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PROJECT BACKGROUND AND OBJECTIVES

INTRODUCTION

This interim report provides a summary of work performed on TXxDOT Research Project 0-6004
during the first year of the project. The project was initiated to develop a single path, easy to use,
portable profiler. The desired profiler module is being designed to provide TXxDOT a unit that can easily
be mounted or removed from the front or rear bumper of typical TXDOT vehicles for measurements.
The Profile generated is to be compatible with existing TXDOT formats. The project was initiated in
mid-December of 2007. It was originally scheduled for completion in two years, however the research
effort was limited to a little over a year and a half. The project is being conducted by Dr. Roger Walker
of the University of Texas at Arlington and Dr. Emmanuel Fernando of the Texas Transportation
Institute at Texas A&M University who began work in September 2008 in accordance with the project
proposal. The research plan was separated into the following tasks:

e Investigate current non-contact displacement, acceleration, and distance sensors;

e Investigate current known profiling methods;

e Investigate portable instrumentation module;

e Develop software module; and

e Test instrumentation package and portable profiler.
Because of the shortened time frame as noted above, some of the tasks were initiated earlier than was
originally planned, and others delayed somewhat so as to meet the project objectives. However, it is

expected that all the original tasks will be completed as planned.






PROFILER SENSORS

Modern day inertial reference profilers use the following sensors in computing longitudinal
profile:
e an infrared start sensor for automated and precise starting of profile measurements,
e a laser for road-body displacement measurements,
e adistance encoder, for measuring distance traveled and synchronizing the computed profile to
this distance, and
e an accelerometer for measuring vehicle body displacements.
Since the current infrared start sensor is portable, inexpensive, and very reliable, researchers are of the
opinion that the available start sensors are adequate for portable profiler use. Thus, no additional
investigations of start sensor technology were made. TxDOT has been using these sensors on the
department’s inertial profilers for about 20 years and this field experience has proven the reliability of
these sensors. Researchers thus focused their investigations on the other sensors used for inertial profile

measurements. The findings from this work are presented below.

Lasers

The LMI 5000 Selcom laser is relatively inexpensive when compared with most other lasers (the
Acuity AR700 being an exception), and successfully used by many profilers in both the U.S. and a
number of foreign countries with almost trouble free operations. Additionally, the Selcom lasers have
been used for profiling since the mid-1980s. TxDOT has used these lasers exclusively on the
department’s profilers since about that time. After discussing the current laser usage with project
personnel in a meeting on June 23, 2008, the decision was made to use the LMI 5000 for the portable
profiler to be developed in this project.

The Acuity lasers are being used by some slow speed profiler manufacturers. The measuring
speed of the Acuity sensor AR700 is 9400 readings per second, once not considered adequate for high
speed profilers. However, with laser bandwidth considerations and filters, the necessary bandwidth
often is much less. These lower sampling rate lasers might be adequate for high speed profilers.

It should be noted that the effects of texture on IRI has been recently under investigation, raising
questions on single spot lasers. Selcom has developed a line laser, referred to as the Roline laser, which
is currently being implemented in some of the newer versions of the low and high speed profilers. Ames

Engineering currently offers profilers with a Roline laser option. Instead of providing a single spot



measurement, the Roline laser provides a transverse set of measurements along the wheel path traveled
by the vehicle. The laser can also be rotated 90 degrees, providing a set of longitudinal measurements.
Figure 1 illustrates three of the LMI-Selcom profiler lasers

LMP’s Selcom ROAD SENSORS

SLS 5000 - Low speed (16 kHz)
Ruts and Roughness
Texture Depth and Macrotexture

SLS 6000 — Large standoff

Increasing measurement width

OPTOCATOR - High Speed
Texture Depth and Macrotexture
Ruts and Roughness

L“I | Selcom__y

EENBORS THAT BEE

Figure 1. LMI’s Selcom Road Lasers (from LMI sales literature).

Accelerometer

TxDOT has successfully used the Columbia Research SA107BHP accelerometer since 1985.
This model is also used by several other manufacturers and profilers in other states. The one drawback
has been the cost. Researchers had previously investigated the 3-axis ADXL150EM-3 accelerometer
(Figure 2) and noted that this alternative sensor might be suitable for some profiling applications.
Figure 3 shows the specifications for this 3-axis accelerometer. Since the lower cost accelerometers
examined by researchers did not have equivalent specifications as the Columbia Research SA107 series,
the question arises as to whether the less expensive accelerometers would be sufficient for pavement
profiling applications. This question is addressed in a later section of this interim report. The prototype

profiler instrument sensor module developed during the first year of this project included the installation
of the ADXL150EM-3 for side by side testing.



ANALOG
DEVICES

ADXL105/ADXL150/ADXL250/ADXL190

Evaluation Modules

| ADXL10SEM-1, ADKLTOSEM-3, ADXL150EM-1, ADXLTS0EM-3, ADXLT90EM-1 |

FEATURES

High Peidaimiaies Pispadkadnd Bibsleiimete
Complans Rocaleution Mesi man Sy viem
Gall, Liee Casn Ready-o-tlse

=4 g, = B0 p 10 He Sirghe sad Multissin Yerions
Wil e Danaids Rasge: = 100 g Sngle Guis

Lam Porveer Bapely Current

+5 % Ging s Suzply O pesabon

Eawp Semrre Duren'Balt Duven Mawsting

APFLIGATIORS

Wikeatica Aradyain, Ssinrmic srd Esrthaus ks Maritar-
g Cisch Semsing. Achotic Appliceticnn. Shpping
srd Tramperistses. Skock Meaitoring. Actve Sus-
penalen Rpplcstions, Medcal Anslyss, Aotles Sausd
Curecall stices, srd Much Mess

GENERAL DESCRIFTIEN

The ADVILIOSERM. ADXLLSIES, srel ADKLASEM erabisiim
rerdzh provide 3 comphe swcknatios meEmreTITE n
o losr gost paciage. Thew mosduks dmplily die ovalusion and
warmng of e ADNLACERATNL 150 DR L0 ATNL2 50
maorotithic sooilarommatar 108

The ADSILIDS, ADELLEHY, ADXLIR (1ngh) aad ADKL2H
Vil i aoeleponrrtiees ol ked ivovie il Bigh sl Sorirame
raten. [n sckdwize, the wale Factor ard 0 ¢ cutpaai ko are ot
MIneEmc 1o tha powe 1epply 16 f12 sccsl mamewr ard any ok
lrwing civousry (wach o an ADC, s | owill track sach ofser o
the nEpply volags ATk

Each igsekake conbiien ot ar meaee ADXLISS, ADKLIS0, e
AL 190 aerien P dfam

widpnil scake Deokar woth oofoarndl krdepana iering

AN b required 1 use thise madubis B & +5 voll gomer ug-
Py, Tha med ok thoekd ba anached (ie, screwed o goed
dowmi} secusdE 5o e shiecT being mesisnd, vaki g oo thar
b s o serriiieny, Dedcaned by Bie lasge anoe on te vop ol
e mandube, B aligned with e expecid soodmanion
AMadukm 3z avaifabl i cther packoge wyles (iock s reg-
edaed meralic boeds and |5 ather ¢ raage from our thid party
P Bew i ek e 1 e sl e e (o s
b en

CILUTLENE THMENSI0NS

arsraiam shomen i irwbem ud [mam]

e '
i ]
-*"‘\‘?f’f [r
< .ﬂluu -
e
,f’fi "fiw'.-l-rm CABLE SAHAL COLIR CO0E
L > =n
.-;-”-:,_ff-a._ ;7' 1
i ‘:g.v,"".v" -___g.{l" :
- -

REY.C

[P SERE SR T VN [ SO W P, SO 10 0 SO ) a——_—
el Homgear, o ssaorasb ey it semmeed by Anslog D s ar
i, o b o i iineTeies of padene o adhed righis ol thisd pass

which rewy el flom i uss. Rcwras ik gunsd by mplossas o Tak TRILES AT
2. clad vy i s i hnadig Dimican

i

Far TH1 AT

Cur Tribidbeg Wey. PO, B ik, Miwaed WA RSN, V2N
W

il Wis Bk B b v e o
Erabng (iprras,_ s 100

Figure 2. Analog Device ADXL Accelerometer.
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Figure 3. Specifications for ADXL150 Accelerometer.

Distance Traveled Sensor

Synchronizing the computed profiles to distance traveled is required for pavement profiler
applications. There are several types of distance encoders that are used by profilers. TXDOT currently
uses an in-house unit that attaches to the drive shaft of the vehicle. However, because of the mounting
required to use this encoder, it was not considered suitable for use in a portable profiler. Most profiler
manufacturers use an off-the-shelf distance encoder that attaches directly to the wheel. The attachment
apparatus holding the encoder to the wheel hub is typically built by the profiler manufacturer. This
setup is typically used in dedicated profiling vehicles where the profiling system is specifically installed
in the vehicle by the manufacturer, such as profilers sold to transportation departments for pavement
condition surveys. Within the past 5 years, profiler manufacturers have come up with systems that are
designed to be used with more than one vehicle. These systems use a method of mounting the distance
encoder such as illustrated in Figure 4. This figure provides an illustration of a wheel attachment



Support rod
with magnetic
holder

Wheel hub attachment

Distance encoder

Figure 4. lllustration of Portable Distance Measuring Assembly

Figure 5. Distance Measuring Assembly Used on TTI Profiler.



constructed by TTI and an encoder similar to the one used with the TTI profiler. The encoder is
attached to the wheel with special lug nuts and supported by a rod attached to the fender using a
permanent magnet. The actual unit used on the TTI profiler is illustrated in Figure 5, with the rod
attached to the fender by bolts. Corrsys Datron Inc. offers a portable system (see Figure 6) that attaches
directly to the wheel hub in a similar manner as the TTI unit. This unit provides an approximate

0.1 percent horizontal resolution. This method of mounting the distance encoder provides some level of
portability for using profiling systems on different vehicles where the wheel hubs are compatible with
the mounting hardware.

Figure 6. Corrsys Datron Portable Distance Measuring System.

During a project meeting in August, a radar-based distance measuring system was discussed that,
at that time, was being tested at TTI on another project. Following this meeting, UTA purchased this
noncontact unit. Although not recommended for slow speed applications, this distance measuring
instrument will be investigated during the latter part of the project. This unit would not require attaching

to the wheel hub or axle, and if found suitable could potentially provide a very portable option.



PROFILE COMPUTATIONAL METHODS

The Spangler Profiling Method

Two profiling methods or derivations of these methods are commonly used by today’s profilers.
The first method was developed by Elson Spangler and William Kelly in the early 1960s. They
developed and patented a device known as the GMR Profilometer while working at the General Motors
Research Laboratory (1). The GMR profilometer was commercialized through KJ Law in the late 1960s
and one of the first such units was purchased by the University of Texas at Austin (2) during a research
project sponsored by the Texas Department of Transportation. The method (see Figure 7) uses an

accelerometer to measure the acceleration of the vehicle mass motionZ . The mass displacement is

then determined by the double integration of the acceleration. The mass displacement (W-M)p, is
determined by a laser (originally measured using a road following wheel and linear potentiometer). The
measured profile is then computed by summing Zn,, the double integrated mass acceleration with the
mass displacement, or (W-M)y, yielding Wy, or measured road profile. In this original system, the
sensors provided an analog voltage proportional to the acceleration and road-body displacements which

were then processed (double integration, summing, and filtering) in real-time using an analog computer.

ACTUAL MOTICN ACCELERATION MEASURED MOTION  MEASURED
MOTION OF WHEEL OF MASS OF MASS OF MASS ROAD PROFILE

¥ W

w MECHANICAL FILTER z p DOUBLE ‘o N m

(MASS-SPRING -DAMPER) ACCELEROMETER INTEGRATION AL
SUMMER
By
- (w-2)
POTENTICMETER

Figure 7. GMR Road Profilometer Measurement Process (1).

In 1983, Spangler obtained a patent for a digital version of this process where the analog sensor readings
are sampled with respect to distance traveled. A real-time computer program was developed that would

compute profile from the sampled signals.



The South Dakota Method
During 1981 and 1982, David Huft of the South Dakota Department of Transportation developed

a variation of the profiling procedure using a time-based inertial profiling algorithm. For the Huft
method, the analog voltages proportional to the vehicle mass acceleration, Z_, and road-body

displacement (W-M) is sampled with respect to time (originally at 1000 Hz). The mass acceleration is
then integrated with respect to time and added to the time sampled road-body displacements. The
closest time based profile value is then synchronized with the appropriate discrete distance reading,
yielding the road profile. Both the Spangler and Huft methods also use a filtering process to attenuate
the low frequencies or long wavelengths measured by the accelerometer where the Spangler method
used a three pole filter and the Huft method used a single pole Butterworth filter. The Huft method then
would post process the profile with a two pole distance based filter. SDDOT subsequently began using
the Road Profiler to conduct annual statewide roughness surveys. The Huft or South Dakota method
used a noncontact ultrasonic ranging sensor to measure the distance between the test vehicle and the
pavement surface (see reference 3 for a description and evaluation of the original South Dakota
Profiler). In 1985, a third ultrasonic sensor, located in the center of the vehicle was added for making
rut measurements. Because of the success of this system and the Federal mandate to collect reliable
roughness measurements for the Highway Performance Monitoring System (HPMS), SDDOT began
providing technical assistance to other states interested in building similar equipment and organized the
Road Profiler Users Conference. This conference provided personnel from the various states with
profilers a common time and place where they could discuss their experiences and problems in
constructing and using these profilers.

Because South Dakota did not patent this method, the result was the wide spread usage of road
profiling technology. International Cybernetics Corporation was one of the first companies to market a

commercial version of the South Dakota Profiler and was later followed by other companies.

Project Profiling Model

One of the tasks planned for the research effort is to develop a means by which the various
profiling methods can be investigated for applications requiring procedures that will meet the
requirements of multiple locations and portable usage. During the project, a general profiling model
(Figure 8) to test the various methods and their variations has been under development. However, this

effort has been hampered by not having actual raw sensor data from the portable instrument module for
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testing and comparison to reference profile values. As a result, research efforts were redirected on
moving up the construction of the portable instrumentation package so it could be used to collect raw
sensor data. Reference data from two road sections on SH6 and SH47 have recently been profiled by
TTI using the walking profiler and rod and level. Additionally, a third section on SH130 in Austin is
available. A later section discusses the initial prototype portable instrument developed during the first

year, which has recently undergone testing on the TTI profiling vehicle.
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Figure 8. Matlab Profiling Model.

Initial walue 1

Model simulations will be used to perfect the profiling method during the second year of the
project. As discussed earlier, there are three sensors needed for accurate profile data: laser,
accelerometer, and distance encoder. The orientation of the body-motion and road-body displacement
sensors with respect to each other as well as the accuracy and synchronization of the distance
measurements are critical for accurate profile measurements. Additionally, proper positioning, location,
and portability of the accelerometer-laser instrument package must be such that accurate acceleration

measurements can be made of the vertical vehicle motion and road-body displacements. For example,

in the original KJ Law profiler, the accelerometer-laser sensors were located on each wheel path in the

center of the vehicle. This location had the added advantage of more accurately measuring the
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perpendicular body movement. Because of the more difficult problems of placing the sensors at this
location and the need to collect rut information, the instrument package was later moved to the front of
the vehicle and housed in a rut bar. This setup is used on most of today’s road profilers. The instrument
package and its location on today’s high speed and light weight profilers are typically permanently fixed
to a specific vehicle. The portable profiling package however can be attached to either the front or rear

of the vehicle.

Investigating Different Locations for Accelerometer Placement

A set of previously collected acceleration data along with the associated inertial profile data was
available at UTA. The data had been collected on another UTA internally funded project aimed at
developing a portable IRI measuring procedure. Since one of the portable profiler design parameters is
the location of an instrument package that includes a similar accelerometer used in this previous project,
researchers again investigated the data. Further, since the method investigated was highly dependent on
accurate vehicle body accelerations and similar computational procedures were used, the results were of
interest to researchers. Thus, researchers analyzed the available data to determine how the position of
the acceleration package would affect accurate vehicle body motion measurements. The experiment
also provided a head to head comparison between accelerometer measurements from both the lower cost
accelerometers and the SA107BHP.

For the previous study, a full size van was instrumented with three pairs of the less expensive
accelerometers similar to the Analog Devices sensors where one sensor of each pair was filtered with a
50 Hz analog low pass filter while the other was unfiltered. Each of the three pairs of sensors was
located in the front, rear, and on the back axle of the vehicle. Note that no sensors were placed on the
front or rear bumpers of the test vehicle. A seventh sensor, the Columbia Research SA107BHP
accelerometer was located at the back of the vehicle. A distance encoder and infrared start sensor were
used to synchronize the accelerations obtained at discrete distance intervals. Table 1 summarizes the
location of each sensor and the assigned A/D channel.

A total of seven one-mile sections, each consisting of five 0.1-mile test segment were selected.
Each section was run five times, where a start tape signaled the beginning of each one-mile five section
set. For the tests, the data were sampled by time, similar to the current method used in TXDOT’s
profilers and the average set of readings of each sensor was computed for each distance pulse. Raw
sensor readings were then obtained on the five one-mile sections. Five repeat measurement runs were

made on each section thus yielding a total of twenty-five 0.1-mile data files. The infrared start sensor
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was used to ensure the same start point for each measurement run. As indicated, one of the objectives of
the experiment was to determine if a model could be developed to predict IRI from the accelerometer
readings. The statistic used for correlating to IRl was the slope variance of the first derivative of a
predicted profile. The computational procedures used to compute the estimated slope variance (denoted
as WSV) included a digital integration and high pass filtering similar to the one used for computing
profile. Three repeat runs were made on the five one-mile sections with an inertial profiler and the
corresponding IRI computed for each of the one hundred and twenty five 0.1-mile runs (5 one mile
sections x 5 tenth of a mile subsections x 3 repeat runs). The average IRI of each of the three repeat
runs were then correlated to the average of each of the five WSV runs using a linear regression model of
the form IRl = Log(WSV+1)%2.

No significant difference was noted between locations of the accelerometers and the two
accelerometer types for the accelerometer placements considered in the experiment. The results are
given in Table 2 and the corresponding IRI vs. WSV regression plots illustrated in Figures 9 to 15.

Table 1. Summary of Correlations between IRl and WSV.

Statistics | acc—-1 acc—2 Acc -3 acc-4 acc-5 acc—6 acc—-7
RSQ 0.935228 | 0.95332 | 0.942967 | 0.935336 | 0.947338 | 0.941501 | 0.95025
STD
ERR 0.342135 | 0.290448 | 0.321045 | 0.34185 | 0.308497 | 0.325144 | 0.299848
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Table 2. Sensor Type and Location.

Accelerometer Position
1 - (filtered 50Hz) Under Axle
2 - (filtered 50Hz) Back of Van
3 - (filtered 50Hz) Front of Van
4 - (unfiltered) Under Axle
5 - (unfiltered) Back of Van
6 - (unfiltered) Front of Van
7 — Columbia Research Back of Van
Sensor1
6
y=9.3394x-3.2671
5 5 *
R*=0.9352 ot
E 4
£ 3
= )
1
0 1 1 1 T
04 05 06 0.7 0.8 0.9
wsv

Figure 9. Plot of Correlation between IRl and WSV - Sensor Placement 1.
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Figure 10. Plot of Correlation between IRl and WSV - Sensor Placement 2.
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Figure 11. Plot of Correlation between IRl and WSV - Sensor Placement 3.
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Figure 12. Plot of Correlation between IRl and WSV - Sensor Placement 4.
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Figure 13. Plot of Correlation between IRl and WSV - Sensor Placement 5.
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(Sensor 6)

IRl (mm/m)
—_ ro (%] = on (=]

o

0.1 0.12 0.14 0.16 018 0.2 0.22 0.24
WsvV

Figure 14. Plot of Correlation between IRI and WSV - Sensor Placement 6
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Figure 15. Plot of Correlation between IRl and WSV - Sensor Placement 7.
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As indicated, researchers observed no significant differences in the results for the sensor placements and
accelerometer types considered in the experiment. In this evaluation, the two computation procedures
were different in that they did not combine laser readings and accelerometer measurements to measure
profile. Also, the sensors were not located on the front and rear bumpers. However, the results did
seem to indicate that measurements of the vertical vehicle body movement could be accomplished in the
locations investigated, and perhaps with the less expensive accelerometers. However, without actually
testing in a profiler, actual performance is unknown. The instrument module used for the portable
profiler and described later in this report accommodates both the Analog Devices (AD) and Columbia
Research Labs accelerometers so data from both sensors can be obtained for comparisons.
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PORTABLE INSTRUMENT MODULE

Instrument Module

A prototype instrument module has been designed and is currently being tested. Figure 16 shows
a block diagram of the design concept. The plan is to house all sensors, power, and signal conditioning
components inside a module that will be placed on the bumper of the profiler vehicle. The data will be
collected from these sensors, converted to digital values and then sent to a notebook PC located in the
vehicle. Communications between the sensors and PC will be via a USB cable. The design is very
portable, small in size, and contains all laser, accelerometer, power, signal conditioning, and analog to
digital components. The instrument package is designed to run off the vehicle’s 12 volt power source.
Table 3 identifies the sensors and other components in the instrument module while Figure 18 provides
the connections between the components. The constructed prototype module is shown in Figure 17. A
block diagram of the components for the instrument is provided in Figure 16.

Table 3. Instrument Module Components.
ITEM NO. COMPONENT

USB Connector Mount — DT 9816 to PC |
Filter Module — SIM Board

DT 9816 Data Translation A/D Module
DC-DC Converter — 12v to 24v

DC-DC Converter — 12v to 5v, £15v

SLS 5000 Laser

4g Accelerometer

Laser Connector Breakout

Power

R1 - 500 ohms

Ol |N|oO|O|B|WIN|F-

[EEN
o

A portable mounting apparatus has been obtained for initial testing which can easily be attached
to most vehicles (see Figure 19). This apparatus is very flexible and may be attached to the front, rear,
or side of most vehicles. During the second year of this project, researchers will investigate the
feasibility of using this mounting apparatus and will recommend improvements or other options as
warranted. Researchers will also consider mounting systems used by other portable profiler

manufacturers.
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Modules for Profiler Unit

+12
Battery Power Module 12V in — 12Vi24Y

+12 out (DC-DC Converter)

MNotebook PC

+12/24

UsE

SensorBumper Module

LaserfAccelerometer/Buffer
BoardiStart SensorfAcquisition

Cistance Module —
module

EBracket/encoder

L

=

Bumper Module — Holds +12/d
Sensor Module

Distance

Figure 16. Block Diagram of Portable Profiler Design.

Development of Software Module
The software module in the notebook PC will be a modified version of Ride Console, a program

developed on an unrelated project at UTA and which is currently being used in both TXxDOT’s and TTI’s
profilers. This package provides an output format consistent with the TXxDOT VNET protocol and has

been tested in both TXDOT and TTI profilers to provide data that complies with the profiler certification
requirements given in TXDOT Test Method Tex-1001S. The modifications that might be necessary will
be to accommodate portability issues. More details on this software will be provided in the final project

report.
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Figure 17. Profiler Instrument Package.

21



Instrument Module

Connections
15 — Power +24v
h T Power In
14 —laser on - -
13- Signal o
¢ Laser o
11— Gd ECR 12v to
Connector ey
E - USB- 1
DT 9316 —
Gnd.
- e 12y
Laser-6
+15u
DC-DC M2y
A Canv. -5
g 12yt 5, o
+15v  Gnd.
+15u 11 5V
Accel - 7 God. A5 150
-15w
Signal _ ool
Gnd +H2w start +H12v
Distance Encoder Start Sensor

Figure 18. Instrument Module Connections.

Products| Accessories CORRSYS
DATRON

Sensorsystems

MOUNTING SYSTEM

Adjustable
Mounting
System

for

CORRSYS-DATRON Sensors

* Vehicle side

+ Vehicle rear

+ Trailer coupling
« Towing lug

The CORRSYS-DATRON Adjustable Mounting System enables quick and easy
mounting of sensors to virtually any vehicle, including passenger cars, trucks,
busses, ral vehicles and matarcycles, Highly flewble and readily adjusted, this
modular mounting system makes test sef-up fast and easy.

Figure 19. Option for Mounting Instrument Module to Test Vehicle.
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INITIAL TESTING OF PROTOTYPE PROFILER MODULE

Researchers established two test sections on SH47 in Bryan and SH6 south of College Station to
check the performance of the prototype profiler module illustrated in Figure 17 of this interim report.
The section on SH47 is hot-mix asphalt while the one on SH6 is continuously reinforced concrete
pavement. Each section is located along the shoulder adjacent to the northbound outside lane of the
given highway. On each section, researchers collected reference profile measurements along the middle
of the section using the Walking Profiler and rod and level. Researchers collected reference profile
elevations over a distance of 1140 ft on each section in accordance with TXDOT Test Method Tex-
1001S. These measurements produced reference profiles at 2.375-inch intervals on each section.
Figures 20 and 21 show the reference profile measurements collected on the sections. Researchers made

three repeat measurements (runs A, B, and C) on each section as shown in these figures.

0
50000
E 4
E
S 100000
2 ]
1]
>
2
L i
D -
g 150&0&_
'
i
@
o J
200000
250000
0 200 400 600 800 1000 1200
Distance (ft)
‘—RunA—RunB—RunC'

Figure 20. Unfiltered Reference Profiles on SH6 CRCP Section.

23



40000

20000 ]

07

-20000 ]

40000 ]

60000

80000 7

4100000 \

120000 \

140000 \

160000 \

80000 7
0 200 400 600 800 1000 1200

Distance (ft)

Relative Elevation (mils)

‘—RunA—RunB —RunC|

Figure 21. Unfiltered Reference Profiles on SH47 Hot-Mix Asphalt Section.

The 1140-ft distance over which researchers measured reference profiles provides sufficient
lead-in and lead-out intervals for verifying the accuracy of inertial profile measurements based on the
requirements given in Tex-1001S. Within this interval, researchers established a 528-ft test segment
beginning 306 ft from the start of each section on which measurements with the prototype profiler
module were collected. To gauge the repeatability of the reference profiles over each 528-ft test
segment, researchers determined the cross-correlations between repeat measurements using the Federal
Highway Administration’s ProVAL software (4). Table 4 shows the cross-correlation coefficients from
pairwise comparisons of replicate IRI-filtered reference profiles on the SH6 and SH47 sections. The
cross-correlation coefficients are all above 90 percent indicating good repeatability between the IRI-
filtered reference profiles. Moreover, the cross-correlation coefficients are consistent across the
pairwise comparisons for a given segment. Table 5 shows the IRIs determined from the unfiltered

reference profiles on the 528-ft test segments established along SH6 and SH47.
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Table 4. Cross-Correlations between IRI-Filtered Reference Profiles.

Iglghway Pairwise Comparison Cross-Correlation Coefficient (percent)
egment
Avs. B 91.1
SH6 (CRCP) Bvs.C 90.5
Avs. C 91.6
Avs. B 95.4
SH47 (HMAC) Bvs.C 95.9
Avs.C 95.3

Table 5. IRIs Computed from Unfiltered Reference Profiles.

Highway Segment Replicate Run IRI (inches per mile)
A 50.7
SH6 (CRCP) B 51.7
C 51.1
A 39.0
SH47 (HMAC) B 38.4
C 38.4

Researchers mounted the prototype profiler module on the test vehicle as illustrated in Figure 22.
Prior to testing, researchers ran laser, accelerometer, and distance calibrations to input into the
configuration file of the modified Ride Console data collection program provided by UTA. Researchers
then collected inertial profile measurements with the prototype module and processed the data to verify
its performance based on the certification requirements specified in Tex-1001S. Figures 23 and 24 show
the repeat profile measurements on the test segments while Tables 6 to 9 summarize the test statistics
from this evaluation. The results are quite encouraging. The prototype profiler module met all test
criteria prescribed in Tex-1001S. However, more tests should be conducted on other test vehicles to

verify the portability of this module. Thus, more verification work is planned.
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igue 22. Prototype Profiler Module Mounted in Front of Test Vehicle.

26



400

300 1

200 1 i \
100 -

Relative Elevation (mils)

0 -
4100
200 1
300 ————
0 100 200 300 400 500 600
Distance (feet)
—— Run-- 1{Of065S01B.pro) Run-- 2{0f06S02B.pro} —— Run-- 3{0f06S03B.pro) Run-- 4{01f06S04B.pro) —— Run-- 5{0f06S05B.pro)
Run-- 6{0f06S06B.pro} ——Run-- 7{Of06S07B.pro} —— Run-- 8{0f06S08B.pro} —— Run-- 9(0f06S09B.pro) —— Run-- 10{0f06S510B.pro}

Figure 23. Repeatability of Inertial Profile Measurements on SH6 Test Segment.
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Figure 24. Repeatability of Inertial Profile Measurements on SH47 Test Segment.
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Table 6. Repeatability of Profile Measurements from Test Module.

Section Average Standard Deviation (mils)®
SH6 12
SH47 9

Table 7. Repeatability of IRIs from Test Module Profile Measurements.

Section Standard Deviation (inches/mile)
SH6 1.32
SH47 0.51

Table 8. Accuracy of Profile Measurements from Test Module.

Section Average Difference (mils)® Average At()?]?illgi Difference
SH6 -1 11
SH47 0 18

Table 9. Accuracy of IRIs from Test Module Profile Measurements.

Section Difference between Averages of Test and Reference IRIs (inches/mile)”
SH6 -5.23
SH47 -3.65

! Not to exceed 35 mils per TXDOT Test Method Tex-1001S

2 Not to exceed 3.0 inches/mile per TXDOT Test Method Tex-1001S

® Must be within +20 mils per TXDOT Test Method Tex-1001S
* Not to exceed 60 mils per TXDOT Test Method Tex-1001S
> Absolute difference not to exceed 12 inches/mile per TXDOT Test Method Tex-1001S
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REPORT SUMMARY

This interim report has provided details on progress made during the first part of Project 0-6004,
Development of a Portable Profiler. The project was initiated to develop a single path, easy to use,
portable profiler that can provide profile data or IRI values. The desired profiler module is being
designed and developed to provide TXDOT a unit that can easily be mounted or removed from the front
or rear bumper of the typical TXDOT vehicles for profile measurements. The profile generated is to be
compatible with existing TXDOT formats.

During this first year of the project, initial investigations and analysis of road profiling methods,
and sensors used for these measurements have been performed. Laser, accelerometer, and other
equipment have been obtained for constructing the portable instrument module. A candidate portable
attachment apparatus was purchased. A prototype portable instrument module for profile measurements
has been constructed and is currently being tested. Two road sections were established in Bryan/College
Station on which researchers collected reference profile data. These sections were used in the initial
testing of the prototype profiler module. The initial test results showed that the module provided
profiles that met the certification requirements given in TXDOT Test Method Tex-1001S.

During the second year of the project, the issues of collecting high speed profile data from the
portable instrument will be addressed. Module simulations will be investigated as needed for a robust
profiling procedure. A major objective of these investigations is to come up with a certification-ready
portable profiling system for testing at the profiler certification track located within the Texas A&M
Riverside Campus. The desired outcome is a portable profiling system that has been demonstrated to

meet TXDOT’s Tex-1001S certification requirements.
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