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Abstract: Peatland fire releases a huge amount of carbon emissions to the atmosphere causing 
air pollution and soil damage. The total emission released to the air could be calculated through the 
amount of peat that burned downor known as depth of the burn. In this research, a device was 
developed to detectthe smouldering spread of peat both laterally and vertically through the 
subsidence. The device was operated using a microcontroller and a laser ranging module. This paper 
presents a preliminary result on the device capability on measuring several objects such as flat 
surface and semi-spherical objects.  

 
Keywords: Laser ranging, Depth of burn, Point clouds image, Microcontroller  

 

1.  Introduction  
Indonesia is a tropical country with the total area of 

tropical peatland approximately 16.8 – 27.0 million ha are 
found across the country1). Peat serves as carbon storage 
contained a high amount of carbon that can be used by 
plants that grow above them. Peatland produced in area 
with high water content, Mutalib et al. said peat water 
contain could reach 100 – 1300% which 1 – 13 times of 
original mass15), so it is unlikely to catch on fire because 
nearly 90% is water, because of the change of the 
environment condition and the works of human peatland 
become dried up and could easily be caught on fire16). Peat 
fire gives a huge loss for the environment such as emission 
of carbon that released. 1997 peatland fire in Indonesia 
release around 0.19 – 0.23 gigatonnes of carbon2). In 2015 
the mean emission release around September and October 
reach the value of 11.9 x 1012 gram of CO2 per day12). 

Emission of carbon that being released by peatland fire 
can be estimated by the amount of peat that burned 
because of the fire. Peat fire mostly dominated by 
smouldering combustion, which is a flameless form of 
combustion13), different from flaming combustion it has a 
slow spread rate and could sustain in lower temperature 
and low oxygen concentration14). Unfortunately, 
smouldering combustion that happened on peatland could 
not easily predicted because of several factors such as 
moisture content9), which could have effect on hydrophilic 
and hydrophobic properties of peat when overdried, these 

conditions could affect the burning peat6). Peat fire also 
depend on the heat transfer applied on the peat when it 
caught on fire10), another peat characteristic affect the 
spread is bulk density11) and components that composed 
the peat itself that caught on fire.  

LIDAR (Light Detection and Ranging) is one of high 
end remote sensing tool with vast application. The most 
basic application is to measure distance with high value of 
measurement18). LIDAR could produced an image of an 
area that could be use for invetigating landslide20&21) and 
landslide mapping19) Another use of LIDAR is to measure 
emission from certain area, this was done using certain 
wavelength of light24). 

A research has been done by U. Ballhorn. using LIDAR 
to estimate the emission and burn of scar3).The research 
objective is to measure the peat depth of burnt and 
estimating the emission produced by knowing the position 
and the depth of burnt. This concept is similar with 
measuring the height of vegetation and trees using the 
tool22). Peat lose some amount of its volume after burned 
down and leaving a trace of the depth of burnt that can be 
used to estimate the total burnt down volume, this volume 
is proportional to emission which has been released to the 
atmosphere. 

Using a similar concept as LIDAR, A device has been 
developed with the same function which is plotting the 
contour or the spreading of smouldering with a similar 
objective as laser scanning23). The measuring component 
which has been installed for the device works under the 
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principle of laser ranging. Laser ranging itself is a 
measuring instrument used for measure distance of an 
object. This instrument emits laser and catches it back 
after being reflected by an object, thus the distance can be 
measured by the time differences. This device that is 
developed has advantages such as better precision and 
more affordable, even though its measuring range is 
limited for several meters. This device expected to give us 
a better view of smouldering spread and depth of burn of 
burning peat. Using an automated system, it could 
increase the efficiency where a controlled device such as 
a robot could do works with lesser downtime8). 

 
2.  Materials 
2.1 Framework and movement mechanism 

The device on this research is going to be used for 
measuring the smouldering spread on a small scale of a 
peat fire. It worked on a frame with the dimension of 
length, wide, height in subsequence is 600 x 600 x 1000 
mm made of aluminum profile with dimension 40 x 40 
mm, the frame can be seen in figure 1. The frame serves 
as the structure for the drive system which is stepper 
motor with its tracks and servo, also it is used for placing 
the controller. All of these drive systems and controllers 
are placed approximately 600 mm above the ground. 

 
Fig. 1: System frame 

The first drive system that has been used for this device 
is the stepper motor for X-axis. Nema 17 stepper motor is 
used and connected with a lead screw that already 
mounted with a bracket for the controller. The movement 
in the X-axis depends on the rotation that has been done 
by the stepper motor. In this research, the step motor 
which has been used has step angle 1.8° for each step and 
for full 360° could move the bracket that contains the 
controller for 8 mm. Therefore this device uses motor 
stepper as prime mover due to its resolution. The total 
distance that can be reached is between 10 – 300 mm from 
stepper bearings, it is due to the size controller bracket. 

The second drive system that has been used for this 
device is the servo. Servo is a motor capable to rotate 180° 
and it serves as a rotating motor for the laser mounting that 
puts on the servo’s gear. The purpose of using the servo is 
the laser could rotate and scan every side of the peat in one 

line after another that was put on the ground. With both of 
these drive systems, this device expected could cover 
every side of the burning peat that is going to be scanned 
and measured.  

 
2.2  Controller and data logging 

Laser ranging as known as laser rangefinder has the 
capability to measure the distance to a high degree of 
accuracy. The way this instrument works is emitting a 
pulse of laser to object and catch the reflected laser pulse 
then calculate the distance using the time required for the 
emitted laser to reflect on the object and come back to the 
receiver. The type of laser ranging which has been used on 
this device is VL53L0X, this component is Time-of-Flight 
(TOF) laser-ranging module. This type of laser emits a 
short pulse of laser but intense radiation to travel from the 
module to the object4). 

  
Table 1. VL53L0X Specification5) 

Features Details 
Size 4.40 x 2.40 x 1.00 mm 

Measuring range 100 – 2000 mm 
Accuracy ± 5% 

FoV(Field of View) 25° 
Operating Temperature -20 70°C 

Resolution 1 mm 
Infrared emitter 940 nm 

 
According to Table 1. choosing this component as a 

measuring system for this research is a better choice since 
it has an advantage over other measuring components 
such as better accuracy and measuring range. This 
component is modified so it is compatible and easily 
connected with the microcontroller that using the I2C 
interface using two signals: serial data line (SDA) and a 
serial clock line (SCL)5). Each module connected to the 
controller has its own unique address with the 
communication of a master-slave relationship.  

 

Fig. 2: VL53L0X distance measuring component 

Controller and Data LoggerBoth drive system and 
measuring system are integrated and controlled with a 
microcontroller. In this research Arduino Mega 2560 is 
used for integrating all of the component so it works in 
sequentially. Arduino has the advantage of being easy to 
understand and easy to change the desired variable. 
Another reason of using Arduino mega 2560 as controller 
is the versatile characteristic of Arduino. It has high level 
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of compatibility with the module that is used in this 
research such as VL53L0X laser-ranging module, stepper 
motor driver, and servo as can be seen on Figure 3. In this 
research two Arduino Mega 2560 are used for the 
controller to integrated all of the components and to run 
the program that had been made before, it is hoped to 
reduce errors and increasing the processing speed. Both 
Arduino is connected with I2C connection and a master-
slave relationship is created. This connection also used on 
the TOF laser ranging module. 

Arduino also used as a data logger system for recording 
all kinds of data. In this research Arduino mega with SD 
card module is used for recording all of the data while the 
program is being run. The data which are going to be 
recorded is the distance of peat from VL53L0X, the 
position of the sensor in the X-axis, the angle of the servo 
that being run by the program, and the total recorded data. 
All of the data is saved inside the SD card which 
connected to Arduino Mega 2560. 

This system uses two power source, both are the direct 
current power source. The first power source is 5 volt with 
operating current 2 amperes to give power for the 
microcontroller, this includes power for both laser, servo, 
and data recorder. The second power source is for the 
stepper motor and the voltage of the second power source 
is 24 volt with operating current 1.4 amperes. 
Approximately the total power used for this device is 43.6 
W or 156.96 KW per hour 

2.3  Data collection and serving method 
Device testing is done by measuring various types of 

objects placed right below the device. This aims to see the 
level of accuracy of the tool. There are three main data 
recorded to describe the shape of the object that is under 
the object. Those three data are the laser position on the 
X-axis, the servo rotation angle, and the distance between 
the laser and the object obtained. The three distances in 

the form of position, angle, and distance must be 
processed first to the Cartesian diagram or XYZ axis. Data 
processing is done through the stages of post-processing 
in the MATLAB program. Data processing is done with 
simple trigonometry equation and directly plotted to the 
Cartesian diagram into point clouds17), so it can be 
measured and compared. The results of this device depend 
on the time needed to run the program. 

 
2.4  System validation 

The device that has been designed for measuring the 
depth of burn has been tested through some validation 
tests to validate the data. 3 kinds of tests that had been 
conducted to validate the device are the static test, rotation 
test, and moving test. All validation test method was done 
on flat wooden plate. Static test was done with taking a 
hundred data on same point, it also taken on different 
depth from the sensor. Rotation test was done by taking 
data with rotational movement of the servo without 
moving the stepper motor on X-axis. This test take data 
from 31 points in one line on Y axis. Moving test is the 
opposite of rotation test, data was taken when the stepper 
was moved without rotational movement of servo. 

 
3. Results and discussions 

The device that has been designed to use 2 
microcontrollers, it has advantage for quicker processing 

time. This is caused by the program in arduino is done 
sequentially, it also make the program much longer which 
cause longer input time and running time. Using 2 
Arduino could run 2 programs in parallel in the same, it 
will cut short run time and processing time. 

Validation test has been conducted to validate data that 
recorded by the device.those 3 tests are static, rotational, 
and moving test. Each test has different purpose. 

Fig. 3: System wiring 
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Static test that has been conducted on 5 different depth 

can be seen on figure 4.(a), the reading value is closer to 
the actual value when the object is further from the sensor. 
At the depth of 483 mm, the value recorded is 482.85 mm 
while at distance 178 mm the value is 173.31 mm. This 
show different point might need different offset value for 
calibration. For the data that recorded in this research the 
in which taken in depth of 483 mm has been calibrated 
and validated. Rotational test show the straightness of 
reading value on Y-axis and the accuracy of the servo 
rotation. On figure 4.(b) shows the data that has been 
recorded nearly straight with the average of the depth is 
482.2 mm. some errors can be seen at the most left and 
right points of the data, which means the servo and sensor 

accuracy at those points are worse than the middle. From 
this test, it is recommended to 173.3take data within range 
near the middle point in Y-axis. Moving test show the 
straightness on X-axis, this include the lead screw and 
stepper motor. On figure 4.(c) shows the reading value has 
average of 485 mm. the reading value increase as the 
motor moving, this means there is increment on the 
position of the driving system in this axis. For depth 483 
mm the data has been validated with these tests. This 
measurement also depends on the wavelength of the laser 
used for measurement, where according to Haiya Yang 
and Akira Harata where shorter wavelength could hit 
smaller object more easily7). 

 

(a) 

 

(b) 
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(c) 

Fig. 4: (a) static test, (b) Rotational test, (c) Moving test 
 

Device testing was carried out on two objects: flat 
surface and semi-spherical object. both tests carried out 
are used to compare the characteristics of the two objects. 
Both objects have different distances between objects and 
sensors. The experiment on flat plate aims to see the 
accuracy of the device and the experiment on semi 
spherical object aims to see the change of distance 
between object and the laser ranging module. 

Flat wooden plate measuring experiment is conducted 
with the position of the plate approximately 483 mm under 
the laser ranging module. As can be seen at Figure 5. The 
distance measured have range between 465 – 500 mm 
under the laser ranging sensor. The depth of flat plate that 
have been measured is in accuracy range which is 5% as 
seen on Table 1. The time needed to take data is 
approximately 30 minutes. In 15 minutes only half data 
was taken, although the result would not be have many 
differences because the object is flat. 

 
(a) 

 
(b) 

 
(c) 

Fig. 5: (a) Front view of flat plate measuring test result, (b) 
Side view of measuring test result, (c) Isometric view of 

measuring test result 
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(a) 

 

(b) 

 

(c) 
Fig. 6: (a) Front view of semi-spherical measuring test result, 
(b) Side view of measuring test result, (c) Isometric view of 

measuring test result 
 

The measuring test conducted on semi-spherical object 
with flat top made of plastic is placed near the measuring 
range. The object has a height of 110 mm and a diameter 
of 200 mm. The distance of the object is approximately 
375 mm from the object The measuring test result in 
Figure 6. shows the distance of the nearest points is around 
390 - 410 mm below the sensors and it caught the radius 
of the base around 110 mm. These values are still in the 
accuracy range of the measuring module, though it is not 
as accurate as of the flat wooden plate measurement, as 
seen from the reading value where only in +5% accuracy 
range. These werecaused by the material of object used for 
measurement, laser reflection are affected by some factors 

such as the color, roughness, and material25). The point 
clouds image recorded also could illustrate the object 
shape with its features. This test was done within 30 
minutes of cycle time, 10 minutes of the cycle time takes 
the data of the flat under the spherical, then take data for 
the semi-spherical object in the rest of full cycle time. At 
20 minutes, the data that has been taken is around top of 
the object. 

Similar research on bigger scale by U. Ballhorn using 
LIDAR on peatland in Borneo and the area is 2.acres. The 
measurement using this method showed the depth of burnt 
was 0.33 ± 0.18 m. From this research shows using this 
laser ranging sensor for measuring depth of burn has better 
accuracy for smaller scale rather than bigger scale sensor 
such as LIDAR, this has been proofed by the value of 
depth reading from both objects. 

 
4.  Conclusion 

The device that has been developed could detect an 
object and measure the distance of the object below the 
device for creating point clouds image as intended on the 
object. Where for flat plate experiment could measure, 
creating proper point clouds, and detect the flatness of the 
plate with the value 465 – 500 mm within the accuracy 
range of the laser ranging module which is 5%. The device 
developed also could detect the existence of the object 
with the shape of semi-spherical with flat top surface with 
the value of measurement approach the real dimension of 
the object. Though it has less accuracy caused by the 
material of the object. From this experiment it can be 
concluded that the device could measure and describe the 
object below it. Through these results, it can be seen that 
this device could measure the distance and illustrate 
objects within the accuracy range. So this device could be 
implemented for measuring the subsidence of the 
smouldering peat. Thus, the spread rate of smouldering 
combustion can be calculated and the subsidence of the 
peat can be illustrated. 
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