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RoboTex

Robotic Texture (RoboTex) built around LMI-Selcom RoLine line laser
3-D texture profiling at 0.9 mm x 0.45 mm sample interval
Height sensor resolution is 0.01 mm (accuracy ~ 0.05 mm)

Same line laser unit currently being evaluated by profiler vendors to help
solve “footprint” issues

LASER LINE IMAGE




RoboTex Texture Device
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RoboTex Texture Device
A

oboTex Control Panel

—Advanced Configuration -
| Start Samplin
Sensitivity Threshold |10 'l
Exposure Time: 300 RT3 Current Sample 1D:
. 11323
Calumn Spacing: 4 h Global Sample 1D
# Start Coordinate: 20 1323
) lﬁ Height
# End Coordinate: — Plot Dptions [riirn]
 Start Coardinat 2
A Searinaie ™ Autoscale
* End Coordinate: 435
e |70
Laser IP Addiess: 192.163.0.200
e Ymax: |110
Lazer Part Mumber:
Fate: IU-‘I sec
—Laser P,

Model: RoLine Thieshald: 10

IP Address: 192.768.0.200 Port Mumber:  B767

Serial Number: RO3004 Query Parameters |

Current Filename:  C:\FoboTex0007. dat
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RoboTex Data Processing
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RoboTex Data Processing
=T
2] Fle  Edit wiew Insert Format Tools Data  Wwindow  Help Type aquestionforhelp  « _ & X
NEHSBER|IF 9o 115% -! Arial -1 - $ %
Al A # Dist
A B ] C | D | E [ F T G | H | | [ o T kK T4
1 |Dist [TransMPD | TransMaxPeak TransMaxValley TransMaxHeight TransMean TransMedian TransBrdgElev TransRoughAvg TransRMS TransSkew
|B080) 8.8E+00  9.14E-01 9.20E-01 -6.42E-01 1.66E+00  5.88E+01 6.B9E+01 5.88E+01 1.83E-01 273E-01 -1.B6E+00
|B081) 8.80E+00 8 B1E-01 9.73e-01 -6 43E-01 1.82E+00  5.88E+01 6.B9E+01 5.88E+01 1.836-01 2.72E-01 -1.B4E+00—
|B082| 8.80E+00 8 26E-01 9.20e-01 -6 26E-01 1.55E+00  5.88E+01 6.B9E+01 5.88E+01 1.83e-01 271E-01 -1.B4E+00
|B083| 8.80E+00  9.16E-01 9.42e-01 -6 26E-01 1.67E+00  5.89E+01 6.B9E+01 5.88E+01 1.76E-01 267E-01 -1.63E+00
|6084| 1.00E+01  8.67E-01 9.55E-01 -6.39E-01 1.59+00  5.88E+01 5.80E+01 4.88E+01 1.70E-01) 2.50E-01 -1.B9E+00
|6095| 1.00E+01  8.76E-01 9.05e-01 -6.14E-01 1.52E+00  5.89E+01 5.80E+01 4.88E+01 167E-01) 2.52E-01 -1.B8E+00
|B096| 1.00E+01  841E-01 9.57e-01 -6.39E-01 1EOE+00 5.89E+01 5.80E+01 5.88E+01 163E-01) 240E-01 -1.B8E+00
|B097| 1.00E+01  9.51E-01 1.04E+00 -6.79E-01 1B2E+00  5.89E+01 5.80E+01 4.89E+01 1.58E-01) 240E-01 -1.70E+00
|B098| 1.00E+01  9.31E-01 947E-01 -5 T1E-01 1526400 5.89E+01 2.89E+01 5.89E+01 163E-01) 245E-01 -1.BBE+00
|B099| 1.00E+01  8.11E-01 8.30E-01 -5 93E-01 142E+00  5.89E+01 2.89E+01 5.89E+01 1.99E-01) 2.32E-01 -1.70E+00
|B100) 1.00E+01  844E-01 8.70E-01 -5 45E-01 142E+00  5.89E+01 2.89E+01 5.89E+01 160E-01) 2.39E-01 -1.BEE+0D
|6101) 1.00E+01  8.21E-01 841E-01 -5 80E-01 143E+00  5.89E+01 2.890E+01 5.89E+01 165E-01) 243E-01 -1.B7E+00
|6102) 1.00E+01 842601 8.54E-01 -6.09E-01 146E+00  5.89E+01 2.890E+01 5.89E+01 1.69E-01) 240E-01 -1.B5E+00
|6103| 1.00E+01  8.53E-M1 9.23e-01 -5 60E-01 148E+00  5.89E+01 2.90E+01 5.89E+01 1.75E-01) 2.54E-01 -1.50E+00
|6104| 1.00E+01  9.52E-M1 9.52-01 -5 94E-01 1.55E+00  5.88E+01 2.90E+01 5.88E+01 1.82E-01) 2B62E-01 -1.50E+00
|6105| 1.00E+01  9.73E-M1 9.84E-01 -6.00E-01 1.58E+00  5.89E+01 2.90E+01 5.88E+01 1.72E-01) 248E-01 -1.BOE+00
|6106| 1.00E+01  8.90E-01 9.00e-01 -5 77E-01 149+00  5.80E+01 2.89E+01 5.88E+01 1.70E-01) 2.51E-01 -1.B3E+00
|B107| 1.00E+01 9. 51E-01 9.58E-01 -5 B4E-01 1.54E+00  5.8BE+01 5.89E+01 5.88E+01 1.74E-01) 2B2E-01 -1.B4E+00
|B108| 1.00E+01 8 81E-01 9.06E-01 -6.10E-01 1.52E+00  5.8BE+01 5.89E+01 5.88E+01 1.78E-01) 2.BAE-01 -1.B4E+00
|B109| 1.00E+01  9.07E-01 9.07e-01 -6 T1E-01 1.52E+00  5.8BE+01 5.89E+01 5.88E+01 18BE-01) 277E-01 -1BOE+00
|B110| 1.00E+01 9 BSE-01 1.08E+00 -5 98E-01 1B7E+00  5.8BE+01 5.8BE+01 5.88E+01 187E-01) 2B0E-01 -1.BOE+00
|6111| 1.00E+01 9 00E-01 9.05E-01 -6.22E-01 1.53E+00  5.8BE+01 5.89E+01 5.88E+01 1893E-01) 2B4E-01 -1.58E+00
|6112| 1.00E+01  9.38E-01 9.57E-01 -6.32E-01 1.59E+00  5.8BE+01 5.8BE+01 5.88E+01 1893E-01) 2B4E-01 -1.58E+00
|6113| 1.00E+01 9 10E-01 9.48E-01 -6.75E-01 1B2E+00  5.8BE+01 5 BRE+01 5.88E+01 185E-01) 2BBE-01 -1B1E+00
|6114| 1.00E+01 9 289E-01 9 46E-01 -718E-01 1BBE+00  5.8BE+01 5 BRE+01 5.88E+01 184E-01) 2BBE-01 -1.B4E+00
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crosoft Excel =] S
B Fe  Edit  view Insert
Format  Tools Data  Window

RoboTex Data Processing e x
Hig9-c-Fisf

Al - £ 0

Al B [ C [®

0.82] 65055 6877 =
T64 65055 -60.57
2.47 BA05.5| -60.76
3.29 B505.5) -60.83
411 B505.5) -60.58
493 B505.5) -59.78
575 B505.5| -59.42
6.58 B505.5| -59.68
7.4 65055 -60.36
8.22 B505.5) -60.88
9.04 65055 613
9.86 BSO55 -B1.31
10.69 65055 61.18
1151 B505.5) -60.12
12.33 65055 60.08
13.15 B505.5) -60.13
13.97 65055 60.63
14.8 B5055 -60.95
1562 65055 -60.68
16.44 B505.5 -60.43
21| 17.25 B505.5) 59.58
|22 18.08 B5055 -59.4
23| 18.91 B5055 58.45
24 19.73 65055 -60.31
25| 2055 B505.5) B0.68
25| 21.37 65055 -60.68
|27 | 2218 65055 -60.67
|98 23.02) 65055 -60.07
|28 | 23.34 65055 -59.69
|30
31

TR EERFEERE =

2466 B505.4 -69.84
2548 65055 -60.08
32| 26.31 BA054A -BO.44
| 33| 27.13 RS0S4 -B0.52 Jﬂ
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RoboTex Data Processing
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RoboTex Data Processing
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lowa DOT
Type 1 Testing

US Highway 30
Near Marshalltown, |A




Type 1 lowa DOT

Data Collection

* Noise
v Tire-Pavement (OBSI)
v" In-Vehicle
v Wayside (Roadside)
*» Texture
* Smoothness

» Pre-Broom / Pre-Traffic

(September 2005)

» Post-Broom / Pre-Traffic

(October 2005)

+ Post-Broom / Opening

Collection Periods

(December 2005)
L]
Friction « 3-5 months After Traffic
(April 2006)
« 1 year After Traffic
(Fall 2006)
Type 1 lowa DOT
Texture Spacing (in.) Depth (in.) Pre-texturing
Longitudinal Tining 1 Ve Burlap Drag
Longitudinal Tining Y Ya Burlap Drag
Longitudinal Tining Y Ve Burlap Drag
Longitudinal Tining Y Ve none
Longitudinal Tining Y Ve Burlap Drag
Longitudinal Tining Ya Ve Artificial Turf
Longitudinal Tining Ya 1/16 Artificial Turf
Longitudinal Tining Ya 1/16 Burlap Drag
Longitudinal Tining Y Ve Burlap Drag
Burlap Drag n/a (Heavy Weight) none
Burlap Drag n/a (Standard Weight) none
Artificial Turf Drag n/a (Standard Weight) none
Artificial Turf Drag n/a (Heavy Weight) none
Transverse Tining Yo V4 Burlap Drag
Transverse Tining Yz 1/16 Burlap Drag
Transverse Tining 1 Vs Burlap Drag
Transverse Tining Random** Vs Burlap Drag

Diamond Grinding




Type 1 lowa DOT




Type 1 lowa DOT

Type 1 lowa DOT
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Type 1 lowa DOT

I
deung + Q ,8/) + S wopuey

lowa Type 1 (US 30) - Site Visit 4 - 5 mos. Post-Traffic

deung + @ .8/L + S .l
aInxajald ON + 4 .8/L + S .V/E

deung + @ .8/L +S.2/L

f
depng + ./l + S b/

deung + @ .8/L + S .2/L
(woys) deng + @ .8/1L + w, YIE
depng + @ ,.w:ﬁ S.b

deung + @.94/L +f S.2/L

deung + .91/L J,r S.p/E

(Buo) depung + @ ,8/L + S .V/E
,
depng piepuels
,
depng AneaH
f
HNL+ a8/ +S.pe
,
Hn| piepuejs
,
unl + .9/ +S.iE
,

pn) AnesH

99

[Ye]

115

113
111 1
109 -
107 -
105 +
103 -
101

(vap) 1oAe7 1S90 obelony

7'\\( DOT Standard

Nominal Texture Type

[ |Diamond Grinding

[ Drag

- Transverse Tining

Il Longitudinal Tining
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lowa Type 1 (US 30) - Site Visit 4 - 5 mos. Post-Traffic

Rndm. S + 1/8" D + Burlap

115
113

1/2" S +1/8" D + Burlap

3/4” S +1/8” D + No Pretexture

1"S +1/8” D + Burlap

3/4” S + 1/4” D + Burlap

3/4” S +1/16” D + Burlap
1/2" S + 1/16" D + Burlap
1" S +1/8" D + Burlap
3/4” S +1/8” D + Burlap (Short)
1/2" S + 1/8" D + Burlap

3/4” S +1/8" D + Turf
Heavy Burlap
Standard Burlap
3/4" S +1/8" D + Burlap (Long)

3/4” S +1/16” D + Turf
Standard Turf

Diamond Grinding

Average OBSI Level AND Variability (44 ft.) (dBA)
S
a
Heavy Turf

Il Longitudinal Tining Il Transverse Tining [ Drag [ |biamond Grinding

1/8" Deep Longitudinal 3/4" Spacing + Burlap (Long Section) 1024 8A @
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1/8" Deep Longitudinal 3/4" Spacing + Burlap (Long Section)

i RoboTex Post Processor
File

102.4 dBA

Transverse Texture Profile

03583
03670
03757
0.3845
03982
04019
04106
04194
-0.4281
-0.4368
-0.4456

04543 J
-0.4630
04718
04805
04892
04979
05067
05164
05241
05329
05416
05503
0551

[T i

4R

‘(‘ None € Rotdle (% Move ( Scale © Zoom||€ Mome € KAde € Vhsis € Zhgs  © Eyeport & Sprgli ‘

i3 [\ Temp\1DTEO21RRRO1.dat Load File | First Black: [1 Nursber of Blocks: [200 (20000 Mas)

Hesst

Plot Data | Eveateﬁummelyl

Esit

1/8" Deep Longitudinal 3/4" Spacing + Burlap (Long Section)

102.4 dBA

113 iz

5

<
. m
g4 10 3
s g
= <
o o
3 3 107 £
: E
2 %)
x Q
(] (7]
E 2 1104 2
5 "\ -
EIAVAVEY :
3 N _,.V\,/’”/ 3
17N T 1101 5

m

o

0 — — — 98

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300

Distance (ft.)

,.."OBSI Level '_rTransverse Texture /_j—LongitudinaI Texture / Nominal Depth
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Burlap Drag 1007 48A

RoboTex Post Processor x|
e

03307
03350
03410
-0.3462
03514
-0.3566
03617
-0 3669
03721
03772
03824

03876 J
03927
03979
-0.4031
04083
04134
04186
04238
04289
-0 4341
04393
0 4444
-0 4496

i s
 More  FRotste ¢ Move (& Scale ¢ Zoom || Hope € Kpams © Vaus € Zhz: € Evepont & Spirkdil ‘ Reset Exit

gy [ Teme 10102 ARRCZ dat LosdFie | FiotBlook [ MumborofBocko 200 (o0000Mox) ([ FiotDate | Create Surma |

Burlap Drag 100.7 dBA
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Burlap Drag 100.7 d8A @
5 113

<
s m
= 4 Tz
£ o
~ >
= <
=) >
D 31 o7 s
) =
2 I}
x (3]
(] [%2]
F 2 +104 ©
IS o
=} —_
i
] |
=1 MAWA E G X 101 &

o

o

0 : : : : : : 98
0 100 200 300 400 500 600 700

Distance (ft.)

’J- OBSI Level ’J- Transverse Texture /‘j— Longitudinal Texture

Heavy Artificial Turf Drag

100.8 dBA @
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Heavy Artificial Turf Drag

#: RoboTex Post Processor
File

100.8 dBA (D

x|

03583
03629
03676
03723
03770
03816
0.3863
03910
03957
-0.4003
-0.4050

04097 J
04143
-0.4190
04237
04284
-0.4330
04377
04424
04471
04517
-0.4564
046711
0.4657

[T |

‘r‘ Mone @ Rotate (7 Move (7 Scale ¢ Zoom

D=
C Mone [ Kwis  Yéus [ Zhxis  Evepot = SpindTit ‘ Reset Exit
gy TeretDTOTRRRD ol Load e | First Block [1 Number of Blocks: [200 (20000 Max) [ Fiol Data |

Create Summary |

Heavy Avtificial Turf Drag 100.8 dBA (D
5 113

<

_ o)
g4 10 3
S o
~ >
= <
=y 2
2 34 + 107 E
o =
2 9
x Q
(] (7]
= 24 + 104 2
£ o
E -
E \M e
é N 3
S 14 M +101 &
0

M (@)

0 T T T T 98
0 100 200 300 400 500 600
Distance (ft.)
,_" OBSI Level ,J. Transverse Texture /_j— Longitudinal Texture
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1/16" Deep Transverse 1/2" Spacing + Burlap

101.4 dBA ®

1/16" Deep Transverse 1/2" Spacing + Burlap

i RoboTex Post Pracessor
Eil

101.4 dBA ®

X

-0.4106
-0.4165
-0.4224
04233
04343
-0.4402
-0.4481
-0.4520
-0.4579
-0.4638
-0.4697

-0.4756 J
04815
04574
-0.4933
-0.4992
05051
05110
05169
05228
05287
05346
05406
05465

[l

M=

" Mone (" Rotate ¢ Move (¢ Scale ( Zoom

€ Mone € Xauis € VAhs € ZAks € Evepoint & SpingTilk ‘ Beset

@”C\T’W“\‘UL'U”F‘F‘F‘Uzdat LoadFile | FistBlock [0 Murber of Blooks: [0 000 Max]  PiatData | Crealeﬁummawl

Exzit
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1/16" Deep Transverse 1/2" Spacing + Burlap

5

101.4 dBA ®

IN
L

w
L

Maximum Texture Height (mm)

113

T+ 110

+ 107

- 104

N~/ v 101

OBSI Level, 0.5sec Moving Avg. (dBA)

0 100 200 300 400 500
Distance (ft.)

,.IOBSI Level 'J-Transverse Texture /_fLongitudinaI Texture

600 700

/ Nominal Depth

1/16" Deep Transverse 1/2" Spacing + Burlap

101.4 dBA ®

e rmaies . aleiE
T e e i -
D o & & B [0 &
e om O ew | e B
TobaTen [ — ™ e e s
2 Ut [T o [ S s
[ |
[ = |
Ot T
Eveomon |

T o LT AN | [epremrar g S

FHWA ProVAL Software

Rhwsdedds=ds =S wm
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Diamond Grinding 102.9 8 @

Diamond Grinding 1029 dBA @

i RoboTex Post Pracessor

Eile

-0.3687
-0.3632
-0.3677
-08722
-03767
-03812
-0.3857
-0.3802
-0.3847
-0.3692
-0.4037
-0.4082
-0.4127
-0.4172
-0.4217
-0.4262
-0.4307
-0.4362
-0.4397
-0.4442
-0.4487
-0.4632
-0.4577
-0.4622

x|
-

Il i

" Mone * Rotate ¢ Move ( Scale ( Zoom

P=
 MNone (" Xéwis  Yéxs © Zhxs  Eyepoint  SpindTik ‘ Beset Exit

@IIC\Temu\WmNDZWHHHM dat Loadie | First Block: [1000 Humbor of Blocks: [0 20000 Miaw | [ PlatDaa | Create Suenmay |
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Diamond Grinding

5

102.9 dBA @

N w »
L L L

Maximum Texture Height (mm)

-

113

T+ 110

+ 107

+ 104

101

OBSI Level, 0.5sec Moving Avg. (dBA)

0 100
Distance (ft.)

’J- OBSI Level I'J- Transverse Texture ,_f Longitudinal Texture

98
200

1/8" Deep Longitudinal 1/2" Spacing + Burlap

103.8 dBA @

19



1/8" Deep Longitudinal 1/2" Spacing + Burlap 1038 98A @

# RoboTex Post Processor x|
File

03308
-0.3390
03478
-0 3565
-0 3652
0 3740
03827
03914
-0.4002
-0.4089
04176

04263 J
-0 4351
04438
0 4525
04813
04700
04787
04875
-0 4962
05049
05136
05224
05311

[T =
C Mone C Rotate  Move (7 Scale (" Zoom || Hone © Hisds € VAis € Zhds € Eyepirt & Spintdit ‘ Beset Exit

iy [|CTemp D1COZIRRRO2 6t LoadFie | Fist Block: 1 Humber of Blocks: 200 (E0000Max)  PotData | Creale Sumary |
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Texture vs. Noise
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1/8" Deep Transverse Random Spacing + Burlap 1084 dBA @
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1/8" Deep Transverse Random Spacing + Burlap

108.4 dBA @

mmmmm A =3 g
D & of @& B O &
:_l\l- Chme  faet | Pty Bl Began
o e dopins T S v
o oo - = T L P B
——r =]
lllll =
; e
|
[ |
Il |
1 |
|
|
L]
s | 9 » ot 5 [ e e ) M 1) i CGhadASSEERG: FAUEe ww

FHWA ProVAL Software

102 dBA

Again...

What about Friction?
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Texture vs. Noise

* While a relationship can be
observed between texture depth
and noise as measured by OBSI,
this is really caused more by the

“bumps and dips” that occur every 1

to 2 inches
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Texture vs. Noise

» Constructability
— Depth does not match nominal
— Nominal is not ‘nominal’
— Variability appears high

Work underway with equipment
manufacturers to improve process.

Texture vs. Noise

» To predict noise, we need to understand
much more about the texture than what we
know now.

» To link to noise mitigation and wall
construction, we have many miles to go
— Average, variability, and time history
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Critical Steps

Categorize / rank over 200 unique nominal texture

configurations (actual texture)

Interrelate texture-noise-friction-smoothness

Identify ways to reduce texture and noise variability
Develop texture specification

Build / evaluate trial sections to “new” specification

Analyze in-vehicle and wayside noise
Consider splash & spray experiment

Data Analysis Projects

. 3D Tire Envelopment Filter Development

. Spectral and Temporal Decomposition of Noise and

Psychoacoustic Evaluation
. Identification of Relevant Texture Metrics for Noise
. Relating OBSI and Wayside Noise

. Texture and Noise Artifacts due to Pavement Design and

Construction
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Data Analysis Projects

6. Pavement Joint Effects on Noise

7. Impact of Changing the OBSI Test Tire
8. Acoustical Durability

9. Relating OBSI and In-Vehicle Noise

10.Validating the Texture — Friction Relationship

Thank You
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