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This paper presents a portable system developed with wireless sensor technology to be 
boarded inside any kind of vehicle, which does not need any adaptation. Its main 
function is to detect faults on the surface of streets or roads and to register their GPS 
coordinates. The system acquires data in real time, including car speed and vibration 
level, at any point of the infrastructure (streets, roads, bridges, etc) travelled by the 
vehicle. After that, the data are post processed taking into account the user fixed levels 
for the several types of faults which are normally observed on the surface of those 
infrastructures. With that information the system: 

(1) updates the route to be downloaded into the satellite navigator (Tom Tom Navigator 
in this case), using icons for the location of the different types of faults under 
consideration. Alternatively the system can show the detected faults in geographic 
information system (GIS) and with all the collected data it can be used to estimate the 
advisability of carrying out maintenance road works. 

(2) classifies the roads, or part of them, according to their RMS value of vibration. With 
that value it will be possible to sort the routes and trips in smooth, good, normal or poor, 
for example, according to user comfort. This will be another option to be included in the 
route planners (sat-navs, internet, etc). 

The system is under evaluation to check its performance, especially in the cities where 
the GPS signal is not strong enough. In this case, in order to correlate all the detected 
faults with their position, a predictive location algorithm must be implemented. 
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ABSTRACT: This paper presents a portable system developed with wireless sensor 
technology to be boarded inside any kind of vehicle, which does not need any 
adaptation. Its main function is to detect faults on the surface of streets or roads and to 
register their GPS coordinates. The system acquires data in real time, including car 
speed and vibration level, at any point of the infrastructure (streets, roads, bridges, etc) 
traveled by the vehicle. After that, the data are post processed taking into account the 
user fixed levels for the several types of faults which are normally observed on the 
surface of those infrastructures. With that information the system: 

(1) updates the route to be downloaded into the satellite navigator (TomTom Navigator 
in this case), using icons for the location of the different types of faults under 
consideration. Alternatively the system can show the detected faults in geographic 
information system (GIS) and with all the collected data it can be used to estimate the 
advisability of carrying out maintenance road works.  

(2) classifies the roads, or part of them, according to their RMS value of vibration. With 
that value it will be possible to sort the routes and trips in smooth, good, normal or poor, 
for example, according to user comfort. This will be another option to be included in the 
route planners (sat-navs, internet, etc.). 

The system is under evaluation to check its performance, especially in the cities where 
the GPS signal is not strong enough. In this case, in order to correlate all the detected 
faults with their position, a predictive location algorithm must be implemented. 

1 INTRODUCTION  

The increasing popularity of wireless technologies Hatler(2005), with low price and low 
consumption powerful microprocessors, and the progressive shrinking of sensor 
devices, have increased the interest of the scientific community in this type of systems. 
Variety of micro-electro-mechanical sensors can be integrated to capture all types of 
physical variables, including also the exact geographical location through GPS. 

There are already many fields where these integrated systems or "motes" are used, 
Mainwaring (2002): environment, automotive, home automation devices, structural 
health monitoring, and so on. 
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2 OBJECTIVES 

In this paper a simple and portable system, ready to be mounted in any vehicle without 
having to make any further adaptation is developed. The system is able to record 
accelerations and then to analyze the state of the surface where it travelled: roads, 
streets, railways, bridges, walkways... The system, via GPS, records the location of the 
route using usual satellite navigation maps. Moreover, some usual faults can be 
identified and classified according to a previously prepared list (bumps, potholes, 
bumps, culverts, etc). 

The system can be placed in any vehicle that normally travels the city (buses, taxis, 
police cars, etc), and recording the data automatically. Further post processing will help 
the authorities to identify the necessity of repairs, conservation´s works... Such 
information may be transmitted automatically to the appropriate public services for this 
kind of maintenance activities. 

3 METHOD 

The method is based on measuring the vibrations of the vehicle where the system is 
mounted, together with its GPS coordinates. Once recorded the data, the acceleration 
signal is processed and, in the case where high vibration levels are detected, the surface 
fault can be classified and its corresponding position recorded. That information is set 
on the map for other users to know and/or send to local authorities to repair the 
pavement. 

4 TECHNOLOGY 

Crossbow processor/radio boards, more commonly known as motes, are used, 
www.xbow.com (2008), (figure 1). They allow multiple sensors distributed over a wide 
area to wirelessly transmit their data back to a base station attached to a computer. The 
motes run the operating system TinyOS, www.tinyos.net(2008) which handles power, 
radio transmission and networking in transparent way to the user. The network´s kind is 
ad-hoc Gómez(2004), meaning the motes figure out how to form the most efficient 
network by themselves. The network also supports multi popping, allowing a mote out 
of range of the base station to pass its information from mote to mote until the data 
reaches the base station. 

 

Figure 1. Crossbow components.  
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Figure 1 shows the base module (a), that includes, in addition to the microprocessor and 
power source, the wireless communications interface. On this module, the 
corresponding sensor´s board (b) with all the necessary sensors must be installed. Figure 
2 shows a particular configuration of the ad-hoc network. 

 

 

Figure 2.Wireless Ad-hoc network. 

5 HARDWARE  

This work has been performed with the following equipment: 
• Desktop computer with the software for programming the motes and for 

processing the recorded data. 
• Laptop computer for data recordings (by vehicle). 
• Four MICAz base modules, www.cmt-gmbh.de(2008). 
• Four MTS420CC sensor board mounted on the MICAz. Biaxial accelerometer 

and GPS module are installed on each board. Technical characteristics of these 
sensors are shown in Figure 3,  www.analog.com(2008). 

• GPS antennas and a base station (Figure 3). 
• Sat-nav with an open POI database (TOM-TOM for example). 

 

 

     

GPS antenna and base station 
 



5th International Conference on 
Structural Health Monitoring of Intelligent Infrastructure (SHMII-5) 2011 
11-15 December 2011, Cancún, México 
 

 

 

Accelerometer specifications  

GPS especifications 

Figure 3. Sensor board, with the accelerometer (x,y). GPS components. Gateway. 

6 LOCATION OF THE MOTE IN THE VEHICLE 

The location of the sensing mote in the vehicle affects the acceleration measurements. 
For this project, two possibilities were proposed: on the suspended mass of the vehicle 
(inside, for example) or on the suspension system (outside, on the lower control arm). In 
the first case, the measure is affected by the suspension system behaviour of the vehicle, 
while the second one, only the tire affects to the acceleration record. Tested both 
possibilities, it was decided that the best location was the second one, which provides 
greater sensibility and allows interchangeability of the system between vehicles (figure 
4). 

 

Figure 4. Location of the mote on the lower control arm of the suspension system. 

7 SOFTWARE TOOLS 

The software applications used for configuring and programming the motes and for 
configuring the network are: 

• Specific Crossbow software for programming the motes and the base station, 
www.xbow.com (2008). 

• Tiny-OS 1.x under Cygwin to be installed on the laptop used to manage the data 
transmitted from the motes www.tinyos.net (2008). 

• Java JDK, which is installed on the laptop to run some applications that are 
required for reading and storing the data generated by the motes. 
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• Google Earth to display the trajectory generated by the GPS and to visualize the 

exact position of the faulty points. 
• Matlab for processing sensor information. 
• PoiEdit to change the format of the MatLab files into a compatible format with 

the POI TOM-TOM database. 
• Microsoft Excel, to display, edit and manage the recorded and processed data. 

8 DATA RECORDING 

The first thing to do is preparing the motes and the base station. Motes #1 and #2 are 
programmed to work as uniaxial accelerometers and #3 and #4 as GPS receivers 
(redundant GPS, in case of reception problems in one of them). 

Two of the pre-adjusted parameters of the motes must be modified (affecting only the 
motes working as accelerometers). On the one hand, for the road surface inspection only 
is necessary to use one of the directions of the biaxial accelerometer, so, the other is 
switched off. Each mote must be located in the vehicle in such a way that the sensing 
direction to be the vertical one. On the other hand, the sampling frequency is set to 
100Hz (faster than the slowest allowed original one). These changes ensure, within the 
possibilities of the mote, a sufficiently accurate recording for the legal limits speeds. 

Once that is ready, it is only necessary to turn all the devices on. After that the GPS 
signal is received, the computer running the TinyOS application begins to record the 
acceleration and position data from the motes. 

9 DATA POSTPROCESSING 

After the inspection is performed, all the data recorded are available in a hex file 
containing acceleration and position data. The data are processed using a Matlab 
application. The effective value of the acceleration is obtained and in case its value is 
greater than the threshold values, a fault is identified and classified according several 
patterns. Also, working with the RMS (Root Mean Square) value and its average value 
in a stretch of road, it is possible to analyze not just point events but also the stretch. 
Doing that, it is possible to classify the route as smooth, good, average, poor or very 
poor. 

The acceleration threshold and the corresponding patterns for several faults have been 
established using experimental data. A catalog was created through visual inspection at 
every position and personal expertise. 

The system also can generate a data file to be linked to Google Earth. In this way, the 
route can be displayed on the map with the location of the detected faults and the 
classification of the stretch. Another data file can be generated to be loaded as POI 
(Points of Interest) or similar events, in a commercial sat-nav. In this way, every road 
user could know the characteristics of the road pavement. 

10 MAIN RESULTS 

As application´s example of the system working, a route on the city of Valladolid 
(Spain) is presented. Figure 5 shows the time evolution of the vibration and the 



5th International Conference on 
Structural Health Monitoring of Intelligent Infrastructure (SHMII-5) 2011 
11-15 December 2011, Cancún, México 
 

 
evolution of the position in latitude and longitude coordinates of the vehicle. After 
threshold setting of 0.55g, the positions over that value are recorded and pointed out 
(red circles in the acceleration curve, with black stars in the position curves).  

 

 Figure 5. Processed data: (top) acceleration, (middle) latitude, (bottom) longitude. 

Figure 6 shows the vehicles´ path and marked with black starts the places where the 
vibration is higher than the limit used. 

 

 

Figure 6. Path, showing point events (black stars). 

Figure 7 shows, for a particular stretch, the effective value (RMS) of the acceleration, 
(black curve), over the recorded signal (green). Several critical areas can be identified. 
The one marked with the red circle, even not having any point faults, has RMS values 
high enough to consider it uncomfortable. These kind of areas are marked in yellow on 
the path. 
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Figure 7. RMS value and uncomfortable stretches (red circle, yellow paht). 

 

The thresholds for classification are shown in Table 1: 

Table 1. RMS Acceleration thresholds. 

RMS Average   

vibration signal (g) 

State/Type  

of  
infrastructure 

<0,02 smooth 

0,02..0,03 good 

0,03..0,045 normal 

0,045..0,06 poor 

>0,06 very poor 

 

The analysis of a particular stretch is shown in Figure 8. The average RMS value is 
0.1028g and, according to Table 1, this stretch can be classified as very poor. 

 

 

Figure 8. Acceleration (green), RMS value (black) and threshold value (red). 

Figure 9 displays the corresponding Google Earth path (blue curve) with the associated 
faults. Some photographs with the faulty pavement are also displayed. 
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Figure 9. Point faults places and fault type (photographs digitally filtered). 

11 CONCLUSIONS 

The implementation of a simple system for detecting pavement status has been 
successful developed using wireless devices. The system is able to detect faults 
(according to a specific pattern), comfort levels of any road, and register the position in 
proper databases so it can be used in sat-nav devices and in internet map applications 
such a Google Earth. With all this information, not only users can know in advance the 
status of the route but also local authorities can use the information to manage the 
infrastructure´s conservation. 

The system is portable, easy to install in any vehicle, including not only cars but also 
trains, for example. It is also easy change patterns and threshold levels. All these 
advantages, together with its low cost and flexible configuration, can make this system 
very attractive for multiple purposes. 
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