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Abstract—Heavy equipment operating in mining 

areas is heavy duty-trucks, which function as a means of 

transporting material over short to long distances. See the 

safety performance statistics on one of the users, the data 

obtained that work accidents due to unsafe conditions 

and unsafe acts continue to increase every year, 

including collisions between heavy duty-trucks caused by 

the operator's lack of anticipation in maintaining a safe 

distance while driving. This causes a loss of production 

time due to the collision accident investigation process 

and the emergence of the need for impromptu equipment 

repair costs. If the accident causes the fatality, the 

government can revoke the mining operation permit and 

harm many parties. In general, the working mechanism 

of the developed tool uses a GPS (Global Positioning 

System) to read the position of the heavy duty-trucks 

against the satellite, and then translate it into a location 

on the earth's surface in the form of longitude, latitude, 

and altitude data. This data is sent to other heavy duty-

trucks using radio frequency signals via LoRa (Long 

Range). The operator can see the distance between heavy 

duty-trucks while driving and a warning sound will 

activate automatically when an unsafe distance between 

heavy duty-trucks is detected. Distance data will be stored 

in a memory card and can be downloaded wirelessly 

using a web server to be followed up in the coaching 

process by supervisors regularly. 

 

Keywords—heavy duty-trucks, anticipation, collision, 

safe distance, global positioning system, long-range 

I. INTRODUCTION  

Heavy duty-trucks is a means of transporting material 
from medium to long distances, where the material carried 
by heavy duty-trucks can be loaded by excavators, wheel 
loaders, shovels, and etc. Heavy duty-truck is very suitable 
to be operated in the mining area. With a large enough 
carrying capacity of up to 100 Tons.  

In line with the increasing condition, especially of world 
coal prices, the utilization of equipment in the mining area 

is very dense. Accident rates also tend to increase and it is 
necessary to anticipate early. whether caused by unsafe 
conditions or unsafe acts. Any portion from 2019 to 2021 
recorded KTA 52%, TTA 48% is shown in Fig. 1. 

 

Fig. 1.  Inspection and hazard data 2019 - 2021 

  
Property damage due to by collision between heavy 

duty-trucks in haul road accours almost every year is shown 
in Table 1. The factors that cause accidents can be 
categorized into four aspects, namely operator habits, skills, 
not yet facilitated a good safety system, and problematic 
products, for example brake components [1-2]. The 
collision incident indicated that there was a potential for 
negligence on the part of the operator in maintaining a safe 
distance while driving and maintaining the engine speed. 
Either when the condition is moving or stationary or 
parking. 

TABLE I 
PROPERTY DAMAGE IN HEAVY DUTY-TRUCKS 
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PT Berau Coal as one of the mining bowheers in Berau 
regency has formulated a safe driving method by setting a 
minimum distance between heavy duty-trucks. 

 

Fig. 2.  Safe driving distance 

 

Operator of vehicles/units on coal hauling roads must 
keep their distance the vehicle/unit is safe not less than 50 
meters from the vehicle/unit in front of it (Fig. 2). 
Especially for double trailers, the vehicle/unit safe distance 
is not less than 180 meters from the vehicle/unit in front. 
Drivers of vehicles/units in the pit area and mine road (mine 
road) must keep the safe distance of the vehicle/unit is not 
less than 40 meters from the vehicle/unit in front. 

In addition to setting a safe driving distance between 
heavy duty-trucks in the mining area, Bowheer also 
requires that each heavy duty-trucks be facilitated by radio 
communication. This function is used to carry out two-way 
coordination between operators and field supervisors when 
they want to carry out certain activities, such as overtaking 
heavy duty-trucks in front of them, entering intersection 
locations, being at points that have potential accident 
hazards, and so on. Apart from that, the communication 
support infrastructure in mining areas is not as ideal as in 
public areas. It is very difficult to get an internet network to 
improve communication skills. In addition to using radio 
frequency signals, generally with the application of good 
mining practices to support production performance and 
ideal operational safety.  

However, in reality, the conditions in the field are 
difficult for operators to determine and estimate the safe 
distance between heavy duty-trucks, whether visible or not. 
Operators are still limited to using radio communication 
facilities and signs provided in mining areas, while heavy 
duty-trucks have not been facilitated by technology to avoid 
collisions. 

II. METHODS 

Research on the prevention of collision accidents in 

heavy duty-trucks by using an experimental mechatronic-

based automatic warning system with direct simulation 

method on Komatsu Dump Truck HD785-7. The design of 

this study is an experimental design because wants to 

measure the work of the safe driving distance warning 

system, both from the distance information between heavy 

duty-trucks that is given to the operator and the audible 

signal according to the calculation considerations based on 

the maximum heavy duty-trucks speed variable permitted 

in mining and the respond time of an operator to the 

activating system on machine. 

A. Conceptual Design 
 

 
 

Fig. 3.  Concept of how the system works 

 
Based on the illustration in Fig. 3, it is explained that 

the series of tools in each unit of heavy duty-trucks. The 

way this tool works is that the GPS (Global Positioning 

System) sensor contained in the tool will read the position 

of the signal emitted by the satellite, then translate it into a 

location on the earth's surface in the form of longitude, 

latitude, and altitude data [3-7]. This data will be processed 

by the Arduino controller using the formula that has been 

entered into the program to calculate the distance. Each 

device will send a data signal obtained by the GPS Sensor 

using LoRa (Long Range) which will later be converted 

into the distance between connected or communicating 

heavy duty-trucks. After going through the calculation 

process, the distance between heavy duty-truck is 

displayed on the LCD TFT layer. When the distance 

between heavy duty-truck is within an unsafe radius 

according to the settings or menu selected, there will be a 

warning sound for the operator to anticipate early. The 

menu options for detecting safe driving distances are 

adjusted to PT Berau Coal's regulations, namely 40, 50, 

and 180 meters, but in setting the program uses a speed unit 

reference, namely distance to time as well as the response 

from the operator and the system response in the tool. Then 

take into account the maximum driving speed at 60 km/h 

and the accuracy of the GPS sensor accuracy level at an 

average of 10 meters. The calculation is as follows Table 

2: 

TABLE II   

CALCULATION FOR PROGRAM SETTINGS ON ARDUINO 
 

 
 

The formula also uses the three-second principle, the 

driver must also know the human reaction and the 

mechanical reaction or system of the vehicle. Human 

reaction is when you want to stop or dodge or reduce speed. 

Starting from the eye to see, the brain processes, until 

stepping on the brakes takes approximately one second. 

While the mechanical and hydraulic reaction occurs when 

Deskr ipsi Area
Mode

(m)

Speed Max.

(kph)

Akur asi GPS

(m)

Rules

(s)

Setting Pr ogr am

Ar duino

(m)

Pit/Mine Road 40 60 10 5 93.6

Hauling Road 50 60 10 5 117

Double Trailer 180 60 10 5 421.2
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the brakes are applied, with an estimated time of 

approximately half a second. The conclusion from this 

explanation is that it takes min. 4.5 – 5 seconds to set the 

anticipated distance when driving so that if the vehicle 

speed is at 60 km/h with anticipation of 5 seconds, the 

minimum safe driving distance is 5 s times 16.7 m/s = 84 

meters (minimum). 

This tool is also equipped with several additional 

facilities, namely sending messages automatically to field 

supervisors via GSM (Global System for Mobile 

Communications) signals for information on unsafe 

distances from a heavy duty-truck when driving. In 

addition, a compass or magnetometer sensor component to 

determine the direction of movement of the tools installed 

in other heavy duty-trucks. Then, the distance data 

between heavy duty-truck is stored on a memory card and 

can be uploaded to a cloud system using nodemcu to be 

accessed and downloaded using the web server [8]. 
 

B. Flow and Block Diagram 

The work flow of this tool is when it is installed in heavy 
duty-trucks using a voltage source from the machines is 
shown in Fig. 4. However, also provides a source from three 
batteries (3.7 Volt per piece) as backup power when there 
is a problem with the voltage source in heavy duty-trucks.  

 

Fig. 4.  Flow diagram of the tool system 
 

 

Fig. 5.  Block diagram of the tool 

Fig. 5 explains that the battery (15) is the main source 
of the device's core voltage from the heavy duty-trucks. The 

actual power supply is 24 volts with 4 batteries in series and 
parallel. the input connection to the microcontroller (11) is 
lowered using a step down (9) to obtain the working voltage 
requirement of the component. In addition, the input 
voltage to the microcontroller (11) was previously required 
to go through a 24-volt relay (14) as a component that 
functions to change the voltage to (12) a 11.1-volt (3 x 3.7 
volt) series battery. This backup battery serves to replace 
power from the heavy duty-trucks battery when the voltage 
drop occurs (eg someone disconnects the voltage source) so 
that power can still be supplied to the microcontroller (11). 
With this, it has also put a program so that when this event 
occurs, there will be information that can be provided by 
the microcontroller (11) to the superior via the GSM 
module (4) and the data is stored in the micro SD card 
memory (6). 

In the process of developing the Arduino program, 
namely the management data logger which aims to stabilize 
the process of sending and receiving unsafe distance data 
using LoRa and reducing the memory load from the 
Arduino mega process and memory card. The logical 
sequence plan is as follows in Table 3: 

TABLE III  
 LOGICAL SEQUENCE OF LOGGER DISTANCE DATA AND 

MESSAGE VIA GSM 

 
 

C. Sensor Working Test 

Validation the core components before assembly 
process is carried out in order to avoid failure. Consist of 
GPS Sensor, LoRa Module, NodeMCU, and GSM Module. 
The testing process is carried out on a test bench (partial) as 
in Fig. 6 and using a standard program from the default 
Arduino IDE. 

 

Fig. 6.  Component test and evaluation before assembly 

First of all, do a test on the GPS Sensor component 
using the Arduino IDE software. Obtained the following 
data as in Fig. 7. 
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Fig. 7.  Tes GPS sensor via arduino IDE 

GPS managed to capture the position signal from the 
satellite and displayed on the Arduino IDE serial monitor. 
It is presented in the form of a location with details in the 
form of altitude and longitude from where the testing is 
carried out so that the GPS sensor is functionally declared 
good. Then, try to randomly validate the data read by the 
GPS sensor, the coordinates of latitude and longitude 
(2.140206, 117.501602), then enter it into a google map as 
in Fig. 8 to ensure that the GPS sensor reading is following 
the location of the test and evaluate the sensor. 

 

Fig. 8.  Sample point conversion of GPS sensor readings via Google map 

 
Second, conducted a test on the LoRa Module 

component. The type of LoRa used is a transceiver. LoRa 

can function as a communication tool by sending data as in 

Fig. 9 and by receiving data from other LoRa as in Fig. 10. 

It can be seen through the serial monitor display on the 

Arduino IDE that LoRa works well. 
 

 
 

Fig. 9.  LoRa communication sending data 

 

 
 

Fig. 10.  LoRa communication receive data 

Third, Tested NodeMCU connection with WIFI. On the 
serial monitor it can be seen that the NodeMCU has been 
connected to the IP Address of the WIFI which has been 
entered into the Arduino IDE program as in Fig. 11. It is 

hereby declared that NodeMCU is in good condition to 
perform the connection function. 

 

Fig. 11.  NodeMCU connection function with WIFI 

Fourth, based on this initial setting process, on the 
Arduino IDE serial monitor, it can be concluded that the 
SIM 800L is functioning properly and is ready to send 
messages to the specified telephone number as in Fig. 12. 

 

Fig. 12.  SIM 800L connection function with arduino and phone number 
 

D. Device Assembly 

Fig. 13 shows components are assembled in boxes with 
dimensions that are large enough and are fastened using 
screws along with the base. In addition, during the assembly 
process, the connection between cables is always ensured. 

 

Fig. 13.  Attribute description on hardware 

 
Button (1) is used to select 3 variations of distance 

modes, namely 40, 50, and 180 meters. The button (2) is 

used to enter the data upload menu to the web server by 

pressing it three times to enter the menu and pressing it 

again to upload it. (3) is a 3.5” LCD TFT and (4) is a cable 

for program settings on Arduino Mega 2560 and 

NodeMCU ESP8266. The back of the device is (5) a safety 

fuse for the device in case of current that exceeds the 

threshold, (6) the connection port for the LoRa 

(Transceiver) antenna, and (7) the GPS antenna connection 

port. For (8) and (9) are connections to the 12/24 Volt 

heavy duty-trucks battery power source. The button (10) is 

used to reset the device in case of an error and (11) the 
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GSM SIM800L antenna. The following is a display of the 

tool's LCD TFT and its description is shown in Fig. 14: 

 

 
 

Fig. 14.  Tool screen display via LCD TFT 

 

Indicator (1) is a reading from the GPS sensor related 

to the location of heavy duty-trucks on which the device is 

installed. (2) is the distance between the device and the 

equipment installed in other heavy duty-trucks. (3) is the 

time presented by the RTC, (4) the speed reading of the 

heavy duty-trucks that is installed on the device, (5) the 

LoRa indicator for sending and receiving data, and (6) the 

distance setting mode according to the driving area, and (7) 

describing the position of other equipment against device 

installed in heavy heavy-trucks. 
 

III. RESULT AND DISCUSSION 

The tool is installed directly on the Dump Truck 
HD785-7 (Fig. 15). The need to analyze the accuracy in tool 
placement will also affect the operator's performance when 
driving, especially regarding visibility. The tool is installed 
using a bracket that has been designed and measured in 
advance so that it can meet the expectations when it is 
implemented on the HD785-7 (Fig. 16). 

 

Fig. 15.   Installation process in dump truck HD785-7 

 

Fig. 16.  Tool ready in dashboard dump truck HD785-7 

A. First State Result 

The overall function of this tool after being installed in 
the unit is in good condition and can work as planned. The 
size of the HD785-7, full metal, and the difficulty of 

internet signaling in the field has not had a significant 
impact on the performance of the tool as in Table 4. 

TABLE IV   
RESULT OF TOOL WORK IN A MINING AREA 

 
 

B. Second State Result 

Entered an unsafe distance, in addition to getting a 
warning buzzer, then supervisors received a warning 
notification via an SMS message that entered the GSM card 
for the condition of the two HD785-7 is shown in Fig. 17. 
Supervisors can immediately contact the operator via radio 
channel to ask questions and remind them to maintain a safe 
distance while driving. 

 

Fig. 17.  SMS notification when distance is not safe 
 

C. Third State Result 

experimenting to upload data on a micro SD card 
memory to hosting using a WIFI workshop. Then, use the 
internet network to access the XAMPP web server portal to 
download historical event data is shown in Fig. 18 and Fig. 
19. 

 

 

Fig. 18.  Display XAMPP support download data 

Component

Cabin Room

Temperature –

with AC (ºC)

Status Remark

GPS Sensor 27 Good Data Satellite Received

LoRa RT 27 Good Data Send and Received

RTC 27 Good Show Time

Distance

GSM SIM 800L

Compass

Buzzer

NodeMCU

27

27

27

27

27

Good

Good

Good

Good

Good

Displayed

SMS Sending

Displayed

Working

Working in Workshop
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Fig. 19.  Display in XAMPP and data download results 
 

D. Fourth State Result 

During this testing, the operator felt that the sound 
produced by this tool was quite helpful in increasing 
alertness while driving. However, sometimes the sound is 
quite disturbing and this becomes input for the next 
experiment in setting the sound intensity through the 
Arduino IDE program. Then, there is a field constraint that 
have not received field data regarding the buzzer function 
when in 180-meter mode, because it is only allowed to take 
data with a limited area (max. 250 meters) as Table5 and 
Fig. 20. 

TABLE V   
CONCLUSION OF APPLICATION TOOL IN HD785-7 

 
 

 

Fig. 20.  Description of tool works according to mode 

 

IV. CONCLUSION AND RECOMMENDATION 

A. Conclusion 

This study aims to provide and test the safety distance 

information function through the display on the LCD TFT 

as well as a warning buzzer to the operator when in an 

unsafe driving distance between heavy duty-trucks. 

According to the findings of the research, the GPS 

sensor has successfully read the position of the heavy duty-

trucks. LoRa via radio frequency can function to send and 

receive data from other heavy duty-trucks. The warning 

buzzer function can work effectively when the distance 

between heavy duty-trucks is in a dangerous position. 

Notification of unsafe distance to supervisors in the field 

via message/SMS can function properly according to the 

data transmission order setting. Data stored on micro SD 

memory can be uploaded using NodeMCU and 

downloaded via the XAMPP web server. 

Using the rules of 3 seconds of human response and a 

range of 2 seconds of system response on the machine 

mechanism, converted in coding on Arduino to become a 

warning sound when approaching an unsafe distance, can 

have a positive impact on operators to be more alert or 

anticipate maintaining a safe distance when driving. 
 

B. Recommendation 

The use of components in this prototype needs to be 

improved in terms of specifications so that it is more 

accurate (Example : GPS sensor and LoRa). 

The industrial quality of the components will also affect 

the durability of the tool so that it can increase user 

confidence and feel the benefits on an ongoing basis. 

Currently the prototype is still standing alone to be able 

to work optimally. With the LoRa Gateway, it will ease 

LoRa's work in communicating between heavy duty-trucks 

and can also increase the communication range between 

large and simultaneous heavy duty-trucks.  

LoRaWAN (Long Range Wide Area Network) is one 

of the options for additional tools in subsequent research 

for the development of a communication system on LoRa 

based on network protocols so that it can serve longer 

ranges and serve many nodes. A standardized tool so that it 

can interact and connect with product functions and other 

systems such as IoT applications through network servers 

in the cloud via backhaul in the form of ethernet, wifi, 

satellite, or cellular/GSM). 
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Operator
Area Mode

(m)

Setting

(m)

Distance

(m)
Buzzer Remark

Mustofa 40 93.6 25 Active Anticipation

Mustofa 40 93.6 50 Active Anticipation

Mustofa 40 93.6 75 Active Anticipation

Mustofa 40 93.6 100 Non-Active >93.6

Mustofa 40 93.6 125 Non-Active Normal

Mustofa 40 93.6 150 Non-Active Normal

Mustofa 40 93.6 175 Non-Active Normal

Mustofa 40 93.6 200 Non-Active Normal

Mustofa 40 93.6 225 Non-Active Normal

Mustofa 40 93.6 250 Non-Active Normal

Mustofa 50 117 <117 Active Anticipation

Mustofa 180 421.2 - - -


