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1 Introduction 
 
Ongoing research concerns the possibility of determining the 3D orientation of wood fibres 
within the entire volume of a wooden board using surface information from laser scanning. 
Previous research, Olsson and Oscarsson [1], has shown that the fibre orientation of side 
boards can be determined on the basis of such information. The present research is extended 
to also comprise boards cut from the centre of the log and a first step in this work is to 
establish 3D models of knots in boards on the basis of information from dot laser scanning of 
surfaces. 

In comparison with other approaches aiming at 3D models of knots and wood fibre 
orientation, e.g. Guindos and Guaita [2] and Hackspiel et al. [3], the present model relies to a 
larger extent on the actual fibre orientation measured on each individual board, rather than on 
general assumption and mathematical models of typical fibre orientation alone.   

The fact that all data needed for the model can be sampled in sawmill production speed means 
that developed models could be used as a basis for advanced strength grading methods, for 
grading with respect to shape stability and for other purposes of industrial interest.  

 
2 Modelling assumptions and examples of preliminary results 
 
When the light of a dot laser falls on a surface of softwood it will spread more in the direction 
of the tracheid than across and thus an elliptically shaped light spot, rather than a circular one, 
can normally be observed on the surface. This effect is referred to as the tracheid effect. The 
major axis of the ellipse point out the local direction of the fibres in the plane of the surface 
and the ratio between the two axes gives an indication of the diving angle. A ratio value 
approaching one (1) indicates that the fibre direction is virtually perpendicular to the observed 
surface, Simonaho et al. [4]. However, the tracheid effect does not capture the fact that some 
fibres in the vicinity of knots are oriented such that they integrate with the knot while others 
go around the knot. Therefore, information obtained from scanning should be combined with 
general knowledge of how fibres integrate with and pass around knots in timber. An example 
of how limited information from scanning can be used in combination with general 
knowledge of wood is illustrated to the upper right in Figure 1. Though scanning of the 
surface to the very right would give no information on the direction of the diving angle, but 
only on the magnitude of it, we know that fibres below and above a knot, respectively, in that 
plane must be oriented as indicated by the short black lines drawn on the adjoining surface.  

Since the tracheid effect points out where the fibre direction deviates substantially from the 
direction of the board, knots on wood surfaces can rather easily be identified, see the lower 



left picture of Figure 1. Wherever the 3D fibre orientation, determined on the basis of both the 
fibre orientation projected on the investigated surface and on the diving angle, has an angle to 
the pith of the log from which the board is cut that exceeds some threshold value, it is 
concluded that it is a surface of a knot. Furthermore it can be decided whether knots observed 
on different surfaces are parts of the same knot or not. If they have, with some suitable 
tolerance, the same coordinate in the main direction of the board and also about the same 
polar coordinate α, see the upper left part of Figure 1, it is concluded that they are parts of the 
same knot. The lower right picture of Figure 1 shows knots in 3D thus identified.  

 
Fig. 1 Knots identified on the board surfaces (lower left), knot identification using the 

tangential coordinate α (upper left), 3D visualization of knots (lower right), and 
correct fibre orientation with respect to pith location in log and branch (upper right). 
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