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Abstract— Internet of Things (IoT) represents a giant leap in 

how to collect, analyze, process and distribute data which later 

will become information. In fact, IoT now begin to support the 

Intelligent Transportation Systems (ITS) is one of the most 

successful deployments worldwide, it seeks to solve the 

problems that the transport sector has and thanks to union 

with the approach of IoT, generates new scenarios for 

sustainable and efficient transportation. In this paper both 

approaches (IoT e ITS), to support a simulation scenario that 

aims to monitor roads surface through an accelerometers 

network. In this scenario, the basis is the city of Bogotá where 

the surface road is quite run down. In this sense, the scenario 

of the results presented the potholes categorized to be repaired 

in a correct way. 

 

Keywords-, Internet of Things (IoT), Intelligent 

Transportation System (ITS), Accelerometers Network, Road 
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I. INTRODUCTION 

Road infrastructure is very important in any country, 

for this reason should be in perfect condition to facilitate a 

good circulation of vehicles in fact for adequate operation 

of the transportation is important to keep in optimal 

condition the surfaces of the roads.  

The deployment of ITS approaches is not limited only 

to create solutions to optimize the mobility of cities, also 

aims at solves the problems associated with transport. 

Today, there are many technological approaches and 

applications have been development oriented to 

maintaining high quality service, however there are 

problems such as vehicle congestion, environmental 

pollution and the advanced deterioration of the roadways. 

The previously mentioned problems and many others 

that affect the transport sector have been addressed in 

developed cities by the Intelligent Transportation Systems 

(ITS) which searches through the integration of multiple 

approaches of computer technologies, communication and 

information, generate solutions in this sector [1]. An 

example of application with good results is automation in 

monitoring the roads to maintain a record of state in real-

time [2] [3]. These cases of ITS, leverage the approach of 

internet of things (IoT) which allows to connect to the 

network any object [4], in this case, accelerometers 

network deployed in vehicles, keeping the control over 

routes in real time, allowing generate solution plans to 

keep roadways in good condition, improving 

infrastructure and thus reducing costs and unnecessary 

tendering [5]. 
Currently Bogotá faces major mobility problems within 

of these are the advanced deterioration of the road 

surface, which not only affects the state of the vehicles, 

has also brought about an increase in time of the journeys 

made, decreased quality of life of citizens, death of 

pedestrians, among others [6]. 
Despite the efforts made by the different entities of the 

district, the problem seems to have no solution, due to the 

lack of methods to identify and prioritize appropriately 

the deficiencies found, generating an increase in response 

times to troubleshoot the deteriorations and thereby 

increasing costs. To generate new alternatives that reduce 

intervention times the roads affected by the responsible 

authorities, it is necessary deploy a network of 

accelerometers, focusing in IoT and ITS. Unfortunately, 

these devices are not available in Colombia, but thanks to 

the simulation software, can perform tests to determine 

the feasibility of a real deployment. 
This paper summarizes the main concepts of the state 

of the art, which serves as the basis for the approach of a 

simulation scenario wireless accelerometers networks, to 

monitor the roads in a sector of Bogotá, allowing storage 

the latitude and longitude of the affected areas and thus 

perform an automatic process of receiving information 

according to categories that allow authorities develop 

more effective plans to improve the state of the roads 

surface. 
Finally, the paper is structured as follows: section two 

(II) presents background. The section tree (III) the 

proposal. Section four (IV) shows the simulation scenario 

analysis and section five (V) the conclusions. 

II. BACKGROUND 

In Bogota, from the moment that the damage of the 

road is reported by the citizens, takes between 1 and 12 

months to review the case by the district. The authorities 

also conduct surveys of roads and these are compared 

with the damage reported by the citizens. 

This process takes approximately 3 years, table 1 

shows the time taken by each stage to perform 

maintenance or rehabilitation of the road. 



Process Time(days) 

Damage identification 30 – 120 

Identification critic roads 90 

Tendering 90 – 120 

Legalization of tendering 14 

Table1. Process 

 

In addition, the times of duration depending on the 

damage are these: 

Repairs Time 

Mobility Action 20 minutes 

Change Asphalt 8 - 10 days 

Road Reconstruction 20 - 30 days 

Table2. Times Duration 

 

By one approach between IoT and ITS, projects have 

been implemented in order to monitor the state of the road 

surfaces, improved parking spaces, reduce contaminating 

gases, improve travel times, among others. However, 

currently in Colombia, there is no a integration of ITS and 

IoT, which allows monitoring the state of the road 

infrastructure and generate reports to address the 

problems in an efficient way. 

Likewise, to go into detail in the context of IoT, have 

been developed numerous platforms, for the deployment 

of various projects in this paradigm. Below are explained 

some terms that are of paramount importance to the 

development of IoT projects. 

IoT is a network of physical objects connected to 

internet, where these objects possess the necessary 

technology and features that allow them the connection 

between them and external environments to transmit 

information properly [7]. To work under the paradigm of 

IoT, is necessary to know some basic concepts that will 

introduce the bases for work on IoT. 

A. 6LoWPAN 

It is an acronym of IPv6 over low-power wireless 

personal area network. This protocol for connection 

between sensors provides encapsulation and header 

compression packets that are sent and received using IPv6 

protocols from networks based on IEEE 802.15.4[8]. 

B. Wireless Sensor Network (WSN) 

    The WSN’s are composed of a large number of nodes 

called motes or sensors deployed in places where it is 

impossible to reach hard-wired or are simply inaccessible 

and extreme conditions for people. These networks are 

characterized by robust, scalable and self-configuring [9]. 

C. Platforms 

IoT can be seen as an integrated part and the future 

potential of the internet, also as much of the infrastructure 

of the comprehensive network, with the ability to be 

dynamic and easy adaptation to different situations, this 

infrastructure has the ability to perform configurations 

using protocols where physical objects that communicate 

with each other and with virtual elements, allowing 

proper operation [10]. The objects that make IoT 

infrastructures, have physical and logical attributes , 

allowing them to interact with each other and getting data 

on the environment for which they were assigned. 
The platform concept is not limited solely to physical 

devices, there are also virtual platforms, or in the cloud, 

which allow to integrate virtually any internet device, and 

monitor the mobile phone through any activity. The use of 

cloud platforms increases the speed versus a physical 

display process, just as a decrease of the costs. The use of 

appropriate and suitable platforms, ensured 

communication and interaction between connected 

devices, making that the data sampling be real and 

increasingly easy time as well as further analysis and 

distribution to stakeholders. 

 

D. Simulators  

Currently research in wireless sensor networks and 

communication protocols are tested on simulators, in 

order to obtain an initial approximation to the behavior of 

networks to make a decision on its implementation, which 

makes important to know with certainty how close to 

reality the results are produced and under what conditions 

they can be accepted as an accurate representation of the 

real world, these simulations are performed mainly in the 

initial design stage. As for the cost of the simulation of 

thousands of WSN is very low, this can also end in a very 

short period of time. 

E. Contextualization  

As mentioned previously, one of the application areas 

that are taking more strength to carry out the sensor 

network deployments under the approach of the IoT, are 

the ITS which aim to create a more efficient and 

sustainable transport. In this order of ideas, it is 

noteworthy that within the ITS there is an interest and a 

need to generate new technologies [11]. 

 

 



CHARACTERISTICS/ 
PLATFORMS 

Transmission Software Digitals 

Input 
Analog 

Input 
Microcontroller 

Mote Runner 2.4 GHz Blue Z 8 7 ATmega1281 

Arduino Mega 2560 16 MHz Arduino 54 16 ATmega2560 

T-Mote Sky 8 MHz TinyOS, Processing, Contiki 

OS 
5 8 Texas Instruments 

MSP430 F1611 

TSmarT 32 KHz TinyOS, Embedded C 
  

32 bit ARM Cortex 

M3 430 

Raspberry Pi 700MHZ Linux 
  

Broadcom BCM2835 

Zolertia Z1 2.4 GHz Embedded C, TyniOS 2, 

Contiki 
22 16 MSP430 

Netduino 2 120 MHz .NET Micro Framework 4.2 22 6 STMicro STM32F2 

Netduino plus 2 168 MHz .NET Micro Framework 4.2 22 6 STMicro STM32F4 

Netduino Go 168 MHz .NET Micro Framework 4.2 22 6 STMicro STM32F4 

Table1.  Platforms 
 

In Colombia, the deterioration of the road network has 

increased due to the increase of vehicles in use, geological 

faults, climate change, abandonment of government and 

among other factors that contribute to the degradation of 

the country's road infrastructure. In Bogotá, particularly 

on the 8,289 km of road network, over 80% are in poor 

condition. To try to counter the problem, they have 

created several action plans, the principal are: The 

allocation of resources for maintenance of the roads is the 

main implementation plan by the government in the city, 

also has a page for reporting pothole, with poor results. 

III. PROPOSAL 

As mentioned above, for the impediment of don't have 

physical devices, was chose the option of simulation. 

Currently there are much software that allow simulation 

work on sensor networks, for this study, was worked with 

OMNET++. The simulation of scenario for monitoring 

the state of the road surface is located near of the facilities 

of the Catholic University of Colombia in Bogotá 

between 45th and 53th Streets, and NQS and 7th avenues. 

A. OMNET++ 

It is a network simulator, programmed in C++. His 

main area of application are communication networks, but 

being so flexible, it can be used in different areas, for 

example, in the simulation of complex IT systems, 

hardware architectures, among others. Enables reuse 

existing models, which are additionally free of charge, 

this combined architecture modules, comprehensive 

support and flexibility of its graphical interface, which is 

similar to the ECLIPSE, the modules can incorporate any 

application [14]. 

B. Simulation scenario 

As mentioned in the development of this paper, the 

great benefits of ITS and thanks to integration with new 

technological approaches, as IoT, today, large cities 

worldwide, have been able to generate a safer traffic, 

friendly with environment, efficient, among other 

benefits. For development work, it is proposed to perform 

a simulation for generating a system for real-time 

monitoring of the road surface of the city. 

 

    The stage, which is taken as reference, it is a sector of 

Bogotá, it can be recognized by the Catholic University of 

Colombia and presents enough problems in the roads. For 

purposes consistent with the approach in this paper, 

research mode, the defined characteristics are similar to 

those in the sector. 

The simulation scenario was designed with Omnet++, 

which allows for this case, using a model integrated with 

Google Earth, add the background image with their 

respective coordinates. 

 

 

 

 



Simulator Language programing Standards and protocols Nodes GUI 

Ns-2 OTcl TCP, AODV, OLSR, DYMO, 
802.11, Bluetooth, Mobile IP 

<100 No 

Ns-3 C++, Python IPv4, MAC, Wi-Fi, Wimax, 
  

TOSSIM nesC 802.15.4 >1000 Yes 

OmNet ++ C++, NED UDP, TCP, SCTP, IPv4, IPv6, Ethernet, PPP, 802.11, MPLS, OSPF 
 

Yes 

COOJA Java IPv4, IPv6, 6LoWPAN, RPL, CoAP <100  Yes 

GLoMoSim Parsec(C,C++) Wi-Fi, >1000 
 

UWSin C++ AODV, DSR >1000 
 

Avrora Java 
- 

>1000 Yes 

Castalia C++ MAC 
 

Yes  

EmStar nesC/C++ 
-dwdcddcsceewewdxe 

 

 

 

 

 
 

 

--- --- --- -- --- -- --- -- --- --- -- --- -- --- -- --- --- -  <50 Yes 

SENSE C++ DSR, AODV 802.11 
  

VisualSense Ptolemy II 
   

J-Sim Java, TCL MAC 802.11 500 Yes 

GTNetS C++ Wi-Fi, WiMax >100 
 

JIST/SWANS 
 

802.11b 
  

Table2.  Simulators 

 

 

 
Figure1. Topology scheme simulation 

 

 



Figure 1 shows vehicles that have adapted sensors, 

transmitting information, reaching the Gateway, then goes 

through a process of encapsulation tunneling, to be 

transmitted and stored in databases disposed by the entity 

to that the administrator can query the data received. 

The architecture presents the system is composed of 

five modules, which are: subsystem integration with 

Google Earth, vehicle journey, identification of potholes, 

categorizing and reporting of pothole. 

 
Figure2. Architecture  

IV. ANALYSIS OF RESULTS 

Among the most notorious results are: the 

identification of the potholes, the delivery of results and 

comparison of reparation times. 

A. Identification of potholes 

In this part, the potholes found during the journey of the 

two vehicles in the simulation scenario are identified. 

 

 
Figure4. Road problems 

 

 

B. Categorizing and reporting of potholes 

Omnet+ + allows integration of modules free, which 

can be modified according to the need of the simulation. 

In the case presented in this paper, integration with 

Google Maps allows graph the affected parts, for a 

categorization of the affected areas to be intervene 

according to the established hierarchy as follows: 

Red: critical points that need to be repaired urgently, to 

be present in arterial roads.  

Yellow: critical points that must be repaired second 

instance because they are present in intermediate 

pathways or are not damages high impact in a via arterial. 

Green: less critical point that must be repaired in the 

third instance because they are present in local pathways 

or are not damages high impact in an intermediate 

pathway. 

The results obtained from the simulation are shown in 

Figure 4, it is worth noting that these results are delivered 

to the district administration to manage the repair of 

damage in the best way. 

 
Figure3. Reports Scenario 

C. Times Mobility Actions 

In this case, the only fix is to seal cracks and fill small 

pothole mobility actions procedure takes 20 minutes, is 

taken as the best case when all processes are estimated in 

the shortest time and the worst case when processes are 

the largest estimated time. 

 

 
Figure6. Times Mobility Actions 



You can see that in Figure 4, reducing the duration of 

mobility actions with network implementation 

accelerometer is remarkable, so much so that in the worst 

case the time is reduced to almost ¼ of what it takes 

without the network. 

D. Times of change of asphalt  

In the case of requiring changes in the asphalt, the 

process is a bit more complex and time consuming, the 

above, ultimately required approximately 8 to 10 days, 

without sampling an array of accelerometers, while an 

accelerometers network time considerably reduced. 

 

 
Figure7. Time of change of asphalt 

E. Time of the road reconstruction  

When damage is critical, it is necessary to reconstruct 

the road. Such procedures tend to last a longer time 

compared to the previous two.  

Although times are increased by the difficulty of the 

arrangement remains notorious big difference between the 

length of the repair without the network of accelerometers 

and duration under accelerometers deployed network 

 

 
Figure8. Time of road reconstruction 

F. 6LoWPAN simulation 

Cooja was used to work sensor networks under the 

6LoWPAN approach, it allows the transmission and 

establish the connection between both. 

 

 
Figure9. 6LoWPAN simulation 

 

Additionally, Cooja allows to assign an IPv6 address to 

the nodes thus achieve data transmission between them. 

In figura9 is observed the timelines that show the 

connection and the transmission of information between 

nodes. 

 

 
Figura10. Estado de transmisión de paquetes en Cooja 

V. CONCLUSIONS 

A detailed study IoT and global progress of ITS was 

performed. We also identified different IoT applications 

to improve the quality of transport, ensuring self-

sustainability. 
The most important benefits of using ITS were 

determined, using the new paradigm of IoT, which results 

in increased automation of processes, user support, 

drivers and optimization of the results obtained. 



The benefits of performing simulation scenarios to 

sustain the viability of new ideas and thus determine the 

feasibility for a physical deployment were identified. To 

perform the simulation scenario, it was necessary; 

investigate the various software simulations of sensor 

networks, and operating systems focused on the 

simulation of sensor network deployment. 

The simulation carried out in a sector of Bogotá, was 

performed on Omnet++, which allowed identify problems 

in the road, performing the report as soon as damage is 

detected. This demonstrates the advantage of deploying 

sensors, because it identifies the most critical points, 

allowing a solution to all who are identified, followed by 

lower critical points. 

After doing all the work process can be applied-art 

approaches to develop intelligent systems that improve 

the quality of transportation in Bogotá as well as the 

existing infrastructure. With the implementation, reduce 

unnecessary costs, and bidding on studies to determine 

the true state of the road network. 
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