
have great advantages in

use of much information

detection of localized irregularities


still face challenges for

identification of the information required

interpretation of functional surface properties

Interpretation of 3-D Pavement Surface Data
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Background
Applications of 3-D measurement 3-D Point Cloud

Mathematical analysis of 3D point clouds

with Dual-tree Complex Wavelet Transform (DTCWT)

❖ Effective and efficient data processing                                Practical

❖ Diagnostic identification of illegalities                                 Functional

❖ Clear and theoretical evidence for the analysis                 Theoretical

Theory of DTCWT
Effective and efficient  
decomposition and  reconstruction
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Wavelet function:

Scaling function:

(i: imaginary unit)Signal

Introduce complex 
wavelet/scaling functions 

as same as Fourier 
Transform

Approximately shift invariant analysis by a pair of decomposition trees

Original steps Discrete Wavelet (DWT) DTCWT
Shift variant Shift invariant

Case Study for Validation

Mobile 4-wheel scooter 
with TLS (Terrestrial 
Laser Scanner) available 
on walkways.

Contour Map

Visualization of surface elevation

Raw Data (with design grade):

No diagnostic viewpoints 
in terms of 

pavement surface characteristics

Directional Multiresolution Analysis

Resampled at an interval of 0.01m

- Scan density: 3mm@10m

- Accuracy: 1.9mm@10m

Only high-pass Level1 (WL: 0.02~0.04 m) Level2 (WL: 0.04~0.08 m) Level3 (WL: 0.08~0.16 m)

Level4 (WL: 0.16~0.32 m) Level5 (WL: 0.32~0.64 m) Level6 (WL: 0.64~1.28m) Level7 (WL: 1.28~2.56m)

Edge FaultLevel 1 to 4 Level 5 to 7

Wavelet Reconstruction

of


Specific Wavebands

Undulation
Functional Diagnosis

Transverse Direction Longitudinal Direction

Wavelet Reconstruction

of


Specific Directions

Directional Analysis

Summary
Zone-based evaluation of road surfaces by DTCWT with 3D point clouds

✓ Efficient processing and effective analysis of 3D data

✓ Theoretical identification and visualization of surface irregularities


Measurement System


