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NOTICE  

 

This document is disseminated under the sponsorship of the U.S. Department of Transportation 

in the interest of information exchange.  The U.S. Government assumes no liability for the use of 

the information contained in this document.  This report does not constitute a standard, 

specification, or regulation. 

 

The U.S. Government does not endorse products or manufacturers.  Trademarks or 

manufacturersô names may appear in this report only because they are considered essential to the 

objective of the document. 
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FOREWORD 

 

In December 2007, FHWA initiated a pilot project to assess, select, and implement technology 

appropriate for the measurement of travel times for US-bound trucks crossing into the United 

States from Mexico.   The technology selected was radio frequency identification (RFID) and the 

international land border crossing chosen for this implementation was the Bridge of the 

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

 

The specific objectives of the project were to: 

Å Assess the effectiveness of RFID technology for automated measurement of travel time 

for vehicles crossing the border. 

Å Gather historical travel time data. 

 

The project expanded to include included another POE, the Pharr-Reynosa International Bridge 

in the Lower Rio Grande Valley, and additional RFID installations both at BOTA and Pharr-

Reynosa that enabled measurement of a different type of travel time.  The results of the work 

summarized in this Final Report constitute Part II of a two-part effort.  Part I, which this report 

builds upon, was a task conducted in 2006-2007 that focused on an initial technology trade-off 

study that identified detection technologies for measuring border travel times.  Electronic copies 

of the Part I and Part II reports are available from FHWA. 
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EXECUTIVE SUMMARY   

 

 

ACKNOWLEDGEMENTS  

 

FHWA would like to thank the projectôs stakeholders, without whose support and cooperation 

this pilot technology implementation would not have been possible.  There were many 
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Pharr and Ciudad Juárez, the States of Texas and Chihuahua, and United States (US) and 

Mexican regional and national entities.  In particular we would like to recognize the personnel of 

the U.S. Customs and Border Protection (CBP), both its Headquarters, Field Operations and field 

offices in El Paso and Laredo as well as CBP personnel at the Bridge of the Americas and Pharr-

Reynosa International Bridge; Texas Department of Public Safety (DPS); Texas Department of 

Transportation (TxDOT); City of El Paso, Texas; El Paso Metropolitan Planning Organization 

(MPO); Aduana (Mexican Customs); Instituto Municipal de Investigacion y Planeacion (IMIP, 

the Juárez MPO); Ciudad Juárez, Chihuahua; the Maquila Association; City of El Paso and 

Ciudad Juárez bridge operations; and participating Mexican motor carriers.  Personnel from each 

of these organizations and other stakeholders freely provided their time, perspectives, and other 

assistance in support of this implementation. 

PROJECT TASKS AND ACCOMPLISHMENTS  

 

This report portrays the process followed and the results obtained in implementing a radio 

frequency identification (RFID)-based system to automatically measure commercial vehicle 

travel times in real-world operation on the USīMexico border.  It documents attainment of a key 

milestone in Part II  of a two-part project, in which total results from nearly 33 months of real-

world system operation are captured.  It is important to note that this Final Report is not meant to 

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 border wait and crossing time measurement 

system as experienced with the implementation of such systems at Bridge of the Americas 

(BOTA) and Pharr-Reynosa International Bridge implementation (Pharr-Reynosa) in El Paso, 

Texas/Ciudad Juárez and Pharr, Texas respectively.   

In Part 1 of this project (reported separately), an in-depth 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 across land border crossings on the USīMexico 

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 requires a reader and transponders (ñtagsò) and was already being used 

at some southern border crossings for other purposes.  (NOTE: the terms ñtransponderò and 

ñtagò are used interchangeably in this report.) 

In Part II , the results of the Part I technology trade-off analysis were revisited and the 

recommended technologies verified to be still applicable.  Land border crossings in the vicinity 

of El PasoïCiudad Juárez were considered for the RFID system implementation.  RFID was an 
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attractive technology in the El PasoïCiudad Juárez region due to the relatively high percentage 

of commercial vehicles that already had RFID transponders.  For example, passive RFID tags 

were widely used by trucks enrolled in CBPôs Free and Secure Trade, or ñFASTò Program.  

Also, the Texas DPS installed RFID reader stations to provide identifying information that can 

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

its Border Safety Inspection Facility (BSIF).  (NOTE: ñBorder Safety Inspection Facilityò is the 

term the Texas DPS uses for its State commercial vehicle safety inspection.  Neither the term for 

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

acronym BISF is used throughout this document for convenience.  

Following an extensive stakeholder involvement in 2009 an RFID based system was 

implemented at BOTA that had capabilities to collect crossing times of US-bound trucks. 

Subsequently, a third reader at the CPBôs primary inspection facility in 2011 to measure wait 

times of trucks.  Around the same time, RFID readers were installed at CBPôs primary inspection 

facility at Pharr-Reynosa to measure wait times of trucks.  TxDOT had earlier implemented a 

similar system at Pharr-Reynosa 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 archive wait and crossing time data.  Using the Web tool, stakeholders can 

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

and decision-making purposes. 

GENERAL CONCEPT OF T HE SYSTEM 
 

The general concept of the RFID technology based wait time and crossing time measurement 

system is that during its trip across the border at a POE, a US-bound truck passes under RFID tag 

reader antennae.  These antennae are mounted above its lane in the roadway.  Each tag reader 

detects the truckôs tag identification (ID) number and time-stamps and records the location of the 

detection.  The first RFID reader station is located on the Mexican side of the POE at a site that 

is at the ñupstreamò end of the queue of US-bound trucks that backs up from the border at the 

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.  The first RFID 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 located at CBPôs primary inspection booth on the US 

side.  The third RFID reader station is located at the exit of the Stateôs inspection facility. Travel 

times between first and second readers are identified as wait times of trucks.  Similarly, travel 

times between first and third reader are identified as crossing times of trucks.  

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

the server, data from reader stations are compared, looking for the match of the truckôs ID as 

recorded at the two reader stations.  If a match is found, that determines the wait or crossing time 

for that truck.  The data ï whether raw or processed ï are stored and archived in a centralized 

repository implemented in a database server.  The system calculates the most recent average wait 

and crossing time, which can be accessed using publicly available.  Real Simple Syndication 

(RSS) and a Web site, described later in the report.  These average wait and crossing times are 
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sufficiently current that they can be used for making informing decisions.  Examples 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 implementation, 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. 

 

Subsequently, in July 2009 installation was completed for two RFID reader stations at the BOTA 

port of entry to measure crossing times of US-bound trucks. Furthermore, FHWA initiated 

discussions with CBP about the feasibility of RFID installations at its primary inspection 

facilities at international land border crossings on the USïMexico Border. Such an installation 

enables the same system to also measure wait time of US-bound commercial vehicles. That 

discussion resulted in CBP approval of RFID installations at the Primary Inspection facility 

locations at two Texas POEs:  BOTA and Pharr-Reynosa International Bridge.  A compatibility 

test was conducted in August 2010 at the Pharr-Reynosa International Bridge that successfully 

demonstrated the planned RFID configuration at CBP Primary Inspection booths do not interfere 

electronically with CBP systems in the area.  In January 2011, CBP recommended approval of ï 

and the U.S. General Services Administration approved ï the permit for RFID installation at the 

CBP facility at Bridge of the Americas. In October of the same year, installation of a third reader 

at the CPBôs primary inspection facility was completed.   

 

Around the same time, RFID readers were installed at CBPôs primary inspection facility at 

Pharr-Reynosa. TxDOT had earlier implemented a similar system at Pharr-Reynosa with 

capabilities to measure crossing time only 

 

The research team also initiated tasks to develop a Prototype Web Tool in February 2011. The 

objective of the prototype web tool was to provide an effective and efficient web-based platform 

for dissemination of real-time traveler information and archived border-crossing related data to 

stakeholders on the US-Mexico border. Real-time traveler information includes current border 

wait and crossing times. Archived data includes historic wait times and crossing times. 

Presentation of historic data includes trends shown in different temporal and spatial granularities, 

summarized and aggregated data, and simple summary statistics. 

 

Subsequently, the research team also developed step-by-step guidelines for installing RFID-

based systems at land POEs to measure crossing and wait times of trucks.  These guidelines are 

not POE specific and hence can 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 

Texas on the USïMexico border. 
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A second document was developed to provide guidance to stakeholders regarding analysis that 

can be performed with the data collected by the RFID-based border crossing time and wait time 

measurement system.  The guidance assists agencies 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 decision-making.  The guidance also describes 

different techniques for relaying real-time 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 automated travel time measurement technology system.  In 2001, FHWA 

conducted the task Assessment of Automated Data Collection Technologies 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 an assessment published in 2002 of vehicle detection technologies 

that were evaluated as candidates to automate the collection of border delay and crossing time 

data.  There were 22 vehicle-sensing technologies that were initially screened against factors 

such as availability of appropriate software, volume count flexibility, minimization of privacy 

invasiveness, ruggedness/all-weather operation, low infrastructure cost, and positive 

identification capability.  To be a candidate for the short list of that studyôs trade-off study, a 

sensing technology had to be able to:  

 

Å Make positive identification of both inbound and outbound trucks at a matched pair of 

two points (upstream and downstream in the traffic flow) that corresponded to where data 

collectors were stationed for manual readings. 

 

Å Time-stamp each vehicle that was positively identified at its detected location so as to 

enable travel time calculations. 

 

Å Operate in all weather conditions found at a (land) border crossing.  

 

Subsequently, 11 of the 22 screened candidate sensing technologies met those three basic criteria 

and were assessed against the criteria of: geo-location/travel time accuracy, percent of vehicles 

recorded, requirement for cross-border installation, maturity of technology for application, 

infrastructure cost, and ability to count every vehicle crossing.  A trade-off comparison involving 

advantages and disadvantages of each and commentary also was included. 

 

PART I ï TECHNOLOGY IDENTIFIC ATION AND SELECTION  

 

FHWA has undertaken several freight performance initiatives aimed at measuring travel times on 

freight-significant corridors and crossing and delay times at major US land border crossings.  For 

the US״Mexico border, FHWA sought to identify appropriate Intelligent Transportation 

Systems (ITS) or other commercial technologies that enable border crossing times to be easily 

and precisely measured.  In 2006, FHWA initiated Part I of Measuring Border Delay and 

Crossing Times at the USïMexico Border.  This project was among the first steps in the current 

process to automate measurement of crossing times.  The objective of the work detailed in the 

Part I report was to examine technologies that could be used to support automated measurement 
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of border crossing and delay times for US-bound commercial motor vehicles at USïMexico land 

Ports of Entry (POEs.  (The term POE is used interchangeably with border crossing in this 

document.)  Delay time for commercial motor vehicles at USïMexico POEs is a key indicator of 

transportation and international supply-chain performance.  

 

Technology advancements had been developed and adopted by the market over the five years 

since the 2001 study and the Part I study.  For example, Global Positioning System (GPS)-based 

locating and geo-fencing 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 measure travel 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), automatic li cense plate recognition (ALPR), vehicle matching, automatic vehicle location 

(AVL, including GPS), mobile phone location, and inductive loop detectors.  The 

advantages/disadvantages of these technologies were also assessed.  

 

Of these, the three technologies considered the 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 among the six AVI variations was 

passive RFID technology, which requires a reader and transponders.  Passive RFID was already 

being used at some southern border crossings.  For example, passive RFID was being used at the 

Bridge of the Americas POE by the US Customs and Border Protection (CBP) for lanes 

dedicated to trucks participating in CBPôs Free and Secure Trade (FAST) Program and also by 

the Texasô Border Safety Inspection Facility (BSIF).  FAST expedites processing of cargo 

through CBP Primary inspection for commercial carriers that have completed background checks 

and fulfill certain other eligibility requirements.  Upon further consideration, the Part I effort 

narrowed the technology choices for pilot programs to two passive RFID and GPS.  RFID was 

chosen as the technology for the pilot implementation 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 RFID transponder (i.e., ñtagò) reading was conducted using a 

portable setup in Austin, Texas.  This bench test-level demonstration was conducted to evaluate 

the functional effectiveness of the systemôs tag detection and matching and travel time 

measurement capabilities prior to implementation in a real-world setting.  Within the preceding 

years, several toll facilities became operational in the Austin area, which put a reasonable 

population of RFID toll tags (i.e., ñTxTagsò) on the area roadways.  To prove the design concept, 

RFID antennas were mounted on overpasses.  The RFID system successfully read and time-

stamped identification (ID) numbers of tags in cars with TxTags under their windshields, passing 

at freeway speeds, and matched the transponder ID numbers read at the upstream and 

downstream locations.  More details of this testing are found in the Chapter 4 Part I Technology 

Identification under ñBench Test of RFID Technologies.ò 
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DISCUSSION OF BORDER WAIT TIMES AND CROSS ING TIMES  

 

While the collective term ñtravel timeò is often used, it is useful to distinguish between the two 

main types of travel time provided in the prototype web tool.  Wait time is defined as ñthe time it 

takes, in minutes, for a vehicle to reach the CBPôs primary inspection booth after arriving at the 

end of the queue.
(1)
ò  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 time has the same beginning 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 the USïMexico border is the State 

safety 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 originating.  As a metric, 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 I Final Report:  

ñThe delay associated with the border crossingécanébe described in different 

ways.  In 2002é a study (was conducted) for the Office of Freight Management 

and Operations of FHWA titled Evaluation of Travel Time Methods to Support 

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

the difference between actual crossing time and low-traffic-volume crossing time.  

With this definition, the processing 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 free-flow conditions is a standard that is not 

relevant at border crossings.  The following graph describes the differences 

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

crossing time.ò  

Figure 1 illustrates these definitions. 

                                                 
1
 Border Wait Time Working Group presentation, April 2009, http://www.thetbwg.org/meetings/200904/1_-

_border%20wait%20times%20update.ppt 
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Figure 1. Chart. Different scenarios of border crossing times for US-bound commercial 

vehicles. 

 

 

As shown on the graph, the free-flow 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 not be 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 account the processing 

time at all inspection facilities.  Finally, the high-volume 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 that the border 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 (Tindx) can be used.  The Tindx is defined in figure 2: 

  t ime travelflow-freetruck 

  t imevel truck traobserved
Tindx

 

 

Figure 2. Equation. Travel time index subscript indx. 

 

For commercial border crossings, as previously discussed, instead of using free-flow travel time, 

the crossing time under optimal conditions will be used to define the Border Crossing Time 

Index. 
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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 inspection is enough 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 FAST lanes, where crossing time might be significantly shorterò since FAST 

expedites processing for commercial carriers who have completed background checks and fulfill 

certain eligibility requirements.  

 

Therefore the truck population has to be divided into three categories:  

Å FAST shipments. 

Å Shipments that go through primary inspection only. 

Å 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 since all of 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 project did not 

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 wait time component. 

PART II - PILOT IMPLEMENTATION  AT BOTA  AND PHARR-REYNOSA 

 

In 2007, FHWA began Part II of Measuring Border Delay and Crossing Times at the USïMexico 

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

one of which became the deployment of RFID at the BOTA land border crossing at El Paso and 

Ciudad Juárez.  FHWAôs measure of success for this part of the work was to conduct it in a 

manner that would lead to adoption at the end of the process.  A key element of achieving this 

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

stakeholder sessions.  El Paso and Ciudad Juárez-area stakeholders participated in discussions 

that led to confirmation of the specific land border 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 implemented two RFID reader stations with an algorithm designed to 

measure crossing time only.  However, border wait times and delays are an important concern 

for travelers and those involved with, or affected by, international trade.  FHWA, sharing a 

common goal with 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 border wait time in addition 

to border crossing time.  CBP gave approval of RFID installations at the primary inspection 

facility locations at two Texas land border crossings: BOTA and the Pharr-Reynosa International 

Bridge (Pharr-Reynosa).  FHWA subsequently allocated resources and initiated actions to install 

RFID equipment at BOTA and Pharr-Reynosa that enabled the measurement of border wait time 
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and complemented the border crossing time measurement already in progress at those POEs.   

 

In addition to incorporating the two additional RFID reader stations at BOTA and Pharr-

Reynosa, the actions included (among other tasking) development of:  

Å A guidebook for analysis and dissemination of border crossing time and wait time data.  

Å Step-by-step guidelines for implementing RFID to measure border wait and crossing 

times. 

Å 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 Administration, or 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 demonstrate that installation of RFID 

equipment for border wait time measurement would 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.  The test concluded 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 equipment.   Because border wait times derived from this configuration 

would include the increment of time experienced in primary processing, the report also detailed a 

mitigation strategy for extracting that time if deemed necessary.  

 

This final report is not meant to 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 

border crossing and wait time measurement system as experienced with the BOTA and Pharr-

Reynosa RFID implementations.  These steps include lessons learned as well as observations and 

analysis of the border crossing Times at BOTA and wait times both at BOTA and at the Pharr-

Reynosa International Bridge.  Prior deliverables for this project are engineering records that can 

be found by contacting FHWA at FreightFeedback@dot.gov.  Those 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 Pharr-Reynosa CBP Primary RFID 

Installations.  

 BOTA and Pharr-Reynosa Installation After-Action Reports. 

 Test and Evaluation Plan for BOTA and Pharr-Reynosa CBP Primary RFID Installations. 

 Test and Evaluation Report for BOTA Crossing Time. 

 Test and Evaluation Plan for BOTA Crossing Time. 

 Implementation Plan (Post-installation Update). 

 Approved GSA Installation Permit Applications for BOTA and Pharr-Reynosa CBP 

Primary RFID Installations. 

 Implementation Plan for BOTA and Pharr-Reynosa CBP Primary RFID Installations. 

mailto:FreightFeedback@dot.gov


  Measuring Border Delay and  

   Crossing Times at the US/Mexico Border 

Final Report 7 August 2012 

 

 Report on RFID Compatibility Testing at Pharr-Reynosa. 

 Design Document with Architecture Appendix. 

 Plan for Collecting Baseline Data. 

 Technology Assessment. 

 Current State Analysis. 

 El Paso Stakeholder Meetings ïAgendas, 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 and the 22nd largest city in 

the United States.  Ciudad Ju§rez, El Pasoôs sister city across the border, is the largest city in the 

State of Chihuahua and the fifth largest city in all of Mexico.  The metropolitan area comprised 

of Ciudad Juárez and El Paso consists of more than 2.6 million people, making it the second 

largest community on the USïMexico border.
(2)

  This large population is largely supported by 

the number of jobs that the local manufacturing industry in the region produces.  These 

manufacturing facilities ״ often referred to as ñmaquiladorasò or ñmaquilasò on the Mexico side 

 not only produce 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 assembly on a duty-free basis, 

provided the product is re-exported.  This arrangement has evolved into a system of transfer 

stations, distribution centers, and warehouses on the US side of the border and manufacturing 

plants in Mexico.  The majority of freight shipped through the El PasoïCiudad Juárez 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 

movements through El PasoïCiudad Juárez gateways peaked at 782,000 trucks in the year 2007.  

While a slowdown in the US economy in 2008 (particularly in the automotive and housing 

segments) and international trade has reduced the number of US-bound trucks, the El Pasoï

Ju§rez metropolitan area remains one of North Americaôs largest manufacturing hubs.  An 

estimated 6 percent of the US national economy crosses the border in the El Paso region.
(3)

  Over 

the past decade, the overall growth of US-bound commercial movements between Ciudad Juárez 

and El Paso increased by more than 85,000 crossings during the first eight years but decreased 

over the last two years, so that there is a slight net decrease.  These numbers are shown in figure 

3. 

                                                 
2
 http://www.elpasotexas.gov/city_manager/_documents/Presentation%20-

%20Joyce%20AHMO%20Vitality%20of%20Border%20Regions%2010-26-06.pdf 
3
 America.Gov Online, ñUSïMexico Border Officials Balance Security, Commerce Needs,ò September 24, 2007, 

http://www.america.gov/st/washfile-english/2007/September/20070924141658ajesrom0.7344171.html 
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Source: U.S. Department of Transportation, Bureau of Transportation Statistics 

http://www.bts.gov/programs/international/transborder/TBDR_BC/TBDR_BC_Index.ht

ml
4
 

Figure 3. Chart. Annual trend of US-bound truck movements through El Paso ports of 

entry. 

 

 

EL PASO ï JUÁREZ PORT-OF-ENTRY SYSTEM 

 

The El PasoïCiudad Juárez metropolitan area is served by three international commercial vehicle 

crossings.  The Santa Teresa/San Jeronimo, New Mexico POE is a land border crossing 11 miles 

west of El Paso.  The other two commercial crossings, which are physically in the vicinity of El 

PasoïCiudad Juárez, are the BOTA and ZaragozaïYsleta POEs; both are international bridges 

over the Rio Grande River.  No tolls are collected at the Santa Teresa or BOTA crossings; a toll 

is collected at the ZaragozaïYsleta crossing.  

The locations of these three ports are illustrated in figure 4. 

                                                 
4
 U.S. Department of Transportation, Research and Innovative Technology Administration, Bureau of Transportation Statistics, 

Border Crossing/Entry Data; based on data from US Department of Homeland Security, Customs and Border Protection, OMR 

database. 
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Source: TTI using Bing Maps 

Figure 4. Map. El Paso area with commercial vehicle crossings. 

 

 

Overall US-bound truck traffic at both commercial crossings in El PasoïCiudad Juárez peaks 

between 10:00 AM and noon.  During the early hours of the day, empty trucks cross US-bound 

through BOTA to pick up loads for maquiladora assembly plants.  Even before BOTA closes 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 

Zaragoza״Ysleta crossing.  These afternoon peaks result from shipments that 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 ZaragozaïYsleta POEs.  

 

THE BRIDGE OF T HE AMERICAS  

 

The BOTA facility is located in the center of the El PasoïCiudad Juárez metropolitan area, as 

illustrated in figure 5.  The bridge is used for both commercial truck and passenger vehicle 

movements, and it has two separate structures״one for US-bound traffic and one for southbound 

traffic.  Passenger vehicles and commercial trucks access the bridge via Cuatro 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 types of 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 companies funded the 

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 ½ mile southeast of the physical bridge.  Passenger traffic is 

diverted to Boulevard Ing. Bernardo Norzagaray at this point.  Passenger traffic accesses BOTA 

from Avienda Abraham Lincoln, which runs north-south in Ciudad Juárez.  After crossing the 

bridge, passenger vehicles have direct access to I-110, which links up with US Highway 54,  

I-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.    

 

 
 

Source: TTI using Bing Maps 

Figure 5. Image. Location of Bridge of the Americas. 
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US-BOUND CROSSING STATISTICS 

 

BOTA is the fifth  largest commercial POE in the State of Texas in terms of number of US-bound 

trucks crossing.  A list of the top ten POEs in the State of Texas for 2011 along with the number 

of US-bound trucks crossing at each POE is presented in table 1. 

Table 1. US-bound truck crossings in Texas ports of entry in 2011. 

 

Bridge Number of  US-bound 

Truck Crossings 

World Trade Bridge 1,327,479 

Pharr ï Reynosa International Bridge  452,821 

Ysleta ï Zaragoza Bridge  379,508 

 Laredo ï Colombia Solidarity Bridge  374,781 

Bridge of the Americas  337,609  

Veterans International Bridge 177,986 

Camino Real International Bridge 106,423 

Del Rio ï Ciudad Acuna International Bridge 62,966 

Progreso International Bridge 42,605 

Free Trade Bridge 30,773 

Source: CBP 

 

Figure 6 shows the numbers of US-bound crossings at BOTA in 2011, broken down by month. 

 

 

 
Source: CBP 

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 process for US-bound commercial 

trucks at BOTA.  These agencies include: 

Å US Federal Agencies - Customs and Border Protection, Federal Motor Carrier Safety 

Administration (FMCSA), U.S. Department of Agriculture, Drug Enforcement Agency. 

Å US State Level Agencies - Texas Department of Public Safety (DPS). 

Å Mexican Federal Agencies - Aduana (Mexican Customs). 

 

The following describes the three principal facilities through which a US-bound truck will pass 

at BOTA: 

Å Mexican Export Lot ï A facility operated by Aduana (Mexican Customs) that is 

responsible for inspecting export materials leaving Mexico.  Only a small percentage of 

freight is physically inspected at this facility for audit purposes. 

 

Å US Federal Inspection Compound ï This 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 necessary to examine further 

the driver, freight, or conveyance.  These secondary inspections can include intrusive 

measures (physically unloading the trailer to examine its cargo) or non-intrusive 

measures (x-ray or gamma ray imaging). 

 

Å Border State Inspection Facility ï The 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 operate on US 

roadways.  Secondary inspections 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 the United States.  

The US-bound commercial freight border crossing process begins at the Mexican Export Lot on 

the south side of the border (also known as the Aduana facility).  After clearing customs on the 

Mexican side, a truck crosses the physical bridge structure.  Immediately upon entering the 

United States, the truck proceeds to the Federal Inspection Compound.  Entrance to the Federal 

Inspection Compound is through one of six primary inspection booths.  At these primary 

inspection booths, a CBP officer determines 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 of two booths at 

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

 

A one-lane access road that passes under US Highway 54 connects the Federal and State 

Inspection Facilities.  Weigh-in-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 shed.  Drivers of trucks departing the inspection shed are instructed by two 
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overhead signs immediately after the inspection to either 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 

further examination. 

 

Figure 7 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 PasoïCiudad Juárez region. 

 

 

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

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

at the YsletaïZaragoza Bridge.  Only trucks with empty trailers are permitted to cross between 

the hours of 6:00 AM and 8:00 AM.  In 2003, one of BOTAôs two northbound lanes was 

converted to a designated lane for trucks whose carriers participate in the FAST Program.  The 

FAST lane occupies the outside lane (the farthest right lane for US-bound traffic) 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 the southernmost tip of Texas, bordering the 

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 population of the Lower Rio Grande Valley at 1,167,121 with a 26 percent 

increase since the year 2000.  Among the Councils of Governmentsô population estimates, the 

Lower Rio Grande Valley has Texasô second largest growth rate, exceeded only by after the 

Capital Area (Austin).  The largest city in the region is Brownsville, followed by McAllen and 

Harlingen.  Pharr is located in McAllen-Edinburg-Mission Metropolitan Statistical Area. 

 

Texas is the third largest producer of citrus fruit in the United States, the majority of which is 

grown in the Rio Grande Valley.  This and other agribusiness and the emergence of the 

maquiladora industry have caused a surge of industrial development along the border. 

International POEs are crucial for the development of the region and day-to-day operations of the 

bi-national region.  Six operating international bridges handle freight in the valley.  Figure 8 

illustrates these six bridges extending from Veterans International Bridge in Brownsville, Texas 

at the eastern end to the Roma-Ciudad Miguel Alemán International Bridge in Roma, Texas at 

the western end.   

 

The FAST program allows pre-certified shipments to use a special lane and receive expedited 

inspection at the CBP FAST lane primary inspection booth.  There are three POEs where a 

FAST lane exists: Veteranôs International Bridge, Free Trade International Bridge, and the Pharr-

Reynosa International Bridge.  
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Source: TTI using Google Maps 

Figure 8. Map. Ports of entry allowing commercial vehicle crossings in the Lower Rio 

Grande Valley. 

 

 

Figure 9 shows the distribution of 2011 US-bound truck crossing volume for the Lower Rio 

Grande Valley POEs.  The Pharr-Reynosa International Bridge handled 93 percent of the total 

trucks in the region, followed by Veterans International Bridge, in Brownsville, Texas, with 5 

percent. 
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6. Roma-Ciudad Miguel Alemán Bridge 
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Source: CBP 

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  

 

Pharr-Reynosa International Bridge is located in Hidalgo County, in the middle of the Lower Rio 

Grande Valley.  It was constructed to relieve congestion on the McAllen-Hidalgo-Reynosa 

Bridge due to commercial traffic demand.  The Pharr-Reynosa 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 from the Pharr-Reynosa 

International Bridge to Mexicoôs Highway 2, which connects Reynosa to Matamoros and 

provides access to the Reynosa airport.  These roads allow traffic using the Pharr-Reynosa 

International Bridge to bypass the heavily urbanized areas around the McAllen-Hidalgo-Reynosa 

Bridge.  The Pharr-Reynosa Bridge is 3.1 miles long and elevated to protect surrounding 

wetlands and farmlands.  Figure 10 shows the location of the Pharr-Reynosa International Bridge 

and the McAllen-Hidalgo-Reynosa Bridge with major highway connections. 
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Source: TTI using Google Maps 

Figure 10. Map. Pharr -Reynosa (red circle) and McAllen-Hidalgo-Reynosa border 

crossings (blue circle). 

 

 

US-BOUND TRUCK  CROSSING STATISTICS 

 

The Pharr-Reynosa International Bridge has a four-lane cross section, with three US-bound lanes 

and one southbound lane, on the US portion of the bridge.  This crossing serves passenger as 

well as commercial vehicles.  Truck crossings at the Pharr-Reynosa International Bridge reached 

a peak in 2007 with close to 500,000 crossings that year.  International truck volumes started to 

decline in 2008 due to the economic downturn, as shown in figure 11. 

 

 

 

Pharr-Reynosa Crossing 

McAllen-Hidalgo-Reynosa 
Crossing 
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Source: U.S. Department of Transportation, Bureau of Transportation Statistics 

Figure 11. Chart. Trend of US-bound truck volume through Pharr-Reynosa International 

Bridge. 

 

 

In 2011, the Pharr-Reynosa International Bridge was the second most important commercial 

crossing in Texas, after Laredoôs World Trade Bridge.  It handled a total of 452,821 trucks from 

Reynosa into Pharr, with an average of 37,735 trucks per month.  Figure 12 shows that March, 

June, and November were the months of highest volume in 2011, while December registered the 

lowest truck volume. 
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Source: Texas Center for Border Economic and Enterprise Development 

Figure 12. Graph. Monthly US-bound truck crossings at Pharr-Reynosa International 

Bridge in 2011. 

 

 

OPERATIONAL CHARACTE RISTICS 

 

The border crossing process for commercial vehicles entering the United States requires that 

vehicles stop at several points.  The time it takes a truck to cross depends on the time spent at 

each of these points of inspection, 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.  

 

The US-bound commercial border crossing process begins at the Mexican Export Lot on the 

southern side of 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).   Once the driver of a truck pays tolls through an electronic toll-collection system or 

manually, the truck then crosses the 3.1-mile long bridge.  Immediately upon entering the United 

States, the truck continues to the Federal Inspection Compound.  Entrance to the Federal 

Inspection Compound is through the primary inspection booths.  At these primary inspection 

booths, a CBP officer determines 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.  CBP gives final 

clearance to exit the Federal Inspection Compound at booths at the exit of the premises. After 

leaving the Federal compound, the truck proceeds to the BSIF.   

 

The BSIF is located at the north side of the Federal Inspection Compound and is connected by an 

access road.  Weigh-in-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 shed.  Drivers of trucks departing the inspection shed are instructed by the 

DPS officials to proceed either to the exit of the facility or to a secondary safety inspection.  

Figure 13 shows an aerial view of the Pharr-Reynosa International Bridge. 
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Source: TTI using Google Earth 

Figure 13. Photo. Aerial view of Pharr-Reynosa International Bridge looking south from 

US 281. 

 

 

The Pharr-Reynosa 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 Sunday.  The City 

of Pharr owns the US 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 and re-striped the northbound lanes to 

dedicate FAST lanes on the bridge.   CBP has designated the two right-most lanes to process 

FAST shipments.  However, the booths for all the other lanes are also capable of processing 

FAST shipments. Depending on approaching truck volume, CBP may instruct FAST trucks to go 

to non-FAST booths or non-FAST trucks to the booths of the two right-most lanes to lower the 

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

IMPLEMENTATION  

 

 

OBJECTIVES AND APPROACH 

 

The overall goal of the Part II project initially was to implement a system that would 

automatically and accurately collect data, measure, and disseminate wait and crossing times for 

US-bound commercial freight at BOTA.  Additionally, the proposed system had to be designed 

to sustain long-term data collection in real-world operations and be easily transferable (as a 

design concept) to other POEs desiring it along the northern and southern borders of the United 

States.   

As stated in the Background and Overview section of this report, FHWA has sponsored several 

other initiatives aimed at identifying technologies that could be used to calculate crossing times 

for US-bound commercial freight at the USïMexico 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.  The Part I initiative that 

preceded the activity that this report is based on was a technology assessment that identified 

technologies that were best suited to achieve the overall goal of this project.  Part II involved two 

specific objectives: 1) selecting a final technology for the BOTA border crossing time 

measurement system, and 2) implementing the system itself.  (It should be noted that during the 

project, the objective expanded to include a system of comparable configuration to obtain wait 

time at Pharr-Reynosa, where crossing time was already being measured.)  The outcomes of Part 

I and Part II are described below.   

 

 

PART I ï TECHNOLOGY IDENTIFIC ATION  

 

Technology Trade-Off Analysis 

 

For the Part I study, six different technologies that could potentially facilitate the automatic 

measurement of border crossing times for commercial freight vehicles were identified and 

analyzed.  This study, also entitled ñMeasuring Border Delay and Crossing Times at the USï

Mexico Border,ò provided a comparative analysis of the six selected technologies in its Part Iï

Tasks 1 and 2 Report.  The full report can be found at http://tti.tamu.edu/documents/TTI-2007-

1.pdf .   The six technologies examined in the studyôs Part I Report were: 

 

Å Automatic Vehicle Identification (AVI). 

o AVI using Laser Frequency. 

o AVI using Radio Frequency (Radio Frequency Identification ï RFID). 

o AVI using Infrared Frequency. 

Å Automatic License Plate Recognition (ALPR). 

Å Vehicle Matching. 

Å Automatic Vehicle Location (AVL). 
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o Global Positioning Systems (GPS). 

Å Mobile Phone Location. 

Å Inductive Loop Detectors. 

 

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

the technologies listed above.  Table 2 summarizes the results of the initial analysis from the 

Part I 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  Å Can send and/or receive 

information. 

Å Commonly used in POEs 

for toll collection. 

Å Available readers could be 

used for expanded purpose. 

Å Low operating cost. 

Å Broad application in metro 

areas. 

Å Requires investment for roadside 

infrastructure (transponders and 

signal readers). 

Å Requires operational agreements 

between the participating countries. 

Å Card readers have to be installed in 

many locations to be able to have a 

good estimate of the border crossing 

travel time. 

AVL  Å Can track vehicle location 

and speed over the 

predetermined area with 

very good accuracy. 

Å No need of installing any 

fixed roadside equipment. 

Å Requires some investment on 

infrastructure (GPS devices).  

Å Privacy issues with the vehicle 

owner. 

Å Obtaining truck tracking data from 

truckers might be difficult. 

Mobile Phone 

Location 

Å No infrastructure required. 

Å Can track vehicle location 

and speed. 

Å Relies on the size of the cell.  

Å Especially affected in rural areas. 

Å Not as accurate as other in-site 

technologies.  

ALPR Å Good identification rate.  

Å No on-board equipment is 

needed. 

Å Negatively affected by slow-moving 

or turning vehicles (might not be 

suitable for border crossings). 

Å Could require a high investment for 

infrastructure, especially for 

equipment. 

Å Readers have to be installed in many 

locations to be able to have a good 

estimate of the border crossing 

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

(continued). 

Technology Advantages Disadvantages 

Vehicle Matching Å No on-board equipment is 

needed. 

Å Could require a high investment for 

infrastructure, especially equipment. 

Å Readers must be installed in many 

locations to be able to obtain a good 

estimated of the border crossing 

travel time. 

Loop Detectors Å Relatively low installation 

cost on a per detector basis. 

Å Detector subject to density of traffic. 

Å In order to have a general sense of 

traffic patterns, a large amount of 

detectors are needed and therefore a 

large investment is required. 

Å Border crossing scenarios are not 

suitable for this type of technology. 

 

From the initial analysis, it was concluded that three of these six technologies were most 

appropriate to support a system that would sustain long-term data collection and be easily 

transferable to other POEs along the southern and northern borders of the United States.  AVI 

(specifically with 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 

and GPS 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 cost-effective overall for crossing time calculation as RFID and 

GPS (NOTE: ALPR was not tested as were RFID and GPS).  Some of the important benefits of 

the RFID and GPS technologies are described as follows. 

 

Benefits of using RFID: 

Å CBP was currently using RFID transponders in commercial vehicles that could be used to 

capture data by this proposed system.   

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

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

Benefits of using GPS: 

Å The data collected are very precise 

Å The information received could be used to measure border wait times and locate exactly 

where delays are occurring. 

Å Real-time information is provided.  

 

It should also be noted that not every truck need have a tag for an RFID system to produce 

beneficial 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 the analysis performed during Part I activity, a bench test of RFID 

technology was conducted in 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 toll transponders (TxTags) on the area roadways.  Additionally, the large 

number of overpasses in Austin provided an opportunity to gain easy access above the travel 

lanes.  The bench test had two specific objectives: 1) measure 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 bench test by objective are documented below. 

Objective 1 ï Measure the Reliability of Tag Reads 

 

The panel antennas were each mounted over a single lane, and tag read data were captured to a 

laptop using a Transcore model 2210 reader.  The tag count gathered during this 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.  The portable 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 location.  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 in both lanes, even though it is 

designed for reading only a single lane.   

Objective 2 ï Calculating Travel Times 

 

A demonstration of travel time measurement with portable equipment was conducted on a small 

portion of Loop 1 northbound between the Braker Street and Duval Street overpasses in Austin.  

Testing occurred during off-peak hours with traffic speeds averaging 65 miles per hour (mph).  

The goal was to show that enough toll tag identification numbers (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.  A single panel antenna was positioned over the center stripe between the center and 

median lane.  An identical setup was deployed at Duval Street.  The setup for this demonstration 

is illustrated in figure 14.  The single antenna solution gathered data both from the center and 

median lanes; 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 alternate travel path between the 

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

technology. 

 

 

The demonstration logged tags from both sites for approximately 30 minutes in the noon hour 

(off-peak) on July 24, 2008.  The clocks on the recording equipment (i.e., laptop) at both 

locations were manually synchronized prior to collecting data.  Note that this experiment was a 

rather simple deployment, which approached the limits of the RFID 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 Duval Streets such 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 site varied 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 technology could 

be implemented to automatically capture the 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 different 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 II  -  TECHNOLOGY SELECTION   

 

The Part II project had a technology selection component, which focused more on the risks 

associated with using the two candidate technologies identified in the Part I analysis (i.e., RFID 

and GPS).  The findings of the risks associated with using both RFID and GPS technologies are 

summarized in table 3. 

 

Table 4. Potential risks of RFID and GPS based systems 
 

Technology Potential Risks 

RFID Å Susceptibility to damage. 

Å Equipment / component theft. 

Å Limited power sources for RFID equipment. 

Å Complexity of data transfer (especially from Mexican readers). 

Å Agreements must be reached between public stakeholders. 

GPS Å Privacy issues (installing tracking devices in each truck). 

Å Agreements between private stakeholders must be reached.  

Å Long term participation from carriers cannot be guaranteed. 

After analyzing the advantages and disadvantages of both RFID and GPS technologies, RFID 

was selected as the recommended technology for the border crossing time measurement system 

at BOTA.  The final portion of the Part II 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 

organizations: 

Å Mexican Public Stakeholders. 

o Customs (Aduana). 

o Department of Transportation (SCT). 

o General Services Administration (INDABIN). 

o State Department (SRE). 

o Ciudad Juárez Metropolitan Planning Organization (IMIP). 

o Ciudad Juárez. 

Å Mexican Private Stakeholders. 

o Maquila Association (AMAC). 

o Local Transportation Service Providers. 

Å US Public Stakeholders. 

o CBP. 

o Texas DPS. 

o FHWA. 

o FMCSA. 

o TxDOT. 

o New Mexico Dept. of Transportation (NMDOT). 
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o El Paso Metropolitan Planning Organization (MPO). 

o City of El Paso. 

o County of El Paso. 

o Camino Real Regional Mobility Authority. 

o GSA. 

o Local University Representatives. 

 

There were two main goals for this stakeholder meeting.  The first was to validate with 

stakeholders the selection of RFID as the 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 crossing process. 

 

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

on the Part II project and the results of the Part I analysis of six different technologies that could 

support border crossing time measurements were considered.  A discussion aimed at addressing 

any stakeholder questions and/or concerns about RFID technology and the proposed system was 

facilitated.  This discussion also stressed that the projectôs interest was in aggregated 

transportation data.  It was 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 the best-suited 

technology to measure border crossing times at BOTA. 

 

However, some stakeholders did express an interest in collecting more detailed data for each US-

Mexico border crossing.  The original proposed system established two measuring locations (one 

before the queue on the Mexican side of the border and one after the BSIF on the US side) where 

RFID equipment would be installed in order to calculate the total crossing time for a US-bound 

trip.  In order to collect more detailed data, additional measuring locations could be set up 

between each inspection facility in the US-bound border crossing process to segment the trip and 

measure the time a truck spends in each facility.  (Segmentation would eventually be 

accomplished by installation of the additional reader station at the CBP primary inspection 

booths and modification of the algorithm to also measure wait times.) 

 

Based on the Part I and Part II analyses and an assessment of BOTAôs operational 

characteristics, RFID was confirmed as the technology that would be used to measure 

commercial vehicle border crossing times at BOTA.  Both GPS and RFID technologies were 

considered highly capable of sustaining this particular system; however, several factors at BOTA 

contributed to RFIDôs selection.  These factors included: 

Å Both CBP and DPS were currently using RFID in their facilities at BOTA.  DPS installed 

several RFID stations inside its BSIF compound and distributed transponders to shippers 

and carriers on a voluntary basis. 

Å A high percentage of carriers were outfitted with RFID tags in order to comply with CBP 

and DPS initiatives at BOTA and the El PasoïCiudad Juárez region. 
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Å Because of substantial infrastructure investments by CBP and DPS, it appeared that RFID 

would continue to be utilized in the long run at other land border crossings along the USï

Mexico border. 

Å Both DPS and TxDOT were willing to cooperate with the project team, and CBP 

expressed interest in the project. 

Å Local private stakeholders during the stakeholder meeting in El Paso favored RFID 

because of its ñnon-intrusiveò capabilities . 

After receiving final approval from the FHWA for the selection of RFID as the technology to be 

used, the RFID-based system was implemented.  The design and installation of the system are 

summarized in subsequent sections of this report. 

 

 

PART II  - IMPLEMENTATION AT BO TA BORDER CROSSING  

 

In Part II , the results of the Part I technology trade-off analysis were revisited and the 

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

of El PasoïCiudad Juárez was 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 

US-bound trucks, followed by installation of a third reader at the CPBôs primary inspection 

facility in 2011. Around the same time, RFID readers were installed at CBPôs primary inspection 

facility at Pharr-Reynosa. TxDOT had earlier implemented a similar system at Pharr-Reynosa 

with capabilities to measure crossing time only.  

 

This section of the report deals with systems engineering process utilized by the research team 

leading to a successful implementation of the system at both BOTA and Pharr-Reynosa. It also 

provides information regarding design and installation of equipment in the field as well as 

aggregation of data, archival and dissemination processes. Evaluation of both systems were also 

conducted, results of which are described in the following chapter. 

 

Site Characterization and Identification of RFID Reader Locations 

 

The pilot implementation conducted 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 would be possible to discriminate 

shipments among FAST, non-FAST that go through primary inspection only, and non-FAST that 

go through secondary inspection.  At BOTA, there was initially a concept for where five reader 

stations could be located to provide the greatest segmentation benefit.  As shown in figure 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 Federal compound, and (C) BSIF, 

Orange line indicates basic direction of flow for all US-bound trucks crossing the border 

Yellow line indicates internal route within a compound taken by trucks selected for secondary inspection  

Green dots indicate the location of originally proposed reader sites, whose numbering is indicated by the 

      adjacent boxes with green ñRò and number  

(Note that the time for a vehicle to progress from R1 to R3 as shown generally corresponds to 

wait time, although it can be seen in figure 15 that R3 is somewhat ñupstreamò from CBP 

primary and thus technically did not fully meet the wait time definition.) 

While there was interest in the five reader locations and the benefits that would accrue from 

different combinations of reader locations, ultimately there were two readers initially 












































































































































































