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TRAVEL TIME OBSERVATIONS USING BLUETOOTH MAC ADDRESS
MATCHING: A CASE STUDY ON THE RAJIV GANDHI ROADWAY:
CHENNAI, INDIA

ABSTRACT

Bluetooth MAC Address matching has become a useful approach for determining travel times on
corridors in the United States. In September 20h3international collaborativetudy was performed

using this technologwlong a busy urban corridor in Chennai, Indiazo Purdue University graduate
students traveled to Chennai, India to interact and understand the dynamics of exchanging knowledge and
implementing technologies in different environments. The students wawkédstudents from T

Madras to determine the feasibility of Bluetooth probe vehicle technology along a typical Indian corridor.
The study determined that it is feasible to expand Bluetooth use in India. Using the technology, the
impact of weather, holigaand peak hour related traffic events were determined and evaluated. Of
particular note were the relative high penetration of Bluetooth devices, and the exceptionally strong
impact of precipitation on the heterogeneous traffic stream in Chennai, India.

Keywords: Travel time, Reliability, Bluetooth, RaspberryBtiving Behavior
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1. INTRODUCTION

Travel timeand its variability aréwo of the most popular indicators of the quality of trafiitiey are
also major parameter of interest in various ITS applaai It assists the road users in making timely
decisions regarding their trip such as departure time, mode choice, route choice etc. In order to measure
travel time, the vehicles have to be continuously tracked-ilerdified at various locations. Thign be
achieved througly several technologies includidgutomatic License Plate Readers (ALPR), electronic
tag identifiers, probe vehicles and video image proceskiogever, the lack of lane discipline and the
vast number of heterogeneous vehicle eaamakes it very difficult to measure travel time in Indian
conditionswith technologies using infrastructure mounted sensor trying to detect-&dehtiéy vehicles
Technologies present within the vehicles broadcasting or logging its presence artg atentnore
effective as the onus of actual detecting a vehicle is elimin@edently, GPS units deployed in the
public transport buses are themary source of travel time information. However, the buses account for
only 1% of the total traffic in ma®f the cities. Moreover, under heterogeneous traffic conditions, the data
from bus alone will not be enough to capture the characteristics of the stream having vehicles of
completely different characteristics. Another disadvantage is that the GPSrdae aatained only from
bus routes, missing out other routes. Use of GPS units in other modes is restricted due to the associated
privacy issues. Thus, there is a need for different sensors for travel time data collection, which can collect
data from diffeent modes and from all roads of interest. Capturing anonymous Bluetooth data provides an
opportunity to collect data that is representative of a variety of vehicles classes on moderately and heavily
travelled roadways.

Bluetooth is a wireless telecommuations standard used for shaanhge data exchange in many
consumer products such as laptops, mobile phones, personal navigation devicesdeagiayers and
headsets. It uses the 2.4GHz shiartge radio frequency spectrum, which it divides into Zhobls of 1
MHz bandwidth each to transmit data. In order for one Bluetooth device to find another, it needs to send
inquiry packets. Devices that are in a discoverable state will scan these channels and respond to the
inquiry. Bluetooth radios are cladsifl into three groups based on their communication range: Class 3 has
a range of up to 1 meter, Class 2 up to 10 meters, and Class 1 up to 100 meters. However, only a minimum
range is mandated by the Bluetooth specification and manufacturers can tudewvices for the required
ranges. Most devices observed on the highways use power levels that are close to or more than Class 1
range.

The Bluetooth protocol uses a uniquebBelectronic identifier known as the Media Access Control
(MAC) address foredc devi c e, in the form of fl12:34:56:78: 9
represent the Organizationally Unique Identifier (OUI) which gives information on the manufacturer and
the |l ast three A78:90: ab0 ar eveaanyueqddesk tolihg devidee man
The Bluetooth transceivers transmit their MAC addresses for the purpose of identifying other devices. This
inquiry mode is used to establish a link with responding devices. Inquiries can be made to a device even
when it 8 engaged in communication to another device. When a device communicates with another, it
responds to the inquiry scan with its MAC address and clock information (www.bluetooth.com/basics).
This facilitates the identification of Bluetooth enabled devicegehicles, provided the discovery of the
device is enabled. If the same address is detected at two different locations, the time difference between the
two detections can give the time taken to travel that stretch. Also, the speed can be computdtg given t
distance between the two sites is known. Aggregating results from multiple devices can be used to estimate
the average travel time and speed along the corridor.
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Travel time estimation via Bluetooth sensors is very popular due to iteféestivenessand ease of
installation. The number of Bluetooth devices in vehicles is also expected to grow over time, thereby
making it a promising alternative to the traditional travel time measurement technologies. This paper
studies the use of Bluetooth sensordraffic data collection devices under Indian conditions, taking a
representative road stretch in Chennai, India as the study area. The study covers penetration rate analysis,
the type of devices detected, comparison of the performance of difference ,sem3dalstailed analysis of
the travel time along the study site. The study tries to capture the variation in driving behavior and travel
times along the corridor in a week which comprised of public holidays, normal working days with varying
weather conditins and weekends.

2. LITERATURE REVIEW

The use of Bluetooth Monitoring Stations has been adamlimented procedura the United States
[1-9]. Wasson et alreports on the use of a prototype system to collect and match MAC addresses at
different locationg1]. Not only were the travel time trends easy to discern by visual inspection, but also
the feasibility of estimating travel time using such a technology was very high. Bluetooth technology was
found to be a promising method for reliable high quality traiveé estimates, whicltan be used as a
ground truth for evaluating other sensfF Brennan et alconducted a sensitivity analysis to studg th
influence of vertical placement of sensor on data collection efficiency from Bluetooth MAC addB¢sses
They found that the efficiency of daping MAC addresses is sensitive to the antenna height and
recommended an antenna height of aboveSsftdies using statistical methods have shtvam the travel
times estimated using Bluetooth can be used to predict the average travel time anuneavadiability
with reasonable accurady]. Other Bluetooth studies include travel time delay in work zdBgs
estimating route choice and travel time reliabil@y and orign i destination studiel§']. Studies have also
reported that the MAC address matching method for travel time estimation-iffective compaed to
other traditional method$].

The uses of the data have included determining travel times along freeway and arterial corridors,
determining vehicle route choice, performing work zone speed studies, and measurin@peatidays at
airports. The Bluetooth data is incredibly relevant because it can be adapted to perform many different
functions. In the United States, a significant reduction in Bluetooth data fidelity has occurred in recent
years. This may be due to mangw Bluetooth devices defaulting to a raiscoverable mode, meaning
the devices will not emit a signal that can be collected by the data sensors. This reduction in Bluetooth data
in the United States leads to questions regarding other countries ditia iigetooth Monitoring Studies
have also been used in other nations with great succese ddntries include Australia0], China[11],
and Belgium12]. The purpose of thistudy is to examine the fidelity and usefulness of Bluetooth data in
India, which is the second most populous country in the world.

3. STUDY LOCATION

The road stretch from Sardar Patel Road to the Tidel Park intersection via the Rajiv Gandhi Salai in
Chennahaving a total length of 2.4 km was chosen assthdy site Fig 1). The Sardar Patel Road and
Rajiv Gandhi Salai are 6 lane roadways, with 3 lasein each direction and each having a width of
3.5m/lane. Major part of the traffic from Sardar Patel Road takes a right turn at the signal controlled T
shaped Madhya Kailash intersection anters into the Rajiv GandBialai. A part of the flow enters as the
free left turn traffic coming from the opposite direction. There is a local railway line that runs parallel to
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the road stretch along the Madhya Kailasii i d e | Park direction. This roa
coridor &6 since I nformation Technology industries oc
number of automated sensors, the data from which were used to estimate the daily traffic. The road stretch

has an ADT of more than 100,000 vehicles per dily the morning peak occurring in the northbound

direction from Sardar Patel Road to Tidel Park and the evening peak occurring in the opposite direction.

Fig 1 shows a layout of the study site.

Bluetooth Monitoring Stations (BMS) were setup along the study corridor as shdvign inBMS 1
was deplogd at around 350 m before the Madhya Kailash intersection while BMS 6 was placed just after
the Tidel Park intersection. BMS 3, 4 and 5 were placed at the first, second and third Foot Over Bridges
(FOB) along the Rajiv Gandhi Salai. The units were platedhaight of 6 feet from ground on lamp posts
or bridge columns as can be seeRim2.

Three different types of Bluetooth sensors were used instbidy to compare the performante
Traffax BlueFax, Raspberry Pi and an Android phone based Bluetooth sensor. Traffax BlueFax is a
portable Bluetooth sensor developed at the University of Maryland for traffic monitoring
(http://mwww.traffaxinc.com/). The &spberry Pi is a small credit card sized computer board working in
Linux operating system which was coded to capture Bluetooth devices. The Android phone based
Bluetooth sensor is an application developed to record the Bluetooth devices identified Hgntnevpile
in normal use. Traffax and Raspberry Pi used a Class 1 Bluetooth adapter (SENA PafEd)UD
equipped with a 13 dBi antenna whereas the Android phone had the dehiilt ©lass 2 sensor.

R e 2 5

Fig 1 Study corridor and lod@an of Bluetooth Monitoring &tions
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e. BMS 6 f. BMS install
Fig 2 Bluetooth Monitoring Stations ((&)(e) shows the BM&t different locations. (f) shows a typical
BMS with (i) battery to supply power, (ii)13dbi antenna and (iii) host machine)

4. FIELD DATA OBSERVATI ONS

Data were collected for 24 hours over a week from September 7 to 13, 2013. The sensors scan for all
the visible devices within its range and store their@@ddress along with the timestamps. In addition to
this, the Raspberry pi unit output included information on the type of device being identified. Preliminary
analyses of the data obtained included device identification, data quality checks and a tgemeral
analysis of travel time in both directions before carrying out the detailed analysis of travel time
characteristics.

4.1 Data Quantities

The data were collected along a 2.4 kilometer section of the Rajiv Gandhi Salai in Chennai, India. Five
Bluetooth Monitoring Stations (BMSs) were deployed for a week of data colleGtdte 1 shows the
number of MACaddresses collected at each site. The devices were deployed on Saturday (9/7) and
collected on Friday (9/13), so those days had significantly less data. Monday (9/9) was a holiday in India,
which also resulted in less data collection than a typical dagsdiy (9/10) is shown to demonstrate a
typical day of data collection. The total number of records collected during the study period exceeded 1.5
million MAC addresses that could be used for matching. The nhumber of unique MAC addresses collected
at each $e over the entire study period is also listed in the table. BMS 1 has the highest number of MAC
addresses because of its location on a high volume segment of roadway. BMS 4 had a faigekmid
resulting in no data collection from Wednesday to Friday.

6
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Table 1 Number of vservations

Bluetooth Uni

onkorng | JUESSEY | (Too | wAC
BMS-1 112,185 758,807 42,398
BMS-3 56,058 292,613 28,601
BMS-4 18,192 73,225 16,879
BMS-5 105,955 483,926 27,731
BMS-6 109,698 692,424 34,124

4.2 Penetration Rate

A penetration rate analysis was carried out to find out the percentage of vehicles being identified using
the sensors. The total volume count in southbound direction (Sardar Patel Road to Tidel Park), was
obtained from an automated sensor. This was compared with the data from the three different sensors to
obtain the penetration rate of each. Since these sensors can capture vehicles moving in both directions, the
identified vehicles were first classified lirection and then the penetration rate was calculated. To
identify the southbound vehicles from the Bluetooth hits, the difference in timestamps of the same MAC
address detected at BMS 1 and BMS 6 were calculated. The addresses, with a positiveediffiiceate
that the vehicle travelled from BMS 1 to 6. Only these addresses were used to compute the penetration in
one direction of travel.

Traffax was able to capture 7.69% of the total traffic in one direction (Madhya Kailagtel Park)
whereas thdraspberry Pi was able to capture around 6.89%, when both were equipped with a 13 dBi
antenna in off peak conditions. The Android phone, on the other hand, was able to capture only 0.65% of
the total traffic with its default Bluetooth radio. The penebratiesults give a clear indication that the
Bluetooth sensors are a promising source of traffic information with a penetration rate of around 7%,
which can even extend to 10% during peak traffic condifi@hdable2 shows the total hits as well as the
unique hits for the three sensors along with their penetration rate.
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Table 2 Penetration Rate ar@@bservations

: Raspberry
BT Sensor ASS{J?"S ergf;aé)?) Pi
(13 dBi)
Penetration
(%) 0.65 7.69 6.89
Total Hits
(for 27 2141 66,043 57,217
hours)
Unique 1282 8,447 8,189
Hits

4.3 Device Classification

MAC address manufacture prefixes were analyzed to identify the class of the devices being observed.
The first three octets of the MAC address representing the OUI were mapped with the IEEE database to
determine the vendor/manufacturer of the detededaes. Fig 3a showsa pie chart representing the
vendor classification obtained from the detected devices. It can be seen that, around 27% of the devices
were Samsung whereas 20% belonged to Nokia, indicating that almost half of the detected devices
belonged to the cell phone/smart phone category. Parrot SA is a French wireless products manufacturer
involved in the development of Bluetooth hands free cer &nd was 12% of the identified set. Car
navigation systems such as Garmin only represented 0.27% of the total detections. Other smartphones such
as Apple (0.1%), Sony (2%) and LG (1%) showed very small representations, may be due to the fact that
these dvices, by default, remain in discoverable mode for only 120 seconds.

A similar dassificationusing the MAC addreswas also carried ouising a MAC address decoder
based on the device detail providedthg Raspberr{?i and is shown ifrig 3b. It can be seen tha6% of
the devices were mobile phones, of which 17% were smart phones and 59% cell phones. The audio/video
devices in cars accounted to about 13% whereas the Bluetooth headsets variedd%onhaptop
computers only represented 1% of the total detectiohs ihformation can be used while trying to
classify the vehicles into different modes.
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LG Electronics

Sony Corporation
y P 1%

2%

ResearchIn
Motion
7%

Parrot SA
12%

a. Vendor Classification

Laptop

Cnmputer‘sman Phone
1% 17%
Headset Af/V q
4% )
Handsfree |
AV 59%

b. Device Type Classification

Fig 3 BluetoothMAC address classification

4.4 Travel Time Results

The BluetoothMonitoring Stations were used to determine the travel times between BMS 1 and BMS 5
on the corridor. A matching algorithm was used that matched the MAC address of a Bluetooth device
between the two monitoring stations. The timestamps of the first dete€&#oBluetooth device were used
at both BMS 1 and BMS 5. These timestamps were then used to determine the travel times between the
BMSs. These travel times were then plotted to determine temporal travel time characteristics both
southbound Kig 4a) and northboundHig 4b). The southbound directionas the direction of interest
during this study with travel time peaks of nearly 30 minutes during the AM peak periods on Wednesday
through Friday. The northbound traffic on the corridor was more consistent, but did haveimu0
travel time peak on Thaday.The study was developed to look at the southbound travel times, however
using the same data sensors, the northbound travel times are also shown to understand the entire
corridorThese two Figs. also display a significant amount of outlier data. Tebers can occur in
Bluetooth data due to multiple reasons. There were a significant amount of pedestrians along the corridor,
which could explain some of the outliers. There were also a significant amount ofmodél traffic
including busses, bicye$, motorcycles, and adtickshaws. Since Bluetooth data is point to point, there is
also no guarantee that a vehicle did not stop part way through a trip and then continue to its destination.
Different algorithms can be used to eliminate some of thetiersubut the preferred method is to include
the outlier data and focus on the data trends.
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a. Southbound Travel Times

b. Northbound Travel Times
Fig 4 Scatter plots of Bietooth travel time observations betwd&MS-1 andBMS-5

4.4.1 Travel TimePlots for Identifying Time Periods with Highest Delay

The week long temporal characteristics showRiq4 are useful to determine exine peaks in travel
time. More robust characterizations of daily travel time along a corridor can be obtained by focusing on a
single dayFig 5 is a plot of data in both the southboufkdy(5a) and northboundHig 5b) directionson a
Thursday when rain was present for most of the AM pefibeé southbound direction AM peak period has
a duration of over fouhours and a maximurimavel time ofapproximately25 minutes. The northbound
direction PM peak period has a durationagfproximatelyl.5 hours with a maximum travel time of
approximately21 minutesThe northbound AM travel time was exceptional for this day and did nottrepea
the next day. The southbound travel time however was recurring over the last three days of data collection.
Knowing the duration and maximum travel times of a given section of roadway is important to decision
makers and engineers because it quantitytizsebesses a roadway. This quantitative assessment can then
be used to compare before and after a change in the network. These changes can include increased police
presence, new road construction, signal timing improvements, or other traffic controbdevice
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