LCMS - Laser Crack
Measurement System

Vision Technology for Inspection of Transportation Infrastructures

PAVEMETRICS Systems Inc.

150 Boulevard René-Lévesque Est, Suite 1820
Québec, Québec, CANADA
G1R 5B1

Www.pavemetrics.com



Pavemetrics; Infrastructure

\ Vision Systems Specialists

Pavemetrics Headquarters
(Banque Nationale Bldg., QC)

Founded 2009; a
“Spin-off” of Canada’s
National Optics
Institute (INO)

Develop high-speed,
mm-level scanning and

pattern analysis
systems

20,000,000+ Miles of
Data Collected Since
1997

300 Systems in 35+
countries
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\ The Sensor Technology Most
Relied-on by DOTs worldwide
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NOT a prototype

Certified AND proven around the world.
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APPLICATION: Tunnels
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\ 2D Versus 3D Technology

2D Technology

 One “data stream” — digital image
 ldentify distresses based on how they “look”

 Problem: things are not always as they
appear

« Labor intensive, rater subjectivity, false
positives/negatives...
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16



http://www.julianbeever.net/

\ 2D Versus 3D Technology

3D Technology

Two “data streams”

Can analyze distresses based on how they
“look” AND their shape

Actual width and depth of distress

Objective, repeatable, far less labor, better
data
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\ LCMS - Specifictions
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LCMS repeatability on a section

of sprayed seal surface (r? =0.96)
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Network level testing 6000mi
' Summer 2008




Results - network level

visual evaluation

Results (manual classification)
o Total

IS ( 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 3,8 31
88 189097 183010 1064 2002 3021 96,8 0,6 1,1 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 1,1
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 1,5 1,4
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Specifications:

*32kHz or 64kHz laser

« 1Imm point spacing
(minimum)

*0.05 mm vertical resolution

Low pass filtering 2.5mm
features removed. 5Smm+
features kept intact.
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Macrotexture : Mean Profile
Depth (ASTM E1845-01)
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known volume of heads
of uniform particle size
poured anto road

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

|_ 1, 1 .
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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 pothole cracks )

AreaTotal
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\ Macrotexture - Correlation

| between MPD and RPI

MPD vs RPI
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\ LCMS vs 64 KHz laser
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LCMS vs 64 KHz laser
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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

50
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* Highways; 5,010 km (~20,000 lane km)
« 10% DAC and SMA

* 90% Porous Asphalt
« Using LCMS to detect raveling

» Development of algorithms

« Matching of severity levels with
manual evaluators




= The volume of aggregate loss per surface area

| A

otal

aggregate loss

e View Help




Pavemetrics
e




Pavemetrics




Pavemetrics

/’

| H:\TNO\2010-08-31vak302_3\LcmsData_000010.fis open | Process

~Current File — ~Proc Selection

[ 11/399 [V Lane Mark
% WV Crack

[V Rutting
[~Road Section |
: [V Macro Tex.
I
10 [V Potholes
Resolution lm—
5.0mm
Lenath —Result Display -
5.0m [V Lane Mark
Distance ¥ crack

0.050km [V Potholes

{

Time (him:s; View Result
0:12:52.6

—Proc. Multiple -

System Info ‘ Start I

:

~Survey - Stop
i Status
2083128100 l+
Nb Sections Cur Sec. 1d
399 i
Total Length
Progress
98 5km '_9—
Data to display Z Rang¢] =
| )=
‘ " Intensity { Range (% Rectified Range ‘ v = =57
—Zoom Min IT ﬂ | ) \
‘ (¢ FitImage ¢ Zoom 100% ¢~ Zoom Free |2 Max IT
[x:2018.4-Y:575.5-val : 2367.53 U
I A
W

w 386

Left  Right

55




Pavemetrics

=
|

N
IH:\TNO\ZO 10-08-31\vak302_3\.cmsData_000093.fis by Open I Process
g ~Current File — ~Proc Selection
94/399 [V Lane Mark
% % v crack
L || ¥ Rutting
Road Section [ MaGoTex
id -
93 [V Potholes
Resolution lm—
5.0mm
Lenath —Result Display -
[ 5.0m V' Lane Mark
Distance ¥ crack
0.465km [V Potholes
g | Time (h:m:s View Result
0:13:10.1 o =]
—Proc. Multiple -
System Info Start I
~Survey - Stop
i Status
08318100 | [~ -
Nb Sections Cur Sec. 1d
399 I
Total Length
Progress
89 5km '_9—
Data to display Z Rang¢] /_\
155
‘ " Intensity { Range (% Rectified Range ‘ v ( g) =57
—Zoom Min IT ‘ | ) \
‘ (¢ FitImage ¢ Zoom 100% ¢~ Zoom Free |2 Max IT
IX:2069.7-Y:912.2-Va|:2359.15 U
W14 A
265
212 234
154 ' ¥
1 [ .

1 i a9 e

56




Pavemetrics

-
/’

[ H:1mN0\2010-08-31\vak302_3\.cmsData_000155. fis Open | Process |

~Current File — ~Proc Selection

156/393 IV Lane Mark
;I ¥ crack

[V Rutting

[~Road Section |
[V Macro Tex.

1d
155 [V Potholes
Resolution lm—
5.0mm |
Length —Result Display -
5.0m [V Lane Mark
Distance ¥ crack
0.775km [V Potholes

Time (him:s; View Result
0:13:23.3 e

~Proc. Multiple -
System Info Start
~Survey - Stop)
id Status
2083128100 T
Nb Sections Cur Sec. Id
399 -
sl Total Length Progress
r~Data to display iy
‘ € Intensity (" Range (¥ Rectified Range ‘ s " J
o ‘ wn0 ( e R

‘ ¢ FitImage (" Zoom 100% ¢~ ZoomFree |2

Max IT

IX: 1222.3-Y:885.7 - Val : 2368.13

.

57




Pavemetrics

-
/’

[ H:1mN0\2010-08-31\vak302_3\.cmsData_000159. fis Open | Process |
s [~Current File — ~Proc Selection
160/393 [V Lane Mark
% v crack
[V Rutting
[~Road Section -
v Macro Tex.

1d
159 [V Potholes
Resolution lm—
5.0mm |
Length —Result Display -
5.0m [V Lane Mark
Distance ¥ crack
0.795km [V Potholes

Time (him:s; View Result
0:13:24.1 L |

~Proc. Multiple -
System Info Start
~Survey - Stop)
id Status

2083128100 T
Nb Sections Cur Sec. Id

399 -
Total Length

Progress
SS5km

Data to display

‘ Z Rangd]

" Intensity ¢ Range (% Rectified Range =
e ' ‘ a0 I | 175

‘ ¢ FitImage (" Zoom 100% ¢~ ZoomFree |2

IX $323.6-Y:57.1-Val: 2373.41

.

45

10

58




Pavemetrics

-
/’

| H:{O\2010-08-31\vak302_3\.cmsData_000231.fis

Data to display Z Rang¢]

155

open | Process |
~Current File — ~Proc Selection

232/399 IV Lane Mark
;I ¥ crack

[V Rutting

Road Section |
[V Macro Tex.

1d
231 [V Potholes
Resolution lm—
5.0mm |
Length —Result Display -
5.0m [V Lane Mark
Distance ¥ crack
1.155km [V Potholes

Time (him:s; View Result
0:13:39.7 e

~Proc. Multiple -
‘ System Info Start I
~Survey - Stop

id Status
2083128100 T
Nb Sections Cur Sec. Id
399

Progress
SS5km

‘ " Intensity ¢ Range (% Rectified Range v
~Zoom Mn [0
‘ ¢ FitImage (" Zoom 100% ¢~ ZoomFree |2 MEDtIT

IX :1391.8 -Y: 995.9 - Val : 2366.11

386







Pavemetrics

-
/

OO MdO N~
IO O N~ O
- -

Index (each road section has 19 macro-texture
values (1-19 = Section 1, 20-38=section 2, etc...))
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Concrete Roads
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* Variable
U ** Constant
225 2258
Py
Approach Slab Departure Slab

/////////////H////x(/////f

Subbase or Subnmde-) Transverse Joint
Note: All dimensions thown in millimeters unless otherwise noted.
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SD DOT faulting

30 and 60mph
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Project

Precision and Bias

File

LecmsLongProfile_112737672_B9m_L380m_s300mm_L
LemsLongProfile_112737901_B8m_L381m_s300mm_L
LecmsLongProfile_112738110_B8m_L381m_s300mm_L
LemsLongProfile_112738368_B8m_L381m_s300mm_L
LemsLongProfile_112738611_B8m_L381m_s300mm_L
LemslongProfile 112738881 _B8m_L381m_s300mm_L
LemsLongProfile_112739136_B8m_L381m_s300mm_L
LemsLongProfile_112739376_B8m_L381m_s300mm_L
LemsLongBasés PRSGRLE8m L381m_s300mm_L

sLongProfile_112739915_B8m_D3&{gn_s300mm_L

Result Value
Bias (mm) 1176
Precision (mm) 0.237
{Bias Cla o .
Brec:suon Classification 1 L\?
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Close AddFiles Save Report || Viewer Editor An

P
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alysis | Analysis
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LElev
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V| Show Events 4 Options
Use Mileposts i@ Screenshot I
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MassDOT IRl Repeatability Runs (Left)

110
105
= 100
£ 95
=
E o0
B85
BO
W MassDOT ARAN
WRSP
LCMS
MassDOT IRl Repeatability Runs (Right)
110
105
= 100
E 95
=
- o0
=
8B5S
20
Runl Run 2 Run3
W MassDOT ARAN 1014 1038 103.1
HRSP 102.7 1016 102.2
LCM5S 102 1026 10309




. Does it work?

\ LCMS vs Surpro

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

Run IRI Left IRI 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

*|RI values are stable and close to the values obtained with the reference
instrument (Surpro).
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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%
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- Road Geometry
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Sensor to sensor and world (gravity)

position calibration

/ LemsCalibrationTool
[ stept  Step2 | step3 | Stepd |

Step 2 - 3D And Yehicle Level Calibration

Open Survey

| Ds\TempiLcmsDatal 2013 _07_311Acquidd0l\LemsData_000004. fis

| Processing done

| s |

Imu Acceleration - Lateral

B e T e N
0 837377 167473 231213 33.4851 41 8685

Imu Acceleration - Forward
0z
0.1
1 GE7TEe-MT

1 i
0 8. 3?3?7{5 ?4?&5 12‘1 33 495111 .GE3E
Vehicle Speed

Kmh

i
8 3?3?? 15 T4?5 25 1213 33 4951 41 8635
Time (=)

1.387758e-017

[EEnn

Iinu Acceleration - Lateral

L
S.37377 16,7475 251213 35.4931 41.5655
I.mu Acceleration - Forward

-01

i
0 8. 3?3?35 ?4?35 121 33 495111 GE3E
Vehicle Speed

8 3?3?5 15?4?5 25 1213 33 495 41 8655
Time (=)

Target Detection
First Prafile | 884 Last Profile | 1056

3D Calibration Results

Tx Ty Tz
Translation L-R |-1614.E |34.86 |6.14 mm
L R
Sensor Angle L-R 16,47 | 14,51 deg

Tx Ty Tz

Target Position |-??4.42 |4622.34 |2225.05 mm

R Ry Rz
Target Ratation |0.29 |—1?9.ZE|2.80 deg
Rx Ry Rz
Lems Orientation |-o.25 |o.?5 |o.ou deg
RMS Reprojection Error | 0,76 mm
Iy Orientation - Leveled
Rix Ry Rz
Left |1.43 |u.14 |163.32 deg
Right |1.us |-n.4? |163.89 deg

Calib Stop and Go @ Success!

Calib Stop and Go - TNS - : Success!

Step2: Loaded survey with & valid RoadSections
Calib 30 Target Detection : Success!

Calib Wehicle level : Success!

Calib wehicle level Ins Platform: Success!

m




Sensor to sensor and world (gravity)
position calibration
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Step1 | Step2  Step3 ] Step4 |
Step 3 - Vehide Configuration

Right Side

Rear

1- | 250 mm

2 - | 2306 mm

Step 3 Procedure

Enter the 3 following measurements and select the DMI side:

1- Lateral distance between the RIGHT sensor and the center of the RIGHT wheel
(positive distance : the sensor is on the left of the RIGHT wheel)

A= Distance between the RIGHT sensor and the rear axel

3= Center to center distance between the rear wheels

Validation information

Lateral offset between the center of the LCMS system and the center of the vehide, as seen when
looking at the rear of the vehide. This offset is computed from the calibration results and the provided
measurements about the vehide configuration. It can be used to validate the whole calibration
procedure .The center of the LCMS system is defined as the mid-point between the two sensars.

The LCMS system is offset by 150mm to right

P
3. [2415 mm

DMI location  Left {* Right

INS platform position

Enter the position of the INS platform:

* XY position must be given with respect to the
center of the rear axel

*Z is the height of the INS with respect to the laser
output window of the Right sensor

, Lateral pos, positive if INS is
X |® MM |ocated on the left side

Longitudinal pos, positive if
Y -2 mm - INS is located in front of the
rear axel

Height pos, positive if INS is
located below the laser
output window

mm

4

Calib Stop and Go : Success!

Calib Stop and Go - INS - @ Success!

Step2: Loaded survey with & valid RoadSections
Calib 30 Target Detection : Success!

Calib vehide level : Success!

Calib Vehide level Ins Platform: Success!

Calib 3D : Success!

m
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» Slope/Xslope was measured 50 different locations with digital
inclinometer (0.1 degree accuracy)

» Xs were marked on road to identify measurement locations.

» Xs were identified in LCMS data and Slope/Xslope was
determined from simulated reference beam location.

?Cau ROUQE




Mean XSlopeErr = 0.07deg
Mean XSlopeErr = 0.13 %

Std Dev. XSlopeErr = 0.1 deg
Std Dev. XSlopeErr = 0.2%

CrossSlope (deg.)

CrossSlopeErr (deg.)

CrossSlope - Dynamic -

CrossSlopeGT

—e— CrossSlope

0] 50 100

Measurement Id

300

50 100

Measurement Id

300

40 ¢ T r

20 —

10

=]

CrossSlopeErr (deg.)




: Dynamic vs GT

Slope - Dynamic -

15

SlopeGT | |
—e— Slope

10

Mean SlopeErr = 0.13deg.

Slope (deg.)
2
‘f
i

Mean SlopeErr = 0.25%

-10
Std Dev. SlopeErr = 0.26deg. % 50 100 I\l/i(;surementzég 250 300 350
1.5
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— LCMS

— Applanix POS +
Point lasers (4)

— LCMS

— Applanix POS +
Point lasers (4)
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Complex Vehicle Dynamics

Vehicle Pitch/Roll

acceleration/
deceleration

Centripetal
force

N




Final result - Vehicle track and DTM
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ic Corrections
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Field validation
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Field validation
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Pairing pattern for the 4m test Pairing pattern for the 67m test
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=
100% Inertial - 4m 100% Inertial - 4m 2 known points
RMS  RMS Geometry preservation error (mm) Scan RMS  RMS Geometry preservation error {mm)
Registrati X Y i Module Registrati X Y £
2 3.32 2.28 3.06 4.51 5.91 2 3.11 2.30 2.00 4.50 5.47
3 3.53 2.42 2.88 5.30 6.50 3 3.33 2.42 2.07 5.27 b.16
4 3.80 3.01 L3 2.79 b.74 4 3.34 3.02 3.80 2.78 L.bS
5 4.65 3.63 5.09 5.40 8.26 5 4.26 .63 3.77 L.38 7.51
b 2.92 1.59 4.02 3.07 5.30 i) 2.45 1.59 2.75 .02 4.38
NMean 3.66 2.59 4.08 4.21 6.54 Mean 3.30 2.59 2.01 4.19 G.823
100% Inertial - 84m 100% Inertiel - 84m 2 known points
RMS  RMS Geometry preservation error (mm) Scan RMS  RMS Geometry preservation error (mm)
Registrati X ¥ Fi Module Registrati X ¥ zZ Module
2 0.29 2.08 21.76 2.42 21.99 2 3.12 2.07 3.07 2.38 4.40
3 8.65 2.08 16.15% L.36 17.14 3 4.26 2.08 .09 5.30 6.48
q 15.87 L.18 31.59 4.15 32.28 4 .73 L.18 4.62 4.14 8.00
5 13.56 32.37 27.28 3.64 2173 L 4.51 3.37 4.02 3.62 6.38
B 12.38 2.00 25.52 2.68 25.73 i 3.21 2.00 3.80 2.66 5.05
Mean 12.07 2.094 24.46 3.65 24.98 Mean 4.17 2.94 3.72 3.62 b.08
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\ LDTM - Closing the Loop

3D Road Data
Collection

Data Processing

Road Condition
and Geometry
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3D Road Data

Collection

Data Processing

Civil engineering
3D road design

Road Design |< and infrastructure

software LDTM’s Data
LOOp

Road Condition
and Geometry

Road . Priority
Maintenance Project List
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Road Profile Before
. Corrections




Road Profile After Geometric
and Dynamic Corrections
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Transverse Profile
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Joint Faulting

Sealed cracks

— ._m Alligator Cracking
onu m Transverse Cracks |
= o Longitudinal Cracks
oVu w Rutting |
% m Raveling
S Potholes
Macro Texture
IRI
- Pavement Images
> b Pavement Width
o Pavement Length
m Pavement Type
W GPS Tagging
— ) Linear Referencing
) [ Foreign Object Debris
P Pavement Markings
m Horizontal Curvature
) Cross Fall
) Longitudinal Grade
) Automatic Breaklines
Design

Digital Terrain Models




- Any Questions?

. DATemp\LcmsDats\2013 07 31\Acquioo 0 ot
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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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