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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 30+
countries




The Sensor Technology Most

Relied-on by DOTs worldwide
P ” ;




or Contract-out
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LCMS - Certified Technology

NOT a prototype

Certified AND proven around the world.




Any Paved Surface
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APPLICATION: Tunnels
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Runways currently scanned with

Pavemetrics Technology
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Sufficient Lateral Resolution

. ’, LCMS Specifications

'9 - Acquisition Rate 5,600-11,200 profiles/s
+ o
o
.o o Range Accuracy 0.5mm
| B Lateral Resolution 1mm (FOV = 4m)
.l
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IRl and
Road
Geometry

Macrotexture
and Raveling

Cracks and
Joints

Pot holes

)
Longitudinal
cracks

Alligator
cracks

Transversal
cracks

DISTRESS CLASSIFICATION

Sealed
cracks

Other road
features:

*Manholes
Gutters
*Xings
*Etc.

Lane
markings







Multiple Coordinate Systems

Navigation Frame

: Global UTM
: (Universal
i [ Ao Transverse
| I Mercator)
o Y (East)
Vehicle Frame N
Forward “Y (Forward)
direction
X (Left)
< _.O Vehicle rear axle
=

Left Lcms sensor Right Lems sensor 16




\ Cameral/Laser calibration

LCMS Sensor

Line Laser

Road/Runway/Tunnel/Rail Surface

Dz=k *DZ;

Where k is a factor for: distance between surface and lens, focal length of
lens, refractive index of lens, distance between lens and sensor, etc...
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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_314Acquidd0l\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

Imu Acceleration - Lateral

L
§.37377 16.7475 251213 35.4931 415655
I.mu Acceleration - Forward

-0

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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Wheel/encoder vs IMU coordinates

transformation

Step1 | sStep2  Step3 ] Step4 |

Step 3 - Vehide Configuration

Right Side Rear

1- | 250 mm

P
2-[2308 mm 3. [2415 mm

Step 3 Procedure

DMI location  Left {* Right

Enter the 3 following measurements and select the DMI side:
9 INS platform position

' 1- Lateral distance between the RIGHT sensor and the center of the RIGHT wheel Enter the position of the INS platform:
(positive distance : the sensor is on the left of the RIGHT wheel) * XY position must be given with respect to the
A= Distance between the RIGHT sensor and the rear axel center of the rear axel
3- Center to center distance between the rear wheels *Z is the height of the INS with respect to the laser

output window of the Right sensor

Lateral pos, positive if INS is

Validation information X |9 MM |acated on the left side
Lateral offset between the center of the LCMS system and the center of the vehide, as seen when LT e e e
looking at the rear of the vehide. This offset is computed from the calibration results and the provided v 2741 MM NS is located in front of the

measurements about the vehide configuration. It can be used to validate the whole calibration I
procedure .The center of the LCMS system is defined as the mid-point between the two sensars. rear axe
Height pos, positive if INS is
located below the laser
output window

mm

Y

The LCMS system is offset by 150mm to right

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! 23

m

Calib 3D : Success! -
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 Slope/Xslope was measured 50 different locations with digital ~/
inclinometer (0.1 degree accuracy) o

» 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.
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\ Cross-slope: Dynamic vs GT

CrossSlope - Dynamic -

CrossSlopeGT
&&B& m —e— CrossSlope
0 | / H‘ u 7 W
P

0 50 100 150 200 250 300 350
Measurement Id

Mean XSlopeErr = 0.07deg
Mean XSlopeErr = 0.13 %

CrossSlope (deg.)

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

CrossSlopeErr (deg.)
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Mean SlopeErr = 0.13deg.

Mean SlopeErr = 0.25%

Std Dev. SlopeErr

Std Dev. SlopeErr

0.26deg.

0.46%

Slope - Dynamic -
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Complex Vehicle Dynamics

Vehicle Pitch/Roll

acceleration/
deceleration

Centripetal
force
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Final result — Vehicle track and DTM

3000 0,
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3D Road Profile After

Dynamic Corrections

fis - LemsPV3D

sData\201

Help




Field validation
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Pavemetrics

100% Inertial - 4m
RMS  RMS Geometry preservation error (mm)

Registrati X ¥ z Module
2 3.32 2.28 3.06 4,51 5.01
3 3.53 2.42 2.88 5.20 6.50
4 3.80 3.01 5.34 2.79 b.74
5 4.65 3.63 5.00 5.40 8.26
b 2.092 1.59 4.02 2.07 5.30
Mean 3.66 2.59 4.08 4.21 B6.54

100% Inertial - 84m
RMS  RMS Geometry preservation error (mm)

Registrati X ¥ z Module
2 0.20 2.08 21.76 2.42 21.99
3 8.65 2.08 16.15 5.36 17.14
4 15.87 5.18 31.59 4.15 32.28
o 13.56 3.37 27128 3.64 271.73
B 12.38 2.00 25.52 2.68 25.73
Mean 12.07 2,04 24.46 3.65 24.98
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Pavemetrics

e
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 L.34 2.79 b.74 4 3.34 3.02 3.80 2.78 h.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
Mean 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 G.18 4.62 4.14 8.09
5 13.56 32.37 27.28 3.64 21.73 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
39



LDTM - Closing the Loop

3D Road Data
Collection

Data Processing

=
|
&

Road Condition
and Geometry
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LDTM - Closing the Loop

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

\2013_07_31\Acqui_0010_LastPart\LcmsData_001965.fis - LemsPY3




Many Outputs
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Transverse Profile
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Joint Faulting

Sealed cracks

— |= Alligator Cracking
n_ﬁb m Transverse Cracks |
=) Longitudinal Cracks
nW w Rutting |
Dnm 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
> Pavement Markings
m Horizontal Curvature
) Cross Fall
) | Longitudinal Grade
) Automatic Breaklines
Design

Digital Terrain Models




\ Any Questions?
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