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Abstract— The paper discusses a proposed model for 

automated traffic signal control system using short range 
wireless technology standard IEEE 802.15.4 (ZigBee). The 
proposed model is expected to be low cost and power efficient 
which is well suited for Transportation and Surveillance 
Systems in developing countries. Several experiments were 
performed to gauge the efficiency of ZigBee technology in open 
environment like roads where various hurdles can affect the 
communication; however, results were very encouraging and 
showed that although ZigBee is a short range wireless 
technology but it is well suited for transportation systems using 
multi-hop communication. This paper specifically deals with 
the wireless communication between various ZigBee modules 
and studies the effect of various factors on ZigBee 
communication in open environment. 
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I.  INTRODUCTION  
Technology is playing a pivotal role in various domains of 

life like HealthCare, Agriculture, Education and Enterprises 
etc. Technology is now changing the face of transportation 
systems by efficiently automating these systems. With the 
increase in the traffic on roads, transportation systems are also 
gaining attention of researchers throughout the world. 
Transportation Systems are becoming smart and intelligent. 
These smart transportation systems are termed as, “Intelligent 
Transportation Systems”. Examples of such systems are 
Electronic Toll gates, Car Navigation Systems, E-Challan 
System and various Vehicle Surveillance Systems etc. 

Developed countries are already using various applications 
of ITS and their daily activities are relying heavily on some of 
these systems. However, most of these systems are very 
expensive due to their size and nature. Various RSUs (Road 
Side Units) are connected with each other through wires, 
which make them very expensive and almost unaffordable for 
developing countries. Connecting RSUs through wires is not 
only expensive but also challenging in high population areas. 
In order to overcome these problems of wired connectivity, 
this paper proposes a wireless connection of RSUs within a 

high population area. Wireless connections of RSUs will not 
only reduce the overall cost of the system but also reduces the 
hassle of installing these systems. 

The paper discusses the use of short-range wireless 
technology standard IEEE 802.15.4 as a communication 
medium between various RSUs and the Control Center. This 
IEEE 802.15.4 standard is also referred to as “ZigBee”. This 
paper will use the term “ZigBee” throughout this paper. One 
of the major reasons of using ZigBee as a communication 
medium is its low cost and power efficient nature [1] which 
seems ideal for use in developing countries where cost and 
power are major players for designing and deployment of the 
systems. 

II. RELATED WORK 
Milanes et al. [2] discussed the use of IEEE 802.11p based 

Vehicle to Infrastructure (V2I) communication to inform 
vehicles about upcoming road accident. The proposed system 
not only helps in avoiding collision but also improves the 
traffic flow on the roads. They used a fuzzy based control 
algorithm that calculates the distance between the vehicles and 
proposes a speed adjustment for a smooth flow of traffic on 
road. Although this system improves collision avoidance but it 
does not help in controlling Road Side Units like traffic signals. 

Belanovic et al. [3] compared various wireless technologies 
for transmitting information from vehicle to infrastructure. The 
paper described that Universal Mobile Telecommunications 
System (UMTS) can be used to implement Vehicle to 
Infrastructure link using a dedicated channel. Although the 
UMTS link can be used to implement V2I but it is very 
expensive considering the number of vehicles on road. 

Gozalvez et al. [4] discussed the efficient deployment of 
RSUs in urban environment to improve vehicle and RSU 
communication. The authors used IEEE 802.11p for 
communication between vehicles and RSUs. Several 
experiments were performed and showed that traffic density, 
geographical location, trees and terrain elevation are the main 
factors affecting the wireless communication. The paper 
provides an in-depth analysis of various factors affecting the 
wireless communication; however, it lacks the control of 
RSUs. 
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Bo and Fusheng [5] proposed a model of a system that 
controls the traffic signal using wireless technology. They 
prepared a system that using Z-Stack to send and receive the 
data to and from the traffic signal. However, the proposed 
system in this paper creates multiple ZigBee networks, which 
can result in packet collision when there are large numbers of 
vehicles in the network. Furthermore, it does not take 
advantage of multi-hop communication attribute of ZigBee, 
which can help reduce congestion. 

Rachmadi et al. [6] presented an adaptive traffic signal 
control system that uses a camera to get the current state of the 
signal along with traffic. It uses Principle Component Analysis 
to analyse the images obtained from the camera and detects 
vehicle from it. It also counts the number of vehicles to 
determine the duration of traffic signal. Although this system is 
good for detecting vehicles at various lanes of the road but it is 
very expensive as it uses high definition cameras that increases 
the overall cost of the system. 

Iqbal et al. [7] proposed a model of Demand Responsive 
Transit in which buses communicate with the bus stops (RSUs) 
using short range wireless technology, ZigBee. The 
information of the buses and the passengers is transferred from 
bus stop to the buses using ZigBee when bus approaches the 
bus stop. This paper measures the efficiency of ZigBee in 
outdoor environment but it does not control the RSU, instead, it 
only receives data from the RSUs. 

 A lot of work has already been done in the field of ITS 
using ZigBee as a communication medium but none of the 
work actually considers the cost effectiveness and power 
efficiency of the systems for deployment in developing 
countries. This paper presents a low cost and power efficient 
solution for controlling traffic signals using IEEE 802.15.4 
(ZigBee) for use in developing countries. 

III. PROPOSED SYSTEM MODEL 

 
Fig. 1: Proposed System Model 

Fig. 1 illustrates our proposed system model for automatic 
traffic signal control system based on ZigBee technology. The 
proposed system is expected to work in a way that whenever 
an authorized person in the Control Center sends the wireless 
signal to the System Controller, it changes the state of the 
traffic signal from Red, Orange and Green. The wireless signal 

is transmitted using short range wireless technology, ZigBee 
and this communication is called ZigBee Communication as 
shown in Fig. 1. There are 3 main components of this system: 

A. System Controller 
This is one of the most important components of the 

system as it is responsible for receiving the commands from 
the Control Center and changing the state of the signal. 
System Controller is combination of an intelligent controller 
and a ZigBee module. The Controller is connected directly to 
the internal circuitry of the traffic signal which helps it control 
the state of the signal. A ZigBee module (XBee Pro Series 1 + 
Explorer) [8] is used to send and receive wireless signals to 
and from other ZigBee modules or Relays and the Control 
Center. This ZigBee module is connected to the Controller. It 
transmits the commands received from Control Center to the 
Controller which helps Controller in switching the states of the 
traffic signal. ZigBee module in each Controller has the 
capability of forwarding the commands to the next ZigBee 
module if the command is not for that particular traffic signal. 
This helps in transmitting the information at large distances 
using multi-hop communication. 

 
Fig. 2: System Controller at Traffic Signal 

B. ZigBee Relay 
A ZigBee Relay is a simple ZigBee module (XBee Pro 

Series 1 + Explorer) which is not connected to any Controller 
and hence not a part of a System Controller. The major 
responsibility of ZigBee Relay is to receive the information 
from other ZigBee modules or Control Center and forward it 
to the next ZigBee module. ZigBee Relay is hence a battery 
powered device which simply forwards the information to the 
next ZigBee module. 

 
Fig. 3: ZigBee Module / Relay 

C. Control Center 
A Control Center is a place where all the decisions are 

made. A Control Center is a combination of a Computer 
System and a ZigBee module (XBee Pro Series 1 + Explorer). 
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This ZigBee module is connected to the Computer System 
through a mini USB. Information of changing the state of the 
traffic signal is sent from software in the Computer System to 
the ZigBee module serially. ZigBee module sends this 
information to the nearest ZigBee module and so on till the 
information is sent to the desired traffic signal. 

 
Fig. 4: Model of Control Center 

IV. TECHNICAL DETAILS OF THE MODEL 

 
Fig. 5: Block diagram of the proposed model 

As illustrated in Fig. 5, Control Center is connected to the 
ZigBee network via an XBee module. This center is in 
command to every traffic signal and each XBee relay module 
connected within the system.  

The intelligent controller has been connected to the XBee 
module. Whenever XBee receives the data from the network, 
it sends the data to the controller. This controller is further 
connected to the optical isolators, these isolators saves the 
controller from any electrical short circuiting happening at the 
high voltage end. These isolators are connected to the relays. 
Traffic lights are used in the presence of intense sunlight so 
they should be intense enough to be visible in the sunlight. 
Usually these high intensity lights operates at a very high 
voltage, so major responsibility of relays is to perform this low 
level to high level voltage switching. These relays are then 
connected to the signal light which is visible to the humans.  
A power supply with a battery is also attached, in case, the 
power fails the signal will keep on working with battery.  

A significant aspect of the system is that it can be 
implemented in remote areas, where there is no electricity but 
the sun shines at its peak, by using solar system. In that case 

the power supply and battery charging module will be 
replaced by a solar system and the signal will be working 
autonomously without requiring lengthy and expensive power 
line. 

V. SYSTEM FLOW 
The system is expected to transmit the information 

between the Control Center and the Traffic Signal. The 
information flow will start when a control person wants to 
change the status of a traffic signal. A user interface will allow 
the person at Control Center to select the traffic signal and 
switch between its states. As soon as the control person selects 
the traffic signal and its state; this information is transmitted to 
the ZigBee module connected serially with Control Center 
System as mentioned earlier in technical system model 
section. This information is then transmitted to the nearest 
ZigBee module. This ZigBee module is checked to see if it’s a 
System Controller or a simple ZigBee relay device. If it’s a 
ZigBee relay device, the information is transmitted to the next 
device and again checked for System Controller. The process 
continues, till the required System Controller is reached. 
When the information reaches the desired System Controller, 
it changes the state of the traffic signal following the process 
mentioned earlier in technical system model section. After 
changing the state of the traffic signal, an acknowledgement is 
sent back to the Control Center informing about successful 
completion of the job. The system follows the same work flow 
for all the traffic signals of the system. 

 
Fig. 6: Proposed flow chart for the system 

VI. WHY ZIGBEE FOR OUTDOOR COMMUNICATION? 

Several wireless technologies are in use throughout 
the world for performing various tasks in different domains 
like HealthCare, Agriculture, Education, Enterprise and 
Transportation. In order to choose a specific wireless 
technology for a specific domain and specific application, it is 
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very important to clearly outline the basic requirements for 
these applications. Table 1 below compares various aspects of 
different technologies. This paper discusses the use of short-
range wireless technology, ZigBee in Transportation, 
specifically Traffic Control System. As illustrated above in 
Table 1, the data rate of ZigBee is very low as compared to 
other technologies [9], however, since Traffic Control System 
requires transfer of only a few bytes, to switch between its 
states, so 250Kbps will suffice. Similarly, the range of ZigBee 
is only 100m, which is at a low side as compared to 3G, 
however, since this paper uses a model of multi-hop 
communication for transferring data from one module to other, 
so this range will not matter a lot as far as communication is 
concerned. One of the most important aspects of ZigBee is its 
low cost and low power consumption, which makes it an 
excellent choice for use in systems for developing countries 
where both cost and power are major concerns. 

TABLE I.  ZIGBEE COMPARISON WITH OTHER PEER TECHNOLOGIES 

 ZigBee Wi-Fi 3G Wired 
Data Rate 250Kbps 54Mbps 11Mbps 100Mbps 

Complexity Low Moderate Moderate High 
Ease of Use Simple Moderate Restrictive Restrictive 

Range 100m 30m Miles Few Meters 
Efficiency Medium Medium High Very High 
Security Medium Medium Medium High 

Cost Less Costly Costly Very Costly Very Costly 
Power Low power Medium 

Power 
High Power High Power 

VII. ZIGBEE DATA FRAME FORMAT 

 
Fig. 7: ZigBee data frame format used for experiments 

Fig. 7 illustrates the ZigBee data frame format used for 
transmitting information using ZigBee modules to and from 
Control Center [10]. Total number of bytes for the frame used 
is 24 bytes. The frame is divided in to two parts; a header and 
a data part. The data part contains the data or commands to be 
sent from the Control Center and the acknowledgement sent 
by the ZigBee modules. Only 3 bytes are used for the data part 
since it only contains states of the traffic signal in binary (0 or 
1). The header contains all the information regarding network, 
source, destination and error checking. Below is the 
description of each component of the header in ZigBee data 
frame: 

• Network ID: 

Network ID is a unique SSID (Service Set Identifier) for 
the network. This component is essential as there might be 
other ZigBee networks in close proximity, which might 

interfere with the frames. This unique Network ID will 
distinguish between various ZigBee networks. 

• Source ID: 

Source ID is unique ID for the sending device, e.g., 
Control Center or other ZigBee modules. This ID will help 
in identifying the source in case the frames are lost and 
retransmitting of frames is required. 

• Destination ID: 

Destination ID is a unique ID for the end device, e.g., the 
ZigBee module of the traffic signal whose state is required 
to be changed. 

• Next Hop ID: 

In some cases, multi-hop communication is required to 
transmit data from Control Center to the end device since 
direct communication is not possible because of short 
range of ZigBee communication. Next Hop ID is hence 
used to keep track of ZigBee Relay devices that can 
forward the information to the next ZigBee module and 
hence to the desired traffic signal. 

• Time to Live: 

Time to Live is the maximum number of hops permitted to 
a frame before being discarded by the coordinator of a 
ZigBee network. In this case coordinator is Control Center, 
since it generates the request for data transmission. 

• CRC: 

CRC (Cyclic Redundancy Check) is the method used by 
ZigBee communication for checking errors during the 
transmission of data. If high error rate occurs, 
retransmission of frames is requested. 

VIII. EXPERIMENTS AND RESULTS 
Several experiments have been conducted to measure the 

efficiency of ZigBee communication in outdoor environment 
for Intelligent Transportation Systems. Different arrangement 
of devices is used for performing experiments to measure the 
efficiency for real time scenarios. 

 
Fig. 8: Experiments with Clear Line of Sight between ZigBee 

modules 

Fig. 8 illustrates the arrangement of devices in such a way 
that there is no hurdle between the wireless devices (ZigBee 
modules). There is a clear line of sight between two ZigBee 
devices. Results of these experiments are shown in Table II. 

 

 

ZigBee Communication 
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TABLE II.  EXPERIMENTAL RESULTS FOR CLEAR LINE OF SIGHT 

Distance Data Transfer 
 No. of bytes 

sent 
No. of 

times sent 
No. of times 

received 
Error % 

100 m 24 10 6 40 % 
90 m 24 10 7 30 % 
80 m 24 10 7 30 % 
70 m 24 10 8 20 % 
60 m 24 10 10 0 % 
50 m  24 10 10 0 % 
30 m 24 10 10 0 % 
As illustrated in Table II, several experiments were 

performed with different distances between the ZigBee 
modules ranging from 30m to 100m. As mentioned in Section 
VII, total amount of bytes used for creating a ZigBee Data 
Frame is 24 bytes so a total of 24 bytes is used for transferring 
data between the ZigBee modules. This data is sent between 
the modules several times to measure the accuracy. As shown 
in the table, keeping the amount of data constant and increasing 
the distance between the modules, increases the error rate and 
decreases the efficiency of communication between ZigBee 
modules. 

 
Fig. 9: Experiments with No Clear Line of Sight between ZigBee 

modules 

Fig. 9 illustrates the arrangement of experiments when 
there is no clear line of sight between the ZigBee modules. In 
Intelligent Transportation Systems, there are huge chances of 
hurdles like vehicles between the wireless modules as shown in 
Fig. 9. Table III shows results of the experiments conducted 
with no clear line of sight between the wireless modules. 

TABLE III.  EXPERIMENTAL RESULTS FOR NO CLEAR LINE OF SIGHT 

Distance Data Transfer 
 No. of bytes 

sent 
No. of 

times sent 
No. of times 

received 
Error % 

100 m 24 10 4 60 % 
90 m 24 10 4 60 % 
80 m 24 10 5 50 % 
70 m 24 10 5 50 % 
60 m 24 10 6 40 % 
50 m  24 10 8 20 % 
30 m 24 10 9 10 % 
 

As shown in Table III, there are chances of losing the 
frames while communicating with no clear line of sight 
between the wireless modules.  Similarly, increase in the 
distance between the modules, significantly decreases the 
efficiency of data transfer between the modules when there is 
no clear line of sight between the modules. 

CONCLUSION 
The paper discusses the use of short range wireless 

technology ZigBee in one of the applications of the Intelligent 

Transportation Systems, e.g., Traffic Signal Control System. A 
system has been proposed that overcomes the problem of high 
cost deployment of traffic control systems in developing 
countries. The design of the proposed system includes using 
short range wireless technology for wirelessly transmitting the 
information between the Control Center and the traffic signal. 
Several experiments were conducted to measure the efficiency 
of ZigBee for transmitting data between the modules in open 
environment. The paper concludes that if there is a clear line of 
sight between the wireless modules, the data is transmitted 
without any errors if the distance between the modules is less 
than 60m. However, the error rate starts increasing if the 
distance between the modules is increased. At 100m, the error 
rate can jump up to 40%, which means 40% of the frames can 
be lost and accurate information might not reach the 
destination.  

Similarly, several other experiments were performed for no 
clear line of sight between the modules. The experimental data 
showed huge variations. The efficiency was reduced 
significantly. The error rate jumped up to 60% when the 
distance between the modules was increased to 100m. 
However, the communication was good at a distance of 30m 
even with hurdles like vehicle between the modules. Decrease 
in the distance between the modules increases the efficiency of 
data transfer even when there are strong hurdles between the 
modules. 
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