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Traffic problem is an extremely significant issue affecting our daily life. One spends a
lot of time waiting on the crossroads resulting in significant delay to reach the desti-
nation with more fuel consumption. Traffic signals are used to manage traffic on the
crossroads. A traffic signal can be pre-timed, semi-actuated or fully-actuated. Pre-
timed signal consists of a programmed sequence of various signal phases which is
repeated after completion of a cycle. A phase is defined as an assignment of
non-conflicting and simultaneous movement of traffic into separate groups to allow
collision free vehicle movement [1]. Congestion on crossroads is major disadvantage
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Abstract. This paper presents design and development of Adaptive Traffic Sig-
nal using mOTes (ATSOT) system for crossroads to reduce the average waiting
time in order to help the commuter drive smoother and faster. Motes are used in
the proposed system to collect and store the data. This paper proposes an adap-
tive algorithm to select green light timings for crossroads in real time environ-
ment using clustering algorithm for VANETSs. Clustering algorithms are used in
VANETs to reduce message transfer, increase the connectivity and provide se-
cure communication among vehicles. Direction and position of vehicles is used
in literature for clustering. In this paper, difference in the speed of vehicles is
also considered along with direction, node degree, and position to create rea-
sonably stable clusters. A mechanism to check the suitability of cluster initiator
is also proposed in the paper. The proposed ATSOT system can be used for
hassle free movement of vehicles across the crossroads. Prototype of the system
has been designed and developed using open source software tools: MOVE for
the Mobility model generation, SUMO for traffic simulation, TraClI for traffic
control Interface and Python for client scripting to initiate and control the simu-
lation. Results obtained by simulating ATSOT approach are compared with
both OAF algorithm for adaptive traffic signal control and pre-timed approach
to show the efficiency in terms of reduced waiting timing at the crossroads. Re-
sults are also compared with pre-timed method for single lane and multi-lane
environment using Webster’s delay function.
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of pre-timed signals when there is no traffic on the road with green light assignment
and too much traffic on the road towards red signal. To solve this problem, actuated
signals came into the scenario. Actuated signals are capable of altering the phase se-
quence with varying phase time for a signal depending on vehicle density on the road,
which enable them to reduce traffic delays extensively. Actuated signals are further
divided into two sub categories: semi-actuated and fully actuated.

Semi-actuated signals use the detectors present only on the major roads, whereas in
case of fully actuated signals, all roads (major or minor) have detectors installed on
them [1], [2]. The signal is set to provide the green light time as per traffic require-
ment. The effectiveness of traffic flow across a crossroad varies according to the
phases, phase sequences and the timing of the traffic signals installed. Thus, in order
to ensure the safety and normal traffic flow at the crossroads, design of adaptive traf-
fic signals becomes essential [3]. The adaptive traffic signals are mainly used for
adapting the timings of lights by predicting the traffic volume for smooth traffic flow
without congestion.

Most of the cities in the developing countries have pre-time signals, whereas actu-
ated signals are installed on the crossroads in most of the developed countries. There
has been significant works done in the area of adaptive traffic signals for congestion
free movement of traffic across the crossroads in the literature. There exist a variety
of traffic light control systems implemented worldwide like Split Cycle and Offset
Optimization Technique (SCOOT) [4], [5], Sydney Coordinated Adaptive Traffic
System (SCATS) [6], [7], Real time Hierarchical Optimized Distributed Efficient
System (RHODES) [8], Optimization Policies for Adaptive Control (OPAC) [9],
Real-Time Traffic Adaptive Control Logic (RTACL) [10] etc. These systems are
mainly based on the inductor loop detectors and video sensors installed on the inter-
sections. As per our knowledge, none of these techniques uses clustering mechanism
to form stable clusters to adjust the green time for traffic signals.

In this paper, motes are used to sense the traffic flow on the roads which is further
used for clustering. Mote is a wireless sensor node, also known as smart dust, gathers
sensory information, processes it and then communicates result to other nodes in the
network [11]. Mote is a node but vice versa is not true always [12]. VANET is a spe-
cial type of Mobile Ad hoc Network (MANET) having its root in traffic engineering
that permits interaction among the vehicles; vehicle & infrastructure and the infra-
structure itself [13], [14]. VANETS are supposed to integrate wireless technology as a
type of Wi-Fi [15], Dedicated Short-Range Communication (DSRC) [16], satellite,
cellular and WiMAX.

The communication range allowed for VANETS is restricted to 100 m to 300 m.
The participating vehicles are turned into routers or wireless nodes for connection and
data collection in the allowed range of the network. A new vehicle can join the net-
work when it comes in the range and any vehicle can be dropped out of the network
when it goes out of range. VANET can be considered as the backbone for the Intelli-
gent Transportation System (ITS).
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VANET is characterised by moving vehicles considered as nodes and fixed roads
considered as edges between the nodes to form a graph like structure. There also exist
fixed road side units (RSUs) alongside of road to enable the communication among
the vehicles. “Fixed infrastructure belongs to the government or private network op-
erators or service providers” [17]. Some of the benefits provided by VANETS are
accident prevention, safer roads, congestion reduction and less waiting time. In
VANETSs messages are broadcasted through a wireless medium and hence communi-
cation is at a greater risk. Moreover due to dynamic nature of the vehicles, stale en-
tries as well as congestion exist in the network.

Clustering algorithms ensure security, increase connectivity and reduce overall
message transfer in VANETSs [18], [19]. The main concern is on finding the stable
clusters of vehicles in vehicular network and the job of clustering algorithms is to find
not only the minimum number of clusters, but also preserve the existing configuration
of the clusters with the least overhead [20]. In VANETS, cluster formation is highly
challenging due to highly mobile nodes and unavailability of global topology [21]. In
our proposed approach data is collected through motes and is clustered with the clus-
tering approach discussed by Rawashdeh and Mahmud [22]. During the cluster for-
mation process the relative speed of the vehicles along with the position and direction
is considered. The clustering based on the above said parameters is found to be stable
and efficient.

The clustering algorithm divides the network into clusters wherein highly mobile
vehicles are positioned in one cluster and moderately low mobility vehicles are posi-
tioned in the alternative group. For the formation of stable clusters, we have devised a
mechanism to test the suitability of the cluster initiator. It is required to minimize the
cluster initiator transfer. Another consideration for clustering within the VANETS is
that the algorithm has to be very fast to minimize time loss. After cluster formation,
density is calculated and the information is fed into the proposed adaptive algorithm
running on the RSUs. With the received information, signal time is decided according
to the algorithm based on threshold. The main idea is to reduce the overall waiting
time at the crossroads and ensure speedy movement of the vehicles in order to reduce
the fuel consumption.

Rest of the paper is organized as follows. Section 2 reviews the work done in lit-
erature in the area of Intelligent Transportation System along with the clustering algo-
rithms used in VANETS. The proposed system ATSOT is presented in section 3. Ex-
perimental setup and results are shown in section 4 followed by the conclusion in
section 5.

2 Literature Review

Intelligent Transportation Systems (ITS) can be used as a proficient approach to im-
prove the operation of VANETSs. Objectives of ITS include comfortable driving,
road safety and dissemination of updated road information to the commuters [23].
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Adaptive traffic signals have been widely studied in the literature. Examples include
the well-known SCOOT, SCATS, RHODES, OPAC, RTACL etc. SCOOT is a cen-
tralized traffic responsive system that coordinates the traffic light in a fixed green
light sequence as an automatic respond to traffic flow fluctuation in urban areas [4],
[5]. SCATS is a system which programs the traffic lights by providing the intelligent
pre-defined traffic plans to offer vehicle delay reduction [6], [7]. It relies on loop
detectors placed on the lane pavement before the intersection. RHODES uses three
level hierarchies for the management of traffic signals [8]. It is designed for under
saturated conditions. OPAC is designed for oversaturated conditions [9]. RTACL is
designed for networks of streets [10]. RTACL did not meet expected performance
measures. OPAC, increased delay and travel time in some instances, and RHODES
reduced cycle lengths, but did not show any significant difference in arterial travel
times.

Junping Zhang et al. [24] presented a study of multifunctional data driven intelli-
gent transportation system, which can accumulate a massive sum of data collected
from diverse resources: Vision-Driven ITS (input data collected through video sen-
sors and used recognition including pedestrian and vehicle detection); Multisource-
Driven ITS (e.g. laser radar, inductive-loop detectors and GPS); Learning-Driven ITS
(effective prediction of the accidents occurrence to boost the safety of pedestrians by
decreasing the effect of vehicle collision);and Visualization-Driven ITS (to assist the
decision makers swiftly recognize anomalous traffic patterns and consequently ac-
quire obligatory counteractive actions ). In case of complex scenario i.e. with large
number of vehicles, there exist some obstacles for object reorganization.

Car-to-car communication based adaptive traffic signal control system is discussed
in [25]. The approach reduces the queue length to reduce the waiting time at the
crossroads for the vehicles. Clustering is used for the density calculation of approach-
ing vehicles, which is used by the traffic signal controls for setting the cycle timing in
this system. DBCV algorithm is used to gather the desired density information by
combining cluster and opportunistic dissemination technique. The direction is com-
puted within the vehicle by engaging digital maps and Global Positioning Systems
(GPS) in a geographical region and helps in the formation of clusters.

An adaptive traffic light system is designed by Gradinescu et al [26] in which each
vehicle is equipped with a short range communication device. The system is centered
on a wireless controller node that is positioned on the intersection to determine the
optimal values for the signals. Traffic signals can respond to the communication be-
tween vehicles to estimate the density of vehicles around it and consequently adjust
the signal timing. In [25] and [26] adaptive traffic light systems based on wireless
connectivity between fixed controller nodes and vehicles at crossroads are described.
These systems are planned and developed with the objective of improving traffic
smoothness, reducing the waiting time at crossroads and helping in the prevention of
accidents.

Ganesh S. Khekare et al [27] are using the traffic information to avoid accidents. Ve-
hicles themselves are providing this information without the need of extra infra-structure.
The authors have developed an adaptive traffic control system similar to the proposal
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given by [25], [26] in their work. The system is implementing the AODV routing algo-
rithm without considering any clustering method.

In [22], authors have described a speed-overlapped clustering method in highways
scenario. In their work, stable and unstable clustering neighbours are defined accord-
ing to the relative position, movement direction and speed of the vehicles. Clusters are
created only among the stable neighbours and clustering can be started only from the
slowest or fastest vehicle. Concept of location services is also being used in the earlier
work by various researchers in [18], [19], [28], [20], [29]. A problem is also foreseen
in method described in [22] if the speed of some vehicle deviates too much from the
speed of other vehicles in the cluster, then cluster formation process becomes unsta-
ble. But as compared to other methods, this method creates comparatively stable clus-
ters and hence we have used this clustering approach in our work to propose an adap-
tive algorithm.

Webster’s delay function [3] and HCM 2000 [27] are the main delay functions that
exist in the literature as per our knowledge. HCM 2000 method is based on the con-
cept of lane groups. Saturation flow and delay are calculated for each lane group sepa-
rately. In Webster’s method, flow is calculated for the total approach width assuming
the arrival rate to be random. We have considered the traffic of mixed type with poor
lane discipline as present in many developing countries. Hence, Webster's method is
used in our work.

Webster’s delay model is the standard delay model with the assumption of vehicles
arrival at a uniform pace [2], [30], [31], [32], [1], [33]. The expression given by Web-
ster for delay per cycle, d, is as follows:

ry_a)?
d= 2[1% (1
S
Where g is the effective green time, C is the cycle length, v is the critical flow for
the phase and S is the saturation flow. This eq. (1) computes the optimal cycle length
that minimizes the average vehicle delay. Effective green time, g, is calculated by the
eq. (2) as follows:

Where C is the cycle length and ¢; is the lost time. The study done in [34] uses a
new job-scheduling based online OAF (oldest arrival first) algorithm in traffic signal
control. The results obtained show that the OAF algorithm reduces the delays experi-
enced by the vehicles, as compared with Webster’s method and the pre-timed signal
control approach.

Literature work focuses on the clustering mechanisms that are mainly based either
on direction, speed, position or their combinations. The presented work considers the
parameters degree of the node and speed difference along with direction and position
while forming the clusters. We also use motes to sense and collect the data that will
be fed to the clustering algorithm resulting in the formation of the stable clusters.
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Earlier researchers have focused only on the assignment of green time for signals in
various phases. Here in this work, optimal green light assignment is done as per traf-
fic on road either by incrementing or decrementing green light timings.

3 Proposed Adaptive Traffic Signal Using mOTes System

The proposed Adaptive Traffic Signal using mOTes (ATSOT) system is based on
motes, clustering algorithm and proposed adaptive algorithm. Motes help in collecting
data and feed it to the clustering algorithm which forms stable clusters. These stable
clusters are used to calculate average queue length which is used by the adaptive algo-
rithm to set the optimal green light timing as per traffic volume on roads for the signal
at crossroad.

3.1 Framework of ATSOT

Framework for the proposed ATSOT system is shown in Fig. 1. In ATSOT system,
traffic data is sensed and collected through the motes. This data is stored in the data-
bases located locally at RSUs and globally at the traffic centers, and consist of the
information about the traffic (e.g. position, density etc. for the moving vehicles). The
data collected through motes is fed to the clustering algorithm which runs locally on
RSUs and updates the results to traffic centers. For stability of clusters, a formula to
check the suitability for becoming cluster initiator is also proposed. From the obtained
clusters, average queue length is calculated on that crossroad. Finally, an adaptive
algorithm for setting the green light timing is run on the RSUs to set the green light
timing for signals at crossroads. RSU simultaneously updates the traffic centers with
the results obtained. The algorithm considers minimum threshold, Th,,;, and maxi-
mum threshold, Th,,,, during the computation of green light duration for providing
congestion free path with least waiting time. Detailed working of the ATSOT system
is shown in Fig. 2.
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Fig. 1. Framework of ATSOT
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Fig. 2. Detailed working of ATSOT

We assume that each road has a sensor detector installed on the road to calculate
the total number of vehicles passing through it. These sensors will transmit the infor-
mation to the ATSOT system and calculate the cycle timing for next phase.

In Fig. 2, a typical VANET is shown. Motes are installed near traffic lights on the
roads. These motes sense the vehicle data and store it in the databases placed at the
traffic centers through nearest RSUs. Motes also disseminate the data to the clustering
algorithm resulting in formation of the stable clusters of vehicles on the road. These
clusters help in computing the average queue length. Clustering algorithm also checks
the suitability of the cluster initiator for the formation of stable clusters through the
proposed formula. The average queue length is then computed at the nearest RSU and
used to select the green time for the traffic lights at crossroads based on threshold.

3.2 Clustering Process in ATSOT System

Clustering algorithm is used in ATSOT system to reduce the number of messages
transfer, increase the connectivity in the network and to simplify routing process. It
also offers secure communication among vehicles. During the clustering process,
nodes are divided into clusters, each with a cluster initiator (CI) node that is account-
able for all management and coordination tasks of its cluster. In the presented work,
main concern is on finding the stable clusters of vehicles in vehicular network and the
job of clustering algorithms is to find not only the minimum number of clusters, but
also preserve the existing configuration of the clusters with the least overhead.

To implement the algorithm, individual vehicle is presumed to retain the IDs of the
stable neighbours that are updated at regular intervals. To form clusters, neighbouring
vehicles cooperate with each other. Vehicles build their neighbourhood relationship
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using the GPS data. Clusters are formed for the vehicles traveling in the same direc-
tion based on their position, speed and node degree. However, the speed among the
vehicles varies and this variation might be very high; thus, all neighbouring vehicles
are not included in one cluster. Underlying assumption is the existence of a vehicle
with the slowest speed among its stable neighbours for initiation of the cluster
formation process. The vehicle with slowest speed is called cluster initiating (CI)
vehicle.

Since in our work, slower and faster vehicles will be in different clusters, we can
start the cluster formation process either from the slowest or fastest vehicle in each
direction. The neighbouring vehicles whose relative speed, with respect to the slowest
(or fastest) vehicle, is greater than (or less than) the threshold, Vy,, will not be grouped
in the same cluster. In our work, we are choosing the slowest vehicle, V to initiate the
clustering process by sending a cluster formation request, and then all of its neigh-
bours with relatively similar speed will be in the first cluster. The remaining vehicles
will then go through the same cluster formation process to create other clusters. Speed
of the vehicle can be extracted from the GPS data. The clustering process starts with
the explanation of cluster initiator selection parameters followed by the cluster for-
mation algorithm and cluster maintenance procedure as follows:

Cluster Initiator Selection Parameters

The mobility information (speed, position, degree, and direction) of the nodes is ex-
tracted through GPS data. Priority of a node to become a cluster initiator is calculated
by its suitability value, u, which is computed based on the mobility information of its
neighbourhood.

Thus, u = f (degree, position, speed) is a function defined according to the follow-
ing criteria:

e The suitability value of the vehicle is calculated by considering the mobility in-
formation of vehicle within radius, r and having relatively similar speed only.

¢ Nodes having higher number of neighbours in their neighbourhood, maintaining
closer distances to their neighbours, and having closer speed to the average
speed of their stable neighbours should have higher suitability value, thus they
are more qualified to be elected as cluster-heads.

Cluster Formation Algorithm

In order to execute the algorithm, each vehicle is assumed to access the GPS data
continuously. There exists a vehicle with slowest speed. The algorithm is divided into
three phases specified by each of the three algorithms given below.

Algorithm 1 specifies the clustering initiation process followed by the algorithm 2
that explains the process of CI determination with competition among vehicles them-
selves. Final cluster formation process is described in algorithm 3.
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Input : CI € vehicle ID with slowest speed and stable neighbours.
Output: stable and minimum number of clusters

Algorithm 1: Initiating clustering process

if (there is no vehicle with speed less than that of the current vehicle || vehicle with speed
less than that of the current vehicle € other clusters) then

temporary CI € Current vehicle

send Initiate Cluster (CI)
end if

Algorithm 2: CI competition and determination

if there are vehicles with speed greater than that of the current vehicle then
On Receiving Initiate Cluster (CI)
CI € current vehicle
check the suitability of the CI w.r.t its neighbouring vehicles having speed
greater than that of the CI
calculate the waiting time before broadcasting admissibility of the current vehicle to
become a CI
while waiting time > 0 do
if Form_Cluster (CID) is received then
if speed of the Cl is greater than that CID then
Quit_Competition()
Process Form_Cluster (CID)
end if
else
Decrement waiting time
end if
end while
current vehicle declare itself as Custer initiator with its cluster id as CID
Send Form_Cluster (CID)
end if

Algorithm 3: Finalizing cluster formation process

if there exist some vehicle with speed difference of Vy, then
On Receiving Form_Cluster (CID)
if that vehicle exists within the radius, r then
that vehicle become a Cluster Member
cluster id for the vehicle is ID

else
Cluster id will be the default i.e. the vehicle’s id
Reconstruct the set of the vehicles with speed greater than that of current
vehicle

end if

end if
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Cluster Maintenance

VANETS are highly dynamic in nature. Thus, vehicles keep joining and leaving clus-
ters frequently, causing extra overhead on the maintenance. The maintenance proce-
dure consists of mainly three events that are described as follows:

e Joining a Cluster: when a non-clustered vehicle comes within the radius, r of a
CI, both the CI and vehicle check whether their relative speeds are within the
threshold +Vy, or not. If the speed difference is within £V, then that vehicle is
added to the cluster members list of that CI. If there is more than one CI in the
neighbourhood, then vehicle performs the suitability test to join the cluster.

e Cluster Merging: when two CI come within each other’s radius r, and their rel-
ative speeds are within the predefined threshold +Vy,, the cluster merging pro-
cess takes place. The CI with less number of members gives up its CI role and
becomes a cluster-member in the new cluster. The remaining cluster members
may join that neighbouring cluster if they exist within the radius of another CI
and the speed is also within the threshold. Finally, vehicles that cannot merge
with any cluster nor can join a nearby cluster, start clustering process to form a
new cluster.

e Leaving a Cluster: when a vehicle moves out of the range of cluster radius, r,
that vehicle is removed from the cluster members list maintained by the CI. The
vehicle changes its state to a standalone if there is no nearby cluster to join or
there is no other nearby standalone vehicle to form a new cluster.

3.3  Adaptive Algorithm for Controlling Traffic Lights

After cluster formation, density is calculated and the information is fed into the intel-
ligent traffic signals by the motes. With the received information, signal will be de-
cided according to the proposed adaptive algorithm based on threshold. The main idea
is to reduce the overall waiting time at the crossroads and ensure speedy movement of
the traffic. The adaptive algorithm is given below:

Adaptive Traffic Control Algorithm

In order to execute the algorithm, clustering process for the vehicles is assumed to be
completed. The average queue length is calculated from the clustering information for
each direction. Further from the statistical experimentation, the minimum and maxi-
mum values for threshold are being selected as Thy, and Thy,,, respectively. Output
of the algorithm is to find the optimal green light (GL) timing for the crossroad. De-
fault GL time is assumed as 60 seconds in this algorithm which can be chosen as de-
sired. In the proposed algorithm, we are taking Ty, and T, as the minimum and
maximum time needed by the Th,,;, and Th,,,x number of vehicles to pass through the
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crossroad in one phase respectively. For the green light reduction, we are taking GL
equal to T, to pass all Thy, vehicles with loss time. Further, for green light exten-
sion, we have used an equation to allow maximum number of vehicles to pass in one
phase with loss time given as follows:

GL = Tmax + (ni—Thmax)Tmax (3)

Thmax

Where GL is the optimal green time, Th,,, is the maximum threshold, Ty, is the
time taken by Th,,,, vehicles to pass through crossroad in one phase and nj is the aver-
age queue length of the i phase. The proposed algorithm is based on the following
conditions:

o [f there are no vehicles in one of the phases that has been allotted the green sig-
nal but there are waiting vehicles in the other phase according to information
given by detectors, green time extension is allotted to the other phase.

e If there are number of vehicles less than that of the minimum threshold value in
one of the phase that has been allotted green light the green light time is set to
the minimum time required by signal for passing the crossroad.

e If vehicles are waiting for the green signal at the crossroad on all the phases,
then to reduce congestion check if the queued vehicles is greater than some
threshold on a phase , green signal is allotted to that phase.

e In the above case when there is queuing on all the phases but queuing is less
than threshold then also consider the time that a vehicle has been waiting on the
crossroad. If this waiting time is greater than some threshold time limit then
change to green the signal to give way to those vehicles.

The parameters used by the algorithm are defined as follows:

L;: i" phase traffic lights state. In the work, we take O for red traffic, 1 for

green traffic and 2 for yellow traffic.

P;: i"™ phase where i=1, 2, 3, 4.

WT;: waiting time of vehicle at i phase.

time_limit: maximum time that a vehicle can wait on the crossroad. This pa-
rameter is used to reduce infinite waiting of a vehicle.

Thyax, threshold: maximum number of vehicles that are queued on each phase.

Thyyin, threshold: minimum number of vehicles that are queued on each phase.

Thin ¢ maximum time taken by the Thy,, vehicles to pass through the crossroad.
This parameter can be determined through experiments.

Tax ¢ maximum time taken by the Th,;, vehicles to pass through the crossroad.
This parameter can be determined through experiments
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Steps of the algorithms are explained as follows:

Algorithm 4: Adaptive traffic control (L, P;, WT;)

While (true)
fori=1,2,3,4
n=Average Queue Length at P;
if ni==0
for all values of j such that i # j
n; = Average Queue Length at P;
WT;=waiting time of vehicle at phase P;
if l’lj =0
go to Label
else if WT;>time_limit Il Thy,, <=1n; <= Thy,)
L;=1 with same GL
go to Label
else if n;<= Thyy,
Li=1 with GL = T,
go to Label
elseif nj >= Thy,,,

Li=1 with GL = Ty + ((nj -Thpe)™ Tnax ) / Thiex

Label: continue the for loop
endif

continue the for loop
continue the while loop

4 Experimental Setup and Results

The proposed system is simulated using traffic simulators: MObility model generator
for VEhicular networks (MOVE) [35], Simulation of Urban MObility (SUMO) [36],
[37], [38] and network simulator: Traffic Control Interface (TraCI) [39], [40]. MOVE
is a tool that is adopted on the top of SUMO which is open source micro-traffic simu-
lator. MOVE provides a GUI that allows the user to quickly generate real-world simu-
lation scenarios without a simulation scripts. The output of MOVE is mobility trace
file that contains real-world vehicle information that can be used by SUMO [41].
SUMO and MOVE are used to model the moving behavior of vehicles and produce
traffic information. These two together are traffic simulators and work as server for
the system. MOVE is used to simulate a realistic mobility model for VANET in the
presented work and its output is given to SUMO which acts as TraCl server. TraClI is
the traffic control interface that works as a client for the system and can be
programmed using Python scripting language to initiate the communication for fur-
ther processing in the proposed system. In the simulation, there is interaction with
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traffic control, which takes the detector information from motes and uses the proposed
adaptive algorithm that makes use of threshold to decide the green light time for traf-
fic lights in real time.

The objective of adaptive traffic signals is to minimize the average queue length
for the vehicles at the crossroads. In our work we are using motes to sense and collect
the data that is fed to the clustering algorithm. For the purpose of analysis we initially
design the system to handle single lane traffic, and further extended the simulation for
multi-lane traffic. The mobility of vehicles was defined by SUMO that follows the
designed road. A random uniform distribution of the speed was specified amongst the
vehicles between the range 3 m/s to 9 m/s for the vehicle mobility. The value of dis-
tance for the cluster formation is derived from an experimental analysis. The key
parameters used for the simulation are summarized in the table 1 below:

To test the accuracy of the system, simulations were run 10 times and the average
value was taken to obtain the results. ATSOT is compared with a pre-timed signal
system whose cycle time is set by the simulator to be 60 seconds for a phase. This
cycle time comprises of the green time and the inter-green time. Further, the measures
of validation also included comparison with already existing clustering algorithm.
Under the similar simulation conditions we find that ATSOT considerably reduces
average queue length experienced by the cars at crossroad. We start the simulation
with single lane traffic model with one crossroad as shown below in Fig. 3 and extend
the work with multi-lane traffic model with several crossroads as depicted below in
Fig. 4.

Table 1. Simulation Setup

Simulation Scenario Values
Simulation Time 100-4000 s
Vehicle Speed 3-9m/s
Transmission Range 10 m
Number of Simulations for each case 10
Driver Reaction Time 1.5s
Mobility Model Car Following
Cycle Time for Pre-timed system 60 s
Length of Car 5-8m
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Fig. 3. Screen Shot for single lane traffic Fig. 4. Screen Shot for multi- lane traffic

In single lane traffic model, we consider the straight directions only for moving
vehicles. Then extend the simulation with multi-lanes traffic model for vehicle
movements in left, straight and right directions. Next, we have used two phases for
single lane traffic model as phase 1 and phase 2; and four phases as phase 1, phase 2,
phase 3 and phase 4 shown in Fig. 5 for multi-lane traffic models for congestion free
movement across the crossroads in the simulation.

= 1| -

Phase 1 Phase 2 Phase 3 Phase 4

Fig. 5. Different phases used in ATSOT

Fig. 6 depicts the enlarged view of one junction with traffic signals. In the underly-
ing system we developed a simulation in python for pre-timed traffic light control
with and without Webster’s method under both single lane as well as multi-lane ap-
proach. Further we simulated ATSOT system, in which data is collected through
motes and fed to the clustering algorithm to form stable clusters. These clusters are
used by the adaptive traffic light control algorithm to set the optimal green time for
the traffic signals. We also coded the existing OAF algorithm, pre-timed model with
and without Webster’s delay and finally compare the results in both single lane as
well as multi-lane approaches.
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Fig. 6. Enlarged view of a junction with traffic signal in ATSOT

Results are tabulated in Table 2 and Table 3 shown below along with their graph-
ical representation shown in Fig. 7 and Fig. 8. Initially ATSOT system is simulated
for single lane approach, and then existing OAF algorithm is also implemented under
similar scenario. Further, pre-timed system is simulated under same conditions with
and without Webster’s model. In the simulation, we gradually increase the number of
vehicles and record the average queue length for each case. The results are recorded
in Table 2 and their graphical representation is being shown in Fig. 7.

Experimental results show that ATSOT approach implemented in single-lane traf-
fic model, average queue length is less as compared with both OAF and pre -timed
approach with and without Webster’s delay with increase in vehicles on road. ATSOT
approach outperforms all the other three methods. The OAF algorithm performs al-
most similar as that of ATSOT for less number of vehicles. However, as the number
of vehicles increases ATSOT performs better and reduces the average queue length
by 1 - 11% as compared with OAF. Further, ATSOT reduced the average queue
length by 14 - 83% and 17 - 92% respectively in pre-timed approach with and without
Webster’s approach.

Table 2. Results for Average Queue Length in ATSOT, OAF algorithm and pre-timed with or
without Webster’s method in Single lane

Average Queue Average Queue
T_uta] . Average Queue Le Q] Average L Ql
Vehirles in Length Quene Length s .
: . {OAF . {pre-tined with
Sirmilaton ATSOT) Jgorithm) {pre-tined) Wehster’s)
200 2 2 25 12
400 23 21 50 32
600 74 75 75 75
800 g5 a5 102 ag
1aoa 139 155 177 169
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Fig. 7. Graph for Average Queue Length in ATSOT, OAF algorithm and pre-timed with or
without Webster’s method in Single lane

The simulation was further extended to handle heavy traffic on multi-lane roads.
The ATSOT system is implemented for multi-lane approach. The performance of the
system is compared with that of existing OAF algorithm under similar conditions.
Further, pre-timed system is simulated under same environment with and without
Webster’s model. In the simulation, we gradually increase the number of vehicles and
record the average queue length for each case. The results are recorded in Table 3 and
their graphical representation is being shown in Fig. 8.

Experimental results show that ATSOT approach implemented in multi-lane ap-
proach, average queue length is less as that of existing OAF algorithm and pre-timed
approach with or without Webster as the number of vehicles increases on the road.
ATSOT approach outperforms all the other three methods. The ATSOT reduces the
average queue length by 15 - 58% as compared with OAF. Further, ATSOT reduced
the average queue length by 31 - 78% and 38 - 86% respectively in pre-timed ap-
proach with and without Webster’s approach.

Table 3. Results for Average Queue Length in ATSOT, OAF algorithm and pre-timed with or
without Webster’s method in Multi-lane

Average Quene Average Queue
T_l:lta.l . Average Queue Le Q] Average L Ql
Vehicles in Length Quene Length s .
- . {OAF - pre-tinned with
Sinmlation ATSOT) laprithm) fpre-timed) Web 's)
200 3 3 21 10
400 i 19 a4 28
a0o0 12 27 62 55
00 34 40 7B 62
Lono 53 75 L FT
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Fig. 8. Graph for Average Queue Length in ATSOT, OAF algorithm and pre-timed with or
without Webster’s method in Multi-lane

5 Conclusion

Design of Adaptive Traffic Signal using mOTes (ATSOT) system is presented in this
paper. The traffic data is sensed through motes and information is collected about the
traffic (e.g. position, density etc.) from the moving vehicles. This information is then
used by the clustering algorithm to calculate the average queue length. The adaptive
algorithm proposed in this paper is based on clustering to find the average queue
length. Clustering algorithm also checks suitability of the cluster initiator for for-
mation of stable clusters. Vehicle to vehicle, vehicle to infrastructure and within
infrastructure communication is used in this work to set the green light time for cross-
roads in VANETSs. The ATSOT system can help the commuters to get a congestion
free path with least waiting time, resulting in overall trip reduction time, dip in the
pollution levels, and reduction in fuel consumption. The ATSOT system has been
simulated using open source softwares: MOVE, SUMO, TraCI and Python. The re-
sults obtained were compared with the pre-timed approach for single lane and multi-
lane traffic without and with Webster’s delay method and existing OAF algorithm for
adaptive traffic signals. Experimental results show that, the proposed ATSOT ap-
proach reduces the average waiting time of vehicles at crossroads, as compared with
the existing approaches.
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