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ABSTRACT

The main objective of this work is the determination of the density variation in nine 
samples oak wood analysed at various depth thickness. The wood materials tested are taken from 
Yakouren forest situated in the north of Algeria, samples used for the evaluation were of oak Zeen 
and oak Afares trees, samples are preciously prepared by catting operation in the longitudinal and 
tangential direction. The analysis based on the absorption of X-rays generated by tomographic 
scanner, as the trails parameters could be appropriate in order to obtain a high resolution of 
images. After the images were analyzed by a specific free software image (Image J), this was done 
by reconstructing images taken on each depth scan in three different area of the samples, at the 
high, middle and low area. The results showed density distribution in all samples areas analyzed, 
even at different depth. the statistical investigation of results confirmed the anisotropy of the 
species wood analyzed, in addition the density distribution were strongly correlated in the three 
areas anlyzed with slight difference, and the evolution of density were  noted as nonlinear in the 
two species oak studied.
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INTRODUCTION

Wood X-ray scanner technical analysis has been the object of many works research (Benson-
Cooper et al. 1982,  Lingren 1991, Longuetaud et al. 2012), the first X-ray scanner was developed 
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in 1972 by Godfrey Hounsfield (Longuetaud  2005), and was applied in many research field, such 
as medicine (Fu and Kuduvalli 2008), mineralogy (Taina et al. 2008), hydrology (Wildenschild et 
al. 2002), plant physiology (Lee and Kim 2008), and wood materials (Charline et al. 2009). The 
aim of this technical analysis  based on interaction and multidirectional analysis between X-rays 
with material, by sending radiation through the object and receiving it on the other side the 
object (Cristian 2002), a series of images is taken using a reconstruction algorithm by the X-ray 
attenuation phenomenon of the incident radiation on the depth samples analyzed (Longuetaud 
2005), according to the theory of Radon (1917). The value of voltage current used was in general 
120 kV in order to obtain a acceptable resolution (Benson - Cooper et al. 1982, Lindgren 1991), 
even a number of authors have noted the influence of moisture and chemical composition on 
the attenuation of radiation, while a comparative studies between the green wood and  drying 
samples, were conclude to estimate the content of water in samples analyzed Benson-Cooper et 
al. (1982), also relationship was noted between the Hounsfield index and density, that is used as 
calibration tool to determine the density of wood analyzed as the equasion:

Density = 0.91×IH + 1002                      

In addition, the density estimate with tomography calibration and gravimetrically 
measurement were correlated to the energy levels of the X-ray source variation, a good correlation 
value (R2 = 0.94) (Macedo et al. 2002). In the other hand, samples seizes affect density profile 
distribution were it decreases with small samples sizes (Marashdeha et al. 2012). Even a linear 
correlation was found between the attenuation coefficient and density of several materials scanned 
(Davis and Wells 1992).

Density of tropical wood was measured by X-ray scanner, and with nondestructive method 
on samples with the size 3 × 3 × 3 cm, conclude rapidly to map density of samples analyzed, even 
density values were strongly correlated (R2 = 0.99), comparing the two methods used, even opens 
very interesting perspectives for estimations of the biomass distribution within trees (Charline et 
al. 2009).

Wood density characteristic of trees have a good impact on industrial uses such as the wood 
construction and paper pulp productivity, too it is considered as an important parameter to judge 
the quality because it is strongly bonded to the physical and mechanical properties of wood, even 
the ultimate strength and wood shrinkage (Polge 1966).

In the context of climate change, the biomass estimation can indicate the production of 
energy from forest resources, due to wood is considered as a primary resource from sustainable 
energy, so density estimation is important not only to estimate the amount of biomass, it is also 
proportional to calorific value, and the evaluation of carbon storage in trees and wood products. 
The biomass estimates can be obtained by direct models or indirect approaches with combining 
the volume and wood density in trees (Vallet 2005).

In addition, several recent studies have been conducted, concluding the development of 
algorithms that detect automatically and measure nodes present in the wood, with detection 
rates ranging from 71 to 100 % in wood material, with exploration of images token by of X-ray 
scans, (Longuetaud et al. 2012. Using open-source software Image J developed by the National 
Institutes of Health (NIH), which based on Java program, and compatible with plug-in codes 
such as to meet the specific requirements of any applications (Rasbad and Image 2011). 
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MATERIAL AND METHODS

Sampling is done in the YAKOURANE forest (Tizi Ouzou, Algeria) on oak trees of 
spices (Quercus canariensis Willd.) and Afares oak (Quercus afares Pomel). The samples have a 
rectangular form with the size 2 × 2 × 18 cm were cut in the longitudinal direction. The samples 
are firstly placed in the area of analysis of X-ray scanner (Fig. 1), the scan parameters are adjusted 
to obtain thicknesses analyses value at 0.2 mm, hence obtaining 9 images for each sample. The 
X-ray scanner is based on the reconstruction of images from the attenuation of X-ray beams 
analyzed at different orientations in a plane passing through the studied volume. In this study, a 
3rd generation scanner was used, this apparatus is composed for an X-ray source able to rotate and 
a set of receivers arranged in a semicircle (Fig. 1). The source generates photons at the opening 
broad with multiple projections at different angles, even width and energy can be varied, in order 
to include all the volume of the wood samples studied.

 

         
Fig. 1: Photos of the X-ray scanner, and the samples analyzed.

In this work, the analysis is based on radiation, a series of images is taken from samples of 
oak wood under study, and automatic reconstruction of images is done after the scan operation.

Analysis of the images process is realized by the tool free digital Image-J, the processing is 
apply on three separate areas, the upper area (1) median (2), and low (3) of the samples tested over 
the volume in the nine surfaces analysis (Fig. 2).
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Fig. 2: Diagram representative sample of oak analyzed.

RESULTS

A measurement method with scanner X-ray and analysis using free software Image-J has 
been developed, and some results about measurement are briefly presented here. 

The density profile distribution in each sample surface and on any analyzed area (Fig. 3b), 
shows a variation of density between 993.70 until 1024.90 kg.m-3 in oak zeen, and 982.85 until 
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1036.17 kg.m-3 in oak Afares species, were the results obtained after analysis are summarized in 
the graphs in Fig. 3a and 3b. Also, the differences in density changes computed as the variation 
of linear distance area analyzed even the density variation was improved in over the samples depth 
section studied as shown in the Fig. 3.a and b below.

   
a                                                                            b

Fig. 3: a.) Distribution of the average density in the different samples, b.) Analysis with Image-J.

DISCUSSION 

The results show values density slightly higher in the upper area of the samples analyzed, 
compared to the middle and lower zones analyzed of the oak Zeen Afares samples scanned, this 
can be explained by the direction from which the trees were exposed in their growing area, either 
the sides exposed to the north, receive more light energy than who exposed to the south. Even 
the analysis improve that the density of oak Afares is higher than oak’s Zeen species, which can 
be explained by the presence of moisture in the samples analyzed by X-ray tomography (Benson-
Cooper 1982).

In an attempt to improve the correlation between density values in each area of zone, a 
statistical analysis shows that the density distribution varies as a non-linear polynomial function 
with second order in the case of the two species oak analyzed, as the determination coefficients 
R2, which estimated between 0.66 and 0.70 (Fig. 5), with an 13 % estimated error in the case of 
oak Zeen, were R2 was estimated at 0.80 to 0.84 (Fig. 4) in the case of oak Afares species, that 
explains the anisotropic of wood material, the effect of other environments, even the altitude 
growth trees can also affect the density distribution, that the oak Afarès trees grows in height 
places, but the Zeen oak trees that grow in the lower area of the forest. Also a strong correlation 
was improved between the density distribution of Afares and Zeen oak samples scanned, 
this variation is estimated as linear model, in the three areas analyzed, with a determination 
coefficient R2 who varies from 0.58 to 0.68, with an estimated error value 28 % in the case of 
Zeen oak, while R2 was 0.85 to 0.87, by means of estimate error value 16 %. This results are 
considered too, as a good indicator to predict the mechanical characteristics of Algerian oak 
wood, over the existence of relationship between the density and mechanical properties which are 
proportional, even a possible technology transformation of this oak wood species can be realized 
with chosen an appropriate cutting tools and, as we know the density of wood material indicate 
the cutting forces used. In the other hand the oak wood can be considered as an interesting energy 
fuel, due to their hit density.
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Fig. 4: Distribution of density in the samples 
of oak afares..1 - Lower area; 2 - area median 
3 - area high.

Fig. 5: Distribution of density in the samples of 
oak Zeen.1 - Lower area; 2 - area median 3 - 
area high.

CONCLUSIONS

Density distribution analyzes of Algerian oak wood species, realized in the laboratory for 
studies and research on wood material, using X-ray scanner, improved the density distribution 
map on samples studied. Also, the statistical analysis showed a strong correlation between the 
density of each area species analyzed, even interesting values of determination coefficients R2, 
estimated from 0.58 to 0.93, also nonlinear distribution of density values as the variation of the 
linear distance on the analyzed area in different zone, this distribution is strongly correlated in 
the case of oak Affares comparing to Zeen oak species. Oak Algerian wood can be industrialized 
with the chosen the technical parameters and can be an interesting fuel due to their hit density.
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