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Conditions of the wood surface after cutting - smoothness and dimensional accuracy - are
important considerations for characterizing the quality of wood products and wood machining
processes. Unfortunately, it is very difficult to assess wood smoothness in the industrial
environment. The anatomical structure of wood and wood-based materials, wood density,
moisture, anisotropy, kinematics of the cutting process, machine conditions and other factors
make the wood surface complex. The best methods for determining surface smoothness in an
industrial environment should be resistant to a rough environment (machine vibration, dust, and
the like), have a sufficient measurement range, be sufficiently accurate, and be capable of
performing measurements at very high scanning speeds. A number of innovative sensors and
novel measurement methods have been introduced into industry following intensive research.

However, not all of these new techniques are applicable in the wood industry.

The objective of this study was to survey the various methods used or which potentially could
be used for wood surface inspection in industrial applications, to determine their advantages and
limitations, and to identify their possible areas of application in on-line surface smoothness
evaluation. An important part of this research was investigation of sources of measurement errors
and misrepresentations of scanned profiles. Performance limiting factors for all the methods

investigated have also been defined.

Chapters Two through Five present literature reviews. Problems discussed include wood
surface complexity, filtration of the profile signal, and mathematical estimation of the surface
geometrical properties. Chapter Four presents a review of sensing techniques to be used for

assessment of porous surfaces, and discusses methods for comparison of sensor performances.



Amplitude-wavelength graphs, range-to-resolution response graphs, transfer functions,
Cumulative Power Spectral Densities, spectral ratios and statistical evaluation of profiles are
presented and evaluated.

Chapter Six presents investigation of new and fast noncontacting sensors to determine their
usefulness for wood surface evaluation and to verify their accuracy. Two types of laser
displacement sensors [equipped with position sensitive detector (PDS) and a charge coupled
device (CCD) detector] are compared with a conventional stylus and with theoretical profiles.
Measurements were made using 15 wood species with differing densities and colors. Specific
triangular profiles of differing slope and height were prepared based on these characteristics. The
accuracy of the laser sensor was estimated by statistical analysis of roughness parameters
measured from the profiles. Experimental results show that LDS imitated profiles correctly.
However, LDS accuracy depends on the properties of the wood scanned (density and color),
installation position of the sensor, and profile shape. It was found that evaluation of dark and
high-density wooden surfaces was imperfect. Resolution of both sensors decreases as the height of
the profile decreases. The error ratios of the laser-scanned profiles change as a function of profile
height, in the range 5%-33%. The CCD is superior for accurate surface roughness evaluation,

although the PSD approach can still be used for monitoring the error of form in most applications.

The aim of the work presented in Chapter Seven was to review, test, and compare various
methods which can be used for wood surface inspection, and to identify their possible areas of
application. The advantages and weaknesses of diverse sensing techniques are presented. The
techniques examined include stylus measurement, three types of laser displacement sensors
(specular-reflective and diffuse-reflective with both PSD and CCD detectors), shadow profilometer,
and laser line scanner. Results to date show multi-element array sensors are superior to other
laser displacement sensors. Profile scanning with shadow measurement may be appropriate for
rapid, accurate measurement of total surface area. The areas of application for each technique

have been determined.

Chapter Eight details examples of practical implementation of the research undertaken. A
prototype of the shadow profilometer for evaluation of surface roughness, on-line lamellae
thickness monitoring systems and a multi-sensor system designed for plywood defect detection

are described in that section.

An additional outcome of the research is contained in the Appendix, examining the presenting
a phenomenon of interaction between light (electromagnetic wave) and wood (porous structure).
Maps of light reflectance, laser beam scatter and light transmittance toward the wood are given.
Variations of the laser spot shape focused on the wood surface are presented in relation to the
workpiece density, color and fiber angle. Finally the impact of light scatter on measurement

accuracy by optical methods is discussed.
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