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Abstract 
 

 

The quality of road conditions can determine comfort in driving. To find out the condition of a 
road whether it has good surface quality, it can use an accelerometer sensor contained in an 
android smartphone. This research uses the International Roughness Index (IRI) method 
combined with the accelerometer sensor and the Global Positioning System (GPS). Application 
of the results of this study can be used to facilitate the contractor maker and road repair, so they 
can find out which points need to be repaired. Testing is done using two different vehicles, car 
and motorcycle. Smartphones with road quality detection applications are attached to the car 
and motorcycle vehicles using a phone holder. This is to record vibration that occurs while the 
vehicle is moving based on road conditions. The vibration recording results are then validated in 
a visual observation to determine the accuracy of the assessment results. Based on the test 
results the level of accuracy on the car is 90% and the motorcycle is 30%.  

  
Keywords: Road Quality Assessment, International Roughness Index, Android, Accelerometer, 
GPS 
  
 
1. Introduction 

The existence of roads in each region is needed to support every community activity. Good road 
quality is needed to ensure the comfort and safety of vehicle users [1]. Poor road quality can 
cause accidents. Roads with holes besides making driving uncomfortable can also cause 
accidents [2].  

To improve road quality, routine checks are required by those responsible for managing the 
road. Checking the road conditions can be done visually or by evaluating using a tool to assess 
the quality of road conditions can use the International Roughness Index (IRI) method and the 
pavement condition index. 

In road quality assessments, researchers used the IRI as a road quality index. This assessment 
has been widely used for road infrastructure maintenance and road monitoring conditions since 
a long time [3] [4]. IRI can also be used to predict a pavement condition [5]. The IRI method is 
commonly used when assessing road conditions based on their inequality with a device. While 
the pavement condition index method is used when assessing road conditions based on its 
hardness [6]. 

The accelerometer and Global Positioning System (GPS) sensors on android can be used to 
assess road conditions. Research [7] has weaknesses related to data processing, road quality 
record results data only displayed graphically digital accelerometer still cannot be processed 
into table-shaped data. By assessing the shocks that occur on the Y-axis or vertical of the 
vehicle caused by holes or road bumps during the survey [8] [9]. 
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To calculate IRI, an accelerometer sensor can also be implemented in a wheel [10]. The testing 
required laser profilometers that were expensive. The accelerometer sensor in an android 
smartphone can be used to minimize the costs needed when assessing road conditions. The 
accelerometer sensor on the smartphone can also use for speed bumping detection [11], fall 
detection [12] and real-time human activity detection [13]. 

GPS sensors are required to record the location of the detected road shocks. GPS sensors that 
will transmit the coordinate position when there is a considerable shock due to uneven road 
conditions. In the world of transportation, the use of GPS is widely used to track the position of a 
vehicle.  

To study the effect of the characteristics of asphalt roads on the quality of driving, a precise 
calculation is needed to measure road quality conditions that can produce a comprehensive 
index as a parameter value for evaluating the quality of driving on asphalt roads using vehicles. 
The index underlying IRI was first used by the World Bank in 1986 [7]. 

The International Roughness Index is a road ruggedness parameter calculated from longitudinal 
measurements of road conditions with accumulated output from four-wheeled vehicles and 
divided by distance or length of road conditions using GPS location point data to produce a 
summary of inequality indexes with slope units. 

The vehicles used to assess road quality are four-wheeled vehicles, because they have two-
dimensional angles that receive shocks on the Y axis against road conditions compared to two-
wheeled vehicles. The smaller the IRI value, the better the quality of the road [14]. The IRI index 
parameter can be seen in Figure 1. 
 

  

Figure 1. Scale of IRI parameter [15] [16] [17] 
 
Based on Figure 1, the IRI value is influenced by the flatness of the road and the speed of the 
vehicle through it. The value of IRI 2,0 is the type of toll road quality and aircraft runway. Road 
quality with IRI value 2,0 is very good and can be used by vehicles up to speeds of more than 
80 km / h. Road quality that has an IRI value of more than 2.0 due to uneven surfaces detected 
on the road, or the presence of a mound. This results when traversed by vehicles affect the 
level of vehicle speed across the road [18]. The worse the quality of the road results in the 
slower the speed of the vehicle. 

This research aims to measure road quality by using an accelerometer sensor that is on an 
android smartphone using the International Roughness Index method. The road quality 
assessment process is carried out on public roads based on class I to class IIB which are types 
of asphalt and concrete roads [19] [20]. 
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2. Research Methods 

Methodology is part of epistemology or the science of knowing which can be said as the science 
of discovering. In connection with that, research methodologies need to see what they want to 
find in a particular theoretical framework so that what will be found gets its meaning [21]. 
Research methodology is a process that requires data to support research, each step is 
interrelated and connected to one another. The research flow steps carried out in this research 
can be seen in Figure 2. 

 

 
 

Figure 2. Stage of Research 
 

2.1. System Analysis and Design 

The system to be implemented is an application that detects road quality conditions using the 
accelerometer and GPS. System architecture is a general description of systems that work and 
are interrelated with one another. System users are surveyors, tasked with surveying road 
conditions by assessing road quality using applications, recording road conditions when the 
vehicle is running. Next is the system architecture can be seen in Figure 3. 
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Figure 3. System Architecture 

Information related to the image above is as follow. 

1. The android device asks for smartphone coordinates, GPS satellite gives the position of 
smartphone coordinates. 

2. The android devices enter the internet network 
3. The android devices request map services, Google Maps API provides service maps 
4. The device exports data to the Google Drive storage media 
5. The application detects vibrations that occur while the vehicle is running 
6. The device is in a vehicle 

2.2.   Technology Used 

Analysis of technology used is a process of analysis of the workings of the technologies that will 
be used by the system. In this research there are several technologies that will be explained 
which consist of an analysis of how the accelerometer sensor works in detecting road quality 
conditions by processing shock data or bumps recorded by the application. 

2.2.1. Accelerometer  

Smartphone currently generally has an accelerometer sensor for various needs such as 
changing the screen display from portrait to landscape or vice versa by tilting the cellphone 
body, this occurs because there is a change in the x, y, z value of a smartphone, the 
accelerometer axis value can be seen in Table 1. 

 

Table 1. Accelerometer Axis Value 

Position x y z 

vertical  0 1 0 
vertical upside down 0 -1 0 
right landscape 1 0 0 
left landscape -1 0 0 
flat 0 0 1 
flat upside down 0 0 -1 

 
The calculation of the accelerometer value will be focused on the y axis, because the position of 
the smartphone when recording data is vertical. The accelerometer sensor will record 
longitudinal waves or vibrations along with the vehicle's mileage. Figure 4 illustrates that the ti 
constant is a sample of time, and the hi constant is a longitudinal road surface. 
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Figure 4. Longitudinal Road Condition [22] 

Through calculations, the results of the vertical displacement value (Vhi) of each interval 
sampling can be obtained in Figure 5 and Table 2: 
 

 
Figure 5. Example of a longitudinal accelerometer condition 

Table 2. Acceleration value on the accelerometer 

Time(t) Acceleration value (A) 

0 0 

1 2 

2 0.5 

3 0 

 

With acceleration data (A) and time (t) obtained from accelerator, calculations are made to 
integrate the acceleration values that occur. 

A = Acceleration 
V = Speed 
P = Position 
t = unit time seconds 
Vhi = vertical displacement per second 

By Formula, 
V = V + Adt         (1) 
P = P + Vdt 

With the example above, it can be described as follows to integrate the accelerometer value. 
  = 0,  

   =     
      

 
(      ) 

   = 0   
     

 
 (1   ) 

   = 1 
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2.2.2. Road Quality Assessment Methods 

Based on IRI's explanation, the sum of all sampling intervals, then divided by the value of the 
distance (S) with the count [22]. 
 

    
    

 
   

 
 

          
 
   

 
 

 
When calculating IRI, it takes the total distance traveled (S) and the result of the vertical 
accelerometer transfer to each sampling time. Mileage can be calculated via GPS. However, 
vertical displacement is not a value that can be obtained directly and derived from the results of 
the accelerometer sensor, in known physics formulas: 
 

   
   

  
 

   
   

  
 

    

   
 

 
Where t is time, Vv is vertical speed, αv is vertical acceleration, and Vh is vertical displacement. 
Then: 
 

             
  

    

      

 

 
By adding the distance traveled, the above formula can be summarized as follows: 

    
     

   

 
 

          
    
      

 
 

 

(2) 

(3) 

(4) 

(5) 
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2.2.3. Obtain IRI from Accelerometer and GPS 

a. Calculate distance traveled 

Distance can be calculated using the speed of travel time to point one to colon using 
GPS. By formula: 
 

        
 

 

 

 
   is the travel speed measured at time t, can be obtained directly from the GPS sensor. 

b. Obtaining Vertical Transfer Value 

The acceleration of vertical movements can be recorded using an accelerometer sensor 
on a smartphone, which gives more data sampling. Vertical acceleration (αv) can 
appear in the dimensions of the three axes especially the y-axis, acceleration data is 
generated by the accelerometer, in other words, the y-axis acceleration data from the 
accelerometer cannot be taken directly as vertical acceleration data requires a method 
to obtain αv from the acceleration value all three axes. 

In the process of collecting data, when a user starts recording data, the vehicle must be 
in a normal or stable position. The style received by the smartphone (accelerometer) is 
only one gravitational force, vertical and downward direction with a value of (2) by 
formula [22]: 

                    

         is the average acceleration value of the x, y, and z axes in every 5 seconds, 
obtained from the smartphone accelerometer sensor. 

Obtain vertical acceleration (αv) from each axis, value A = (          ) can be 

interpreted as projection of vector A, with vector references  =(         ), 
measurement at the beginning of the data collection process, in other words, αv is a 

scalar projection of vector A and  , then the formula can be obtained as follows [22] : 

    
      

   
 = 

                              

                                    

 =                                (8) 

 
 
3. Result and Discussion 

At this stage consists of the result of implementation. 

3.1. System Implementation 

System implementation is the stage of translating the design at the analysis stage. The 
hardware specification used to use the system and the minimum hardware requirements 
needed to run the system that is using snapdragon 625 processor, 13 MP camera, 3 GB RAM, 
16 GB ROM, the smartphone has an accelerometer sensor and an android 4.4 KitKat operating 
system. 

3.1.1 Application Implementation 

Application implementation explains the interface implementation of an android application. 
Implementation of the interface can be seen in Figure 5. 
 

(6) 

(7) 
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Figure 2. Application Interface Implementation 

Figure 5 is the appearance of an android application to record road quality conditions, the 
system will continue to record road conditions as long as the vehicle is running included 
accelerometer charts, the graph will react if there is a shock or detected a hollow road, in Figure 
5 the graph looks stable and does not rise shock or potholes are detected. 

      
 

Figure 3. Road Quality Record Data Implementation 

The interface display in Figure 6 is the result of road quality record data along the distance 
traveled during the road quality record process. Road quality record data has an interval of 100 
meters to do IRI calculations so that the collected data is calculated as the IRI average value 

3.1.2 Accuracy of Road Quality Assessment 

The application testing was conducted on January 5, 2019, using the Daihatsu Ayla car and the 
Yamaha Mio’s motorcycle. This test was carried out in the city of Bandung, the starting point 
was at Cikutra Park street the tomb of the hero to the endpoint of Tubagus ismail street. The 
International Roughness Index road quality calculation is carried out every distance of 100 
meters and then the International Roughness Index is calculated from the overall distance.  
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Figure 7 is a display when the application is tested using the Daihatsu Ayla car vehicle. The 
testing route can be seen in Figure 8. 

 

      

Figure 7. Application testing 

 

 
 

Figure 8. Testing Route 

In addition to testing with the application system, visual testing is also carried out by looking 
directly at the physical condition of the road detected by the system by what is seen by the 
vision and vibration felt by the testers so that the system testing can be assessed for the 
accuracy of manual assessment by human vision. 

The following is the output data generated during the test can be seen in Table 3 and Table 4. 
 

Table 3. Road Quality Record Data on The Car 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

No Speed km/h Category IRI Distance Visual 

1 11.82 Good 3.18 104.07 Valid 

2 22.7 Good 3.43 101.58 Invalid 

3 22.05 Good 3.26 104.51 Valid 

4 13.52 Good 2.94 103.93 Valid 

5 22.49 Good 2.69 104.91 Valid 

6 21.28 Good 3.13 103.14 Valid 

7 23.72 Good 2.91 105.75 Valid 

8 24.53 Good 2.87 106.98 Valid 

9 30.32 Good 2.3 101.48 Valid 

10 27.7 Good 2.79 104.21 Valid 
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Table 4. Road Quality Record Data on The Motorcycle 

No Speed km/h Category IRI Distance Visual 

1 31.39 Poor 8.88 106.94 Invalid 

2 20.57 Fair 7.93 101.36 Invalid 

3 20.75 Fair 5.82 105.4 Valid 

4 22.12 Fair 5.69 101.16 Valid 

5 23.07 Poor 6.39 101.07 Invalid 

6 31.29 Fair 4.1 103.3 Invalid 

7 14.55 Fair 4.4 130.53 Invalid 

8 18.64 Good 3.57 101.58 Valid 

9 17.74 Fair 5.23 121.02 Valid 

10 27.75 Fair 5.31 103.63 valid 

 
Referring to research [23] and [24], the categories in table 3 and table 4 are said to be good if 
the IRI value is less than 4, the fair category has an IRI value of 4 to 8, a poor category with IRI 
8 to 12. Research conducted by Tho'atin assess road conditions are also using IRI, but the 
studies were not conducted a visual comparison to the validation results of the assessment of 
road conditions. 

IRI value using car: 

IRI   =  
    

    

IRI             

IRI           

IRI value using motorcycle: 

IRI   =  
    

    

IRI              

IRI         

 
From testing result on table 3 and table 4, the car has 9 valid data out of a total of 10 data, so 
the accuracy of the application using the car can be calculated as follows:  

         
 

  
         

Motorcycle have valid data 6 out of a total of 19 data, so the accuracy of the use of applications 
with motorcycle can be calculated as follows: 

         
 

  
         

 

Motorcycle uses a suspension that is not too good when compared to a car suspension. This 
makes the test using a motorcycle, resulting in a value of accuracy that is not too good when 
compared with the results of visual observations. 
 

The following is a graph of the test results on car and motorcycle vehicles in Figure 9. 
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Figure 9. IRI Assessment Chart 

Based on figure 9 the graph of road quality assessment on cars with blue lines shows a lower 
and stable IRI value with numbers 2 and 3. While the assessment of road quality on a 
motorcycle with an orange line color shows IRI values which tend to be larger and unstable, this 
shows a low level of accuracy compared to car vehicles. 

The level of accuracy of the test results using a car has a higher value than the results of testing 
using a motorcycle. This is because the car has a suspension that is better than a motorcycle. 
The car also has four suspensions, thus affecting the stability of the system in detecting 
vibration. That is because the smartphone device when testing is placed in the middle of the 
four suspensions in the car. 

 
4 Conclusion 

The conclusions and suggestions obtained from the results of this research are android 
smartphones that have an accelerometer sensor can be used to determine the quality of the 
highway using the International Roughness Index (IRI) method. The level of accuracy of the 
results obtained when using a car produces a more stable value and is more accurate when 
compared to when testing using a motorcycle. This is due to several factors, one of which is 
because the car's suspension is softer than a motorcycle. The car also has a greater number of 
suspensions than the motorcycle, so that it can reduce the vibrations that occur. 
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directly as vertical acceleration data 
requires a method to obtain αv from 
the acceleration value all three axes. 
 

Already fixed 

13.  Reviewer A It is unnecessary using table for this 
kind of information in table 3 

Table 3 has been deleted from 

the contents of the article 

14.  Reviewer A How did you decide between Good, 
Fair, and Poor? 
In table 5 

Added explanation with 

sentences Referring to Tho’atin et 

al research [16], the categories in 

table 3 and table 4 are said to be 

good if the IRI value is less than 

4, the fair category has an IRI 

value of 4 to 8, a poor category 

with IRI 8 to 12 

15.  Reviewer A You should explain what causes 
invalid data ( motorcycle have 
accuracy 30 %) 

Explained with Motorcycle uses a 
suspension that is not too good 
when compared to a car 
suspension. This makes the test 
using a motorcycle, resulting in a 
value of accuracy that is not too 
good when compared with the 
results of visual observations. 
 

16.  Reviewer A Bike or motorcycle ? It's been changed to a motorcycle 

17.  Reviewer A Check your sentence and split into 
two or more sentences, if it’s too 
long. 
 
Anyway, using motorcycle for testing 
at the first place, is a bad decision. 
 
The low level of accuracy in 
motorcycle vehicles is caused by a 
hard suspension and because the 
motor only has one direction in 
detecting shocks namely the front 
and rear wheels while the car has 
two directions between the two 
wheels on the right and the two left 
wheels this affects system stability in 

Already fixed into  
 

The level of accuracy of the test 
results using a car has a higher 
value than the results of testing 
using a motorcycle. This is 
because the car has a 
suspension that is better than a 
motorcycle. The car also has four 
suspensions, thus affecting the 
stability of the system in detecting 
vibration. That is because the 
smartphone device when testing 
is placed in the middle of the four 
suspensions in the car. 
 

Commented [WB5]: Check your sentence and split into 

two or more sentences, if it’s too long. 
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detecting shocks due to the device 
placed in the middle of the vehicle. 
 

18.  Reviewer A How can you got this conclusion? 
You should explains more 
 
This is due to several factors, one of 
which is because the car's 
suspension is softer than a 
motorcycle. 

The explanation has been added 
 
This is due to several factors, one 
of which is because the car's 
suspension is softer than a 
motorcycle. The car also has a 
greater number of suspensions 
than the motorcycle, so that it can 
reduce the vibrations that occur. 

19.  Reviewer B the picture is not clear (Figure 1) The image has been changed to 

be sharper 

20.  Reviewer B Cek sentence  

 

The accelerometer sensor will 

record longitudinal waves or 

vibrations along the vehicle's 

mileage, such as Figure 4, this a 

sample of time, and this is a 

longitudinal road surface to ti or 

time in seconds. 

Already fixed into  
 

The calculation of the 

accelerometer value will be 

focused on the y axis, because 

the position of the smartphone 

when recording data is vertical. 

The accelerometer sensor will 

record longitudinal waves or 

vibrations along with the vehicle's 

mileage. Figure 4 illustrates that 

the ti constant is a sample of time, 

and the hi constant is a 

longitudinal road surface. 

21.  Reviewer B contents numbering in 
 
V = V + Adt 
P = P + Vdt 

Numbering has been added in the 
formula 

22.  Reviewer B miscalculated Already fixed 

23.  Reviewer B use the most recent reference It has been replaced with the 
latest 

24.  Editor Improve grammar, there are still 

many words that are not 

appropriate. 

grammar has been improved 

25.  Editor Adjust the formula format 
according to the Lontar Komputer 
template. 

already adapted to the template 
format 

26.  Editor Add comparative analysis with 
previous studies related to the IRI 
method used. 

It has been added, comparative 
analysis with the research of 
Tho'atin et al research [16], 

27.  Editor Add references from journals 
related to research made with a 
minimum number of journals is 15 
that published in the last 5 years. 

the reference has been added to 
16 

 

Commented [WB6]: Check your sentence and split into 

two or more sentences, if it’s too long. 

 

Anyway, using motorcycle for testing at the first place, is a 

bad decision. 

Commented [WB7]: How can you got this conclusion? 

You should explains more. 

Commented [t8]: ? 


