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Abstract

This study was commissioned to test whether the RFID Technologies are resilient enough to
survive environmental operating conditions such as vibration, heat, dust, and that the data is
sufficiently reliable that project personnel could use it for near real time tracking and planning
purposes. PaveTag’s Radio Frequency Identification (RFID) was chosen because it is a complete
system developed expressly for tracking construction materials and provides documentation
which may increase the efficiency of tracking those materials. This report documents and
presents the results of the Alaska Department of Transportation and Public Facilities
(ADOT&PF) road construction material transportation RFID automatic logging and tracking
feasibility study. System level testing was performed on a road construction project to test RFID
technology capabilities and concepts of automatically identifying and tracking material hauling
vehicles from an asphalt production facility to a road construction site. The system test included
six asphalt hauling trucks with fixed RFID readers at the asphalt plant and at the construction
site. The data was uploaded to the RFID vendor’s data base using cellular phone connectivity to
test the reliability of cell phone data collection. Data included the truck identification tag
number, arrival and departure times from the asphalt plant, as well as arrival and departure times
on the construction site. These time stamps provide the ability to calculate the time it takes to
load each truck, wait time at the construction site, as well as round trip time for each trip. The
data was used to evaluate whether the system could help the ADOT&PF improve the tracking of
asphalt material to the job site.



Summary of Findings

ADOT&PF’s feasibility study of Radio Frequency Identification (RFID) technology for
construction load tracking met all the predetermined project goals. Specifically, a meaningful
case scenario was developed and implemented: to test the use of RFID technologies on highway
construction projects. This scenario clearly demonstrated that the integrated system is capable of
withstanding the operation environments, such as vibration, heat, dust, and weather conditions
encountered in this field test.

The efforts also met the research goal of accurately tracking asphalt transportation from an
asphalt plant to a construction site using automatic data capture technology. For the duration of
the test time frame, each of the six RFID tagged trucks load movements, including arrival and
departure times were automatically captured and recorded. The RFID reader data at the jobsite
and the scale house data were in complete agreement indicating that the RFID data were at least
as accurate as the paper tickets. Based on the recorded data, the resulting analysis is able to
derive the average truck:

asphalt loading time = 7.69 minutes

on the job off-loading time = 10.91 minutes
travel time = 32.61 minutes

round trip travel time = 51.12 minutes

While this feasibility study met the research objectives, the study has several limitations. These
limitations include:

1. The study was conducted in an area where cellular communications are readily available.
Many areas where ADOT&PF works have intermittent or no cellular communication
available. The test does not demonstrate how an automatic capture system can be
deployed in an area where telecommunication service is intermittent due to geographical
or telecommunication site limitations. This is not a limitation to the base information
required by ADOT&PF since they are only interested in the quantity of material
delivered to the project, not any other information requiring real-time analysis. However,
the team wanted to determine if cell phone coverage could be leveraged to transmit the
data to a central location to track and manage the trucks.

2. No direct comparison to the manual system data such as location within the jobsite,
quantity deductions due to waste, and asphalt temperature was performed. Instead, the
study focused on comparing the material hauled by the truck, when it left the scale and
when it arrived on the jobsite. Performing a direct comparison between the automatic
data capture and manual system could quantify any reductions in data entry error as well
as timeliness of data available to the decision makers. No attempt was made to automate
comparison between the two systems, beyond the comparison between scale house data
and RFID data.



3. It does not automate the process of determining the location of placement of the asphalt
or recording of waste. By incorporating technology ADOT&PF may be able to improve
their cost efficiency and effectiveness while providing the same or an improved quality of
work, then providing a recommended procurement, testing, and measurement process is
essential. Moving the application from a feasibility study to an applied application was
not an objective of the current initiative but it is required to maximize future applications.

It is recommended that ADOT&PF continue this line of applied research. The following
identifies some suggested research topics that, if implemented, would advance the application of
this technology within the integrated system.

1. Develop protocols for the following:

a. Measure and record asphalt temperature at the time of delivery.

b. Record the location on the project at which the material was delivered and
compute the quantity of material placed per unit area or unit length.

c. Certification of the placement of the material as required by FHWA

d. Ensure data integrity and security either by producing paper tape or through data
backup.

e. Track waste material which is deducted from the total quantity.

2. Develop an integrated automatic capture system that allows communications in areas of
intermittent as well as continuous cellular communication. ADOT&PF area of
responsibility occurs in areas with varying strength of telecommunication services.
Developing a system which provides for automatic data capture in most ADOT&PF
construction areas would enhance the final system capabilities.

3. Research the ability to expand the tested RFID automatic capture system to include
weight measurements, material weight, and load travel time tracking per contractor. This
research would apply the technology at several scale facilities, for multiple products, and
for multiple contractors. Implementing an integrated, multi-contractor, multi-material
automatic data capture process could provide an enhanced material tracking and
utilization capability.

4. Future research should develop methods to integrate the automatic data captured by
ADOT&PF operations, as well as how to provide the data to contractors. Developing
and implementing a fully integrated automatic data system that ADOT&PF and their
contractor have access to would provide the ability for greater utilization of raw data and
support the ability for the contractor to make operational changes such as the number of
trucks or modifying the haul routes. A key in the integrated research effort would be
development of RFID vendor neutral system implementation and utilization
specification. The specification could be incorporated within ADOT&PF bid documents
and subsequent contracts as requirements that the contractors must adhere to.

Taking these next steps can help ADOT&PF and the contractor improve its cost efficiency as
well as increase project effectiveness while maintaining or improving overall project quality.

Xi



CHAPTER 1 - INTRODUCTION

ADOT&PF’s load tracking process is predominately a manual effort. ADOT&PF’s tracking
process uses a computer-generated ticket carried by the truck driver to the dump point.
Specifically, when the loaded truck is weighed, a computer-generated ticket is printed out. This
ticket contains, the load weight, the time the truck was weighed, along with other data. The truck
driver receives this cargo ticket and transports it to the dump point. At the dump point, the ticket
is handed to a ticket taker on the grade. The ticket taker records additional information on the
ticket, such as the time and the dump station.

In this manual process there are at least four people handling this cargo tracking ticket: a truck
driver, scale person, ticket taker, and an office person. A scale person generates this ticket. A
driver is responsible for maintaining possession of the ticket at all times during the load
transportation process. A ticket taker at the end records the data. An office person tallies the
day’s tickets to compute quantities for contractor payment. Since the tickets are a source
document, they must be stored for a minimum of three years after the project closes.

RFID technology offers potential savings in labor costs, increased safety to project personnel, as
well as a reduction in the amount of paper generated to track material. It also offers enhanced
data capture and communication capabilities that not only allows for tracking load travel times
but other capabilities such as automatically logging weight. ADOT&PF has a responsibility to its
stakeholders to operate in a cost effective manner as it continues to meet its mission as the state’s
custodian for transportation infrastructures. Technology can help ADOT&PF exceed
expectations as new technologies help ADOT&PF meet its obligation.

In other industries—such as the military and retail industries—automatic data capture systems,
including RFID, have been successfully utilized to monitor and track the movement of goods and
material between locations. These implementations have achieved greater accuracy in the data
captured and faster delivery of data to decision makers. These characteristics are positive
outcomes of utilizing this technology which could be realized within ADOT&PF road
construction material transportation system.

RFID tags have been used since the 1940s. There two basic types of RFID tags—passive and
active. Passive tags have no internal power source. Rather, passive tags convert radio frequency
energy emitted from the reader into a DC current which in turn provides power to a micro-chip
placed at the center of an antenna array. The low level of energy emitted requires the tag be
within a few feet of the reader. Passive tags are routinely used in the commercial sector to
reduce theft and track inventory as it moves from the warehouse to the sales floor. These tags
have also been used to track tools in and out of a factory tool room. The cost of these tags can be
as low as three cents per tag.

Active RFID tags use a battery powered system to store and transmit data. Active tags can
contain sensors for temperature, pressure, shock, and time. Active tags are now routinely used
by the military to track cargo transported in warzones which is a testament to their resilience.



Other documented uses include tracking fresh fish from Alaska to markets throughout the US.
When the fish arrives at its destination, the tags can be read and checked to ensure temperature
and the age of the fish remained within acceptable limits. Another advantage of active tags is that
they can be read up to 100 feet from the reader. Because active tags cost between $30 and $100
per tag it is desirable to reuse the tags.

Combining RFID, and telecommunication technologies creates an integrated and automated
system that can be used to track and record the same data that is currently captured by manual
efforts. Automating the manual process has the potential advantages of reducing the number of
people involved and the number of data entry errors, as well as faster data transfer capabilities,
enhanced data analysis capabilities, and more timely payment processing. Having more timely
and accurate data provides the opportunity to improve cost efficiency and overall system
effectiveness, such as informed decision making, while maintaining or improving quality of the
final result.

The integration of RFID technology also provides potential benefits to the contractor by allowing
real-time tracking of each truck. This allows for identifying bottle necks or optimizing the
number of trucks used to transport the asphalt. The plant operator can also use the information to
balance the truck flow by managing the spacing between the trucks. The paving foreman can
alter the paver speed based on the expected arrival of the next truck.

Problem Statement and Research Objective

The major problem with tracking asphalt delivery is that the process of tracking and
documenting the placement of materials on the project is labor intensive. The current ADOT&PF
system of tracking material such as asphalt to the jobsite is heavily reliant on manually
transferring truck load tickets between the loading and construction sites. This process requires
personnel to physically retain the tickets, transfer the tickets, enter key data on each ticket, and
later manually enter the data. The predominately manual based system is subject to human
errors, time delays in data transfer, and it does not provide for near real time decision support
information transfer. Applications of RFID/GPS based systems are postulated as an approach
that can overcome the limitations and errors of the current state including a reduction in
manpower.

A key objective of this study is to develop meaningful case scenarios to test a particular
RFID/GPS tool. For this specific test, the Minds, Inc. PaveTag application was used. PaveTag
was selected because it is a turnkey system with a proven track record in other construction
applications.

Another key objective is to accurately track asphalt transportation from the asphalt plant to the
construction site using automatic data capture technology. Fulfillment of this objective requires
an accurate understanding of the requirements of the existing tracking system and the process by
which new technologies can meet these needs. The details of the various steps are discussed in
the Research Approach section.



Scope of Study

The scope of this study is to understand whether implementing an automated data capture system
can benefit both ADOT&PF and the contractor, the technical issues concerning its
implementation, and identify improvements that may be required. The data collection system
utilizes RFID to track the material from the plant to the jobsite. The automatic data capture
system was based on RFID/GPS/Cellular phone technology and the RFID technology system
supplier data capture software.

The scope of effort includes acquisition and data analysis of all RFID system recorded data. This
analysis statistically determines the data capture rate, average truck round trip travel times,
maximum and minimum round trip times, and aggregate results.

Research Approach

This study follows a sequential approach where each step builds on previous effort. The research
approach is separated into three specific phases with intermediate steps. The following outlines
the major phases and the major steps of each phase. As part of each major step an anticipated
outcome description is included:

Phase 1: Foundation Data/Information Development

1. Develop the existing state. This effort documents how the current system operates.
This establishes the foundational understanding of the key activities that occur within
the process.

2. Conduct an RFID system literature review. The literature review identifies any
research that is similar to the current scope of work as well as any lessons learned that
can be leveraged within this feasibility study. Understanding previous research efforts
allows this effort to build on those endeavors to advance the knowledge in this type of
system implementation.

Phase 2: Field System Design and System Acquisition

3. Develop an automatic data capture system design. The automatic data capture system
design merges the technology features and functions within the as-is system. The new
system provides full material transportation movement tracking, as required in the as-
is state, yet optimally leverages technology to provide a cost efficient, effective, and
lower error occurring system.

4. Perform an RFID system vendor search. The objective of the vendor search was to
identify at least one vendor whose technology meets the needs of this feasibility study.
Leveraging acquisition of commercial-off-the-shelf (COTS) technology is a key
element of cost mitigation for this and future efforts as COTS systems are historically
lower cost than custom or one-of-a-kind system implementations.

Phase 3: Data Acquisition, Analysis, and Report Generation
5. Acquisition and implementation of the system designed in item #3.
6. Data acquisition. During the timeline of this effort, the automatic data acquisition
system will acquire and store all available data.
7. Data analysis. In this phase of the study, all available data will be statistically analyzed
to determine key attributes of round trip load time averages per truck, maximum and



minimum per truck round trip load times, and standard deviations. An aggregate
statistical analysis will also be derived.
8. Write and distribute the final report.

Figure 1, below, demonstrates the general research approach.
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Figure 1: Research Approach.

The successful research approach plan performed included developing the current state map,
completion and documentation of the literature review, obtaining a COTS for field testing, and
conducting the field test.

In performing the field test, the originally single planned RFID tagged asphalt truck tracking was
expanded to six asphalt hauling trucks. Each of these six trucks were outfitted with a RFID tag as
shown in Figure 1. A semi-permanent RFID reader was installed at the asphalt plant scales,
Figure 3 and Figure 4, and a reader was deployed at the construction site by attaching it to the
paver, Figure 5. The remote site data was communicated to the vendor database using cellular
phone connections.

Figure 2: RFID Tab Mounted on a Hauling Truck (adjacent license plate - left side).



Figure 3: Granite scale in Anchorage with stationary pole and RFID reader/antenna in the
foreground. The PaveTag™ processing hardware is the gray box sitting on top of the
concrete support, next to the antenna pole. Photo by Janet Burton, University of Alaska.

Figure 4: Weight Scale.
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Figure 5: Construction paver, CAT AT-1055. Mike Ronchetti is attaching an RF reader.

Photo by Janet Burton, University of Alaska.

CHAPTER 2- LITERATURE REVIEW

This literature review was designed to “provide insight into ways in which the researcher can
limit the scope” of this study. (Creswell, 2009, p. 23) It examines published documentation on
the use of RFID tags focused on studies examining the road construction industry, specifically
the use of asphalt truck tracking. The literature review is created to bridge any gaps between
what is expected in the scope and problem definition of this study and any similar or comparative
studies. (Creswell, 2009, p. 25) The time horizon for the documents reviewed is as of January
2005. Due to the significant increase in interest in the use of RFID technology for tracking and
tracing vehicles and goods, it is expected that any published reports prior to 2005 would provide
insufficient information or data.

High Temperature Testing

Ross, Burns, Wu, and Jarad (2009) conducted testing of passive RFID (Hedgepeth, 2007) tags in
a laboratory environment. Part of the scope of their work was to simulate the harsh conditions
RFID tags are expected to experience in the field in the future. They also performed chain-of-
custody tracking and tracing of items in a building (p.3). The RFID tags used were from a variety
of vendors, such as PSC, Think Magic, Motorola, and SATO (p. 4). The construction material
used with such tags was “reinforcement steel, geosynthetics, and concrete cylinders” (p. 4).

RFID tags were subjected to harsh field conditions simulated in a laboratory. These conditions
included immersion in liquid (water, acid, base solutions), pressure testing, freezing and thawing,
and exposure to extreme temperatures (pp. 5-6). The extreme temperature test consisted of



placing the RFID tags “into a paper cup inside the oven at 100°C (212°F) for a prolonged period
of time” (p. 8). The temperature was increased over time and the read range measured at each
temperature. The result was that “the read range for tags subjected to extremely high
temperatures tended to decrease with time” (p. 8). The read range varied from approximately
seven to 17 feet between the RFID tag and the reader (p. 8). The reduction of effective read
distance of a seven feet resulted only after exposure to a temperature of “250°C (482°F)” (p. 8).

Asphalt Paving

Kilpellainen, Heikkilam, and Parkkila (2007) conducted field research on “transportation of the
mass to the work site, asphalt laying, and compacting” (p. 35). This was a qualitative research
design (Creswell, 2009) consisting of interviews with construction professionals (p. 36), plus a
quantitative research design tracking variables such as, “weather, traffic conditions, failures of
the machines, the number of trucks available, and transportation distance” (p. 36). The
construction consisted of a mobile asphalt mixing plant with distances from the paving
construction site within 100 km (62 m) (p. 36). This distance for delivery became a key factor in
the process of analyzing paving. Thus, a key factor in the analysis by Kilpellainen, Heikkila, and
Parkkila (2007) was the need for the “asphalt production, transportation, spreading and
compacting” (p. 36) to work seamlessly. The asphalt loading temperature was not to “be lower
than 150°C (302°F)” (p. 38). However, this was not a test of RFID technology. It was one of
using other wireless communications devices, such as the cell phone, to report needed
measurement data, and embedded temperature sensors with long range data transmission devices
(p. 38). However, “one of the disadvantages discovered is that the system is totally dependent on
the users” (p. 37). This qualitative aspect of the research introduces the possibility of human
error. The use of cell or mobile phones was useful to communicate activity at the work site.
However, these wireless devices were not connected to temperature of other environmental or
paving data collecting devices (p. 37). Kilpellainen, Heikkila, and Parkkila (2007) also indicated
that the metrics to be captured for a complete supply route of one asphalt truck should include
times for loading, transportation, waiting, unloading, returning, and waiting for loading (p. 37).
Two other metrics were the transportation distance and the amount of asphalt mass transported
(p. 37). This research identified the different types of professionals at the work site that could be
interviewed if a qualitative research was needed for this current project including a work
supervisor, asphalt mixing plant operator, asphalt paver operator, and truck drivers (p. 37).

RF Signal and Data Accuracy

Lee, Song, Kwon, Chin, Choi, and Kim (2008) developed an RFID *“gate sensor for real-time
delivery status monitoring” (p. 101) of construction trucks entering and leaving a work site.
While their field tests indicated that RFID signals could be read from a truck entering a fixed
gate position, it was found that the physical placement of the antenna and RFID tag could “affect
the recognition rate” (p. 105) of the signal. Lee, McCullouch (2007) conducted a study to
automate the manual tracking of truck tickets using bar codes instead of RFID tags. While the
technology is different in many ways (Hedgepeth, 2007), the process of going from a manual
system of collecting data from construction trucks to an automated system was comparable. One
valuable lesson was identifying one additional potential data capture variable, the “driver and
customer signature capture” (p. 11) which is required by many agencies. Lee and McCullouch



(2007) conducted a sample of different Departments of Transportation’s capabilities with manual
tracking of trucks for material delivery to construction sites. Their study indicated that only two
states, Louisiana and New Jersey (p. 22) had an automated system to track the delivery of
construction materials from the pick-up point to the construction site. Other states contacted
indicated the use of a manual or paper delivery system or field laptops for data dumping using
the Internet (p. 23). When Lee and McCullouch asked different states about the need for
automated tracking of trucks, “41% answered that they need an automated delivery tracking
system” (p. 25). Of course, that 41% could be a bit misleading as they contacted only seven
states (p. 25). Their final conclusion was that an “automated materials delivery records system
will potentially be beneficial to all the project parties from material suppliers, trucking
companies, contractors, to the state” (p. 44). Fedrowitz (2007) analyzed the use of RFID
technology for a Virginia DOT highway maintenance project. Their research indicated that for
construction trucks moving from a parked position to 10 mph, the tags could be read at a distance
of up tol115 feet (p. 43). They also examined the capability of attaching fixed antennas for RFID
tags to metal mile marker signs for trucks traveling at speeds of 10 to 65 mph. The distance from
the readers varied from 5 to 100 feet (p. 34). Various antennas sizes were also employed in this
field test. Arrington (2009) examined the causes of the loss of accuracy reported in the research
conducted by Fedrowitz (2007). One of the Arrington’s findings was that, “the performance of
RFID systems are adversely affected by water or wet surface” (p. 16). Field testing indicated that
RFID *“tags cannot be placed directly onto the metal mile marker sign” (p. 16). As for the rate of
RFID tags data to be read by an antenna, this research indicated that the RFID *“can handle 100
reads per second” (p. 17). While the field testing appears to have shown value in the use of RFID
technology there was still needed “some method of ensuring data integrity” (p. 71). Wyld (2005)
was one of the early supporters of RFID technology in government projects. A wide range of
applications were evaluated. The study showed that RFID technology could be adapted to
transportation applications.

Almanza, Hernandez-Gutierrez, and Ibarra-Manzano (2006) evaluated the tracking of vehicles
and drivers crossing a gate or threshold using RFID technology. While this was not part of road
construction efforts, it did point out the accuracy of RFID technology. One of the lessons learned
was that “when a system is implemented with passive RFID tags range is highly dependent on
antenna orientation because readers and tags must be magnetically coupled in order to
communicate” (p. 225). The knowledge gained in this study provided guidance for mounting
RFID systems on a truck or paver.

Khan, Akhtar, and Qadeer (2009) bring up an interesting point that is often overlooked in
programs planning to use RFID technology. They found that “only 23% of consumers have
heard of RFID” (p. 334). The authors of this study also examined antidotal evidence from
military and retail sources that indicated a high percentage of warehouse workers today do not
know of RFID technology or how it compares to bar codes. This could be an issue for data
capture and accuracy if workers in the field are not properly trained on the placement of RFID
tags on construction equipment.

Ergen and Akinci (2009) evaluated RFID use in the construction industry. They indicate that the
“construction industry mostly has dynamic and uncontrollable environments where tracking and
locating materials and accessing related information is challenging” (p. 5). They found that while



RFID technology is successful in this industry, that “limitations of the current technology can be
overcome by using some reasoning mechanisms that are developed and implemented for data
cleaning and processing purposes” (p. 5). Data accuracy and data mining of the captured data is
one of the emerging trends in the use of RFID (Hedgepeth, 2007).

Lim and Koh (2009) conducted studies to examine what they termed as the “organizational fit”
for RFID technology. Their results indicate a higher level of match to the organizational values
and objectives to the use of RFID. This suggests again that human errors could increase if the
workers within the organization are not properly trained to understand the implications of using
RFID technology.

El-Omari and Moselhi (2009) analyzed how to organize and store data collected from RFID
systems. They indicated that the application of RFID tags “in the construction industry is
hampered by the rough conditions of site operations that may damage barcode tags” (p. 493).
They found that “RFID was introduced to overcome barcode drawbacks” (p. 493). Barcodes only
contain information concerning the product which must then be connected to a database for
detail. The data in barcodes is static which does not allow data such as temperature to be
collected.

Closely aligned to the accuracy of RFID signal is standardizing the functionality of the tags.
Engels and Sarma (2005) highlight a potential problem with “vendor specific functionality” (p.
5) in the use of RFID tags. This is an old warning in this technology since its surge in 2005
(Hedgepeth, 2007), but the warning bears paying attention to. If the functional data capture of
tags in the construction industry is not standard in its data capture protocols, this could cause
some issue with communicating the results to others in the construction industry.

Wang (2007) indicated that construction companies “began to examine the use of barcodes for
tool management in the early 1990s” (p. 469) and, as a result, construction companies are not
new at using automated methods of data capture. However, as in previous research, barcodes
have been found to have “problems in the construction industry due to poor durability and the
requirement for close proximity reading” (p. 469). The barcode “becomes unreadable when
scratched or dirty” (p. 469). The implication is that RFID technology with its non-line-of-sight
capability provides better data capture and accuracy than barcodes (Hedegpeth, 2007; Wang,
2007).

Song, Haas, and Caldas (2006) found that the amount of power used in RFID tags are a
consideration if they are to work properly in the construction industry (p. 914). They also
developed metrics for data collection. Their metrics were “the maximum number [sic] of reads
that can be contribute to each ... set of proximity information” (p. 915). They measured the
number of tags, pattern of placement, and number of data reads (p. 915). They found that
“approximately 68% of the experiments when the medium if power is in use” (p. 916). That is,
“although economic considerations were factored into the development...potential economic
feasibility should be estimated to justify up-front cost of implementation” (p. 917). This is indeed
the case, and Newnan, Lavelle, and Eschenbach (2009) provide a foundation for RFID
calculations for future worth calculations. Their study goes beyond the scope of this current
research study, but should be considered for the final report and decision making.



Performance Variables

The initial metrics of this study are based on a comparison of a current manual process of

tracking and tracing the complete cycle of asphalt paving to an automated process.
The range of metrics might include:

Tracking data accuracy

Asphalt loading time per truck

Truck transportation time

Truck and driver waiting time

Truck unloading time for asphalt

Truck return time for a new load of asphalt

Truck waiting time to load asphalt mass

Truck driver signature capture time

Asphalt temperature during loading and unloading

Summary

Ross, Burns, Wu, and Jarad (2009) demonstrated that in a controlled laboratory environment
RFID tags can maintain an operational read range from seven to 17 feet after exposure to
temperatures below 210°F. Depending on the distances considered for the field tests of this
project, the results indicate that the read range for passive tags should not to exceed 17 feet.
However, this test result is not conclusive or exhaustive and was performed on passive, not
battery assisted active tags (Hedgepeth, 2007).

When examining the distance from the asphalt mixing plant to the construction work site, the
example from Kilpellainen, Heikkil, and Parkkila (2007) indicated that about 62 miles is a
maximum transport distance for hot-mix asphalt. Anticipated haul distances for the Anchorage,
Alaska demonstration project is far less than the maximum. As such, asphalt cooling during the
haul should not be a factor.

While the process did rely on wireless communications, the process of data collection and
reporting was still manual. The reports would be essentially instantaneous between sender and
receiver, eliminating the paper trail from a truck driver. From their research we can determine
that the team for the current research project should include at least a work supervisor, asphalt
mixing plant operator, asphalt paver operator and truck drivers. However, in this current research
design we have also included weight scale operators and AKDOT&PF analysts processing the
daily truck tickets.

Data capture and accuracy are an essential part of the emerging results from RFID studies. It is
apparent that the focus is changing to data capture accuracy and eliminating automated data
capture errors. Just moving from a manual process to an automated system with RFID does not
guarantee 100% data capture.
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CHAPTER 3 - FINDINGS

The outcome of this research demonstrating that an automatic capture data system could be
implemented to monitor and track the transportation of asphalt from the asphalt plant to the work
site. To this end, the research findings are separated into the categories of as-is analysis,
literature review results, and field data analysis. Each of these categories is discussed below.

As-is Analysis
As discussed earlier in this document, it is essential that the research team understand the as-is

system before moving forward with designing, implementing, and testing an automatic
identification/tracking system.

Truck filled. Driver
Contractor Scale Database h .
"~ receives paper Filled truck leaves
House Personnel »/  Entry Billing > B >
. weigh ticket (2 Contractor yard.
ID’s Truck Info .
copies)
Contractor
Database
develops Billing
Truck arrives at DOT/PF employee Product load Truck returns to
Delivery Site authenticates 1 paper dumped at paver. Contractor Plant
ugje ! "l weigh copy. Manually DOT/PF with 1 paper weigh
q adds delivery time temperature test. copy
DOT/PF employee SOA/PF Data stored,
key enters ticket accounting reviews,
data into database paper weigh tickets
at end of shift retained for audit

Figure 6: As-Is System Map

As the system map identifies and verifies, the current system includes several manual steps that
require an individual to take a specific action. For this type of a system, reliance on manual data
collection may not be the most cost efficient or effective. Over the course of a construction
project— relying on predominately manual processes—the potential for lost paperwork has been
recognized by the contractor, sub-contractor trucking companies, and ADOT&PF field
personnel.

The current system of creating dual paper tickets which are transferred to subcontractor drivers,
who transport them to an active road construction site, and manually handed off to a site based
ADOT&PF field person is problematic. Anecdotal evidence has shown that tickets have been
lost to gusts of wind or under seats.

The loss of a weigh ticket generates significant interruptions in the normal business process. Lost
or incorrect tickets also negatively impacts vendor payments as they are disputed, audits are
often required, and many times, the outcome leads to vendor appeals which require more time
and increased costs.
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As federal highway policy makers monitor the growth and maturity of RFID technology based
processes, a greater appreciation for the simplification of labor is recognized as beneficial for
developing a first-time right work environment.

Data Analysis

This data analysis section is specific to PaveTag’s RFID system recorded automatic acquisition
data set. This analysis is inclusive of all data obtained during the research test period.
Specifically, RFID tags were affixed to six asphalt hauling trucks for the time frame of June 30,
2010 to July 17, 2010, a total of 18 days. During the test period the six asphalt trucks completed
a total of 280 round trips from the asphalt plant to the construction site.

Figure 7 identifies the number of round trips per truck that the automatic data tracking system
logged during the test time frame. As this figure depicts, during the analysis time frame truck
215B made the most round trips with a total of 57 trips. Truck 701B had the fewest trips with a
total of 40. Overall the trucks made an average of 47 round trips during the test.
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Figure 7: Number of Asphalt Material Movements per Truck.

A review of the test data does not identify any time frame where data was not recorded.
Comparing the manual scale data to the data collected by the RFID reader shows that the
automatic data capture system recorded 100% of the trucks. The data also showed full agreement
concerning the quantity of asphalt carried by each truck. Consequently, it can be argued the
automated data capture system is as accurate as the paper ticket process in recording the number
of trucks and the quantity of asphalt delivered to the jobsite.

Statistically the data indicates that the trucks were fairly consistent in the amount of time each
round trip required. Figure 8 provides the round trip mean, standard deviation, and maximum
and minimum times for each truck, as well as values for the aggregate.
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Figure 8: Per Truck Statistical Results.

Table 1: Truck Round Trip Statistical Analysis.

Truck Round Trip Statistical Results

Truck |Mean (min.)| Standard Deviation (min) [Max (min.) |Min (min.)| Trips
1478 51.33 19.66 104 22 43
215B 52.96 24.49 167 20 57
216B 48.58 18.96 118 24 48
2198 52.43 23.53 118 24 a7
657B 49.38 23.03 143 22 45
701B 53.23 25.31 165 26 40
All 50.92 22.04 167 20 280
average a7

Table 1 provides the numeric details shown in Figure 8. The data identifies that on average the
trucks required 50.92 minutes to complete a round trip. The round trip time includes time to load
the asphalt, time on the job, and time required to travel from the asphalt plant to job site then
return to the asphalt plant.

The shortest round trip time took just 20 minutes and one trip required a total of 167 minutes.
This results in an average standard deviation of 22.04 minutes. Overall the individual truck
standard deviation and minimum times are closely aligned with the aggregate values. Truck
215B and 701B have the longest round trip times of 167 and 165 minutes, respectively. These
times are at least 22 minutes longer than the next truck’s longest time. No effort was made to
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determine the cause of the delay, however, project personnel indicated the delay was due to the
trucks being used to haul away waste material.

Automatically captured data also provides the ability to analyze the amount of time trucks were
in the asphalt plant loading, on the job (unloading), in transit to and from the asphalt plant, and
on the job site. These statistical results are presented in the following sections.

Asphalt Plant Time Analysis

Figure 9 and Table 2 are the visual and numeric data representations for how long the various
trucks were timed to be at the asphalt plant. This time is assumed to be the time required for the
truck to arrive, obtain an asphalt load, and then begin their trip back to the job site.

These times are the difference between when the RFID database logged the truck “Plant Arrival”
time and “Plant Left” time. These indicate there can be a significant difference in how long a
truck may be at the asphalt plant. On average the shortest time in the plant is just over a minute
while the longest time average is 51.33 minutes as shown in Figure 9. In general, the trucks took
7.69 minutes to arrive, load, and leave. While the overall range is very large, the average truck
load time standard deviation is 6.29 minutes. Again, no effort was made to determine the cause
of the delay, but such delays are common for a variety of reasons.
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Figure 9: Truck Time in Asphalt Plant.
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Table 2: Truck Time in Asphalt Plant.

Truck Time in Ashpalt Plant Statistical Results

Truck |Mean (min.)| Standard Deviation (min) | Max (min.)| Min (min.)
1478 8.14 6.45 38.37 1.33
215B 7.89 5.27 33.15 1.32
216B 6.87 4.03 22.18 1.02
219B 7.63 4.52 27.00 1.28
657B 7.85 9.40 51.33 1.73
701B 8.46 8.38 43.28 1.27

All 7.69 6.29 51.33 1.02

On The Job Time

Figure 10 and Table 3 are the profile and numeric values for how long the trucks were on the job
site. This time is the difference from the RFID database “Job Arrival” time and “Job Left” time.

Similar to the asphalt plant time, the on the jobsite time range is very large. The shortest average
time on the job is 1.02 minutes while the longest is 57.73 minutes. On average, the trucks
required 10.91 minutes on the job with a statistical deviation of 10.91 minutes.

When comparing the individual truck time on the job site, truck 701B had the shortest on the job
time in all categories. Truck 701B’s average time on the job was 9.92 minutes; its statistical
variation was 8.7 minutes and its longest time on the job site was 36.58 minutes.
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Figure 10: Truck Time on Job Site.
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Table 3: Truck Time on Job

Truck Time On Job Statistical Results

Truck |Mean (min.)| Standard Deviation (min) | Max (min.)| Min (min.)
1478 12.98 12.17 52.88 1.33
215B 9.89 10.20 57.73 1.02
216B 10.99 10.74 47.03 1.73
2198 11.64 11.91 52.48 1.63
657B 10.26 11.64 55.35 1.33
701B 9.92 8.70 36.58 1.03

All 10.91 10.91 57.73 1.02

Truck Travel Time

Figure 11 is the profile for the overall travel time between the asphalt plant and the job site.

Table 4 shows the numeric values associated with Figure 11.

On average the trucks required 32.61 minutes to travel between sites. There is a statistical
variation of 17.57 minutes associated with this travel time. The minimum logged travel time is
14.67 minutes with a maximum of 150.14 minutes.

As shown in Figure 11, trucks 215B and 701B had the longest travel time—each of these travel
If these two long travel times are
excluded from the data set, the average travel time is reduced to 31.77 minutes, the statistical
variation declines to 14.61 minutes, and the maximum travel time is 87.47 minutes.

times occurred on July 11 at approximately 02:36 am.
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Figure 11: Truck Travel Time.
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Table 4: Truck Travel Time

Truck Travel Time Statistical Results

Truck |Mean (min.)| Standard Deviation (min) | Max (min.)| Min (min.)
1478 30.21 12.23 70.85 17.10
215B 35.17 20.89 150.13 14.67
216B 30.72 15.08 81.93 16.13
2198 33.15 18.48 99.33 15.83
657B 31.31 15.30 84.70 16.08
701B 35.49 23.77 146.33 16.22
All 32.61 17.57 150.13 14.67

Summary of Data Analysis

The results of this feasibility study verified that incorporating the technologies of RFID, GPS
and cellular communications provides a system that can monitor and track material movement on
an ADOT&PF project. In addition, the acquired data provides the ability to identify how long it
takes individual trucks to load, travel between sites, and off load. Understanding the travel time
from the asphalt plant to the job site provides potential benefits to both ADOT&PF and the
contractor.

From the perspective of ADOT&PF, there is a direct relationship between the quality of the
deployed pavement and travel time between the asphalt plant and the construction site. If the
travel time is long, the asphalt may cool to a temperature that reduces the quality of the product.
Understanding the relationship between long travel times and asphalt temperature allows
ADOT&PF personnel the opportunity to address the issue early.

Tracking cycle times allows the contractor to optimize the material haul by minimizing the truck
wait times at the plant and at the paver. Under ideal conditions, a truck will arrive just as the
previous one is leaving. This ensures that the paver can operate at a constant speed without
stopping. This improves the ride quality or smoothness of the pavement surface Analysis of wait
times allows the contractor to manage the flow of material to the paver to prevent cold asphalt
loads ensuring the asphalt is above the minimum compaction temperature. .

The study verified that under the environmental test conditions, the selected technologies did not
experience any failures or outages. The technology was able to meet the operational constraints
required by ADOT&PF. The system also performed well under the typical construction
environment which includes: humidity, torrid summer rain storms, road construction generated
dirt and mud encapsulation, and severe equipment vibrations.
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CHAPTER 4 - INTERPRETATION, APPRAISAL, AND APPLICATIONS

The system produced a meaningful test scenario to evaluate the particular RFID/GPS/cellular
tool as an automatic material transportation data capture system. Application of this automatic
data capture system provides key metrics for the length of time a truck was at the asphalt plant,
travel time between the asphalt plant and the job site, and time on the job site.

Comparison of the scale house data, paper tickets, and the data captured from the RFID data
collection system demonstrated 100% agreement between the manual and automated data. In
addition, the times recorded at the scale house and the RFID agree within one minute. The
differences are likely in the clock settings. Consequently, moving to an automated RFID system
will yield the same quantities as the paper ticket.

However, there are still issues to be resolved. Applications of asphalt or base course requires
computing the quantity of material placed per square yard, linear foot, or other unit in order to
control the quantity of material placed. At this time, the current data capture method does not
allow for that since the data does not contain the exact location of the placement of the material.
There are several ways to overcome this including GPS data which can be made available with
the Pave Tag system. However, that was outside the scope of this project to implement and test
that technology.

Another barrier to implementation is the process of verifying that the material was placed on the
project site. As part of this process, it will be necessary to compare the trucks that leave the
scale house and those arriving at the jobsite. The advantage of the automated process is that this
can be done electronically saving a considerable amount of time. Processes to do so should be
relatively simple to develop, but again, that was not within the scope of the project.

There is also a concern of data security. Scale house data uses a paper copy of the information as
a redundant copy in case the electronic data is lost. Some form of data security will be required
before the system can be implemented.

Finally, asphalt temperature of the mixture is an important data element. Again, adding this data
set to the system can be readily accomplished with the addition of temperature sensors

In short, the data collected agrees with the conventional collection method. However, the ability
to compute yield, data security, automated validation of product delivery, and the collection of
temperature must be resolved before full implementation can be achieved.

There are advantages to using the automated RFID data collection system for both the contractor
and ADOT&PF, such as knowing the truck cycle time and delays which can help optimize the
number of trucks and ensure asphalt is delivered to the jobsite in a continuous stream. This helps
minimize the number of stops of the paving train and reduces the potential for rejecting the
asphalt because it is too cold. The data collected and analyzed here demonstrates that these data
provide that information.
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The acquired time data identified that, on average, the time for a truck to make a round trip was
fairly consistent at about 51.12 minutes. Included in the average are two outliers indicating that
truck 215B and 701B took 167 minutes and 165 minutes, respectively, to make the longest two
trips. Project personnel indicated these trucks were being used to haul waste material from the
project during this period. These examples show that no system is likely to be able to track every
possible scenario. However, the system was able to detect an anomaly which can be
investigated.

The time on the project consistently averaged 10.91 minutes. The time required to back up to the
paver and dump is less than 5 minutes. In hind sight it would have been good to obtain this
information for the projects. By taking the difference of the time on the job and the time to
dump the load gives the dwell time of the truck. From this the contractor can adjust the number
of trucks to manage the dwell time which in this case is about 6 minutes.

In regard to the length of time at the asphalt plant, it is interesting to note that on average all
trucks were fairly consistent requiring about 7.69 minutes at the plant with a standard deviation
of 6.29 minutes. This appears to demonstrate a fairly consistent and smooth operation at this
location. There are cases where the trucks took up to 51.33 minutes, but these instances are likely
due to plant shut down.

Although the minimum time for each truck is very consistent between trucks the maximum time
shows the extremes of 22.18 minutes to 51.33 minutes. There are a number of possible causes
including repair or fueling of the truck or plant shutdown.

Trucks 216B and 219B had the shortest maximum time while truck 657B had the longest. A
review of times indicates that some trucks arrived while others were still apparently loading. It
can be assumed that as multiple trucks arrive at a given work location they will be delayed in
either loading or off-loading. The recorded time data indicates this but no field collaborating
verification information is available for this assumption.

Research Limitations

While the study showed that RFID technology can be successfully used in areas with good
cellular communication, this is not always the case within ADOT&PF’s area of responsibility.
The test did not demonstrate how an automatic capture system can be deployed within an area
where remote communications are intermittent or severely limited. This may or may not be an
issue, depending on the needs of the project. It should be noted that cell phone coverage is not
necessary for the basic needs of ADOT&PF; that is, the replacement of the paper ticket.
However, if the other functions of the automated system such as tracking the location of a truck
or real-time transfer of data to the office, a communication system will be required.

Other technology approaches may compensate for this limitation, such as the use of handheld
readers to capture the data. The captured data could then be downloaded to ADOT&PF’s and the
contractor’s databases periodically throughout the day or at the end of the work shift by
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connecting to online computers. While this may be an approach to overcome areas of limited
telecommunication, this research did not test and validate the method.

A second limitation of this research is the direct comparison to the manual system beyond the
delivery of the material and the quantity of material delivered. While the system did agree
completely for the manual system in tracking the amount of material that went over the scale and
the time the material arrived on the project, the system was not designed to track the location at
which the asphalt was placed, the temperature of the asphalt at the time of placement or track any
waste material.  EXxisting technologies are available to track these, but was not within the scope
of this project.

General Recommendations

Incorporating technology to enhance cost efficiency and overall system effectiveness appears to
have positive potential for ADOT&PF material transportation tracking and measuring. A key
recommendation, which is expanded on in the future research recommendation section, is that
ADOT&PF continues to develop this technology. Future technology development efforts should
bridge the gap of less than full time communication capabilities and how the automatic data
capture system information can be integrated within the decision makers’ key inputs as well as
contractual support capabilities.

It is suggested that DOT consider using RFID technologies to track asphalt across the scales and
onto the project. It is also suggested that methodologies to record the placement location of the
asphalt, asphalt temperature and tracking of waste material be developed. This requires working
with the vendors to develop data collection RFID readers with the ability for the operator to
manually add information. It also requires adding GPS and temperature sensors to the system.

If ADOT&PF wishes to investigate the use of RFID technology further, protocols for integrating
RFID into mainstream operations must be developed. These include

o Certification that material was incorporated into the project as required by FHWA

e Determining the quantity placed per unit area or length

e Measuring delivery temperatures of asphalt

e Data security

e Methods to handle wasted material.

e Automate the synchronization of the scale house data and the data collected at the job

site.

ADOT&PF must also separate which data is necessary for its needs and decide whether
communications systems are necessary to meet those needs. While communications were used
heavily in this study, it may not be necessary to meet ADOT&PF’s needs. That said, the
contractor may wish to gather information not needed by ADOT&PF to help the contractor
manage the project more efficiently.
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CHAPTER 5 - CONCLUSIONS AND SUGGESTED RESEARCH

In summary, the outcomes of this feasibility study met the project identified objectives. The
RFID/GPS and cellular communications integrated automatic data capture system was able to
track material transfer in the test environment. The system provides key time elements, such as
time to load, travel time, and time on job. The test also provided the ability to document the
approximate dump location using short range RFID readers. The short range RFID readers
provide a more exact indication of deployment location than a long range reader. These
quantifiable, near real time, metrics, could assist both the ADOT&PF contractor and ADOT&PF
project manager monitor in-process activities and proactively address changes in the field as they
occur.

The feasibility system captured 100% of the truck movements that occurred within the test time
frame. If incorporated into ADOT&PF’s and contractor’s database system it appears that the
feasibility system could reduce labor required for the manual processes and reduce potential
costly data entry errors.

Based on information derived from this study, this technology has the potential to assist
ADOT&PF meet its mission statement of improving cost efficiencies and improving
effectiveness while meeting or exceeding overall project quality requirements. However, there
are issues which must be addressed before full integration can occur. These issues are primarily
related to operational issues rather than technical issues.

Suggested Research

As noted in the Research Limitation section the present feasibility study did not provide a
holistic metric capability for a fully integrated system. Further research is required to address the
limitations of this effort.

Integration into the operational environment requires further development. Areas of research
include:
e Measure and record asphalt temperature at the time of delivery.
e Record the location on the project at which the material was delivered and
compute the quantity of material placed per unit area or unit length.
o Certification of the placement of the material as required by FHWA
e Ensure data integrity and security either by producing paper tape or through data
backup.
e Track waste material which is deducted from the total quantity.

It is suggested that ADOT&PF continue to expand this research by addressing the limitation of
projects that must occur in areas with limited communication. The outcome of this applied
research would be a system that can be deployed in areas with limited communications and areas
with full communication capabilities. A further outcome of this research can be a vendor neutral
procurement specification that ADOT&PF as the contracting department could incorporate in
future competitive bid activities or even in sole-source contracting efforts.
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It is suggested that ADOT&PF continue this research and investigate the benefits of tracking
other weighed materials, such as borrow, crushed material, surfacing aggregate or waste
materials. Remote permanent and temporary pit locations would be the origin for such research,
thus providing another accurate portrayal of the system’s capabilities. As with asphalt, using
RFID tracking has the potential to reduce the time and cost of manually computing quantities.

It is also suggested that ADOT&PF engage in applied research that integrates automatic data
capture inputs to the ADOT&PF maintenance and project databases. The near real time data
could then be made available to the ADOT&PF project management team and contractors so
decisions could be made with more timely and accurate information. The use of the temporal
and spatial data can assist claims analysis (i.e. delays). Having direct access to exact wait times,
production rates, and day-to-day contractor performance would allow management a greatly
expanded knowledge which should enhance the overall management effort.

22



REFERENCES

Alabama DOT. (2009). Low visibility warning system. Retrieved at the University of Alaska
Anchorage on November 11, 2009
http://knowledge.fhwa.dot.gov/cops/hcx.nsf/2dcd3639a7373860852568d00082a9¢c4/ebad659d5d
d65a0385256d60005df135/$FILE/bpAlabamaCasePDF.pdf

Alabama DOT. (2008, November 28). Information technology as a critical element of the
transportation infrastructure: Critical analysis in modern transportation agencies. Transportation
Research Record: Journal of the Transportation Research Board, 2064, 19-23.

Alabama DOT. (2007, January 26). Statistics for superpave hot-mix asphalt construction quality
control/quality assurance data. Transportation Research Record: Journal of the Transportation
Research Board, 1813, 151-156.

Alabama DOT. (2006). Alabama bridge information system. Retrieved at the University of
Alaska Anchorage on November 11, 2009

http://www.dot.alabama.gov/NR/rdonlyress/ ABO9F8A1C-3901-4CAB-B8AS8-
CABACA664D0A/0/ABIMSUserManual.pdf

Alaska Department of Transportation Memorandum. (2006) . Retrieved at the University of
Alaska Anchorage on November 11, 2009
http://dot.alaska.gov/stwdplng/cip_stip/assets/06_08stip/06_08amendments/06_08 amd5approve

d.pdf

Alaska Department of Transportation. (2006) . Birchwood airport. Retrieved at the University
of Alaska Anchorage on November 11, 2009
http://www.dot.state.ak.us/stwdav/ALP/Birchwood_ ALP.pdf

Alaska Department of Transportation. (2006). Strategic plan. Alaska University Transportation
Center. July 24.

Alaska Department of Transportation. (2006). Tuluksak airport haul routes. Retrieved at the
University of Alaska Anchorage on November 11.
http://www.dot.alaska.gov/creg/tuluksak/assets/tuluksak apt EA appG23-49.pdf

Almanza, D. L., Hernandez-Gutierrez, A., & Ibarra-Manzano, M. A. (2006). Design and
implementation of a vehicular access control using RFID. IEEE. MEP 2006. November 7-11.

Alva, S., Tavares, M. P., & Andres, N. P. (2006). Ride specifications review for the Montana
department of transportation. The State of Montana Department of Transportation
(FHWAVMT--6-004/8179). August.

Arrington, C. A. (2009). An investigation into short range RFID tag for highway asset

management. Virginia Tech and Virginia Department of Transportation (VDOT). CHAMPS
2008. February 6.

23


http://knowledge.fhwa.dot.gov/cops/hcx.nsf/2dcd3639a737386d852568d00082a9c4/ebad659d5dd65a0385256d60005df135/$FILE/bpAlabamaCasePDF.pdf
http://knowledge.fhwa.dot.gov/cops/hcx.nsf/2dcd3639a737386d852568d00082a9c4/ebad659d5dd65a0385256d60005df135/$FILE/bpAlabamaCasePDF.pdf
http://www.dot.alabama.gov/NR/rdonlyres/AB9F8A1C-3901-4CAB-B8A8-CA8ACA664D0A/0/ABIMSUserManual.pdf
http://www.dot.alabama.gov/NR/rdonlyres/AB9F8A1C-3901-4CAB-B8A8-CA8ACA664D0A/0/ABIMSUserManual.pdf
http://dot.alaska.gov/stwdplng/cip_stip/assets/06_08stip/06_08amendments/06_08_amd5approved.pdf
http://dot.alaska.gov/stwdplng/cip_stip/assets/06_08stip/06_08amendments/06_08_amd5approved.pdf
http://www.dot.state.ak.us/stwdav/ALP/Birchwood_ALP.pdf
http://www.dot.alaska.gov/creg/tuluksak/assets/tuluksak_apt_EA_appG23-49.pdf

Attaran, M. (2009). Keeping the promise of efficiency. Industrial Engineer. March, 45-49.

Avoine, G. (2007). Bibliography on security and privacy in RFID systems, Massachusetts
Institute of Technology, 1-10

Bierwagen, D., Abu-Hawash, A. (2005). Ultra high performance concrete highway bridge.
Proceeding of the 2005 Mid-Continent Transportation Research Symposium, August. 1-14.

Blanchard, D. (2009). The five stages of RFID. Technology & Innovation. January, 50-53.
Borck, J. R. (2008). Tuning in to RFID. Infoworld. April 17, 31-36.

Burns, S. E, Ross. W. A. (2008). Materials tracking technology at the office of materials and
research. Georgia Department of Transportation. (GDOT PROJ NO. 06-08). July.

California Department of Transportation. (2006). Action plan. Retrieved at the University of
Alaska Anchorage on November 11, 2009
http://www?2.dot.ca.gov/hg/transprog/ctcliaison/2006/1106/REAP%20Documents/REAP%205.df

Ceylan, H., Gopalakrishnan, K., & Coree, B. (2006). A strategic plan for implementing the
mechanistic-empirical pavement design guide in lowa. Proceedings of the 85" Annual Meeting
of the Transportation Research Board. January 22-26.

Creswell, J. W. (2009). Research Design, 3" Edition. Los Angeles: SAGE.

Curtin, J., Kauffman, R.J., Riggins, F.J., (2007). Making the ‘most’ out of RFID technology: a
research agenda for the study of the adoption, usage and impact of RFID. Information
Technology and Management, 8, 87-110.

David, M. (2007). ldentify helf: RFID muscles into consumer market. Technology Report.
Electronic Design. February 15, 43-46.

Elango, V.V. (2009). Safety evaluation of centerline rumble strips. Thesis Outline. Retrieved at
the University of Alaska Anchorage on November 11.
http://www.prism.gatech.edu/~gtg214m/ThesisProposal.pdf

El-Omari, S., Moselhi, O. (2009). Data acquisition from construction sites for tracking purposes.
Engineering Construction and Architectural Management. November 5. 14: 490-503.

Engels, D.W, Sarma, S. E. (2005). Standardization requirements within the RFDI class structure
framework. MIT.

Ergen, E., Akinci, B. (2009). An overview of approaches for utilizing RFID in construction
industry. University of Arkansas. IEEE Xplare.

24


http://www2.dot.ca.gov/hq/transprog/ctcliaison/2006/1106/REAP%20Documents/REAP%205.df
http://www.prism.gatech.edu/~gtg214m/ThesisProposal.pdf

Fedrowitz, W. J. (2007). Implementation of RFID technology in VT-VDOT highway maintenance
monitoring program (HMMP). Masters Degree Thesis. Virginia Polytechnic Institute and State
University. November 30.

Florida Department of Transportation District One. (2009). Project development and
environment survey. Retrieved at the University of Alaska Anchorage on November 11.
http://www.i-75pde.com/sarasota/5-21-09-Hearing/Public%20Hearing%20Handout.pdf

Florida Department of Transportation. (2009). Response to the second statement of information
needed (SIN) for parkland development of regional impact. Retrieved at the University of
Alaska Anchorage on November 11, 2009
http://www.sfrpc.com/dri/Parkland%20SIN%203/FDOT.pdf

Florida Department of Transportation. (2009). State road resurfacing project. Retrieved at the
University of Alaska Anchorage on November 11, 2009
http://www.sarasotagov.com/InsideCityGovernment/Content/ CAC/PDF/FruitvilleFlyerNewOK.

pdf

Friedrich, N. (2007). RFID innovations deepen market penetration. News Report. Microwave &
RF. January. 33-39.

Fu, Q, Retscher, G. (2009). Active RFID trilateration and location fingerprinting based on RSSI
for pedestrian navigation. The Journal of Navigation. April. 62:2: 323-340.

Hall, J. P., Robinson, R. & Paulis, M. A. (2005). Enterprisewide spatial data integration of
legacy systems for asset management: the case of the Illinois department of transportation.
Transportation Research Board: Journal of the Transportation Research Board. 1917: 11-17.

Hallmark, S. L., Hawkins, N. R., Fitzsimmons, E., Plazak, D. J., Welch, T. M., & Petersen, E.
(2008). Use of physical devices for traffic calming along major roads through small rural
communities in lowa. Transportation Research Board: Journal of the Transportation Research
Board (No. 2078). 100-107.

Hedgepeth, W.O. (2007). RFID metrics: Decisions making tools for today’s supply chains.
Boca Raton, FL: CRC Press.

Hoske, M. T. (2007). What’s your RFID spin? Control Engineering. February, 44-48.

Hsu, C., Chen, S. (2009). Alleviating reader collision problems in mobile RFID networks.
January 14. Pers Ubiquie Comput, 13:489-497.

Jirik, T. (2007). Research opportunities in radio frequency identification transportation
applications. Transportation Research Board. October 17-18.

25


http://www.i-75pde.com/sarasota/5-21-09-Hearing/Public%20Hearing%20Handout.pdf
http://www.sfrpc.com/dri/Parkland%20SIN%203/FDOT.pdf
http://www.sarasotagov.com/InsideCityGovernment/Content/CAC/PDF/FruitvilleFlyerNewOK.pdf
http://www.sarasotagov.com/InsideCityGovernment/Content/CAC/PDF/FruitvilleFlyerNewOK.pdf

Jones, A.K., Dontharaju, S., Tung, S., Hawrylak, P.J., Mats, L., Hoare, R., Cain, J., Mickle, M.
(2006). Passive active radio frequency identification tags. International Journal of Radio
Frequency Identification Technology and Applications, 52-73.

Jones, M.A., Wyld, D.C., Totten, J.W., (2005) . The Adoption of RFID in the retail supply chain,
Coastal Business Journal, 4, 29-42.

Khan, F., Akhtar, N, & Qadeer, M. A. (2009). RFID enhancement in road traffic analysis by
augmenting receiver with telegraph CQ. Second International Workshop on Knowledge
Discover and Data Mining. Moscow, Russia. January 23-25. 9:19: 331-334.

Kieres, C. (2010). PaveTag Project Quotation. Minds, Inc. March 22.

Kilpellainen, P., Heikkila, R., & Parkkila, T. (2007). Automation and wireless communication
technologies in road rehabilitation. 24™ International Symposium on Automation & Robotics in
Construction (ISARC 2007): Construction Automation Group, 35-40.
http://www.iaarc.org/publications/fulltext/isarc2007-1.1 5 114.pdf

Kulseng, L. S. (2009). Lightweight mutual authentication, owner transfer, and secure search

protocols for RFID systems. Masters Degree Thesis. lowa State University.
http://archives.ece.iastate.edu/archive/00000476/01/Thesis paper Lars Kulseng.pdf

Lamont, J. (2005). Government tunes in to RFID. KMWorld. June, 20-26.

Lee, J. H., McCullouch, B. (2007). Automating material delivery records. Indiana Department
of Transportation (FHWA/IN/JTRP-2007/26). June.

Lee, W. J,, Song, J. H., Kwon, S.W., Chin, S., Choi, C., & Kim, Y. S. (2008). A gate sensor for
construction logistics. 25" International Symposium on Automation & Robotics in Construction
(ISARC 2007): Construction Automation Group, 100-105.
http://rebar.ecn.purdue.edu/JTRP_Completed Project Documents/SPR_3083/FinalReport/spr_3
083 _Form1700.pdf

Lim, S. H., Koh, C. E. (2009). RFID implementation strategy: perceived risks and organizational
fits. Industry Management & Data Systems. November 8. 109:1017-1098.

Lindly, J.K., Narci, A. (2006). Evaluation of rumble stripe markings, University Transportation
Center for Alabama.

Miller, J. (2007). Criteria for evaluating RFID solutions for records and information. The
Information Management Journal. January/February, 50-55.

Mohd-Yasin, F., The, Y. K. (2006). Developing designs: for RFID transponders. Microwave &
RF. September, 57-86.

Murray, C. J. (2006). RFID: Beyond the drive for five. Design News. April 24. 48-52.

26


http://www.iaarc.org/publications/fulltext/isarc2007-1.1_5_114.pdf
http://archives.ece.iastate.edu/archive/00000476/01/Thesis_paper_Lars_Kulseng.pdf
http://rebar.ecn.purdue.edu/JTRP_Completed_Project_Documents/SPR_3083/FinalReport/spr_3083_Form1700.pdf
http://rebar.ecn.purdue.edu/JTRP_Completed_Project_Documents/SPR_3083/FinalReport/spr_3083_Form1700.pdf

Newnan, D.G, Lavelle, J.P., & Eschenbach, T.G. (2009). Engineering economic analysis, 10"
Edition. New York: Oxford University Press.

Oregon Department of Transportation. (2008). Geographic information systems (GIS) strategic
plan. Retrieved at the University of Alaska Anchorage on November 11, 2009
http://library.state.or.us/repository/2009/200906011138131/index.pdf

Pal, A., Triche, M.H., Graettinger, A. (2005). Enhancements to evacuation procedures
emergency, University Transportation Center for Alabama.

Parker, F., Hossain, S. (2007). Statistics for superpave hot-mix asphalt construction quality
control and quality assurance data. Transportation Research Record. 1813: 151-156.

Pendleton, T. A., Sussman, J. M. Regional architectures: strengthening the transportation
planning process. Proceedings of the 2006 Multiconference on Electronics and Photonics;
Embodied Meetings; 3™ International Conference of Advanced Optoelectronics and Lasers,
CAOL, 2006; 3" International Conference of IEEE. Transportation Research Record (No. 1679).
Paper No. 99-0997. 11/11: 223-225.

Plazak, D. J., Garms, A., Rees, J. (2006). Access management plan and program for Des Moines,
lowa, metropolitan area. Transportation Research Record. Journal of the Transportation
Research Board (No. 1981). 142-147.

Rawal, A. (2009). RFID: The next generation auto-id technology. Microwave Journal. March,
58-76.

Richardson, J., Triche, M., Skelton, S. (2005) . Development of a Transducer for Measuring
Tensile Strains in Concrete Bridge Girders, University Transportation Center for Alabama.

Rodrigue, J. P., Comtois, C., & Slack, B. (2006). The geography of transport systems, 2"
Edition. New York: Routledge.

Ross, W. A., Burns, S. E.,Wu, P. Y. & Jared, D. M. (2009). Transportation Research Record:
Journal of the Transportation Research Board: No. 2098. Transportation Research Board of the
National Academies. Washington, D. C. pp. 3-12. DDI: 10.3141/2098.01

Seah, K. A. (2009). US Patent 7605688 -- Vehicle location determination system using an RFID
system. US Patent Office.

Singer, P. (2005). A new approach to low-cost RFID tags. Technology News. Semiconductor
International. Reed Business Information. http://www. Semiconductor.net.

Smith, B. L. (2008). Information technology as a critical element of the transportation

infrastructure. Transportation Research Report. Journal of the Transportation Research Board.
(No. 2064), 19-23.

27


http://library.state.or.us/repository/2009/200906011138131/index.pdf

Song, J., Haas, C. T., & Caldas, C. H. (2006). Tracking the location of materials on construction
job sites. Journal of Construction Engineering and Management, September, 911-918.

Transportation Research Board. Research opportunities in radio frequency identification (RFID)
transportation application. 10 —17/18 — 06.

Transportation Research Board of the National Academics.

US Department of Transportation Federal Railroad Administration. (2009). ) Preapplication
Raw Data Statistics. Office of Passenger and Freight Programs (RDV-10US Department of
Transportation. (2007).

Wang, L. (2007). Enhancing construction quality inspection and management using RFID
technology. Automation in Construction. January, 467-479.

Wyld, D. C. (2005). RFID: The right frequency for government. IBM Center: The Business of
Government.

Zhou, S., Ling, W., & Peng, Z. (2006). An RFID-based remote monitoring system for enterprise

internal production management. International Journal of Advanced Manufacturing Technology.
33:837-844,

28



APPENDIXE A: Technical Summary

Below is a recap of the technology components incorporated in the feasibility study. The study
utilized the Minds, Inc. PaveTag, based out of British Columbia, Canada. While alternative
vendors and hardware solutions are available, the decision to validate the PaveTag product was a
focus of this research study. PaveTag was chosen because it is the most mature product on the
market at this time.

The PaveTag solution is based on INDENTEC SOLUTION Austria, foundational proprietary
RFID hardware coupled with Minds, Inc developed custom and proprietary software and
hardware integration systems.

The Minds, Inc. product is a COTS solution. As such, the project does not require custom
hardware modifications. The software setup required minor custom modification such as
interfacing with the test contractor’s scale house software. Providing a technology interface
between the contractor’s scale house software and the Minds, Inc. system was a major project
requirement. This integration effort involved close coordination between multiple vendors, client
users, and management groups. One key group was the asphalt paving company contractor’s
information technology group. This group was responsible for the weight scale and pit site
operations and the associated personnel which required numerous preparatory and planning
meetings. Their concerns were data security, system maintenance, and minimizing operational
interruptions.

The following elements were included in the project test to data gather effort:

e Two control boxes (pit weigh site and paver mounted) connected with RFID data
collection units and antennas and cellular CDMA communications units. Final RFID
reader antenna selection involved pathway and interference signal analysis. The bolted
down paver mounted unit also provided GPS location data which was embedded in load
details information packets. The accuracy of the GPS was to a three (3) meter range in an
open, unobstructed testing environment.

NEMA weather resistant housing contained RFID reader units,
DC and/or AC power supply, cell communication and data interfacing control units.

e Three cellular CDMA wireless access communication points (pit scale house, pit weigh
site, and asphalt paver mounted) where retained for the test period.
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Granite Construction’s primary Pit Scale house weigh system required a direct data
interface (output of printed ticket communicated to test bed web site). Load data
information, using a CVS (comma delimited) format was electronically transmitted via
direct CDMA wireless cell connection to the Mind Inc. website database.

The scale house interface unit (beige colored) interfaced with the scale system software and provided an independent
CVS data feed to the vendor’'s website via a cellular wireless connection.

The Mind Inc. website contained the project’s data base and standard reporting web
services. Accurate service performance alerts were also communicated during the course
of the initial setups and operational testing period via email.

The project tested six rear trailer mounted ILR (Intelligent Long Range) INDENTEC
SOLUTIONS Active RFID tags. The active radio frequency identification technology
tested had a 100 to 125 meter performance range. Antenna tuning and electronic system
modifications shaped the range down to avoid misreads from other truck tags. Minds Inc.
software contained signal strength tag polling modifications. This allowed for accurate
signal strength test unit information selection.

-

Environmental sealed, battery assisted, active RFID tags
provide reliable performance during the approximately four week study

In summary, the Mind Inc. system performed as required throughout the prototype test program.
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