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Abstract

As Traffic congestion is becoming an everyday
facing problem in urban region, monitoring road and
Traffic prediction system are playing an important role
in the city life. The previous Traffic Prediction Systems
were implemented depending on the road network
sensor. These technologies had been prompted by the
need of addressing to solve the problem installation
and maintenance cost. Fortunately the dramatic
technology innovation is carrying many crucia solution
for Transportation agency to provide the relative
services efficiently. This paper mainly emphasizes
detecting Traffic condition by analyzing the behavior of
vehicle primarily based on applying GPS enable
Mobile phone and integrating the underlying
Transportation network information and history data.
The system is built into two parts. Client (Mobile
device) and Cloud Backend Server. On the Client side,
the system distinguishes whether the Mobile device
carrier is taking a vehicle or walking. The Average
Moving Filtering method and the measurement of total
distance are utilized in analyZzing mode of
Transportation. The distance of two points (latitude
and longitude) is computed by using Haversine
Formula. On the Server side, it detects the Traffic
status based on checking the behavior of vehicle based
on the Client result by applying Bayes Classifier.

1. Introduction

The population is continuous growing in big city

consumes a large amount of fuel, increasing moyetar
losses and effecting on the city's environmental
pollution , also make staffs and schoolchildrerbéo
time wasting on a bus. Waiting too long time at
junction or in the middle of Traffic where peoplea
stuck for two or three hours every day may impact
awfully on health of people being more and more
irritated day by day. For this motivation, the
development of Intelligent Transportation System
(ITS) has become a vigorous research filed and been
attractive to many researchers for ages.

Intelligent Transportation System is a significant
one to its relating problem area such as Traffic
congestion as well as taking a vital role in in the
economy and its environment. The advance of
innovated technology in communications, computing
and electronic sensors is bringing an energetiagos
to Transportation community to solve it's concemin
problems and to serve new services to citizen. The
technologies which the preceding researchers were
mainly utilized arethe network of fixed sensors, such
as roadside sensors, Camera, HD traffic (traffic
information service), and Traffic signals for deali
with the Traffic congestion problem. These toolgde
to have large amount of investment for maintenance
and installation cost throughout the road netwditke
renovated technology that comes to replace the old
technology and which could be used to cope with the
needed massive investment in solving Traffic
congestion is GPS_enable Mobile device. The dramati
development of Mobile device in Mobile market
cannot be predictable and about over two third of

and at the same time this increasing amount is als%opulation have Mobile device is not amazement in

catching up by the rising vehicle. Thus, these two

these days. Today’s Mobile phone reached in the

developing groups consequently makes the existing,piie market has got a rich set of function and

transport infrastructures creating severe tranapiort
problems almost every day. Likewise, the existing o

is not able to handle the amount of large vehicle

causing heaving congestion nearly daily. The Teaffi

embedded robust sensor platforms, such as GPS,
camera, microphone, accelerometer, digital compass,
gyroscope, near field communications (NFC), WiFi,
Bluetooth, and cellular capabilities. Luckily, tees

congestion can be mainly due to the ur'pred'Ct""blesensors are an essential one for implementing new

happening on road, such as car accidents,

poor road network infrastructure in developing

= . roaElpplications across a widespread range of domains,
repairing and extremely bad weather condition. The,

such as safety, environmental monitoring, social
networks, transportation, and healthcare. The litemfef

countries may occur bag congestion. The recurrlngSmartphoneS is to be able to define its curreriltipns

congestion can also be arisen occasionally durisy r

hour time. The constantly travel delay on road
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and then transfer it to the backend server thrahgh



remaining cellular network. Besides, the increaseincoming filtered results from individual Mobile dee

development of these devices can provide the reduir are computed on Cloud by combining the history data

Traffic clues at very low deployment costs. of the critical places. The final outcomes are esfoon
Myanmar is one of the developing countries asCloud storage as a history data for future préatict

well as becoming to face the continuous incremént o

Cloud Cloud basad

population and vehicle. This problem also gives tis MoblloDevica  Wessage BackEnd Vi Web

Service service Application

traffic congestion in down town area in Yangon.
However, there is no enough resources throughaut th
road for traffic system to enable prediction ofrent
traffic jams. The main resources are road side came
road sensor and HD traffic (traffic information
service). However, these tools is very expensive in
installation and keeping maintenance. One brilliant k= |
technique to be used instead is GPS enable mobile | Wesssge pacemg Wil

Mobile socket,

phone. In 2014, Myanmar has over 50 million "fa") | transportation

population and about 85% of it are becoming to own Sending Side ]

Mobile phone. In 2004 and before that, one of ten ——

persons of Myanmar's 50 million populationhad held e

Mobile phone. According to the poitite o

approach of tracking the condition of Traffic by Figure 1. Over All System Architecture
employing GPS _enable Mobile device becomes

tremendous method in monetary saving and reduction The Traffic Detection System is intended to

in - human forcg utilization. Howe_zver, the several jmplement on Google Cloud and the application could
challenges remain to be revealed in the GPS_enablegh gccessed from the Mobile device via Wi-Fi nelwor
MOb"e_ phone_ ba;ed Traffic system.A large variety 0 |, this implementation, Google Application Engimat
potential applications for such systems are vellyo8 g the cloud computing service is emphasized ongusi
counting the number of active vehicles on the rfoad 4, building this application. App Engine suppoit

the prediction of Traffic situation. In other words technology stacks for building web applicationsvala
almost Traffic state is predicted by processingrdbe 5. Python. The Java technology stack lets us dpvel
all available GPS logs. Typically, these likewise \;ap applications using the Java programming languag
systems  very depgnd on engugh GPS clue foyor most other languages that compile to Java tyde
computing  congestion appropriately. If only one o have a JvM-based interpreter) and Java web

vehicle can submit it's data to the estimator, @ltfh technologies such as servlets and JSPs.
there is a Traffic jam, the system couldn't detdéet

current situation perfectly. 3. Related Work
The aim of this work is the prediction of current
Traffic situation by watching the behavior of awhile D. Patterson, et- al [1] and L.Liao, et.al [3] use

vehicle via a few Mobile GPS. Even if there iseddt ~an unsupervised learning technique to detect the
one available, the system which is based on theafay transportation mode of a traveler. The transpanati
following figure can detect the condition of curren Mmodes that are detected in this system includeshuse

Crowding on the targeted road or p|ace_ cars and walk. The work in the system is able Bﬁm
the traveler's goals, such as trip destination &l
2. System Model purpose. In addition to GPS data, the system uses

historical information about the user. Historical

The Figure-1 is the overall architecture of the information includes, past user trips and inforiomati
system. The system can be viewed into threeabout where the users parked their cars. In our
fragments: Client side, Cloud Computation and Cloudapproach, we only consider the user's transportatio
Storage. The classification of Transportation mazle mode, motorize or non-motorize, not considers gser’
completed on Mobile devices. In this classificatitte  history data.
detail identification of Transportation mode, suah E.Wilson, et- al [2] focus to offer road Traffic
walking or bike or driving or bus, is not necessasya  state to Mobile user using Mobile network through
Traffic clue. For this reason, the two types of mod radio based station and also by analysing a data se
(walking or vehicle) are identified in this workh&  provided by a pilot project on the autobahn netwiark
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Southern Germany.V.Jain, et-al [4] also estimabes! r |

| km/s.

traffic jams by getting traffic data from CCTV carae
installed on roadside and by applying automatedyama
processing mechanism. The difference with my werk i
using GPS_enable Mobile phone.V.M.Poulos [5]
performed to identify the security and privacy
requirements for an Intelligent Transportation Byst
such as Mobile GPS based Traffic Management
System, and propose a solution which meets thes
requirements by utilizing the existing authentioati
infrastructure  of cellular networks.My  work
emphasizes to be enable to detect the Traffic stata

if there is only one vehicle be able to send GRf3,lo
but not consider the security and privacy of Mobile
user.

4 Client Process

4.1 Preprocessing

Definition 1.GPS sensor log. A sensor GPS log pi
represents data submitted from the GPS sensd
embedded on a traveler’'s mobile device. The formhat
the report is <lat, lon, t, v, h, acc> where:rigiresents
the latitude; lon represents longitude; t represehé
timestamp of the sensor report; v representsuheat
ground speed of the device; h represents thetitinec
of travel; and acc represents the accuracy lefvéie

4.2 Client Process Algorithm

Assume it computes the average speed every 30
seconds.

Table 2.Client Process Algorithm.

Client Process Algorithm
elnput : GPS data= <id,lat,lon,v,t>

Output : R= <id,lat,lon,v,t,s,tm>

Begin
Step 1. Receipt p={p1,p2, ..., pn}
within a time window
Step 2. Average Speed (P.VYEHlton
piv) /n
Step 3. Filtering speed using Moving
Average Filtering Method

If(P.V >Vt)
Step 4. Submit R to backend Serve
Else
Step 5. Clculate distance (D) within
five minutes
If(D>threshold)
r Step 6. Submit R to backend Server
Else

Step 7. Gotostepl

End

This algorithm is for computing the filtering
process on the mobile device (Client side).

latitude and longitude coordinates. The measuremenResponsively it has to receipt the raw GPS datan fro

units of the GPS sensor report attributes aretubli
(lat) and longitude (lon) are in decimal degreayent

the device and then filters out mode of transpimnat
(driving or bus) by calculating these raw GPS dhta.

ground speed (v) is measured in meters per secondther word, it classifies that the mobile deviceriea is

direction of travel (h) is specified in degrees tiing
clockwise from true north; accuracy level (acc) is
defined in meters; and time t is in seconds.

Definition 2. A GPS trace T is a sequence of GPS
sensor reports, T = p& pl— - — pk, where the
timestamps in the sequence strictly increase.

Table 1.GPS sensor log descriptions.

Notation Description
= GPS point which includes
latitude,longitude,speed and time
pi set of GPS point(lat,lon,v,t),pi P(i=1,2, . . .
,n)
lat Latitude
lon Longitude
t the timestamp of the sensorreport in seconds
v the current ground speed of the device
h the direction of travle
ace the accuracy level of the latitude and longitude
coordinates
tm transportation mode (non walking)
nm non transportation mode (walking)
R <id,lat,lon,v,t,s,tm>
D threshold for calculating distance is 0.6
Vit threshold for calculating average speed is 2
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taking bus or walking. However, there are some
problems in analyzing the Transportation mode
(walking or not).

However, there are some problems in analyzing
the Transportation mode (walking or not). In real
world, the running buses have to stop at the arsy bu
stop and at the traffic light. In order to solvéstissue,
Moving Average Filtering method is applied to snioot
the raw and noisy GPS data. This method adjusts the
targeted points by replacing the average speedsof i
neighbors within a span. In equation form, this is
written:

Tt xli+ ]

yli] = X (1)

In this equation, X[i+j] is the number of
neighboring data points on either side of y[]] is the
smoothed output value for ith data point, &nds the
number of points used in the moving average. Rinall
the amount of noise still included in data is cotepu
by taking Mean Square Error equation. In equation

form,



MSE(X)=E((X- )= ( =) @

Besides, the system also measures the dis
reached as it take into account this measureme
analyzing Transportation mode. If the final resigl
Transportation mode (driving or bus), it will se
location, speed of device and tinto the backend
server. Otherwise, the system will begin its pret

4.3. Evaluation of Client System

The following Figure 3 and Figure 4 compi
the velocity before and after applying Moving Avge:
Filtering method. The method will adjust the fluated
speed ,Walk ->Vehicle->Walk>Vehicle->Walk , into
a smooth trip, Vehicle->VehicleVehicle->Vehicle-
>Vehicle.Athough a user is travelling by bus, the |
has to stop a moment every bus stop. In this «
sometime the system will recognize itself to ton-
Vehicle while its velocity goes under the thresh
This situation is defined as noisy GPS data in
work. Thus, the Figure:i® showing that it includes
lot of noise.

Nature of Vehicle Moving
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Figure 2. Raw GPS data including Nois

The Figure: 8hows that it is a cle noise one.
These noises are removed out by applying the Ma
Average Filtering method by computing the aver
value of the neighbor and then the noise data lvé
replaced with this getting average result. By ajng)
this method, the velocity valueill be over the
threshold. The system will not wrongly determirseit
to be nonvehicle whenever the ground true is
vehicle.

The Table 3 illustrates the estimation errors
analyzing Transportation mode over the data calbt
for nearly one hours abhg Pyay road in Yangol
Myanmar.

Table 3.Estimation errors in Analyzing
Transportation Mode.
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Total Statistic:
Number Mean Median| Standard deviatifc, MSE
47 5.278858) 22.88817 3.941534 0.33054

The accuracy of this part is measured by using |
equation (2).

Aftering Applying Smooth Method

2 Fad
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AR N \.‘f \
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1 35 7 911131517192123252729313335373941434547

Time Window ——e—30 seconds

Figure 3. Vehicle's velocity without Noise

5. Server Process

5.1.Block Diagram of Server Side Systel

The Figure.4 presents the core modules
Traffic Detection system. Firstly, the syst
determines the location of GPS filtered log usioint-
To-Curve Map Matching algorithm to know in whi
Traffic zone the vehiclesigetting. In Yangon region i
Myanmar, the heavy Traffic can be occasion
occurred at Heldan, Myaynigone, Chawdwingone,
and 8 Mile junction and in a rush hour time,
vehicles are more congested in the evening thdhel
morning. After detectingthe current location, it i
continued to learn when, how often and how muct
Traffic be occurred upon the history data of thiace
as a next step.



Server Side Filtering
Algorithm

GPS Dula

<lat, lom, {, v, h>

l

| Use Polnt-To-Curve
Map Matching
Algorithm

Step 3. Show the result to use
End

A%

Laocation of Vehicle
(Pyay Road)
L

History data of Occasionally Congested
Place

Training
Fxample

Figure 4 Traffic Detection Block Diagram

Afterwards the behavior of vehicle is analy:
through its GPS logs. It means that it calcula
whether the velocity is often going under the thodd
in the time segmentation and the distance betwee
segmentations is lower than the distance thres
Finally, the system combines the information
vehicle and the history data of the critical place
then detects the current Traffic condition by apydy
Bayes Classifier. The final result will be sto in
Cloud storageas a training example for future Traf
detection.

The Table 4 illustrates the proc of Traffic
Detection algorithm step by step and the final Ite
will be shown on Google Map of android device u

Stopping Time

Time(Weekday or Weekend)

Table 4.Traffic Detection Algorithm.
Server Process Algorithn
Input : <id,lat,lon,v,t,s,tm>
Output : traffic status
Begin

Step Receipt input <lat,lon,v,t,t
FromServer Side Filtering
Algorithm
Step 2. Compute Location of Vehic
usingPoint@irve Ma|
Matching Algorithm
Step 3. Retrieve the historical data
occasionally congested places
2.Claculate stopping Tin
3.Calculate Weekday or Weeke
4.Predict Traffic Status usir
Naive Bayes with these d

Step 4. Store the result as a history ¢

5.2.Data Collection

In the data collection, the required Traffic d
for the system has been tracked by implementin
android application to be used as traffic probe
detecting traffic condition. In tr collecting data, five
smartphones, such as Samsung Galaxy Note8,
Hawei , Galaxy age and Samsung Tab 3 are carrit
vehicle from Baham Campus to Hlaing Campus
Insein road at least 3hours a week including
weekend day over two mont

The folowing two screen shots present
correct allocation of location data from GPS_eni
Mobile device on the digital map of road networke
needed location data of the targeted road netwae!
extracted from the Google Earth by using Garmah
Then, these extracted data are segmented and
segment is defined to be 0.01 km long. Tt
segmented GPS points are stored in Cloud storatg
matching the geometric relationships betw
incoming GPS data and a digital map. In this weink,
distance of point-t@urve map matching algorithm h
been used. Map matching is the process of aligai
sequence of observed user positions with the
network on a digital map.

2099060909 00

Figure 5 Correction Allocation GPS Data Usmg
Distance of Point-ToCurve Map Matching

The corrected allocation of GPS points has t
successfully tested along the Pyay Road in Yan
Myanmar. The figure.Shows just the mapping of Gi
data b the Geographical data agives the proof of
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the correct mapping of the Geogrichical « (Latitude
and Longitude) extracted from Google Eze
segmented into 0.01 km distance with GPS dat:
using distance of point-tourve map matching c
Google Map. Each segmented is marked by
Marker.

The figure6 demonstrates the data store vie
of history data of critical congested places in Cli
console. Besides, the information of these plasesh
as the predefined region, and their attribute,
example, AD junction is one of congested pl
because there is a school closed to the junctitedan
junction is sometimes block as the crowed peopte
vehicle coming to Seingayhar shopping mall
bazaar in this place.

The following figure presents the data forma
occasionally congested place stored on the p
Cloud storage. It includes th@ace name, for examp
AD, on which day congestion is occurred, the stdt
traffic which means that the traffic is normal
congested and which time congestion is happe
such 12:00 AM or 4:00 PM.

Table5. Data Format

TimeOfCongesteq

PIaceNarr% DateOfCongestebtateOfCongests

The Figure 6 gives the da store viewer in
Cloud.

no_app_id Development Console

T Datastore Viewer

WOy [Mame DaaOfionges Pae  Swefonges TineOfCong

Wateos Congse P

SHEN omgh

Figure 6. Data store Viewer in Cloud Consol
5.3.Evaluation

To predict the condition of Traffic on ti
targeted road or places, this work appINaive Bayes
Classifieable to predict class membership probabili
such as therobability that a given tuple belongs tc
particular clasand tested over the training d
collected for one month to classify the followi
instance:
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< Speed= Slow, StoppingTime = Lor
RegionOfCongestedPlace=Yes, CurrentTin
Normal, TyeOfDay=Weekda OnRoad=Yes

This task is to estimate the target value (Ye
No) of the target concept Traffic for this new anste.
The target value \gis given b

Vg = argmay;
P(v) )

Where \{; is the target value, Traffic or No Traffi
and argmay that gives maximum values
yes or no.

The input instance is added into the formuli
following:

Vg =argmay; P(v) P(Speed = Slow |V
P(RegionOfCongestedPlace = Y vj) P(CurrentTime
= Normal [y) P(TypeOfDay = Weekday ;)
P(OnRoad = Yes |V

The probability of the different target values v
estimated based on their frequencies over theirig
examples

P(CurrentTime = Normal | Yes) =
P(CurrentTime= Normal | No) = 0.

Similarly, the conditional probabilities were
estimated as followed . Those are for CurrentTi
Normal, TypeOfDay=Weekday and OnRoad="

P(CurrentTime = Normal | Yes) = 0
P(CurrentTime = Normal | No) = (

P(TypeOfDay “Weekday | Yes) = O
P(TypeOfDay = Weekday | No) = |
P(OnRoad = Yes | Yes) =
P(OnRoad = Yes | No) =

Using these probability estimates and simr
estimates for the remaining attributes, we caleulyy
according to Equation {&s follows

P(Yes)P(Slow|Yes)P(Short|Yes)P(Yes|Yes)P(No
Yes)P(Weekday|Yes)P(Yes|Y
=0. 1806

P(No)P(Slow|No)P(Short|[No)P(Yes|No)P(Normall
P(Weekday|No)P(Yes|No)
=0. 054

Thus the naive Bayes classifier assigns the ti
value Traffic=Yes to the new instance, based on
probability estimates learned from the trainingad



The Traffic resultof Bayes classifier in percent: is
0.76 %.

This Traffic percentag generated y Bayes
classifier is illustrated in graphical presentation
Figure.7.

Traffic Condition

= No Traffic = Taffic

Figure7.Traffic State Generated by Bayes Classifie

The probability of Traffic sta not applying
Bayes Classifefor the individual place or road wi
computed by dividing the total number of true outex
with the total number of whole outcor

Probability of Traffic = (4)

The Figure.8 compardbe Traffic vaue of AD
junction applying Bayes classifier with not applimg
one over five days. D1, ..., D5 refers to DApplying
Bayes Classifiers utilizes the history data of
concerning place. Because of that, the result isel
improved than not utilizing one.

1Comapring Traffic Conditic

0 - [ | - [ | I
D1 4

D2 Tim83 D D5
m Before Applying Bayst

Traffic Malue

Figure 8. Comparing Traffic State Before and After
Applying Bayes Classifie

6. Conclusion

Traffic congestion is everyday facing trouble
almost developing and developed countries.
happening makes researchers more interested ir
alerts them that Traffic jams is becoming a m
challenge. This work approaches to detect the itr
condtion based on analyzing behavior of vehicle
combining the history data as it intends to be abl
compute Traffic situation even if the system can
GPS log from only one vehicle at least. Besidefri
calculating the Traffic congestion, it firs all
invaluable data on the Mobile devices. This meaas
nonVehicle mode is not taken into account
detecting Traffic condition. The accuracy of analy
Transportation mode was measured by utilizing F
On Server side, the condition of Traffic carried out
by using Bayes Theorem. The result shows that
situation of Traffic at AD junction is 0.76 %. Fu&
work should investigate in handling and schedubiic
incoming Mobile device data for improving procesg
time on Server side.
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