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Roughness

Megatexture

Macrotexture

Microtexture

https://i.pinimg.com/474x/5b/0c/49/5b0c4990d1aa44e7ad36c0b5e162d2e5--tulsa-oklahoma-roller-coasters.jpg
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Source: Adapted from PIARC
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L2 tan(𝜃𝜃) = L1

If L1 measured by sensor = 246.9mm,
246.9mm * tan(19) = 717mm

If L1 measured by sensor = 184.9mm,
184.9mm * tan(19) = 537mm

Setting first distance measurement (717mm) = 0,
Height of object in second measurement = 537mm – 717mm = -180mm
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Robustness: MPD before and after spike removal

Source: Katicha et al. (2015)
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Raw data mean = 19.7 
Filtered data mean = 19.1



Center for 
Sustainable 

Transportation 
Infrastructure Criteria for Evaluating Measurement Technologies

Precision and Accuracy
–Sub-millimeter under harsh conditions (debris, spray, truck bounce)
–Precise: repeatable results under identical experimental conditions
–Accurate: unaffected by variations not within control of operator

Bias
–Minimize the difference between the measured and actual profiles
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MPD Figure Source: ISO 13473-1 (1997)
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Example enveloping tire profiles on 100 mm segment of SMA in SW Virginia;   
a – d show increasing tire stiffnesses
Source: Mogrovejo et al. (2016)



Center for 
Sustainable 

Transportation 
Infrastructure Enveloping Profiles (cont)

17

Advancing 
Transportation 

Through Innovation MPD vs EDWE for select Smart Road segments



Center for 
Sustainable 

Transportation 
Infrastructure Emerging Macrotexture Parameters (cont)

18

Advancing 
Transportation 

Through Innovation



Center for 
Sustainable 

Transportation 
Infrastructure 3rd Statistical Moment: Skewness 

19

Advancing 
Transportation 

Through Innovation Examples of (a) positive and (b) negative macrotexture 
(negative skewness indicates negative macrotextures)
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 Huang et al. (2013) used machined steel 
surfaces (Figure 3) that were tested with 
several different laser configurations. Use 
of the steel surfaces in the study also 
determined optimal travel speed for the 
laser/camera system used. 

 Use of these artificial surfaces affixed to 
or inlaid with the pavement surface may 
require moving sensors to avoid 
damaging the host vehicle’s tires, the 
equipment, or the surfaces. Materials 
less damaging than steel (e.g., 
aluminum, ceramics, etc.) have been 
proposed.
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Profiles from Three-Dimensional Scanning System." Transportation Research Record: Journal of the Transportation Research 
Board(2367), pp 13–22.
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 A mechanism was designed and manufactured to 
simulate a profile moving rapidly underneath the 
laser sensor using a disk with known dimensions. 

 A variable speed DC motor was coupled to a 
spinning disk and a rotary pulse generator with a 
toothed timing belt. Note that a different sized cog 
was used to drive the pulse generator or distance 
measuring instrument (DMI) from the cog used to 
drive the disk. The cog sizes were not harmonically 
related. This was to ensure a more ‘random’ 
sampling. i.e. the physical sampling points would be 
different on each rotation. 

Wix, R., and Leschinski, R. "How Coarse was my Texture?" Proc., 24th ARRB Conference, ARRB.
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Operational & Environmental Factors Affecting 
Data Collection
Speed

–Data typically collected in the time domain (i.e., 64 samples/sec)
–Varying speed effects sampling interval
–Sensor exposure time may not be fast enough (i.e., 64kHz max)

Ambient Light
–Ambient light may effect data collected

Pavement Color
–Dark surfaces (i.e., asphalt) do not reflect light as well as lighter
–Dark and shiny surfaces (i.e., newly laid asphalt) are especially 

difficult to collect quality data
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Operational & Environmental Factors Affecting 
Data Collection (cont)
Temperature

–ISO 13473-1 indicates testing should not occur immediately after 
paving due to temperature differentials over the new surface

Age
–Macrotexture can increase on AC surfaces and decrease on PCC 

surfaces with age
–Age may affect frequency of network testing 

Pavement Distress
–Can effect data and calculated parameters
–Cracking, rutting, spalling, raveling 
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Operational & Environmental Factors Affecting 
Data Collection (cont)
Transverse Variability

–Wheelpath vs. non-travelled surface
–Longitudinal engineered texturing (i.e., brush, tine, groove)

Surface moisture
–Wet surface affects return of transmitted energy
–Moisture can accumulate on the sensor’s receiver 
–Optical testing must not be accomplished on wet surfaces
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Operational & Environmental Factors Affecting 
Data Collection (cont)
Vehicle dynamics

–Must remove movement of vehicle for accurate measurement
–Accomplished real time via Inertial Measurement Units

Direction of data collection
–Line lasers can be oriented in various configurations

• Parallel to direction of travel
• Perpendicular to direction of travel
• At any angle in-between
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The Virginia Smart Road

Reference measurements

Surfaces: 

 Dense-graded asphalt concrete

 Stone-matrix asphalt (SMA)

 Open graded friction course (OGFC)

 Continuously reinforced tinned concrete

 Jointed tinned concrete

 Longitudinally ground concrete

 Longitudinally ground and grooved 
concrete
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