
1

Analysis of Bluetooth and Wi-Fi 
Technology to Measure Wait Times 

of Personal Vehicles at 
Arizona-Mexico Ports of Entry

July 26, 2016

ENTERPRISE Webinar: Data Collection and 
Uses at International Border Crossings

Presented by Yung Koprowski, PE, PTOE

Presenter
Presentation Notes
This project is in conjunction with the Arizona Department of Transportation Office of P3 Initiatives and International Affairs. 
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Agenda

What is ARID?
Bluetooth vs. Wi-Fi
Project Overview & Purpose
Data Collection
Results
Other Applications
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Anonymous Re-IDentification
ARID

Presenter
Presentation Notes
Travel Time reporting
Congestion mapping / delay
Origin-destination
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Bluetooth vs. Wi-Fi

Presenter
Presentation Notes
-This is a diagram showing how Wi-Fi and Bluetooth technology works. 

-ARID Bluetooth sensors continually scan for mobile devices, which once identified, communicate on a second by second basis. Due to the characteristics of Bluetooth technology, it is very likely for there to be multiple identifications within the detection zone. The match made between two intersection locations the first identification in each detection zone, and all other readings are discarded. In the example shown here, the match is made between position 1 and 4. 

-ARID Wi-Fi sensors continually listen for mobile devices, which send out signals periodically for the purpose of connecting to a Wi-Fi hotspot. The communication between the ARID Wi-Fi sensor and the mobile device is more infrequent than Bluetooth technology, which is why the chance of being identified more than once within an intersection detection zone is low. In Wi-Fi detection, the matches are made in more random locations within the detection zone. 

-Although the Bluetooth technology communicates on a more frequent basis, more Wi-Fi matches are often identified due to the greater magnitude of mobile Wi-Fi enabled devices on the road.
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Comparison

Side-by-side 
comparison on I-45 
(Texas) at same 
location

• Typical mid-week 
day

• Travel time 
patterns are 
virtually identical

Bluetooth

Wi-Fi

Toll Tag
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Project Overview 
& Purpose

Will ARID devices 
collect sufficient sample 
size to confidently estimate 
wait time of US and Mexico 
bound personal vehicles?
Should ARID devices be 
installed permanently?
In what priority order should 
they be installed?

Anonymous Re-IDentification

ARID
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A: San Luis
B: Lukeville
C: Mariposa 
D: DeConcini
E: Naco
F: Douglas

A
B

C D E F

Port of Entry
Locations

Presenter
Presentation Notes
The purpose of this study was to evaluate ARID technology at border crossings between Arizona and Mexico as a tool in wait time estimation. 

To ensure accurate wait time prediction, the ARID devices must have the capability to detect an adequate sample size respective to each Port of Entry location. 

Six Ports of Entry were selected for evaluation, and are shown in the provided figure: San Luis, Lukeville, Mariposa, DeConcini, Naco, and Douglas. 
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Workplan
Tasks

1. Technical Memorandum No. 1 – Refine the Work Plan 
and Project Kickoff Meeting

2. Working Paper 1 – Data Collection Plan
3. Perform Field Data Collection
4. Analyze Field Data
5. Present Study Results
6. Draft Final Report
7. Executive Summary and Final Report
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Data Collection
Temporary ARID Deployment

Presenter
Presentation Notes
ARID travel time data collection devices will be used to collect travel times (i.e., wait times) of probe vehicles that broadcast a Bluetooth™ or Wi-Fi signal from an enabled cell phone, computer, vehicle feature, etc.  Because the broadcasted signal is associated with a unique, but personally unidentifiable, media access control (MAC) address, it can be recorded at different locations along a corridor and then matched through software algorithms to determine the time passed between the deployment locations. 
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Data Collection
Temporary ARID Deployment

Collected the weeks of
June 15th and June 29th

2 Days at each POE
Volumes also obtained

Presenter
Presentation Notes
At least two days of data will be collected while the Port of Entries are open and operational. Portable suitcases may be deployed at the roadside or inside a motor vehicle.

Passenger Car Volumes will be collected simultaneously so we can calculate the penetration rate.
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Data Collection
Considerations/Challenges

ADOT District right-of-way permits
Moving equipment legally into Mexico
Security of field technicians
Deployment at Customs & Border Protection (CBP) sites

Presenter
Presentation Notes
ADOT District responded quickly to get us appropriate permits for data collection
Formal documentation to move the equipment into Mexico was not accepted. We were able to convince ADUANAS that this project was of benefit to them and were flexible in the method they wanted to use. This took half of a day.
The data collection was modified if security was thought to be an issue.
CBP was helpful and accommodating
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Wait and Crossing Time
Definitions

Crossing Time

U.S. MX ARID Bluetooth or WiFi 
Reader and Antenna

U.S. 
CBP

Wait Time

Wait Time (seconds) = Crossing Time (seconds) - time required at free flow 
condition from check point to downstream ARID device (seconds)
Delay (hours) = Wait Time (hours) – time required at free flow condition (hours)
Vehicle Delay (cars-hours) = Delay (hours) X Number of vehicles (cars)
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Data Collection
Wi-Fi vs. Bluetooth

Northbound Southbound

Presenter
Presentation Notes
Results from another ARID evaluation that ADOT Transportation Technology Group conducted showed a similar correlation. The same is true for an arterial road.
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Arizona, US

Sonora, MX

Data Collection
Douglas Port of Entry

Presenter
Presentation Notes
15-This is an example of the data collection and analysis at the Douglas Port of Entry, which connects Douglas, Arizona to Agua Prieta, Sonora. This figure shows the ARID device positioning and the segments evaluated. At the Ports of Entry, there was typically an ARID device located:
	1. North of the Border
	2. At the Border, and
	3. South of the Border,
Which captured the travel times as vehicles wait to cross the border. 
Video recordings were also used to determine the total volume of personal vehicles on the segments, which was used as a baseline for the Wi-Fi match comparison. 
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Data Analysis
Douglas

SOUTHBOUND
Penetration Rate:   32.0%

Average Delay Per Vehicle:   1.75 minute
Average Daily Vehicle Delay:   197.66 veh-hrs

NORTHBOUND
Penetration Rate:   25.8%

Average Delay Per Vehicle:   2.39 minutes
Average Daily Vehicle Delay:   210.45 veh-hrs

Presenter
Presentation Notes
Note: Penetration Rate on an urban arterial is approximately 12% (Wi-Fi) and 5% (Bluetooth)
Penetration Rate on a freeway is approximately 4% (Wi-Fi) and 2% (Bluetooth) because the vehicles are moving much faster.
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Data Analysis
DeConcini

NORTHBOUND
Penetration Rate:   30.6%
Avg Delay Per Vehicle:   2.89 minutes
Avg Daily Vehicle Delay:   303 veh-hrs

SOUTHBOUND
Penetration Rate:   24.5%
Avg Delay Per Vehicle: 0.79 mins (47 sec)
Avg Daily Vehicle Delay:   70.4 veh-hrs
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Data Analysis
Penetration Rate Summary

Port of Entry Penetration Rate

San Luis Exiting U.S. 21.0%
Entering U.S. 30.6%
Exiting U.S. 24.5%

Entering U.S. 5.7%
Exiting U.S. 2.4%

Entering U.S. 25.8%
Exiting U.S. 32.0%

Lukeville* Exiting U.S. 64.5%
Entering U.S. 53.5%
Exiting U.S. 27.8%

DeConcini

Mariposa

Douglas

Naco*
*Low Volumes
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Data Analysis
Vehicle Delay Summary

Port of Entry
Average Vehicle 

Waiting Time 
(seconds)

Segment 
Length (mi)

Average 
Speed 
(mph)

Average Delay 
Per Vehicle 
(Minutes)

Average Delay 
Per Vehicle 

(Hours)

Average Daily 
Vehicle Delay           
(Veh-Hours)

San Luis Exiting U.S. 174 0.25 5.0 0.77 0.013 128.6

Entering U.S. 340 0.18 2.0 2.89 0.048 303.0

Exiting U.S. 168 0.18 4.0 0.78 0.013 70.4

Entering U.S. 610 0.33 2.0 5.46 0.091 238.2

Exiting U.S. 114 0.35 11.0 0.96 0.016 42.0

Entering U.S. 229 0.20 3.0 2.39 0.040 209.1

Exiting U.S. 163 0.20 4.0 1.76 0.029 197.7

Lukeville Exiting U.S. 60 0.14 8.0 0.53 0.009 3.9

Entering U.S. 82 0.17 7.0 0.72 0.012 4.9

Exiting U.S. 61 0.17 10.0 0.28 0.005 3.8
Note: Data shown is representative of days sampled as part of this study only

Naco

DeConcini

Raul Hector 
Castro

Mariposa
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Recommended Prioritization

Rank Port of Entry Disposition

1
DeConcini & 
Mariposa

Recommended for ARID implementation with further 
evaluation at Mariposa due to low penetration rate 
observed for this study

2 Douglas Recommended for ARID implementation

3 San Luis  Recommended for ARID implementation

4 Lukeville
Not recommended due to low volumes, unless peak 
periods are a concern

5 Naco
Not recommended due to low volumes, unless peak 
periods are a concern
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Estimated Cost

Item Est. Unit Extended
No. Description Unit Qty Price Price

7340103 CONTROL CABINET EACH 1 $4,000.00 $4,000
7340304 CONTROL CABINET FOUNDATION (CABINET & TRANSFORMER) EACH 1 $1,000.00 $1,000
7370480 PROVIDE ELECTRICAL SERVICE (cost varies greatly) EACH 1 $8,000.00 $8,000
9240120 MISCELLANEOUS WORK (ETHERNET SWITCH) EACH 1 $800.00 $800
9240133 MISCELLANEOUS WORK (Wireless Radio Assembly) EACH 1 $2,500.00 $2,500
9240121 MISCELLANEOUS WORK (ARID Sensor) EACH 1 $2,500.00 $2,500

$18,800

$28,200

SUBTOTAL
TOTAL

Including Design, traffic control, System integration, Contingency, 
Communications and other Miscellaneous (1.5*Subtotal)

Permanent ARID implementation at each Port of Entry should undergo 
Project Scoping to define the design concept, schedule, and cost of the project.
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Other
Applications

City-level Travel Time and 
Origin-Destination
Freeways & Arterials

Example: San Francisco Bay 511

***Non-Project Related Example***
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Other
Applications

Use a higher gain antenna to cast a larger net for freeways
RF modeling
TAP software
by SOFTWRIGHT

***Results from a separate ADOT evaluation***

Presenter
Presentation Notes
Radio Frequency Modeling using TAP software by SOFTWRIGHT
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Other
Applications

Turning Movement Percentages
Inconsistent and highly variable - Not Recommended

***Results from a separate evaluation***

Tuesday, April 7, 2015 Left Thru Right
Actual (Video) 22% 60% 17%
Wi-Fi Product A 48% 46% 6%
Wi-Fi Product B 27% 65% 7%

Eastbound Approach
Turning Movement PercentagesSouthern Avenue and 

Gilbert Road (Arterial-
Arterial Intersection)
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Thank You!

Rudy H. Perez, Jr.
Planning Program Manager I
602.712.8048
rperez@azdot.gov

Yung Koprowski, PE, PTOE
Project Manager
602.443.8473
ykoprowski@lee-eng.com

mailto:rperez@azdot.gov
mailto:ykoprowski@lee-eng.com
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