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Is NOT a prototype

It is a well used and certified system.




LCMS Users 50+ systems

USA Canada

California - Caltrans MTO — Ontario (Ministry of

Utah DOT Transportation)

Kentucky DOT MTQ — Quebec (Ministry of

Kansas DOT Transportation)

Tennessee DOT Nova Scotia DOT

Nevada DOT SNC Lavalin - Qualitas

Rhode Island DOT Dessau - LVM Technisol

lllinois DOT TetraTech — EBA

Georgia Tech University

Virginia Tech Denmark, Belgium,

US Army Test Tracks Italy, Netherlands,

University Mass. Lowell Spain, Ireland,

PennDOT China, Japan,

City of Phoenix, AZ Qatar, India,

South Dakota DOT New Zealand, Australia
Sudan, Chile
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Low- High-
Frequency Frequency

SEEE Lane
cracks markings

Macrotexture Raveling

Other road
features:

Other lane LS

*Manholes markings e
*Curbs condition
*Train rails

*Etc.

Longitudinal Transversal
cracks cracks

Multiple
cracks




\ s pecifications

Reference value

Probability Accuracy
density B g

Low accuracy, good trueness, poor
precision

>

< - » Value
Precision

Low accuracy, poor trueness, good
precision
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Specifications

In addition to accuracy and precision, measurements may also have a
, Which is the smallest change in the underlying
physical quantity that produces a response in the measurement.

When measurements are repeated and averaged. In that case, the

term is properly applied: the precision of the average is
equal to the known standard deviation of the process divided by the
square root of the number of measurements averaged.
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Specifications for DOT

What makes a good 3D sensor very good for road measurement?
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Good Lateral Resolution over 4m

DOT — USER NEEDS

Acquisition Rate 100 km/h

Range Vertical Accuracy/Precision/ < 1mm
Resolution

Lateral Resolution 1 mm
Width of lane to scan 4m
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\ S pecifications

LCMS Specifications

Acquisition Rate

11,200 profiles/s

Number of points per profile 4000
Nbr of points/sec 45 MHz
Range Accuracy/Precision 0.5mm
Range Resolution 0.25mm

Lateral Resolution

1mm (FOV =4m)

Single point lasers

Nbr of points/s 16 kHz, 32kHz, 64kHz
Number of points per profile 1

Range Accuracy/Precision ?

Range Resolution 0.1Tmm
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ASTM E950 - Longitudinal

\ Profile

TABLE 1 Longitudinal Sampling

Class 1 less than or equal to 25 mm [1 in.]

Class 2 greater than 25 mm [1 in.] to 150 mm [6 in.]
Class 3 greater than 150 mm [6 in.] to 300 mm [12 in.]
Class 4 greater than 300 mm [12in.]

TABLE 2 Vertical Measurement Resolution

Class 1 less than or equal to 0.1 mm [0.005 in.]

Class 2 greater than 0.1 mm [0.005 in.] to 0.2 mm [0.010 in.]
Class 3 greater than 0.2 mm [0.010 in.] to 0.5 mm [0.020 in.]
Class 4 greater than 0.5 mm [0.020 in.]



IRl vs range resolution

IRI values vs range resolution for three road sections

Section 1 Section 2 Section 3
Range resolution Left IRI Right IRI Left IRI Right IRI Left IRI Right IRI
(mm) (m/km) (m/km) (m/km) (m/km) (m/km) (m/km)
0.5 1.24 1.80 1.40 1.71 3.32 3.85
0.25 1.24 1.79 1.40 1.71 3.30 3.83
0.1 1.24 1.78 1.39 1.70 3.30 3.83
Max. variation (%) 0.0 1.1 0.7 0.6 0.6 0.5




IRl vs range resolution

IRI values vs range resolution for three road sections

Section 1 Section 2 Section 3

Range resolution Left IRI Right IRI Left IRI Right IRI Left IRI Right IR
(mm) (m/km) (m/km) (m/km) (m/km) (m/km) (m/km)

0.5 1.24 1.79 1.40 1.71 3.30 3.83

1 1.25 1.79 1.40 1.71 3.31 3.83

2 1.26 1.79 1.40 1.73 3.32 3.83

3 1.27 1.84 1.42 1.72 3.32 3.84

4 1.41 1.93 1.53 1.82 3.35 3.85

5 1.62 2.19 1.69 1.93 3.45 3.86

6 1.93 2.47 1.97 2.19 3.54 4.03

Max. variation (%) 55.6 38.0 40.7 28.1 7.3 5.2

* Longitudinal resolution: 25 mm

« Shaded cells: IRI| variation > 5%




World Bank (and DOT) -

Longitudinal Profile specs

Lasers

Minimum No. of Sensors
Minimum Sampling Frequency
Minimum Bandwidth

Spot Size

Minimum Resolution
Accuracy

Measuring Range

Stand Off

Accelerometers

No of Sensors

Minimum Measuring Range
Minimum Resolution
Minimum Bandwidth

2 - one in each wheel path

16 kHz

2 kHz = approx 0.5 inch at 60mph
0.2-5mm

0.2mm

+ 0.5mm

+ 100mm

2300mm

2 - one with each laser;
+2G

10uG

DC -300Hz



Ride quality - specs

Ride is perceived as most comfortable when the natural frequency is in the
range of 60 to 90 cycles per minute (CPM), or about 1 Hz to 1.5 Hz.

When the frequency approaches 120 CPM (2 Hz), occupants perceive the ride
as harsh. Consequently, the suspension of the average family sedan will have a
natural frequency of about 60 to 90 CPM.

A high-performance sports car will have a stiffer suspension with a natural
frequency of about 120 to 150 CPM (2 to 2.5 Hz).



US DOT - Longitudinal Profile

specs

An accelerometer with a minimum +/- 4G range shall be used to
obtain vertical body movement, and a laser sensor shall be used for
measuring the displacement between the vehicle body and the
pavement for each wheel path. Road profile measurements are then
obtained by summing the body movement with the appropriate body
road displacements.

The lasers used for IRl measurements shall have spot size
measurements seventeen (17) millimeter (mm) with a two hundred
(200) mm measurement range and three hundred (300) mm standoff.
The IRl is then calculated in accordance with the World Bank
Specifications.



IRl vs accelerometers

\ dynamic range

IRI values vs dynamic range for three road sections

Section 1 Section 2 Section 3
(low roughness) (med. roughness) (high roughness)
Range resolution Left IRI Right IRI Left IRI Right IRl Left IRI Right IRI
(9) (m/km) (m/km) (m/km) (m/km) (m/km) (m/km)
+5 1.24 1.79 3.30 3.83 7.25 9.09
+3 1.24 1.79 3.30 3.83 7.25 9.09
+2 1.24 1.79 3.30 3.83 7.27 9.11
+1 1.24 1.77 3.33 3.81 7.30 9.32
Max. variation (%) 0.0 1.1 0.9 0.5 0.7 2.5
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Specifications:

*32kHz or 64kHz laser

* 1Tmm point spacing
(minimum)

*0.05 mm vertical resolution

*Low pass filtering 2.5mm
features removed. Smm+
features kept intact.
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. Macrotexture : Mean Profile
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known volume of heads
of uniform particle size
poured onto road

beads spread to form circular patch
with ‘valleys’ filled to level of 'peaks’

Y diameter of circular patch
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Pavemetrics

(a) lmm (daytime) (b) 1mm (night)
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Cracked frames per 100 m section
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Results — network level

visual evaluation

Results (manual classification)
—_— Total

R ( sections) Number of images (10m sections) Proportion (%)
Good Average Bad NA Good Average Bad NA
84 35288 34144 310 144 690 96,8 0,9 0,4 2,0
85 4243 4101 53 51 38 96,7 1,2 1,2 0,9
86 147903 144040 516 1520 1827 97,4 0,3 1,0 1,2
87 149926 138453 1170 5728 4575 92,3 0,8 38 31
88 189097 183010 1064 2002 3021 96,8 0,6 11 1,6
89 125003 121835 442 2015 711 97,5 0,4 1,6 0,6
90 123653 116930 2980 2434 1309 94,6 2,4 2,0 11
91 & 92 215513 213142 197 956 1218 98,9 0,1 0,4 0,6
Total 990626 955655 6732 14850 13389 96,5 0,7 15 14
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Macrotexture — RPI

Digital Sand Patch Method

RPI - Road Porosity Index = (Volume under the surface —
Ravelling - Cracks) divided by a surface area

Surface area (RPI) Air void content (RPI) or
or Diameter (MTD) Sand Volume (MTD)

Wﬁ

RPI =( Vol —\Vol — Vol

air void ravelling cracks )

AreaTotal
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Pros:

*Network survey is possible at
100kmh

*Full lane width is measured
5 AASHTO bands

*Great repeatability
«Automatic lane marking
detection
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Macrotexture — Correlation

\ between MPD and RP]

MPD vs RPI

15 /
+2100

Y
" " n = =3300

1 N 'r 8300
il r2 = 88%

0.5 $ **

MPD (mm)

0.05 0.06 0.07 0.08 0.09

0 0.01 0.02 0.03 0.04
RPI (mm)

47




Etimated Texture Depth (mm)

08

06 -

04 -

0.2

Repeatability — RPI

measurement

Texture measurementson 3 ALDot test sites (3 runs per site)

100 150 200 250 300 350 400 450

Distance (m)

— Site ¥ _runl
— Cite7_runz
Site7_run3
m—Cite5_runl
— SiteS_run2
Site5_run3
Sitel0_runl
Sitel0_run2

Site10_run3
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Texture image (MTD, mm)

Intensity image
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Pavemetrics

Ravelling Index (RI) = The volume of aggregate loss per surface area

Rl =

| A

aggregate loss otal
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Ravelling Index - Repeatability
\ (Porous asphalt Netherlands)
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Longitudinal profile and
International Roughness Index (IRI)
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UTAH DOT - Test sites
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MassDOT IRl Repeatability Runs (Left)
110
105
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g =]
Js = == =
50 Runl Run 2 Run3
W MassD0T ARAN B9l B0 .4 BB3
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MassDOT IRl Repeatability Runs (Right)
110
105
= 100 —
£ EH] -
g’ o0 —
BS —
50 Runl Run 2 Run 3
W MassDOT ARAN 101.4 1038 1031
WRSP 1027 1016 102.2
LCMS 102 1026 1039




Does 1t work??

LCMS vs Surpro

IRI values calculated for 4 LCMS runs on a 400m validation test track

Run IRI Left IRl Right
(m/km) (m/km)
1 1.19 1.64
2 1.16 1.51
3 1.19 1.54
4 1.21 1.55
Mean 1.19 1.56
Standard deviation 0.02 0.06
Surpro 1.21 1.54

*|R| values are stable and close to the values obtained with the reference
instrument (Surpro).



LCMS passes Profiler

\ certication in PROVAL

[Untitled] * - ProWAL 3.2

‘ % E _/‘ ﬂ %%\ I"{ '.' = V| Show Events =~ Options |.J]
- s : = Use Mileposts Screenshot

Close AddFies Save Report Viewer Editor |Analysis | Analysis | . Template [k
Project . - PCM - : &, Units v || € Help - -
| Il 1 I 1 I |
Profiler Certification
Maximum Offset {ft) a5 File Profiles | Basis | Run | Sample Interval (in) —
| data_lwp_forward Left v 11.811020
Minimum Repeatability {%%) 92 w| data_rwp_forward Right 7 11.811020 "
Minimum Accuracy (26) an #| LcmsLongProfile_3101741473_B0_0m_L390_0mL Left 1 9.842520
| LcmsLongProfile_3101741473_B0O_0m_L390_0mR Right 4 9.842520
Basis Filter Butterworth High-pass {300.00 ft) | LemsLongProfile_3101741685_B0O_0m_L330_0mL  Left z 9.842520
e Butterworth High-pass (300.00 ft) #| LemsLongProfile_3101741685_B0_0m_L390_0mR Right 5 2.342520
#| LcmsLongProfile_31017415304_B0_0Om_L390_0mL Left 3 9.842520
| rmsl onnProfile 3101741804 BO_0Om | 390 _0OmR_ Rinht A 9.847570 -
Repeatability - Left Correlations Repeatability - Right Correlations
Run =3 5 <} Run Bl 3 4 5 [}
1 98 97 MM MaM MaM 1 NaM MaM MaM MaM MaM
96 JaMN MaN MNaM 2 MaM MaN MaM MNaM
MaM MaM MNaM 3
] Mal  MaM 4
MaM 5
Repeatability - Left Offsets (ft) Repeatability - Right Offsets (ft)
Run 2 3 4 5 o Run R 3 = 5 5]
1 4.5 -2.9 MNaM MNaM MaM 1 MaM MNaM MaM MaM MaM
2 1.2 MaM MaMN MaM 2 MaM MaMN MaM MaMN
3 MaM MaM MaM 3 MaM MaM MaM
4 MaM  MaM =< -4.49475 -2.85433
5 MaM 5 1.246719
Accuracy Statistics
Statistic Repeatgbilie™™Teft | Repeatability - Right | Accuracy - Left | Accuracy=Right
Comparison Count 3 3 3 3
% Passing 100,00 100.00 100,00 100.00
Mean 97.00 97.67 91.33 95.67
Minimum 965,00 97.00 Q0,00 95.00
Maximum 93.00 99.00 92,00 97.00
] Standard Deviatid 1.0 1.2 1.2 1.2

Grade Passed Passed Passed Passgg
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 LANE MARKINGS are used to correct profiles and compensate for driver wander.
» Simplifies certification procedures

* Eliminates the need to certify operators

Classic system: Results depend on LCMS-IRI system: Erratic trajectory
the trajectory of the vehicle (subject to of the vehicle will still result in
variation based on driver’s ability) straight elevation profiles



Results: lane tracking

* Driver was asked to zigzag on validation track #1 (400 m).
» Elevation profiles computed with and without lane tracking.

With lane tracking No lane tracking
Run IRI Left IRI Right IRI Left IRI Right
(m/km) (m/km) (m/km) (m/km)
1 1.33 1.50 1.16 1.43
Reference 1.29 1.47 1.29 1.47
value
Difference 3.1% 2.0% 10.1% 2.7%




Results: IRl image (2 x 30m)

IRI (m/km)

Longitudinal axis (30 m)

Transversal axis (2 m)




Results: IRl image (2 x 30m)

IRI (m/km) A

Longitudinal axis (30 m)

Transversal axis (2 m)
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Road tests - Geometry
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IMPORTANT NOTICE

This slide pack is intended only for the use of the individual or
entity to which it is addressed.

It contains information that is privileged, confidential and exempt
from disclosure under applicable law.

If the reader of this message is not the intended recipient, or the
employee or agent responsible for delivering the message to the
intended recipient, you are notified that any dissemination,
distribution or copying of this communication is strictly
prohibited.

If you have received this communication in error, please notify
Immediately.

Thank you.
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