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e DEFINITION
e STANDARDIZED MEASURE OF PAVEMENT ROUGHNESS

e DERIVED FROM A QUARTER-CAR SIMULATION APPLIED TO MEASUREI
LONGITUDINAL PROFILE

e COMPUTED AT A SIMULATED TRAVEL SPEED OF 50 MPH/80 KPH
e REPORTED IN IN/MI OR M/KM

—
A Sprung Mass
o s e — . e
PPLICATIONS Vprofile. — B = [ Sygmesm | g JR]
e  NETWORK-LEVEL CONDITION MONITORING | | Unsprung Mass
% Tire Spring
e HPMS REPORTING S —

e MAINTENANCE AND REHABILITATION DECISION-MAKING
e PROGRAM AND BUDGET PLANNING
e (CONSTRUCTION QUALITY ASSESSMENT

Quarter-car model

lllustration credit: Karamihas, S.M. and Sayers, M.W. (2025). The Little Book of Profiling, Second Edition. University of Michigan Transportation Research Institute.
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High-Speed Inertial Profiler (HSIP)

o PRIMARY MEASUREMENT COMPONENTS;
e LASERS TO MEASURE PAVEMENT SURFACE ELEVATION RELATIVE TO
THE VEHICLE
e  ACCELEROMETERS TO ACCOUNT FOR VEHICLE VERTICAL MOTION
e  DISTANCE MEASUREMENT INSTRUMENT (DMI) FOR DISTANCE
MEASUREMENT AND SPATIAL REFERENCING

COVERAGE:

o ACCELERATION AND DECELERATION Accel

o STOP-AND-GO CONDITIONS I
l Laser

e  LOW-SPEED OPERATION (UNDER 20 KPH OR 13 MPH)

DMI
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US Patent No. 9,404,738, Canadian Patent No. 2,849,225

 DUAL-LASER LONGITUDINAL PROFILING
TECHNOLOGY

e THIS PATENTED TECHNOLOGY ADDRESSES

THE CHALLENGES INHERENT IN
CONVENTIONAL INERTIAL PROFILERS

e VALID PROFILE AND IRI AT ANY SPEED




EVERY SPEED PROFILER (ESP)

US Patent No. 9,404,738, Canadian Patent No. 2,849,225

THE ESP USES A NEW WORKING PRINCIPLE:

 DUAL LINE LASERS IN EACH WHEELPATH

e |MU TO MEASURE ORIENTATION IN EACH WHEELPATH
NEW PROFILE CALCULATION ALGORITHM

1
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Le—L
6=a+p ﬂ:tan“l(—(fL r)>
dE _AE _ .

E—E—sm(e)

AE = AD sin(a+ f)

m
PN Z AD,, sin(e, + B,)

n=1

ESP method is static.
Not time-dependent. Paradigm shift!

US Patent RE49,844E




ESP VS HSIP

High-Speed Inertial Profiler

(HSIP)
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Every Speed Profiler (ESP)

Equipment
Required per
Wheelpath

Use Cases

Operation Restrictions

Min Speed

Max Speed

1 laser, 1 vertically aligned
accelerometer

Highways and roadways
with free-flowing fraffic
conditions

Near constant speed

13 MPH
70 MPH

2 lasers, 1 IMU

Any roadway type regardless
of traffic conditions (e.g.,
urban, congested, signalized)

Any speed, stop and go, hard
acceleration, long stops

0 MPH
70 MPH



CELEBRATING

ESP ICART VALIDATION

oAk
YEARS OF PROGRESS

HONORING THE PAST. PAVING THE FUTURE.

*  PARTICIPATED IN VALIDATION RUNS AT THE ICART TEST
TRACK IN ILLINOIS (2024, 2025, 2026)

e NEW CERTIFICATION TESTS HAVE BEEN PROPOSED FOR
PROFILERS UNDER AASHTO R56 STANDARD

e  FIVE TEST TYPES:

1. CONSTANT 45MPH

2. CONSTANT 3MPH

3. BRAKING 30-15MPH

4. FuLL Stop 30-0-30MPH

5. Stop CREeP 30-0-5-30MPH

e (CONVENTIONAL HSIP WILL FAIL TESTS 2-5

,.' - -

lllinois Ce‘rtiﬁc‘ation and Research Trac'km(ICAR'D
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30-0-30 mph and 30-0-5-30mph runs
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|CART TEST RESULTS

e  WE ACHIEVED EXCELLENT IRI REPEATABILITY ON ALL TESTS!
e  THE NEW ESP IS PERFORMING AS EXPECTED

ICART Rodeo Runs - ProVAL Results

100.00
90.00
80.00
70.00
60.00
50.00
40.00

30.00
20.00
10.00

0.00

ICART Constant ICART Constant 3mph  |CART Braking 30-  ICART Full Stop 30-0- ICART Stop Creep 30-
45mph 15mph 30mph 0-5-30mph

mLIRI (infmi)R1  mLIRI(in/mi)R2 wLIRI(in/mi) R3
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ESP ICART CERTIFICATION

e SUCCESSFULLY PASSED ALL TESTS AND SURFACE TYPES AT THE
ICART CERTIFICATION IN MARCH 2026!

e TWO TEST SECTIONS
« HMA
e DIAMOND GROUND CRCP
e TEST RUNS
* 5 PASSES AT 25 MPH
e 5 PASSES AT 50 MPH
* PASSING SCORE REQUIREMENT:
* 0.92 FOR REPEATABILITY
e (.90 FOR ACCURACY

e NEW STOP-AND-GO CERTIFICATION TESTS EXPECTED IN 2027

I \M‘

IIIihois Certification and Research TrackA (ICART)
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CASE STUDY
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CASE STUDY: CITY OF TORONTO
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CITY NETWORK SURVEYED BY ICC-IMS 2025 SURVEY MILEAGE: 1391.78 MILES (ParmiAL NETWORK)
TRUCK EQUIPPED WITH BOTH e REPORTED SEGMENTS AT 200-FT (60.96 M) INTERVAL
e ESP

* HSIP

s )

“*Vaughan s uiz. ..,

North:York




COVE RAG E Ex PAN s I o N BASELINE AFTER FILTERING OUT SEGMENTS WITH:
¢ EVENTS: BRIDGE, BUMP, LANE DEVIATION,

CONSTRUCTION, STREETCAR, RAILROAD
. LENGTH < 25FT (7.62 M)

NEWLY COVERED SEGMENTS BY ESP:
e SPEED MIN < 12.427 MPH (20 KPH)
o 366.7 MILES (32.5% OF BASELINE NETWORK)

ESP per Functional Class RERATR e et ) | a8 .WW{‘
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SIGNALIZED
INTERSECTION

NON-SIGNALIZED
INTERSECTION
(STOP SIGN)




REPRESENTATIVE NEWLY COVERED SEGMENTS

URBAN
STREET

RESIDENTIAL
STREET
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REPRESENTATIVE NEWLY COVERED SEGMENTS

CONGESTED
MAJOR ARTERIAL

CONGESTED
FREEWAY
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IRI COMPARISON OF PROFILING SYSTEMS ON
COMMON SEGMENTS

e IRl AVERAGE (ESP) vs IRl AVERAGE (HSIP) FOR 200-FT SEGMENTS e HiSTOGRAM OF A IRl AvG (HSIP - ESP)
e |LABELED BY SPEED MIN

Histogram: AIRI_Avg (HSIP-ESP)
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e STRONG AGREEMENT BETWEEN THE TWO PROFILING SYSTEMS ON COMMON SEGMENTS
* HSIP GENERALLY REPORTS SLIGHTLY HIGHER IRl VALUES THAN ESP
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IRI COMPARISON OF PROFILING SYSTEMS ON
COMMON SEGMENTS

e A IRI AvG (HSIP - ESP) vs SPEED MIN FOR 200-FT SEGMENTS
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e MOST SEGMENTS WERE COLLECTED UNDER LOW-SPEED CONDITIONS
e HSIP GENERALLY REPORTS HIGHER IRl THAN ESP ACROSS ALL SPEED BINS
e BIAS AND VARIABILITY ARE GREATEST AT LOWER SPEEDS AND DECREASE WITH INCREASING SPEED
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IRI COMPARISON OF PROFILING SYSTEMS ON
COMMON SEGMENTS

e DIFFERENCE METRICS (HSIP - ESP) By SPEED MIN BINS
e MEAN ABSOLUTE DIFFERENCE
e ROOT MEAN SQUARED DIFFERENCE
e MEAN SIGNED DIFFERENCE
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* |MPACT ON IRl CONDITION REPORTING

IRI Condition Distribution: HSIP vs ESP

Condition Transition Matrix: HSIP to ESP L0
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Average IRI (ESP) by Functional Class
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Newly Covered Segments by ESP
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Entire Surveyed Baseline Network
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e DUAL-LASER LONGITUDINAL PROFILING SYSTEMS, SUCH AS ESP CAN PROVIDE FULL-COVERAGE IRI DATA ACROSS
A BROADER RANGE OF OPERATING CONDITIONS.

e (CASE STUDY RESULTS FROM THE CITY OF TORONTO NETWORK SHOWED:
e STRONG AGREEMENT BETWEEN HSIP AND ESP ON COMMON SEGMENTS, WITH HSIP GENERALLY REPORTING SLIGHTLY
HIGHER |RI VALUES, LIKELY DUE TO GREATER SUSCEPTIBILITY TO PROFILE NOISE.

e ESP PRODUCED CONSISTENT IRl CONDITION CLASSIFICATIONS ON SEGMENTS ALSO MEASURED BY HSIP SUPPORTING A
SMOOTH TRANSITION FOR AGENCIES CONSIDERING ESP-BASED IRl REPORTING.

e THE LARGE DISCREPANCY BETWEEN IRI-BASED AND PCI-BASED CLASSIFICATIONS FOR LOW-SPEED ROADS IS UNLIKELY TO
REFLECT TRUE PAVEMENT CONDITION, AS IRl CLASSIFIES MOST SEGMENTS AS POOR.

e WITH NEWLY AVAILABLE RELIABLE LONGITUDINAL PROFILE DATA FOR LOW-SPEED ROADS, A STANDARDIZED
ROUGHNESS ASSESSMENT FRAMEWORK SHOULD BE ESTABLISHED.




THANK YOU!

Q/A

CONTACT INFO

RYAN SALAMEH, PHD
PROJECT ENGINEER AT ICC-IMS

E:

P. +1 727-547-0696
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