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Longitudinal Profiles
• Definition

• A  Profile is A Two-
Dimensional Slice of the 
Road Surface, Taken Along 
an Imaginary Line. 

• Importance
• Driving Experience
• Road Safety
• Vehicle Operating Costs

• Measurements
• Manual Method (Rod and Level, 

Walking Profiler)
• Profilographs
• Light-weight Profilers
• High-speed Inertial Profilers

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



Components of Inertial Profiler
• Accelerometer
• Laser Height Sensor
• Distance Measuring 

Instrument

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



Profile Measurement Principle

Image Reference: Description and Evaluation of the South Dakota Road Profiler (Huft 1989)



PaveVision3D Ultra (3D Ultra)



WayLink Inertial System (WIS) Hardware Platform
• PaveVision 3D Ultra

• Vertical Resolution: 0.3 mm
• 30KHz: 1mm Res in Longitudinal Direction at 60 MPH)
• Full-Lane Coverage (4-Meter Width): 4000 3D Transverse Points
• Total system power consumption: 500 Watts
• Data collection: continuous collection for several hours at 1 to 

2GB/lane-mile data
• Accelerometer: Micro-g Resolution
• Sampling Device: Multi-Channels Simultaneously Sampling
• Distance Measuring Instrument

• 2048 Pulses/Revolution



Accelerometer and DMI for WIS
• Integration: Critical for Accelerometers; Power, Filtering
• 3D Points in the Center of Wheel-Paths for Height Data



Pavement 3D Capture
• Acquire 1mm 3D Pavement Surface Data
• Provide Longitudinal Height Information for Profiler



Profiler Software
• Software Capabilities

• Data Collection
• Profile View



Profiler Software
• Data Collection

• Display Distance Traveled and Speed 
• Display Pavement Profile in Real Time
• Display IRI values for LWP and RWP



Profiler Software
• Profile View

• Display Profile Data
• Display Basic Data Collection Information
• Calculate IRI Values, Export .ERD or .CSV File



Profiling Data View



Software Algorithms
• Low Pass Filter (Anti-Aliasing Filter): Remove High 

Frequency Noise
• Double Integration: Calculate the Vertical Bouncing Distance
• Butterworth Band Pass Filter: Preserve Useful Waveform, 

Filter the Unwanted Waveform
• IRI Calculation Based on Quarter-Car Model



Validation Tests
• Field Test

• Three Asphalt Test Roads: 1100 ft, 1100 ft, 1700 ft with Lead-In 
and Lead-Out tested at 30 mph, 40 mph, and 60 mph respectively

• Automatic Triggering for Consistent Start & End of Data 
Collection

• 10 Repeating Passes for Each Site



Data Collection Instruments
• AMES Profiler 

• 1 Inch Sampling Interval
• WIS

• 0.184 Inch Sampling Interval



Site I: IRI Results (30 mph)
• IRI Results: Calculated for every 25 ft, While a Small Interval is Set 

between the Starting Points of Two Consecutive Calculations



Site I: Profiler Certification
• Reference Profile: One Pass Collected by Ames Profiler
• WIS Profiles: Nine Profiles to Analysis the Repeatability and 

Accuracy based on the Ames Profile as the Basis



Test Site I: Profiler Repeatability (30 mph)



Site II: IRI Results (40 mph)



Site III: IRI Results (60 mph)



Conclusions
• WIS Integrated into 3D Ultra Sensors
• Repeatable Results (Uncontrolled Roadway Sections)

• Multiple Passes
• Various Speeds
• Various Road Conditions/Geometry without Traffic Control

• What is next?
• Actual Profiler Certification


