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Abstract: Traffic monitoring plays a vital role in management of routes. Taxis and buses are probe vehicles producing
real time traffic trajectory data. Usage of this data can improve the efficiency of real time traffic estimation in a cost
effective manner. Most vehicle routing systems use local map data, and can only handle static customer demand
and traffic information. A solution to develop dynamic vehicle routing system based on online map service is being
proposed. Google Maps API is well suitable for obtaining shortest route information. Congestion can be evaluated on
that path. Sometimes, an alternative route with less congestion can take you faster to your destination than a shortest
route. The congestion detection is based on the speed of the probe vehicle. At some point of time, there can be a lack
of velocity information in the segment under consideration. Multiple linear regression can be used to estimate traffic
conditions in such a case. In this method, the average velocity is found from the average velocities of the surrounding
regions. The weather information about a region can also help in the selection of a route. The Ant Colony Optimization
can be applied in finding the optimal path considering the distance and congestion.

Keywords: Traffic Congestion, Global Positioning System (GPS), Vacancy Estimation, Multiple Linear Regression,
Ant Colony Optimization.

1. INTRODUCTION

One among the major crisis lies in managing the road traffic in many cities. The number of vehicles in the road
is increasing at exponential rates and due to several reasons, the traffic infrastructure development is happening
atavery low speed. The reasons may be difficulty in expanding the roads, fast developing city infrastructure etc.
The major cause of increase in travel time is the traffic congestion. The speed of travel decreases considerably
and all vehicles including the emergency services are getting delayed. There is no other way to control congestion
than rerouting the vehicle, because road infrastructure expansion for avoiding congestion is not feasible. There
are lot of studies happened and going on in this area, but most of them are local to an area or static with respect
to time. The aim of this work is to build a congestion detection system that is capable of identifying congestion
at real time and can be used without any special accessories being installed. One among the available routes
having least congestion will be suggested to the users of the system.
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The probe vehicles can be well used as the aid for congestion detection. These vehicles can be taxis running
through the city. Their position, velocity etc. are tracked with the help of GPS trackers installed in the vehicles.
These data are useful to infer the congestion of an area. The velocity of vehicle is reduced considerably from a
normal rate then that can be because of congestion. The reduction of speed directly affects the travel time. So
by monitoring the velocity of vehicles in a route we can reach on a decision to choose a route or not. The Online
Map services like Google Map help us to get locations and routes in an efficient way. The Google Map API
can be used for this purpose. The route information is obtained and can be analysed with the help of the traffic
trajectory data from the taxi probe vehicles

2. RELATED WORK

The traffic congestion detection has been approached in several ways. Earlier there were various works that
concentrated on the identification of congestion at one particular place by using dedicated devices. In all these,
some devices were installed in such a way that the vehicle velocity is calculated or the number of vehicles that
passes is counted. In [1], Inductive loops were used for finding congestion. It can detect the vehicles passing
through it. But it requires the inductive loop to be installed under the road bed.

Another one is using Cameras and image processing as discussed in [2]. The cameras are installed in airplane
at a high altitude. Series of images and image processing are used in the detection of congestion. Processing
such a huge amount of image data is a cumbersome task. Similar method is used in [5], based on video data
collected. Using Digital Image Processing the useful information is extracted. The RFID and GSM technologies
were deployed by Siuli [4]. The active RFID tag sends a beacon to the nearest router and thus the vehicles are
monitored and several congestion prevention techniques are also discussed. Changes in Earth’s magnetic field
caused by the movement of vehicle are taken as a measure to count the number of vehicle. This type of detection
is discussed in [6].

There were several works done in the monitoring system using GPS technology. There were systems using
mobile phones as tracking devices. Such a system was discussed in reference [3], and it uses map matching
techniques to know vehicle location. The results were visualized using Google Map APIs. The online and real
time dynamic route system was proposed by Riad [8]. The system uses a GPS based tracking system where the
GPS tracker is the main input to the system. The probe vehicle carries the tracker and vehicle movement data
is sent from vehicle to control centre in wireless mode. The Geo-info is collected at specified time interval and
stored at the control centre. The speed information is used for analysis. It is used for calculating cost matrix of
current time slice. Another work by Dhar [7], discusses the real time traffic congestion detection and optimal
path selection. To monitor the traffic level it uses tracking of mobile phones. This work concentrates mainly
on Smartphone for gathering information and GPS system. Google Map APIs are used in this to get the route
information between the source and destination. The GPS devices can be installed in probe taxies, providing
real time traffic information. In [10] considers this large data and uses a suitable method to process the big data
and produce relevant information.

In [9], a method of estimating online vacancies in real time road traffic monitoring is proposed. The method
is proposed as a solution for inhomogeneous sparseness introduced by probe vehicle. The method of finding
congestion using the probe vehicle may face the problem of sparse availability of probe data and hence being
not able to determine the congestion level. Then a vacancy estimation method is used and with the help of the
velocity of the surrounding region, the velocity is estimated for the region under consideration.

In [11], [12] the application of the Optimization algorithm, the Ant Colony Optimization is being used as
a means for optimal route finding. Based on the distance the best routes are suggested considering congestion
as well.
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3. PROPOSED WORK

The proposed system performs route finding on the basis of distance and congestion detection is done on this
obtained shortest path. Google Map API is used to locate the source and destination, find route between them
and plot them appropriately. The congestion detection is done with the help of probe vehicles. The probe vehicle
share information required for congestion detection using GPS tracker system. These information helps to reach
on a decision about the amount of congestion in the path. To solve the issue of sparseness in probe vehicle data,
a region based approach based on multiple linear regression is used. Figure [1] shows the architecture of the
proposed system.
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Figure 1: Proposed System Architecture

A. Obtaining Route Information

Google Map API helps developers of Map based applications to easily integrate Map into their work. This avoids
the cumbersome task of buying expensive map data or learning complex development platforms for including
Map services. Map can be integrated into an HTML page using Java Script. The Map (Divisionld, Map Options)
function helps to load the Map in the Web Page. We can specify the level of zoom and initial centre for loading
map. The Markers can be used to display locations. Direction Services are used for obtaining the shortest route
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information. The intermediate points in the route and the length of the route is obtained from the Google map
API itself. The way points are intermediate locations between the source and destination, in the selected path.
The Distance Matrix API helps to obtain the intermediate points, major junctions, etc. in the selected route. With
the help of Map APIs, can effectively visualize the results obtained. By altering the parameters in the Direction
Services, we can obtain multiple number of routes.

The communications with the Google Map APl is performed in JavaScript. The route information is retrieved
and stored as an array in the Java Script. For sending this to the python code we use Flask Framework.

B. Estimating the Congestion

Real time traffic congestion is to be estimated. The real time estimation considers only the data available for the
corresponding route for a very short time period prior to the current time.

1. Probe Vehicle: The probe taxis have GPS tracker devices installed on it, to track the details of the
taxis. The probe taxi data will contain the latitude and longitude of the probe vehicles. Usage of this
type of data doesn’t require any type of special device setup or privacy violations. Some existing
methods for congestion detection need heavy device installation and maintenance overhead. Most
of them are able to find the congestion local to an area. This system leverages the data available
already in a useful manner for detecting congestion. This information are collected and transmitted
via cellular network to the data centre. The data collected are then processed to provide the relevant
information. All these data collection steps are being done by the taxi companies as part of tracking
their taxi locations and managing their operations effectively. This data can be leveraged to have a
look into the traffic rhythm of the city. Basically, such a database contain the vehicle identification
number location information and the time stamp. The system aims to reduce cost of installation and
maintenance by leveraging this kind of data.

2. Route Management: The route under consideration can be divided based on the distance in between.
The congestion estimation is done on a segment by segment basis. The way points obtained from
route information will be useful in segmenting the entire route. Traffic congestion is estimated in
each segment and the decision is taken based on that. The segments are identified considering the
four bounding points based on each intermediate points returned by the API.

3. Mapping Trajectory Data: The route data and the trajectory data have to be coordinated. The taxi
probe data is a large streaming data. The Spark Framework is used for the management of this large
taxi data. The data is read and analysed. The taxi vehicles travelling through the specified route are
identified and stored in a segment by segment basis. The vehicle which are to be considered for
obtaining the speed information, are found after map matching process. The latitude and longitude
values of the vehicle are obtained from the tracking data and this is compared for mapping the data
with the required route.

4.  Congestion Estimation: The velocity or speed of the vehicle can be used as a measure of congestion.
The vehicle cannot move in a faster speed when the road is affected with congestion. Thus monitoring
the number of vehicle in the area and its velocity, the estimates of the congestion is easily estimated.
The segment by segment processing is to be done to determine the congestion. The entire route is
divided into segments and vehicles in those segments are identified. The average velocity of a region
is found. All the segments are processed in the same way and the route average velocity is obtained.
The system works smoothly if there are more than one vehicle in a segment. Otherwise the segment
suffers from sparseness in the vehicle data.
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Vacancy Estimation: The system is completely based on the availability of probe vehicle data. So
lack of taxis in a segment we are monitoring can be an issue. The problem is approached in a different
way. The congestion of a region is to be obtained. Based on Multiple Linear Regression, the velocity
of vehicle in a region can be estimated based on the average velocities of surrounding regions. Figure
[2] explains the gridding concept. There are eight regions being considered for estimating the velocity
of vehicle. The vehicle i reports there states at time T; = {¢;, ¢;5, ..., ¢;;} and report set, S, = {s,(f)
|t e T;}. In a segment, the traffic at time ¢,, average speed, in region r,, and direction d,,. Reports from
neighbours of region (7, ¢, d,), let R(ry, #,, d;) denote the set of reports from the neighbourhood.

R (ro, 1y, dp) = {S{0) [ r(r, rp) < Ar At — 1| <At Ad = d} (1)
Then, the average speed is computed as

~ 1
v (7o, 1o, do) = N ZSi(z)eR(ro,to,dO)Si(t) v

where, N = |R (7, £, d,)| (2)

Need to overcome the issues related to sparseness of data in some region, we can estimate the traffic
condition depending on the states of neighbouring regions. By considering urban traffic network
connectivity, we can find an enclosed neighbouring area to compensate this. Given a set of regions
R in a set of time series T in the direction dO, where

an {7‘0, l”l, N I”n_l},

T, = o> ths voos L1}

Figure 2: Region view

If N = R(7, t, d)|! = 0, we compute a traffic condition matrix (TCM), denoted by Crcp = (v;;

lj)m X n>

where, v;; is the average speed of R(r, ¢, d). If N = [R(r, 7, d)| = 0, we find estimated TCM, denoted
by Ercm = (Vg)m xXn-*

Linear regression models contain more than one predictor variable. In the system, it is assumed that
there are m neighbouring regions available around the estimation region r;, denoted as ry, ..., r,,, and
the neighbour node set denoted as R, (i) = {ry, 5, ..., 7, } . Because regions are geographically close
resources, not only do they correlate spatially with every neighbouring region, r, ;€ R,,,(7), but there
are also spatial correlations among neighbouring regions, denoted as 7; is spatial correlation with r;,
where Vr;, 1€ R,,,(i). Therefore, all neighbouring regions are considered a whole in the estimation,
since using a single region will introduce random errors. We establish multiple regression models for

representing spatial correlations between r; and its neighbouring regions at time ¢, denoted as

Vi =Bo + By, + Bovay + o T Buvi T, 3)
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where, v;,is the traffic condition inregion ; attime ¢, v, k= {1,2, ...,m} is the traffic condition inregion r, ;,
€ R, (7) attime ¢, 3, are the partial correlation coefficients for v;,, and 1, is the random error term. V,, will be
considered an explanatory variable, and partial correlation coefficients 3, represent the impact of v;, to v;,,
k={1,2, .., m}. Obviously, we can estimate 1:; by using above equation when it is a vacancy in
the region. We will sample % , (h — m = 2) items to establish multiple linear regression models for
computing the estimates B; for ;. B, is substituted for B; and can be further derived.

Vie =Bo + By vie +Bo var o+ By Vi “4)
where, \7; is an estimation for v;, and v, is the true value in the region k, k= {1, 2, ..., m} at time ¢.
Equation is called the vacancy estimate equation, and the error between the estimation and the true
value is called the residual, which is denoted as et, et =v;,— \;; . During the computation of correlation
coefficients [3,, we employ a vector to represent the traffic condition collected from / samples, denoted
as V= (v;;, Vi, ..., i), if there are m neighbouring regions and they construct the matrix X denoted as

I v, o vy
X= 1 V12 vm2
1 Vi . Viuh

Similarly, we can rewrite the estimation of correlation coefficients 3, as follows

B=Bo-Bi-Bs. - B,)" =X X)XV (5)
Finding Optimal Route: The multiple routes are returned by the API, can be considered as the road
network where we need to perform Ant Colony Optimization (ACO). The graph G, G=(N, L)

Here N is the set of nodes, here the set of major cities or junctions and L is the links connecting
them, here the roads. The best path should be the path having least travel time considering distance
congestion and weather. The traffic congestion T is the factor that changes with time. The edge L;;
is not based on the distance d;; between i and ;j only. It depends on the traffic T; also. Each route
R= ry where,

i

1, if there is a link between i and j
ry = . (6)
0, otherwise

The travel time Time (R) of route R is given by,
non
time(R) =3 ¥ 7y T; (7)
i=1j=1
The objective is to choose a path that minimizes Time (R)
Best Score (S) = Score at min (x; T;)
While travelling from node i to j cars take decision based on the probability

T¢dB
P=—Y9Y (8)
y o 7B
quQTq}dW

The set Q is the set of all cities, and gives the influence of traffic (pheromone) and distance on the
solution. The traffic (pheromone) update depends on the evaporation rate (the rate at which cars
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leave) p and the deposition rate A;; (the rate at which cars arrive). The pheromone or traffic update is
governed by the equation:

T;,=(1-p)T;+4; 9)
A,;; depends on whether a car used the edge 7;; or not. The total amount of pheromone added or traffic
added can be calculated as follows:

N0

_ ij
8y=2, time (k) (19)

k=1

time(k) is the time taken by the car & in covering that section of the road and is a function of the speed
of the car v(r). N is the total number of cars in that section of the road

time (k) = . (11)
ime(k)=——
v(k)
Thus with the help of ACO the best path can be selected based on the pheromone deposit on each of
the links.
CONCLUSION

The congestion detection is one among the hot areas of research due to its relevance in the present scenario.
The system helps to reach on a decision on selection of one among the available shortest routes based on the
congestion. By leveraging the existing taxi trajectory data the system help to avoid lot of additional expenses and
overheads. Installing and monitoring of devices for congestion detection is the major overhead. Data from Smart
Phones are rarely shared by users for such purposes. The usage of Online Map Service helps to get realistic route
finding results. The problem of lack of trajectory data at some location is solved with the help of the vacancy
estimation. It uses the multiple linear regressions to estimate velocities of a region using the information from
adjacent regions. Thus the system help to identify a least travel time path from a source to destination in a high
efficiency and least cost.
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