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purpose of this study is to evaluate ava11ab1e pavement distress surveill- 
it and the result is the recomrnendation of a system of proven value Lo the 
ie ltighway and Transportation DepartmenL. ,

Ttre requi.renents of the system are that it be; (1) able to provide sunmtary datdfor pavement management purposes; (2) able to provide data in such form that it is cao_ Iable of nmltiple interpretati_ons and uses; (3)-economlcally adaptible to future;;;;_ 
itions and state-of-the-art developments. Three equiprnent iystems, ARAN, PASCO-RR, anJ 
iLaser RST, were demonstrated and after evaluation-weie found to meet these requirements. 
iARAN and Laser RST are the most automated providing all significant d.ata ex- 
icept -cracking and faulting objectively. PASCO-RR is the leait autom;ted providing only 
Irut depth sumtilrles and longitudinal profile with all other data involving considerable

Inanu^ell and subjective processes. Classification and quantification of crfcking and de-tectj-on of faulting 1s a vi.sual subjective process in all systens. Cracki.rg .id i""iii"gdata 1s obtained by view-r1g images of tfre pivement surface, ARAr\ uses video and PASCO----:
RR uses 35nrn pictures, while laser RST usel a windshield survey. ARAN and l,aser nii-6avq
maxjnmm operating speeds in excess of 50 mph while PASCO-RR's maxiiinrn system speed is I

12.5 mph -r------ -r-- 
:

ARAN is the most compatible with future developments. Laser RST would requirethe addition of some sort of ilrngg acquisition deviee. peSCO-RR is not compatible.
This study reconrnends that ARAN best meets the needs of the Arkansas State

Highway and Transportation Department and would be economically cdnpatible with irnageprocessing. rt is reconmended that the Arkansas State Highway- and transportation Depart
ment buy the ARAN system.
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EXECUTIVE SUUITARY

TNTRODUCTTON

The -purpose of this study is to evaluate availablepavement distress surrreillance equipnent and to reconnend anequipnent systen of proveD varue to-the Arkansas state Hirhr;tand Transportation Department.

The requirements of the equipment system are that it be:

1 able to provide summary
management purposesi

data for pavenent

2.

3

able to provide data in such foru that it iscapable of nultiple interpretations and usesi
economically adaptable to future innovations andstate of-the-art developments.

8YSTEUS BVALUATED

Three equipnent systems were demonstrated and evaluated.These equipment systems are ARll{, pAgco-RR, and r,aser Rgr.

ARAN

The ARAN_equipment was provided by Highway products rnter-national of Paris, ontario, canada. ARAtf features automation ofrut depth measurements, longitudinal grade, cross fall,transverse profile and radius of curvature-. viaeo inages ;;provided with very good resolution of the right-of-way and- of thepavenentrs surface. The inages of tbe pavenent surface are of aquarity that surface distress can be determined. The ratinggiven to ARAN lith respect to future developnent and purposes f,orwhich AHTD would need this equipment is very good. I

PASCO-RR

PAgco-RRr s e-quipnent is made in Japan and provided byAvrAR rnc. of Austin, Texas. The pAgco equipnent tonsists oifour systems which are nounted in the sanJ vlnicte. Horever,with but one exception, they must be operated during separatepasses. pASco-RR7o uses 35nm continuous photography, at iignt,for interpreting surface distress. pABco-RRzs uses 35nm slitphotographyr tatren at night, in a unique puotog;"ehi;foreshortening nethod to measure rut deptih an-a deterninetran_sverge profile at preselected intervlrs. pAgco-RR85B
supplies summary rut depth inforcnation to supplement -RRzsrs dataand -may be used in conjunction rith eithtr -RRzo or -RRzs.r,ongitudinal profile is provided by pAgco-RRzz. pegco-RRz?ts
maxinum speed is 25 mptr wuite tbe otiers have a maximuu speed of

iv



50 mph. PAgeo-RR has a system maximum speed of L2.s nph rbireall other systems evaluated have operating speeds in excess of 50
Tph. Tltis system is not conpatiblL with -future 

developmente andis rated very poor in this respect. overalr rating-roi prrrpor.,for vhich AHTD would need tbis equipnent is poor.

taset RgT

taser Rsr was developed and is owned by the BredisbGovernment and was provided by hfrastructure uanJgenent BervLoeof Arli:rgton Heights, lllinoiJ. This device uses i"r"r distancemeasuring technology for determining rut depths, surfaceuacrotexture, and crack deteation. No 
-image of iue pavementrssurface is provided, consequentry, surtace distiess is athrougt-r-the-windshierd process. This device is avairable ;; ;lane mile lease arrangement but is not for sale. AdaptaUifity- tofuture development rating is good. overall rating for ArITDrsneed is fair.

RECOIIITTENDATIONS

The subcomrnittee makes the following recommendations:

1. That the ARAII equipnent systeu provided byHighway products intLrnationlt resE, meets the
AHTDTS needs and should be purchased.

2. fhat the principal rnvestigator spend at leastfive (s) work-ing days ousenzing tiis eqrripneni
and associated processes. uissouri Dor his thisequipnent and has indicated a wilringness to herp.

3- That, after 2 above, specifications shourd bewritten.

I That, as a condition of purchase,
Products International deuonstrate, onour choicer the operation andcapabilities as specified in 3 above.

f,ighway
a road of

output
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I}TPIJEUENTATION

rmplementation of the findings of this report yould requirethe purchase of the ARAI{ e_qlipnent_ system -as piovided rv riiuriiProducte rnternational. Pull inplenLntation for all rf,o a5strito independentry use the visual data would require that a gll
inch vcR and a high resolution color monitor be icquirea for eachindependent user.

The users include, but are not linited to the project
Planni-ng conmittee, Roadway Design Division, sridge oiririoo,Traffic oivision, pranning piviiion, uaterials "na ResearchDivision, tbe Districts, and erogr,nqing and scheduling.

Th" Project Planning committee should find the visual andnuneric data of naterial varue in setting project criteria.- Th;fie_14, inspections conducted by Roadray Ii'eJig; oivision woutd beaided by viering the visual data ana reiiewing the numericprinted data on a project level basis. rtems or features ofparticurar interest could be identified and rocated prior t;fleld inspection.

The Bridge Division wirl be abre to use the right-of-wayimages to evaluate bridge approach geometrics. The aumerichorizoutal and vertical alignnent data itrouta also be of value inthis respect. The images norual to the pavenentrs surface rillallow a more precise evaluation of bridge deck condition il1htine specific and through time.

The Traffic Division would be able to conduct their signinventory by reviewing the rigbt-of-ray images. i; addition tfiaslne inages vhen viewed in conjunction with- printed data wiII beof value in accident analysis. Irlost on site -inspections 
would beobviated and those that iere necessary could be Uetter preparedfor. - of particular value in accident causation anatysij i; ah;vertical and horizontal alignment data. Buch an analyiis uas n;ibeeu possible in the past due to lack of information.

The oistrict Engineer rill have detailed printed and visualdata rhich uill be of value to them in determining prioritie- i;;overlay betterment and sealing projects.
The ARAI{ equipnent rould provide detailed data with respectto project sites. Thes€ data rould greatly reduce the number offield tripq required by the Researci sec€ion of uiteriats 

"naResearch Division in its project monitoring pro(rrrtn. changesthrough tine courd be readily deteruined ana quintiried.
All Pavenent

collected by tro fi
Technical Ber:rrices

Management, Needs gurvey, and UpUg data igeld srews composed of two people eacb fron theSection, planning Oivision. These tuo Fie1d

vi



cress collect all of the structural pavement data for pavement
I.lanagement and nake PgR ratings of the pavement for the NeedsSurrey. Because of the complexity of the data to be collected
and the rraff.ic congestion present, the fierd creys nay bave to
nake two or three passes over a section of highway to collect aIIof the necessary data for the Needs gurrzey. Irhire the NeedsSurvey data on the Btate Eighway gysten is used for the Hpt{gdata, an extra trip is required to collact Hpttg data oD offsystem roads. Separate trips are required to collect paveuent
Managenent data. The data is collected on a sampre basis aadincludes s}bjective Deasurement. The recommended system rillprovide this data on a 1oo percent coverage basis, lt trafflcflow speeds, in one Irass, sith complete objective data except forcrackLng. cracking data, at present, wourd be obtained in theoffice from the images normal to the pavement. However, studLesare noy underway, at the Federal rever, to develop imageprocessing.- When these are conpleted and inplenented tiey yiif
provide objective evaluation of cracking ana other assoliated
pavement distresses using inages created by the ARAN system.

The Programging and Scheduling Bection of programs
contraets Division has anong its various f,unctions

and
the

maintenance of a Pavement Irtanagement System and the scheduling of
needed projects. The data provided by the recommended syitenwould greatry improve the quallty of these functions.
Improvements to pavement nanaganent data collection rilI Lncludebetter quality rut data, measurenents of degree of currrature andpercent grade, measurement of profile and inprove, uore effective
methods of roughness data collection. Improvement in the quatityof data collected would result iu more effective progrannlng oi
needed projects.

The reconmended data collection yould not only improve thequality of data now collected but also proviae conJiderablequality data not now collected. f,hile the office york wouldincrease the field work and tripsr rs rell as associated costs,
would be greatly reduced.

vl.t



CHAPTER 1

INTRODUCTTON

The purpose of this study is to evaluate all available
pavement distress surveillance eguipment that would be of value
to the Arkansas state Highway and Transportation Department
(AHTD). The results of this evaruation wirl be the
reconmendation of an eguipment system with proven value and with
the capability of being economicarly upgraded with future
enhancements.

Emphasis has been placed on the ability to collect detailed
data and information that can serve as a permanent record of a

pavementrs condition. The primary reguirement of the system is
that it be able to provide summary data for pavement rnanagement

purposes. A secondary requirement is that the systen be able to
provide data in such a form that it is capabre of multiple
interpretations and uses

Those systems which were found to be acceptable based on

primary and secondary criteria were further evaluated with
respect to a tertiary criteria that they be economicarry
adaptabre to future innovations and state-of-the-art
developments.

L



CHAPTER 2

DISTRESS SURVEY EQUTPMENT AND PROCEDURE OVERVIEW

Pavement distress surveys are traditionatly performed by

raters in one of two ways or a combination of these two. The

oldest of these i-s performed by a panel of raters, who travel the
length of the road and classify and quantify distress based upon

their visual observati-ons. The other method is to select a

comparatively short length of the road and make fairly detailed
measurements at preselected intervals. The rating thus obtained
is applied to the total universe of length. At present the AHTD

uses a combination of these two. That is, detailed measurements

are made of a small length, approximately r0o to 300 feet, of the
sample with the rest of the sample intervar being rated
subj ectively.

The second generation devices were developed to objectively
measure selected elements. Examples of such devices are the Mays

Ride Meter for roughness measurement and various types of profile
measuring instruments. These have been contact devices and as

such are subject to rnechanical interference which is not stable
through tine. This instabirity creates probrems when one

attempts to make comparisons of values across sites and/or
through time.

Devices which produce a permanent visuar image of the
surface of a pavement may be considered third generation
devices. These devices used photo sensitive firm, 35mm or r6mm,

or erectronic sensing devices, vi-deo, to obtain these images.

Generally, these devices produced two images, one of the right-

2



of-way and one of the pavementrs surface. The images of the
right-of-way were of a quarity sufficient for the purposes
intended. However, the images of the pavementrs surface were not
of a guality which would pernit them to be used for surface
distress identification. Various types of devices were developed
or adapted for on board use to aid in recording distress as

observed and evaluated by raters while the images were being
obtained. These devices reduced field data collection tirne while
providing a record for rater office use. However, distress
identification remained a through-the-windshield process and
heavily dependent upon first and second generation devices and
processes.

Changes in electronic technology have made the development
and employment of a fourth generation class of devices feasible.
These devices are capable of measuring all significant elements
of surface di-stress, except cracking, objectively. This is
accomplished by using some combination of photo, photo-optical
foreshortening, 1aser, ultrasonicr oE electron wave propagation
devices along with or in conjunction with ultrastable gyroscopic
and accererometric instruments suitably integrated and
appropriately processed by an on-board computer. cracking and

faulting are stil1 measured subjectively by viewing images of the
roadwayrs surface. This is done in the office and can be
repeated at wil1.

A fifth generation devj-ce, currently under development, will
use electronic imaging processing in conjunction with appropriate
pattern recognition algorithms to classify and guantify pavement

3



distress directly without subjective evaluation by human raters.
when used with fourth generation devices, the desired information
will be objectively determined and will be provided not only for
pavement manaqement purposes but also for research and project
Ieve1 purposes.

This project will examine and evaluate aI1 known fourth
generation systems not onry with their ability to meet
primary and secondary criteria but also the tertiary criteria of
economic compatibility with fifth generation devices.

4



CHAPTER 3

DESCRIPTION OF EQUIPMENT SYSTEMS REVTEWED

A brief description of the various devices and systems are

given here. A detailed description of each demonst,rated

eguipment system is presented in the Appendices. As stated in
Chapter 2, the study has limited itself to fourth generation

devices and those fourth generation devices which would be

compatibre with fifth generation devices. These are pAsco-

RoADREcoN, ARAN, Laser RST, Earth Technorogy, video comp, and

Pavedex.

The Laser Road surface Tester, Laser Rsr, was deveroped in
Sweden by the Swedish Road and Traffic fnstitute and provided by

Infrastructure Management Service of Arlington Heights, Illinois.
This instrument uses eleven bumper mounted laser devices and a

body mounted accelerometer to measure crack depths and widths,
rut depths, longitudinal profile, roughness, macrotexture, and

cross profile. An onboard computer uses these instruments,
integrated with distance and time, to process data in real time.
This device does not produce a visual image, consequently
classification of some elements of surface distress is a through
the windshield process. This system provides Loo percent
coverage in one pass at speeds of 5 to 55 mph. Laser RST is
designed to operate during dayright and under dry conditions.
Appendix A contains a description of Laser RSTrs eguipment and

operating process.

The PASco RoADREcoN, or PAsco-RR, system of surface
distress identification devices was deveroped in Japan by the

5



PAsco corporatj-on of Japan and provided by pAsco usA rNc.,
Lincoln Park, New Jersey through their marketing agents, AVrAR

rnc., Austin, Texas. The equipment for the various series is
mounted in the same van. PASCO-RR70 makes use of 35mm continuous

strip film photography to detect cracking, patching and other
surface distress. PASCO-RR75 uses a hair line projector and 35mm

photography to detect and guantify ruts. PASCO-RR77 measures

longitudinal roughness using a fifth tracking wheel. pAsco-RR858

enploys lasers for measuring rut depth and provides summary rut
information. PAsco-RR7o, -RR75, -RR85B have a 50 mph upper speed

limit for operation while pAsco-RR77ts upper speed limit is 2s

mph. PASco-RR7o & -RR85B can be operated simultaneously, but
reguires a pass independent from all others. pAsco-RR75 and

PASCO-RR77 each reguire separate independent passes. To be abre

to use all of the PASCO-RR devices reguires three different
passes over the same road. The two pass reguirement at 50 mph

along with a third pass reguirement at 2s nph eguates to a

maximum average system speed of t2.5 mph. A detailed description
of PASCOrs ROADRECON series of data acquisition devices is
presented in Appendix B.

The ARAN, Automatic Road Analyzer, system is produced by

Highway Products rnternationar, rnc. of canada. ARAN is a van

mounted video based system which provides a through the
windshield image and an image normal to the surface. The camera

mounted normal to the surface is monochromatic and is used for
surface distress determination. The through the windshield
mounted camera is color and has uses similar to planning

Divisionrs video logging equipment. A front bumper-mounted

6



ultrasonic bar is used to measure rut depth and transverse
profile. Longitudinal roughness is measured using a differential
mounted accelerorneter in conjunction with a body mounted

accelerometer. A pitch and roll gyroscope measures longitudinal
grade and crossfall. A precision directional gyroscope measures

curve radii from 50 feet to 3l-,680 feet. Alr of this eguipment

is operated simultaneously in one pass and at speeds which are

traffic flow dependent. The system is restricted to operating

under dry conditions during daylight hours. A description of
ARANTs system is given in Appendix C.

other systems were considered worthy of examination but due

to monetary and other considerations beyond the control of the

subcommittee were not demonstrated. These arei pcEs by Earth

Technology corporation, Long Beach, california; video comp by

Audio and Video systems, Boise state university, Boise, rdaho;

and Pavedex corporation of Spokane, washington. None of these

devices have been proven to be of varue nor have they wide

acceptance by the various states. These systems are in the

developmental stage and do not meet the basic condition of being

a proven system. They are described here for information
purposes only and are not evaluated further. These systems are

all based upon video technology and appear to have various levels
of sophistication. Presented below is a brief sunmary of the

eguipment. The information was obtained by reviewing literature
provided by them and from telephone conversations with the
companies.

Video comp uses three CCD video cameras to produce images of
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the roadway surface. These cameras are mounted in a dedicated

trailer. Apparently the towing vehicle is dedicated aIso.
However the subcommittee was unable to verify this. The system

is to be used at night. conseguentry, it is provided with an

internal light source. Each frame is digitized and cracking data

is extracted using their own analysis software. Very litt1e else
is known.

PCES is a van mounted video system using CCD cameras with an

onboard light source. very little is known about this system.

They appear to approach the problem by a line by rine anarysis of
the video. The equipment is claimed to operate in real time.
The subcommittee was not able to verify any of this.

Pavedex is a spokane, washington based company which uses

ccD video cameras to produce images of the roadway surface. They

appear to determine surface distress by using stereoscopic
principles. The subcommittee was not able to obtain anymore

information. We reguested them to send us a descrj-ption of their
eguipment, but we never received it.

Arr of the equipment systems described above have

appropriate and adequate means of measuring distance and

identifying frames with respect to position arong the roadway.

with the exception of Laser Rsr, which does not produce a

visual image, the roadway images have to be viewed and

subjectively evaluated for pavement distress on a frame by frame

basis.
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CHAPTER 4

CAPABILITIES AND LIII{ITATIONS

The eguipment systems demonstrated are here evaluated with
respect to the various broad categories of data which the AHTD

wishes to collect. All of the eguipment suppliers indicated that
they intended to add various enhancements to their existing
equipment. rf this enhancement was not demonstrated, the
proposed enhancement was not considered.

VISUAL IMAGE RECORD

An image of pavement surface serves as a useful permanent

record of pavement surface features. Side-by-side comparisons of
the images of a pavement surface aIIow determination of the
development of distress through time. These images should be of
such guality that various distress categories can be identified.
A means of retrieving these images with respect to Iocation
should be available. These images should be compatible with
anticipated development in the state-o.f-the-art with respect to
image processing for determining surface distress.

ARAN and PASCO-RR were the only devices that demonstrated a

capabi l ity of providing a visual irnage . ARAN used video
technology to produce these images while pAsco-RR uses a

photographic technique. Both of these have been determined to be

of such quality that surface distress can be determined.

Retrieval of an image for a specific location is
accomprished by various means. ARANTs retrieval system is a

computer based system. The images are stored on tape or
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diskette. A Pc is used to retrieve an image at a specific
rocation by entering route, section, and rog nire. pAsco-RRrs

pictures are in a bound vorume and indexed by route, section, and

Iog mile.

SURFACE DISTRESS

A11 surface distress determination, except cracking, is a

manual subjective process in whole or part. Laser RST has an

automated process to detect, measure, and crassj.fy some but not
all types of cracking. A11 of these systems use a manual process

to detect and classify cracking. Laser RSTrs classification of
cracking is accornprished by a through-the-windshield survey
during data collection and any errors are locked in. The images

produced by ARAN are viewed frame by frame and any distress noted

is classified and guantified and entered to a computer record
associated with the frame viewed. The images generated by pAsco-

RR are viewed frane by frame and any distress noted is classified
and guantified and the areal extent of distress is entered into a

computer. The chief difference being that with ARAN,s method, a

frame with a desired distress can be retrieved and viewed while
this can not be done with pASCo-RRrs method. while a specific
location can be computer retrieved from Laser Rsr data, the
information presented is a series of numbers which are the
results of run specific summations over length with the original
discrete measurements lost. Because these discrete measurements

are lost, the data does not Iend itself to re-interpretation. If
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the original discrete data elements were retained, technology

exists to convert these data into a visual inage and would make

this system compatible with anticipated fifth generation devices.

This conversion was neither demonstrated nor contemplated by

Laser RST.

ROUGHNESS

Roughness data provided by ARAN and Laser RST is obtained by

the use of a body isolating accelerometer. ARAN uses two

accelerometers, one to sense variations in rear axle movement and

another to sense variations in body rnovement, suitably integrated
with distance to produce roughness measurements. Laser RST

employs a body mounted accelerometer in conjunction with laser
measurements, suitably integrated with distance, to obtain their
roughness data. PASCO-RR enploys two devices to obtain roughness

data. PASCO-RR77 employs a body isolating accererometer in
conjunction with a tracking wheeI, suit,ably integrated with
distance, to obtain roughness. This device produces data which

is egual in quality to ARAN and Laser RST. However, this device

gives information about the right wheer path onry. The other

device which PASCO-RR claims can produce roughness data is pASCO-

RR85B. This device uses the measurements of distance obtained by

a body mounted laser in the right wheel path to cornpute

roughness. There are no means employed to compensate for the

body I s suspension and for this reason this device does not
provide true roughness measurements.

The roughness data produced by these systems is considered
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to be superior to that obtained using the Mays Ride Meter,

Calibration of these devices is sirnple and less tine consuming

when contrasted with calibration of the Mays Ride Meter. The

Mays Ride Meter is calibrated semiannually by being run over a

calibration track. The AHTD has one such track. This track is

assumed to have a known roughness which is assumed to be constant

through time. This process is very time consuming. Similar but

less tine consumi-ngT procedures are anticipated with the other

devices. However, the chief problem, and one of considerable

nagnitude, is that there is no way to tell when or how much it
is out of calibration when in use. The other devices employ

relatively sinple dynamic and static instrumentation and ranging

checks in their calibration process. The static process takes

about three to five minutes and is made at the beginning of each

production day. The dynamic calibration consists of automated

checks of instrument performance and is continuous during a

run. Thus, calibration is insured both daily and continuously.

RUT MEASUREI,TENTS

Rutting and rut measurement is the area where the most

divergent approaches are employed. The PASCO-RR75 device

projects a black 1ine, dt an angle of 26 degrees and 33 minutes,

on to the roadway surface and this line is photographed normal to

the surface. The foreshortening deviation is placed into a

computer by tracing the line with a computer mouse. These

measurements can be made at intervals of 0.9 meters to gg.g

meters. This is basically a sarnpling device and does not provide

summary rut depth information. PASCO-RR85B employing three laser
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devices, one located in each wheel path and one centered between

the wheel paths, sums rut depths at the interval seLected and

records the maximum accumulated rut depth. All of PASCO-RRIs

sunmary rut depth data is obtained by the use of the PASCO-RR85B

device. ARAN uses ultrasonic sensors spaced 4tt apart across a

Lzt wide path to measure rutting. Laser RST uses l-L sensors

mounted on a beam to measure rutting. These measurements are

automated for ARAN and Laser RST. The measurement intervals by

ARAN and Laser RST are speed dependent. This is due to the

recovery tj-me of the instruments used and at 55 mph may be made

at minimum intervals of 5 inches. There is no upper interval
length. Cross profile can be provided by all systems at
intervals selected. These profiles can be produced by ARAN at

any interval while Laser RST can do this only at summation points

and PASCO-RR is linited to producing thern at points where PASCO-

RR75 has taken a picture. ARAN can produce these crossprofile
plots at points selected at will in the office while Laser RST

and PASCO-RR can produce them only at point,s selected during the

data collection run.

ROADWAY ALIGN},TENT

Measurements of grade, radius of curvature, and cross slope

are provided by ARAN. This feature is not available from any of
the other systems.

SYSTEM OPERATION

System operation is a broad category which describes the

capabilities and linitations of the various eguipnent devices

when operated as a complete system. The elements within this

l_3



category incrude, traffic interference and safety, atmospheric

restrictions, degree of objective coverage, and effectiveness.
The traffic interference and safety element can best be

described within the context of traffic environment of two types

of highways. These types are urban interstate & rurar highways.

The urban interstaters traffic environment is best described with
rural highways because the speeds encountered are on the order of
those on rural two lane roads. The following is extracted from

AHTD Planning Divisionts speed studies and logs:

1. The state Highway system 2-lane paved rural roads have:

a) 25,682 lane mj_Ies
b) an average speed of 55 mph
c) 65 to 9I percent of traffic exceeding 50 mph

. d) 100 percent of traffic exceeding 25 mph

2. The State Highway System multilane interstate type roads
have:

a) 3,232 lane miles
b) an average speed of 63 nph
c) 87 to 99 percent of traffic exceeding 50 nph
d) 100 percent of traffic exceeding 25 mph

A vehicle travering at a speed of 50 mph on 2-rane rural
roads wourd find that 65 to 91 percent of the vehicres
encountered would be going faster than 5o nph. The same vehicle
traveling at 50 mph on the rural interstate type roads would find
that 87 to 99 percent of the vehicles encountered would be going

in excess of 50 rnph. A vehicle traveling at a speed of 25 rnph on

any rural highway would find that all vehicles encountered would

be traveling at speeds in excess of 2s nph. The ARAN eguipment

system would not pose a traffic interference or safety problem on

any of these highways. The Laser Rsr wourd not pose a traffic
interference or safety probrem on rurar two lane roads. Laser
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Rsr operating at its maximum speed of 55 mph would pose some

traffic interference and safety problem on rural interstate type

highways. The three PASCO-RR 50 nph devices would pose a traffic
interference and safety problem on two-Iane rural roads and on

interstate type rural roads. The PASCO-RR 25 mph device would

pose a traffic interference and safety probrem on atr highway

systems.

Arr systems must be operated when the pavement is dry and

the atmosphere is free of ground fog. ARAN and Laser Rsr are

designed to operate only during daylight hours while pASCO-RR is
designed to operate at night. None of these systems can operate

when ambient temperature is at or below 32 degrees F. ARANTs

upper ambient temperature lirnit is 140 degrees F, while PASCO-RR

and Laser RST have an upper limit of 104 degrees F.

ARAN and Laser Rsr reguire one pass to obtain roo percent

data coverage. PASCO-RR|s system reguires three passes to obtain
ar1 data. A11 PAsco-RR systems except pAsco-RR7s provide 100

percent coverage. This is basically a sampling device and does

not provide 100 percent coverage. No system has demonstrated the

capability to objectively detect faulting and pumping associated

with PCC pavements. No system has demonstrated the capability to
objectively determine either type or extent of cracking. Al1 of
these systems reguire a significant amount of manual subjective
evaluations.

An important consideration in the evaruation of any

equiprnent with respect to system operation is its efficiency or,
as in this case, field productivity. Field productivity is a
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function of pass speed, passes reguired, site mobilization and

site demobilization tirne. If one assumes that the mobilization

and demobilization time is a constant across systems, then the

only variables to consider are pass speed and passes required-

For purposes of this illustrative comparison, no system will

exceed an average speed of 50 mph. Since we do not intend to

have raters on-board the ARAN and Laser RST vehicles, speed is

not a variable with respect to these vehj-cles. Both ARAN and

Laser RST have the capability of obtaining all data in one pass.

Hence, the number of passes reguired for these systems is a

constant. However, speed and number of passes are variables when

one compares PASCO-RR with the other systems. If one assumes

that the two PASCO-RR 50 mph devices can average 50 nph during

their respective passes and that the PASCO-RR 25 mph device can

average 25 mph during its pass, the average system speed for
pASCO-RR's system is L2.5 mph. This means that under the most

favorable speed conditions PASCO-RR's system would be only 25

percent as efficient as either ARAN or Laser RST. If all of

PASCO-RR's devices could average 50 mPh, PASCO-RRts system

average speed would be L6.7 mph or only 33.3 percent as efficient

as ARAN or Laser RST. This assumes that ARAN and Laser RST can

maintain an average speed of 50 mph. They can in fact exceed

this average speed. When this occurs, PASCO-RRrs efficiency

drops even more in cornparison. The reason for this is PASCO-RR's

maximum speed limitation and the three pass requirement.

L6



CHAPTER 5

EVALUATION AND RANKING OF DEMONSTRATED EQUIPMENT

Chapter 4 outlined the capabilities and lirnitations of the

various equipment systems with respect to several broad

categories of data which the AHTD wishes to collect. Various

comparisons were made among the systems with respect to their

relative capabilities within various data categories and

implications were made that one system performs a particular task

or function better than others. No attempt sras made to qualify

these systems performance with respect to desired performance.

euantification of the merits of each systemrs performance with

respect to desired performance was not addressed. This chapter

will evaluate and rank each demonstrated equipment systemrs

performance with respect to desired performance criteria.

There are five general areas of desired performance

criteria. These criteria are: permanent record of pavement

surface; field data collection, processing, interpretation, and

summary; operating restrictions; equipment durability; and

adaptability to future developments.

The following table is an evaluation of each demonstrated

systemrs performance with respect to each desired performance

criteria ranked from L (very good) to 5 (very poor).

Criteria PASCO-RR ARAN LASET RST

Permanent Record of
Pavement Surface

a) Reliability
b) Usefulness

l_

3
l_

5
5

t-
l_
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2

3

Field Data Collection
Processing, Interpretation
and Summary

a) Level of Automation
b) Accuracy
c) Quality of Rut Data
d) Repeatability
e) Ease of processing
f) Ease of interpretation

of Outputs

operating Restrictions

OVERALL RANKING

PASCO-RR ARAN Laser RST

2.7

3
2
3
L
4
2

2
4
4
5

2

1
5
1
3
2
2

3
3
2
L

2

2
2
L
t
3
2

2
L
L
L

2

a) Environmental
b) Traffic Interference
c) Operating Speed
d) Operational Productivity

4. Eguiprnent Durability

5 Adaptability to future
developments

Ranking: l:Very Good;

_:_ -1_
2.9 r..5

2=Goodi 3=Fair; 4:poor; s=Very Poor

PERMANENT RECORD OF PAVEMENT SURFACE CRITERIA

The permanent record of pavement surface criteria includes

the elements of reliability and usefulness. A permanent record

of a pavement surface serves as a point in time record of surface

features. Since it has been determined that all surface distress

determinations are to be accornplished by viewing images of the

surface, it is imperative that a visual record be produced. Laser

RST does not produce a visual image of the pavements surface,

hence Laser RST has been assigned a rating of very poor for

both elements within this criteria.

RELIABILITY OF RECORD

ARANTs reJ,iability has been rated very good because the

L8
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video image is viewed as it is being made and any problems can be

detected and corrected immediately. PASCO-RR has been rated fair
because film in the undeveloped state is subject to loss or

damage due to improper handling or processi-ng. The time deray

associated with processing can cause a problem to go undetected

for from 3o to 90 days. Firm processing takes 30 to 90 days and

during this tine a problem which is undetected in the field could

cause consj-derable loss of time and money. Because Laser RST

produces no image, it has been given a rating of very poor.

USEFULNESS OF RECORD

The usefulness of the images were rated very good for those

systems producing inages. This rating was given because they are

of such guality that they can be used to determine surface

distress. Those systems which produced no image were rated very
poor.

FIELD DATA COLLECTION, PROCESSTNG, INTERPRETATION,

AND ST,II{II{ARY CRITERTA

Elements in the field data collection, processing,

interpretation, and sunmary criteria category include automation,

accuracy of surface distre'ss data, quality of rut depth data,

repeatability, ease of processing, and ease of interpretation of
outputs.

LEVEL OF AUTOMATION

The lever of automation was rated very good for Laser Rsr

because no further processing is reguired. ARAN was rated good

instead of very good. because some but not all surface distress
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must be determined in the office. pAsco-RR was rated fair
because all determination of distress reguires office processing.

ACCURACY

The accuracy of surface distress data was given a rating of
good for ARAN and PASCO-RR. The through the windshield survey by

Laser RST has been rated very poor because of the inability to
accurately determine distress at highway speeds.

QUALITY OF RUT DATA

Quality of rut measurements for ARAN and Laser RST were

given a rating of very good because of the objective nature of
these measurements. PAsco-RR was given a rating of fair
because there is considerable manual subjective involvement in
their measuring process.

REPEATABILITY

Repeatability of all distress features was rated very good

for PASCO-RR and ARAN while Laser RST was rated fair. Laser RST

has been rated fair because of the nature of through the
windshield rating.

EASE OF PROCESSING

Ease of processing raw data was rated poor for pASco-RR

because of the technigue employed. The firm must be viewed and

interpreted not only for surface distress determinations but also
for rut depth profiling and quantifying. This invorves a

substantiar degree of manual and subjective processes. The

person must be trained to use a digitizing board and a digitizinq
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computer for rut depth, be trained to interpret surface distress,

and be trained in keyboard skills for entry of information into a

computer. ARAN was rated fair because operators only had to be

trained in interpretation of surface distress and be able to

operate a PC. Laser RST was rated as good because only keyboard

skiIls are reqluired.

EASE OF INTERPRETATION OF OUTPUTS

The ease of interpretation of outputs was rated good for all
systems. This is because the subcommittee is to specify how the

data is presented.

OPERATING RESTRICTIONS CRITERIA

There are four elements in the operating restrictions
criteria. These elements are environmental, traffic interference,

operating speed, and operational productivity.

ENVIRONIT{ENTAL

AI1 systems are restricted by environmental conditions to

some extent. None can operate unless the pavement is dry and the

atmosphere is free of ground fog. ARAN and Laser RST must

operate during daylight hours, while PASCO-RR is operated at

night. No system can operate when ambient temperature at a point

L2 to L8 inches above the pavement is below 32 degrees F. ARAN

cannot operate when arnbient temperature, at a point L2 to l-8

inches above the pavement, is greater than 140 degrees F. Laser

RST and PASCO-RR can not operate when ambient temperature, at a

point of L2 to 18 inches above the pavement, is greater than L04

degrees f. During dayliqht hours in the summer ambient

2L

I



temperature, at the above point, is very }ikely to exceed L04

degrees F. It is not as likely to exceed l-40 degrees F during

the same time period or at night. ARAN is not likely to

encounter temperatures above its maximum operating range and for

this reason is given a rating of good. PASCO-RR, because

operations are conducted at night when temperatures are not

like]y to exceed l-04 degrees F, is rated good. Laser RST is

tikely to encounter temperatures greater than L04 degrees F and

is rated fair.
TRAFFIC INTERFERENCE

The basic physical body configuration of aII systems is such

that the vehicle size would not cause traffic interference.

However, the traffic environment within which these vehicles must

operate, when related to the maximum speed at which these systems

must operate, is another matter. PASCO-RR|s two 50 nph passes

would pose a traffic interference problem to a minimum of 65

percent and a maximum of 91- percent of those vehicles encountered

when operating on rural two lane roads. When these same devices

are operating on interstate rural type facilities they pose a

traffic interference problem to a minimum of 87 percent and a

maximum of 99 percent of those vehicles encountered. The PASCO-

RR 25 mph device would pose a traffic interference problem to 100

percent of those vehicles encountered on any rural road. Because

of this PASCO-RR has been assigned a rating of poor. Laser RST

has a maximum operating speed of 55 mph and would not pose a

traffic interference problem to a majority of the traffic on

rural two lane highways but would pose a problem to a majority of

the traffic on rural interstate type facilities. For this reason
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Laser RST is given a rating of fair. ARAN has a maximum

operating speed which is vehicle and not system dependent and can

travel at any speed like1y to be encountered and for this reason

is given a rating of very good.

OPERATING SPEED

The operating speed of ARAN is traffic flow dependent and

for this reason is given a rating of very good. Laser RSTrs

maximurn 55 mph operating speed makes it traffic flow dependent on

two lane rural highways but not traffic flow dependent on

interstate type rural highways and because of this is given a

rating of good. PAsco-RR when considered as a system has a

maximum system speed of L2.5 mph and for this reason is given a

rating of poor.

OPERATIONAL PRODUCTIVITY

The operational productivity element as used here refers to

the performance of the complete system if aII capabilities of the

system are employed. The performance of a system is dependent

upon the rate of data collection or more sinply stated the

rnaximum system speed at which these systems will operate. The

system speed is a function of the systemsr pass reguirements and

pass maximum speed. PASCO-RR|s maximum system speed is 12.5 mph.

The other systems have maximum system speeds in excess of 5O nph.

PASCO-RR, when operating at maximum speed, can gather data from

L2.5 lane miles in one hour. During the same time period and

under the same conditions, ARAN and Laser RST can each gather

data from 50* Iane miles. This means that PASCO-RR!s operational
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productivity is 25 percent or less of either of the other two

systems. For these reasons PASCo-RR has been given a rating of
very poor. For the same reasons ARAN and Laser RST have been

rated very good.

EQUIPMENT DURABILITY CRITERIA

A11 systems were assigned a durabitity rating of good.

PASCO-RR and Laser RST might have more problems with the lasers
that they use than ARAN will have with ultrasound devices. The

decision here was not between good and very good but was between

good and fair.

ADAPTABILITY to FUTURE DEVELOPI,IENTS CRTTERIA

. The adaptability of a system to anticipated developments in
the state-of-the-art is of great importance. Deveropments in
image processing and erectronic technorogy has the abirity to
make some systems obsolete. Laser RST has been assigned a rating
of fair. This has been done because the addition of video

equipment can make this system much more attractive while
enhancing its present capability. This would make conversion to
any deveropment much less expensive. ARAN has been assigned a
rating of very good because, while it is not the urtimate system,

it lends itself well to the incorporation of other devices and to
anticipated developments in image processing. Because PASCO-RR's

system does not lend itself to anticipated developments in
erectronic image processing, PASCo-RRts system has been given a

rating of very poor. when image processing is deveroped pAsco-

RRts system wiII be obsolete.
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CHAPTER 6

COST ANALYSTS FOR TWO AUTOMATED DEVTCES

Laser RST is not included in this cost analysis because they
will provide eguipment and personnel on a lease arrangement. The

lease terms are dependent upon the anticipated mileage to be

covered. Furthermore, most of the iterns for which cost are

examined are not applicable to Laser RST because of the cost per

mile lease arrangement. The onry systems analyzed here are

PASCO-RR and ARAN.

BASIC ASSI'UPTION ITEMS

L. Total analysis period wiII be 6G days per year.

2. sixteen days per year wilr be set aside for
Mobilization/Demobilization, This cost is S3oo/day/operator and

includes subsi.stence.

3. The total field production per year is 5O days.

4. Assumed that this survey will be accomplished during the
summer months when field crews are on a I0 hour day.

5. of the ten hour day eight hours will be production time.
6. The basic production per year is a function of each

systems maximum speed and length of production season.

From ltem 3 above length of production season is 50 days which is
equal to (from rtem 5 above) 4oo data gathering on site hours.
PASCo-RR has a maximum system operating speed of L2.s mph. ARAN

will be restricted to a system speed of 5O mph. This restriction
for ARAN has been imposed for analysis purposes only since ARANTs

system can exceed a speed of 50 mph. Thus the systemrs basic
annual production is:
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PASCO-RR = L2.5 X 400 = 5,000 lane miles
ARAN : 50 X 400 = 2Or000 lane niles

7. Travel exclusive of production lane miles is assumed to
be I,800 miles.

8.

50 mph.

That during production time ARAN eguiprnent wil1 averagie

9. That during production tine PASCO-RR equipnent will be

able to operate at maximum speed.

10. Unit cost of eguipment includes software conversion to
AHTD specifications as well as eguipment reguired to interpret
distress data. The source of this data is suppriers. These

costs break down as follows:

PASCO-RR ARAN

software $77,000.00 $50, ooo. oo
Eguipment 4O,OOO.OO none
Total $ffZ, 000. 00 g5O, OOO. OO

Depreciation = D = C L-1 (1-S),
where D = depreciation in dollars per year.

C = cost per unit in dollars.
S = percent salvage value divided by 100.
L = €Xpected life of eguipment in years.

Investment, insurance, and storErg€ = O.5D

Maintenance and repair of eguipment other than computers

1l-.

L2.

13.

= 0.3D

L4. Maintenance of computers and associated eguipnent =

$400.00. Source Computer Services AHTD.

L5. cost of film processing and printing is gte.oo per fil-m

can. PASCO-RR reguires two film cans per lane mile. Extracted
from FHWA-TS-87-213, page 26L.

L5. office data processing cost extracted from FHwA-Ts-g7-
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213, page 261. rt is assumed that we will not have
problems understanding data we specify.

]-7. when anticipated deveropments in computer image
processing becomes available the cost of office data processing
should drop to about $fo lane mile for those systems which are
compatible. PAsco-RR is not compatible. pAsco-RR will either
have to digitize all their pictures or convert to a video system.

rt is assumed that they wilr retain their present system. The

$10 per lane mile processing cost assigned to ARAN is an

estimate. At this timer Do specific cost can be assigned to
image processing. However, it would be a function of computer
processing time and could be a mainframe or reaL time process.
The real time process wourd be at no cost. However, computer

equipment cost wourd be increased to $50, ooo. oo (estinate) .

ARANTS cost per unit would then be g53o,ooo.oo which would cause

the Cost/Lane mile to be $Z.SZ.

l-8. The costs associated with personnel is assumed to be

$3OO/day/man for field crews. one driver and one technician is
reguired for field data collection. The driver does not have to
be technically qualified; however, this is desirable in order to
provide relief and maintain production. The technician should
be an electronics gualified person. The technician will have to
be qualified to make minor adjustnents to equipment and be

knowledgeable but not expert in its repair. He or she wilr be

able to make minor repairs and be able to recognize when elements

are not functioning properly. The person shourd be werr
qualified to perform those repairs and adjustments which are
reguired for field leve1 maintenance technicians. our shop repair
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people should have knowledge and expertise in the fields of

electronic technology, gyroscopes, accelerometers, ultrasonic and

Iaser ranging devices, TV cameras, TV monitors, frame grabbers,

TV signal processors, TV recorders both tape and disk, and

computers. The shop should be able to accomplish all repairs up

to but not including depot and rework faeility Ieve1. It is
doubtful that all of these qualities will be found in one

person

In office personnel should be able to use a PC keyboard and

be able to recognize the various types of distress which we wish

to identify. To provide relief due to fatigue more than one in
office person should be available in order that production will
not suffer. For purposes of this study they have been assigned a

salary of $IZ per hour.
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TOTAL SYSTEM COSTS

PASCO.RR

Equipment Cost

$517, ooo
I5
20

$tz ,goz /yr

$9,872/yr
94oo/yr
$sg , alz/yr
5,000 Inlmi

$r-r.. e3

$36 Inlmi
$50 1nlmi
$ge 1nlmi

ARAN

$aeo, ooo
1s
20

$25 ,600/yr

none
$42 1nlmi
$42 1nlmi

Total

LL6.2L

116.21-

46.43

L4.43

,680/yr
oo/yr
6 ,48O/yr
0,000 Inlmi
.33

0.48 \nlmi
0.12 Inlmi
Ii50 Inlmi
2.Lo Inlmi

Cost/Unit
Expected Life (years)
Salvage Value, percent
Depreciation
Investment Insurance
Storage cost : .5 Depreciation
Maintenance/Repair

Other Than Computers
Computer Maintenance
Total Cost/Unit
Annual Production
Cost/lane mile

Operating Costs

Number of Units
Crew Size
Mob iI i z at ion/ Demobi I i z ation
FueI
On Site Costs
Total Operating Cost

Data Processing Costs

$L6,453/yr SL2,goo/yr

L
2

$r. gz
$0.36
$6. oo
$8.28

$7
$a
$a

2

$z

L
2

$
$
$
$

n/mi
nrzni
nrzni
n/mi

1
I
I
1

Film Processing
Office Processing
Total Data Processing

Total Cost $IL5.2l- Inlmi $46.43 Inlrni

Summary of Cost Analysis Per Lane Mile in DoIIars

PASCo-RR as is
Future all

Enhancements
(See Note r.7)
ARAN as is
Future mainframe

Enhancements
(See Note 17)
Future real time

Enhancements
(See Note L7)

Equipment

11 .93

t_L.93

2.33

2.33

Operating

8.28

8.28

2.LO

2.LO

Data Proc.

96. 00

96. OO

42.OO

10.00

2. L02.52
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The AHTD currentry expends $2o2,730 annuarly to evaluate
pavement distress on 20,ooo rane miles. This is eguar to $ro.r+
per lane mile. However, since AHTD employs a sampling procedure

with L00 to 300 feet sections being objectively measured at 2.5o

mile intervals, onry 0.8 to 2.3 percent of these 2o,ooo rane

miles are measured objectively. The same amount of money would

provide l-00? objective coverage of 4,366 rane miles by ARAN,

without enhancernents, and L,74s rane miles by pAsco-RR. ARAN,

with mainframe enhancement, could provide objective coverage for
L4,o49 lane rniles for the above money. However, 2o,ooo lane
miles courd be l-oo? objectively covered by ARAN, with rear time
enhancement, for 192,400.00. At current funding leveIs, ARAN,

with rear time enhancement, would pay for itserf in less than

five years.
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CHAPTER 7

SI'MMARY AND RECOII{MENDATIONS

A summary of the findings from the evaluation of a selected
number of distress survey systems is presented in this chapter.
Recommendatj-ons of devices whj-ch meet AHTD t s minimum reguirements
are also presented.

SUIr{Ir{ARY

ARAN

The ARAN features automation of rut depth measurements,

longitudinal grade, cross fa1I, transverse profile, and radius of
curvature. video images are provided with very good resolution
of the right-of-way and of the pavementrs surface. The right-of-
way images are in color while the surface images are
monochromatic. The resolution quality of the monochromatic
images of the surface are of a guarity that lend them to use in
interpretation of surface distress. Distress is evaluated by
displaying images on the PCrs cRT and entering observed distress
into a computer. The ARAN system is the most economical to use

now and probably wilr be more economicar in the future. The

rating given to ARAN with respect to future developments is very
good. Overall rating for purposes for which AHTD would need this
system is very good. The system is compatible with probabre
state-of-the-art developments and would not soon become outdated.

PASCO-ROADRECON

The PAsco-RR70 system takes 35mm continuous
photographs of the pavement at night at varying speeds.

strip
These
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photographs are considered adequate for interpreting surface
distress. The distresses are interpreted from the black and

white film using a 35mm strip film projector and a rectangular
overlay grid. Distress is input into a computer. The pAsco-

RR75 system uses a unigue photographic method to measure the

transverse profire of a pavement to determine rut depths at
selected intervals. The profile is inputted into a computer using

a computer mouse.

PAsco-RR85B supplies rut depth summaries to supplement above

rut data. Longitudinal profile is provided by PASCO-RR77. Due to
the operational productivity limitation of 5rooo rane miles per

year, it would take PASCO-RR 6.2 years to cover the paved rural
highway system. The life of the eguiprnent would expire before
three complete highway system passes could be completed. The

PASCO-RR system is not compatible with future developments.

However, this system does meet the minimum requirements the
subcommittee has established. overall rating for purposes for
which AHTD would need this system is poor. The decision here was

not between poor and fair but was between poor and very poor.

Before this system can complete one comprete pass of the rural
highway system, developrnents in the art of image processing wirl
rnake this equipnent obsolete and unacceptabre for AHTD uses.

Laser RST

The Laser RST features the use of laser distance measuring

technology for determining rut depths and surface macrotexture

and for detecting transverse cracks. An onboard computer is used

to record through-the-windshield distress determinations. This
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device produces no visual inage. This device does provide

considerable and detailed information about macrotexture. This

macrotexture could be of value in skid determinations; however,

this would require extensive research. Cost on a lane mile basis

would probably faII between the cost for ARiAN and PASCO-RR. More

precise information can not be determined at this time. Laser

RST did not provide a lease cost on a lane mile basis. The

rating for adaptability to future enhancements is rated good

instead of very good because it would reguire the addition of a

video irnage system and associated equiprnent. overall rating for

AHTDTs needs is fair because no image of the surface for distress

determinations through tirne is provided.

Recommendations

The committee makes the following recommendations:

1. The ARAN system as provided by Highway Products

International best meets AHTDTs needs and should be purchased.

2. That, prior to writing specifications for eguipment,

eguipnent performance, and data output quality and format, the

Principal Investigator spend at least five working days observing

this equipment and associated processes. Missouri has this
equipment and has indicated a willingness to help in this

respect.

3. After 2 above has been done, specifications should be

written.

4. A condition of purchase be that Highway Products

International demonstrate, on a road of our choice, the operation

and output capabilities as we have specified in 3 above.
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ETPLONM" OP LTSBS

Eleven lasers are Dounted on the fi.ont of the van. (see flgure 1)

.>

Fig:re 1. Laser rotnting bar frcnt elevation.
8ut Depth - Utlllzes all elevea lasers

LongltudlnaL hoflle - Uses lasers 2 or I
l{acrotextur€ - Uses lasers 2 and 8

Cracklng - Uses lasers 2, 4, 5, and 8

Lasers 1, 3, 5r Tt 9 are iregulari lasers: Begular lasers operate at l6khz

and send slgnals to the rut depth calculatlon conputer only.

Lasers O, 10 are nangledr lasers: Angled fasers operate at l6khz and are

positloned at a 45 degree angle outrard, uaklng lt possl'ble

to neasure a wldth of 3.1 neters nlth the laser bar only 2.6

ueters rlde.

Lasers 2, 4, 6r B are icoablnatloni lasers: Coublnatlon lasers operate at

3?khz and are capable of sendlng slgnals to tbe speclal rut

depthr 'E?crotexture, cracklng and proflle neasurtng

conpulens

't

10987651 1032
il

l.\-J
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AII eleven lasers supply slgnals to a rpeclal rut depth neasurlng card. The

rut depth neasurtng card plots a iransverse pnoflle of the paveuent and

records the deepest rut every 10eo.

At the end of the test sectlon, aD ayerage rut deptb ts reported and a

perceatage of dlstance rhere tbe rutttng ras greater tban tro operator

selected llults (norually 1/2; and tr) ls reported. Tlre data ls reported ln

real t1ne. Rut depth ls neasured obJeetlvely by the rtre uethod (see flgure

2).

s, s2

s/ s2 s3

Pig:ure 2. Rut depth is neasr:red by the wire nethod.
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To Eeasure longltudlnal profllc, three leasureoents augt be recorded
glnultaneously at varlous polnts over the length of, the test gectlon.

t vertlcal noveuent of tbe laser, reasured yltb the acceleroeter

2. Yertlcal uovenent of the paveacat and laser, recorded nlth ihe laser

Borl.zontal veloclty of the laser, neasured wlth the pulse transducer

(speed aeasurlng devlce aouatad on tbe rlght front rheel)

tllth these Deaaurenents, a true proflle slope ls calculated 1n the tlne dooaln

rhlch ls evaluated every 20 neters. Ie saople the paveuent at a rate of

250bz.

I8I (Quarter car) and RHSVA (lt0) are cal.culated fro tbe true proflle slope

for each 20 neter sectton yltbln tbe test l1nlts tn real. tirne.

3
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Lasers 2 asd I (page A- 5) cupplt signals to speclal aacrotcxturc uaaruri.ng

cards. fhe blgh apcod 32Ilrz lasers (one ln cach rhecl patb) talrc Dany

dlstanca rcadlngs froo the laser to tbe paveueot. lt 55 rghr oae laser

!€agurracnt ts rccorded cvcry 0.?5o lort8ltudtoally (neasunarrnt tllstaace ls

proportlonal to rcloclty, l.€. at 30 lpb one laser ucasurueat ls recordcd

GverJr 0.42uo). Yeloclty ls accounted for ln thc calculatlons for

repeatablllty at rly apeed betreen 5 rph and 55 rpb. lle laser readlngs

record the terture of the psycuent. Tbe coaputcr sorts tbe texture tnto

varl.ous Have forus. llavalengthg betueea Zun aad 10u are ln oae group called

flne uacroterturc and revelengths betrecn 10nu - 80m are la aoother group

called rougb nacroterture. For both flae end rough aacrotexturc, e root-aean-

rguare (nf"S) ls calculated (see flgure 3) anC neported. Thls f,lIS ls a oeasure

of aoplltude. Ite Bl{S values for a glven lerUtb of pavuent are dlstrlbuted

tnto ten ranges. lte value 1n eaeh range ls a percentage of tbe lengtb of the

sectton rbere tbe Bt{S value ras 1n tbat range (see ftgure l).

RMS

PAVEMENT SUBFACE

x u

a

xf 1xr2... xl
N = NUMBEB OF SAIIPLES

X = DISTANCE FBOM REFERENCERMS =
n

Figure 3. bOt-nearl-sg\rare calculations for both fine arxJ rough

I \

macrotexture

A-6
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BllS values
Deas. lo as I

Eacro I
rough
fine

Eacro
rough
flne

rDS

!o.s:
0.53

MACROTEXTURE
OUTPUT

!-llcategory lhlts ta
!0.2! 0.3 o.t 0.6,i2 !o.l: 0.t 0.6 0.9i-!

0E282519
0217t328

!!
0.9
r.3

2.0
3.0

3.0
5.0

1.3
2.00

7
6

6

I

0.0
0.0

0.0
0.0

3
0

.0

.0
0
0

E

7
0.0
0.0

I
I
I
a
I
i0.5r
!0.57 i
lt

t8
5

2
0

ll
2

1q
65

10
2r

I
I

0.0
0.0

Explanatlon bf tcras:
8!IS: Xmt pean Square of t}rc surfaee terturc la uuacro 1: ferture of lcft rrbeel patb

l: ?erture of rlght rrhecl patbrough: surfacc lerture rrtb uavelength betueen r0lo and EOofie: surface terture rtth vaverc'gtu betneea 0m aud rOu

Fign:re 4. Exanple of nasr.otexture output.
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Lasers 2, 4, 6r 8, (page A- 5) supply slgnals to speclal crack aeasurlng

cards rhlch reglster cracklng and categorlze lt accordlng to lts rldtb and

<leptb. The speclal craeklng leasurtng cards essentlally deterolne that

aoprltudes greater than the texture are cracks (see flgune 5). Depth and

uldth of cracks are stored tn the proper categorles tn real tlue (see ftgure

6).

LA,SER READIXGS !?0r-l IASEA BrrR m pAyE{nlT $TRFACE

nus - MEAN

PAYEIEI{T SI'BFACE

DISTAICE IRAVELED Ir IncSES € 55upb

Fign.rre 5. Arplitude of srerface varations as a fr.:nction of dtstane,
in inches, r"'hile traveling at a speed of 55 nph.

21
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CRACK OUTPUT

I
I

! Depth fl (3o-{6o)
lBrdrh tI! r 12

346 ao ! 6+t?u

lDepth 12
I

I'3 T'q v12
6.+12812 425m 25450 ro

(6m+)
!------
! r13
!12 d50o
I

HCr
5.0

rBoth

22

r{

Laser ,
erack 1

2
{
3

60
38
rl
23

-

I

26
7I

9
l5

ll
9
I
2

0
0
0
0

5!r!oi
l:

I
5

I
3

r values ln the rBoLhr category lndlcate ouabers ol cracts rrhlcb both laser,1 and 12, or laser 13 and rt aeasured at the saee ti'e
r }lC 1s Hacrotertune Coapensatlon Faetor

Note t All varues lndlcate aruber of cracks per r00 aeters

Fign:re 5. Exafiple of crack output.
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An optlcal strobe actuated pulse transducer sends 5 volt pulses to a specld.

speed neasurlng eard to deterolne dtstance and veloelty. fte transducer sends

360 flve volt pulses Per revolutlon of the t1re. Itrls lnfornatlon ls utlllzed

contlnuously 1n the crackr nacroterture, rut depth and proflle calculatlons.

Callbratlon of the transducer stores the nuober of pulses rbleh 6qual 1 neter.

lhe accuracy of tbe transducer ls reported to be 0.21 over any dtstance,

bowever, resuLts of our callbratlon ghon aB accuracy of 0.lt.

A-i0
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ln obJectlve denslty and aeverlty of cracklng ls recorded ylth lasers Zr 4r 6,

8 ( page A- 5 , . Tlpes of cracklng *e ldentlfled by utlllzlng 8, three

posltlon toggle $rltches (see flgure ?). fre laser nust cross a crack to
record 1t, thereforer longltudtnal cracks and edge eracks are rated

subJectlvely vlth tbe sHltches.

A- 11



SUBJECTIVE SWITCHES

SHTTCH 
'I

st{rTGt ,2

SHITCL t3

S}IITCII 
'{

SHITCH 
'5

SIIITCH 
'6

SHITCH 
'7

DNAINTGE
l- Curb and gutt* or 5r to 8t dlt b rltb storu sct er!.
2- Greatcr thaa 2r dlteh.
3- Less tban 2t dltcb.

SHOULDEN TTPE
l- Curb and guttcr or 8, paved.
2- Er paved doun to 2t paved.
3- Less thaa 2r pavGd.

SNOULDEN COIDITIOTI
l- Good
2- Falr
3- Poor

lLLIGrtoB Cntcrll{c
t- llone
2- Shoulng soall patches of alllgator eracklag (up to 33r).
3- liorc tnan 33I alltgator cracklng.

EDCE CNACTI}IG
1- f,one or a slngle craek less thaa l/lr.
2- hrltlplc cracks crteadlng over 2t fro paveoent cdgc but

no Eore thaa 3r.
3- lt.rltlple cracks crtendtng orer 3t fra paveoent cdge nlth

outeraost area bcglnlng to alllgator.

LONGITUDTAL CNTCTS

1- llone
2- Lcss than l./2r
3- Greater thaa l/2.

NATDOH CNACtrIIG
l- llone
2- Less tbaa l/2r
3- Greater tlao l/2r

EME.PNOFILE
1- Shoulder GYeB rlth paveaent.
2- Strouldcr loyer It or torc.
3- Sboulder blgher 1r or Dorc.

Figure 7. D<plination of srrbjective rati.:rg sr,vitches.

sl{ITcfl t8
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SLand Off Distance

Measurlng Range

Laser Foot Prlnt

Frequency

Lasers

1r 3r 51 9

Retrulan

323m

255uo

1re

l5khz

Laacrs

0, t0

lmled

457o

362u

to

l5khz

Lasers

2, 4, 6, 8

Conbinatlon

323u

255m

1m

32khz

Expected 1lfe of the lasers ls unknoyn. Bouever, doyntlue bas been

lnconsequentlal because each unlt carrles 3 spare lasers, one conblnatlon, one

angled, and one regular.

Ihe follorltng speelflcatlons apply to alt lasers:

Resolutlon, Dlgltal A.025, of neasurlne range (MR)

Accuracy, at 25 C a O.tl of MB

Llnearlty a0.11 of HR

Poryer Requlreoents 110/ZZ0 VAC, 50/60 Hz

Operatlng Teuperature 0 - I0 C (32 - 104 F)

Storage Teruperature -30 - TO C (-22 - 158 f)

llote: The laser 1s lnsensltlve to aoblent 1lght and surface reflectlvlty.
Surface color, teuperature and denslty are also lrelevant.
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ACCELEROMETER SPECIFICATIONS

loo ir .:3 (I

fuuenrf:rrlr

Lr

| 
'"'

tot 50
ro 0.03
max

-. trtflo,

l.
L!' rtr,=-. 

"cr

);'l't n r.!t!rrrG(|tn.r-ia-t

tgrro,
a

tilrl
Cf,Tq

.t3rE
t a-)-2

-.+-';t

-:-'ir

.o
a-f

tlorl l.

3

t
algttaiail roo. tt*t

6aG..ttEr a

Range Full Scale
Sensitivity. Voltage (Vg)
Output Voltage Linear Range
Sensitivity Current (lgJ
Source lmpedance
Supply Voltage
Natural Frequency
Damping
Linearity
Hysteresis & Repeatabitity
Threshold
Output at Zero g
Scale Factor Temperature Coefficient
Temperature Zero Shitt
Axis Alignmenl Error
Case Alignment Error
Vibralion Rectification Coefficient (Sine)
Vibration Limit 20 to 2000 Hz
Acceleration Limit
Shock Limit (5 ms pulse)
Temperature. operating
Temperature. storage
Humidity
Current Self Test (pins 1 and 6)
Werght

0.3 r 1% mNg
RL= Vg/lg

= 15 VDC. = 10%. 350 mW max
150 Hz. min
0.3 to 1.0
<0.05% of lull range or 0.005 g whichever is greater (BFSL)
<0.02% of lull range or 0.005 g whichever is greater
.005% of fullrange maximum
0=0.010 g maximum
t0.02%/oC maximum

=0.00005 g/"C maximum
0.005 g/g maximum
.75o maximum
0.0001 5 g/d 20Flz To 100Hr 0.00010 g/92 Above 1 00Hz
16s BMS 

-
250 g
200 g peak

- 55oC to + 71oC
- 60oC to + 100oC
Sealed Case
3.33 = 0.3 g/mA
20 grams

*lg
5 V/g
i5v

g max
v/g
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Conputer - Prlnal Data 2000, 6809 chlp, !n advaneed nultl-userr nu1tl-

tasklng 64k.

Storage - Tlo 8i floppy dlskg rlth 1 Deg capaclty each.

Prlnter - fiT0H

Teralnal - ADDS.

A-'l tr



Irvronr c{xPor38

To organlze tbe rau surface data produced by tbe Laser RST, rn IBI{ PC ls

uounted onboard. fnventory data requlred for test sectlon ldenttflcatlon ls

entered on tbe IBH PC. Ttre folloutng lnfotzatlon lg entered:

Sectlon nuaber

0bJect nuuber

Beglnning and endtng lgcatlons

lrafflc classlflcatlon

Paveuent type

Dlrectlon of travel

lane tested

The above data ls entered ln real tlne aad ualces organlzatlon of ibe rar

surface data gulck and easy.

l.

4.

?

E.

E

5.

7.

A- 16



c[Innr?ror 0P muIIt[It

CALIBNATIOI OF LASERS:

A stralght, edge (callbratlon bar) ls placed under tbe tl lasers, then a

conputer Progran ls used whlch stores tbe dlstance fron tbe 11 lasers to the

callbratlon bar (tn unlts of 1/16m). thls prograu establlshes a stralght

reference llne for rut depth calculatlons. To test uhetber or not a laser ls
worklng properly, approxlnaiely 300 readlngs to tbe callbratlon bar are

recorded and the gtandard devlatlon ls calculated snd checked (ttrts ls done

autooatically for each laser). This procedure takes about 10 nlnutes and ls
perforaed dally. If dlrt or nud coyers tbe laser uhlle testtng, an lnvalld

llght vlll llluulnate (one 11ght for each laser). Horever, ln the past three

years, thls has never occurred.

CALTBNATION OF ACCELEROMETER :

A prograa ls run rhlcb prlnts a readlng fro the accelermeter ln the

borlzontal posltlon (approxlaately -1700) tben the acceleroneter ls turaed 90

degrees upnards and anoiher readlng ls obtalned (approxluately -21320). The

luportant tblng ls that the dlfference ls -19620 (t50). If the dlfference ls

greater than ! 50, a potenLloueter nust be adJusted. Ttris procedure takes

about 10 ulnutes lf adJustnent of the potentlooeter ls regulred, and about 2

nlnutes lf no adJustnent ts needed. Callbratlon of the acceleroneter ls

perforued dally.

A- 17



CALIBRATION OF DMI:

I sectloa of paveuent uust bc leasured lccurately to {00n or lacs. A prqrau

tE run rhlch counts tbe nuuber of pulses fron the traasduecr .s tbe nST

travcls the dtstance. lt tbe cud of the lectlon tbs alnber of pulsos ls
sboro; the dlgtanee travcllad ts tnput aad tbe coaputer ealculatos tha auaber

of pulses per ueter and storcs lt. ff a I00u or lssa leastb ts pre-ocasurad,

the procedure ytll Qake about l0 dnutcs. Tlrls 1o perforaed reckly.

a- I a



P?pq(rrnl IEoIIInrn ro opBilrts 1tf,B r rqrn f,sf,

Three persons are aorratly requtred to operate the Laser BST.

lnvolve:

l.

2.

3.

ll .

Drlvlng

0peratlon of subJeetlve $ltches

Operatlon of Lhe lnventory conputer

Startlng and endlng test sectlons

Thelr dutles

ThtsThe drlver of the l,aser 8ST bas Bo other dutles ottrer thao drlvlng.

allows full attentlon to safe drlvlng.

The operator of the subJectlve srltches also presses tbe button to start the

obJectlve ueasureoeats. The Laser hST aan be preprograuned by the operator to

end the obJeetlve data collectlon at any deslred lengtb. So, full attentlon

to subJectlvely rated surface dlstresses ls posslb1e.

Tbe operator of the luventory couputer eaters Becessary test sectlon

ldentlflcatton taforaatton on an onboard IBH PC la real tlne.

llCJ. kJr

Ref: 01-9000A02-2
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ADYATITAGES

The advaatages of uslng the Laser RST for a ourface condltton survey are as
follous:

t. Data collectlon ls contlnuous

2. Data ls collected and reportad 1n real tloe

3. Data ls stored on floppy ttlsk and on hard copy prtntout ln real tlne
4. Ploppy dlsk allous autooated error free transfer of laforaatlon to

other cmputers for loaedlate processlng and analysls

5. Lasers are hlghly accurate dlstance ueasurlng devlces

6. Lasers take as Eany as 32,OOO readlngs per second

7. Lasers are lnsensltlve to sunface color, or reflectlvlty
8. Lasers can operate ln daylight or at nlght

9. Lasers can operate over a hlgh rarge of tenperatures

10. Tbe Laser RST ls used dally ln productton, tberefore, 1s contlnually
avallable ln the }ategt rstate of tbe artr

11. Tbe Laser RST data 1s reported tn an easlly understandable forrat

12. Tbe Laser RST collects data lndependent of speed

13. The onboard conputer progra! ls user frlendly

14. The onboard conputer ts flexlble and 1s openator progranrnable

lef: 01 -9000A02-3
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,:i")',:i''

<-1 0,> I Z.
rFFS.rr4I 7r6 510 .trtt

Figure 11. LASER RST mounting support beam and laser configuratj-on.

The lasers are mounted on a suPport beam at the front of the
vehicle. They are nurnbered from 0 to I0 looking frorn the driverrs
positi-on. Laler No. 10 is easy to disconnect from the operator's
panel while the vehicle is moving by pressing in thg Camera I0
button. For example, if the vehicle is close to a sidewalk or
sj-miIar object which could influence the measurement values,
Camera 10 could be disconnected.
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Transmi

\s
Measure
rang€

Receiver

Stand olf
a

rnent

Figure L2. Laser equipment operating requirelaents.

Make: SELCOM AB

Ouantity: 11

Measurement w,idtlr: Approx. 310-320 cm

Arnbient lemperature limits for measurament: 0'- +40'C

Performance data:

A. 5 lasers numbered 1,3,5,7, I
Sampling f requency 16 kHz
Stand-off 355 mm
Measurement range * 128 mm

B. 2 outer lasers numbered 0.10
Sampling frequency 11 kHz
Stand-off 500 mm
Measurement range t 362 mm

C. 4 lasers for corrrpensation factor and crack
rneasurernent. nurnbered 2,4,6, I
Sanrpling frequency 32 k{z
Stand-off 355 mm
Measurement range t 64 mm

A-25
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Laser shield

Figure 13. Laser shield operation'

The shield covering each laser must be pushed aside befor
starting measurements. For longer transport distances between

lneasurement points, they can be folded down'

lndicator tartrp

Figure 14- Laser indicator lamp operation'

Each laser has a red indicator lamp that glows when voltage
is supplied to the laser.
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rm) lnFro)tructurc lTlonogcmcnt )crplce)

June 17, t98?

lf. tlarl Bredlcy
Pavcacnt l{enagcocnt Englneer
lrkaasas State Elghray end Ilansportatloa DePartuent
Eoaduay Deslgn
P.0. Box 2261
Llttlc Bock, Arkensas ?2203

Dear l&. Bradley:

Ic are looklng fomand to our deaonstratlon of Bbe Laser Road Surface Tester
on June 26r 198?, at t:30 p.B. at the Arkansas Statc Etghray and
Transportatlon Departoent Offlces.

For your lnforaatlon I aro encloslrg ln thls letter addltlonal luforoatlon on
the Laser Boad Surface Tester and !!! also lncludtng sooe llterature that
descrlbes coae of the functlons of the RS? and a satrple output. ft should be

noted that tlrts output and the paraoeiers of the lnforoatlon can be varled
dependlng on the needs of the cllent.

The BSt gathers obJectlve and accurate data on e conttnuous baslsr 1.G.1
contlnuous saopllng of any test paraoeten Eessurcd. ltte cqulPaeat neasures
roughness, rut depth, relatlve transyerse scctlon, lacrotelture, end unft'Iled
cracks. AII data collected 1s stored on dlgk on an on-board conputer rhlch
can also Provlde hard copy output es tcstlng proceeds.

Ttre BS? opcrates at speeds froo 5 D.p.h. to 55 E.p.h. Data collectton ls
speed fndependent and the accuraey of the data 19, theneforer uaaffected by
varlable speeds. Collectlon of data ls unaffeeted by llght, noise, or noraal
ralnfal1.

I(IHXESS IBTS'I'f,EGI?

Ttre RST 1s able to output ror:ghness values ln IRI (quarter-car) or Mo

(root-oearpsquare vertlcal acceleratlon). These values are obtatned uslng
a Bervo-Bechanlcal vertlcal acceleroeter, a 32 khz laser ln etther vheel
path end a dlstanee or speed neasurlag devlce. Tlre values are read by an
orpboard co6puter ln the tlne doualn. Calculatlona are done laternally on
a algoal proeesstng card (SPC) and results are rePorted ln real t!oe.

3350 SALT CREEX LANE SUITE 117 ARLINGTON HEIGHTS, ILLINOIS 60005

I a-
-l

(312) 506-1500



rm)
Arkansas State Hlghway and Transportatlon Departoent
June 17, 1987
Page 2

ET EPTE I TSSNEIM

Ttre RST has a front lager bar rhlch ts uade up of seven 16 khz and four 32
khz lasers. Each of thesc lt lasers saople the road crosa Proftle. Thls
norually leaEuret a rldth 3.1 aetcrs or 10.17 feet. fte rui depth ls
caleulated for eroh proflle. I stralgbt l1ne drarn betreen tbe rsedlngs of
the outer nogt laserr lerees as a neference. Rut depth can also be calcu-
lated uslng a rtre nethod. T}re cmputer alro calculates the nean proflle
standard devlatton and the uean greetest rut depth for a glvcn dlstance.
Ttre percentage of roed length utthln any lcst seetlon bavlng a rut depth
exceedtng 10uo and 20u ls elso prlnted out. These partlculan depth
paraneters (tOro and 20oo) are eastly cbanged to sult a partlcular cllentrs
needg.

cmcr lGffilrEllrrlt

Cracks are leasured by four 3Z khz lasers. Ttrey are classlfled tnLo
categorles of depth aad rldth uhlch can be Yarled. Ttre output lndlcates
the ngober of cracks per 100 neters of lengtb. Sll dlfferent categorles of
cracks are posslble, four et a sballor dePth and tro at a greater dePih.
The operator can change tbe Ilalts for each eateSory. In addltlon, any

cracks or Jolnts seen by tro adJacent eaoeras rltbln a preset dlstance are
recorded ln a tboihr cateSorY.

ilrcnotErn f,E lcrsltnEEts

Tvo blgh-speed 32 Ebz lasers (ooe on each rbeel path) take rany readlngs of
the paveoents. ltese readlngs record the texture of the paveoent. The
conputer breaks donn the terture tnto varlous rave foros. llavelengths
betreen 2un and t0nu are ln the group callad flne aaerotexture, and
uavelengths bctreen 10m and 80no are tn the Sroup called rough Bacro-
ierture. Ilthln each group, a root-uearFsquare (nHS) ts ealculated and

reported. thls Bl{S ls a ueasure of aaplltude. Ttre Rl{S values for a glven
Iength of paveoent are dlstrlbuted lnto 10 ranges. Ttre nacroterture 1n
each range ls reported as a pcrcentage of the total sectlon rlth RHS ln the
range. These values are all raported for both the caoerasr t.G.p ln each
uheel path.

DIS?IXCE II T$TRIIG

Longltudlnal dtstances are neasured by ueans of a pulse transduc€r rhlch
has an accuracy of +o.2 percent. Ttre length of an obJect or cectlon belng
lested ean be done autoatlcally at any lntenval a cllent !!y requlre,
t.€.1 1O sectlons per nl]e, on+half n1le, one nlle. ?he autonatlc
ueasuring can be overrldden nanually ln the vehicle to record tntersectlons
or other locatLons requtred by the cllent.

A-28



Arkansas State Hlghray and Transportatton Departnenl
June l?, 1987
Page 3

Tbe operator nry alto turn off tbe laaers rhen travelllng on an unrepresen-
tatlve sectlon, 1.3.1 crosstog rrtlyly treckc or brtdge decks of a
dlfferent naterlal. Thls ulll result tn e difference betyeen the length on
Hhlch data ls neasured and the scctlon length (Uotfr values of uhtch are
lndlcated ln the prlntout), but rtll ensure lhat the data collected on the
roadnay surface 1s not contaslnaEod by unreprcsenbattve sttuatlons.

If you have any questtons regardlng eny of the aforeEentloned, please feel
free to contact ne.

Iours very truly,

Ila INFRASTRUCTURE UANAGEMENT SENVICES

L// io i' - -,/,nfu'- //,"t'/'
Robert L. Hovak
Dlreetor of Englneerlrg

Encls.

BLll. kJr

Bef: 01-9029A00
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( 1) Object:

(2) Length:

(3) Heasured:

( tl) speed:

(5)Quartr car:

nusvA (!t0):

(5) xutdeptrr:

)10u:

) 20 uo:

(7) snltches:

lo l:
llo 2:
No J:

( 9) Cracktrg

UPLINATIOI{ OF NAU DNTA COLLESTED HITH ilE
I LASEN NOAD SURFACE 

'ESTER 
t

IllS Locatlon lluober

lctual length of sectlon ln reters

Length of test sectlon sanpled, norually (Z) t (3) are equal

lverag,e speed of-XST over test section

I rlde quallty lnder standard neasured ln us per kE.

I secondary rlde'standard of root EeaD squared vertlcreacceleratlon.

lverage rutdepth oyer the test sectlon of the deepest rut(saopllng dist : 5 neters)

Percentage of the test section ulth rutdepth greater than r0 on

Percentage of the test sectlon rrrtb rutdepth greater than 20 m
Eight toggle sultches for subjective lnput of environnental andlnventory Cata

8) Euttons for aeasurlng lengths ulthln a test section
1". . " 

percentage of tbe iest seetion 1engtb durlngbutton uas depressed

Value
uhlch the

Depth fl (3o.->6m)
De

6-

,2

12rc

thp

5
I
0
t

(6m+)

ll ,3
12 -)50no

I
5
I
3

HCI
5.0

rBoth

I
I
I
I
I
I
I
I
I
a

I
I
I
I
I
I
I
I

-- l$ldrb tlLaser I !3->6m
-!------crack l

2
{
3

l,13 !rrq
12 -)25m125-)50 o

ut2
5-)tarc

U'2

60

38
rq
23

26
27

9
l5

1 {
9
I
?

0
0
0
0

t Yalues ln the rBothi category lndlcate uuobers of cracks rhlch both laserll and 12, or laser 13 and l{ oeasured at the sa.De tine
r HC 1s Hacrotexture Coupensatlon Factor

Note! All values rndlcate nruber of cracks per r00 ueters

A-3-L
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UPLA}IATION OF NAi,' DATA COLLECTED r'ITtl ilE
I LASER NOAD SURTACE TESTEN I

( 10) llacroterture:

BllS values
Deas. ln ao t:--!

! ras: 0.2
Eacro I ! !rough i0.83i 0
fine !0.53 ! 0

ll
ll

nacro I i !rough !0.5{ i z
fine !0.5? ! o

!--:

;
lCategory llutts ln ra

0.3 0.1 0.6 0.g
0.1 0.5 0.9 1.3

1g
28

rt
66

28
l7

rq
2

0.3

s
2

t8
5

0.0
0.0

25
l3

0.0
0.0

7
5

6
1

3
0

8
I

t.3
2.0'

2.0
3.0

0.0
0.0

3.0
5.0

0.0
0.0

10
2t

0.0
0.0

1

I

Explanatlon of teras:
8HS: Boot P.ean Square of the surfaee terture ln unnacro 1: Texture of left nheel path

4: Texture of rlght rheel path
rough: surface lerture erth uavelength betueea iOu and gOm
fl.ne: surface lexture urtb ravelergth betneea 0o and r0o

(tt) Profile: lvcrage transverse proflre of rane tested

llean Proflle: lverage elevatlon of each laser above or belos the
proJected betueen lasers I aad 1l

Deviatlon:

11ne

?te standard deyiation of eactr laser nlthln the test
sectlon fro tbe rean proflle

(12) Date tests were made.

A-32



SUPTRHIGHHAYS

NTY' PAVIMNTS

UNPAVIO

UNPA

OANAGTO

?

lRl (m/km = mm/m) fioRnAt

50 km/h

60 km/h

E0 km/h '

100 krn/h

tst
t6

l{

t2

r0

E

6

4

2
0

tnosrox GutttYs Ato
D€TP DEPRESSIO'{S

rRtouEr,n sHAtt 0v
DIPRISStoNS. Sont
DTIP.

TRTOUEi'T

ruNOR DIPRTSSIOHS

SURTACI

0=ABS0LUTE
PER.FECTION

Figure 15. The IRf roughness sca1e.
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INIRODT'CTICI{ 1'O PASCO

fte PASC0 R0ADR$ON seri.es of devices is the Japanese aru,rer to the
collection ard analysis of daLa on pavernent condition for r.rse in making
paverEnt rehabilitation and design decisio,ns.

Ihe ROADRtrON- model number reflects PASCo's historical developnent of
these devlces. A suunary of PASCO's ROADRECON series of devices ls contained
in Table 1. The PASCO Corporation of Japan developed the contirnrous surface
photographing device, R0ADREC0N-70, and in 1970 produced the first unit.
R0ADREC0N-70 is shom in schemaLic form in Figr.rre 1. In 1975, develognent
and production of a photographic nrtEing rEasurement suNey device, RoADREcoN-75,
was corpleted. *ris device, based upon a process developed by a Japanese
national and published in 1937 and pictr:red in Figure 2, is capable of providing
very accurate site specific n-rt depth rea$rretrents at preset sanple intervals.
Develognent of the autornated system of anai.yzing the rutting measuretlents using
a digilizing table was completed in 1983. Ttre P.4,-SC0 ROADREON series of devices
is capable of rnaking neasurements rrith trso tlpes of longitudinal profilers. One
longitudinal profiler uses a tracking wtreel, an accelersneter, ard a differential
transformer to reasure surface elevations in the outer rtreel path, ROADR.EC0N-77.
A schematic illustration is shown in Flgure 3. Ihe other longltudinal profller
measures the distance between the vehicle body and the road surface using Ehree
lnfrared lasers, one in each vtreel path and the other in the center of the
vehicle, ROADRECON-85B. lhis device wtri.ch is schernatlcally ilLr:strated in
Figure 4 is also used as an approxi$ation of nrt depth since each wheel path
is reasured. A scher.atic picture of the varj.ous ROADRECON serles is shovn in
Figure 1. When looking at Figure 5 you should understand that all of rhe
ROADRrcON series are mounted in the same vehicle at the same tilne.

B-3



196s

1970

L975

L977

1980

1982

1983

1984

1986

Doslgn of Autonatlc Coactmrost Rosd Surfece Phorographtc
Rccordcr on Vrhlclr (lOrtrDRECOtl-70) wrr bcgun.

Flrsc ROADRECON-70 ras lnploncnccd

Ftrsc Autoutclc Ruc Dcpch Photogrephlc R:eordcr (ROADRECON-

75) res loplcorntrd.

Firsc longltudlnal roughnass sunrey' equlpoenc (ROADRECON

77) was toplementcd.

Dcsign of Laser Sensor Longitudinal Roughness Survey
Equipoenc (ROADRECON-85) ras begun.

Deslgn of Aucomated Ftln Analyztng Syscen for Rurring
Heasuremenc rras begun.

AuEotraced Fllnr/Data Analyzlng Syscen trlch DigiEtzing Tablec
uas developed.

Lascr Scnsor Longltudlnel Roughncsr Survcy Equlpncnc
(ROADRECON-85) sac devctopcd.

Parcac of Ner L:srr Cancra Logglng Sysroo wcr fllcd.
Dcvclopncnc of Lagcr Dl.sk Based Pavgncnc Condtclon
Data/Iaag. R.trtevrl Syatu u:c bcgun.

Table 1. A summary of PASCO's ROADRECON development
history.
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U{INTBIANCE CONTROL I}IDD( }JcI

I'lhen paverent cordition is evaluated all available distress information
should be considered. This is done so that a proper maintenance schedule can
be developed. the PASC0 syscern is configr"rred to give surface condition informa-
tion rdth respect to srrrface distress. ltre distress values, as used in P.dSC0's
I'bintenance Control Index (ICI), are roughness, cracking, patching, and rut depth.
PASCO's I'frf varies from 0(bad) to l0(good) as an overall estimate of the con-
dition of the road.

The extent of cracking and patching of the road surface is deternr.lned with
the ROADRECON-7O by obtain:ing conti.mrous strips of photographs taken in the night
time Irith a slit ctuiera. Rut depth is deterruined when a hairline is projected
at an angle and the projected iruage is photographed by a pr:lse camera, ROADRffON-75.
Roughness is measured either as the movemenE of a uheel as measured in the vertical
direction with an accelercneter as in ROADRffiON-77 or as in R0ADREC0N-858 where
the distance is neasrrred with a laser beam.

( the present condj.tlon of the road is evaltrated and the futr:re condition of
the road is predicted frcrn the values for cracking, patctxing, nrt depth, €rrrd
roughness as obtained above. ltre PASC0 method carputes an ffil frcrn the equatlons

When all data is available:
16r = 10-1.48CR0.3 - 9.29RD0.7 - O.ttS*. (1)

I'lhere cR = cracking ratlo as a pereent rith all tlpes of craclcing
and patching being h-rnped Eogether.

RD = mt depth in nm
SD = longitudinal roughness in nm.

Irihere all data bn:t roughness is available:
MCI = 10 - 1.51CR0.3 --9.30Rnp.7.

where cR = cracking ratio as a percent with all types of cracking
and patching being lunped together.

RD = nrt depth in nrn

Where only cracktng ratio j.s available
MCr=LO-2.23C?0.3

tJhere cR = crackj.ng ratio as a percent. with all ty?es of cracklng
and patchlng being lunped together.

Where only mt depth is available
ICr=10-0.54RnP.7

I{here RD = nrt depch in nm.

PASCO uses the contirnrous photographs fronr ROADRECON-70's 35nm slit camera
to interpret and EEasure the area of all cracking to obtain CR. Ttre RD is mea-
sr:red from photographs of a hairli.ne, projected aE an angle, Eaken by a pulse
canera, R0ADREC0N-75. Ttre longitudinal roughness (SD) is measured either by
R0ADREC0N-77 or by ROADRffi0N-85B. Ttre ROADRECON-77 system uses a tracking wheel
fitted with a differential transfonner and a Senro acceleronneter to measure
longltudinal roughness, whereas the ROADREC0N-658 uses three noncontact laser
sensors to reasure longiEudinal profile and rougturess.

1

)

3

4

!-?-



ROADRECON-70

the ROADRSOI,I-70 system uses a 35rm slit canera to obtain contlnuous strip
photographs of che driven lane. The carera's slit aperture is 1.06 in. (?7nm)
long and can vary in width frorn 0.004 in. to 0.04 in. (O.Lrn to 1.0rm). Ihe
lens has a focal length of 0.57 in. (14.5nm) with F/3.5. These featr:res are
illustrated in Figr:res 6 & 7.

the canera is mor:nted on a boom on top of the survey vehicle as shorin in
Figure 1, about 2.9 neters above the ground. Ttris results in a photographic
scale of 1.200. Because the slit size is 1.06 in. (27rm). the phorographs
cover over 5 meters of road width. Ihe film speed and canera aperture size
are synchronized with the vehicle speed to produce a contirruons strip of photo-
graphs. With a standard 1,000 foot ro11 of fi1m, 37.3 rli.(60kn) of roadway can
be photographed. This system can be operated betveen speeds of 1.24 rnph(2}nrph)
and 49.7mph(80kmph). the systen which can be operated during the day or night,
uses a bank of 10 halogen lamps mounted trnder the front brrnper to provide
constant intensity of illunui-nation. Data f low is illustrated in Figure g.

ffre iifm is processed by an autonatic film processor. I?re processed
posiEive film is enlarged 10 tires and projected onto a digitizing board (see
Figure 9). A grid system, r:sing a grid ce11 of 0.02X0.02 inches (0.5rTmx0.5nn),
is overlaid onto the projected area (see Flgure 9). A key is used to interpret
cracks and patches from the projected image as shovn in Figr:re 10 & 11. the
area of the interpretd patches and cracks is measured by counting the nr-unber
of sqr:ares containing the detenr[ned distress. the CR in equation (1) is then
given by:

CR = The crack ratio
of crack me

area meters

= Crack area (m2) X 100
T-ttlr- areE-fmzf

x

B-J. U
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Figure 6. The ROADRECON-7O area of coverage.
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LEI{S 35 rn IOVED FILII

SLIT (27 rn x I nm)

Figure 7. SIit camera theory of operation.
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ROADRECOT.T-75

I?re R0ADRffi0N-75 systern uses a 35 nm ptrlse carrcra and a hairline projector
strobe light to photograph nrtting wave patterns. A schematic illustration of
lhis device is shown in Figr:re 2.

Figr.rre 12 shows the projection of a hairline on the cross secEion of a
road. If there is no rutting present, the hairline will be projected as a
straight line SS'. However, if rutting is present a ruttlng trave pattern, LHM,
Lri1l be observed. I?re hairline at the high point H w111 be projected as H1 and
at the 1ow point L will be projected as L1. Ttre distance D1 of H1 frorn SS' is
proportional to the helght of nrtting IIH1 and distance D2 of L1 from SS' is
proportional to the depth of the mtting. If the projected line is photographed
by a vertical camera directly above line SS', BS shovn in Figure 13, then, the
distance:

D1 = H/f(d1)

and DZ = H/f(dZ)
wher'e

f = focal length of the carrnra
H = height above mean ground

the nrt height
Ttre nrt <iepth
RD (total nrt

= IIH1

=LL1=
depEh)

Ean O.
tan 0.
+D2) tan g.

Dl
Dz

h
= H/f(dt+d2) tan
=SranO(d1+a2;

Where S is eqr:al to the scale of the photograph.

In the ROADRECON-75 systern the strobe light is mounted on the front br.rnper
of the survey vehicle and projects a halrline at an angle Q = 26033', such that
tan 0 =..5 (rounded). The cErrnera, mor:nted on a boorn on Eop of the vehicle and
positioned fomard of the vehicle, photographs the lane in wtrich the vehicle is
traveling (see Fj.gr:re 14). The camera is aimed straight dolsn so any rrltting is
represented by a wave pattern in the hairline. Ttre focal length of the camera,
f = 0.6 in.(I5rm), and the heiglrt of the catnera above the gror:nd, H = 120 in.
(300Om), results in a scale for the photograph of S=2@. Ttrus the total rut
depth is given by the equation:

RD = 2@(df+dZ).:

Itre accuracy of these measurements may be for:nd and is dependent upon the
nEthod used to detendne the rneasurement of d1 and d2. There are lwo means of
measr.rring these values. One is by using a comparator, Ehe oLher is by using a
digitizing tablet, see Figr:re 9. The comparaEor is a photogrametric instrunent
used to measure x-y coordinates on a photograph. If a conparator is used to
obtain measureirent of d1 and d2 then the accuracy of d1 and d2 are each 10.0002 in.
(10.@5nnn). However, if a digitizing tabler is used the measr:rements of d1 and
d2 have €rn accuracy of 10.0008 i.n. (tO.Oarm).

0
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enlarged projection.
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Ttrus accuracy of RD usi.ng a comparator is* : iiffi [:#i'.('ooo2))'5
= 10.04 in.or = +200( ( .005)+( .005) ).5
: ilT,#,,

shile acclrracy
RD

of RD using a digit,izing tablet is
= 1200( (0.0008)+(0.000S) ) . j
= 1100(0.0015)
= 10.16 in.
= +200( (0.02)+(0 .02)) .5
= +100(0.04)
=14rm

or

The accuracy of rut measurements using a comparator is tO.O4 inches (1.0mn)while rhe accr:racy using a digirizi.ng cablEr is tb.ro i'ctes-i+.o*,1.

-Ihis system can.operate only at night because daylight may interfere withresolution of the. l.rair_ling projection. -Ihe system can operate at speeds between0 and 50 mph(8Olsnh). Both the-strobe light 
"rrd 

trr" cr*eia shutter are rriggered
f!-eiven intervals^of pavement travel. rntervals between 4 inches (o.lri-ffiJ---
328 feet (99.9m) of pavemenr travel can be selected.

ltte camera has a nra:rimmr frame rate of ten frames per second in the pulse.mode. The-exPosure tine is about L/64 sec. TLre film magari""-rr"" a loadingcapacity of 400 feet of film so that in the case or phor6gr"piri"g at a reguiarintenral of.66 feet (20ir), for example, approxinatety OZ.i mifes"(100lsn) il--be covered by one magazine load of iiG. "
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ROADR.ECON-77

Ihe RCADRECON-77 uses a tracking wtreel to measure longitudinal roughness
of a road surface. Itre ror:ghness is meastrred by a differential transfoimer and
a Senro accelerometer attached to the tracking whee1. A schematic illustration
of the arrelngement is shown in Figure 3. I?re tracking wtreel is arranged such
that it measures the roughness in the right wheel path of ttre lane in h,tlich
the surrey vehicle is traveling. An acceleronneter, attached to the tracking
wheel or profile detector, measures the vertical acceleration and feeds the
information to an on-board computer. Itre compr:ter performs the necessary
integration to detemine the vertical displacerEnt z. Ttrus

. = I(!.zdt) At = ferrdt2

whgre a2 is acceleration and dt is the tirne interval. fn road roughness,
R=T-Z, T is the total displacement between the vehicle and the road, vtr-tch the
differential transfonner corrgltes. Ttre roughness is then plotted on a chart
and also saved on computer cassette tape. By using the proper encoder, the
speed and the distance traveled by the survey vehicle are also fed into the
on-board computer, which saves this inforTnatj.on on the cassette tape ard also
plots it on the paper chart. A schemacic illustration of the various cornponentsof this system is presented in Figure 15. An example of the paper chart printout
is-shown in Figure 16. Ttre compr:ter also computes the total tr-uin:lacive rbughness
value, TCR, where

TCR = r l*, -.r*rl.
marks are made on the paper chart to irdi.cate every 10rmr accurulation of
fr!!, total rorghness betlreen distances can be directly read on the paper
. The longitudinal rougtrress, SD, as used in Eqr:ation 1 is then obtained

I(R )
SD= I

n-l

where L
i= t,

o

ltre R values saved on the cassette tape can be used to compute SD. Alternately,
the device can be calibrated against a standard profilometar so that the correl
lation equation between the tuo systems can be determined. T?re TCR value and
the correlation equaLion can then be used to deterrnine the SD values.

the ROADP,ECON-77 ca! operate day or night at speeds between 0 and 25 r,rph.
One cassette tape can hold data on 80 rniles of roadraay. the scale of the pin
chart can be set at 1:100; L:z@, 1:400, or 1:5@. The accr:racy of the syitemis t0.04 in. (tlnm).

Tick ;

ICR.
chart
by:

2i
t
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OIGITAI DATA
mcmotR

GEAR

B0x
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Figure 15. A schematic representation of RoADRECON-77.

- - DISTANCE (km)

SPEED (km/hr)

R0UGHNESS (nm)

TCR (ToTAL CUMULATIVE
ROUGHNESS )

Figure 15. An example of the paper chart printout from
ROADRECON-77.
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ROADRrcON.85B

Ihe ROADRECON-85B uses three noncontact laser sensors to rpasure rough-
ness. Ttre lasers are on ths rear hrnper of the survey vehicle as illustrated
in Figures 4 and 5. T?re lasers are morrnted one over each rear wheel and one
centered between the rear wtreels.

As the vehicle progresses along the roadn the lasers are fired at a
given interval of pavenent travel. Ttre laser diode, in the Opcocator, elutts
a coherent beam of infrared light via a lens system. Ihe laser beam, vhen
fired at a particular instant, hits the sr:rface of Ehe road and the diffused
or scattered beam enters the detector via a lens system as shown in Figr.rre 17.
Ttrc lens of the deLector focrrses a spot image on €rn analog linear position
detector semi-conductor. Here, the csrtrollers for the laser npaflrres the
distance, r, of the spot irage frcm the center of the detector and conputes
distance, x, between the vetricle and the road surface.

x=X6tf

where xo is the distance correspording to the center of the detector.

IIre controller of the laser provides the distanc€, xr to the lnput/outprt
controller of the cotlputer. Ttrc encoder attached to the wheel of the survey
vehicle comrunlcates the distance, D, traveled by the sr:rvey vetricle Lo the
input/output controller. Itre system control then plots these data on a chart
in real tifiE and also saves them on a tape cassette for future use. I?re
fi:nct.ion of these components is illustrated in Figure 18. Ttrc variation i.n
x gives the roughness of the ride. Itre SD in Equation (2) is then conrp:ted
using the erpressj-on

r(x i
SD= I

aa-l
RLltting reasurelEnts may also be conplrted frcra these laser reasurefiEnts

as ilLustrated in Figure 19. Ttris is accorplished by using the folloring
expression:

Where

Rutting: RD = ((.5) (Da + Dc)) - Db

Da is the distance rreasured by the laser ln the inside wheel path.

Db is the distance measured by the laser centered between the wheels.

Dc is the distance measu.red by the laser in Ehe outside wheel path.

ltre system can operate day or night at speeds between 0 and 50 nrph
(0 and 80lmh). TLre lasers can be fired at intervals between 4 inches (0.1m)
and 33 feet(9.9m). One cassette tape can contain data for 40 nulles (80lqn)
of roadway. The resolution of the laser sensor i.s about 0.02 inches (0.4nm).

2
)
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Lcft uhecl

where:

I9. Rut calculations
ROADRECON-858.

Laser A Laser B Laser C

Rlght uhccl

Rear Profile of ROADRECON-958.

Laser A Laser B Laser C

RUTNiJG

Rutting: RD = ( (.5) (Da+Dc) ) Db,

RD=

Da=

rut depth.

rut depth measured by Laser A in the
inside wheel path.

Db depth measured by Laser B centered
between the wheel paths.

Dc rut depth measured by Laser C in the
outsj-de wheel path.

Da

using measurements from

ROAD

I

Figure
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PASCO Data Collecti.on Procedures
and Data Otrtput

Setting up ROADRECOi{-7O takes abort 20 rnirnrtes by tro persons. After
the necessary cables are connected, the slit carera ii npunlea ard the camera
boonr is extended, adjrlsted, and secured. since speeds belor 1.25 mph (2 Imph)
causes overexPosure of the fi1m, a nmxing stErrt is necessary at the beginningof rhe section as re11 as each stop. A sirip on the ground of about 3.0 to
3.5 in. (8 to 9 crn) in length is blanked out during sfops. These filns are
then sent for developing, printing, ard interpretaiion.- Flgure 20 shows a
Llpical strip photograph nade frcrn film frmr the slir carnera.

ft takes tvo Persons about 3O rninutes to set up the pulse camera, ROADRrcON-75.
Ihe slit camera is replaced rrith the trrlse carera, ttre trairtine projector is
rnunted, and the camera booa is extended, adjusted, ard secrrred.- Itre firstpflse shot is taksr rnarrually to include paveuent martcings at the begirrring of
the section. T\.ro or three phocographs are taken at the end of each-secti6n.
the film is then sent for developing, printing, and plotting of the cross profile.
Figure 21 shows .a tlpical prlsq canera photograph and figure 22 shows a tyiical
cross profile of the pavelpnt fron which nrt rrpasurerenti are made.

.dssernbly time for the R0ADREC0N-77 is mininal since the systern is rnor:nted
on. the -survry vehicle. A check of ttre connectiorui and the pa*r feeds, which
takes about five rnirnrtes, is done before the operation beg6s. Ttre system is
started ve11 before the operation begins, ard i mark on the paper chait is
made nanr:a11y at the begirming and ena of the section. the tassette and paper
chart are sent for corputations of rougturess. Figrrre 23 shows the paper ctirtof a typical n:n._ Ttre strip chart is broken into four separate traiing areaslongitudlnally. th9 upper trace is used to identify the-distance traieled
with 0.8 in. (2 cm) along the paper being equal to 6.5 ft. (2m) of rravel.
Ttre second line of data is the longitu*inat profile of the section sur,reyed. Thevertical scale on the graph is 2.0 in. of roughness per 0.4 in. (lfun).'The
third trace is a plot.of th9 !pe{ of the surrey vehicle. Its scale is 5.21 mph(10 lmph) for each 0.4 in. (10 rrn) on the verrital scale. Itre fourth Lrace
consists of vertj.cal tick narks that represent the tf,? count with each one eqr:a1to 0.4 in. (1 crn) of additional roughness. I?re additional informarion associated
Iflith tttis trace Pertains to PASCO's needs and was not oirylained. Ttre bottom
area of the chart contains notes about problems noted in the suney such as
intersections or other special features

For R0ADREC0N-858 the mourting of the lasers rakes about l0 to 15 minures.
Checking of proper connections and paper feeds takes another five nlrn-rtes. The
system is started well before the oleration, and marks are made on the paper
chart rnarl:ally at the begirr:ing and end of each section. The charts and 

-

cassette taPes are sent for cunprtat.ion of the roughness. Figr.rre 24 shows
the paper chart of a portion of a section. ltrls chart is laid-out i-n a manner
sirnllar to the one r:sed in the ROADRtrON-77 example. Distance is masured inthe sarc manner along the top of the chart. Itre-second line of data is therut depth and utilizes a scale of. Z.A in. for each 0.4 in. (lftm) of graphvertically. the third trace uses the sarip vertical scale to describe--thiprofile at Ehe inside wheelpath, €rnd a similar condition exi.sts in the fourthtrace to identify the outside wheel path profile. The rer:rainder of the chartis used for notes.

A11 of the above is cor:rbined and presented in PASC0's evaluation sheet
which is illustraEed in Table 2. Table 2 does not contain data garhered during
PASCO's demonstration in Arkansas.
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Figure 20. An enlarged print from RoADREcoN-70,s slit camera.This is a photograph of the outside lane north boundr-30
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Figure 2L. A typical photograph, enlarged, of the RoADREcoN-75's
pulse camera. picture 001 1209870 28024 is of f-30,
North Bound, outside rane, at pASCo's mire point zga24,Profile No. 2200.
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AVOAR lnc
2O. bt IQZi0I Atfria,luu titt6

l{erch 23, l98E

l{r. l{ark Eredlcy
,trkensas Stacc Highuay

end Trensport!tlon DcpcrEecnt
Prvcurent llenagemcnt Enginear
Roadusv Dcsign Dlviston
P. O. Box 2261
Llttle Rock, AR 72203

Dear !,!ark,

Thank you for taking rhe eine co
dropped by your office. Our discussion

me lasc ueek uhen I
infornatlve. I have
cosr, of pASCo,s filn

speak uith
, ues very

cnclosed the infornation you requcsted
rcading equipnenr.

regarding che

I thlnk a head'to'head comparison ts an GxcGllent way to complecelyevaluate boch the R0ADRECON and che ARAN daca collecrion iyrt"r". pAsco
uould appreciate the opportunitv to participate ln chis stud1.. The valueof thl s tnvesrtrenr in addl t jon ro rhe iraporrance of ii.," equipnenccertainly justifles rhe cosr of conducring this conparison.

Lcr nc knou if I can be of any assistance.

Besr regards,

Po-''"
Ron Lhite

RtJ/e s

Enc losure

B- 31



lnc 20. b, ,C2r8. Atnia- lont 7e7$

TECH!i I CAL I,! EHORA}IDIJU

TO:

F?Or{:

SUBJ ECT

l{ark Bradl,ey

Ron Whlte

Date Reduc Eion Hardruare

DATE:

FILE:

and Sofcr.rare

Ilarch 23, 1988

303

HARDIJARE

There are tlro pleces of equlpnent PASCO uses to reduce peve$enc
distress informarion frorn !e1!!S!!.70 (RR.70, surface photographs) film
and ROADRECON-75 (RR-75, Cross profile photographs) fl1m.

The first piece of equipment is the manual-feed filur enlargerl
Thls ptcce of equipurenc enlarges RR-70 35na filn Een rlaes

(one'rrlenci'erh of che actuel paveoent sizc) onEo a tablec. Infornaclon ls
vtsually lnterpreced by.8n operacor and entered onto a pepel form or
direcrly into a cotrPut.er. A grid of knorn dioensions is superimposed over
the f11o or placcd on the tablet to facillrare the objecEive
lnterpretati,on of pavement dlstresses. The flIu is oanually advanced by
che oPeret,or 8s lnforaatton ls connecced. fhe cost of thls equlppenE is
52'000 pcr unlt. PASCO has four uanual fecd ftln anlargers ln Nen Jersey
on the shelf ready for looedlace de1lvery. Thls anlarger ls nor used by
PASCO ro lnrcrprcr RR-75 filo.

A second plcce of equtpuent ls availablc that ls oore auEonated Ehan

the one dlscussed above r Thls enlarger comes uith
dlgitlzlng cursor that en operator uses co ldentlfy dtstresses on che RR-

70 ftln. Thts cnlarger has a fraoe advance fcarure shich auroraatically
feeds the flln onc frane aE a tlme at the operator's comnand. The reuind
and fast'forverd functlons arc notorized on thts eguipoenE.
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ln rddltlon to nt-ro flll, thlt .utolrrtc rnlrr3rr k urtd by pAScO

Bo dtitttst Il'75 crorr proflh fltl. Stvrrrl polntr on rrch oprtctl ltnr
.rt dlSlttrcd by the op.rrtor uslng, ghr curtor. Ttrtr lnforortlon lr ftd
dtrcctly tnto I cooPut.r vherr rut drprh ls erlculrttd. Ttr: cort of thlr
lutonatlc onlrrgrr ls $33,500. In rddltlon, rn IB}{.PC/A1 coupttlble
conPuB.r 1s rrqulrrd vhlch cottt $6,500 rnd conrtrts of thc folloutng
rpcctflcettonr:

660 KB. 1. 2 , FD. 360 lt3 HD u/controlrer, Eonotrrphlc oonl ror
u/edrptrr, 3nphlc prlntcr, IEEE-6t I/F tdrpcrr.

The dellvcry t!.ae for onc ptcec of thts aqulpnent ls ehrec nonths

SOFTIJARE

The RR'' 70 discress interpretacion sofrware used by pASCO su6s
pacching ad all r)?es of cracking inro a slng1e lndex. Thls index ls
cal1ed "crack rltlo'and is cooblnad wtth rut depch end roughness Eo

calculate e Pevetrent condttton tndex cal1ed t'tCI (uaintenance condltion
lndcx).

Arkansrs vl11 probably brcrk dlstresscs lnto tho vrrlous typGs of
crecks (el1lgetor, tr.nrversG, ctc.) rccordlng to sovcrlty end G1tcnt.
Thts dctal1 cln b: lnterprcted froa thc phorognphs. If Arkrnsas desircs,
PASCO crn dcvclop eurfrcc distrccs f11o enrlyzlng roftrerc to EG.t
Arkanses' dltl r.quirGDtnts. PASCO crn perfom thls uork on rrqu€st rnd
crn dcllvcr thc product ln thrcc oonrhs for $77,OOO.

RR'75 crots profllc fllo can bc lntcrprctcd rnd storcd vlctr tofcwerc
eveilablc froo PASCO. Thc softutrG rcts on dlgittzcd lnforreclon froa RR-

75 flla. PAscO r.portt rut drprh by taklng thc uexlouo uhcclparh ru3
(lnsldc or .outsldc) froo cech photogreph, end suanaing thcse up ovgr ln
entlrc stctlon. lhts Buurl.tlon 1s dlvlded by rhc cocel nuobcr of
EclsurGoents to glvc tha texlouo lvcrrge nrt dcpth for a roctlon. Ttrc

oexlouo slnglc rut dcpth ln cech scctton ls also rcportsd. In tddlr,ton,
PASCO has e plotttng progrro vhich uscs the dtgltlzed lnforusrlon ro plot

B-33



\

Bhr crorl prof lh of thr p.v.!tnt .t ur.r mhctrbh locrtlonr. fhr corg
of shb rofGvrrc lr tncludrd ln thr cort of sht ROADi,ECON ryttu. tltr
roftvrrr vlll br rvrllrblr ln En3l!,rh forl by llry of 198t. rhr ROADRECON

flla rnrlyzlr Duft bc:upportrd by r plottrr lf tht plottlng functlon lr
to b: usrd.

PAscO crn p:rforo thr rur dtglttztn3 rnd plottln3 rrrvlc: f,or
Arkenses for $10 p.r nrrsurcnlnr.

RtJ/es

,-_-.. _J

AFi; I
8-34 Dta-.e?arr,... -err gr. rui.-e'lr*..il:.
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lnc P.O.&ox 162181 Ausria, Texs 78t16

_ 
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.sqld"
February 24, 1988

Hr. Mark Bradley
Arkansas Departnent of, Transporcation
Roadway Design Division
P. O. Box 2251
Llttle Rock, Arkansas 72203

Dear }lark,

Enclosed you ui11 find tabulated rut deprh daEa ua collected on IH 30
(Table 3 ). ltte values correspond to thc cross profilc plors ree s€nr, youearlier (leccer dared February 1,- 1988). FigureS 23 and 26 are examples of
how PASCO Inc quanrifies rur depch. call Ls if you havc rny questionJ.

Sincerely,

,(*
Ron Ltrite

RIJ/es

Enclosures: Tabulated Ruc Depch Data

B_35
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Arkanses - 7

Proflle No.
0

200
400
600
800

1000
1200
1400
1600
1800
2000
2200
2400
2500
2800
3000
3200
3400
3500

Ml lca8c
28002
28004
2E006
28008
28010
2 8012
28014
2 8016
28018
28020
28022
28024
28026
28028
28030
28032
28034
28035
28038

f,gg Denrh (mm)

L2
L2
10

7

L2
l2
11

9

14
t2
L2
10
L2

7

9
8
8
7

7

Arkansas - I

AV-10

&E Depth (nn)Profile !9-
0

200
400
600
800

1000
1200
1400
1600
1800
2000
2200
2400
2600
2800
3000
3200
3400
3600

l{t 1e a ge
27002
27004
?7006
27008
27010
270L2
270L4
270t6
27018
27020
27022
20024
27026
27028
27030
27032
2703t
27036
27038

5
5
4
6

6
6
6
7

5
6

5
5

5
4
3
4
3
4
4

es/02/23/88 ?abre 3. Arkansas rut depth table.
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Figure 25. Example of rut depth quantification, condition one.

B-37

!

II



(rrl
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0010?2r86000002

PA55 ) I

(rrl

?0

g0

3o

{0

!0

?0

l0

?0

0

$

r0

D

a0

t0

RUt DE r,h
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Figure 26. Example of rut depth quantification, condition two.
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lnc PO. b, ,cPr8d Auain,lottt 7t?t6

Fabruery 1, 1988

}{r. l{ark Eredlcy
Arkansas Dcparcuent of Transportatlon
Roedray Dcslgn Dlvlsion
P. O. Box 2251
Llttlc Rock, Arkansas 72203

DeEr !,!ark,

lJe have enclosed the lnfornatlon re collectad nich the pAsco
ROADRECON (RR) autonetic suFrey eguipnent. This tnforoatLon includcs tuo
rolls of flIo and rur deprh plors.

T1re two rolls of filo are output froo the RR-70 end Rl-75 opararlon.
You can use a filo strip projector or stoilar devlce Eo revier the RR-70
flIn. The RR-75 filo has been reduccd and plotred.

RR'75 PhotoBraPhs cere taken Gvery 100 fect. Thcrefore, there rere
52 photographs (:) taken in each directlon. Forty of rhc phorographs were
dlgitized and plorced as shown (20 ln each direetion). Starring frou the
threshold of each sectlon, cvery other phorograph vas dlgittzed (200 fooc
spacing) until 20 photographs rrera cntcrcd. No photographs were digitized
ln the lasc 1,280 feet of aach section.

Tha tlro scts of plots give rut depth in centioetcrs. One sat is of
the actual digitized valucs. ltre other is an exacr duplicace except theplots .rG "sroothcd". Ttrough not nou evailablc, you uill rccelve a
print-out of rut depth valucs ar r lrtGr tlnc.

Pleasc let us knon if ue can be of any assistance.

S incerely ,

R"-
Ron lJlri ce

RtJ/cs

Enclosures Filn and plots

B- 39
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APYA TORONTO Sept 1988

N.v Tcchnoloov Fgr ptvament ManaaqmGnt

Pavement Expenditurc Flanning (pEp) is ! rarBtavely nevDhcnomenon' rn th€ I95o's tnc,6o's roadvry lctiviti€s centerac,on builcting more anc! bigger thrub/ayE by the many transportationaulhorities around the vorlcl. Meanvhile existing roacls continuectto age tovard that point in their lifc cycre vhere thc nee6 formajor maintenance cctivity voulct be requirGCt. In faet. mgnythrough neglect, p.sstct tha point of no rcturn until majorrehab i I i tnt ion becamc n€cessary.

At the same t ime, costs of construct i on cqu i pment , labourand mater ials (not the letst of rvhich is asphalt)'sky rocketect.Lconomic slovdowns since the mid t9?o's acceliratec tna problem,pu tt i n9 pressure on Publ i c funds ava i lab1e for roactvay-relateductivity' Runavay inftation ate into aLrea6y reducecl rehabiIita-tion dollars year af ter yedr until now ve have smaller buctgets inreal dollars to c,o a far bigger job.

Tocray's vatch-hrorcr hds beconre ,'preserve vhat you have bef oreit's to late" as opposed to the huge highvay systern expansions ofa couple of decacres ago. Author it ies tave recognizeo the b i 1-I ions of ctollars tlready expended on roacls and are nov seek ing toprotect it like you vould .ny other investment.
Fven vi th the

materidl,s, methods,
ac,eguately manage .
current information on
i nd i v i c,ual par t of the

best records of ,.as-bu i lt,, construct i onand structural ctesign it is impossible to
h aghlray systern vi thout accurately measuredthe st.tus anc, phys i ca1 cond i t i on of each
system.

The most basic system typically calls for a minimum set ofperformance dEta comPrised of an assessment of existing surfacedistress manifestationE and a measure of the surface roughness orr i d i ng comfort. There are, of course, other concerns as welI ,Such as ruts, sk ic, res istance, grac,e. crossf all. super eJevat ion,etc. These represent specif ic problems perhaps unigue to a l0ca]geoqraph i c area. They .dc,ress spec i f i c safety .spects of thesystem, i nd i cat i ng vhere acc i dent prevent i on measures areappropr iate.

Many of these roadvay parameters have, in past years. eitherbeen "eyebarlect" or cornpretely ignored. Thus an incornplete pic_ture of the Frresent conctition of the total highway system hasresulted in m0nogement programs that are somet imes inac,eguate.

c-4



Thue therc rs rn obvious ncect to collect mor! oDJGCI iveroadv.y d.t. of more types: in large quantiti€s, (tUicrly .ndeconomically. Highu/aY Products rnternit iona! rnc. (HFr) f oresavthis need 60rne Gight yecrs ago anc, Grnbarkact on a hi-tech dcvelop-ment Progr.m to produc! a se!f -contained rnobitr device to cro juatth't' 6y 1983 HPr had ptrfectad tvo statc-of -the-rrt ctevicesvhich are being marrGteo rrorlcl vi6e yith some e3 units not, inus€' 'rhese tre Grescribed briefly belov along with their uniquecapabilities.

AUTO"TATIC ROAD ANALYZER (ARAN&:

PROOUCT DESCRIPTION

the ARAN. is an electronic mobile c,ata acquisition vehicledesignecl to measure anc, recorc! a vide variety of pavement perfor-mance pararneters. self -contained in a standard or cube van. itis equippecl vith speed control, air conditioning, heavy dutysuspension. heavy cluty 1? volt electrical system, privacy glass,pover steering and brakes anc, rdrdial tires. rts exterior ispainted school bus yeltow for safety reasons.

MEASURING EOUfpMEt'tT

on-board micro-procEssors and sens ing c,ev i ces permit themeasurement ancl RAIII clrive recording of roadvay charact€risticsvhiLe in motion. on-boarc, softvare programs a110y tne unit tof lodt ui th the traf f ic f 10w betr,/een 30 and go km/h .nc, negot iatecurves v i thout adverge measuretnent ef fects. E i ther engl i sh ormetric units can be operator-selectecr. At the eno of the cray,c'ata is dumped to f loppies anc, thereby transf erred automat icallyto the in-house ctata base.

Al I systems are ctes igneo to cor lect roacrL/ay dataquant i t ies, QUiCkly anct economically. Appl icaiions atvork anct project rehabit itation pre-engineering ctesignincluc,ec,- High-f ider i ty qual ity of oita ensures itsfor years to come in spite of technological changesthe cornputer urorld.

i n large
both net-

level s are
use f uI ness
typ i cal of

. Rouoh,ness/R icte Oual i tv
The ARANr roughness system utilizes aerospace piezoreslstiveaccelerometer technology to provide both l0ngituctinalprof ile and reponse derived roughness me.isurements.
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A cri ttcrcnt irl-mountcd !ccelerornat€r r€cords varticrl ac-ceterations of the rarr axle of tha vahiclc !s it trlver8rsthe p.vemant 3Ur fAce, thus prov i ct i ng .ppropr i a tcly th€average of the tvo hrhcel p8th$. Daia d ispllyGd our ingogeration incrudcs RMSVA of all vavclcngths bctvean t ft.and 3OO ft. . a tgxture RMSVA cona iOir i ng only tho6cvavelengths betvean t ft. and 2 ft. rnd a Mean Absolutesl ope in mil i-miles per mile or dl€tres per k ilometer.
A geconcr, body-mounted accelerometer recorcts s imultanaousbocly absolutc accelerations anrDl ing post processang detar_mination of rongitudinal pavement prof ire'using ;;, ctataf rom both accelerometerg.

A unique but important aspect of the ARANr Roughness Eysternprov i des the capac ity to cornpress tnd store ral, cltta ascol lectect. Th i s ctEta. i f stored each year in a permanentc,ata i i1e c8n be recaf tect many years dovn the roac, to calcu_late any futrrre roughness indices that may cvolve. Thisenables the inmec,i0te production of life cycle performancecurves for past years vi thout extens i ve corelat i on stuc, i es.
Axle response roughness clata c, i splays ut i 1 i ze st.t ist i ca1 asvel I as co]our graph ac f ormats to h ighr ight problem areasrequiring some form of rehabilitation.
Prof i le plots are produced f rom Long i tuct i na1ness cla ta. These permi t the cr€termi nat i on ofroughness stat i st i cs of i nterest us i ngmodels.

Prof i 1e Rough-
IRf anct other

their specific

Surf ce Distre ss (cond i ion )

Deta i led conct i t i.on surveys have typ ically been conducted atthe netvork level on a sampl i ng bas i s e i ther at serected
m i lepos ts or othcr rrb i t rar i ly seiectect locat i ons .

'lhe availabil ity of the ARANi cohdition rating keyboarG, sys-tem has enhanced the surveying process in tr,/o ma jor ways:

a) ,t automates the recorcting of conctition clata ascollected in the f ielct as vre1l as i ts transf erinto the computer c,ata base vith c,ramatic labour
sav ings over the t ract i t ional manual record i ng anc,transfer methocl.

system (keyboarcts)
Pavements at speeds

s poss i ble to survey
than only a small
representat i ve.

S ince the autqna ted recorcl i ng
f acil itates surveying f lexible
up to 3O miles per hour, it i
lOOI of the netLrork rather
sample vhich may or moy not be

c_6
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lrPrE COndition rBting krybo6rcrr rrr0vidc thc capacityrecorcl up to ao indivirtual pivement distrGESes e.ch in 3grees of Eeverity and up to to araal lxtant categories.
f n ddd i t ion, 8 separatE keys .re prov iC!€Oprecise location of !Endmarks tuch asoverpasses . br idge clecks, ctc.

to
cle -

'l he sever i ty anct arear extent rscorcr"d f or a! I cr istressesob6ervect dre cornbined using . uger-sp€ci I iect veighting f or-mula to calculate. pavcment concrition Rating rnoix. Thisinclex i 6 then plottec, on . cont inuous cha inage f ormat us i ngcol our graph i c sof tvare s imi lar to roughness programs to"bubble-up" problem areas.

to rnotatG the
ra i lvay cross i ngs

.using 
a

sensor i s
a i r clen-

. Rut DeDth

'l'he ARANa is equippect urith a front-mounted rut bar exten-clable to a full te ft. l,ane wictth. 3? Ultrasonic trans_ducers are mounted on 4, centres fac i ng the pavementsurface- Each tranrSmits an impulse tovard the pavement sur-face and subseguently receives the return signal. computert rack i ng o f the erapsed t ime i ntervar enables the car.cula -tion of the distance travelled anct hence the distance f romeach sensor to the pav€ment. Real time calculation of bothr i ght anct lef t rut ctepth is accompl ished ut i I iz i ng theperipheral computer dedicatec, to operating and controllingthe rut bar.

The effects of changes in air density are monatoredseparate transducer a imec, 6t a f i xect target. Th isf irecl each t ime the bar f ires ancl compensat ion f orsity changes is made in post processing software.
sensor ctata analys is sof tvare i ctent a f i es and quant i f ies bothlef t .nc, r ight ruts and can be disprayect in a var iety ofcoJ our-gragh i c f ormats i ncluct ing stat ion by stat ion c,epthcalcualt ions, dverag i ng over 10nger c! i stances and bar chartf reguency ct i st r i but i on trs i ng a number of rut c,epththresholds.

c-7



. ARAI{ Gcomet r i cs

The ARAN or iGntat ion 3y8tem i nc!udas tvo prec i s i on rug_9ec'ized gryoscopes provicring importcnt plvcment m€asurcm€nts65 i nput to p.vement managemcnt program!. The f i rst , apitch anc, rorl gyroscop€, provicrcs accurate metgurGnr?nt ofI ong i tuc, i nal sl ope as vel I ae rol I or croar 6lope m?B6urc_ments. L,hile this is vsluable net\rort invcntory informationthe cross slope measrrrernents can also ba combinad yith thetransverse surface profile cstablishec, by thc Rut Bar. Fronrthe corfibined anarysis cqfies an accurata evctuot ion of ghimquantities i-e. the amount of rsphalt reguirect to f ill bothrrrts and restore cross slope to ctes rgn level . Th i s catcula_t i on prov i ctes impor tant i nput at thc pro ject prc-Qng i neer i ngJ evel of act iv a ty i n cteterming costs of rehab i 1 i tat ionalternat ives.

The seconct is r precision dircctional gyroscope vhachmeasures change in Grir€ction continuously as-a roadvay curveis negotiatec, at highvay spsed. From this imput curv€ radiican be calculated rvith a range f ronr 50 f t. to 6 miles(armost a straight r ine). Thcse lieasurements provide impor_tant ob ject ive input into programs cteterming saf e speeoI imits.

.Rioht of L/av Videoloaoino

HPI provictes a through-the-urinctshielc, view of the totalroaclway us i ng h igh gual i ty camerrs prov id i ng a cont i nuoushigh resolution recorc, of pavernent as well as roac,side
'ppurtenances ' Header data i ncluct i ng cha i nage is recordec,dnd displayed continuously on the video recorc, for ic,en-t i f i cat i on of any ! ocat i on along the roaO.

3/4" umatic cartricrges are usect to record a total visualnetworl inventory. uses inclucre in-house surveys of signs,br idges, culverts, curbs anc, any other roacrvay i tems ofinterast. Recorct of "before,. and ,,after.. rehabiritationconc,itions are often valuabre as well as visual recoro ofroad conct it i ons in ctef ence of I i t igat ion result ing f rorntraffie fatalities.
.

As a further step in autornating condition surveys Hpr hasclevel opccl a v i cteologg ing system 'vh ich records r cont inuoush i gh resorut i on record of the pavement sur facc as thevehicl,e travels a!ong the pavement at traff ic speecrs.Heacler crdta incl.ucling roact ictentif ication ancl continouschainage is recorc,ed on the video recorct. vadeo frame en_cocring facilitates computer controrled high speec, search forspecif ic chainage points in thc condition rating vork sta-t ion prov i ded ds par t of the ARANa trrrnkey system.
c-8



Thi6 video record is then revievec! in a computerizcc, cn-gincering uork station wherc Btill f rame rnct f rame-by-f rrme
i ndex ing v i c,eo pl.ryback equ ipment enables G,eta I lcct cond i t ionrat ing to be clone. Rattr k.yboaros ident icar to those usectin the ARANr lor winc,shiald survays automate the recoroingof the cristresses ictentif iec! from the pavement imrges.
The videologging
advant ages :

cond i t ion rat ing system has two rna jor

ctmoapherc for

b) tt enables tOOZ deta i lec, rat i ng of heav i lytravellect highways anc, expressv.ys vhich couldnever be observed even vi th a valk ing survey clueto volurne of traf f ic.
The development of pattern recogni t ion softvare wh ich wi llrecogn i ze the var i oug types of surface ct i stresses typ i callyfounc, on Pavements vill complete the arrtomation of conoitionsurveys us ing these h igh resolut ion v i cleo images.

PORTABLE UNIVERSAL ROUGHNESS DEVICE

a ) It grov ictes !
the conctition

safc, more relaxect
rat i ng proces6.

manufactured by HpI ca11ec, the portabte
Dev ice ( PURDe) emboct ies ident ical technol.ogy

A .seconc, dev i ce
Un i versal Rouqhness
to the ARANE.

Designect for smaller agencies, it embodies the ARAN.Tness system inclucting l0ngitucrinal prof ile and conclitionkeyboards iclent icat to those descr ibect f or the ARANT.

r ou9h -
rat i ng

Configured in a tvo-wheeled
body mountec, accererometers as
storage capabilities.

trailer, it includes
vel I as compressec,

ax1 e
rav

and
data

The PURDn as tovable
volt el.ectr ical system.
cont roI s are carr i cd i n
the operdtor.

t t can be react i ly seen that
serve a clual purpose in pavement

by any vehicle having a heavy duty 12Compactly packaged computer anc, operatorthe towing vehicle with reacly access by

USE OF NEb/ TECHNOLOGY IN PAVEMENT MANAGEMENT

the var i ous ARANF
mandgement programs.

subsys t ems

i nput i nto
the eyeball

All systems provicte valuable objective
evaIU.lt ion of the total network. replac i ng
type of sub ject ive data usccl in the past.

c_9
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fhe medsur€d clata cdn be f cctorcct intoyou have estrDlished to more rccuratclying list of al.1 sect ions in the netvork.

aqudt i ons that
Producr t rtnl-

b)

Those paramrters morr dircctry rerttec, to highyry
sa f e ty prograrns c.n nov be more appropr iatcly vc i intaointo prioritization equations. This ensures that \rorksprogrorn prioritizstion recognizes the high griority ofthose represent i ng potent i al traf f i c safety eoncerns.
Several ARAN. st,bsystems have applications, as veLl. atthe pro ject level of act iv ity. For example c,et. ilectpre-engineering evaluat;on of rehabil itation candictatestypically should inclucte close exarnination .nd qu€n_t i f i cat i on of rut Oepth. gracte. cross slope, transverseprof i le and curve racl i us to ensure that rehab i I i tat i onrest ores the or ig inal ctes ign cr i ter ,a and is saf e f orthe prevdiling sp€ec, limit and traFf ic flow. Shortertest ing i nterval can be selectect f or these cretr i ledsurveys.

Sh im quant i ty cal cul at i on basect on
mecsurements provitles a better basis forof the cost ef fect i veness of var i ous
opt i ons.

t hese det a i 1ec,
the evaluat i on
rehabilitation

Victeologging provides valuaDle before and after recordsof rehdb i 1 i ta t i on projects should property c, i sputesarise as a resrrlt of pavement reconstruction orrealigrilflent.

Sunma rv

Pavement Eng i neers neec, tool s to do the i r job. rn toctay, senvirorment of high costs anc, reducec, funding it is more impor_tant than ever that their tools be the best available. They mustbe occurate. t.€1 i able anc, repeatable w i th a pract i ca1 ease ofoperat ion. Most important they must operate at traff ic speedsfor econornic reasons as werl as in the interest of safeoperat i on.

e-10
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t to a a aa a a o a a a aaaoa -a a taa aaa o ra aa aaaaaaaaa aar arra a a a aaa rta a aa t l
"""'lf 

t"""ttotloaaaatotaarraaaaataaarraataaaaaaaaaaaaaaa
at
.. Paper presented to TRB r.by r,.D. ucoaniet,ipi'* .oaa

ot" cB!! rrr ..ot

tt a ret.t G^r.- t'! lEg EggEElEEg lEAtgEM EtgIE! ,.lo
aor. HtOHrAy PRODUC?, IIt?ERrA?lOxAL .,aa
aa.o R. R. ) 1 ,.ao
aa}. PARIS, otI?ARIo (€AIADA) }I3L 3EI T,af
ao.r ?ELEPHOXE Sl9/ l,a2_ 2Z6t .,ao
ta.. 

Jan,uary 15, l9g7 ..DO
ao

"ttl't"to' )"tt"o aoaaoaraaoaaaaaaaattaaao.,.,.,raaao.,r ao a araa,
't""ttt"'f ott"ttooaaaatattaaraatarattaf attrrtaraaaraarrt''

c-11



!8!! III: ! !E! !ggg!!E!! !E!E9BI!9 glgfE!

ABS?RAC?

A nay lr.varoat rouEhnua laaaurrrrnt ryrttr tl aoy rvallcblr
uhlch. offerr thr rlrpllclty rnd los cort of Rmpon' Typo Rocd

Roughaolr rrlrurm:nt Syrtut (R?nRIs) ulth thr rceur.cy r.p..ta-
blllty rnd floribltlty of tho Surfrcr Dynllcr profllorrt* (sDp)

r'G'ut.mn!l ul,thout thr hlrtottl.i rttrndcnt problur of olth*.
Thlr l.ro prrlrntr thr throry of, the rrarua.l.nt tnd rrrultr of
lnltl'rl tuttraE vhlch rhov lhr rdvrntrgu of thlr ryrtu. Any. of
tlrr populrr lurr.sy roughnur rtrtlrtlet lrr rvlllrblo rt output,
rnd o;rGrtor drtr vrlldrtlon ehrcklng 1r rn rntrgrrl p.rt of thlr
.y.t.r.
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.. xth. dlrtortloa of thr
vrrtlcrl lcstlrretloar rnd

ro.d

for-
G" to thr vrhlclr or to ltr nld*r rnd thul contrlbutu to .r,
uadillrrbh, unacotlorlcrl r $Dltflr or u3corfortrDlr rlCr-. (l )
Thfr lrm bora r lcarch for r cevlcr that ern proylc. rlrplr,
dlrrctr lnd rrtrtlvrly lnrxprnrlvr roughnru r...ur.r.a!. thot
rrttln erllbrttod rnd ttrble dry-to-dry, I.tr-to_y..r, rnd coua_
try-to-couDtay.

ln thlr rrg$d, therr hrve hlrtorlcally blrn tro rehoolr of
thought- onr urlng r vrhlcl. 8..tlcrnm lueh m abrolutr body to
rxtr rov.r.nt rn r Rrlponlr ?ype Rord Foughnur trorrurrrrnt
Syrtm (R?RRllsr. Srvrrtl .urr.rr. rouEhnor rtrtlrtlct for thlr
tyP' .y.t.r hcvr btn jrropord-.ior,g.a thrl Avrrrgr Brettflrd

---Sropr (ARg) rnd Avrrrgr Rretlft.d vrloe.l,ty (ARv). (z) ?trlr cp-
pr6rch hlr rrrl rppll boerum of thr tlrpllclty rnd lou cort,
but hrr hcr-lo-forr b.r.n pltgurd rlth vcrlrblllty of mrlurr dur
to vrrlrtloa rlth tlror trr3lrrtture, rurjrrnrloa ch.ractrletter,
rnd othrt Paa.rat.r. roqul,rtng frrqurnt rrea.l,lbratlon oa . ..rttn-
drrd 

'urflet'. ?hr a.cond rchool trylng to ov*cor. th..e prob-
lur hcvo rrrortrd to rraturlng thr rocd rurfacr (profll.) yl.th r
surfccr Dyncrlc Profllor.t.a (sDP) or . lod .nd levrl .urv.y ln
ooch vhml trrck lnd thrn urtrng c rtrndcd ouqrtrr car glrulotlon
(ocs) to dcivo thr rorponre of r throrrtlcal err to ttr. ..r.reErd
profllo rt c alvon rprod. (3) ?hr problotr ylth the prafllr
rpproach hovo bern ruttlfccrtrd: hlgh lnltlal clo.t of .qu!pr.nt,
h19h rclntoncncr cortl, lack of drta vclldctlon l.an., lack of

c- 13
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'u{flcl'ntly 'esut.tr rod.l. for corplrr vrhlc.Ir rurp.n.loa rad
tlrr r"pon...- ({, - tou thr profllolrt* 1r rn .rp.r!.!,va pr.€.
of rqulp.at i lt eo-t- , 230,ooo to purcrrr'r rrld lt rlght ce.t
up to , IOOTOOO to op*rtr for oat :2..a, but you sould pry for 1!
ln thr flrrt yrt!.- l?,

rt h- b'a eugE.trd tbrt r vohlch lnrtru*ntrd rlth
rcerllrorrt*r on both the r,r rxlc rad thr body crn oy.rcor.
th$r problur. (3) By urlnE tblr rp3rroreh r profrrr uhteh 1r
tadrgrndlot of rurplartrotr P.r..ot.rr rry br rilrurcd. ua.l,lkr thr
sDP' rlacr tirr onveloptrat le p*t of thrr r...utr. ao rdcrltlonrl
rodor'lnE tr rrgulmd for thr,r fuactl0n. Irotr that for thr r.r.
r"'oar thr problm o{ dornurrd rlnEulultlre (ruch .. c8.cra .nd
oP'nlng. brtv$n ,otntr) rad upuerd rln3ul.rttlm (ruch . prtch_
or rnd trr rtrlpr) brrag tr*trd-rqually yhrn rougtrno. 1r c.lcu_
lrtrd (t p 169) tl lo!,vrd by thlr no lyltl. slner thr rrsr crlr
1r ulld .. tbr l"'ua. Polnt, both vh..l trecltr .r. .utorrtlcally
rvrrtgrd lnto thr rrrslt.

Rrs lcerr*rtron drtr rr rrcordrd ro rrthrr R?RRI or profllr
t,r tvrllrblr to tho u..r. lA rddlt.l,oar lrr] of tho popul*.urrcry
roughn-r rtrtlrtlcr- ARS, ARv, RtsvA, Sl0pr varlancrr rte rr7 bo
corputrC.

Part r p*r.atr thr throry of tho rrqrur,ent, part rr
Pr..ratr thr r..poam of thr rxlr and body of thr vohlclr to

rold rt1rull, part rrr g1v.r thr drfrnlttonr of lovrrar
popular .u.rary roughno. rtatrrtrc.r rnd part rv pr.r.ntg

'o.. of thr rorultr oJ ve.tldatlon trrtlng lnd .rarlyrlr dono 1n
Canodc, ?txarr cnd lllchlgcn.

c-14



EEEEBE!9ET

l. U. R. Hudroar- Road BouEhamr, ttr Elm.nt. and
?rrntportrtlon Rumrch fucorC eg6, Xrtlonrl Aerdtry of
Urrhlngtone D. C., lggtr Dp L-?.

traaauta'.

Sct oncu,

2. Il. Sryorr and ?. D. Gllloplrr- !rtt6 firthotl for llrrru_
alng Frvuoat Roughnmr $lth trord tl.t*.". ?rralport.tron Rr-
l-reh Rreord t35' nrtloarl Acrd,y of scl.nc!.., grrhlngtons D.
C., 1391, pp AS-aO.

3. tllcherl Srytsrr-Devtloprrat, frplorrntatloa, .nd Appflca-
tlon of thr RofGracr ou.rttr-".: slrulatlotrx. Asrtl publlcrtloa
srP 6a{-!!t!xslsg Eerg Egsglestr laE Ilr E€{gs!! es gr:s gslt s.g
9g:!gg!r Phllrdrtphlr, prnnrylvtalrr l98S,gp 2',_i?.

{. ll. U. Scyrrt rnd ?. D. Glllrrpl., ..?lro Ann Arbor Bord
Profrlorotc rortlng'. ?hr unrv*rlty of t{lehlErn ?rrnrportrtloa
Rmilrch lartltuto, FHOA/ RD- g61 1OO.

3. ll . 3oyorr rnd T. D. GtrIloplr,., Ovarvtay of Rotd Xrtrr
op*rtlon ln rrarurlng prv*ent Foughnorr, utth suEge rted
Irprovor'tat.".Trrnrportrtl,on Fbroarch Rrcord g36, llcttonal Acadr-
ry of Sclracrr, 0arhlngton, D. C., 1ga1r pp 29_3{.
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3' U' R' Hudron Et Atr'Root tlmn Squtrrd Vrytlert Aecrlrrr-
tlon .. . surnry RouEhnrer strlrrt.rc,'. As?H publlcrtlon g?p tg{
!::rgrlag lerg Eesgbn:s! !!E rlr E{{sEt! Eg greg gerg sad ger:
{gg!r Phllrdrlphlr, Prnnrylvrntr, lgtsr Fp O-2i.

7' x' J. Llrr'tlodrl 83oo Foughntu survryor... Rorduay Evrl-
uatl'on Equlprent hlorkrhop, Thc Prnnrylv.nlc ?ranrportatlon rnrtl-
tutr, Ilay 19S3, p t?.

8' ll. Scyrrrr*ERD Fllrr- Forrrt cnd Lryout...urTRI
lflrorunlvorrlty of lllchlgcn ?ranrportatlon Rrcoareh rnstltutc,
Junr 16, 1996.

9. J. c. tjarbold of rl, ..state of thr Art of Hcarurcrcnt rnd
Anclyrlr of Rord Roughnrrr... ?ranrportatlon Rrrocreh Record
836, 19a1 t p22.

lo- scyore, Glllrrplo, Patrrronr..Guldo.llnoe for conductlng
rad Crl'lbratlng Road RouEhnmr te alurrr.nt.... goRLD BANK

TECHXICAL PAPER IIUIIBER .6.
ll- Hrgronr Rudolph R.,"FHUA Ac?rvr?rEs... RoAD EvALUA?roN

EcurPltExr toRr(sHop1 ?ho prnnryrvanla ?ranrportctlon rnrtltuto,
Itay 1943.

72. 91ll, 1ar D. O. prtrrronr..Accuracy of Cal, lbratcd Roug_
hnrrr Suryoy1". ASTI Publleatlon !og!gg1!g Eggg Bgggpcgg ggg Ile
E!{gs!r 9! 9::s ggtl !!g g9!g9r!, phlradclphlc, pcnnaytvqnta,
1943, p 85.
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fbresr 0{ Erefllg lsuuE!!!!! lflb Cser}trelrtrrr

DEFIIIIIOIS;

l(3

SFRING

,.ILE
Mu

Kt E :r R5

Sumrry Forcrr on thr SprunE rnd UnrpaunE trrrmr

t. I,, - C.(2.' tr, - t(r(?,1- Z$) ' f,t(U- Zu)

SolvlnE 1. for tr1 2a rnd rubrtltuttng lnto 2. :

zs
Cu?,t'u-Jr VUrr

s(

IJ

w

I
Zo

tt t'

ll Kg(f,jZ1 . IuZu) ' Zs r $

Thlr oxprorrlon rolctrr thr profllr U to tho lllrurld

rccrlcrrtlonr 2u rna 2.lEd!p!!g!gt 9{ !!f fgfelgllgD {g=E:t.

Iotr thetl

zu . 55i" dr dr

Figure 2. Summary of forces on sprung and unsprung masses.
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PART II

crlr rBt lsgr lggatrg !Egrlrse!!3!= B!!eeEr:
Flgumr 3 and 4 rhor thr rugonm of thr body roucg.d rnd

thr .rtr louatld recrltrorrttrr rrlprctlvely to rord rtlrull. ?Irr
rttrnurtloa o{ thr a..pon.. on thr body of thr vrhr,clr r.kil tt
e.r?. dlffrcutt to l...utr. profrlr fror thlr a.rpoo... ?!rl r..-
rurment ln tbr Gll typl profllorrtrr rhlch carrllr thr rord
roughnrlr lnforrltlon lt obvlourly ttrr bcdy to aotd rurfrer
dtrrtracr l...uaal.At. ?hlr ra..ur.rlat 1r tffretrd by rrtrnrlvr
prtetrlng ln tho croo of IR'rnrorr, op.a trxturr prverentr ln thr
ca.a of ronlc loototlr rad yhorl bouncr ln thr ccro of contrct
rherl r.n.oa.. rD rny of thr ermr,.n.ppaoxlrrtlon to thr tlrr
rnvoloprlnt 8..Pon.. rurt br rrdo to tlro SDp drtr brfor. thr
.urr.ay rouglrn$r rtrttrtie rry 5o*orputod. (3) Slaco tlr. tlrc
tr pcrt of thr l...ua.rtat oa tho vehlelr rcar axll, no rueh rtrp
lr rrqulrrd tn thr e... ;lropored.
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PAR3 III

tguru EggguEt! llrutItg!
Avr3lgr t.ctlf l.d tlopr (AnE), Av*r3r hctl{l.d Valoclty

(tRv), loot rma lqurrcd Yutlcrl lccrlrrrttoa (Rrgt t), llopr
vrrlrncr, rnc ouutu crr hrpon... rrr rvrllrbb fror thr
progorod ryrt.r. ?h. foltoula; dlrcumlon crftn.. orch of thr
rbovr aurr.rlt roughamr rtrtlrtlcr glvea thr r.r rcctlorttlon
drtr convrrtod to profl,h rr rhora tn Aggtndlr b.

RARS rad Rliv .8. erleulrtrd fror tbr eurrt,or Crr ltrulrtlon
glv.n tho grofllr rr lnput, (3) nAtrS lt eorputrd fror tho OCS rt,
. .ltulltloa rpord ef lO lllor.t,.sr p.r hour. ft le thr .urr.tlon
of lhr rbrolutr vrlur of thr rrlrtl,vo dlrp!,ecorrnt (zj-?s) dl-
vldod by tho dlltusr ov.a rh!,eh thr rutrrtlon lt rrdr. RARv lr
drrlvod fror nARs by rultlplytng f,en3 by.tho vrhlslr rpord. (6)

RtlSVA lr crlsulrtrd Ctrrrctly fror thr piofllc rtthorlt urlng
thr ocs. (6) Glvra a mrph Dolnt. of rlrvrttoa (grar1itlr) mrplrd
rt dlrtrnc. . rprrt, thr lllSvA of bur lragth b (r rultlple of .
l.o. brltl) 1l crlculrtod lr follour. Flrrt tho chrngr ln tlopr rt
polnt I (t(l(n) le ortlmtrd by:

3 {Y1.k-Y1 ) t*,t - (?t -Y1-p) /kr I / t
It tho chrngo ln rto?r .t pstnt I lr crnotrd by sr ihon thr

t..n rquGrc vrlur lr found b7 rurrllg thr egurrc of rll tl,r
fror polat lr.l !o golnt n-h ond g.ttlng tho rvrrrgr by dlvldtng
thlr rur by tho aurbrr of pol,ntr rurrd (n-2k). Thr flncl tuo

Itopl con3l.t la trlrlng lhr .quar. root of thlt tr..a Squtrrd sur

lnd rultlplylng tt by thr rpord of tho vrhlclo rquerrd to conyrrt
thc rpctlat Root foan Squcrrd Sur to tho trrporrl Root lioan

Squarcd- Sur vhlch t. by drJlnltlon RlrSvA. An cdvcntage of thlr
c-20



furl'?!2 
't'tt'tlc la ltr erlr of crlsulctloa for dt{f*rnt br'

hagthr rl' ltr dl$dvrntrgr 1r thrt {or rnorrlt. of exrctly
thrt brrr lrngth rnC tul,ttjrlrt of l!, !h6r lr ao r..p€nt (1.i.
th*r 'r. 2.3O. ln thr rprtl,rl trrnrf* functlon at ths-
polntr). ?hlr brhrvror 1r rxrctly rnrlogour !o thr r-pon* of .
rovlng rtrrlEht rdtr of lrn3th b. ?o ovlreorr thlt probl,,
Hudron hcr rugg-trd .urrlDg .v*rl barr trngth RrsvA,l to g.t
tnothrr .um.ry rtttlrtle.

In thr c... of thr H.p,f. AtrAI rnd pUnD, rtrplo of recrlr_
rrttron crr trkon .y.ry 1.2 trnchm, ClEltrlly flltrrrd to corru_
pond to a..pon..r fror j f..o to 3OO fmte lnd r.cord.d la .
eorprct dlgltrl forrlt. ?hr root r..a rguGrd vrrur of rxlo
rcerlerrtlon (not thr rlro tr lrsvt profllr roughn... .. rt.fln.d
ln Appendtr rrre tr dr,rplryrd r,r>rml tlrr...a op.r.tor conroJ.r
rulr'ry roughn{r at.tl.tlc. ?trle .urr.ry rouEhnrr. .t.tl.tlc lr
rv*rgrd ov.r - lragth of thr* huadrrd folt but r.port.d by
rt'tlon (rpproxllrtrly .v.8y' 60 f-t). tu.rttgr' o{ bc' lrngth
err thur out of tht rrngo of lntorut.
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PART IV

ctu ElgtILolErEE IErr 8899!a! 0m utgLrt
!!r ef Jrs l3r lggZl

IlrTRoDuc?rox

A thrm phurd trrt progr.r culgnrd to . verldrtr thr
ARAII proif lorrtrr by dotmlnlng thr rccur.c?, r.pr.tlb1llty, tnd
parrrrtrle ronrltlvlty of thr mrturrrrnt 1r prtrrntly brlng
leplrrrnttd. AnrJ,yrr tad rrreurrrratr ara b.lng erdr ln Cancda

at ll . P. t., ln tltchlgrn rt u. ll . T. n. r., rnd tn Trxrr.
Tho flrrt phrro coarlrtrd of r throrrtlcrl dulEn cnd

ovrluctlon of thr Dlgltrl glgnrl procmr!,ng ryrtm to rrcord
rccrlrrrtlon rnd dorlvr profllr. ?hlr rlrulctloa choekrd the
drgltrl fllt.rlng rad .ccur.cy of tho rlgorlthm utrd to drrlvr
profllr. Both rrthurtlcrt rodrllng rnd rctutl tlgnrl g.n.r.tor
lnputr y.r. ured to chrek tho brilc drrlga.

?!rr mcond ph... con.l.t.d of tutlng r phyrlcrl grrototypo

.y3t.r ulth r ltnovn rordury rnoraly. Slvlrcl hqlf lnch thlck
plyvood rhrrtr u.tr. ured to rpprollrrtr r profllr pulre rllrulur,
rnd rralurrd profl'lre r.r. ealculrtod fror thr rry drta to cheek

tlrr phy.lcrl prototyp. .y.t.r. Alro rt thlr rtclo, FF?,r yrr.

dorlvrd fror thr drta cnd tho rpoctrcl output exarlnrd for cny

apurloua raapon.aa.
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?ho thtrd phrm

rordrryr ylth ttaoua

of UIl?iI, .€1. 25

coD.l.trd of torttng thr grototypr o?.r rrrl
profl,l... Ulth tlrr cooporrtlsn of thr etrff

rord r!,tr y.a. tmtrd oa thr -lna Arbor
Profrloret* stUdy- routr. iur,tlglr ruar ovar r p.'l0d of 'v*rrdryr 

't vGylng rperdr ylrldrd r buo of rry leerlr'rtlon dctr
frcr uhlch profllrr rnr, rnd cthrs fur..ry rtrtl,rtlcr c.n br
drrlvod ' urlag thlr ba'r pclrrrtrle rntlor rl.a. varrod
ryrtmrtlc'll7 to drtrrrlnr thr rff,rct oa thr r...ur.mnt of body
tordlng, tlr pr...urar itc rt loret to a flrrt ordrr
'Pprortrrtloa. Corplrl.on. rlth proy.n profllorrt*r (tho- rhoyn
to ylrld rr output truo proflle) e.r. rrdr. Addltlonal flltrrrd
FF? rtudr- v.r. rlro undrrtrkrn to prov. thr vclrdtty of thr
laaautorant.

?hlr rpprndrx d,crlbrr cach of thr pba*r rad prr*ntr
rallrnt, rorultr of tho tutlng.
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PHASE I - SftULl?lOI-----__--_
?hr gerk .rplltndt lad utvrlrngth of thr etrnutoldrl rordrry

profltr t. lnPut. ?hr trrnrfrr functl,on z t z,1. rallv.d fror ihr

.qu.8trr crr rodrl ln thr Lrpltcr dolrln. ?hr rcerl13rtlon on thr
rrlr rnd body 1r rslvrd exrctly l,n thr tmporrl dor.tn. ?holr
rnrlytlc functloa. .rt thrn rppropltt.ly fllttrcdr mrp.lrd .nd
lnput to thr Dtgltrl stgacl proemrlng (Dsp) ry.t.. to ylrld .
lrrplrd profllr outPut of thr ryrtm. t..n .gu.r. rnd Rt|S vrlurr
.a. lhen crlculrtrd for tho rctual 3rrofllr, thr ..tlr.t.d
profllr; rnd thl d!{fucnsr (or orror) profllr d6lvrd fror .
polat by polnt corp*J,roa of thr ftrt tro proftrlm,

?hll etucy fouad thr RtS .raor proflh to br Er..t.r thrn {o
dB brlou thr RllS rctull prof,llr for'rll urvrlenElhr botgreoa o.3
rrtorr rnd lOo rrtril. Slncr th.-aotu.l profllr and cror profllc
e.r. lrch rlnurolCrl havlng thr mrr frcgurncy, no dlrtortton srt
latroducrd la thr output pro{llr.

Thr unit rtrp proflh utr rlro urd. Ecctr Lrplrer trrnrfcr
functloa urr rultlpllrd by thr ualt rtrp t I s. Rrthc than go

dll.ctly to thr torporrl r..pon.. for lbr ulo cnd bodye the
rorlduor of thr Lrplac. t..pona.. u.r. tvrluatod nurrrj,eally rnd
thr t[porrl t..Pon.. .rpa.r..d rt .a .n.lytle fuactlon of polor,
z.ro.r lod tlrr. Thorr functloat .a. thrn tpproprlctely rarplrd
rnd lnput to th. DSP rTtt.r to galn rn trtlratrd rarplrd prof!,lc
output. Thr aar. Proc... var ogrln rrptctrd ylth . n.gaglv1; unlt
rtrp grofllr ln ordor to .y.lu.t. . ualt roetrngular puler
profllr lnput. rn oaeh cc.. lhr output profllo ylordod tho
corr.ct rtrp plut tranrlent "..porr...
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gEagE u : E!!!rc41 EEsrgrrEE rrr! Elrt9e9 EgtgE EE9ETLE

lrv*rl gloc- of { ft r t ft, x Llz lnch plyrood y.r. glrerd
on . lrooth roldulT to lntroducr a con!3ottrd rnorrly .nd thr
tlrt vrhl'clr srr Crlvan ov.r ttrtr rt vul,oul lpordr. Ar5 tnd
body rccrlrrltlott. u.r. rrrpl,cd rnd rocordrd for furthrr
rallyrll. Thr vrhlclo urd v.l r PURD trrll*. Tht r.qut.lg.
porarrtrrr Ol .prung la..r uDrpfuD! t.a.r lnd tlrr rprlng
cgn.ttnt u.r. ltatlcrlly mrrurrd rnd umd to analyzr thr dctl.
Profllr v.r8u. dlrtrncr vcr drrlvrd rnd plottrd. Approprl.t.
ryrtu rorponrt url notrd.

Al lentlon.d ln ttrr lntroductlon, unf lltGrd FFT,r of 1O2{,

2oiar {096r rhd e1g2 porntr e.r. takrn for both rae cata and

profllr t6 chrcr for ray rpurlour ryrter r..pon.., llonr ya.
found. .
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E!a!E III : agfg!! Eglptttg
Torrrdr thr rnd of Aprll 1966, thr tnAI prototypo rlyrtrr utr

trkrn go Aan Arbor, Irtehrgrn {or r r'k of tutlnS ott tho
profllorotlr clseult. (a) E!,ghtrn rbogbr brc rlrp..d .lnc. thr
tnltl,rl uporlmntrl r.t.ur.rralt hrd brra lldr, but lt yrt frlt
thrt thlr rltr offosrd thr ergrbltlt? to vrlrd.t. th. ARAI| profl-
lonotry rotbod. Arl rrt- (rrlth thr rxcrpt.toa of ri,t. 1 rnd 2
rbleh hrd chragrd rlncr thr profllomtlr ixpglerat) e.3. run rnd
r.u rccrl*rt10n drtr rrcordld. For *eh of the 25 rlt,r l
r.pr...ntrt1vr run e.. ehoun rnd proflr. c.reu!,r!rd. Thr proflt:
v.. prurntrd ln Englnttrlng R..mrch Dlvlrlon (ERD) forttt for
eonvultncr of, trrnrfrr to ull?Rr for furttrr rarlyrlr. Tbr rtudy
lnc'ludrd eorir*lron 

. 
of rgrclfl,c rl,tr pou* Sprctrrl Doarltyr

Intrraatlonel Rougharu Indrxr {od oth.r aurrary roughaor rta-
tlrtlce -$-rrll ol profllr. Addltlonrl profl16 e.r. calculrtrd
fror thr drtl to drtorrlnr thr rrpmtlblllty rnd renrltlvlty of
tho roarutuont to vcrtatlonr of rprrd rnd othra p.raratorr. sorr
rrrultr 

'a' Dou rvrltrblr fror thle trrtlng. Addltlonc.r r-ultr
vlll br lrdr rvlllrblr to anyon. rho rould llhr to rocrtvr thrr.
FROFILE

?hc urrRl profllon.t.r (Doe utth thr FHTJA) ulth . Sereor
la.r hrlght 3.n.or ecr chor.n a. tho ual,t of corpcrlaoa. Thla
unlt e.. corprrtrly vrlldlt.d ln thr Ann Arbor proflroretor
lortlng. Flguru 5 and E rhov tho profrle rarured by thr urrRr
unlt and thc ARAll. Thr plotr havr brcn v.rtlc.lly offert for.a.G
of vl.rrlng- Soctlon t 1r . pubrlc roadrrcy rrth rrdrur and long
vcvaa.
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F9D'r

Alttrough aot .r lntultlvrly obvlou. .. thr proflh, thr
PovG tprctrll Drnrlty of thr profllr rlopo trr r brtt6 r...ur.
of the profi.l0raeter performance and indicative of the spatial
content of the measurement. Figures 10, L2, and 13 show a
comparison of the ulr[TRr and ARAN psD for several different sites.
clolr rgrournt l,o found ov.r thr vavo-bondt of lntrr..L for tny
s{ thr 'urr.ry rougharu rtrtlrtlcr (l rrt.r to 1oo l.t.a8). ?hr
prck rtsovr thr l r-t-r urvrbrnd r..n ln roro of tho plotr 1r
thought to be tho flrrt rodr vlbr.tlon of thr r.r .rr.. strpr
Gr belnE takrn to rtlffrn thr rxlr rnd ruove thlr a..pon... At
tho 3rrrlent lt rlll br tuovrd by flltrlag. Ttrr.gr..r.nt of tlrr
tve ryrtorr rn psD lrply thr rgr-ront trn both profllr rnd
crtculstrd outrcry rouEhni... .t.tlrtlc.
trEPEA?ItIL8?y rad tpEED VARIA?IOH

Flgurr ? rhour thr proflrr of r 'ctron rt so rll- p* hour
oa thr flrrt d-y. Flgurr g rhovr rnoth* rua on thct lretl0n .t
5o rll. p* hour on a dtffrrrnt dcy. Frgurr 9 rhorr thr ..r.
..€tl'on grofll,o rt 30 rllm prr hour. Tho urglo lntrrvrl plottrd
1r o.o9{{ rrterr/ rerprr, ?hr st.rtlng pornt on,eh of the plotr
1r not lxactly thr ..r. tlncr only . portlon of thr rltr lr utrd
for tb1. corp.rl3on. Ilotr thrt c.l, I thrro ovrrlcy.
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tymEr PmAtrf?ttc g3xgt?rvt??

Tbr qurrt.r c.r jrr:mrtr8. appropr.trtr for thr trrlltr s.r.
umd rnd e rlfrrrncr prof!,lr erlculrttd. ?h. ptrurt.r. r.r. thtn
ryrtortlcllly vultd rnd I mcoad pro{llr crleulrtrC. ?trr uror
profllr vu thrn fouad by rubtrrctlng thr rocond profllr fror thr
rrferrnr:r profttrr polst {or potnt. ?ho rrrn .qu.r. vrlur of
rrflrrncr rnd rrror profllot vrrr eorputrd tnd thr rrtlo forrrd
1n dB to gtrvr .a ..tlrrtr of thr rsror lntroducrd. ?lre roughlt
rorduryr rlrr thr lmrt ronrl,tlvr to 3rerrrtrlc vrrlrtloa rad tht
rroothrlt eaaa tha roat aanaltlva. ?hr uorrt erm e.a alta 17,'..
rrooth blturlnoul oytrlt?o. Thlr rttr hrr r {2 dB a.tlo for I lo
pucrat v.al,.tloa ln tbe apauat lttr.

tullllAi? R0U6llilttt gfA?3tltC9- tnt 1

Flgurm L1,14,& 15 shory. corf.alron of, thr IRI fror thr UHTRT

rnd ARAII uatrtr. Flgurc 11 1r rltr 10, good Pcc vtth lrtrrrl
Eroo?... ?ht IRI 11 ln clo.. .gr..r.nt. FlEur$ 14 and 15 .r.
lneluded to rhov tho raago eagcblllty of thr ARAIf l...ur.rrat.
?h1r rltc 1r _thr couboy !un. Any rperd ovtr {O rpb and you lravr
thr grouadl ?hlr le . v.ay chrllraglng .lt. for rll
pro{ltorrtlrr. Thr ARAII p..... ui,th flylng (r1c) eolorr.
corct.uttoll

?he Paoce.. of drvrloprrnt of thr ARAII profllotr.t.r har

lncludod rcny corputatlonr, tlrulatlone and t..tr. Thr raf lont

ruultr hrvr beu prrrntrd horr to rrve .. .a lntroduetlon to

thle nrv trehnoloEy. ?hr aru. profllorotr hct thoun . cap.blll,ty

of r..tlng lte d:rlgn goclr of provldlng a rrll,ablrr accurat. ,

tnd rtpratlblr rralurt of roaduay travrlcd lurfacr charactsrls-

tlcr. C_2g
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Figure L2. Power Spectral Density of the profile slope obtained
by UMTRI and ARAN IIf from Section 10; V=50 mPh.
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Figure 13. power spectral Density of the profile slope obtainedby UMTRr and ARAN rrr from seciion 22; t=:O mph.
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Ovr r v I ar

Ihc ARAN V r{tGo toe
an0 rot0 turract
izcd tn ln of lrcc
appllcrtlonr.(e)
opcralion of thr

ARAI{ VIDEOIOG SYSTET

sy!tom grovi6Gr cont inuour r ieht_ol-waytrnreat. Iha rccorCad ptctura can bc ultl-cnvironrnaol for a multitudc of invcntoryFrgurc 16 dcmonstrtter lhc luncltonrl
ARArtl vi dcotog Syrtcm.

VIDEO AC QUISITION
VIDEO Pn0cEssI$c

Figure 16. Functi.onal 0peration of the ARAN vrDEoLoc system.

(r) Thc crm?ta vicw ha!
mcrgcd rmagcs havr Dccn

Dctn tcrmed IimagG,,,
tcrmcil ,,gicture,,.

Rlfiti-oF
ti^Y

LI^GE
I{ERGE

lALa{E}'t
LVAGE RICORD VIDEO

TAIE

EEr.cLT
ESCODE

VIDEO
lA.PE PIJYBACX I}'IAGE

DIS?IJY

UL{JER
DECODE

DAIAIASE
PROCESSTNC

Y

CONDITIOIi
DAiA

CO}'D IT ION
R.ATIN6
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2. Vtd.o Acquttlttoo

Thc ARAN Vidcoto0 Acquirition
lrchcd Figure 17. Thc 6Gpictrd
mraEutamcnl ruDtyclcrnc. Fagura
vchtclc cor[pontal!.

Ychacl? ir thorn ia thc rt_rthtcla alto contrin! othcr18 is r btoct di.gr.m ot thc

2.t

2.2

lmegc Cepturr

Thc vidco systcm incrur!cs ', coror clmera! ror imageGapturc, rr rhorn an Figurc L7. Thc ,ront facingcrmerr i! a !t,rdrrd hrgh rrcorution tubc crmGrr with aZoom lens- Thls vtcw captures the Cnttre taadwayr rght-of -way, including rigns, rotd shoulctcrs,ovcrpa!ges, gutrd rtt l!, pavcmcnt m!rhings, ctc.
The gecond camcra, rnountcd ct thc rctr and aimcddownward at thc pavcmcnt, rr r ncw technorogy shuttercco camera wirh a fixed widc angrc rcns. This cameralrcezcs hrghway spccd (55 mph) road mot ion to ress thanll6 in. evcry video f rame. Thc rcsult rs a rharp,crear and cont inuous vicw of onc ranc wictth of pavementsurlace.

Thc two
ima0c
vicw-

camcrr imrgc! rto mcrgcd, ri lh thcinscrtcd iato thc top tti of lhcFigurG 19 dcmonstratcs thc rcsul ls-

tight-of-way
roacl cur f ace

Headcr Encoding

The vidco plcturr must bc recorcted in the ARAN vchicrefor latcr rctri?vrl and rnalyrir. Thus, thc road name,rcclion numbcr, chainagc, <tata, ctc. must be recordedwith thc imagc. This can be accomprishcct by 2 mcthods.

The first mcthod of rccording Headcr and Chainage in_formation ir to tuperimposc thc text gver thc camcras,imagc. Thic method hrs the disadvantag? of coveringpolcntially ugeful crmcra imagc inlorraiion. so eupcr_amgo! i t ion cen be de se lcc t ctt by t hc u9s, .

Thc aGcond mcthod is to digitarrty store thc informa-tion with rhc picturG usine thc Audio portion of thesignrl. Thc onboard Encocting syrtem takes the Headcrand chainagc informar ion from thc ARAN computcr andtransrares rr rnto a codcd tormat for stor6ge rndrctrieval (3.2) purpose!.
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2.3 Rrco?dtne

Thc V I 6to lnd Aud r o
du!lrttt VHS rccor6rng
lrol lrd lrom thc ARArtt
ARAN opGrt lor I r gar I rprurtng tt thG cnd ot

Thc VHS P t aybtch un i t
clpabi I itiGr, cnabl ing
tnOlot pavcment surfaco

inf ormat ion lrc ttorc6 uring.quiprncnt. Thc lrpc it
cotngule r, itcordtng only rhtalhr rtrrt of r t.st tcction,r tcrt saction.

an-
con-

thc
and

3. Yidro Procrrrlng

Thc ARAN Videolo0 procr!rrng ccnter grovirtcs the crprbit ityof h,gh EpGGd vr(rao rarrch, rnelygir, rulomrttd datr.nlry,rnd intcractivG grocGrtang uith thr rGn!or datr procc!ringccnrcr. Thc sengor drta proccrtrng rorr!tar aon pcrformsdrta rGdUCt ion, lnllyri! rnd rcpor t ine luactions on thcothGr ARAN subry!t0,n!.Figures 20rzlrand 226.rcribc thc VidcoProcassing CGntcr.

3-l Ptrybecl

nt9 noito lrcc
dctaitcd !tudy of

cond i t aoos.

ttarch/rt ill
right-of-way

3.2 Hcrdcr Orcodiag

Th. Audio GncodGd Header I
rcad, lrrn!lrtGd ard disp
The PC cornputcr then u!cg
the Tapc Playbach rhcn
Scc t ion!, Cha r ntgGu,
Addttionally, thc pC ueertion to accGgs thc Scncor
computcr. This providc
Vidco lmcgc snd thc Scngor

information is
0ccod i ng sys t cm.
ion to control
rpcc i I ic Roacts,
thc nctwork.

hainrgc inrormr-
thc Mastcr pC

tion Dclwecn thc
rGsultc.

nd Cha inrgc
lrycd by thc
this informal
tcrrchtng lot

c t'c. i n
thc Hcadcr tC

Data Easc in
t synchroa i zr

3.3 Coadi t ioo Ret i agt lnvcntory ?rocc!sane

ThG vidcotog procc!eing pc Gnrbt.s inpul f rorn thc con-rlitroa Ratrne ltnventory kcyboardr of thc ARAN In th?olfrcc. This pormrts otficc Rating of thc right-of-wayrnd pavamcnt surflcc rt any timc cubscqucnt tovidcolog/0ata Acquirition. Rating data lrom f iclrtogcretron, rocetctr in thc rrastcr pc dara brscr cEh llsobc acccrrGd ror monitoring, cdating, rcpr!GGrrlchtr orrupplcmcnlation.
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3.4 Drtr Proctrrtng

Thc vrdcorog procc!rrne !yrtrm rnaDlar tha rynchroni:r-Iron ot vrd.o rn6 thc scnror drtr Drrc. Tnui, rt grvisa rncrnt ot annotating rnd rubyoctivctyRrtang/lnv.nto?rng lha scnlor 0rtr Brrr laformataon anthc of f icc. A{rditronatly, ths rirnultrncour !tudy otDoth virull rnd qurntitatiyc mr.rurgmcntr it . urcf ulrorduay rnrty!io cr9.bi I i ty.

l. Ogtionr

Severa I

V r dco log
rltGrnltivcg
rystcm.

lr. avt i I ab I c to anhlncc thc ARAN

unit crn bc crg-
Rccotdet. The

lidr suitable lor

a.l'Dagitizing

Thc vidcoroe Processing canter crprbirilicr crn bc en-hrncGd rith thG rddrtaon ot e vidco Digitizin0 rystcm.Thc rccordGd vidco rignrl crn be capturcd iniio" tn"computcr. Tha rssult can bc di!playcd lor lnalycis,snnorltion' rnd manipurotion. Thc digitrl record canalso bc ltorccr for rrtcr rcfcrGncc rnd uss by cyoryineprttern rccognition rof twlrc.

4.2 Herdcopy Output

A still-frame rasult fron thc playbrck
turcd wlth r Vrttco comprtiblc lmtecrcsult i! r hagh quatity print or !prcs.ntetlon or rrportlng.

a.3 Opticat Dirc Storrga

A vidco comgatibtc opticat Disc r?cording is avaitabrclor thc vchicrc, rrrh a corrcrponding praybach rystemfor the ollica. Thir systcm, u!cd as a rupgrcmcnt toTapc !tortgG, provittcs a prccisc, haeh rcsolution
f rrnc-brscd rtorrgc or thc clmcrrs' imagc. rmsgG cap-lutc can bc !lmplGS, continuour, or opcrrtor scl"ctccl .Playback ir achicved using ranttom frlmc.cccs!. Mlrimum!ccQrr timc to rny ot 2a000 frames pGr dicc is a frrc-lion of t sccond-
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AUTOMATIC ROAO ANALIZER!

moStLE

oATA ACOUtStTtoil

VEHICLE

SUBSYSTEMS
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HIGHWAY PBODUCTS INTERNATIONAL INC.

AUTOMATIC ROAD ANALYZER. ARAN!

The ARANo design is firmly based on elmosl two dacades ol practical exp€riEnce in the highway
construcllon end mainlenance fialds. Backed, as well, by some sight years of inlonse devotopment
end lesting' the ARANG is soundly engineered lo provide pavemenl onginsars with state.ot.th""arl
tools to do a first.rate job.

The ARANa is a MoBILE DATA AcoulslrloN vEHlcLE capabte ot colecling and recording
lerge quantiti€s ot roactway c,ala quickly 8nd cconomically. Truty uniquc ln its wicte ranging
capabilities' ARANa applications include both network inventory anc, projecl pr*engineering
analysis.

ll is the purpose of this booklet to introduce the ARANc , its subsystems and unique functions
and to indicate how lhey can help you achieve maximum resurts rrom your pavement expenditures.
Furlher delalls are published in engineering lechnical papers and product brochures some ol which
are relerenced.

we look lonrard to the opporlunity lo c,iscuss wrth you how the ARAN! can fil inlo your pave
menl management activilies.

c- 52



Matching ARAN@ to customer needs

Tnlffc & , llldtrrt
Plrnnlng llrrrh Ih!. rilr $!ffirn(sf

Directional

&

DMI

Axle ResponseAong Profile Rouginess

WS

Righlof-way

Right-of-way Videotogging

Coiltr

Horizontal curve
n cu rve yr0

Log curve

Venrcal curve

and end

Grade of sections

mtle locatlons

Pavement Roughness PSR

Su iace rcn

Posted spefi, limit
Pavernent condrtron

Railroarl crossings data 5 categories
Nunnber.o lanes

Median type

rnte rSecti0nS

signalization

rng type ol area

resr0ential. rndustrtal etc.

type

L

Shouloer

ol structures

Jornt Fauitr me

Location of spalled joints requiring
full

ocatron ol mrnor spailed iotnts
reQuinng partral depth patchrng

Location ol pavement

between joints reguiring full depth
patching of a lull panel or partial panel

ut'irn measurements

Hot mix quantities to level and conect
cross slope

Fl ot mrx quantities to fill ruts
Drainage condition

Sight cleannce on horizontal curves
e Decks condttton

condition

Cleanliness: litter, trash, debris
Vegetatro n tree encroachment

undergrowth

alternators:

Vertrcal curve line of srght

g

Vr

ght n

inal le hness

Condition

Condrtion Rating Vrdeo loggrng

Condition Rating Videologging

onic ut

Ultrasonic Rut Bar & Gyros

Ultrasonic ut Bar

ROW Videologging w/s Cond. Rating

d

ROW video and Directional Gyro

ondition Rating loggrng

R

ht-of -way Videologging

/ Grade Gyro, Ultrasonics and SAV

Matching ARAN to the customers needs
c-53
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ARAN. DIV€RSIFIED APPLICATIONS

LEVEL OF ACTIVIW
TYPE OF SURVEY

NETWORK PROJECT

o Roughness

. Longrludrnat profrle

' SurlSge Dlstress

. Flut Depth

o Grade

. Crossf all

. Transverse prof rle

o Curve Radius

r Rrght.of.way Vrdeologgrng

o Pavemenl Condrlton Ratrng
Vrdeotoggrng

' Shrm Ouantttres

r Mapprng

ARAN rs diversified applications.
c-54
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Fioure 24. Interior vL e\,vs o f equ:"pnent i.nsr-a1led
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ARAN.

SUBSYSTEITiS

a

a

a

THEIR UNIOUE FEATURES

HOW THEY FUNCTION

THEIR BENEFIT TO YOU THE USER
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a HIGHWAY
PRODUCTS
INTEHNATIONAL T

1 ) Autostrade S. p.A.
Mr. Gabriele Camomille
Dirigerre Studi Techniei
Via Berganini, 50
Rome, Itaiy

Telephone : 39-6-,1977 -4342
(Mr. Piercarlo Moretti will
ansrder. He speaks Engtish)

3) State of New llampshire
Public Works & llighways
Concord, New Haopshir€, U.S.A.

Attn: Mr. Robert Lyford
Telephone: (603) 271-3344

5) State of Texas
Dept. of Highways & PubHc Transp.
D-1.8 Pavements & Permits
6400 llighway 290 East
LaCosta Annex
Austin, Texas, 78751

HIGHWAY PRODUCTS INTERIATIONA.L INC. ARAND REFERENCES

-lL-

COMPLETED ARAND D ERIES

2) Tennessee Department of Transportation
Mr. Will,ard Nernton
Suite 1000, Jeees K. Polk Building
Nashville, Tenneseee, U.S.A. 3?t1g

Telephone: (615) ?41-09??

4) New Jersey Department of Transportation
1035 Parkway Ave.
Trenton, New Jersey, U.S.A.

Attention : Mr. A. A. Jumikis
Telephone : (609) 292-3560

6) Ontario Ministry of Transportatton
Highway Engineering Division
1201 Wiison Avenue
Downsview, Ontario
M3M 1J8

AttD: Mr. Bichard Rogers
Telephone: (5i2) 465-7959

7) Viaconsult AG
Postfach 88
Technoramastrasse 10
8404 Winterthur, Switzerland

Attn: Dr. Ivan Scazziga
Telephone: 1-980 1373

Attn: Mr. Anand Prakash
Teiephone: (416) 253-3533

8) Missouri Highway & Transportation Dept.
P.O. Box 2?0
101 West Capitoi Street
Jefferson City, Missouri, U.S.A. 65102

Attn: Mr. Jay Bledsoe
Teiephone: (314) ?51-4658

9) Ministerie' van Verkeer gr Uhtesaat 10) Commonwealth of Massachusetts
Dienst Weg en l{aterbouwkunde Dept. of Public lVorks, Research & Materiais
Van der Burgweg 1, Postbus 5044 99 Worcester Street
2600 GA, Deift, Netherlands Wel,lesley Hills, Massachusetts, 02818

Attn: Mr. Robert Jordens Attn: Mr. Matt Turo
Telephone: 15-699319 Telephone: (61?) ?2?-4690

c-7 4
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