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Background 

 

Full understanding of moisture transport in wood is not achieved despite many 
transport theories (Thybring et al. 2021). It remains an essential research domain 
to improve both timber quality and drying schedules. X-ray Computed 
Tomography (CT) has shown to be a useful tool in this regard as it allows for the 
computation of moisture-content (MC) at voxel level (Couceiro 2019). To the 
knowledge of the authors, no method exists to analyse the evolution of MC and 
gradient (MG) distributions, that can later be related to the quality of the sawn-
timber. Popular methods, such as presented in Esping 1988, to quantify the MG 
are not adapted to CT (local) data as they provide averaged (global) MC and MG. 
In this study, an analysis method based on image-processing and CT data is 
presented to statistically quantify the evolution of MC and MG distributions within 
cross-sections of timber during drying.  

Keywords: timber drying, moisture content, moisture gradient, X-ray, CT 
scanning, macroscopic material level  
 

Materials and methods 

 

A medical X-ray CT scanner [Siemens Somatom Emotion Duo, Munich, 
Germany] coupled with a custom-made kiln (Figure 1) is used for repeated CT 
scanning of timber during drying processes. Three pairs of Norway spruce (Picea 
abies) boards of cross-sectional area (x, y) of 66×200 mm2 and length (z) 1200 
mm were dried with different schedules (Reference, DS1 and DS2: see Figure 2). 
Simultaneously, CT-scans were made every hour of a section of clear wood at a 
single position along the lengthwise direction of the board (z). After kiln drying, 
the specimens were oven-dried and rescanned.  
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Figure 1. Experimental setup: a) CT and drying-chamber setup to simultaneously dry 
and scan specimens, and b) lengthwise cross section of the drying chamber.  

Image processing and analysis 

 

The CT data was calculated to a density field ρ (x, y, t) according to Lindgren 
(1991). The voxel size was 0.66x0.66x1.5 mm3 (x, y, z) and used to determine 
the MC (w) by elastic image registration and the oven-dry CT scan (Hansson and 
Cherepanova 2012). The images were processed with a Gaussian filter with 
standard deviation (SD) of 3 to reduce the image noise. The horizontal (∇x) and 
vertical (∇y) components of the MG were computed for each voxel by central 
difference method in Matlab®. The MG norm was computed as: 

||∇𝑤(𝑥, 𝑦, 𝑡)|| = √∇𝑥𝑤(𝑥, 𝑦, 𝑡)2 + ∇𝑦𝑤(𝑥, 𝑦, 𝑡)2 
(1) 

The MC was interpolated with a normal distribution and described by its 
associated average wµ and SD σ(w). The MG norm distribution was skewed and 
therefore more robustly described by its associated median ||∇w||ν and SD 
σ(||∇w||) (Figure 2). These values were very similar between paired specimens 
and therefore averaged to simplify the readability. 
 

 
Figure 2. a) The drying schedules, where Tdry and Twet are the dry and wet bulb 
temperatures for the different schedules, b) the evolution of the average MC of the 
boards cross-section including the SD (shaded regions), and c) the evolution of the MG 
norm median and the SD (shaded region).  

 
In Figure 2(b), as expected, both an increase in drying rate and steeper decrease 
of the SD with an increase of the dry bulb temperature is observed. An interesting 
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finding concerns the MG median profiles (Figure 2c) as peaks are observed at 
different values and times depending on the drying schedule, at t=24 h (Ref), t=22 
h (DS1) and t=14 h (DS2). At first analysis these peaks could not be linked to the 
point of irreversible saturation (60% MC) or the start of diffusion as a physical 
phenomenon (<30% MC), since the MC was already far below fibre saturation 
point. 

Conclusions 
 

The study showed that the proposed method can quantify MC and MG 
distributions during kiln drying. The method could contribute to the design and 
optimisation of drying schedules with simulation software. Future studies should 
indicate whether the method can be used to quantify the wood quality (max 
mechanical stress, fracture) during and after drying. Experimental studies will be 
designed to further evaluate the method and compare it to existing techniques for 
local and non-local MG analyses. 
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