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Longitudinal Profiles .

e Definition
e A Profile is A Two-

Dimensional Slice of the
Road Surface, Taken Along

Longitudinal

an Imaginary Line. =
* Importance « Measurements
* Driving Experience  Manual Method (Rod and Level,
» Road Safety Walking Profiler)

* \ehicle Operating Costs « Profilographs

o Light-weight Profilers
» High-speed Inertial Profilers

Image Reference: M.W. Sayers and S.M. Karamihas, The Little Book of Profiling
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Components of Inertial Profiler
» Accelerometer
e Laser Height Sensor T Compuwer O\
* Distance Measuring / 3-;}1:—‘_fmﬂﬂ'§
1. Inertial _ . |
Instrument REf:eril'n::e: ;5:: gﬁlil\__y\k "/;::\\J
G SO

2. Height relative to reference
(laser, infrared, or ultrasonic sensor)

Image Reference: M.W. Sayers and S.M. Karamihas, The Little Book of Profiling

San Diego, CA
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Profile Measurement Principle

z(x)

h(x) — Vehicle Height Above Pavement
u(x) = Vehicle Position

z(x) = Vertical Road Profile

Profile = z(x) = u(x) = h(x)

Image Reference: Description and Evaluation of the South Dakota Road Profiler (Huft 1989)
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WayLink Inertlal System (WIS) Hardware Platform

 PaveVision 3D Ultra
 Vertical Resolution: 0.3 mm
e 30KHz: 1Imm Res in Longitudinal Direction at 60 MPH)
 Full-Lane Coverage (4-Meter Width): 4000 3D Transverse Points
 Total system power consumption: 500 Watts
 Data collection: continuous collection for several hours at 1 to

2GB/lane-mile data
» Accelerometer: Micro-g Resolution
« Sampling Device: Multi-Channels Simultaneously Sampling

 Distance Measuring Instrument
2048 Pulses/Revolution
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Accelerometer and DMI for WIS

e Integration: Critical for Accelerometers; Power, Filtering
« 3D Points in the Center of Wheel-Paths for Height Data
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Pavement 3D Capture

e Acquire 1Imm 3D Pavement Surface Data
 Provide Longitudinal Height Information for Profiler
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o Software Capabilities

e Data Collection
» Profile View
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Profiler Software

e Data Collection
 Display Distance Traveled and Speed
 Display Pavement Profile in Real Time
 Display IRI values for LWP and RWP
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Profiler Software

* Profile View
 Display Profile Data

 Display Basic Data Collection Information
 Calculate IRI Values, Export .ERD or .CSV File
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| ProfileData-both Sides.erd - Notepad

File Edit Format View Help
ERDFILEV2.080

2, 76288, -1, 1,
SHORTNAMLElev. RELev.
LONGNAMELeft Elevation
RIGIBODYLeft
UNITSNAMinch inch
XLABEL Distance
XUNITS m
END
1.691148 1.232380
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1.678045 1.220005
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1.671872 1.213702
1.670020 1.211979
1.668142 1.210432
1.666199 1.208980
1.664132 1.207525
1.661952 1.205996
1.659649 1.284344
1.657234 1.202528
1.654730 1.200520
1.652175 1.198316
1.649611 1.195924
1.647072 1.193353
1.644575 1.190631

5,  0.004676, -1,
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Software Algorithms

 Low Pass Filter (Anti-Aliasing Filter): Remove High
~requency Noise

 Double Integration: Calculate the Vertical Bouncing Distance

e Butterworth Band Pass Filter: Preserve Useful Waveform,
Filter the Unwanted Waveform

 IRI Calculation Based on Quarter-Car Model
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Validation Tests

e Field Test

» Three Asphalt Test Roads: 1100 ft, 1100 ft, 1700 ft with Lead-In
and Lead-Out tested at 30 mph, 40 mph, and 60 mph respectively

« Automatic Triggering for Consistent Start & End of Data
Collection

10 Repeating Passes for Each Site

San Diego, CA
November 1-4
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Data Collection Instruments

 AMES Profiler WIS
1 Inch Sampling Interval  0.184 Inch Sampling Interval
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Site I: IRI Results (30 mph)

 IRI Results: Calculated for every 25 ft, While a Small Interval is Set
between the Starting Points of Two Consecutive Calculations
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Site I: Profiler Certification

» Reference Profile: One Pass Collected by Ames Profiler

* WIS Profiles: Nine Profiles to Analysis the Repeatability and
Accuracy based on the Ames Profile as the Basis

"‘ ; Profile Synchronization

' Profiler Certification
ol

‘m'..-_‘ Profilograph Simulation

4@ Ride Qualiy

Profiler Certification

Maximum Offset (ft)

¥ Ames_R2 Left

YIWIS_R10  Left +
s 2 1

Left +
Left +
Left +
Left +
Left +
Left +
Left +

Minimum Repeatability (%)

IRI (with 250mm Filter)

Comparison Filter

IRI {with 250mm Filter]

Profiles

-~
Right [
Right [
Right
Right [
Right [
Right [
Right [
Right [

[==REaV= R R - R T, B R VY R ]

[ury

I un | Sample Interval (in)

0984252
0134095
0184095
0184095
0134095
0134095
0184095
0184095
0184095
0134095
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Test Site |: Profiler Repeatability (30 mph)

Profiler Certification: Summary Results Nav

Repeatability - Left | Repeatability - Right | Accuracy - Left

36 36 g9

% Passing 100.00 100.00 2222

Mean 97.44 95.53 88.89

Minimum 95.19 92.22 8713

Maximum 99.29 98.38 9065

Standard Dewiation 1.0 138 13

Grade Eaged] Passed EFaT_ed]

Accuracy  Repeatability - Left Correlations (%) Repeatability - Left Offsets (ft) Repeatability - Right Correlations (%) Repeatability - Right Offsets (ft)

Run |left (fRun | 3 (4 |5 |6 |7 |8 (9 0f{Run|3 (4|5 |6 |7 |8 |9 10)/Run|3 (4|5 |67 |89 |10(|{|Run|3 |4 |5|6 |7 |89 10

Z &8 209 |97 | 97 |97 |96 97 | 99| 99 214 67 -26 1.2 -64 04 -55 -4.2 298 92 92 92 94 9 97 95 214 68 -26|-13|-65 -04 -5.7 42
3 &8 3 97 |97 |97 |97 | 98 | 94| 99 3 81 |-40|-2.7|-78/-18 -11|-56 3 94 04 94 95 97 98 97 3 -82-40 -2.7|-19|-18|-711 -55
4 91 4 98 98 98 9 97 97 4 41 55 03 63 1.0 25 4 98 97 98 94 94 96 4 41 |55 03 64 11| 25
5 90 5 98 97 9 97 98 5 14 38 22 31 -16 5 9 97 95 94 96 5 14|38 22 -30 156
6 90 6 98 9 97 98 6 -5.2 08 44 -30 6 98 94 93 9 6 -5.2 09 -44 -29
I 9 7 9 9 97 7 60 07 22 7 94 95 97 7 60 08 2.2
i 87 g 08 98 8 -53 -3.8 8 97 9 g -53|-33
9 &7 9 a9 9 15 9 97 9 14

8
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Site 11: IRI Results (40 mph

140
130 noif
120 Profiler Certification: Summary Results Navigate v
1101
100 Statistics
90 4 | Statistic Repeatability - Left | Repeatability - Right | Accuracy - Left
_ #0] Compariscn Count 36 36 9
E % Passing 1178 100.00 100.00
=7 Mean 9414 9633 93.41
60 Minimum 9097 94,51 9038
501 Maximum 9752 93.03 96.45
404 Standard Deviation 13 09 20
304 Grade Paszed Passed Passed
201 Accuracy = Repeatability - Left Correlations (%) Repeatability - Left Offsets (ft) Repeatability - Right Correlations (%) Repeatability - Right Offsets (ft)
0] Run (Left({Run| 3 (4 (5 (6 (7 (8 (9 (10)fRun| 3 |4 |5 |6 |7 |8 |9 0((|Run|3 |4 |5 (67|89 10|({Run| 3 |4 |5 |6 |7 |8 9|10
UD 100 200 200 2 9% 2091 94 92 94 94 91 93 92 2-13-17 04 25 -14 06 10 29 295 9 95 95 95 95 9 95 2-13-17 04 25 -14 -06 10 29
3 9% 3 95 98 94 96 94 9 91 3 -04 18 39 -01 07 24 43 3 96 98 97 97 98 98 96 3 04 17 38 -01 07 23 42
4 o4 4 96 95 96 94 9 92 4 21 42 03 11 27 46 4 96 97 9 96 97 96 4 21 42 03 11 27 46
5 95 5 9% 96 95 97 91 5 21 -19 10 06 25 5 97 9 98 98 96 5 21 -18 -10 06 25
6 93 b 9% 94 95 92 B -40 -31 -15 04 6 97 97 97 9% b 40 -31 -15 04
1 9 1 94 95 92 1 08 24 44 7 97 9% 9 1 08 25 43
g 92 8 9 92 8 16 35 F] 98 95 8 16 35
9 W 9 91 9 18 9 95 9 19

—
=
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Site 111: IRI Results (60 mph

180

1701 ﬂ
160
150 Profiler Certification: Summary Results Navigate v
140
130 Statistics
1201 Statistic Repeatability - Left | Repeatability - Right | Accuracy - Right
1101 Comparison Count 36 36 9
g1 % Passing 9167 bIN 0.00
B Mean 94.55 8098 3013
0] Minimum 90.49 4211 27.88
60 1] Maximum 96.74 94.94 34.51
50 ] ‘Standard Deviation 16 201 21
o Ca aceed i e
227 Accuracy Repeatability - Left Correlations (%) Repeatability - Left Offsets (ft) Repeatability - Right Correlations (%) Repeatability - Right Offsets (ft)
101 Run |Right ((Run | 3 |4 |5 (6 (7 | 8|9 [10(|Run| 3 | 4| 5 [ 7 8 9 [ 10 Run| 3 | 4|56 |7 (8 (910 Run |3 | 4| 5 6 1 8 9 |10
DD 00 200 2 32 293 94 95 95 96 9 96 95 Z2-36 233 35 44 09 30 01 -14 288 92 91 93 93 93 43 91 243 233 44 44 09 29 01 -15
3 30 3 93 95 94 94 90 92 9% 3 269 11 D8 45 65 36 21 3 90 91 89 90 87 M4 N 3 190 -87 -87 -34 -14 -44 38
4 29 4 94 92 91 93 9% 93 4 -198 -27.7 -224 -203 -2 -7 4 91 91 90 90 42 92 4 210 -217 -224 -204 -84 -M8
5 29 5 97 95 9 96 9% 5 80 -26 -06 -35 -50 5 94 92 92 45 95 5 01 53 73 43 29
6 29 6 97 94 95 97 6 53 74 45 30 6 92 92 45 9 6 53 13 44 23
7 31 7 04 4 97 7 20 -09 -24 7 91 45 93 7 20 -10 -24
8 28 8 97 95 g -29 44 8 44 92 8 -30 44
9 35 9 94 9 -15 9 45 9 -14
10 29



Conclusions

* WIS Integrated into 3D Ultra Sensors

e Repeatable Results (Uncontrolled Roadway Sections)
e Multiple Passes
e Various Speeds
o Various Road Conditions/Geometry without Traffic Control

e \What IS next?
e Actual Profiler Certification



