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R&D
project with
the MTQ to
develop a
laser rutting
system

-

1995...

TimelLine and sensors history

Roadware
is the first
integrator
to embrace
the LRMS
technology

2

2000

ﬁ1

MTQ operates
the first LRSM. It
collects 4m
transverse
profiles at 25Hz

2002

A technological
revolution: a
prototype of a 3D
crack detection
system is developed
and tested on the
road (LCMS 140Hz)

-

2004

r
#

ﬂﬂ |
LRMS is now faster
: High Speed
version now

captures 3D
profiles at150Hz

Acquisition rate of
the LCMS is
decupled to
1400Hz.
Development of the
algorithms.

-

2006 2008

ﬁ

LRIS is introduced.
1mm road images with
crack enhancement is

now possible!

The MTQ tests
the LCMS
1400Hz on a
survey level:
15 000 km of
roads are
collected.

2010

r

B 4

\ o N

LCMS 5600Hz is
commercialized.
Let the latest
generation our 3D
road sensor
surprise you!
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\ Specifications

What makes a 3D sensor very good for crack measurement?
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Specifications
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Good Lateral Resolution

High
Acquisitio
Rate

LCMS Specifications

Acquisition Rate

11,200 profiles/s

Range Accuracy

0.5mm

Lateral Resolution

Tmm (FOV = 4m)
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Low-Frequency High-Frequency

And/Or

| | I | [ l

@ R y-
RUTs Macrotexture Cracks Potholes Patches Other road Sealed Lane
features : Cracks Markings

sManholes,
oCurbs,
l l «Train Rails, l J

Simple Alligators Transversal sefc. Other Lane :
: Lane lines
Cracks Cracks Cracks Markings

Multiple Expansion
Cracks joints
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\ Single Road Profile (2 meter)

o

2183.01

Distance 2186.16 ) s abonsivam )
petween Sersor | 2= N %M’”W’M%ﬁ*wmwfw

Mﬁ#“-w
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Q}ﬁr ), 0
L 'lt \)uﬁ
(|n mm) 219563 WK
2198.79 : -

843978 420.864 833.288 124511 1658.14 2070.56

11



\ Single Road Profile (2 meter)

pm—

2183.01

Distance 2186.16 Ay P
T L Y M
between Sensor ] 21893 iv“-!gm AL At AP by parror

and ground 215 AP ’@ﬁﬁ“"\f*ﬁ*fﬁmw"ﬁ% '
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Single Road Profile (2 meter)

218301 -

Distance 2186.16 : f-s-r»*ﬂ'w

*’,@M‘f E*lﬁb'" 1"*"}“ .
between Sensor | 218922 ’"W@%&}M Y i
o
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: 219563
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\ Single Road Profile (2 meter)

Macro-texture

pm—

2183.01

Distance 2186 ol ., g
between Sensor_ S "%*"”Wwi%ﬁ*wmwﬁ ,.. J«M

and ground 29248 i A

219563 ‘
Crack

2198.79
843978 420.864 833.288 1245, 1658.14 2070.56

(in mm)
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\ Single Road Profile (2 meter)

Macro-texture

2183.01
. o
Distance 21%.@5@% . g
between Sensor ] 212 h "!""Mﬁi@ LEOREIRPITY b ?‘“M
and ground 219288 #'a’mwm#ﬁ%*“ﬂf” & u"'i"}”
(|n mm) 2195.63
2198.79
— 843978 420.864 833.288 1658.14 2070.56
Laser intensity | 2
(black =0, < ¥ 1 o T
white = 255) | 1 JJ AP A k4 AL Ly Stk ol
63 * | ' AT
0 4153 8316 12474 16632 279
Right Lane

Marking

15




Pavemetrics

/

sData_000515.fis

Data to display ZRange
" Intensity { Range [~ Auto

Min | 2166.27
Max | 2206.27

(* Rectified Range

@ FitImage ¢ Zoom 100% ¢ Zoom Free |2

X:1432.9-Y:82.4-Val:

W‘

12474 1663.2
Inits - pixels

2189.01

Open I Process |
Current File Proc Selection
516520 [V Lane Mark
< 2 V¥ crack
Road Section W' Rutting
1d ¥ Macro Tex.
315 ¥ Potholes
Resolution Senslhw
5.0mm
L: U:‘ Result Display
¥ Lane Mark
Distance ¥ Crack
1.030km
¥ Potholes
Time (h:m:s]
0:1:6.4 View Result
Proc. Multiple

Start
s |

=2 ||8
s
c

2050459015 Status
Nb Se:nons Done
Cur Sec. Id

515
[ﬂL
s Time:
1632 3ms

Errors

[

Total Length
1.640km

1

ZRange
[V Auto

Min |0

Max |0

Iiﬁcd Range

‘oom Free | 2

Profile Disp

" Intensity

& Range |

" Rectif. Rng

= Mww
{193 ¥

I~ Auto Scale | 1832 I 2078
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1 Lemshoadinspect I

400 road
profiles
captured
every 5
mm =
2m road
section

@ FitImage ( Zoom 100% ( ZoomFree |2 Max | 0

] C:\Users\JFHebert\Documents\LCMS\Data\20 10-05-04 Tests around INO\9\.cmsData_000515.fis

g raic
Bnge ( Rectified Range ¥ Auto @ Rangd ( Rectified Range
Zoom Min | 0
9

[x:1571.6- ¥ 103.7-val: 141,00

' ' 1 ' ' [
0 4158 831.6

X Units - pixels

[
1247.4

2079

d
J

Open

Current File

516/820

i
ol

Road Section

&

515

Resolution
5.0mm

b

Distance

1.030km
Time (h:m:s

0:1:6.4
System Info

Survey
d
2050454015
Nb Sections
820

Total Length
1.6490km

12

Process

Proc Selection
¥ Lane Mark
¥ Crack
[V Rutting
V¥ Macro Tex.
[V potholes

1

v
Sensitivity
Result Display
[¥ Lane Mark

v Crack
[V Potholes

View Result

Proc. Multiple

Start
Stop
Status |
Done

CurSec.1d | ||

Definition:

A Road Section is a
set of profiles merged
together.

Can be viewed in:
* Intensity
* Range

515

Progress
11 .
Time
1632.3ms

i

Errors |

None

Intensity:
» Depends on the

reflective properties of
the surface.
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400 road |
profiles
captured
every 5
mm =
2m road
section

Data to display
" Intensity (" Range (¥ Rectified Range

Zoom

| C:\Users\JFHebert\Documents\LCMS\Data\2010-05-04 Tests around INO\S\LcmsData_000515.fis

@ Fitlmage (" Zoom 100% ¢ Zoom Free |2

Data to display
" Intensity (" Range (% Rectified Range

Zoom

Fitimage ¢ Zoom 100% r'luomﬁee]z

Z Range
I auto
Min | 2166.27

Max | 2206.27

X:1972.1-Y:132.2-Val: 2194.21

X Units - pixels

2079

CurrentFile — _

516/820

System Info
Survey
Id

2050454015

Range:
» Gives the distance

to the ground.

Mapping to 2D Viewer:

« Darker points =
further away

» Gray points = on-
surface

» White points =
closer

Cracks:

* Notch in the profile
» Appear darker in
range image

18
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I C:\Users\JFHebert\Documents\LCMS\Data\20 10-05-04 Tests around INO\9\.cmsData_000515.fis

ZRange -Data to display ZRange

¥ Auto ¢ Intensity (" Range (¥ Rectified Range [ Auto
Min [2182.5 = Min | 2166.27
 Fitlmage ¢ Zoom 100% (* ZoomFree [2 Max | 2212.5  FitImage (" Zoom 100% (" ZoomFree[2 Max | 2206.27

IX: 1215.5-Y : 92.0 - Val : 2197.09

Zoom

|X :1432.9-Y : 82.4-Val : 2189.01

2196.03

SEDT IO, el = G e e RN o~
2197.28 v \or
2195,52~j R v
2199.77+
2201.014 2 - 2
—
s 117485 pOI n112§ =< n;!o.s 1228.43

Left |Right X Units - pixels ]

o
b

Open

Current File
516/820
|
Road Section

d
515

H
g

5.0mm
L

s

Distance

1.030km
Time (h:m:s]
0:1:6.4

System Info

Survey

id
2050454015

Nb Sections

820
Total Length
1.640km

Sensitivit
1

~Result Display

¥ Lane Mark
¥ Crack
[V Potholes

Tl =
AL
8|8 £||F

g||&

&

0
-
[0}

£

¥
"l

i
2y

€

i

Z00m on a
2 to 3 mm

crack
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[[c:\Users\IFHebert\Documents . CMS\Data|20 10-05-04 Tests around INO\S\.cmsData_000515.fis open | M
resan || oG/C++ Win32 DLL
v Lane Mark
® on library
W Rutting .
vwor | | *EASY tO interface
[V Potholes
- | | (Open, Process,
0.95
s | | GEtResults)
[V Lane Mark
e *Outputs crackmap as
v Potholes
weea| | | @ XML string.
Proc. Multiple
st | - <CrackInformation>
[ sw | <DataFormat>1.0</DataFormat>
,% - <Unit>
e <X>millimeter</X>
515 <Y >millimeter</Y >
Progress <Width=millimeter</Width>
1/1 z
Analysis Time </Un|t>
391.4ms - <CrackList>
Errors - <Crack>
e - <Node>
e <X>2093.0</X>
Quit <Y>9445.0</Y>
<Width>11.8</Width>
</Node>
- <Node>
<X>2098.0</X>
<Y >9465.0</Y>
<Width>11.2 </Width>
</Node>
- <Node>
<X>2104.0</X>
<Y>9485.0</Y>

T e\
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|C:V.)sevs\)ﬂ4ebert\DocumenIs\clients\Applus\20 10-05-12\New Folder (2)\LcmsData_000739.fis

Data to display Z Range Data to display
" Intensity (" Range (* Rectified Range W Auto  Intensity (" Range (* Rectified Range
Zoom Min |0 Zoom

@ FitImage (" Zoom 100% (" ZoomFree |2 Max |0 @ FitImage (" Zoom 100% ¢~ Zoom Free |2

X:1689.7-Y: 38.4-Val: 2216.65 |X : 1833.5-Y:89.0 -Val : 221449

0 ‘ ! 4153 ‘ d 8316 i BT VR " tee32

X Units - pixels

d

Current File

[Faorsses
==

Road Section

Survey
d
2051237510

Nb Sections

1988

Total Length
3.976km

Definition

Alligator cracking
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[C:‘leers\JFHebert\Documenis‘e:llentﬁ\Applus\ZO 10-05-12\New Folder (2)\LcmsData_000739.fis

Current File

740/1988

Nb Sections
1988

Total Length
3.976km

¥ Potholes
View Result
Proc. Multiple
Start
Stop
Status

Cur Sec. Id

739
Progress
171
Analysis Time
1454.5ms
Errors
None

1

Quit

W g O Gy N mp, e
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| C:\Users\IFHebert\Documents\L CMS\Data\20 10-05-05- Test Beton Montreal\Autoroute 15 Sud\LcmsData_000594.fis

~Data to display - ZRange
™ Auto C Intensity (" Range (* Rectified Range ¥ Auto
Min | 2170 o Min |0 T
Max | 2200 @ FitImage ( Zoom 100% ( ZoomFree |2 Max |0 * FitImage ¢ FitImage + aspect ratio

|X 1857.7-Y : 436.7 - Val : 2196.62

" Zoom 100% ¢ Zoom Free [2
|
[ Profi Save Result l
C In
 Range
" Rectif. Rng

i con
220529 ; " . " : ' :
1516.35 1630 1857.32 1970.97 208463 |f | J 1508 ¥

Left |Right X Units - pixels ¥ Auto Scale
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Open [ Process |

Current File Proc Selection

104/962 IV Lane Mark

‘\cuistomer data\migigteT - chipseah100721 1330001381111

ew Help

=]
[+l
&
g

= 18

| L(R) 2 ¥ Rutting
Road Section
[V Macro Tex.
Id
1202 [V Potholes
Resolution ]___LSensnltivi
5.0mm
Length Result Display
10.0m ¥ Lane Mark
Distance WV crack

1

14.020km [V Potholes
Time

bL: View Result
0:10:54.7

Proc. Multiple

System Info Start

3
@

Survey Stop
Id Status
2072148719 T
Nb Sections Cur Sec. Id
962 =
Total Length Progress
9.620km =
Analysis Time
Errors
221218 Profile Disp. Proc Selection
18,  Intensity | | ¥ Mtq Classif | |
222403 IS
E * Range
2235.85_  Rectif, Rng Result Display
22¢7.731 e [ Mtq Classif | |
2259.58 M— = ' ¢
2271.43° ] ' 1 ] ' 1 ' ' | ' C ! C X =232 Y
0 4158 8316 1247.4 1663.2 2079 x:
Quit
ToR | i X Units - pixels [V Auto Scale |
¢ SO |
Il



Pavemetrics

L e Road




-
f’

CAespeme
File Help
Displ :
Wlsp 3y IEIUDBU‘305_21 0_Right bmp EI Previous | Next | [00080905_21 0_Left. bmp Ll
v Slalus ST e S ertor class rsiumed - #H0- ERROR Status: The Sensor class returned : eNO_ERROR
v
r Right Sensor Looking Backward Left Sensor
r
r
Gage Width:
|4U mm.
LE3 o, 23 ] ] ] I I I I ] i ] I
Length: -1500 -1000 -500 0 0 200 400 600 800 1000 1200 1400
|2UDU mm.
gz 1 Al 7 Depth: |21,92 mm. Deplh:|1U‘43 mm.

Refresh | e e C-Sec: |20[159.4U mmZ. Depth: I mm. C-Sec:|834?.31 mmz2. Depth: | mm.

Width: {1056.98  mm.

Wheel Path:

[7 mm.

[500 mm, 1250 mm]
Qutside:

[7 mm.

[1251 mm, 2000 mm]

_Pefiesh |




\ Validation - 10 m intervals

RUT DEEXH Right rut Left rut
(mm)

INO MTQ INO MTQ
Segment Avg.| Std. Dev.| Rut Bar Avg. | Std. Dev.| Rut Bar
10 5.2 0.4 6.0 6.4 0.9 4.0
50 9.2 0.3 10.0 6.2 0.6 6.0
100 14.7 1.1 13.0 9.2 0.8 10.0
150 14.8 0.7 14.0 4.3 0.3 3.0
200 22.6 0.4 22.0 1.4 0.4 2.0
250 19.6 0.7 19.0 6.2 0.6 5.0
300 19.7 0.7 23.0 7.3 3.2 8.0
350 37.6 22 420 104 1.2 7.0
Average (of
40 segments) | 203 1.0 21.7 8.8 1.1 7.1




Macrotexture

YVIMOYy
walmasx
vimacx

50 S0 200 250

100 1
Number of pixels (235 microns per pixel)
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__Open_|
Current File

273/637
==
§ -Road secton-
Id

272

Resolution
5.0mm

Length
2.0m
Distance

0.544%m

DR | Time (h:m:s
0:1:52.3

2051154591
Nb Sections

637
Total Length
1.274%m

Data to display - ZRange

Data to display ZRange
C Intensity (" Range (* Rectified Range ™ Auto  Intensity ¢ Range tified Range I™ Auto
o Mn[217.03 | o Min [ 2150

Max | 2250.03 Max | 2250

& FitImage (" Zoom 100% (" ZoomFree |2

[x:1643.5-v: 382.9 -val: 2225.28

% FitImage ( Zoom 100% {  ZoomFree |2

]x :0.0-Y:86.5-Val : 2217.69

222169 i :
T Intensity
2230.84 e — & Range
2235.41 e z AT f < : " Rectif. Rng
2239.99 W i ; © coo
2244.56 o It
W Auto Scale

X Units - pixels

*Preliminary results
are promising
*Studies are
underway to compare
with other devices
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Macro-texture results (LCMS

' vs WDM - TM2)
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Data to display
¢ Intensity ¢ Range (% Rectified Range
Zoom
@ Fitlmage " Zoom 100% (" ZoomFree[2

Z Range Data to display
W Auto " Intensty (" Range ( Rectified Range
Min |0 Zoom
Max |0 @ Fitlmage (" Zoom 100% (" ZoomFree[2

Z Range
W auto

Min |0
Max |0

X:1982.4-Y: 149‘4~Va|:2190.1a00 mm

219484

[X:1854.0-v: 0.6 -val : 2197.38

2209.33
222382
2238.31
2252.8
2267.29°
0

ehe[roht J

1
4158

70 mm

| i ' [ ' ' |
8316 1247.4 1663.2

X Uniits - pixels

2079

Analysis Time
593.5ms
Errors
[ Noner 1]
=
Profile Disp. Quit
€ Intensity
% Range
" Rectif. Rng
 cco
59 Y
W Auto Scale

35



Pavemetrics

) [~ Current Fie Proc Selection

=== eews || @and characterize the

: ﬂ J ¥ crack
[ Rutting pothOIGS

] ™ Macro Tex.

[ :rsettskchen(s\bpp!us\mlo-os-ﬂ:w Folder (5)\L.cmsData_000383.fis v : ” . = Open Process ° O u r I i b r a ry d et e Ct S

¥ Potholes

Characterization:
*Bounding box
*Area

*Perimeter (list of
points)

*Volume
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[C:V.Isers\JFHeberl\DowmentleMS\Data\zo 10-05-04 Tests around INO\6\LcmsData_000016.fis Process S d
RN o= *Sealed cracks are

Proc Selection

o
€
=]
3
a2
w

|
L

v weens || viSible in the intensity
;I LI ¥ Crack .
Road Section | | ¥ Ruttng ImageS -
1d ¥ Macro Tex.
16 ¥ Potholes
; . 2
o || e
I—L:ﬂg:— Result Display
- ¥ Lane Mark
Distance M crack
o ¥ Potholes
Time (h:m:s;
00:2.3 | | ViewResit |
Proc. Multiple

System Info

Start
Stop

g &
EE

50443156 Status
Nb Sections Done
27 Cur Sec. Id
Total Length 16
558.0m Progress
POrN : FA 3 : U1
Data to display Z Range Data to display Z Range
I '~ Analysis Time
@ Intensity  Range ( Rectified Range Auto @ Intensity (" Range ¢ Rectified Range A J_;ssu 3ms

Zoom Min | 2115.33 Zoom Min |0 Efrors
@& Fitimage ( Zoom 100% ¢ Zoom Free |2 Max | 2268.29 @ FitImage ( Zoom 100% ¢ Zoom Free |2 Max |0 None

X:2013.2-Y : 386.9 -val : 80.00 I)( $323.6-Y:82.4-val: 72.00

i

Profile Disp. Quit

0 ‘ ‘ 4158 ‘ ) 8316 ‘ Y 18632 ' 2079

Left |Right X Units - pixels | ¥ Auto Scale
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I C:\Users\JFHebert\Documents \LCMS\Data\2010-05-04 Tests around INO\6\L.cmsData_000016.fis

Data to display ZRange
 Intensty (" Range (% Rectfied Range W Auto

Zoom ol [ 211538 | B

@ Fitimage  © Zoom 100% " ZoomFree[2 || Max[2268.28

Data to display
€ Intensity  Range

% Rectified Range

(¥ FitImage ¢ Zoom 100% ¢ Zoom Free |2

Z Range
W Auto

Mn[“—'
"

X:1725.6-Y: 55.5-Val : 2206.85

[X:3236-Y:82.4-Val: 2197.32

0 4158 8316

1247.4

2079

Right X Units - pixels

Resol

lution
5.0mm
Length =
.0m
stance
HUE)
.3
Y

2
Dit

0.03%m
Time

0:0:
System Info
Surve:

Id

2050443156

Nb Sections
279

Total Length
558.0m

v

-But they aren’t visible
in 3D...
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B\ Network level validation

* 990 000 images of 10m sections were visually evaluated
* In all 9 900 km of road network was evaluated
* Visual results were seperated into 4 classes:

Good
OK
Bad
NA = other



\\_ Results — network level

visual evaluation

Results (manual classification)
Dicted Total

istrict # ( 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 3,1
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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Rut Measurement
- Type
- Depth
- Width

Sealed
Cracks
Detection

« Tining Concrete

Macro-Texture Measurement using
MPD - ASTM E1845-01




