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Reduction of Impulsive Noise Included in High-accuracy Surface
Measurement Signal by Using M-Transform and Wavelet Shrinkage

Hiroshi HARADA*®, Hiroshi KASHIWAGI, Su-Kyun JEON,
Yoshifumi OHBUCHI and Kazuki KABA

* Graduate School of Science and Technology, Kumamoto University,
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The authors propose here a new method for reducing both impulsive noise and white noise by use
of M-transform and wavelet shrinkage. M-transform is a new signal transformation proposed by the
authors, and any periodic time signal can be considered as the output of a filter whose input is an M-
sequence. By using the properties of M-transform, it is shown that both impulsive noise and white
noise can be eliminated by use of first M-transform and then wavelet shrinkage. This method is
applied well to the signal obtained in Atomic Force Microscope (AFM) signal which sometimes
contains many impulsive noise and white noise. From the results of the experiment, it is shown that
the proposed method is very efficient for impulsive noise reduction.
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Fig. 1 2-dimensional Gaussian signal z, (%, j)
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Fig. 2 2-dimensional Gaussian signal ,(4,7)

which include impulsive and white noise i . . . . o )
Fig. 4 2-dimensional Gaussian signal z(1,j) esti-

i) mated by the proposed method
A

- Fig. 3 2-dimensional Gaussian signal z;(3,j) esti-
mated by using M-transform and ¢ - filter
Fig. 5 2-dimensional Gaussian signal z(i,j) esti-
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mated by wavelet shrinkage
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Fig. 6 Relation between MSE and pulse height
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Fig. 7 AFM signal including impulsive noise
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Fig. 8 AFM signal reconstructed by using M-
transform and nonlinear filter

TEESAD 4 ym QMM ROSEIELETH O, %
PR TN E L, BRI X D RREDIET
MECNTEBICRIRT 2R TH B, HfiRkE
DENDOFET TR,

B 8 ISR (3) TRBELIZAEIC X OHERZBEL
7o AFM B39, ThHDRESHR (3) IR LI
LDOLEUTHD, YEETINA I EEE LTz
V) aAVEEAEEEEL 1Hz, 25.57 pm x 25.57
pm OfEPHTIE LIz E 8 EE D LTz 127 x 127
BREZFRLIZLDTHS. 7X0, & EDEIRE
BEA NV AROHEENZ L BENTED, &
DIEHEAZZEEREHE TE TV LIZES,T
B3, —H, K8 &b, ik (3) TIREITBHETIE
A VIV ARHEE MRS N TWBD, 52RACIIRRE
TETVENT EADLM S,

K 7 DEBEZICH LT, RARXTRET B HEIC
KX OMEREZRIT oD AFM E8%2K 9 IIRT

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

2454 MZHE Y =7V y MVERERAVIEBRERAETEGEE T4 >V AREZDRE

10
5

0 y [um]

Fig. 9 AFM signal reconstructed by the proposed

method
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Fig. 10 ~AFM signal before and after noise reduction
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