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Bluetooth Overview

* Wireless technology for exchanging data over short
distances

e Bluetooth frequently embedded in mobile phones
and in-vehicle navigation systems

* Every Bluetooth device has a unique Media Access
Control (MAC) address

e Bluetooth devices can be anonymously detected

e Commonly used in developing travel time and speed
estimates

- | h AVERAGE TRAVEL TIME:
5 MINUTES AT 8:00 AM
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Technology

Roadside
Detection System A

*CPU Processor
*Bluetooth radio adapter
*Bluetooth antenna

*Field software component

Roadside
Detection System B

*CPU Processor

*Bluetooth radio adapter
* Biuetooth antenna

*Field software component MAC Addfess

Matching

Software

* Data collection server
*Travel time algorithm
* Data archival
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Key Points About TTI’s Bluetooth

* Installation does not require lane closures
e Bluetooth devices are detected anonymously

* Collects samples of ‘actual’ trip-making that can be
expanded to total traffic

e Each unit collects data in both directions

* Field units can be battery powered or located in roadside
cabinets
* Option to not transmit duplicates to host server

e Collects ample percentages of Bluetooth ‘reads’ to total
traffic
— 5 to 25% of traffic, depending on roadway and area
— More than adequate sample sizes

Patent pending process that has been commercialized
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Bluetooth development at TTI

e Staff has worked with AVI [toll tag] system for travel
times on Houston freeways since 1996

* Local agencies desired arterial coverage, but
technology was expensive and alternatives were
explored

* 2007 began development of AWAM technology
using Bluetooth

* Traditional Bluetooth discovery cycle process was
not sufficient to provide comparable data
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Bluetooth development at TTI

 Developed Asynchronous I/O process
— MAC address immediately sent as read in field
— Provides for more reads

* Field Software Enhancements

— Duplicates identified in field; criteria available to
send to host or not

— Anonymous process can be completed in field
before transmitting to host
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AWAM Development

Difference Between Synchronous and Asynchronous

Travel Time Monitoring Application

Synchronous: 8-10 second cycle (default process)
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Modular System Design

Segment Length
Bluetooth

MAC Segment Outlier
Address External Algorithm
| Cellular | ——Wireless Speeds
Wireless Antenna 1
v |
Bluetooth Field Cellular Host MAC Reads
USB —USB»l Process [j€—USB—p Modem Process
Adapter Controller Service MAC Matches
w x
|
I Ethernet / i Archi
L Ethernet:—————— > Fiber Optic F----- —F.0. Cable*-! ICTE
Comm*

*Alternative Communications Path
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Bluetooth Data Collection for E-E Surveys

* Bryan/College Station TX — validation research

* Alice, TX-SH 44 by-pass planning study

» Corpus Christi, TX — Harbor Bridge analysis

e Omaha, NE - regional E-E study

e Alabama @ Texas A&M Football [Sept 14, 2013]

e Austin, TX—CV bypass study [Oct 2013 & Mar 2014]
* Dallas-Ft. Worth, TX — regional E-E study [Oct 2013]
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Bryan/College Station Validation

* Bryan/College Station External Survey
* Original Survey conducted in 2002

* Externals surveyed via roadside/
intercept method

 Developed E-E trip tables

Project Approach — develop E-E estimates
using Bluetooth data and compare to
previous external survey results.
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Bryan/College Station
External Survey Technical Summary

Bryan/College Station Urban Transportation
Study Travel Survey Program

Interagency Contract With
Texas Department of Transportation

Bryan/College
Station

g Prepared by the

Texa R .
lDepEf;'?rs;?enr Texas Transportation Institute
of Transportation November 2003




Validation Study Results

 Data collected anonymously

e Data collection can be monitored in ‘real time’
e Data can be processed in ‘real time'
 Estimates based on actual trip making

e E-E trip tables for commercial and non-commercial
vehicles

e Allows for 24-hour data collection in any weather
conditions and on weekends

e Study results reasonably replicated previous roadside
Intercept survey results
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arison of 2002 and 2011 Results
Percent E-E Trips

E-E Trips
° 2002 — 8%
2011 — 10%
8 -
Ill I lII l

M 2002 - Intercept  ® 2011 - Bluetooth

SH 21
Democrat
FM 2038
SH 30

FM 159
FM 60

SH 21
FM 50
FM 46
FM 1940
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AWAM Bluetooth for Intercity Travel Times
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Real-Time O-D Trip Matrix Generator

((I Anofiymous

Fer Traffic Info

ireless Address Matching
n

Transportatiol
9 /mml =

| Matches | | Reads | | Match Sample Rates | | Reader Performance | ‘ Origin-Destination Matrix | | Real-Time Data Summary | | Export Data

Bluetooth Travel Time Monitor — Origin-Destination Trip Matrix Generator

Instructions

Generate Origin/Destination trip tables by adding AWAM readers to the Selected Readers I|st Specify the parameters forthe trip tables including
the minimum and maximum travel time as well ag *=- =t~ == mmt ot mm e
date and time.

P e R TR P R

Sami ) et

AWAM Origin-Destination Trip Distribution (Match Count)

*ote that the totals presented are intended to be

Reader Lotations Origins/Destinations |IH10 U569 [IHL0W BrazosRiver [IH-45 IH-20 |IH-45 Loop-336North (IH-45Gulf Causeway |U5-290 FM-2920
34th_US290 N
BriaiForest SH-6 IH10 US6% 1 210 12 34 14 30
BWa-East_JacintoPort IH10W BrazosRiver 143 -1 6 13 6 20
BW3&-East_LitleYork -
BW&-East Wallisville IH-45 [H-20 12 12 -1 255 11 17
BW3a-East_Winfield -
BW3-North_JFK IH-45_Loop-336North 37 31 378 -1 13 28
S ke IH-45Gulf_Causeway 13 18 17 37 1 8
ClayRoad_SH-6
o g 8 US-290_FM-2920 22 33 22 21 6 -1
FMSZQ_BarI-_(erCypress = | | = |
Minimum Travel Time Maximum Travel Time Start Date End Date
Hours: 0~ Minutes: 0 Hours: 24 = Minutes: 0 - 972012 (B 9/7[2012

Start Time End Time

12 ~ 00 ~ AM ~ 11 =59 -+[IPM +

Generate 0-D Trip Matrix

‘Copyright ® 2012 Texas Transportation Institute.
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Bluetooth Real-Time Data Summary

Bluetooth Monitor - Windows Internet Explorer

e
'@' X W - = tarnu.edu

Fil= Edit Yisw Fawvorites Tools Help %Convert - @Select
o Avc - | 3 Search &2l safe (i Do Mok Track T - ., wWeakher 5dl Facebook
5.7 Fawvorites = BElustookh Monitor

(E Arronyrmodwrs Wireless Address Maitclhing

For Traffic Information

| Matches | | Reads | | Match Sample Rates | | Reader Performance | | Origin-Destination Matrix | | Real Time Data Summanry | | Export Diata

Bluetooth Travel Time Monitor — Real-Time Data Summary

System ID Location ID

T=DOT Dallas ~ IH-a5 T [ Set Summary ]

IH-45 Northbound

Distance Trawvel Tirme Speed
Frorm ToO Data Age miless ARIMAES ST crmph
Fhi-20 SH-14 (Richland] 03:08 P o6 7-29 GO

(Streetmani

SH-14 (Richland] {E'c'g'osr'giiiigf 03:08 P 15.5 13:26 GO

Business 45

: 1S-287 (Ennis) oz:02 Ph 11.7 10:41 57 5]
CZoarsicanal
LIS-287 (Ennis) FM-279 oz:02 Ph 2.5 T15 o
Fm-279 Malloy Bridge 0208 Ph 11.2 a:52 68

(Ferris)

Malloy Bridge wwintergreen . B
(Ferrisi (Hutchins HE0s FM 5.1 S35 56
wintergreen _ i B
cHUte Rin sy IH-20 oz:02 Ph 4.2 246 67T
IH-20 Loop-12 oz:02 Ph 2.6 2:20 [pe
Sumirmany” 68.4 G60:34 58
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Houston TranStar Route Builder

.r. Greater Houston Transportation and | > city of Houston > METRO
Emergency Management Center > Harris County > TxDOT

e

HousToOn Transtar®

Home | ContactlUs | About Houston TranStar 'Hurricane Information | Bfgetooth ™ Traffic Data Hews Room | Tours

Houston TranStar Route Builder

Manage Route My Route - Using Live Data

Add Location Below to Route Current Travel Time

Sensor Locations Distance Sensor Locations Distance Travel Time Speed
(miles) (miles) (m:ss) (mph)

Mo further destinations available ‘T’IH-1 0 Katy Westhourd

Remove Last Sensar Fram Route | MNew Route | Real-time Traffic Map Fin Dak

*Add this route to yourweb bromsers favorites or bookmaes to access it later Pederson 370 3:06 i @
YWoads 2.40 200 2 @
Fh-1483 2.80 214 0@
Brazos River 4.20 333 1@
Route Totals 13.1 11:04 "M @

Speeds @<20 230-39 @50+
(MPH) @20-29 @40-45 NoData

@ Your travel time is 21 seconds faster than a typical Wednesday.

Site Map | Disclaimers, Content Usage, and Privacy Copyright © 2013 Houston TranStar, All Rights Reserved
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Houston TranStar Route Builder

Manage Route

Add Location Below to Route

Sensor Locations

wIH—atS MHorthbound to Wintergreen (Hutchins)

Remove Last Sensar From Route | Mew Route | Real-time Traffic Map

=Add this route to yvourweb brovesers favarites or bookmarks to access it later.

Distance
(miles)

6.1

My Route - Using Historical Data

Friday at 5:00 PM Departure Time

Sensor Locations

l@IH—% Morth MNorthbound
Woodlands Parkauay
Fh-1488

IwIH--ﬁS Morthbound
Fhd-1488

Loop-336 Marth
Fhd-1097

e VWaverly Weigh Station
Huntsville State Park
SH-19 (Huntsville)
SH-Ta (Huntsville)
Walker County Rest Area
Fhi-2989

Spur-67

SH-21 iMadisonville)
0OSR

Centerille Weigh Station
US-79 (Buffala)

US-84 (Fairfield)

Frd-20 {Streatman)
SH-14 (Richland)
Business 45 {Corsicana)
US-287 (Ennis)

FM-879

tdallay Bridige (Ferris)
Route Totals

Distance
(miles)

6.9
6.2
7
a7
5.2
6.3
5.3
2.7
a1
46
9.8
13.6
12
201
11.8
9.6
15.5
1.7
8.4
11.2
190.7

Travel Time
{m:ss)

622

0:00
6:28
12:04
6:06
4:50
421
525
419
709
4:04
416
g:08
1118
10:44
16:28
9:38
A
13:21
9:55
724
9:45
169:36

Speeds @<20 #30-39 @50+
o No Data

(MPH) @20-28 @40-49

Speed
(mph)

ab

56
G4
H
69
7
72
7o
T4
73
7a
65
72
72
73
73
73
70
70
71
69
69
67

@
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Route Builder Departure Decision Assistance

E Hide Adiacent Departure Times

Total Travel Time

Departure Time Time Savings

(m:ss)
4:30 P 161:36 Costs 1 minute and 22 seconds  Show Report
4:45 P 159:52 Saves 22 seconds show Report
Your 5:00 PM Departure 160:14
515 FM 159:01 saves 1 minute and 13 seconds  Show Report
5:30 P'M 159:08 saves 1 mindte and B seconds Show Report
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DMS Travel Times on I-35

Lake Waco |
exr 330B
a
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Travel Time to West on I-35
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Eastbound West of Brookshire

damaged overhead sign & TxDOT had to remove structure
Monday, October 31st 2011 @ 10:50am
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-10 Eastbound West of Brookshire

os River to FM-1489 (4.2 miles) - Individual MAC Address Matches & TxDOT Radar Site

100 | M2tches — Speed (MPH) |

| (7@ vaid (1623

Spead (MPH)

Average Speed Over 2 Lanes

Day Avg Spd
90 ‘,D’1CI.-'31J'2DI1 68

0 1999
Y g

Speed (MPH)

0+ T T T T T T T T T T T
12:00 AM 2:00 AM 4:00 AM 6:00 AN 8:00 AM 10:00 AM 12:15PM 215 PM £15PM B15PM 815 PM 10:15 PM
Time
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|-10 Eastbound West of Brookshire

Comparison of Radar Speed Data wvs. Bluetooth Probe-Based Travel Time Data

Time Start Radar Site @ Weigh Station | Bluetooth Data —- Brazos River to Fi\W 1489
Avg Speed [mphl] Avg Speed [mphl]
10:00amnm e a7
1015 anm 75 FL
10:Z20amm a1 a0
10:-45am Fa 22
11:00amnm T2 14
1115 anm 7= 20
11:Z20amnm 73 18
1145 anmm 74q 15
12:00p N 75 ra
12:15pnm 73 |7
12:20pmm Fe [+
12:45pm 73 Fi
1:00 ! n/a
1:15pnm e [+
1:Z0pnm 75 7
1:45pnm e 5
2:00pm 45 n/a
2:15prm 26 L
2:20prm 29 5
2:45pm 29 4
00 32 <
2115 prm 28 <
ZIZ20pm 42 10
A5 pm a4F 32
00 44 323
A 1S pm 74a 28
A0 e a8
4145 Fa F2
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Spead (MPH)

Speed (MPH)

301 s B
L™

204 o

104 . ]

e You Ready for some FOOTBALL?

290 Westbound — FM 1098 to Hempstead (4.5 miles) — 9/24 vs. 10/1
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RS0 LS N Rt € 9-24 2:30 kick-off
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Vehicle Fire with Total Roadway Closure

US 290 Westbound From Roberts to Kickapoo (3.5 miles)
Individual MAC Address Matches - - Sunday 8/18/2013

Speed (MPH)

- [ Matches — Speed (MPH)
00 =
J L [
93 : .. L] S g L] ‘
L] ° L] L]
. . som Y 2 ° \$ o Io‘ th 8.3 :: ‘:. o e’
w Rt 2 “F .";, ’M _:_% ST HIE <,
eg o . . oo L ¥ g n‘ *u P, ‘v (‘ l‘ - E’ﬁ ‘o ' .,
701 5% ] ° o." c.: L T] - .:#. < h’:“\. o e ;“ 4 L 2 {
- e e . e |
60 |
50 °
L]
|V
Jd
30 =
®s
20 o4
o
101
0 T T T T T T T T T T T T T T T T T T T T T T T
A A A A A AY ] A A S > A3 A3 \Y A3 A3 A3 S L3 L) A3 > L
Q‘% Q?\ QQ} Q?} Q?S O ?5 O ‘(:\ O ‘:\ (‘VS O ?\ N ?} QQK QQ\ (‘Q\ (\Q‘ QQ\ QQ\ QQ\ QQ\ Q\Q\ QQ‘ QQ\ QQ\
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Questions????

Darrell Borchardt
d-borchardt®@tamu.edu
713-686-2971

Steve Farnsworth
s-farnsworths4 4 @tamu.edu

979-862-4927
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