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Abstract: Many countries face the traffic related issues regardless of the wide effects adopted for developing and
improving the traffic flow. Depending on the drawbacks of existing traffic management systems like inefficient time
management, absence of priority options and lack of dynamic and adaptive services, the need for the incorporation of
intelligent concepts is mandatory. This facilitates the replacing of traditional approaches with an array of sensors and
artificial intelligence (Al) through vehicle traffic control system. In this paper, the intelligent traffic system (ITS) is
proposed on the basis of techniques such as internet of vehicles (I0V) and vehicular adhoc network (VANET). A road
side unit (RSU) controller connected with the traffic control system acts as the key component of ITS. The on board
unit (OBU) is fixed with each vehicle, which exchanges the real time information with RSU (road side unit) and other
OBUs. Additionally, an adaptive traffic management algorithm (ATMA) is provided to govern the ITS for the
generation of high performance outputs. Furthermore effectiveness of ATMA in the proposed work is proved by
simulation using Python. Eventually, the ATMA is compared with fixed-time (FT) algorithm and traffic signal control
algorithm (TSCA) under various traffic conditions. The findings depicts that the proposed ATMA-based ITS
outperforms the current traffic management systems in terms of average waiting time (AWT) obtained as 277.5s with
respect to number of vehicles and 282.14s with respect to number of roads at an intersection. Added to this average

number of serviced vehicles is given by 1731 with respect to the number of roads.

Keywords: Internet of vehicles, Road side unit controller, On board unit, VANET.

1. Introduction

Traffic congestion and inefficient traffic
management pose longstanding challenges for
numerous countries around the world. These issues
have serious implications, causing increased travel
times for commuters, elevated fuel consumption and
negative impacts on the environment. Despite various
attempts to develop and improve traffic flow, existing
traffic management systems continue to face
significant drawbacks [1]. Key issues include
inadequate time management leading to suboptimal
signal timings, the lack of priority options for critical
situations and a limited capacity to adapt dynamically
to changing traffic conditions. The urgency to address
these shortcomings and create a more effective traffic
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management system has become paramount [2].
Utilising cutting-edge technology like artificial
intelligence (Al), the internet of things (10T) and real-
time data analytics, intelligent traffic systems (ITS)
have emerged as a possible option [3]. The loV has
evolved into an ITS with Al and machine learning
with the introduction of 5G and new technologies like
network function virtualization and software defined
networking. The implementation of ITS is hampered
by issues with scalability, high availability and data
privacy. Federated learning is suggested as a
cooperative method that enables fault recovery and
enhances system performance to deal with them.
Despite its benefits, potential drawbacks like
communication overhead and privacy concerns
should be considered for widespread implementation
in 5G networks [4].
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A smart traffic management platform is proposed,
to address volatile traffic conditions, high-frequency
data streams and unlabeled data, ultimately
optimizing traffic flow and improving system
adaptability [5].

Vehicles are used as mobile nodes or routers in
the vehicular Ad hoc network (VANET) concept to
enable direct communication between vehicles
(V2V) and between vehicles and fixed infrastructure
along the road (V2I) [6]. VANET relies on the
transportation department to manage the RSU and the
OBU [7]. Each vehicle is equipped with an OBU as a
transmitter for communication with other vehicles,
while the RSU is installed on the street to facilitate
communication  between vehicles and the
infrastructure [8].

As the demand for autonomous vehicle and ITS
is increasing, a clear survey has been performed to
access the traditional V2X (vehicle to everything) [9].
Based on the V2V (vehicle to vehicle)
communication, an adaptive traffic management
system is advanced for VANET to minimize an
average travel time of vehicles [10]. The traffic
congestion is automatically detected and the
notification are passed through the V2I
communication [11]. In [12] Ant colony optimisation
with elliptic curve cryptography Ad hoc It is
suggested to use an on-demand distance vector
routing protocol with an adaptive path selection
algorithm, CA for key mapping and loV for secure
message distribution. However, increased
computational overhead and complexity affects
performance in dynamic vehicular environments. In
[13] Block-CLAP is an loV protocol that uses a
blockchain to help with certificate-less key
agreements. The protocol offers superior security and
efficiency compared to other authentication schemes,
but potential scalability challenges may arise in the
blockchain implementation.

Federated learning [14] approach for privacy-
preserving collaborative machine learning in loV
applications. However, the use of numerous separate
data service providers could have a negative effect by
increasing transmission costs and computing
complexity. Multi-channel blockchain scheme
optimizes parameters according to vehicle density
levels and application requirements, achieving
superior performance. However, managing multiple
channels may introduce complexity and overhead in
the system's implementation and maintenance. [15].
In [16, 17] green oV considerations in
communication, computation, traffic, EVs and
energy management, comparing relevant literature on
energy optimization is proposed. However, the
potential challenge lies in adopting emerging 6G
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technologies, which may require substantial
infrastructural changes. The timer algorithm aids the
ATLC (autonomous traffic light control) system to
predict the elements such as the intensity of traffic,
number of vehicles and type of the vehicle [17]. If the
predictions are inaccurate or fail to reflect real-time
traffic conditions, it leads to suboptimal traffic flow
and potential congestion. Urban traffic and
greenhouse gas emission are reduced by developing
a pheromone based GTS (green transportation
system) [18, 19]. The failure of the system results in
vulnerability to external factors. By using Q-learning
technique, a traffic control system is formed for
balancing the signals between roads and for
improvising the number of vehicles crossing the
intersection [20]. In [21] DBN-SVR method is
employed for traffic flow detection in some
intersections, but imitations in data processing, leads
to delays or reduced accuracy in traffic flow detection.
In [22] reinforcement learning is proposed for ITS,
demonstrating improved vehicle waiting time
reduction under varying traffic conditions. However,
a potential drawback might arise from the reliance on
detection rates, as low detection rates may impact the
algorithm's performance in accurately predicting
traffic flow and control decisions. A switchable ramp
with on and off condition is designed for the urban
highway to reduce the traffic congestion [23].
Nevertheless, disruptions in traffic flow occurs
during on-off conditions. In consideration with self-
organized critical state, traffic guidance method is
introduced for the neighboring weaving segments to
avoid the lane changing behavior of vehicles [24].
However, increased congestion and reduced traffic
flow efficiency due to avoidance of lane changing
behavior. To avoid the road hazards, the block
technology is combined with the 1oT and to develop
communication network among various vehicles, the
hash graph technology is used [25]. However, these
applications fail to meet the requirements of ITS in
the metro cities. The contribution of proposed work
involves

e Integration of ITS with IOV and VANET to
enhance traffic management with advanced
techniques.

o Facilitating effective ~ communication
between the traffic control system and
vehicles using RSU.

o Adoption of ATMA dynamically adjusts
traffic flow based on real-time data,
generating high-performance outputs.
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The paper is organized as; description of

CHARACTER DETAILS proposed work followed by system modelling in
Rim (D) mt" car detail in i" road at sect!on 2, resqlts and discus_sions in section 3 and
' time t section 4 details the conclusion of proposed work.
Table 1 provides a comprehensive list of symbols and
Vim () Speed information of m""car notations used in this paper for easy reference.
on it" road at time ¢
P (0) information regarding position 2. Proposed concept of ITS
of m"car on i road at time ¢ The implementation of ITS is an essential
N Number of roads in network approach for reducing the traffic congestion and road
1D,(0) vehicle 1D set on i*" road at ir!cidents. ITS_ helps to shorten vehicI(_a travel
time ¢ distances, which reduces fuel consumption and
pollution. To achieve normal traffic flow, the
Oym(8) m*" vehicle information vehicles communicate with the intelligent signals
collected at t on i*" road wirelessly. The police, ambulance and fire fighter
0y (0) Information of m"" vehicle vehicles_. are provided with p(iority access through the
information at ¢ on it road L}'Slbl\t/mhents all the functional layers and features
Rim(tm) m*" vehicle information on The vehicular networks such as VANET and IOV
i*" road at time tp, are the base communication technologies of ITS. The
Ryt (Er) '™ vehicle information on ITS architecture is represented in Fig. 1.
i*" road at timet,; 2.1 ITS Implementation technologies
Ay (T), Rate of vehicle arrival at ) )
neighboring road segment The VANET is consisted of two types of
. - communications calledV2V and V2I. The V2V
A Time duration communication enables the vehicle to exchange
QA(T) virtual queue of length informations regarding the location and speed. In VV2I
2 NuUmber of roads 2t crossroads communication, the vehicles communicate with the
RSU. The services and layers of VANET are allowed
t-(r) The time when the road turned through OBU, which are equipped in each vehicle.
red Fig. 2. Representsthe functions of VANET.
. Current time The IOV inherits various features of loT and
VANET. The IOV includes various communication
Dinax Value is set to 400 m services such as V2S (vehicle to sensor), V2P
Tymax Maximum time to open a road (vehicle to pedestr_ians), V2B (v_ehicle to puilding),
V2G (vehicle to grid), V2D (vehicle to device), V2H
Ty Currently opened road (vehicle to home) and V2R (vehicle to road sign). The
t, Time since the green light IOV functions are represented in Fig. 3.
turned on V2S communicates inside of vehicle, the V2P
_ allows communication to road users, the V2B
9t A timer for open road provides communication to surrounding buildings,
Tgmin Maximum period for road the V2D communicates with onboard devices and the
opening V2R communicates with the road signals.
Tem Closed road which has EV 2.2 Application of ITMS (Intelligent Traffic
Trmax Maximum time for red signal Management System)
Ty Transition state to change The ITMS consists three subsystems called OBU,
from open state rogd to close RSU and a cloud center. The inclusive structure of
state roa the ITMS is represented in Fig. 4. The ITMS takes all

the functional layers and characteristics of IOV. The

e Evaluation of proposed ITS with ATMA
through python software to predict the
effectiveness of proposed system.

operation of ITMS is performed by the OBU, which
is equipped in each vehicle. The OBU is enhanced by
including various modules. The traffic signal

International Journal of Intelligent Engineering and Systems, Vol.16, No.6, 2023 DOI: 10.22266/ijies2023.1231.69



Received: May 10, 2023.

Revised: September 29, 2023.

841

(

INTER - VEHICLE COMMUNICATION
VEHICLE - TO - ROADSIDE COMMUNICATION
INTER -ROADSIDE COMMUNICATION

/

@
- 9

4 0

(RSU)

(( ))) (V2I)
v2y) é’)

«7

Figure. 2 VANET system

controller is connected with a RSU controller, which
serves as the major component in ITMS. The vehicle
informations such as location, speed and vehicle 1D
are collected through a model as shown as follows:

m = Vim0, Py (0} 1)

The original data, which is gathered by the
VANET gets exchanged by the driving vehicles
within the communication range.

i€ {1,2,..., N}, melD;(t) 2

Here, R; ,, (t) denotes the original vehicle details
of the m*" car on the i*" road at time t, V;,(t)
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denotes the speed information of the mt"car on the
i*" road at time t, P;,,(t) denotes the information
regarding the position of the mt" car on the it" road
at t, N denotes total number of roads in network of
road and ID;(t) denotes the vehicle 1D set on it"
road at t.

2.2.1. On board unit (OBU)

OBU is equipped in all vehicle and it connects
various modules, which are applied by an on-board
computer. Different modules in OBU are GPS, driver
Ul, ECU (Electronic Control Unit), 10V protocol
stack, OBD-Il Bridge, ITS communication unit,
wireless transceiver unit, V2V communication,
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security and anti-tampering unit, OBU controller,
802.11 p module, 4G/5G module,

Through VANET, all vehicles have interchanged
its original information with others by forming a
group of original vehicle information for the
respective road. The collected data are used as a
valuable source of information for the traffic signal
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timing. The transmission model for the original
vehicle information gathering is given as follows:
Oi,m (t) = {Ri,m (tm)r Oi,m’(t)} (3)

Every vehicle updates its own collection of
information with other vehicles in the road,
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Opm! () = {Rypr (Em)Im'e{1,2 ..., ID,(D)}} (4)
Ri,m’ (tm’) = {Vi,m’ (tm')'Pi,m’(tm’)} (5)

The vehicle update its own information and
continue to obtain the information from other
vehicles on the road.

m,m'e {1,2,...,ID;(t)},m = m' (6)

The initial vehicle information collection gets
updated on the basis of the recent information to
ensure that the vehicle information collection is
current.

Here, 0;,,(t) indicates the m'™ v vehicle
information collected on time t at the i*" road,
O; ' (t) indicates the m'™ vehicle information
collected on time t at thei*" road, R; ,, (t,,)indicates
the mt" vehicleinformation on it"* at time t,, ,
R; m (tyyy)indicates the m'™" vehicle information on
ith at timet,,,» and ID;(t) indicate the vehicle 1D set
on it" road at time t.

2.2.2. Road side unit (RSU) controller

The main component of the ITS called RSU is
fixed to traffic signal control system. The adaptive
traffic management algorithm is used in the RSU
controller. The modularization concept is designed
by the industrial computer.

To avoid information loss, each sample time
duration is taken as A, which is determined by the
sampling theorem. During the Tt* sample time
duration, an average inflow rate of road segment
(i,))is denoted as 4;;(T). It is stated as,

Aj(T) = 33180 _15a i (©) (7)

Where, the rate for the arrival of vehicle from
neighboring road segment in t is represented
as A;;(T), time duration is denoted as A and the set of
all the roads is represented as T.

The virtual queue of length Q#(T) is maintained
by RSU, which denotes buffered number of vehicle
at intersection.

Hence, virtual queues total lengthiis Q;(T) =

Yaey Q7 (T), where

QH(T) = max {Qf(T — 1)
— i b (T — 1), 0} + Tyeji A% (T — 1) (8)
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An outflow rate of the road segment (i, j) is
yg- (T — 1)with destination d (T-1)" sample time is
wij(T = 1)=Yge, 15 (T — 1).A leftover number of
vehicle at the sample time is given by the following
equation.

Qi;(T) = max{Q;;(T — 1) — ;;(T — 1), 0}
+lij(T -1 (9

When the road (i, j)is not congested, the §(I;; =
1. The relationship between the road capacity and
indicator is given as,

Cj(T) = ¢fj.6 (1;;),v6 (I;;)e [0,1]  (10)

uij(T) < ¢;;(T) (11)
The outflow rate needs to be reduced than the
road capacity as mentioned above.

2.3 Operation of ITS

The RSU controller is adopted in the existing
infrastructure without replacing the traditional traffic
controllers. The signals are wirelessly broadcasted by
using S2V communication unit. The emergency
vehicles such as ambulances, police vehicles and fire
trucks, which are equipped with OBU have regularly
transmitted the current status. The RSU and V2X,
which are interfaced within the signal coverage
collect the EV messages and respond instantly.

Ton and T,z are used to describe the on and off
periods of the vehicle. Similarly, the distance of
travel in the on period is denoted as U,,with T,, =

U‘;"Whereas the travel distance in the off period is
. _Uoff —
denoted as U rpwith Topr =—=. Here,V represents

the vehicle’s average velocity.

If a vehicle travels with a distance of at least u
during the T,,, period, the RSU needs to satisfy two
conditions before communicating with RSU
controller. The conditions are given as,

No vehicle is present within (u) of the RSU's
coverage end.

At least one vehicle is present at a distance of 2R-
u, in which indicates the movement of vehicle and R
indicates the range of transmission of vehicle or the
RSU. It is represented as,

e—c.u)bc—l [1_(6—0.(2R—u))by—1
1_(e—c.2R)by

B, (Upn > u) = ¢ 1 (12)

Here, b represents a total of all road length and y
represents anaverage road density of the roads.
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An overall operation procedure of ITS is
explained in this section.

i) The heading angles, digital certificate and
ending lines are regularly broadcasted by each ITSs.

ii) ITS guided cars at the intersection are aware of
the present road's endpoint. If the vehicle crosses the
road when it is closed, a red-light signal crossing
violation is recorded in an internal memory of OBU.
The informations of current road, location, ITS ID,
current time and ending line are saved in the vehicle.

iii) The vehicle broadcasts its heading angle and
location when it approaches the intersection or the
information was received by ITS.

iv) Number of vehicles idling on each road is
counted by ITS.

V) The ITS selects roads with the greatest number
of waiting vehicles. These roads are only opened for
the vehicles when there is no EV on the road. This is
accomplished by sending the broadcast road
information signals on a regular basis.

vi) The roads with low traffic wait for a long
duration and crowded roads get the priority. When
the road is closed, the timer is changed from the open
state to close state. As the ITS inspects all the timers
before making decision, it decides the road, which
has to be opened. When the ITS figures out that the
maximum allowed closing time is exceeded by the
timers, it chooses the road with maximum timer value
and opens it.

vii) The normal procedure gets cancelled when an
emergency vehicle (EV) is approaching a road. The
road is opened immediately and the road is kept open
until the EV passes the intersection. The road is then
closed and the normal procedure is continued.

viii) Before opening the route for EV and closing
the currently opened road, the ITS provides a warning
signal to all vehicles to wait for 3s. Then opens road
for the EV.

2.4 Adaptive traffic management algorithm
(ATMA)

ATMA is used in RSU controller, which manages
the ITMS.

Steps,

Forrin R,

When the closing time of road is set as equal to
the current time, sett,.(r) = 1.

When the vehicle count is initialized in all the
roads, set V (r) = 0.

Set an open timer to an average of maximum and

minimum open timer,
_ (Tgmin*tTgmax)

Set g,= >
When current open road is the first one, set =1
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Find number of vehicles on each road and
intersection's distance <D,

Wait for the transition period when there is no
vehicle withinD,,, ..

After waiting for transition period, road is closed
and the following road is then chosen.

If the EV is approaching in a closed road (7,,,),
the warning message is send to each vehicle inr,
which indicates that the road is going to be closed to
give the way for the EV in another road.

Then wait for T,

The 7, road, which is opened gets closed

The road with EV is opened (7;,,)

The rem road remains open until the EV is passed
through the intersection.

If no EV is in the closed road, ™ (t;+9;)

If yes, the system dynamically decides to select
the next road

If no, a broadcast message is send periodically to
all the roads

Repeat the same process.

3. Implementation and experimental results
of ITS

The traffic congestion is the major issue in the
recent days, which indirectly affects the growth of the
nation. The normal traffic stream is disturbed by
various factors like traffic incidents, weather, work
zone, accidents etc. To route the vehicle and
pedestrian traffic, the traditional traffic signals are
combined with an array of sensors and Al through the
vehicle traffic control system. The ITS is proposed in
this paper based on techniques like VANET and IOV.

3.1 Simulator for ITMS

The ATMA is simulated by using an event based
simulator in Python, which is capable of simulating
any intersection with different number of roads. An
expatriate (1/rate) exponential random distribution
function is used to determine the time between
vehicles arriving on each road. For every second,
approximately two vehicles are arrived when then
rate is equal to 0.5. Likewise, the inter-arrival rate on
each road differs on the basis of the number of
vehicles.

For different configuration parameters such as
R, Tyreen, Tyetiow @nd L(r), simulator simulates the
FT algorithm [26] and TSCA [27] in all legacy tri-
color traffic signals. The simulator calculates a total
number of automobiles, which cross an intersection
when the road is open. In addition, it calculates the
total number of cars arriving on all routes and the
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Figure. 5: (a) Three roads having constant rate of 10, 15

and 20 seconds, (b) Other roads having same rate of 30
seconds

AWT of the vehicles. For both FT algorithm and
ATMA, these values are calculated. Finally, the
obtained results are compared with the existing
approaches. The results are discussed in the below
part:

3.2 The effectiveness of arrival rates

The performance of the ATMA is studied on the
basis of two schemes, for one route, the inter-arrival
rate (r) varies from 1 to 20 seconds. The other 3 roads'
inter-arrival times in the original design were 10, 15
and 20 seconds; however, in the second scheme, these
times were always 30 seconds. When the value of r
increases, the traffic density decreases.

From Fig. 5 the ATMA exhibits superior
performance compared to the FT algorithm in
handling high traffic density, resulting in more
efficiently serviced vehicles. Additionally, the FT
algorithm demonstrates a consistent number of
serviced vehicles across traffic rates 1 to 9,
suggesting limited adaptability to varying traffic
conditions. Furthermore, the ATMA's performance is
comparable to TSCA, indicating that the ATMA
achieve similar results to a specialized control
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algorithm designed explicitly for traffic signals.
These findings emphasize the effectiveness of the
adaptive approach implemented in the ATMA for
optimizing vehicle service levels.

The FT algorithm [26] performs poorly in terms
of Average Waiting Time (AWT) under high traffic
density, reaching up to 369 and 548 seconds for the
two scenarios shown in Figure 12. However,
adopting ATMA significantly reduces AWT to 46
and 17 seconds for respective scenarios. Even as
traffic density decreases (r > 8.5), the ATMA
continues to outperform the FT by at least four times.

3.3 Effect on various traffic conditions

When the traffic conditions is not same on every
road, its effect is determined based on two scenarios.
The first scenario, the arrival rate of vehicle in one
road is high(r = 1 to 20 seconds) whereas in next
scenario, an arrival rate of vehicle in other three roads
is low (r = 30 seconds), which is approximately equal
to the arrival of one vehicle in every 30 seconds.

In Fig.7, the rate of arrival is constant on three
roads and varied on the 4" road. Fig. 7 shows how
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number of serviced cars uses fixed time algorithm,
ATMA and TSCA is calculated when the density of
traffic on one road is high and on other roads is low
(@) and (b). The traffic rate was varied uniformly
across all roads, ranging from very high density (r >
1) to low rate (r > 20). The corresponding outcomes
are depicted in Fig. 7 (b).

The inter-arrival rate on roads are equally varied
from high to low (r =1 to 20 seconds). The results
demonstrate that the ATMA reduces the AWT of
vehicles than the fixed-time Algorithm [26] and
TSCA [27].

3.4 Impact on number of roads in intersection

Different simulations are performed based on two
scenarios. In first scenario, same inter arrival rate is
set on all roads, in which traffic density decreases
when no. of roads increases. An impact on varying
the no. of roads at intersection using fixed-term,
TSCA and ATMA is represented in Fig. 9. The
results demonstrate that number of vehicles serviced
using fixed-term algorithm and TSCA is less.
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An impact of adjusting the no. of roads at an
intersection on the AWT computation is shown in Fig.
10. The AWT gets reduced when the number of roads
is increased. The AWT of ATMA is lower than the
FT algorithm and TSCA.

In next scenario, the traffic condition in one road
is kept as high whereas the traffic condition in other
roads is kept as low. The impact on varying the
number of roads at intersection using fixed-term,
ATMA and TSCA is represented in Fig. 11. The
results shows that the number of vehicles serviced
using ATMA is better than the fixed term Algorithm
and TSCA.

In the scenario, traffic rate is fixed at (r > 30 sec)
for all roads, except for one where high traffic density
was simulated (r > 2.5 sec). The outcomes are
illustrated in Figs. 11 and 12. The number of serviced
vehicles using ATMA algorithm matches that of the
TCSA. However, FT  algorithm service
approximately half of the vehicles serviced by TCSA.
Moreover, the ATMA significantly reduces the AWT
compared to the FT, particularly for small R values.
As the value of R increases, performance of FT
algorithm gradually improves.

DOI: 10.22266/ijies2023.1231.69



Received: May 10, 2023. Revised: September 29, 2023.

1900

b = ATMA
%’ 1800 = FT Algorithm
v — TSCA
E 1700

£

# 1600

L

[=]

g 1500

£

=

z

1400

3 4 5 6 7 8 9

Number of Roads at the Intersection

Figure. 9 Impact on varying the number of roads at
intersection

1000
@ — T
¢ 800 ATMA
-]
=
a 400
w
oD
£ 200
4
-
0
3 4 5 6 7 8 9

Number of Roads at the Intersection
Figure. 10 AWT through the impact of varying the
number of roads at intersection

1780
1760
1740
1720 4
1700 o
1680
1660 +
1640 +
1620 +
1600 o
1580 +
1560 -+

Number of serviced vehicles

Number of roads R
BFT TCSA HATMA

Figure. 11 Impact on varying the number of roads at

intersection
200

700

600

500 1
400 4

300 A

200 A

Averagewaiting time (s)

=

100 A

0 A
80O 1600 2400 3200

Number of vehicles

BFT FTC5A MATMA

Figure. 12 AWT through the impact of varying number of
vehicles at intersection

International Journal of Intelligent Engineering and Systems, Vol.16, No.6, 2023

847

4. Conclusion

This paper makes a proposal for an intelligent
traffic system based on loV and VANET
technologies. The ITS structure and its functions are
highly applicable for meeting the necessities of smart
cities. The traffic control system is connected with a
Road Side Unit controller. Additionally, the ATMA
is provided to govern the ITS. Furthermore, a
simulator in python simulation is developed to study
the effectiveness of the ATMA. The performance of
ATMA is analogized with FT algorithm and TSCA
under various traffic conditions. The results
demonstrate that ATMA-based ITS outperforms
existing traffic management systems with an AWT of
277.5s for the number of vehicles and 282.14s for
number of roads at the intersection. Moreover, it
efficiently services an average of 1731 vehicles
concerning the number of roads.
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