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Abstract

The EU imposes standards for the use of wood in structural applications. Local singularities such as knots affect
the wood mechanical properties. They can be revealed by looking at the wood fiber orientation. For this reason, many
methods were proposed to estimate the orientation of wood fiber using optical means, X-rays, or scattering measurement
techniques. In this paper, an approach to assess the wood fiber orientation based on thermal ellipsometry is developed.
The wood part is punctually heated with a Nd-YAG Laser and the thermal response is acquired by an infrared camera.
The thermal response is elliptical due to the propagation of the heat through and along the wood fibers. An experiment is
presented to show the capacity of such techniques to assess fiber orientation on wood specimen. In addition, an
appropriate algorithm is given to extract the orientation of the ellipse.

1. Introduction

Wood is considered as an anisotropic material composed of fibers aligned in the longitudinal direction of the
tree. An accurate estimation of the wood fiber orientation is an interesting information to model the mechanical behaviour
of timber [1]. In the state-of-the-art on Non-Destructive Testing (NDT), a method to assess the orientation of the fiber
known as the capacitance technique has been proposed [2]. However, this technique is difficult to implement and
sensitive to moisture [3]. Nystrém et al. infer the fiber orientation using the tracheid effect technique [4]. The method
consists in projecting a laser dot on the wood surface; the light propagates in the wood fiber and the observed pattern is
elliptical. Thus, the orientation of the wood fiber is derived from the ellipse orientation.

Active Thermography is one of the methods widely used in NDT; the technique consists in applying an external
heat on the surface object to be inspected and the thermal response of the material is analysed. This technique allows
detecting non-through defect on metallic object [5], fiber orientation on composite material [6], crack detection [7], and
has many other applications [8]. Several approaches based on heat propagation have been proposed to detect material
anisotropy, De Senarmont et al. have applied a punctual thermal excitation on crystal plates covered with a thin layer of
wax [9], the monitored isotherm is elliptical and its aspect ratio is equal to the square root of the principal conductivities in
the surface plane. This technique later on, was called “thermal ellipsometry” by Krapez et al. [10]. Other studies have
shown that the conductivity is larger in the longitudinal direction of wood fiber than in the orthogonal directions [11]. In
fact, Kollmann et al. have shown that wood thermal conductivity depends on fiber direction [12]

In this study, the thermal ellipsometry phenomenon is used to asses wood fiber orientation. The inspected wood
part is heated by a laser beam and an IR camera records the heat which propagates through the fiber. Due to the heat
propagation, the pattern is elliptical and the orientation of the fiber is deduced from the ellipse orientation.

2. Fiber orientation assessment

2.1. Experimental setup

The fiber orientation is assessed through the “Scanning From Heating” (SFH) system initially used for three-
dimensional digitization of transparent and metallic object [13, 14, 15,16]. Recently, the system has been extended to
detect sub-surface defect on metallic object as well as fiber orientation assessment in carbon composite material [17].
The system is composed of:

1) A FLIR 645 IR camera with a sensitivity range from 7.5 to 14 ym, the IR camera acquires a 640x480 pixels
images.
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2) A Nd: YAG laser of 1.06 um wavelength coupled with a galvanometer scan-head of two mirrors to control
the position of the laser beam, the angle between the IR Camera and the galvanometer scan head is
approximately equal to 45°. The collimated laser beam passes through the two mirrors of the scan head
and is projected on the wood surface.

3) A rotary stage (Ref: ZABER T-RS60A) on which the wood specimen is fixed. The device is placed at a
distance of 50 cm from the output focal. Indeed, the optical system is equipped by a lens focal length of 500
mm which allows obtaining a beam waist of 0.44 mm at the previously mentioned distances (Fig. 1 (b)).
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Fig. 1. (a) Experimental Setup, (b) beam focusing optics.
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2.2. Proposed method
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Fig. 2. Image processing framework

The fiber orientation is estimated based on the thermal ellipsometry approach. Indeed, the thermal response of
the wood stimulated by a laser beam is elliptical due to the propagation of the heat through the fiber. Thermal images are
acquired with an IR camera and are processed with the following steps:

(i) Preprocessing: Each infrared image is enhanced by subtracting the background (infrared image
acquired before laser heating). Additionally, to reduce the noise, a median filtering is applied.

(i) Segmentation: Firstly, the enhanced image is normalized according to the following formula:

I — (IEnh - Min(IEnh))
Ner Max (Ignn)

Where Min(.) and Max(.) represent the minimum and the maximum value of the enhanced
image(Ig,p) respectively. Once the Iy,, computed, the next step is to binarize the normalized IR-image
by applying an appropriate threshold determined experimentally, in our experiment the threshold is set
to 0.5. An intensity of 1 is assigned to all pixels intensities higher than the threshold; the remaining
pixels are set to 0. The final step consists in determining the edge of the binarized ellipse. To this end,
a Sobel edge detector is used [18].

(iii) Ellipse fitting: Once edges are detected, an ellipse is fitted through a least square minimization [19].
3. Experimental results

The setup used for the experiment is the same as depicted in Fig. 1. The experiment is conducted on a
softwood specimen. The specimen is punctually heated with a laser beam. The heat signal is a step signal of 1 s period
and the power of the laser beam is set to 1 W. The thermal response is recorded with the IR-camera. The fiber
orientation is assessed with the algorithm described in Sec. 2.2. Figure 3 shows the resulting outputs at the different
stages of the algorithm (i.e., preprocessing, segmentation, ellipse fitting). The results show that the fitted ellipse in green
follow the thermal response and the red axis represents the ellipse orientation, as depicted in Fig.3 (e).

To determine if the ellipse orientation follows the wood fiber, we have set up the following experiment. The first
step consists in positioning the planar wood specimen to be inspected on the rotary stage. Then, the device is placed in
front of the laser scan head. In order to heat the same area for each laser stimulation, the orientation center of the rotary
stage and the central beam must be on the same axis. This configuration is obtained when the wood thermal response
produced by the central laser beam is located at the same area for each rotational position of the wood specimen.
Finally, rotations of 10° are carried out after each laser stimulations (this step is replicated 9 times, thus a 90° rotation),
and five stimulation are done for each rotational position. Two IR-images are acquired after and before each stimulation.
Figure 4 shows ten fitted ellipses for ten rotational positions. We can easily observe the evolution of the ellipse
orientation, and the orientation follows the rotation of the wood specimen. We can thus say that the ellipse orientation
refer to the wood fiber orientation.
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Fig. 3. Ellipse orientation assessment. (a) acquired IR-image, (b) enhanced image, (c) normalized image, (d) Segmented
image, (e) ellipse fitting.
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Fig. 4. Ellipse orientation assessment.

In an attempt to estimate the error of our method, the mean and standard deviation are computed using the five
measurements of each position presented in Table 1. The results are illustrated in Fig. 5 through a probability density
function. The results shows that the fiber orientation evaluation follows the absolute rotation of the rotary stage. Indeed,
the probabilistic histograms shows that the mean relative orientation is 10.01° which is close to the absolute rotation
step. However, the relative fiber orientation suffers from a large standard deviation (2.02°). This is due to two reasons: (i)
the rotation step is done manually, causing an uncertainty on the rotation step value and (ii) the center of the rotary stage
and the central laser beam are not always aligned, implying some measurements errors.
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85° 75° 65° 55° 45° 35° 25° 15° 5° -5°

1st measure 84.65 78.40 65.46 55.92 45.60 34.96 22.66 11.49 5.25 -3.57

2nd measure 85.73 76.42 66.52 57.31 44.84 34.43 2414 13.49 5.77 -3.87

3rd measure 87.36 77.60 66.91 57.96 44.83 31.02 24.00 12.77 5.09 -5.48

4th measure 84.65 78.40 65.46 55.92 45.60 34.96 22.66 16.05 5.43 -5.62

5th measure 88.03 75.36 69.37 57.96 43.30 32.74 24.95 13.93 4.81 -1.55

Average 86.08 77.23 66.75 56.96 44.83 33.62 23.68 13.54 5.27 -4.02

Tab. 1. Measurements of fiber orientation.
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Fig. 5. Probability density function.

4. Conclusion

The use of infrared ellipsometry for wood fiber orientation assessment is presented in this paper. The
experiment results show a good correlation between the wood fiber orientation and ellipse orientation. The next step is to
compare these results with techniques in the state-of-the-art to verify the accuracy. Furthermore, the technique will be
applied on different wood species to verify its robustness. In another hand, the SFH approach offer us the possibility to
get the 3D shape of the inspected wood specimen. Indeed, in the case of a non planar specimen the fiber orientation
assessment is disturbed by the shape of the object. Therefore, the 3D information is essential to perform an accurate
estimation of the fiber orientation.
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