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Profiler basic components (ASCE lib)



ASTM  E950 – Longitudinal Profile

Class 1 Profiler:

Longitudinal Sampling

Class 1 less than or equal to 25 mm [1 in.]

Vertical Measurement Resolution

Class 1 less than or equal to 0.1 mm [0.005 in.]

For 10 repeat runs (cross-correlation of profiles):

• Minimum 90% accuracy when compared to ground-truth (Surpro)

• Minimum 92% run-to-run repeatability



NCAT – Test Track Certification Site

NCAT - Provide independent certification for profilers



How important is the 3D sensor? 
Effect of longitudinal spacing

Longitudinal 
spacing
(mm)

Cross-Correlation
(%)

5 100

25 99.97

50 99.83

100 98.88

200 97.80

250 96.14



How important is the 3D sensor? 
Effect of range resolution.

Red curve is the reference (elevation

profile after IRI filtering) other curves

show different range resolutions.

The resolution of the range 

measurements were limited

numerically in order to simulate the 

effect of the sensor range resolution

on the accuracy results (cross-

correlation).



Effect of a limited range resolution

• Results for the left wheel path of 

the smooth section at NCAT 

(IRI=43 in/mile). 

• Limiting the sensor range 

resolution to 2 mm (or smaller) has 

little effect on the cross-correlation

with the reference profile.

Range resolution
(mm)

Cross-Correlation
(%)

0.05 100

0.25 99.97

0.5 99.96

1 99.9

2 99.8

3 95.0

4 83.8



Effect of a limited range resolution

• Results for the left wheel path of 

the rough section at NCAT 

(IRI=167 in/mile).

Range resolution
(mm)

Cross-Correlation
(%)

0.05 100

0.25 99.98

0.5 99.97

1 99.96

2 99.93

3 99.40

4 98.01



How important is the accelerometer?

Red curve is the reference (elevation

profile after IRI filtering) other curves

show different accelerometer

resolutions. 

The resolution of the range 

measurements were limited

numerically in order to simulate the 

effect of the accerelometer range 

resolution on the accuracy results

(correlation).



Limited acceleration resolution

• Accelerometer used for test was 

mems based dynamic range: +/- 2g 

and resolution of 0.001g

• Resolution of acceleration 

measurements were limited 

numerically in order to simulate the 

effect of the acceleration resolution 

on the accuracy.

Resolution (g) Cross-Correlation (%)

0.001 100

0.01 99.71

0.02 98.85

0.05 94.33

0.1 85.27



IRI vs accelerometers dynamic range

IRI values vs dynamic range for three road sections 

Section 1

(low roughness)

Section 2

(med. roughness)

Section 3

(high roughness)

Range resolution

(g)

Left IRI

(in/mi)

Right IRI

(in/mi)

Left IRI

(in/mi)

Right IRI

(in/mi)

Left IRI

(in/mi)

Right IRI

(in/mi)

±5 78 113 208 241 456 573

±3 78 113 208 241 456 573

±2 78 113 208 241 458 574

±1 78 111 210 240 460 587

Max. variation 0.0% 1.7% 0.9% 0.5% 1% 2.5%



Tilt error

• If the IMU is tilted this will introduce 

an error in the measurements.

• Cross-Correlation vs tilt angle 

(constant speed).

Sayers, M. W. and S. M. Karamihas, The Little Book of Profiling

Tilt angle (degree) Cross-Correlation (%)

1 99.99

2 99.95

3 99.88

4 99.79

5 99.67

10 98.70



How important is the DMI?

• In this graph, the blue curve is the 

reference elevation profile after IRI 

filtering (slope).

• The yellow curve was generated 

from reference profile by changing 

the sampling step from 5.0 mm to 

4.95 mm (1% change) to simulate 

an incorrectly calibrated DMI.



Effect of the DMI calibration

• The spacing of the reference profile 

was 5mm between points.

• A calibration error of the DMI of as 

small as 0.6% will make it 

impossible to pass the class 1 

profiler certification.

Resolution (mm) Variation (%) Cross-Correlation
(%)

4.99 0.2 98.6

4.98 0.4 95.0

4.97 0.6 90.4

4.96 0.8 85.4

4.95 1.0 80.4



How important is the structure? 
(Vibration issues)

• The variability caused by the 

vibrations is visible in these 

elevation profiles.



Vibration issue

• By doing the DFT of the vertical 

acceleration it is possible to identify 

vibration issues. Usually, there 

almost no energy after 20-25Hz. In 

this case, there is still energy 

present around 40Hz which 

degrades the repeatability.



Elevation profile to DFT

DFT

Another example of applying a discrete 

Fourier transform (DFT) to the elevation 

profile allows us to detect another structure 

vibration issue

Residual energy

at 13.3Hz



Filtering using the DFT

• To filter the residual effect of the 

vibrations, the value where the 

peak at 13.3Hz is replaced by the 

median value around it.

• The filtered elevation profile is 

obtained by applying the inverse 

DFT.

• The IRI for this 1452 feet section 

was 117.5 in/mi before filtering and 

88.9 in/mi after. This value is 

consistent with results obtained 

when not contaminated by 

vibrations.



NCAT – Test Track Certification Site



Sensitivity to Lateral Tracking

C H A P T E R 5

Summary, Findings, and Recommendations:

Position records from a GPS data logging system showed that lateral tracking of the profilers strongly 
affected their repeatability and accuracy… for five of the six profilers.



LCMS – Configuration

4 m

2.2 m

2 m



So How Does it Work with the 
LCMS?

• 4m wide line lasers!

• 4,000+ points every 1mm

• Entire lane; not just a point or 
a small area

• IMUs are inside the LCMS 
sensors (accelerometers)



LCMS (Lane tracking)

Classic system: Results depend 

on the trajectory of the vehicle 

(subject to variation based on 

driver’s ability)

X m.

X m.

LCMS-IRI system: Erratic 

trajectory of the vehicle will still 

result in straight elevation 

profiles 



NCAT – Test Track Certification Site



Effect of lateral shift

• The measurement position was

shifted transversly by 1 inch

increments with respect to the 

position of the reference profile.

Shift (inch) Cross-
Correlation (%)

1 99.1

2 98.1

3 97.0

4 96.0



NCAT – Results – Class 1

As of 2020 The LCMS has passed the NCAT Test 

Track roughness certification program and qualified 

as a Class 1 profiler 13 times!!



6 DOF Profiling!

27



3D Road Profile Dynamic Corrections

Without Compensation



3D Road Profile Dynamic Corrections

Without Compensation With Compensation



1. LCMS system
• 2 Laser profilers (4 meters field 

of view)
• 2 Inertial Measurement Units 

(IMU)
• Distance Measuring Instrument
• (DMI)

2. Applanix POS-LV
• Optical encoder (DMI)
• Inertial Measurement Unit 

(IMU) 
• GNSS

Pavemetrics LDTM solution



Montmagny airport



Runway 08-26, Montmagny, QC

900 m

30 m



Survey (11 runs with approx. 1m 
overlap between runs)

349 points de collage

Run 3

Run 2

Run 1

900 m Ctrl. point

Overlap zone

Overlap zone



3D view of stitched runs



Longitudinal profile measured with
Surpro and Leica P30 Lidar

Measured center line profile for the entire 900 m length of 

runway.



LCMS vs Lidar vs Surpro



Site Location - Rutting

90 meters from the beginning of the runway 08 



Elevation magnified by 10
One profile

Rut width: 8 m 

Rut depth: 5.6 mm



Exported LAS file

Resolution: 10 mm x 10 mm



Conclusion

• Transverse position and odometer calibration are the most important factors to control.

• LCMS when properly configured and operated does pass the Class 1 E950 certification protocol

• E950-20 revision will certainly help (88% cross-correlation for Network level profilers).

• 6 DOF profiling with IMUs is the way to go for the future!

• 6 DOF allows profiling in slopes and curves, speed variations, and over pot holes.

• 6 DOF profiling is available NOW to LCMS-2 users !


