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Background
Applica(ons of 3-D measurement 3-D Point Cloud

Mathema2cal analysis of 3D point clouds 
with Dual-tree Complex Wavelet Transform (DTCWT)

❖ Effec2ve and efficient data processing                                Prac2cal 
❖ Diagnos2c iden2fica2on of illegali2es                                 Func2onal 
❖ Clear and theore2cal evidence for the analysis                 Theore2cal

Theory of DTCWT
Effec2ve and efficient  
decomposi2on and  reconstruc2on

Sc
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Decomposi2on Reconstruc2on

Wavelet func2on:

Scaling func2on:

(i: imaginary unit)Signal

Introduce complex 
wavelet/scaling func2ons 

as same as Fourier 
Transform

Approximately shiR invariant analysis by a pair of decomposi2on trees

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

Case Study for Valida(on

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

Contour Map

Visualiza(on of surface eleva(on

Raw Data (with design grade):

No diagnos2c viewpoints 
in terms of 

pavement surface characteris2cs

Direc(onal Mul(resolu(on 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 Reconstruc2on 
of 

Specific Wavebands

Undula2on
Func(onal Diagnosis

Transverse Direc2on Longitudinal Direc2on

Wavelet Reconstruc2on 
of 

Specific Direc(ons

Direc(onal Analysis

Summary
Zone-based evalua2on of road surfaces by DTCWT with 3D point clouds 
✓ Efficient processing and effec2ve analysis of 3D data 
✓ Theore2cal iden2fica2on and visualiza2on of surface irregulari2es 

Measurement System


