

connectivity could further enhance accuracy. 
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1. Introduction 

Over time, roads will experience a decline in quality 

due to the daily load from passing vehicles. Careful 

planning in road construction is essential to ensure that 
maintenance can be performed effectively. While the 

load factor may be the main factor of concern, several 

other factors must be considered, such as changing 

weather conditions or the drainage system owned by 

the road. Indonesia, as a country with a relatively 

extreme climate, needs to pay attention to road 

maintenance [1 - 3]. We present a comprehensive 

review of the updates to our study, introducing a novel 

approach to road damage detection and visualization by 

integrating accelerometer data with GPS and cameras. 

This method enhances the accuracy and mapping of 

road damage compared to previous studies. With this 

contribution, we aim to demonstrate the innovative 

aspects of our research. 
Road damage is a common issue in Indonesia, with 

57.97% of roads affected [4]. Damaged roads can lead 
to increased traffic congestion and longer travel times. 

Additionally, they disrupt the delivery of goods, 
resulting in suboptimal performance and delays. [5]. 

 
 
Comparing the quality of highways using the Road 

Quality Index (WRI), Indonesia scores 4.20, placing it 
below other ASEAN countries like Malaysia and 
Singapore. Singapore, with a QRI score of 6.50, holds 
the top position, followed by the Netherlands. 
Countries with high QRI values tend to have higher 
transportation speeds. Countries such as Canada, Saudi 
Arabia, and Portugal have the highest vehicle speeds. 
Having a high QRI value makes better use of road 
services to maximize output. 

Enhancing data accuracy in road damage detection 
and visualization can help address this problem. 
Previous research [6], [7] utilized Deep Learning with 
stationary cameras. This research has limitations in the 
data variation section since it only showed data where 
the camera was placed. Another method used was the 
R-CNN (Regional Convolutional Neural Network) [8], 
[9] method. This method represents an evolution of the 
Convolutional Neural Network (CNN) approach. 
However, the R-CNN results are still not optimal, as 
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several points were incorrectly detected, which 
decreased the overall accuracy. 

 
Our study aims to detect road damage and data 

accuracy and data visualization using an accelerometer 
and GPS. This study incorporated specific algorithms 
into the system. The added algorithm generates a 
threshold value, which is used then to classify different 
types of shocks by setting value limits for each data 
classification. The processed information data will 
display road damage information and detected location 
points. For this purpose, we installed sensors in public 
transportation vehicles that continuously detected road 
damage throughout their operation until they stopped. 
The type of data we detect is classified into three types: 
good road condition, intermediate potholes, and severe 
potholes. All detection system results are stored in a 
cloud database to aid in data visualization. The Internet 
of Things (IoT) was utilized to detect road damage and 
transmit information quickly. Later, data collection was 
carried out using several public vehicles which reported 
the condition of the road every day. Unlike private 
vehicles which have the privilege to avoid damaging 
road, public transportation should follow the 
determined route. Hence, placing sensors in public 

transport reduced the amount of road damage data that 
went unreported.  

 
Fig. 1. Inside View of The Device 

2. Research Method 
A. System Design 

The solution system is a hardware and software 
system using an accelerometer, global positioning 
system (GPS), and camera sensors. Fig. 1 shows an 
accelerometer mounted with an Arduino Nano on a 
breadboard. The sensor requires adequate protection, 
so it is housed in an additional case measuring 18.3 cm 
in length, 11.3 cm width, and 6 cm heigh. Fig. 2 shows 
the wiring diagram of the hardware used. The wiring 
diagram shows the connection between the Raspberry 
Pi and the sensor you are using.

 

 
Fig. 2. Wiring Diagram System
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The Arduino microcontroller is an open-source 
board designed to interact with sensors in the 
surrounding environment [10]. It is programmed using 
C or C++. To update or configure the Arduino, it can 
be connected to a laptop via a USB cable. The 
programming process is done through the Arduino 
IDE, a user-friendly platform compatible with most 
computers.  

The Arduino device we use is Arduino Nano. The 
microcontroller used in Arduino Nano shown in Fig. 5 
is ATMega328P. Arduino Nano has a large area of 18 
x 45 mm and weighs 7 grams. It can operate on 5 V 
power. Arduino nano has 22 ports, 8 of which act as 
ports for analog input and 14 of which are used as 
digital I/O ports [11],[12]. Arduino Nano has a CPU 
speed of 16 MHz, enabling it to perform 16 million 
operations per second. To program the Arduino Nano, 
the Arduino IDE is used, selecting the appropriate port 
and the ATMega328P microcontroller.  

Using references from [13], the research utilized 
ActiGraph GT3X+ accelerometers. The model already 
has a cover that allows each end to be connected like a 
clock or belt. The accelerometer measures 19 x 24 x 
45 mm and weighs 19 grams. It is also resistant to 
water pressure to a depth of 1 meter [14]. The 
accelerometer can detect motion in three directions 
along the x, y, and z axes. It operates at a frequency of 
30 Hz, allowing it to capture data 30 times every 
second. The accelerometer can also measure 
acceleration data from -2g to +2g (1g = 9.81) [15]. 

As you can see in Fig. 3 the ADXL345 is a 
microcontroller designed to perform 3-dimensional 
speed calculations (using 3 axes). It is small and thin, 
measuring 3mm x 5mm x 1mm, making it ideal for 
portable devices. This sensor is also low-power, 
making it suitable for battery-operated devices or those 
used for extended periods. 

The sensor's power consumption must be taken 
into account. If the power usage is high, a 
correspondingly powerful energy source will be 
required. If the source power does not match the sensor 
requirements, it could damage the sensor, the power 
source, and even the connecting cable. The damage 
that appears delays retrieving data because the type of 
damage must be identified first before repairing the 
damaged part. 

In this research, the ADXL345 sensor is used to 
detect vibrations when passing over the road. Before 
collecting data, the sensor requires time to calibrate the 
system. Calibration ensures that the sensor output does 
not rely on previous values. This process neutralizes 
the sensor's readings and displays the sensor's offset 
value. If the sensor uses previous data, the output from 
the accelerometer may not accurately reflect the road 
conditions, leading to errors in readings. As explained 
in the block diagram of this sensor output, there are 
three types of thresholds applied in each part. 

This sensor will be placed on the breadboard along 
with the Arduino Nano to ensure it remains stable. By 
placing the sensor in the same box as the Arduino, the 
accelerometer detects the shock experience by the box. 
 

 
Fig. 3. Accelerometer Axis 

additionally, housing the accelerometer in the box 
offers better protection compared to leaving it 
exposed. Data collection was conducted using a Beat 
motorcycle type D1B02N12L2, in 2018. During data 
collection was conducted the motorcycle was driven at 
a speed of approximately 25-30 km/h. The equipment 
was placed on the passenger bench where detection is 
carried out. 

Research on animal theft tracking systems using 
Arduino and GPS modules [16] highlights the 
importance of GPS technology. GPS is a system that 
uses sensors to receive signals from multiple GPS 
satellites orbiting the Earth at all times. At least four 
satellites are required to determine the user's GPS 
location. The signals received from these satellites are 
processed using triangulation techniques to provide 
the user's GPS coordinates. 

An example of this type of GPS is the NEO-7M, 
which is designed to detect L1C/A 
(Coarse/Acquisition) signals at a frequency of 1575.42 
Mhz. The L1C/A [17], [18] is available for public use 
and is a standard signal commonly used. While this 
signal provides fairly good accuracy, as the name 
suggests, 'coarse,' it’s GPS readings are less precise 
compared to military signals like P(Y), where the 'P' 
stands for precise. 

Our group uses the Ublox Neo-6M GPS, which is 
designed to connect to a computer via a USB cable for 
data reading. The GPS takes about 25 - 30 seconds in 
a stationary position before producing an output. This 
delay occurs because the GPS searches for multiple 
satellite sources to provide data. Once it gathers 
sufficient data, it performs triangulation to calculate 
and output latitude and longitude coordinates. If no 
data is provided or no output is generated, it's likely 
that the GPS is indoors, preventing it from detecting 
satellites and performing triangulation. GPS damage 
can also cause detection failure. In some types of GPS, 
damage may be indicated by the absence of indicator 
lights [19]. 

The information regarding latitude and longitude is 
provided in the GPGGA (Global Positioning System 
Fix Data) code, with the coordinates still in DDM 
(Degrees Minutes) format. The latitude data must be 
converted into DD (Decimal Degree) for use in the 
application, making it easier to understand. The steps 
to convert the data can be seen below in Eq (1), 
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𝐷𝐷 =  𝐷𝑒𝑔𝑟𝑒𝑒 +  (
𝑀𝑖𝑛𝑢𝑡𝑒𝑠

60
) (1) 

The GPS will be positioned outside the box, 
specifically on top of the lid. Its external placement 
allows the GPS to receive satellite signals, which is 
crucial for providing accurate data output. If the GPS 
is placed inside the box, there is a risk of interference 
that could reduce its accuracy. 

To detect significant road damage, an image of the 
identified damage will be captured. A web camera will 
be used for this purpose, positioned at the rear of the 
vehicle and directed downwards. Additionally, the 
camera's data collection will include a delay of about 
3 seconds to allow the camera time to gather adequate 
light. 

Raspberry Pi serves as the platform for system 
integration. Also known simply as Raspberry, it is a 
compact version of modern computers, using different 
types of processors that allow for the installation of 
open-source operating systems. Raspberry Pi supports 
various types of programming, such as Python, C, 
C++, BASIC, and Ruby [20]. 

Raspberry Pi 3b+ features a Broadcom 
BCM2837B0 CPU with a quad-core speed of 1.4 GHz 
and 1 GB of RAM. it offers three options for network 
connectivity: wireless fidelity, Bluetooth, or an 
ethernet cable [21]. The device uses a micro SD card 
with a capacity of 16 GB, which comes preloaded with 
the operating system compatible with the Raspberry 
Pi. 

In this research, Raspberry Pi is used as a place for 
sensor integration, working alongside Arduino, GPS, 
and a camera. Sensor integration is performed using 
the Thonny IDE in a Python environment. The 

condition given is that when the Arduino detects 
damage the Arduino retrieves the converted latitude 
and longitude data from the GPS and take pictures for 
the primary damage condition. The data is stored in 
JSON formatted files. The output includes three types 
of JSON files, each named according to the type of 
damage detected. Each JSON file contains three types 
of data sent to Firebase: latitude, longitude (as text), 
and an image of the damage. The image is stored in 
base64 format so that storage is not too heavy. The 
base64 format is only temporary because at the time of 
sending the base64 file type is converted to its original 
type. JSON files were chosen to make it easier to send 
to Firebase. 

The data retrieval process is done using a python 
script by using a virtual environment to retrieve the 
required dependencies. The data retrieval process will 
use a looping process where data will be sent every 10 
minutes and after sending back to retrieve data. This 
process will continue to be repeated until the script is 
stopped directly by the user. 
 
B. Block Diagram 

Fig. 4, shows our research diagram block 
consisting of the hardware and software parts. The 
hardware part shows how each sensor works on the 
system used, such as the accelerometer and GPS, and 
the integration of the sensors using a USB cable to the 
Raspberry Pi. In the software section, data is collected 
from each sensor using the programming language on 
the Raspberry Pi and sent to Firebase. The software 
also provides data visualization using a mobile 
application. 

 

 
Fig. 4. Block Diagram
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Table 1. Road Damage Classification Table 

Depth of Road Potholes 
Length of Road Potholes 

102 – 203 mm 203 – 457 mm 457 – 762 mm 

12.7 - 25.4 mm L L M 

25.4 - 50.8 mm L M H 

> 50.8 mm M M H 

L : No need to patch road; M : Partial patching on potholes; H : Complete patching on potholes 

Accelerometers are sensors that can detect vibrations on 
three axes (x,y,and z) The accelerometer used a limit of 2g 
which will give an output ranging from -32.810 to 32.810. 
A classification table from a previous study [22] that 
researched road damage to determine the damage 
classification. Table 1 shows the classification of road 
damagebased on the depth and length. 

Based on the table, you divide the road condition 
classification into three classes, namely roads that do not 
need repair, partial patching, and patching at all depths. The 
classification is supported by other aspects such as the depth 
of the pothole and the diameter of the road damage. The 
three classifications of road conditions also follow the 
standards made by the U.S. Army Corp of Engineers. Where 
they have assessed the condition of pavement damage called 
the Pavement Condition Index (PCI) for the needs of airport 
pavements, roads, and parking lots has been widely used in 
America. Based on this classification, we created three road 
condition classifications following the existing parameters. 
Good road condition follows the parameters of a road with 
a depth of 12.7 - 25.4 mm, minor deterioration with a depth 
of 25.4 - 50.8 mm, and major deterioration with a depth of 
more than 50.8 mm. The results of vibration detection by 
the accelerometer are classified as follows: 

• Good condition roads ( 0 ≤  𝑉𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒 ≤
 3000 ) 

• Intermediate potholes are shown in Fig. 5 (3000 <
𝑉𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛 𝑉𝑎𝑙𝑢𝑒 ≤ 6000 ) with pothole depths 
ranging from three centimeters to five centimeters. 

• Severe potholes are shown in Fig. 6 
( 𝑉𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛 𝑉𝑎𝑙𝑢𝑒 >  6000 ) with pothole sizes 
starting from five centimeters onwards. 

In the classification of damage types, two types of 
thresholds are used, with the first threshold worth 3000 and 
the second threshold worth 5000. The code is first inserted 
into the Arduino using the Arduino IDE application. The 
reading results from the Arduino provides the data latitude 
and longitude that have been taken from the GPS. To save 
the file to storage, the output data is saved to the respective 
files according to the type of damage detected. Especially 
for significant damage, images are also taken to add data 
visualization. Before the storage is saved permanently, the 
documents number is checked first to avoid any duplicates. 
Data with the same numbering can cause a lot of trouble, 
mainly overwriting the data before and losing it in the 
process. 

The data that have been collected by using the sensor 
are going to be sent to Firebase to the Firestore section for 
text type data and to the storage section for jpeg data. To be 
able to send the data, Raspberry Pi needs an internet 

connection to send data; this problem can be solved by 
using a Wi-Fi module. The Wi-Fi module used by 
Raspberries functions so that Raspberries can send data to 
Firebase. The data that has been sent to Firebase is then 
used in visualization using a mobile application. 
 
C. System Testing Method 

Testing on the accelerometer has been conducted twice. 
The first test aims to retrieve unfiltered data from the 
accelerometer. This raw data is used to determine the 
threshold value for classifying the type of road damage 
encountered. Before data collection, the types of damage to 
be observed were established. Light damage is defined as 
having a hole with a depth of at least 3 cm, while heavy 
damage is defined as having a hole depth of at least 5 cm, 
and so on. Determining the classification of hole depth is 
important. Because the depth of the hole will have a lot of 
influence on the vibrations received by the accelerometer 

From the test we conducted, it is evident that when 
passing through moderate potholes, the accelerometer data 
for mild damage shows the x-axis values ranging from 
2000 to over 4000. In contrast, for severe potholes, the y-
axis values indicate detection levels above 5000. Based on 
the results of the data collection, it was decided that two 
types of thresholds would be used. The first threshold is at 
2000, and the second is at 5000. Using these thresholds, the 
accelerometer can indicate moderate potholes when the 
readings are between 2000 and 3000, and severe potholes 
when the readings exceed 5000. The accelerometer is set to 
give output data every second; when the numbers are 
 

 
Fig. 5. Intermediate Pothole 

 
Fig. 6. Severe Pothole 
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average, it provides an output saying that the road is in good 
condition. 

The results of the accelerometer readings will be stored 
in JSON, with each type of damage given a distinct name 
based on the detected condition. For each new data entry 
stored in JSON, an incremented number is added to the 
dataset. 

 
Fig. 7. JSON Structure 

Fig. 7 shows you the JSON file with Indonesian names 
to match the output of the sensors we use, for severe 
potholes we give the name kerusakan_besar_data.json, 
intermediate potholes are given the 
namekerusakan_kecil_data.json, and for good road 
condition we give the name kondisi_null_data.json. Each 
data detected in each damage will be given a code name in 
Indonesian with the naming "Kerusakan_(Kode)(Nomor)". 
The code for severe potholes uses the code "B", for 
intermediate potholes uses the code "R", and for good road 
conditions uses the code "N". The number will have an 
increment every time new data is entered. 

Sending the data using JSON is done using the Python 
programming language on a Raspberry Pi device. Using 
Python modules, we can send the data by adding a JSON 
file that stores the Firebase API to connect to the Firebase 
itself. The JSON file can be downloaded from the Firebase 
setting. After adding the file, you add a link that resides in 
Firebase and goes to your Firebase to store the text in the 
Firestore database; to send the image, you can use a module 
named bucket to send an image to your Firebase storage. 
Data obtained through the accelerometer is forwarded to 
the Raspberry Pi so that it can be sent to the database using 
the Wi-Fi module. In testing the data transmission to the 
database, data is sent five times, with readings taken and 
sent every 60 seconds. This 60-second interval has been 
calculated to account for all conditions, including a 3-
second delay for significant damage within the total capture 
time. At the end of each 60 seconds, all types of data are 
sent to Firebase, namely major, minor, and no damage re 
sent to Firebase. 

 

3. Result and Discussion 
A. Accelerometer Sensor 

We tested the accelerometer sensor on the road behind 
Telkom University. The purpose of this test was to verify 
that the threshold value and logic gate used are appropriate 
and can produce the desired road classification output. As 
explained in the previous discussion, we established 3 types 
of road classifications based on standards set by the U.S. 
Army Corps of Engineers. To determine the three types of 
road classification, two influential aspects are considered:  

Table 2. Different Data Type from Data Collection 

Z Axis (i)  Z Axis (i+1)  ΔZ  
S (Distance 

Traveled)  

Good Road Classification 

17436  17596  160  100.0 mm  

17396  17592  -280  224.0 mm  

17592  17716  124  300.0 mm  

Intermediate Potholes Classification  

24120  14448  9672  439.3 mm  

16480  22900  6420  392.9 mm  

14304  21472  7168  186.002 mm  

Severe Potholes Classification  

5924  17492  11568  931.9 mm  

18416  9868  8548  750 mm  

16948  30404  13456  654.5 mm  

the depth of the pothole and the length of the pothole 
traveled. The first stage of the classification is to read the z 
value to determine the class of depth data read by the 
accelerometer. Then, the next classification calculates the 
delta S value from the x and y deltas detected by the 
accelerometer. The delta s value obtained is converted into 
mm units, this is to facilitate the making of logic gates 
because the table in the previous discussion uses mm units 
in determining the condition of the hole length. After that, 
the accelerometer will provide output in the form of the 
type of road classification obtained and also the number of 
each axis obtained. The following is a table of results from 
accelerometer testing. 

The data in the table above shows the classification of 
road conditions based on the shocks received by the 
accelerometer sensor. The test was conducted using a 
motorcycle with an average speed of 25 km/h. During the 
test, we got 336 data detected by the accelerometer. We 
took 15 random data from each predefined road 
classification. The negative values on the accelerometer 
axis indicate the direction and magnitude of the shocks 
detected by the sensor. After we analysed the 45 road 
damage sample data, we found that 3 roads did not match 
the classification. Based on this, we tried to determine the 
percentage of threshold success by calculating the error 
data obtained from a total of 45 samples taken. From the 
sample data taken, 42 road condition classification data are 
under the existing grouping. So the percentage obtained 
from accelerometer testing reaches 93.33% of the total test 
data.  

B. GPS Sensor 
Testing of the GPS and accelerometer sensors was 

conducted on Jalan Radio, directly behind Telkom 
University. The accuracy of the GPS is evaluated by 
visualizing the reading results with an application. The 
visualization results from the application can show where 
the GPS is read, and where each point is represented by the 
data results issued by the GPS. The actual position can be 
compared with the position shown by the GPS based on the 
traveled road. In this project's data collection, the left lane 
was used as an example. Table 2 shows the difference 
between the initial GPS data in the form of DDM and the 
data after conversion in the form of DD.
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Table 3 Data Discrepancy Between GPS and Original Position 

No. Latitude & Longitude of GPS 

(DDM Format) 

Latitude & Longitude of GPS (DD 

Format) 

Distance Difference 

1 -6° 58.3781' , 107° 37.5962' -6.972980166666668, 

107.62658583333332 

5 m 

2 -6° 58.3789' , 107° 37.5829' -6.972972, 107.62638783333333 5 m 

3 -6° 58.3734' , 107° 37.5324' -6.972935166666668, 

107.62553766666666 

5 m 

4 -6° 58.3751' , 107° 37.5182' -6.972924166666667, 

107.6252595 

6 m 

5 -6° 58.3717' , 107° 37.4881' -6.9728995, 107.62479183333335 5 m 

6 -6° 58.3726' , 107° 37.4833' -6.9728935, 107.62471816666667 3 m 

7 -6° 58.3708' , 107° 37.4670' -6.972883333333334, 

107.62440399999998 

6 m 

Observations on Jalan Radio behind Telkom University 
resulted in 171 data points generated by the GPS. We 
calculated the difference in distance between the GPS 
readings and the actual conditions of the road damage. The 
calculation process is done by selecting 10 random samples 
from the difference in GPS points detected. It was 
determined that the average discrepancy between the GPS-
measured distance and the actual road damage condition 
was 5.7 meters. we also found that the average difference 
between the GPS distance obtained and the actual condition 
of road damage reached around 3-6 meters. This 
discrepancy may be due to the type of GPS data captured, 
as the data generated is not as accurate as the data detected 
by military-grade systems. Improving GPS accuracy can be 
done by adding receivers and antennas that have better 
quality than those of GPS. This includes more sensitive 
antennas and receivers, as well as enhanced selectivity and 
multipath rejection capabilities. Another alternative is the 
multi-GNSS integration method that combines data from 
Global Navigation Satellite Systems such as GLONASS, 
Galileo, and BeiDou with GPS. Adding more satellites can 
improve GPS accuracy and reliability, especially in 
extreme conditions. 

C. Sending Data to Database 
The second test is conducted after the accelerometer 

data has been successfully filtered from the first test results. 
This second test can be performed simultaneously with the 
GPS test. The detection results show 171 spots, with 7 spots 
as severe potholes, 41 spots as moderate potholes, and 123 
spots indicating the road is passable. The second test is 
conducted after the accelerometer data has been 
successfully filtered from the first test results. This second 
test can be performed simultaneously with the GPS test.  

The data collection experiment described in the 

previous section will produce two types of data. The first 

set of data concerns the time at which the data is collected, 

with the time being recorded by the observer. The second 

data will show the length of data transmission. The time 

calculated in the second data collection is the time when the 

system stops taking data until the system recalibrates. Table 

4 shows the time taken during data collection for each loop. 

 

 

Table 4 Time Taken During Data Retrieval Experiment 

No Length of Time Taken 

1 1:05.22 

2 0:59.72 

3 0:58.97 

4 0:58.65 

5 0:59.02 

From the results of the data retrieval and data 
transmission experiments, the data that should have been 
taken every minute when recorded was not exactly one 
minute in the retrieval process. From the results of 
collecting data five times, four readings were under 1 
minute and one data was above 1 minute, while one was 
above 1 minute. This is not in accordance with the ideal 
conditions specified in the script used. The difference in 
data retrieval time can occur due to observer error in 
retrieving data. Every time data is sent, the time taken to 
send it is calculated. To see more efficiency, you can see 
the Table 5. 

The data collection experiment described in the 
previous section will produce two types of data. The first 
set of data concerns the time at which the data is collected, 
with the time being recorded by the observer. This can 
happen because the JSON file used as the first storage 
continuously accumulates the retrieved data when the 
system retrieves the data. To optimize the image type file, 
we first convert it into text and zip the image so that it does 
not burden the storage owned by the device. Zipping the 
file will change the file size and make it easier to send to 
databases. 

Table 5 Trial on Sending Data to Firebase 

No Start Sending Finish Sending Transmission 
Time 

1 1:05.22 1:08.49 0:03.27 

2 2:08.21 2:13.81 0:05.60 

3 3:12.78 3:19.32 0:06.54 

4 4:17.97 4:26.46 0:08.49 

5 5:25.48 5:35.32 0:09.84 
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Another factor that can cause delays is the network 
performance at the time. Slow network speeds can prolong 
data transmission. The current upload speed is 13.7 Mbps, 
which is relatively high. Reducing interference or using an 
optimal frequency can further increase upload speed. A 
faster upload speed can help to send data faster so that less 
data is lost when the code sends data to Firebase. 

In addition to internet capabilities, human error can also 
be a factor in the error of data collection. Data collection is 
carried out only using a stopwatch that must be operated by 
humans, making the margin of error in data collection even 
greater. 
 

4. Conclusions 
This research offers data visualization through a mobile 

application, based on the hardware system installed on the 
vehicle. Based on 10 random GPS locations, we found the 
average distance difference between the actual hole 
position with GPS coordinates reached 5.7 meters. In 
addition, the accelerometer sensor has an accuracy of 
93.33% which has been tested from 45 random sample 
data. The accuracy can be increased by optimizing the 
sensor and the classification method used in the data 
collection process. 
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