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NOTICE

This document is disseminatadder the sponsorship of the U.S. Department of Transportation
in the interest of information exchangéhe U.S. Government assumes no liability for the use of
the information contained in this documeittis report does not constitute a standard,
specfication, or regulation.

The U.S. Government does not endorse products or manufactlirademarks or
manufacturers®éd names may appear in this repor
objective of the document.
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integrity of its information. FHWA periodically reviews quality issues and adjusts its programs
and processes to ensure continuous quality improvement.
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FOREWORD

In December 200 FHWA initiated a pilot projecto assessselectand implementechnology
appropriatdor the measurement of travel times &f8-boundtruckscrossing into the United

States from Mexico. The technology selected was radio frequency identification (RFID) and the
internationalandborder crossinghosen for this implementation wime Bridge of the

Americas (BOTA)Port of Entry (POE) at El Paso, Texas/Juarez, Mexico

The specific objectives of the project were to:
A Assess the effectiveness of RFID technology for autonratssuremertdf travel ime
for vehicles crossing the border.
A Gather historical travel time data.

The project expanded to includeluded another POE, the Ph&eynosa International Bridge
in the Lower Rio Grande Valley, ardiditional RFID installationboth at BOTA and Phair
Reynosahatenabledneasurement ofa different type of travel timeThe results of the work
summarized in this Final Reparbnstitute Part Il of a twpart effort Part I, which this report
builds upon, was a task conducted in 2Q007 that focusedman initial technology tradeff
study that identified detection technologies for measuring border travel tiresronic copies
of the Part | and Part Il reporase available from FHWA.
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EXECUTIVE SUMMARY

ACKNOWLEDGEMENTS

FHWA would like tothank the projeét stakeholders, without whose support and cooperation
this pilot technology implementation would not have been possible. There were many
stakeholders representing associations and governmental orgarszatthe cities of El Paso,
Phar andCiudadJuarezthe States of Texas and Chihuahua, dddited States (8) and

Mexican regional and national entities. In particular we would like to recognize the personnel of
theU.S. Customs and Border Protection (CBP), bothHigmdquarterd-ield Operationsand field
offices inEl Pascand Laredas well asCBP personnel aheBridge of the Americas and Pharr
Reynosa International Bridg@gexas Department of Public Safety (DPS); Texas Department of
Transportation (TXxDOT); City of El Paso, Tex&$;Paso Metropolitan Planning Organization
(MPO); Aduana (Mexican Customs); Instituto Municipal de Investigacion y Planeacion (IMIP,
theJuareaMPO); CiudadJuérez Chituahua; the Maquila Associatip@ity of EI Paso and

Ciudad Juarez bridge operatipasd participating Mexican motor carriers. Personnel from each
of these organizations and other stakeholders freely provided their time, perspaativether
assistance in support of this implementation.

PROJECT TASKS AND ACCOMPLISHMENTS

This report porays the process followed and the results obtained in implementing a radio
frequency identificationRFID)-basedsystem to automatically measw@mmercial vehicle

travel timesn reatworld operatioron the USi Mexico border. It documents attainment afkey
milestone in Parl of a twopart project, in which total results fronearly 33 months akeat

world system operation are capturdtis important to note that this Final Report is not meéant
serve as a comprehensive document outlining each task conducted as part of this project, though
pertinent extracts of prior project deliverables are included. Rather, it is meant to highlight the
most important steps in implementing an automated bardie andcrossing time measurement
system as experienced with ihgplementation of such systems at Bridge of the Americas
(BOTA) and PharReynosa International Bridgmplementatior(PharrReynosa) in El Paso,
Texas/Ciudaduéarezand Pharr, Texas resgiely.

In Part 1 of this project (reported separately), addpth analysis was conducted to determine

the most appropriate technologies that could be applied in a system for automatically measuring
travel time of commercial vehicles that transit asrtand border crossings on th&Wexico

border. Automatic Vehicle Identification (AVI) using RFID was one of two technologies

selected as most appropriate to the application, along with Global Positioning System (GPS).

Passive RFID technology reqeg a reader and transporsierfi t aagdsmas)already being used

at some southern border crossifgsother purposesNOTE: t he terms #Atransp
Aftago are used interchangeably in this report

In Partll, the results of the Pdrtechnology trad-off analysis were revisited and the
recommended technologies verified to be still applicable. Land border crossings in the vicinity
of El Pasd CiudadJuareavere considered for the RFID system implementation. RFID was an
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attractive technology in the BPlas® CiudadJuérezregion due to the relatively high percentage

of commercial vehicles that already had RFID transponders. For examgse,eRFICtags

were widely used by trucks enrolleddBP6s Fr ee and Secure Trade,
Also, the Texas DP3nstalled RFID reader stations poovide identifying information that can

be used to retrieve information needed to facilitate the passage of commercial vehicles through

its Border Safety Inspection Facility (BSIH) N O T BarderfBafety Inspectin  F a sthé i t y O
term the Texas DPS uses for&tste commercial vehicle safety inspection. Neither the term for

the facility nor the identity of th8tateorganization that operates it are universal, but the

acronym BISF is used throughout this document for convenience.

Following an extensive stakeholder involvemien2009 arRFID based system was

implemented at BOTA that had capabilities to collect engsmes ofUS-boundtrucks.
Subsequently, a third reader at the CPBO6s pri
times oftrucksAr ound the same ti me, RFI D readers wer e
facility at PharfReynosa to measuveait times of trucks. TXDOT had earlier implemented a

similar system at PhaRReynosa with capabilities to measure crossing time only.

In addition to field implementation, the project also included developed of a Prototype Web Tool
to disseminate and driwe wait and crossing time datblsing the Web tool, stakeholders can

view the most recent wait and crossing times at both POEs, retrieve historical data for planning,
and decisiormaking purposes.

GENERAL CONCEPT OF THE SYSTEM

The general concept ofdlRFID technology based wiiine and crossing time measurement

system is that during its trigceoss the border at a POE, a-b&und truck passes under RFID tag

reader antennae. These antennae are mounted above its lane in the roadway. Each tag reader
detects the truckdos t ag Adstdngsand récordsdhe locatonoftheD) n u
detection. The first RFID reader station is located on the Mexican side of the POE at a site that

is at the fAupst r &&bodndtreaksthat bdcks upHrem tihelberdeeat tioef

POE. The length of the queue at any given time will vary depending on factors such as truck
volume, number of customs primary inspection booths manned and open, time of day, and

incidents or accidents at the POE. ThstfRFID reader station is at a static location that must

be at or slightly upstream from the end of the historical queue that will develop on the majority

of days. The second RFID reader station is |
side The third RFID reader station is |Toaweht ed at
times between first and second readers are identified as wait times of trucks. Similarly, travel

times betweeffirst and third reader are identified as @iog times of trucks.

Data from the RFID reader stations aemt to a central remote server via wireless modem. In

the server, data from reader stationsae mp ar ed, | ooking for the mat
recorded at the two reader stations. iach is found, that determines thait orcrossing time

for that truck. Thelatai whether raw or processédare stored and archivéd a centralized
repositoryimplemented in a database serv&he system calculates the most recent avevage
andcrossing time, which can be accessed upurgicly available Real Simple Syndication

(RSS)and aWeb sitedescribed later in the reporthese averageait andcrossing times are
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sufficiently current that they can be used for making informing dexssi&xamples of these
decisions are CBP staff deciding whether to open one or more additional inspection booths or
trucking carriers that are dispatching trucks deciding which POE to route their trucks through.

IMPLEMENTATION AT BO TA AND PHARR-REYNOSA

An initial full meeting of stakeholders resulted in their approval of the BOTA POE in El Paso as
the planned site and an RFID tag reader system using wireless data communication as the
planned technology to be implemented. Prior to proceeding with imptatian, a second full
stakeholder meeting was conducted to present the key system requirements, explain the
technology implementation intended to meet those requirements, and present plans for
implementation at selected locations at the BOTA POE.

Subsegantly, inJuly 2009installation was completed fowo RFID reader stations Hte BOTA
port of entry to measure crossing timed&J&boundtrucks. FurthermordsHWA initiated
discussions witlCBP about the feasibility of RIP installations at its primary inspection
facilities at international land border crossings onU8&Mexico Border Such an installation
enables the same system to also measure waibfith8-boundcommercial vehiclesThat
discussion resulted in CB&pproval of RFID installatiamat thePrimary Inspection facility
locations at two TexaBOEs: BOTA and PharReynosdnternational Bridge A compatibility
test was conducted in August 2010 at the PRaynosa International Rlgethat successfully
demonstrated the planned RFID configuration at CBP Primary Inspection booths do not interfere
electronically with CBP systems in the areaJamuary 2011, CBP recommended approval of
and the US. General Services Administratiop@rovedi the permit for RFID installation at the
CBP facility atBridge of the Americadn October of the same yearstallation of a third reader
at the CPBO6s pri wasrcogmpletedspecti on facility

Around the same time, RFID readerswereinstdl at CBPO&s primary i nspec
PharrReynosa. TxDOT had earlier implemented a similar system at-Regnosa with
capabilities to measure crossing time only

The research team also initiated tasks to develop a Prototypd& ®gkim February2011.The

objective of the prototype webol wasto provide an effective and efficieweb-basedolatform

for dissemination of redime traveler informatiorandarchived bordecrossing relatedata to
stakeholders on theSIMexico border. Realime traveler information includes curreinorder

wait and crossing time#archived data includes historicait times and crossing times

Presentation of historic data includes trends shown in different temporal and spatial granularities,
summarized and aggrdagd data, and simple summary statistics.

Subsequently, the research team also develsiegiby-step guidelines for installing RFD

based systems at land POEs to measure crossing and wait times of trucks. These guidelines are
not POE specific and hencan be used to deploy similar systems at other border crossings.
Guidelines described in this document are based on experiences gathered while deploying RFID
based systems to measure crossing times and wait times at various land border crossings in
Texason the S Mexico border.
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A second documentas developed tprovide guidancéo stakeholdersegardinganalysis that

can be performed with the data collected by the RbdBed border crossing time and wait time
measurement system. The guidance assigBcies implementing the system to develop
meaningful output from the data analysis, in the form of charts/graphs/data subsets, which then
can be used by stakeholders for planning and deemaing. The guidance also describes
different techniques farlaying realtime crossing and wait time data to stakeholders.
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CHAPTER 1: BACKGROUND AND OVERV IEW

BACKGROUND

This project is the culmination of years of planning, assessing, testing, and preparing for
implementation of an automatéadveltime measurement technology system. In 2001, FHWA
conducted the task Assessment of Automated Data Collectiomdlegies for Calculation of
Commercial Motor Vehicle Border Crossing Travel Time Delay. That task involved manual
wait time measurements on commercial vehicles transiting four northern and three southern
border crossings.

Included in that effort was assessment published in 2002 of vehicle detection technologies
thatwere evaluated as candidates to automate the collection of border delay and crossing time
data. There were2 vehiclesensing technologidhat weranitially screened against factors

sud as availability of appropriate software, volume count flexibility, minimization of privacy
invasiveness, ruggednessfatbather operation, low infrastructure cost, and positive
identification capability. To be a candidate for the short list of thaystud -affistadg, @

sensing technology had to be able to:

A Make positive identification of both inbound and outbound trucks at a matched pair of
two points (upstream and downstreamthe traffic flow) that corresporetito where data
collectors werestationed for manual readings

A Time-stamp each vehicle that was positively identified at its detected location so as to
enable travel time calculations

A Operate in all weather conditions found gtaamd) border crossing.

Subsequently, 11 of the 22 sened candidate sensing technologies met those three basic criteria
and were assessed against the criteriga¥ocation/travel time accuracy, percent of vehicles
recorded, requirement for crebsrder installation, maturity of technology for applicatio
infrastructure cost, anability to count every vehicle crossing. A traolé comparison involving
advantages and disadvantages of each and commentary also was included.

PART | 1 TECHNOLOGY IDENTIFIC ATION AND SELECTION

FHWA has undertakeseveral fregght performance initiatives aimed at measuring travel times on
freight-significant corridors and crossing and delay sraemajor LS land border crossings. For
the US" Mexico border, FHWAsoughtto identify appropriate Intelligent Transportation

Systems (ITS) or oth@ommerciakechnologies that enable border crossing times to be easily
and precisely measureth 2006, FHWA initiated Part | of Measuring Border Delay and
Crossing Times at the®)Mexico Border. This project was among the first steps in the current
process to automate measurement of crossing tifftes.objective of the work detailed tine

Part Ireportwasto examine technologies that could be used to support automated nresagure
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of border crossing and delay times W8-boundcommerciaimotorvehicles at & Mexico land
Ports ofEntry (POE. (The term POE is used interchangeably with border crossing in this
documend Delay time for commercial motor vehicles asilMexico POEsis a key indicator of
transportation and international supjglyain performance.

Technology advancementsdiaeen developed and adopted by the market over the five years
since the2001studyand the Part | studyFor example, Global Positioning Sgm (GPShased
locating and gedencing systems experienced rapid proliferation among motor carriers during
that period. Technology candidates were screened for their applicability to automate the crossing
time measurement process. In order to measavel time and the associated delay, the chosen
technology needed to be flexible enough to cover the complete trip and be applicable at all
POEs. Technologies identified as meeting these criteria were: automated vehicle identification
(AVI), automatidicense plate recognition (ALPR), vehicle matching, automatic vehicle location
(AVL, including GPS), mobile phone location, and inductive loop detecis.
advantages/disadvantaggghese technologiesere also assessed

Of these, the three technolegtonsideredhe best candidates for the POE application were

AVI, GPS, and ALPR. There were six technology variations of AVI identified and discussed.
The one considered most appropriate for the intended purpose amongAke \&xiationswas
passiveRFID technology, whichrequires a reader and transposdePassive RFIvas already

being used at some southern border crossiRgs example, assive RFID was beingsal at the

Bridge of the AmericaPOEby theUS Customs and Border Protecti(@BP) for lanes

dedicated to trucks participating in C8Bree and Secure Trade (FAST) Program and also by
the Texasd Border Saf eRASTedpeddep mardssingofcaigaci | ity
through CBP Primary inspectidar commercial carriers that hagempleted background checks

and fulfill certain other eligibility requirementd$Jpon further consideration, the Part | effort
narrowed the technology choices for pilot programs togassive RFID and GPS. RFID was
chosen as the technology for the pitaplementation in Texas. Chapter 4 covers additional

details on this technology selection process. The POE chosen for the RFID pilot was the Bridge
of the Americas in El Paso, Texas/Juarez, Mexico.

A demonstration of passive RFIDr a n s p o ntabe yeadifigiwaseconductéd using a

portable setup in Austin, Texas. Thisnch testevel demonstration was conducted to evaluate

the functional ef fect i vandneaghing ant travehtemne sy st e md s
measurement capabilities prior toglamentation in a realorld setting. Within th@receding

years, several toll facilities became operational in the Austin area, which put a reasonable
population of RFID tolltags.e.,A Tx Tagso0) on the area roadways.
RFID antennawere mounted on overpasseRie RFID system successfuligad andime-
stampeddentification (ID) numbers of tags gars with TxTags under their windshields, passing

at freeway speedand matched the transponder ID numbers read at the upsineam

downstream locationsMore details of this testing are found in the Chagteart | Technology
Identificatonunder fABench Test of RFID Technol ogi es.
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DISCUSSION OF BORDERWAIT TIMES AND CROSS ING TIMES

While the collective term Atravel timeo is of
main types of travel time provided in the prototype web t¥dhittimei s def i ned as Aft
takes, i n minutes, f or rginspeetion bodthaftet aorivilgataghe h t h e

end of the queu®d This queue length is variable and depends on traffic volumes and
processing times at each of the inspection facilities throughout the border crossing process.
Crossing timénas the same bewiing point in the flow as wait time, but its terminus is the
departure point from the last compound that a vehicle transits in the border crossing process.
Typically, that last compound in the crossing process on 8idexico border is the State

safey inspection facility, past which trucks exit onto the roadway system.

Border wait time is a segment of border crossing time, and such segmentation can be
advantageous in determining the locations where delays are originAsregmetric, wait time

is of greater significance than crossing time to CBP operations, whereas crossing time is of
greater interest to FHWA and private sector stakeholders such as shippers and carriers.

Regarding definition of delay, the following is an excerpt from the Part | Final Report:

AThe del ay associated with the border <cros
ways. I n 2002¢é a study (was conducted) fo
and Operatins of FHWA titledEvaluation of Travel Time Methods to Support

Mobility Performance Monitoring In that project, border delay was defined as

the difference between actual crossing time andttaffic-volume crossing time.

With this definition, the prosing time that the inspection agencies need to

accomplish their mission was removed from the description of delay. Moreover,

the authors mention that the use of ffiesv conditions is a standard that is not

relevant at border crossings. The followingh describes the differences

between the free flow travel time, the optimal crossing time, and the high volume
crossing time.o

Figure 1lillustrates these definitions.

! Border Wait Time Working Group presentation, April 2088p://www.thetbwg.org/meetings/200904/1_
_border%20wait%20times%20update.ppt
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Figure 1. Chart. Different scenarios of border crossing tnes for US-bound commercial
vehicles.

As shown on the graph, the frlew crossing time would be that where the truck would not

have to stop at any time during the border crossing trip. Obviously, this scenario is not realistic
and therefore should nbe set as a reference. The optimal crossing time is set as the base time,
since it represents the case where there are no queues at any of the stops. This optimal crossing
time is achieved under very low traffic volume conditions and takes into adbeuntocessing

time at all inspection facilities. Finally, the higblume crossing time accounts for all delays

caused by high traffic volume that cause lower traffic speeds and queues.

Taking these factors into consideration, it can be concluded thhbtder crossing associated
delay is determined by the difference between the observed crossing time and the optimal
crossing time

In order to have a better estimate of the status of the border crossing time, a similar concept as
the travel time index (f¢x) can be used. The.dx is definedin figure 2

observedruck trael time
truckfree-flow traveltime

indx

Figure 2. Equation. Travel time index subscript indx.

For commercial border crossings, as previously discussed, instead of usifigwWrgavel time,
the crossing time under optimal conditions will be used to define the Border Crossing Time
Index.

Final Report 4 August2012



Measuring Border Delay and
Crossing Times at thdS/Mexico Border

A very important fact that has to be taken in consideration is that not all trucks go through the
same number of inspections. In most cases, a first ingpéstenough to check the status of the
shipment, the truck, and the driver. In some other instances, extra attention has to be given to a
truck, its contents, or the driver. Moreover, most of the largest commercial border crossings

have dedicated FASTanes, where crossing time might be
expedites processing for commercial carriers who have completed background checks and fulfill
certain eligibility requirements

Therefore the truck population has to be divided intedltategories:

A FAST shipments.
A Shipments that go through primary inspection only.
A Shipments that go through secondary inspection.

Border crossing delay and Border Crossing Time Index will have to be estimated for each one of
these three categories siradkof them have different optimal crossing times. Depending on the
technology, a different number of readers will be needed to identify these three types of trips.

In practice, the algorithms developed for crossing time measurement in this projeat did
measure delay but rather total crossing time (and later, also wait time). FAST lanes were
included in the calculation for all lanes, as the more complete segmentation discussed in the
following section was not implemented except later for the waé tomponent.

PART Il - PILOT IMPLEMENTATION AT BOTA AND PHARR-REYNOSA

In 2007, FHWAbeganPart Il of Measuring Border Delay and Crossing Times at ti8 Mexico

Border. For this part of the process toward an optimal solution, FHWA initiated two projects

one of which became thlaeployment ofRFID at the BOTA land border crossiagel Paso and

Ciudad JuarezF HWAG6s measure of success for this part
manner that would lead to adoption at the end of the process. A kagntlef achieving this

goal was to utilize a consultative process. To this end, the project initiation intivaled

stakeholder sessions. El PasalCiudadJuarezarea stakeholders participated in discussions

that led to confirmation of the specific hborder crossing and associated technology system

(RFID at BOTA) that would be implemented as a pilot demonstration. An overview of the
stakeholder sessions including the process and planned actions is described in this report.

This project initially inplemented two RFID reader stations with an algorithm designed to
measure crossing tinanly. However, border wait times and delays are an important concern

for travelers and those involvedth, or affected by, international trade. FHWA, sharing a
commongoalwith CBP of facilitating the legitimate flow of travelers and trade across land

border crossings, began working closely with CBP to determine whether existing RFID crossing
time measurement implementations could be enhanced to measure bordereniaittiaition

to bordercrossing time. CBP gawapproval of RFID installatigat the primary inspection

facility locations at two Texas land border crossings: BOTAthe®harrReynosa International
Bridge (PharReynosa). FHWA subsequently allocatedources and initiated actions to install
RFID equipment at BOTA and Ph&Reynosa that enaliléhe measurement bbrder wait time
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and complemented the border crossing time measurement already in progress at those POEs.

In addition to incorporatinthe two additionalRFID reader stations 80TA andPharr
Reynosa, the actions included (among other tasking) development of:
A A guidebook for analysis and dissemination of border crossing time and wait time data
A Stepby-step guidelines for implementing FFto measure border wait and crossing
times
A A prototype web tool with design documentation and specifications and supporting user
guidance and demonstration.

On May 6, 2010, FHWA held initial discussions on working with CBP and other stakeholders
(e.g, U.S. General Services Administratipar GSA) on installing RFID readers at CBP primary
inspection to enable automatic measurement of border wait times. At the initial discussion, CBP
and FHWA/TxDOT agreed that a field test be conducted to demonstaatedtallation of RFID
equipment for border wait time measuremsatild not interfere with CBP equipment and
operations.Based on this agreement, FHWA conducted a compatibility test at the Pharr primary
inspection facility on August 17, 2010 he testoncluded that RFID reader equipment can be
installed on the exit side of each primary inspection lane in a manner that causes no interference
with CBP operations and equipmenBecause border wait times derived from this configuration
would include thencrement of time experienced in primary processing, the report also detailed a
mitigation strategy for extracting that time if deemed necessary.

Thisfinal report is not meant to serve as a comprehensive document outlining each task
conducted as part this project, though pertinent extracts of prior project deliverables are
included. Rather, it is meant to highlight the most important steps in implementing an automated
border crossingnd waittime measurement system as experienced with the BaditAharr
ReynosaRFID implementatios. These steps inclutiEssons learned as well as observations and
analysis of thdordercrossing Times at BOTA andait timesbothat BOTA and at the Pharr
Reynosa International Bridgeérior deliverables for this projeare engineering records that can

be found by contacting FHWA &reightFeedback@dot.gov hose other written deliverables

for this project include the following documents:

Prototype Web Tool Design Document

Prototype Web Tool User Guide

Slides: Webinar to Discuss Design and Specification for a Prototype Web Tool
Test and Evaluation Reports for BOTA and PHeynosaCBP Primary RFID
Installations

BOTA and PharnReynosdnstallation AfterAction Reports

Test and Evaluation Plan for BOTA and PHaeynosaCBP Primary RFID Installations
Test and Evaluation Report for BOTA Crossing Time

Test and Evaluation Plan for BOTA Crossing Time

Implementation Plan (Paststallation Update)

Approved GSA Installaon Permit Applications for BOTA and PhaReynoseCBP
Primary RFID Installations

¢ Implementation Plan for BOTA and Phd&eynosaCBP Primary RFID Installations
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Report on RFID Compatibility Testing at Ph&teynosa

Design Document with Architecture Appr.

Plan for Collecting Baseline Data

Technology Assessment

Current State Analysis

El Paso Stakeholder Meetingagendas, Slides, Notes, and Minutes
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CHAPTER 2: BRIDGE OF THE AMERICAS

VALUE AND SIGNIFICAN CE OF THE EL PASO REGION COMMERCIAL
TRUCKING INDUSTRY

El Paso, Texas is currently the sixth largest city in the State of Texas é@&fhtHargest city in

the United States. Ci ud ad balder8is teezargestcity inRhe s 0 6 s
State of Chihuahua and the fifth largest city in all of Mexico. The metropolitan area comprised

of Ciudad Juarez and El Paso consists of more than 2.6 million people, making it the second
largest community on the WSlexico border® This large population is largely supported by

the number of jobs that the local manufacturing industry in the region produces. These
manufacturing facilities of t en r ef err edootima@asi iamsaguohadloe able
" not onlyproduce jobs but also are responsible for the flow of raw materials and goods that are
shipped to and from the United States in significant volumes. A maquiladora is a manufacturing
facility located in Mexico that temporarily imports materials for asdgmi a dutyfree basis,

provided the product is texported. This arrangement has evolved into a system of transfer
stations, distribution centerand warehouses on thé&dide of the border and manufacturing

plants in Mexico. The majority of freigkhipped through the El Pasdiudad Juarez POE

system is maquiladora trade.

Following the implementation of the North American Free Trade Agreement (NAFTA), trade
between the United States and Mexico increased substantially. Northbound commercial
movenents througlel Pasd Ciudad Juaregateways peaked at 782,000 trucks in the year 2007.
While a slowdown in the economy in 2008 (particularly in the automotive and housing
segments) and international trade has reduced the numb&rlafundtrucks, tle El Paso
Ju8rez metropolitan area remains one of North
estimated 6 percent of theSihational economy crosses the border in the El Paso rEéyiGver

the past decade, the overall growthJ&-boundcommercial movements betwe€iudadJuarez

and El Paso increased by more than 85,000 crossings during the first eight years but decreased
over the last two yearso that there is a slight net decrease. These numbers are sHmunein

3.

2 hitp://lwww.elpasotexas.gov/city_manager/_documents/Presentation%20
%20Joyce%20AHMO%20Vitality%200f%20Border%20Regions%2R&06.pdf

(Ameri ca. Go viMeéxitd Bomler Off §iUS| s Bal ance Security, Commerce N
http://www.america.gov/st/washfilenglish/2007/September/20070924141658ajesrom0.7344171.html
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Figure 3. Chart. Annual trend of US-bound truck movements through El Paso ports of
entry.

EL PASOi JUAREZ PORT-OF-ENTRY SYSTEM

The El PasbCiudad Juarez metropolitan area is served by three international commercial vehicle
crossings. The Santa Ter&an JeronimoNew Mexico POE is a larabrdercrossingl1 miles

west of El PasoThe other two commerciakossingswhich are physically in the vicinity of El

Pas® Ciudad Juarez, are the BOTA and Zaragjodzdeta POEsboth are international bridges

over the Rio Grande RivelNo tolls are collected at tifganta Teresa @OTA crossing,; atoll

is collected at the Zaragd2ésleta crossing

The locatios of these three porteillustrated infigure4.

* U.S. Department of Transportation, Research and Innovative Technology Administration, Bureau of Transportation Statistics,
Border Crossing/Entry Data; based on data fd$iDepartment of Homeland Security, Customs and Border Protection, OMR
database.
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Figure 4. Map. El Paso area with commercial vehicle crossings.

OverallUS-boundtruck traffic at both commercial crossings in El Rd&&oadad Juarez peaks
between 10:00 AM and noon. During the early hours of the day, empty truck&)&bssind

through BOTA to pick up loads for maquiladora assembly plants. Even before BGSes for
operation, some traffic voluntarily diverts to Ysleta, causing a period of high demand around
5:00 PM. Around 7:00 PM, loaded vehicles create another period of high demand at the
Zaragozd Ysleta crossing. These afternoon peaks result from gnifnthat leave Mexican
maquiladora plants at the end of the second manufacturing production shift. There is
significantly less crossing activity at the Santa Teresa POE throughout the day than at either the

BOTA or ZaragozaYsleta POEs.

THE BRIDGE OF T HE AMERICAS

The BOTA facility is located in the center of the El R@@imidad Juarez metropolitan area, as
illustrated infigure5. The bridge is used for both commercial truck and passenger vehicle
movements, and it has two separate structfusas forUS-boundtraffic and one for southbound
traffic. Passenger vehicles and commercial trucks access the \iedggatro Siglos (a street

on the Mexican side of the border) and are directed to specific lanes by road signs in order to
separate the two type$ vehicular traffic using the bridge. Once on the physical bridge, trucks
and passenger vehicles are separated by a concrete barrier. Truck traffic is handled by two
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dedicated outside lanes on each bridge structure. Local transportation compansifeinde
construction of a replacement bridge capable of handling commercial traffic in 1998.

Commercial freight accesses BOTA shortly after Boulevard Cuatro Siglos and Mexican

Highway 45 merge, approximately ¥ mile southeast of the physical bridge. drassafiic is

diverted to Boulevard Ing. Bernardo Norzagaray at this point. Passenger traffic accesses BOTA
from Avienda Abraham Lincoln, which runs nosbuth in Ciudad Juarez. After crossing the
bridge, passenger vehicles have direct acces$16,which links up with L& Highway 54,

[-10, and Loop 375. Commercial vehicles, after clearing the CBP and/or BSIF compound exit
onto Gateway Boulevard North and enter the El Paso road system on East Paisano Drive, which
provides access to US Highway 54.
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Figure 5. Image. Location of Bridge of the Americas.
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US-BOUND CROSSING STATISTICS

BOTA is thefifth largest commercial POE in tigtateof Texas in terms of number bfS-bound
trucks crossing. A list of the top ten POEs in $tateof Texasfor 2011along with the number
of US-boundtrucks crossing at each POE is presentddbte 1

Table 1. US-bound truck crossings in Texagorts of entry in 2011,

Bridge Number of US-bound
Truck Crossings
World Trade Bridge 1,327,479
Pharr i Reynosa International Bridge 452,821
Ysletai Zaragoza Bridge 379,508
Laredoi ColombiaSolidarity Bridge 374,781
Bridge of the Americas 337,609
Veterans International Bridge 177,986
Camino Real International Bridge 106,423
Del RioT Ciudad Acuna lrérnatioral Bridge 62,966
Progreso International Bridge 42,605
Free Trade Bridge 30,773

SourceCBP

Figure6 shows he numbers o S-boundcrossings at BOTA in 2011, broken down by month.
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Figure 6. Graph. Monthly US-bound truck volume through BOTA in 2011.
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OPERATIONAL CHARACTE RISTICS

There are several key agencies involved in the border crossing pi@cgssboundcommercial
trucksat BOTA. These agencies include:

A USFederalAgencies- Customs and Border Protectjdrederal Motor Carrier Safety
Administration (FMCSA) U.S. Department of Agriculture, Drug Enforcement Agency

A UsS State LeveAgencies- TexasDepartment of Public SafetpppPs).

A Mexican Federahgencies- Aduana (Mexican Customs)

The following describes the three principal facilities through whidtsdooundtruck will pass
at BOTA:

A Mexican Export Lot A facility operated byAduana Mexican Customsthat is
responsible for inspecting export materials leaving Mexico. Only a small percentage of
freight is physically inspected at this facility for audit purposes.

A USFederal Inspection Compouiidrhis facility is operated by CBP. Its primary
function is to make sure no harmful or illegal freight is permitted to enter into the United
States. Secondary inspections can occur here if CBP feels it necessaryite éxdner
the driver, freight, or conveyance. These secondary inspections can include intrusive
measures (physically unloading the trailer to examine its cargo) eintrosive
measures (xay or gamma ray imaging).

A Border State Inspection FacilityThe BSIF (a designation used by the State of Texas for
this type of facility) is operated by the DPS. Its primary function is to ensure that tractors
and trailers entering the United States from Mexico are safe enough to oper&e on U
roadways. Secondainspections of the vehicles can occur here if deficiencies are
revealed through a preliminarily review of the conveyance by the BSIF. The FMCSA
also has onsite representatives dedicated to ensuring the safety of trucks and trailers that
would enter thé&Jnited States.

TheUS-boundcommercial freight border crossing process begins at the Mexican Export Lot on
thesouthside of the border (also known as the Aduana facility). After clearing customs on the
Mexican side, a truck crosses the physical bretgecture. Immediately upon entering the

United States, the truck proceeds to the Federal Inspection Compenindnce to the Federal
InspectionCompound is through one of six primary inspection booths. At these primary
inspection booths, a CBP officdetermines whether the truck requires any secondary inspection
and if so directs the driver to it, or otherwise instructs the driver to proceed to the exit. The CBP
officer will give final clearance to exit the Federal Inspection Compound at one obbiashat

the exit of the premises, at which point whe truck proceeds on to the BSIF.

A onelane access road that passes under US Highwagrs¥ectshie Federal and State

Inspection Facilities. Weighn-Motion sensors measure the weight of every tthelk travels on

this access road. Upon leaving the access road and entering the BSIF, trucks continue moving
toward an inspection shed. Drivers of trucks departing the inspection shed are instructed by two
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overhead signs immediately after the inspectmaeither proceed to the exit of the facility (East
Paisano Drive) or to secondary State inspection. If they are selected for secondary inspection,
trucks will bear right after the inspection shed and loop back into the middle of the premises for
furtherexamination.

Figure7 is an aerial view of BOTA, looking south across the Rio Grande river from El Paso,
Texas.

Figure 7. Image. Bridge of the Americas port of entry in El PasbCiudad Juérez region.

BOTA operates from 6:00 AM to 6:00 PM Monday through Friday and from 6:00 AM to

2:00PM on Saturdays. Empty truck traffic prefers using this free bridge to avoid paying the toll

at the YsletéZaragoza Bridge. Onliyucks withemptytrailersare permittedo cross between

the hours of 6:00 AM and 8:00 AMNn2003one of BOTAGs two northbour
converted to a designated lane for trucks whose carriers participate in the FAST Program. The

FAST lane occupies the outside lane (the farthest rightftangS-boundtraffic) on the physical

bridge structure at BOTA.
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CHAPTER 3: PHARR-REYNOSA INTERNATIONA L BRIDGE

VALUE AND SIGNIFICAN CE OF THE LOWER RIO GRANDE REGION
COMMERCIAL TRUCKING INDUSTRY

The Lower Rio Grande Valley is located in $swuthernmost tip of Texas, boraeythe

Mexican State of Tamaulipas. The region is made up of four counties: Starr County, Hidalgo

County, Willacy County, and Cameron County. As of January 1, 2010, the Texas State Data

Center estimated the populationtibé Lower Rio Grande Valley at 1,167,121 watB6 percent

increase since the year 200@mong the Councilsof Goer nment s 6 popthel ati on
Lower Ri o Gr an d eseconhdlargest growthaadexcdedex anyy bafterthe

Capital Area(Austin). The largest cityn the regioris Brownsville, followed by McAllen and

Harlingen. Pharr is located in McAlldedinburgMission Metropolitan Statistical Area.

Texas is the third largest producer of citrus fruithe United Stateshe majorityof which is
grown in the Rio Grande Valley. This and other agribusiness and the emergtree of
maquiladorandustryhave caused a surge of industrial development along the border.
InternationalPOEsare crucial for the development of the region andtdayay operations of the
bi-national region.Six operating international bridges handle freight in the valley. Fgure
illustrates these six bridgestendingfrom Veterans International Bridge imd@vnsville, Texas
at the eastern erid the RomeCiudad Miguel Aleman International Bridge in Roma, Tex@as
the western end

The FAST program allows preertified shipments to use a special lane and receive expedited
inspection at the CBPAST lane prnary inspectiorbooth. There are three POEs where a

FAST |l ane exists: Veterano6s | nt er nathePharra l Bri
Reynosa International Bridge.
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Figure 8. Map. Ports of entry allowing commercial vehicle crossings in the Lower Rio

Grande Valley.

Figure9 showsthe distribution 02011US-boundtruck crossing/olume forthe Lower Rio
Grande Valley POEs. The Ph&eynosa International Bridge handled 93 percethetotal

trucks in the region, followed
percent.

by Veterans International Bridge, in Brownsville, Texas, with 5
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Figure 9. Graph. Distribution of truck volumes at different ports of entry in the Lower Rio
Grande Valley region in 2011.

THE PHARR-REYNOSA INTERNATIONA L BRIDGE

PharrReynosa International Bridge is located in Hidalgo Countthemiddle of the Lower Rio
Grande Valley.It was constructed to relieve congestion on the McAkigtalgo-Reynosa
Bridgedue to commercial traffic demand. The PHReynosa International Bridge connects US
281 in Pharr, Texas, to the city of Reynosa, Tamaulipas, which is an important industrial city in
northeastern Mexico. In Mexico, there is a direct connector road frefAltarReynosa

Il nternati onal HBhwayd2gveich conneete Reynosa t $1atamoros and
provides access to the Reynosa airport. These roads allow traffic using thR&rarsa
International Bridge to bypass the heavily urbanized areasd theMcAllen-Hidalgo-Reynosa
Bridge. The PharReynosa Bridge is 3riles long and elevated to protect surrounding
wetlands and farmlands$zigure10 shows the location dhe PharrReynosa International Bridge
and the McAllerHidalgo-Reynosa Bridge wit major highway connections.
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Figure 10. Map. Pharr-Reynosa (red circle) and McAllerHidalgo-Reynosa border
crossings (blue circle).

US-BOUND TRUCK CROSSING STATISTICS

The PhanReynosa International Bridge has a ftame cross section, with thr&S-boundlanes
and one southbound lane, on th® pértion of the bridge. This crossing serves passenger as
well as commercial vehicles. Truck crossings at the HRaynos International Bridge reached
apeakin 2007 with close to 500,000 crossirtbat year International truck volumes started to
decline in 2008 due to the econerdownturn, as shown ifigure 11.
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Figure 11. Chart. Trend of USbound truck volume through Pharr-Reynosa International
Bridge.

In 2011, the PhailReynosa International Bridge was the second most important commercial
crossingin Texas, atr Laredobés Worl d Tr ade B rtrucksdrem It
Reynosa into Pharr, with an average of 37,735 trucks per mbighre12 shows thaMarch,

June, and November were the months of highalstimein 2011, while December registered the
lowest truck volume.
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Figure 12. Graph. Monthly US-bound truck crossings at PharrReynosa International
Bridge in 2011

OPERATIONAL CHARACTE RISTICS

The border crossing process for commercial vehicles enteringnited Statesequiresthat
vehicles stoat several pointsThe time it takes a truck to cross depsamal the time spent at
each of these points of inspextj toll collection, and the time it takes to move from one station
to the next, which is a function of traffic volume and number of available booths.

TheUS-boundcommercial border crossing process begins at the Mexican Export Lot on the
southerrside d the border.After clearing export customs on the Mexican side, a truck proceeds
to the tollbooth operated by Caminos y Puentes Federales de Ingresos y Servicios Conexos
(CAPUFE). Oncethe driver of aruck pays tolls through an electronic tobllecion system or
manually,the truckthen crosses the 3riile long bridge. Immediately upon entering the United
States, the truck continues to the FedberghectionCompound. Entrance to the Federal
Inspection Compound is through the primary inspectiathis At these primary inspection
booths, a CBPfficer determines whether the truck requires any secondary inspectidgisand
directs the driver to it, or otherwise instructs the driver to proceed to theGBd.gives inal
clearance to exit the Ferhl Inspection Compound at booths at the exit of the premises. After
leaving the Federalompoundthe truck proceeds to the BSIF.

The BSIF is located at the north side of the FedesgdectionCompoundandis connected by an
access roadWeighin-Motion sensors measure the weight of every truck that travels on this
access road. Upon leaving the access road and entering the BSIF, trucks continue moving
toward an inspection shedrivers of tucks departing the inspection shed are instdibly the
DPS officials to proceed either to the exit of the facility or to a secondary safety inspection.
Figure13showsan aerial view of the PhaiReynosa International Bridge.
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Figure 13. Photo. Aerial view of Pharr-Reynosa International Bridge looking south from
US 281.

ThePharrReynosa International Bridge commercial crossing operates from 7:00 AM to 10:00
PM Monday through Friday and from 7:00 AM to 4:00 PM on Saturday and SundayCitih

of Pharrowns theUS side of the bridge and the Mexican side is owned by the Government of
Mexico and operated by CAPUFE. In January 2009, the City of Pharr widened the northbound
approaches from the bridge to the truck and vehicle booths atidped the northbound lanes to
dedicate FAST larson the bridge CBP has designated the two righost lanes to process

FAST shipments. However, the booths for all the other lanes are also capable of processing
FAST shipments. Depending on approachmgk volume, CBP may instruct FAST trucks to go

to nonFAST booths or noiAST trucks to the booths of the two righbst lanes to lower the

wait time.
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CHAPTER 4: TECHNOLOGY IDENTIFICATION, SELECTION, AND
IMPLEMENTATION

OBJECTIVES AND APPROACH

The overall goal of b Part llprojectinitially was to implement aystem that would

automatically and accurately collect data, measure, and disseminate wait and crossing times for
US-boundcommercial freight at BOTA. Additionally, the proposed syskem to be designed

to sustain longerm data collectiom realworld operationgnd be easily transferable (as a

design concept) to other PO#@ssiring italong the northern and southern borders of the United
States.

As stated in the Background and Owew section of this report, FHWA has sponsored several
other initiatives aimed at identifying technologies that could be used to calculate crossing times
for US-boundcommercial freight at the & Mexico border. These previous efforts were used to
aid in the technology selection for the BOTA technology implementation project.

The technology selection for this project consisted of two parts. TheiRdidtlve that

preceded the activity that this report is based on vi@shenology assessmehatidentified
technologies that were best suited to achieve the overall goal of this project. Part Il involved two
specific objectives: 1) selecting a final technology for the BOTA border crossing time
measurement system, and 2) implementing the system i(kedhould be noted that during the
project, the objective expanded to include a system of comparable configuration to obtain wait
time atPharrReynosawhere crossing time was already being measurBde) outcomes dPart

| and Part llare describedelow.

PART | T TECHNOLOGY IDENTIFIC ATION
Technology TradeOff Analysis

For the Part | study, six different technologies that could potentially facilitate the automatic
measurement of border crossing times for commercial freight vehicles weré&edesutid

analyzed. Thisstugwlsoe nt i t 1 ed AMeasuring BorderS Del ay al
Mexi co Border, o0 provided a comparativédg anal ys
Tasks 1 and 2 Report. The full report can be fourndtpt/tti.tamu.edu/documents/TTA00 7

lpdf. The six technol ogies Repoatmerened i n the study

A Automatic Vehicle Identification (AVI).
o0 AVl using Laser Frequency.
o AVl using Radio Frequency (Radio Frequency IdentificatidrFID).
o AVl using Infrared Frequency.

A Automatic License Plate Recognition (ALPR).

A Vehicle Matching.

A Automatic Vehicle Location (AVL).
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o0 Global Positioning Systems (GPS).
A Mobile Phone Location.
A Inductive Loop Detectors.

Factors such as cost, accuracy of readings, availability, and reliability were analyzed for each of

the technologies listed abov&able 2summarizes the results of the initial analysis from the
Partl study by listing the advantages and disadvantages of the six technologies below.

Table 2. Summary of the advantages and disadvantages of potential technologies.

Technology Advantages Disadvantages

AVI ACan send and/or receive ARequires investment fooadside

information. infrastructure (transponders and
ACommonly used in POEs signal readers).

for toll collection. ARequires operational agreements
AAvailable readers could be| between the participating countrieg

used for expanded purpost AcCard readers have to be installed i
ALow operating cost. many locations to be able to have
ABroad application in metro good estimate of the border crossi

areas. travel time.

AVL ACan track vehicle location | ARequires some investment on
and speed over the infrastructure (GPS devices).
predetermined area with APrivacy issues with the vehicle
very good accuracy. owner.

ANo need of installing any AObtaining truckracking data from
fixed roadside equipment. truckers might be difficult.

Mobile Phone ANo infrastructure required.| ARelies on the size of the cell.

Location AcCan track vehicle location | AEspecially affected in rural areas.
and speed. ANot as accurate as othersiie

technologies.

ALPR RGood identification rate. | ANegatively affected by slownoving

ANo onboard equipment is or turning vehicles (might not be
needed. suitable for border crossings).

ACould require a high investment fo
infrastructure, especially for
equipment.

AReaders havi be installed in many
locations to be able to have a goog
estimate of the border crossing
travel time.

Final Report 26 August2012



Measuring Border Delay and
Crossing Times at thdS/Mexico Border

Table 3. Summary of the advantages and disadvantages of potential technologies

(continued).
Technology Advantages Disadvantages

Vehicle Matching | ANo onboard equipment is | ACould require a high investment fo
needed infrastructure, especially equipmer
AReaders must be installed in many
locations to be able to obtain a gog

estimated of the border crossing

travel time.

Loop Detectors ARelatively low installation | ADetector subject to density of traff

cost on a per detector basi Aln order to have a general sense o
traffic patterns, a large amount of
detectors are needed and therefory
large investment is required.

ABorder crossing scenarios are not
suitable for this type of technology

From the initial analysist wasconcluded that three of these six technologies were most
appropriate to support a system that would sustaintemy data collection and be easily
transferable to other POEs along the southern and northern borders of the United States. AVI
(specificallywith RFID), AVL (specifically with GPS), and ALPR all appeared to have the
requisite characteristics to be considered for a crossing time measurement system.

After reviewing the initial assessment, the FHWA determined that the benefits of using RFID
andGPS to measure commercial freight border crossing times outweighed the concerns
associated with each technology. The ALPR generation available at the time was viewed as
good technology, just not as cadfective overall for crossing time calculationREID and

GPS (NOTE: ALPR was not testedwsreRFID and GP$ Some of the important benefits of
the RFID and GPS technologiase described as follows.

Benefits of usindrRFID:

A CBP was currently using RFID transponders in commercial vehicles that @ulkt to
capture data by this proposed system.

A Data collected for the border wait times can easily be shared with CBP and the DPS.

A DPS was planning to install RFID readers at several of their BSIFs.

Benefits of usingsPS

A The data collected are vepyecise

A The information received could be used to measure border wait times and locate exactly
where delays are occurring.

A Realtime information is provided.

It should also be noted that not every truck need have a tag for an RFID system to produce
bendicial results. RFID and GPS were subsequently chosen as the two technologies considered
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best suited to support a system that automatically measures commercial freight border crossing
times.

Bench Test of RFID Technology

Based on the results of theadysis performed during Parattivity, a bench test of RFID
technologywas conducteth a real world setting. In July 2008, a demonstration of passive

RFID tag reading was coordinated using a portable setup in Austin, Texas. Within the last few
years,several toll facilities had become operational in the Austin area, which put a reasonable
population of RFID toltransponder§TxTags) on the area roadways. Additionally, the large
number of overpasses in Austin provided an opportunity to gain easy atxe® the travel

lanes. The bench test had two specific objectivesiegsure the reliability of tag reads, and 2)
demonstrate that tag reads between two points can be used to calculate the travel time between
those two points. The results of the betest by objective are documented below.

Objective 1i Measure the Reliability of Tag Reads

The panel antensavere each mounted over a single laared tag read data were captured to a
laptop using a Transcore model 2210 reader. The tag count gadbereglthis period was used

as the baseline. This count was done by visually inspecting cars for TxTags under their
windshields from overhead as they passed underneath the overpass. Electronic tags were read
until the visual count reached 100 tags. Ppbeable tag reading system reported 95 tags in one
test and 103 in another compared to the visual count of 100. The differentials are small and
errors easily could have arisen from visually misjudging a tag as well as traffic weaving near the
reader locaon. In general, the portable system proved to be a reliable way to interrogate toll
tags from an overhead structure. Further testing revealed that a single antenna mounted over the
stripe between two lanes did a very good job of acquiring tags ildah, even though it is
designed for reading only a single lane.

Objective 2 Calculating Travel Times

A demonstration of travel time measurement with portable equipment was conducted on a small
portion of Loop 1 northbound betwetre Braker Streetad Duval Street overpasses in Austin.
Testing occurred during effeak hours with traffic speeds averaging 65 miles per hour (mph).
The goal was to show that enough toll tag identificatiombes (IDs) could be acquired at each
location to provide a reasonable number of tag ID matches per minute, resulting in a travel time
estimate between the two locations. One station was located on the Braker Street overpass at
Loop 1. Asingle panel antenna wassitmned over the center stripe between the center and
median lane. An identical setup was deployed at Duval Street. The setup for this demonstration
is illustratedin figure 14 The single antenna solution gathered 8athfrom the center and
medianlanes; however, since the antenna was not optimally placed for either lane, it likely
missed a small fraction of tags in those lanes. Vehicles in the shoulder lane were not read at
either location. The exit ramp for Duval Street offered the only aletreatel path between the

two reader locations.
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Figure 14. lllustration. Demonstration of travel time data collection using RFID
technology.

The demonstration logged tags from both sites for approximately 30 minutes irothbaw
(off-peak) on July 24, 2008. The clocks on the recording equipientaptop) at both

locations were manually synchronized prior to collecting data. Note that this experiment was a
rather simple deployment, which approached the limits oRtA® system capabilities.

A normal deployment would place a single antenna over every lane at each site. It was
impossible to match any vehicles in the shoulder lane and any vehicles that may have moved
into the shoulder lane between Braker and Duvaedsrsuch as vehicles taking the exit. A full
deployment would not have this limitation and thus the results should be better (i.e., more tag
matches between Braker and Duval Streets) than those in this experiment.

The total tags acquired at each siggied by approximately 90 tags, which is a significant

amount. These numbers either reflected a poor reliability performance by the reader at Braker
Street or could have been an indication of the traffic pattern near the Duval Street site. Vehicles
may have had a tendency to choose the median and center lane for their upcoming entrance onto
the tolled portion of Loop 1.

The results of this bench test exercise demonstrated that a system using RFID tedouitbgy

be implemented to automatically captune travel times of vehicles traveling between two

points. Also, this test proved that the data collected by the system can be used to calculate
average travel times of the vehicles passing through the system on an interval basis. Finally,
testing two diferent RFID tag types (the TxTag and the DPS tag) demonstrated that the RFID
equipment to be used for the proposed system could be configured to read different types of tags.
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PART Il - TECHNOLOGY SELECTION

ThePart llproject had a technology selection component, wiichsed more on the risks
associated with using the two candidate technologies identified in the Part | anay$t$- (D
and GPS). The findings of the risks associated with using both RFID and &in8ltgies are
summarized irable 3.

Table 4. Potential risks of RFID and GPS basedgstems

Technology

Potential Risks

RFID

Susceptibility to damage

Equipment / component theft

Limited power sources for RFID equipment

Complexity of data transfer (especially from Mexican readers)
Agreements must be reached between public stakeholders

GPS

Privacy issues (installing tracking devices in each truck)
Agreements between private stakeholders must be reached
Long termparticipation from carriers cannot be guaranteed

Too Joo Jo | Too Too Too Too To

After analyzing the advantages and disadvantages of both RFID and GPS technologies, RFID
wasselectedas the recommended technoldgythe border crossing time measurement system
at BOTA. The final portn of the Part Il Technology Assessment included a stakeholder
meeting in El Paso, TX. This first stakeholder meeting was held on February 20, 2008 in El
Paso, TX. Stakeholders invited to this meeting included representatives from the following

organizaions:

A Mexican Public Stakeholders

(0]

O O OO0

(0]

Customs (Aduana)

Department of Transportation (SCT)

General 8rvices Administration (INDABINL.

State Department (SRE)

Ciudad Juarez Metropolitan Planning Organization (IMIP)
Ciudad Juarez

A Mexican Private Stakeholders

(0]
(0]

Maquila Association (AMAC)
Local Transportation Service Providers

A USPublic Stakeholders

0]

0 0O O0O0Oo

CBP.

Texas DPS

FHWA.

FMCSA

TxDOT.

New Mexico Dept. of Transportation (NMDQOT)
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El Paso Metropolitan Planning Organization (MPO)
City of El Paso

County of EIPaso

Camino Real Regional Mobility Authority

GSA

Local University Representatives

O O0OO0OO0OO0Oo

There were two main goals for this stakeholder meeting. The first wasidate with
stakeholdershe selection oRFID asthe technology that would be used to measure border
crossing times at BOTA. The second was to solicit ongoing stakeholder participation for the
duration of the project, particularly from those stakeholders more involved in the commercial
freight crossingprocess.

In order to meet the first goal of identifying the technology to be used, background information

on the Part Il project and the results of the Part | analysis of six different technologies that could
support border crossing time measurementgwensidered. A discussion aimed at addressing

any stakeholder questions and/or concerns about RFID technology and the proposed system was
facilitated. This discussion also stressed t
transportation data. Itas made clear that the intended implementation did not seek to

determine the identity of any driver, vehicle, or motor carrier, and the envisioned RFID system

would not reveal identity anyway. There were no objections to the proposed RFID system by the
local stakeholders, which validated the initial assessment that RFID was tseibssbt

technology to measure border crossing times at BOTA.

However, some stakeholders did express an interest in collecting more detailed datafi3 each
Mexico bordercrossng. The original proposed system established two measuring locations (one
before the queue on the Mexican side of the border and one after the BSIF &sttle)Where

RFID equipmentvould be installed in order to calculate the total crossing time {ts-bound

trip. In order to collect more detailed data, additional measuring locations could be set up
between each inspection facility in tb&-boundborder crossing processsegment the trip and
measure the time a truck spends in each facilBeg(entation wouldventually be

accomplished by installation of the additional reader statitime&@BP primaryinspection

boothsand modification of the algorithm to also measure wait times.)

Based on the Part | and Part Il analyses and an assessmeB®@ T A6s operati onal
characteristics, RFID wanfirmedas the technologthat would be usetb measure
commercialehicleborder crossing times at BOTA. Both GPS and RFID technologies were
considered highly capable of sustaining this particular systemever, several factors at BOTA
contributed to RFID6s selection. These facto

A Both CBP and DPS were currently using RFID in their facilities at BOTA. DPS installed
several RFID stations inside its BSIF compound and distributed transpondbiggers
and carriers on a voluntary basis.

A A high percentage of carriers were outfitted with RFID tags in order to comply with CBP
and DPS initiatives at BOTA and the El PeSwdad Juéarez region.
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A Because of substantial infrastructure investments by &BFDPS, it appeared that RFID
would continue to be utilized in the long run at other land border crossings alon§ithe U
Mexico border.

A Both DPS and TxDOT were willing to cooperate with the project team, and CBP
expressed interest in the project

A Local private stakeholders during the stakeholder meeting in El Paso favored RFID
because -ohtirtusi ieoncapabilities

After receiving final approval from the FHWA for the selection of RFID as the technology to be
used, the RFIEbased system was implented. The design and installation of the system are
summarized in subsequent sections of this report.

PART Il - IMPLEMENTATION AT BO TA BORDER CROSSING

In Partll, the results of the Pdrtechnology tradeff analysis were revisited and the

recommende technologies verified to be still applicable. Bridge of the Americas in the vicinity

of El Pasd CiudadJuareavas considered for the RFID system implementation. Subsequently, in

2009 two RFID reader stations were installed at the port of entry to measure crossing times of
USboundt rucks, foll owed by installation of a thi
facility in 2011. Around the sametime,FI D reader s were installed a
facility at PharfReynosa. XDOT had earlieimplemented a similar system at PhRReynosa

with capabilities to measure crossing time only.

This section of th report deals with systems engineering process utilized by the research team
leading to a successful implementation of the system at both BOTA andRlyaiwsa. It also
provides information regarding design and installation of equipment in the fielelllaasw
aggregation of data, archival addseminatiorprocessesvaluation of both systems were also
conducted, results of which are described in the following chapter.

Site Characterizationand Identification of RFID Reader Locations

The pilot implementatiorconducted did not endeavor to install the optimal system for all users;
rather the implementation was designed in a way that can be reconfigured. For example, in view
of the above discussion of border delay and crossing times, it woutzsbible to discriminate
shipments among FAST, nétAST that go through primary inspection only, and-f&ST that

go through secondary inspection. At BOTA, there in@mlly a concept for where five reader
stations could be located to provide the gretategmentatiotenefit. As shown ifigure 15, the

five reader locations that were identified would provide segmentation of the commercial vehicle
crossing and allow identification of what steps in the crossing process were introducing delays.
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Figure 15. Map. BOTA showing Federal and State inspection facilities and initial RFID

reader locations.
Red lines outline the three distinct facility compounds at BOTA, designated by boxes with red letters:
(A) Mexican Export lot, (B) US Federakcompound, and (C) BSIF,
Orange line indicates basic direction of flow for@®-boundtrucks crossing the border
Yellow line indicates internal route within a compound taken by trucks selected for secondary inspection
Green dotsndicate the location of originally proposed reader sites, whose numbering is indicated by the
adjacent boxes with green ARO and number

(Note that the time for a vehicle to progress from R1 to R3 as shown generally corresponds to
wait time, althouglit can be seenifigure 15t hat R3 i s somewhat HAupstr e
primary and thus technicaltid not fully meet the wait time definition.)

While there was interest in the five reader locations and the benefits that would accrue from
different combinabns of reader locations, ultimately there were two readérally
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