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Abstract  

Monitoring and maintenance of road infrastructure is a very important task in all over the world. Surface roughness 
of the roads affects vehicle maintenance costs, fuel consumption, ride comfort and road safety. Vibration based 
structural health monitoring can be applied in case of pavement condition monitoring by relating roughness of 
pavement with vibration generated from it. However, traditional techniques in developed countries for pavement 
condition monitoring are not very cost effective and those require a lot of expertise in the related field. Nowadays, 
modern smartphones have different types of sensors like- accelerometer, GPS, sound etc. This paper presents a 
method to evaluate the pavement condition by utilizing a simple vehicle which is run over the pavement. The 
vibration generated due to roughness is captured by the smartphone sensor and GPS system. Then MATLAB and 
ProVAL software are used to analyze the data and to develop a roughness index. The method is applied in different 
roads of Dhaka city with various roughness condition to show the effectiveness of the method. 
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1 Introduction 

Monitoring and maintenance of road infrastructure is essential to ensure the safety and serviceability of the road 
infrastructure and comfort of the passengers. A good road network system is also essential for the economic 
development of any country. But the cost associated with monitoring and maintaining the road system is very 
high. The task is even challenging for a developing country like Bangladesh due to lack of information, skilled 
manpower, sophisticated equipment and most importantly insufficient budget. Traditional techniques in 
developed countries for pavement condition monitoring by using specially built trucks or wagons with laser 
scanners, bump wagons or even manually operated rolling straight edges are not very cost effective and those 
require a lot of expertise in the related field (Sayers & Karamihas, 1998). Vibration based structural health 
monitoring is promising to determine the pavement condition (Furukawa, 2005, Gonzalez et. al., 2008, 
Douangphachnh, and Oneyama, 2013). Vibration is generated due to roughness (ASTM, 2012) and smartphone 
sensors is able to collect that vibration data. A new method is developed by processing and analyzing that data 
which is efficient and simple. Hence, it can greatly reduce the cost associated with pavement maintenance and 
monitoring and can ensure proper maintenance of the roads for a developing country like Bangladesh.  

  

Figure 1. Traditional Method of pavement condition monitoring 

APL Profilometer Laser Profiler 
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2 Data Collection 

The data collection and analysis include the collection of vehicle vertical acceleration data, the storage and 
retrieval of data from a smartphone, the generation of a MATLAB script to double integrate the collected 
acceleration data into profile data, and finally, the determination of roughness index using the ProVAL software 
program. Data collection was performed at a driving speed of 20, 30, and 40 kMph. Two android-based cell phone 
was utilized in conjunction with the roughness capture application. The overall process is shown in Figure 2. 
 

 

Figure 2. Flow diagram of the method 

At first step, three roadways near Bangladesh University of Engineering and Technology (BUET) campus were 
selected as shown in Figure 3. They are: 
 

1. Polashi to Bakhshibazar, Zahir Rayhan Road (designated as Road 1) 
2. Jagannath hall to Polashi, Zahir Rayhan Road (designated as Road 2) 
3. Polashi to Nilkhet, Zahir Rayhan Road (designated as Road 3)  

 

   

Road 1 Road 2 Road 3 

Figure 3. Selected roadways for the experiment 

The roadways were selected based on different surface roughness by visual observation. Visible cracks and riding 
comfort were taken into consideration to label them. The roads were labeled as good, fair and poor quality. The 
road one is taken as poor quality. Road two is considered as fair, while road three seemed to be good.  

Modern smartphones are equipped with a number of sensors including multi-axis accelerometers, temperature 
probes, gyroscopes, light intensity sensors, magnetic field sensors, etc. (Android Developers, 2014, Sensors and 
Cellphones 2013). The Roughness Capture application collects acceleration in three orthogonal directions, a 
timestamp and GPS coordinates and stores them in an ASCII text file. Acceleration sensor of the smartphones 
was used to determine the acceleration in the vertical direction. The GPS sensor was used to determine the velocity 
and driving path of the vehicles. Two smartphones were used to collect the data. These are Samsung J2 2016 and 
Walton Primo HM. While collecting profile data the smartphone was mounted on the dashboard using adhesive 

Roughness Index 
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tape (Figure 4). AndroSensor application was used to collect the vertical acceleration data. During this study, a 
data collection rate of 200 points/second was used. Data collection vehicle was Toyota Hiace Long van 2.0 DX 
(TRH200V). Three trials were conducted for each route at three different speed in one direction. The total number 
of trials is = 3 velocities* 3 roads* 3 trials = 27 trials. 

 

Figure 4. Smartphones glued to the dashboard of the vehicle 

 

3 Data Processing 

The obtained acceleration data was imported to the MATLAB.  A MATLAB code was developed to determine 
the displacement data from the acceleration data. The displacement data was used to determine the roughness 
index as explained in later section. The process was done by double integration in frequency domain. Only simple 
double integration of raw acceleration data is a pretty poor estimate for displacement as at each integration, there 
is compounding of noise in the data. Hence, at first, the data sections were converted to frequency domain using 
Fast Fourier Transform (FFT). The steps involved in the double integration are given below: 

1. Removal of mean from the acceleration data.  
2. Performing Fast Fourier transform (FFT) of the acceleration data. 
3. Converting the acceleration data to displacement data by dividing each element by -omega^2, 

where omega is the frequency band. 
4. Performing the inverse FFT to determine the time-domain displacement data. 

 
The plots of acceleration, velocity and displacement for a typical data is provided in Figure 5 to 7. The obtained 
displacement data contains drift. To overcome the drift, the data were filtered in ProVAL software through built 
in high pass filter. The cut off wave length of the high pass filter was selected to be 30.48 which was found from 
different researches. 

Figure 5. Typical Acceleration Data Figure 6. Velocity Data 



S. Rana, Asaduzzaman, M.H. Bagha, B. Saha, & G. Azam 
ICPACE2019 

 

Figure 7. Displacement Data 

 

A quarter-car mathematical model is used to calculate the proposed roughness index by assuming the calculated 
displacement as road profile (Sayers et. al., 1986). A general representation of a two degree of freedom quarter-
car is shown in Figure 8. This model is two dimensional because only movement in the vertical direction Z is 
taken into consideration. In this model, the sprung and unsprang masses that correspond to one corner of the 
vehicle are denoted by 𝑚𝑠 and 𝑚𝑢, respectively. The suspension system is represented by a linear spring of 
stiffness 𝐾𝑠 and a linear damper with a damping rate 𝐶𝑠, while the tire is modeled by a linear spring of stiffness 
𝐾𝑡. 𝑌 is the input which is the road profile. By drawing free body diagrams and applying Newton’s Second law, 
the following differential equations are obtained: 

…………………………………………… (1) 
 

…………………………………………… (2) 
 

 

Figure 8. Quarter Car Model 

ProVal software was used to determine the response of the quarter-car model at a travel speed of 80 km/h, 
calculated for each point along the distance of travel. Finally, the roughness index was determined as follows for 
a specific length of road segment, 𝐿 on which measurement was performed. 
 
  
 

4 Result and Discussion 

Field data were collected for every velocity three times to ensure the repeatability of the method. Thus, the 
roughness index were calculated three times. The roughness index of different roads are shown in Figure 9.  

Roughness Index, RI 
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Figure 9. Repeatability of RI 
 

From the Figures it can be observed that the RI values of the three runs of approximately same velocity are pretty 
close in the same road. There is little difference in some values. It can be attributed to their difference in velocities. 
Thus, the repeatability of the method is confirmed. 

Next, RI values of selected three roads in approximately same velocity are shown in Figure 10 to compare the 
surface condition of these roads. It indicates that road 1 is in the worst condition of these three roads, road 3 is in 
best and road 2 stands in between of these roads. The condition of the roads as observed visually match with the 
proposed roughness index well. Hence, the condition of the pavement is determined objectively by eliminating 
subjective human observation.  

 

Figure 10. RI comparison for different roads 
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Figure 11. Pavement condition comparison with visual inspection and roughness index 

5 Conclusion 

To address the problem of pavement condition monitoring, a new vibration based method is proposed. Smartphone 
is used as a sensor to capture vibration from pavement using accelerometer sensor while the vehicle is run over 
the pavement. GPS sensor is used to determine the alignment of the road and speed of the test vehicle. After 
processing and analyzing the vibration data by using MATLAB and ProVAL software, a roughness index is 
developed. Good repeatability of the proposed method is observed. The method is able to determine the pavement 
condition objectively. Thus, subjective human judgement in pavement condition monitoring is eliminated. The 
method is quite cost effective and reliable as the smartphone sensors and vehicles are easily available and 
accessible. The method is also very time efficient as the vehicle runs very fast and the condition can be determine 
quickly. 
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