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ke VWhat Is Bluetooth? .

 |EEE Wireless Data Communication Standard
— License Free Spectrum - ~2.4GHz
— Cable Replacement Technology
— Ubiquitous — worldwide proliferation

 Where is it found?
— Cell phones / PDAs / PNDs / MP3 players
— Laptops / Games / Cameras

e Essential characteristics
— Three power ranges 100m/10m/ 1m
— Anonymous ID / Privacy Protection / Voluntary

8, — Approximately 1 in 20 sampling rate is the US
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Bluetooth Traffic
Monitoring

Bluetooth
Signal *

Bluetooth Sensors

Ol
/'

2 miles

e
CIAS

Time = 8:05:58 AM

Travel Time = 2:32 Minutes
Speed =51.7 MPH

* Bluetooth signals come from cell phones, PDASs, laptops, GPS, car radios...
** Provisional patent received

JNIVERSITY OF MARYLAND

m Department of Civil & Environmental Engineering



cars

40 T T T T T

35+ . T One Car’s

x ata
30 : . x .

25

T

T

20

Travel Time - Minutes

X X

X
%&W%@W*M 5

10+

0 | | | | | |
6 7 8 9 10 11 12 13

Time of Day
Actual Travel Time Data from [-95 Northbound on April 2

JNIVERSITY OF MARYLAND

Department of Civil & Environmental Engineering



cars ...

40 T T T T T
X
X
35r x |
X
X

30 . x X 7
8 o x X
e
S x £
c 25- X |
=
1 ><><
. X
g 20 i X x % ><>< X ’
|: y & X ” x x
g X /[
= 15- S g % }
— ¥ X x X
— X X X %

X
X « \ “
10+ X s .»3\ X ,A <X %x KR X e 7]
KK 0% %X& % C \/**‘ i G I % %
5 i
O | | | | | |
6 7 8 9 10 11 12 13
Time of Day

m/?’ﬁészo Actual Travel Time Data from 1-95 Northbound on April 2 m
partme TG




Bluetooth Detection . f’
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Typical Temporary
Deployment of a
Bluetooth Sensor
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p—__ 3 =" i '
Conventional GPS Fleet Cell Phone Toll Tag
Detectors Tracking Geolocation Tracking

Bluetooth Traffic Monitoring Advantages

v' Privacy guarantees

v Direct Travel Time measurement

v All roadways at any time of day

v Flexibility of deployment

v Validated against ATRs, Toll Tags, and Floating Car
v Ubiquitous — worldwide proliferation
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e Privacy and Legal Issues

* Bluetooth IDs inherently anonymous
— No user account information
— Compliant to IEEE standards
— No packet sniffing

. » Federal Rules and State Legislation
- — FCC anti-eaves dropping rules
— State legislation against use of personal data
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Application Potential

* Bluetooth applications:
— Freeway travel time (VM)
— Arterial travel time and Performance Measures (M)
— Traffic signal studies (M)

— Pedestrian travel time (E)
« Airports, Evacuation Modeling, Transit

— O&D studies (R&D)
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Ongoing Applications
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* Vehicle Probe Project

 Bluetooth Sampling Rate

 Dynamic Message Sign Evaluation Pilot

e Short Term Travel Time Forecast

o Special Event Pedestrian Traffic Monitoring
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Vehicle Probe Project . f‘

=

« Validation of Travel Time data provided by
INRIX to I-95 member states since July 2008

« Participating states:
— Delaware
— Maryland
— New Jersey (entire limited
access road network)
— North Carolina (entire
Interstate system)
— Virginia
— Pennsylvania
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Safety Issues In
Deployment

UNIVERSITY OF MARYLAND

Department of Civil & Environmental Engineering



Validation Effort . 5’ \1.
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Automated Evaluation Tool

' UUniversity of Maryland, Traffic Information Analysis [Z“E|@

Reports & charts
=1 Match and Filten
kd atching and Filtering
td atch Bluetooth records [B atch] |Jpload matched records |
Filter Blustooth observations |'| ] *Sigma  Analyze
. . . . Agagregate Bluetooth obzervations Twio minute aggregation |
195 Corridor Coalition Vehicle Probe Project
. i Depl t ber:
Data Evaluation TD'D' Add matched obzervations to DB | eployment number: | 33
Generate [mnix records bazed on BT [Generate [nrix path records
Aggregate generated Inrix records Agaregate | nrix path records
Add aggregated records to databaze Add aggregated path records
Coppright (22 2008, Urniversity of Maryland at College Park,
Al Haghani, Masoud Hamedi o
Heport and stahistics:

=i University of Maryland, Traffic Information Analysis E”§|

Daka handiing BEs 1arks
TMC hased repart For Eluekooth and Inrix
TMC hased report For drive test
Filker Comparision
Detector data
Path analysis
DS shody

Database staks

195 Corawr cuanuon vermors rows PrO]ECt DMS Data Processing

Data Evaluation Tool
Agagregate |

GPS Data

[aenerate the match fram GPS data | Saort and aggreqate GPS data
Copyright @ 2008, University of Marpland at College Park,
Ali Haghani, Magzoud Hamedi
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TMC based reports - Bluetooth vs Inrix

THC Type
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Features

* Internet accessible

o OQutlier filtering

« Path data analysis

« Evaluation report generator

e Graph generator

« Data Import and export (XML, CSV)
» Bluetooth penetration rate analysis
* Bluetooth OD analysis and report

e Statistics report

« TMC mapping

e Data mining

 Programming language C++, Database Microsoft SQL Server
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Bluetooth and INRIX Speed Comparison . ~
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Bluetooth and INRIX Speed Comparison
with Bluetooth Observation Counts
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Ongoing Applications
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* Vehicle Probe Project

e Bluetooth Sampling Rate

 Dynamic Message Sign Evaluation Pilot

e Short Term Travel Time Forecast

o Special Event Pedestrian Traffic Monitoring
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Bluetooth Sampling Rate . ?‘

» Bluetooth sensors sample a fraction of
vehicles in the traffic stream, so it is
Important to understand what percentage of
total traffic volume is being sampled

» Secondary source of traffic survelllance is
required to measure the sampling rate

» Wavetronix sensors in Delaware and CHART
data in Maryland was used to study the
sampling rate

-
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Typical Hourly Bluetooth
Sampling Rate
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Ongoing Applications
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* Vehicle Probe Project

* Bluetooth Sampling Rate

 Dynamic Message Sign Evaluation Pilot

e Short Term Travel Time Forecast

o Special Event Pedestrian Traffic Monitoring
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DMS Evaluation Pilot

Segment number: 1S5+XXXFP Segment number: 195+XXX0R

Speed (mph)
P

Date and Time (EST) Date and Time (EST)

Segment number: 195+ 3XXST

Dste and Time (EST)
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Ongoing Applications
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Vehicle Probe Project

Bluetooth Sampling Rate

Dynamic Message Sign Evaluation Pilot
Short Term Travel Time Forecast

Special Event Pedestrian Traffic Monitoring
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Short-Term Travel Time . ﬁ‘
ke FOrecast

> Real time travel time estimates from Bluetooth are
used for short-term forecasts

» Moving average methods are widely used for this
purpose
» Three moving average methods are considered
» Simple Moving Average w/ equal weights
» Adaptive Exponential Smoothing
» Kriging w/ optimal weights

-
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Short-Term Travel Time

Forecast
(5 minute predictions)
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Ongoing Applications
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Vehicle Probe Project

Bluetooth Sampling Rate

Dynamic Message Sign Evaluation Pilot
Short Term Travel Time Forecast

Special Event Pedestrian Traffic Monitoring
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Special Events Pilot

®

» Maryland Day Traffic Patterns (April 24, 2010)
» Descriptive trip analysis
» Pedestrian route choice
» Event planning
» Evacuation plans
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Papers and Presentations. ‘D

» Kaveh Farokhi Sadabadi, Masoud Hamedi, Ali Haghani, " Real-
Time Travel Time Estimation: Filtering Raw Data in_an
Automatic Vehicle Identification Setting”, Paper presented
at the ITS America Annual Meeting, Washington, DC, June
20009.

» Kaveh Farokhi Sadabadi, Masoud Hamedi, Ali Haghani, “ Real-
Time Short-Term Freeway Travel Time Prediction Under an
AVI Setting”, Paper presented at the 2" International
Symposium on Freeway & Tollway Operations, Honolulu,
Hawaii, June 2009.
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Papers and Presentations. ?‘

» Kaveh Farokhi Sadabadi, Masoud Hamedi, Ali Haghani,
“Evaluating Moving Average Techniques in_Short-Term
Travel Time Prediction Using an AVI Dataset”, Presented at
the 89th Transportation Research Board annual meeting,
Washington, DC, January 2010.

» Ali Haghani, Masoud Hamedi, Kaveh Farokhi Sadabadi
“Freeway Travel Time Ground Truth Data Collection Using
Bluetooth Sensors”, Presented at the 89th Transportation
Research Board annual meeting, Washington, DC, January
2010.

» Masoud Hamedi, Ali Haghani, Kaveh Farokhi Sadabadi “ Using
Bluetooth Technoloqgy for Validating Vehicle Probe Data”,
Proceedings of 16" ITS World Congress, Stockholm, Sweden,
September 2009.
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Contact information

®

« Ali Haghani, Professor and Chairman, Department of
Civil & Environmental Engineering, University of
Maryland, College Park

(haghani@umd.edu, phone: 301-405-1963)

o Stanley Young, Research Engineer, Center for
Advanced Transportation Technology, Department
of Civil & Environmental Engineering, University of
Maryland, College Park

(seyoung@umd.edu, phone: 301-792-8180)
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