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ABSTRACT

Surface roughness, one of the most important attributes of paper, it is largely determined by the
different stages of the manufacture process, and its measurement is normally used in quality
control applications. In the present work, an acoustical method for the determination of surface
roughness of papers is described. The method uses the friction-induced acoustic noise
produced when a small brush slides over the surface of the paper. Under the premise that
different values of surface roughness will produce friction noise with different characteristics, a
signal analysis algorithm was developed to discriminate different values of roughness from the
acoustic noise. The algorithm consists of a frequency domain feature extraction routine and an
artificial neural network to represent the variation of the spectral features in a roughness scale.
The results are quite promising showing that an affordable system based on acoustics can be
used to measure surface roughness of tissue papers and other soft surfaces not covered by
standardized methods.

1 INTRODUCTION

Surface roughness is a very important feature of tissue papers which is largely determined by
the different stages of the manufacture process. Currently, surface roughness measurements
are used in quality control purposes, but additionally, online surface roughness measurement
may perhaps be used in condition monitoring of cutting blades in production lines of tissue

paper.

Currently, air leakage methods, including the Bendsten and the Sheffield methods, are the
standard in the determination of surface roughness of paper [1][2]. These methods works
measuring the rate of air flow between the test piece and a supporting platform. The test piece
is placed between a flat plate and a flat circular platform. The air pressure on one side of the
platform is atmospheric and the pressure on the other side is adjusted to create a specified
pressure differential. The rate at which air passes between the platform and the test piece
surface is used to as a measure of the surface roughness of the test piece.

Although the air leakage methods are applicable to most of paper and board, they are not
suitable for papers which can allow a significant mechanical impression on its surface, or for
high permeance papers which allow a significant flow of air through the sheet. Particularly, the
air leakage methods are not applicable to embossed or creped papers, or papers which will not
lie flat under the conditions of the test [1].

Currently, acoustical methods used to measure surface roughness of tissue papers use
ultrasound. Making out-of-plane ultrasonic time-of-flight and attenuation measurements, it has
been observed that ultrasonic impedance and mass specific ultrasonic attenuation are
correlated to surface roughness [3]. Alternate optical methods includes, Fourier based methods
[4], and optical coherence tomography [5]. These methods, however, although they produce
good results can be very expensive, both in economical and computational terms.



In the present work, a new acoustical method for the determination of surface roughness of
papers is described. The method uses the friction-induced acoustic noise produced when a
small brush slides over the surface of the paper. Under the premise that different kind of surface
roughness produces a friction noise having different attributes, a signal analysis algorithm was
developed to discriminate different values of roughness from the friction noise.

The algorithm consists of a frequency domain feature extraction routine that calculates a set of
high order statistical moments of the noise spectrum. Furthermore, an artificial neural network
was used to represent the variation of these spectral features over an appropriate roughness
scale.

Preliminary results are quite promising and confirm that an affordable system based on
acoustics can be used to measure surface roughness of papers. Furthermore, the method is
particularly suitable to measure tissue papers and others not allowed by current standard
methods.

2 THEORETICAL BACKGROUND

2.1 Friction-Induced Acoustic Noise

Friction sound emanates from one or both components of a friction pair, and the differences in
the sound they radiate primarily arise from the variation of contact forces at the interface where
the sliding surfaces met. Light contact involving rough surfaces often produces sound, and
clearly, the surface texture haves important effects of on sound radiation from friction excitation

(6].

Modelling friction sound derived from surface roughness requires detailed representation of
mechanical aspects of friction. The development of an accurate model which can predicts the
spectral attributes of friction noise derived from the brush-paper interaction is beyond the scope
of this work.

2.2 Spectral Feature Extraction

In order to found noticeable differences in the spectra, which enables the discrimination of
different values of surface roughness, the acoustic noise was analyzed using a feature
extraction algorithm. Feature extraction was done in the frequency domain using the statistical
features given in equations (1) to (6), were S(f)is the magnitude of the FFT spectrum, and

N is the number of FFT points.
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In this way, a reduced number of parameters are used to represent the overall attributes of the
noise spectrum.

3 DESCRIPTION OF THE ALGORITHM

Figure 1 depicts the main elements of the system including the data acquisition, the feature
extraction algorithm, and the artificial neural network used to represent the roughness scale.
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Friction-induced acoustic noise was obtained sliding a small brush over the surface of the paper
sample at a constant linear speed of about 0.1 ms'. A condenser microphone attached to the
brush was used to pick up the acoustic signal.
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Figure 1.- Block diagram of the acoustics-based surface roughness measurement system.

The microphone signal feeds the signal conditioning and data acquisition module in which the
signal is converted to the digital domain using a sampling frequency of 44.1 kHz and 16 bit of
resolution. The resultant time series are pre-processed by adjusting it to have zero mean and
unity variance.

The feature extraction starts calculating the magnitude of the FFT spectrum of the noise. For
analysis purposes, we first consider the spectrum in a region from 300 Hz to 10 kHz.
Additionally, frequency averaging is used for smoothing the spectrum. Once the spectrum is
bounded and smooth, the set of six high order statistical features of the spectrum described by
equations (1) to (6) are computed. The result of this is the feature vector that describes the
spectrum of the noise.

Artificial neural network was a of backpropagation type with linear transfer functions. It was
trained using the Levenberg-Marquardt algorithm.

4 EXPERIMENTAL RESULTS

Plots of figure 2 show the spectra of two different tissue paper samples. Clearly, the shapes of
the spectrum are slightly different, proving a first approximation to the roughness discrimination
from the friction noise.
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Figure 2.- Typical frequency spectra of tissue papers samples (left: Nova; right: Hygienic 724).

Table N°1 contains typical values of the noise spectrum features which are used in our
roughness measurement system.
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Table 1.- Typical values of spectral features of different tissue papers.

Tissue Paper Type Energy r.m.s. St. Dev.  Kurtosis Skewness Centroid
Nova 909192.8 10.66 6.31 2.22 0.28 4502.61
Bathroom tissue 50 431728.2 7.34 4.39 1.98 0.29 4500.49
Jumbo 37 782558.0 9.89 5.67 1.99 0.11 4476.37
Jumbo 86 960352.4 10.95 6.43 2,122 0.27 4486.16

Bathroom tissue 724  1938916.6 15.56 8.57 1.86 -0.16 4409.79

The preceding results have shown that some statistical features of the frequency spectrum of
the friction-induced acoustic noise produced when a brush is made to pass over the surface of
the tissue paper have significant variation for each type of paper. In this sense, up to 7 different
values of surface roughness were discriminated using feature extraction and neural network
algorithm.

5 CONCLUSIONS
The preceding results have shown that surface roughness measurement of tissue papers can
be done using acoustics signal analysis.

The results are quite promising and show that an affordable system based on acoustics can be
used to measure surface roughness of tissue papers and other soft surfaces not allowed by the
standardized methods.

So far, the proposed system has been tested on a small set of tissue papers with encouraging
results. It is planned to expand both the number of tests as well as the kinds of papers to
encompass a greater variety of cases in order to establish a roughness scale which can be
comparable with the results obtained from other surface roughness measurement methods.

Further experiments are suggested, including vibration analysis and determining the forces
acting between the brush and the paper surfaces in order to model the phenomena of friction
sound.

References: [1] ISO 8791: Paper and board - Determination of roughness/smoothness (air leak
methods) (1986). [2] TMI Guide to Pulp and Paper Testing: Section 5 — Paper surface testing application
information. Testing Machines Inc. [3] Y. Pan, C. Habeger, And J. Biasca: Empirical relationships between
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February, 1989. [4] Optest Equipment Inc: Optisurf. www.optisurf.com. [5] E. Alarousu et al: Study on the
use of optical coherence tomography in measurements of paper properties. Meas. Sci. Technol. 16 (2005)
1131-1137. [6] A. Akay: Acoustics of friction. Journal of the Acoustical Society of America 111 (2002)
1525-1548.

4

19" INTERNATIONAL CONGRESS ON ACOUSTICS — ICA2007MADRID




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


