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Abstract 
This document is a preliminary report summarizing the progress during the first year of a two-year project 
entitled “Development of a Colour Standard for the Furniture Industry”. Colorimetric measurements were 
taken at five furniture and furniture component manufacturers in order to assess current practices used to 
colour-match strips for wood panel production. Results take into consideration all the manufacturing 
facilities and an appendix details each participating manufacturer’s specific results, which are held in 
confidence and may only be provided to the manufacturer in question.  
 
The section entitled “Work planned for the second year” presents the activities planned for the second, 
and final, year of the project.  
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1 Objectives 
The objective of this study is to quantify colour variations in solid wood paneling used by Quebec 
furniture or furniture component manufacturers and to develop a standard for these colour variations 
based on objective criteria. This study looks at four species in particular: yellow birch (Betula 
alleghaniensis Britton), white birch (Betula papyrifera Marsh.), sugar maple (Acer saccharum Marsh.) 
and red maple (Acer rubrum L). 
 

2 Introduction 
Without a doubt, the colour uniformity of a finished wood product is its principal attribute. A product’s 
appearance is psychologically important in determining its expected performance, its use and its lifespan. 
Consequently, its appearance influences the potential buyers’ positive acceptance of the product. 
Appearance includes all the product’s visual qualities, such as colour, brightness, shape, texture, opacity 
or transparency.(3) 
 
Wood colour varies with species, with each individual tree, and within each tree. The nature of wood 
makes its colour difficult to evaluate since it is never monochromatic and several characteristics, 
including wood grain and growth rings, affect its uniformity. Moreover, the human eye’s considerable 
capacity for distinguishing colour differences adds to this complexity. 
 
The production of solid wood panels is an important step in furniture-making, and the matching of strips 
of wood is a critical stage in this production. Since each individual has a different perception of colour 
uniformity, consistency and uniformity in wood panel production is very difficult to attain, given an 
industrial setting with a subjective method of strip-matching.(21)(22) Moreover, export markets have 
increased pressure on the industry; markets now demand better colour matching for light-coloured panels 
that are used for special-effect finishes.(21) An objective definition of colour and the introduction of a 
common basis for communication according to a standardized system would allow the industry to better 
monitor production and reduce market pressures.   
 

3 Theoretical considerations 
3.1 Natural colour of the raw material 
Wood is a natural product that is characterized by distinguishing marks and other irregularities, which 
occur as the tree grows, builds fiber, and develops its own unique character. This study deals primarily 
with wood colour variation, which may occur naturally, after harvesting, or as a result of handling or 
wood processing.  
 
3.1.1 The anatomy of wood 

The main parts of the tree are the stem, the crown and the roots. The stem is comprised of the bark, the 
cambium, the sapwood and the heartwood. The stem is the tree's mechanical framework. Sapwood is used 
mainly to distribute the xylem sap and store nutrients, while the phloem (internal bark) transports the 
phloem sap. The heartwood is primarily composed of dead cells which store a small amount of nutrients 
but mostly, extractives. These extractives within heartwood are responsible for the wood's colour and 
resistance to rotting.(16) The heartwood-sapwood boundary, an intermediate layer between the heartwood 
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and the sapwood, contains living parenchyma cells and is coloured by extractives.(4) The darker colour of 
summer wood is caused by a higher concentration of lignin. Summer wood contains more nutrients, 
especially in deciduous species; as the tree readies itself for winter, these stored nutrients will allow it to 
nourish new buds in the spring. 
 
Wood colour varies with species, from one tree to the next, and even within the tree itself. This variation 
is due to the behaviour of the wood’s chemical components, which in turn, depend on the tree’s genetic 
makeup and where it grows. The characteristics of the wood’s colour depend on the interaction between 
these chemical components and light, and the various transformation processes and wood diseases that 
alter the chemical components. Chromophoric (colour-generating) wood molecules include lignin and 
certain phenolic extractives such as tannins, flavonoids, stilbenes and quinines. Several other factors 
influence wood colour, including mould, fungi, bacteria, drying processes, and wood component 
interaction with the environment.(17) 
 
3.1.2 Heartwood 

Wood colour within a tree is often related to the formation of heartwood, which is created when several 
extraneous substances are deposited within the parenchyma cells. Heartwood formation occurs within 
most mature trees; however, in certain species such as maples and birches, it is often caused by microbial 
activity. Wood colour in these species is the result of physiological or biological stress the tree has 
experienced over its lifetime. The red heartwood of white birch is the result of an enzymatic oxidation 
caused by fungi, glucosides and catechol.(19) 
 
3.1.3 Diseases and fungi 

Wood coloration may also be caused by the biological activity of colouration fungi, moulds and bacteria. 
Coloration due to bacteria may begin within the tree before it is harvested, which reduces its resistance to 
fungal attack after harvesting. The coloration of living wood is most often associated with heartwood 
production. In the case of birch (Betula sp.), heartwood colouration is caused by microbial activity, 
especially before the tree begins to age. The various stresses that the tree experiences during its life make 
it vulnerable to disease. In the case of white birch, heartwood is the result of protein oxidation of 
glycosides and catechols caused by fungi.(19) These fungi attack mainly the sapwood and produce 
coloured spores. These colour-producing fungi feed primarily on the sapwood's reserves but may also 
attack components of the cells’ membranes. For example, white rot (Colorius versicolor) affects primarily 
deciduous trees and degrades the lignin and cellulose. Maples and birches are species that are less 
disease-resistant and, therefore, are more vulnerable to infection.(8) 
 
3.1.4 Wood aging 

The colour of wood is influenced by environmental factors. Some woods are more affected than others 
but in general, wood becomes discoloured in the presence of oxygen, light and humidity. Through various 
reactions, these three factors oxidize certain wood components, including lignin and phenolic extractives. 
With time, environmental humidity suppresses extractives. Atmospheric pollutants, such as sulphur 
dioxide, may also accelerate the wood aging process, since they are partly responsible for lignin 
hydrolysis and disintegration.(20) 
 
Since lignin has an aromatic structure, it absorbs light principally in the UV spectrum. The interaction of 
light with various organo-compounds within wood is the basis of the wood aging process. Light causes an 
oxidative transformation that introduces chromophoric functions into the oxidized structure.(25) These 
transformations may be caused by direct photochemical reactions, or indirect photochemical reactions 
through reactive agents in the environment, such as oxygen and water. Direct photolysis converts the 
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refractory molecules that respond to the sun's rays into less refractive molecules. Indirect photolysis is 
aided by oxidation reactants, such as singlet oxygen and ozone present in the air, and OH free radicals and 
peroxides in water.(25) 
 
3.1.5 Wood drying 

Drying is another cause of wood coloration. Several researchers have demonstrated that wood colour 
changes significantly as a result of outdoor drying and storage.(1)(6)(11)(12)(13)(17)(28) During this process, 
changes in hardwood colour are most noticeable within boards, while the surface layers remain lighter. 
(11)(12)(13)(17) This may cause problems for subsequent wood processing. Maillard-type reactions begin in 
the parenchyma cells that store nutrients, releasing melanines that, in turn, cloud the cell lumen(11) 
Although these effects vary with different species, it has been shown that the higher the drying 
temperature, the darker the colour of internal wood.(11) Relative humidity also affects wood discoloration 
during drying. The effect of relative humidity can be explained by air (oxygen) penetrating at humidity 
levels lower than the fiber saturation point (FSP). Air assists the enzymatic oxidation reactions within the 
parenchyma cells.(11)(27)  However, the reactions that are the main cause of wood discoloration during 
drying are those involving extractives substances, lignin and hemicellulose hydrolysis.(12) 
 
 
3.2 Colour 
Colour is a subjective sensation that is difficult to measure accurately. For wood industry applications, as 
for any other application, the complexity of colour interpretation has led to the development of an 
objective measurement system. 
 
3.2.1 The nature of the colour stimulus 

Light stimulation that reaches the retina may be from a light source, such as the sun, a lamp or a projector, 
or may be reflected by objects or surfaces. Most often, the colours we see are reflected off surfaces and 
are rarely emitted by light sources themselves.(3) These two sources of chromatic stimulation are known 
as "source colours" and "surface colours". 
 
Surface colour is determined by two spectrums: that of the source and that reflected by the surface. This 
light reaches the human eye, which then perceives it. These three elements: eye, light and object are 
required to perceive colour (Figure 1). “Reflectance” is the quantity of light reflected by a surface and is 
expressed as a percentage of incidents light. Each surface has its own reflectance curve, which 
corresponds to the percentage of a specific wavelength of light reflected by a surface when illuminated by 
white light. By considering the spectral curve of light reflecting on a surface or object, we can predict the 
colour hue perceived. Hence, when the spectrum is relatively simple, hue is normally determined by the 
dominant wavelength (see Chrismet)  
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Figure 1 Three elements of colour perception (30) 
 
One would think that white light produces the simplest visual stimulus, but this is far from true. On the 
contrary, white light is the most complex because it contains all the colours of the visible spectrum. The 
wavelengths visible to the human eye range from 380 nm to 770 nm (Figure 2). Under rigorously 
controlled conditions, it is possible to create a light source composed of a single wavelength, known as a 
“monochromatic light source”. Generally, white light from the sun is considered our principal source of 
light; however, remember that this daylight varies significantly over the course of the day. Even though 
light sources are generally not viewed directly, their spectral composition has a significant effect on our 
perception of surface colours. 
 

 
Figure 2 Range of wavelengths visible to the human eye (30) 
 
3.2.2 Colour vision theory  

Light reflected by an object enters the eye through the pupil, travels through the lens and the eyeball to 
stimulate the nerve cells that line the eye’s retina (Figure 3). These nerve cells are cones and rods. Rods 
are sensitive to brightness and do not distinguish between two colours of the same brightness: they are 
generally used to see in low-light conditions. (32) 
 
Cones are cells that are sensitive to colour and distinguish between contrasting shades. There are ten 
times fewer cones than rods,  and they are divided into three types, each of which is sensitive to a specific 
range of wavelengths: "S" cones are sensitive to blue, "M" are sensitive to green, while "L" are sensitive 
to red (Figure 4). Approximately 10% of men and 50% of women have a fourth type of cone that is 
sensitive to orange colours. These individuals, known as tetrachromats, are better at perceiving nuances in 
shading for yellow, red and orange colours.(32) 
 



Development of a Colour Standard for the Furniture Industry 

 
 

 
 
  5 

 

There are currently two theories explaining colour vision: the trichromatic theory and the opponent 
theory. The trichromatic theory, also known as the Young-Helmholtz theory, states that there are three 
types of chromatic receptors in the retina. These respond to all the frequencies in the visual spectrum, and 
are characterized by the range of frequencies to which they are most sensitive. The resulting colour 
coding is therefore a function of three inputs.(7) 
 

 
Figure 3 Schematic of the human eye (32) 
 

 
Figure 4 Representation of cones and rods and their range of sensitivities (36) 
 
The opponent theory (Héring) presupposes the existence of six fundamental colours that act in opposing 
pairs: red-green, yellow-blue and white-black. Thus, a given colour may be considered bluer or yellower, 
but not both at once; the same principle applies to the two other colour pairs.(7) 
 
According to the Young-Helmholtz theory, a sample colour is determined by the relative contribution of 
each of the three types of receptors. According to Héring’s theory, colour is determined by the three 
opposite processes. Both theories have different advantages and disadvantages, but are considered 
complementary to one another.(7) 
 
3.2.3 Colour terminology 

Colour hue 
A colour's shade or hue is an attribute of the individual's visual perception that determines the designation 
of colours. It corresponds to a psychosensorial approximation of the dominant wavelength.(3) Hue is the 
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primary dimension of any colour, the quality we use to distinguish it from other colours. The three 
primary colours, red, yellow and blue, are hues whereas black and white are not.(29) 
 
Luminance or brightness (also known as value) 
Luminance is an attribute of visual sensation by which an object seems to reflect more or less light. From 
a psychosensorial aspect, luminance subjectively defines the clarity of an object. A linear variation in 
brightness is independent of shade or saturation.(3) 
 
White and black are, respectively, the highest and lowest values of luminance. Within the colour 
spectrum, colours with strong luminance reflect more light than those with lower luminance. A colour’s 
luminance value is determined by its position on a linear white-black scale. Luminance is the second 
dimension of colour; it distinguishes a light colour from a dark one. Adding white to a colour allows us to 
achieve a shade with greater luminance while adding black allows us to create a colour with less 
luminance.(29) 
 
Saturation or colour purity 

Saturation, or purity, allows us to estimate the proportion of pure colour (monochromatic colour) in a 
visual sensation. From a psychosensorial point of view, saturation is defined as a subjective assessment of 
colour intensity from a light source or surface reflection on an object, in comparison to white 
(achromatic), which by definition is free of any hue.(3) Purity is the third dimension of colour; it 
distinguishes between an intense colour and a pale colour. Each of the three primary colours is at its 
greatest chroma before the addition of other colours to thus create a shade. Chroma is directly related to 
colour purity.(29) 
 
Primary colours 
The primary colours are red, blue and yellow (Figure 5). They cannot be created by mixing other 
colours.(29) 
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Figure 5 The primary colours on the colour wheel (30) 
 
Secondary colours 
Orange, green and violet are the secondary colours (Figure 6). They are created by mixing equal 
quantities of two contiguous primary colours. Orange is a mix of red and yellow; green is a mix of yellow 
and blue; purple is a mix of blue and red.(29) 
 

 
Figure 6 Secondary colours on the colour wheel (30) 
 
Intermediate colours 
Intermediate colours are created by mixing varying (unequal) amounts of primary colours. A mix of blue 
and yellow may result in a yellowish-green (more blue) or a greenish-yellow (more yellow).(29) 
 
Complementary colours 

Colours that are opposite to each other on the colour wheel are called complementary colours. Examples 
of these are: red and green, yellow and purple, blue and orange. A complementary colour is often used to 
reduce the purity (intensity or vibrancy) of its opposite. When two complementary colours are mixed in 
equal proportions, while theoretically they should produce black, in reality they produce a dark greyish-
brown known as neutral.(29) 
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Figure 7 Complementary colours(31) 

 
3.2.4 International Commission on Illumination (CIE) standards  

Created in 1913, the International Commission on Illumination (abbreviated as CIE from the French title: 
Commission Internationale d’Éclairage) is the only internationally recognized authority to issue 
recommendations and set standards for illumination, colour and colorimetry.  Colorimetry rigorously and 
scientifically qualifies colour perception and makes it possible to translate colours into numerical values. 
This value is a function of the light source, the observer’s trichromatic response, and the object’s material 
characteristics. The CIE has developed several versions of colorimetric standards with the objective of 
continually improving accuracy and simplifying calculations.(23) The first notations were based on the 
wavelengths of trichromatic functions for primary colours and the tristimulus values XYZ or xyz.(3) 
 
The most widely used system, CIELab is based on three pairs of opposite chromatic signals, which are 
converted by the eye and the optic nerve into: white-black, red-green, yellow-blue. Equations 1 through 4 
below, which apply to the study of surface and object colours, mathematically transform the tristimulus 
values into the system’s basic data: L*, a* and b*.(3) 
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CIELab is a three-dimensional system (Figure 8). The luminance value, L*, varies between 0 and 100 %, 
where 0 equals perfect black, 50 % equals a medium grey and 100 % equals a pure white. The red-green 
component, a*, varies between -100 and 100, where -100 equals pure green and 100 equals pure red. The 
blue-yellow component, b*, varies between -100 and 100, where -100 equals pure blue and 100 equals 
pure yellow. 
 

 
Figure 8 CIELab space (3) 
 
Differences between two colour measurements are represented by ∆L*, ∆a* and ∆b*.(3) The total colour 
difference, ∆E*, combines the differences between the three independent variables of the colorimetric 
system as described by Equation 6.(3) 
 

²*²*** 2 baLE ∆+∆+∆=∆  Eq: 6 

 
3.3 Colour application to wood 
The basic colorimetric concepts presented so far are general in nature. Wood colour determination is a 
problem mainly during three specific stages of wood transformation: secondary breakdown, strip 
classification for panel production, and product finishing. 
 
Secondary breakdown, the stage during which lumber is broken down into components, is a critical stage 
in a facility’s ability to produce panels to precise specifications. Secondary breakdown regroups two main 
operations, cross-cutting and edging, the sequence of which depends on the finished product. The cutting 
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pattern must take into account the components to be produced, the specifications, the tolerated defects and 
colour variations. This production step accounts for a large proportion of operational costs.  
 
The production of solid wood panels from narrow strips allows industry to recover a significant volume 
of raw material. Strip sorting is done subjectively by workers based on examples of acceptable and 
unacceptable colour matching. The specifications are normally subjective, and must follow market trends 
and fashions. 
 
When finishing products, which have varying degrees of opaqueness, are applied to panels, they may hide 
certain colour variations. The furniture industry regroups stains into three categories: clear or transparent, 
medium or semi-transparent, and dark or opaque. Panel production that is based on the final finishing 
product optimizes the use of raw materials. 
 
3.4 Machine vision 
Measuring colour using machine vision is a reliable way of obtaining coherent and comparable results. 
Various instruments that can be used with wood, as well as for any other industrial application, apply 
colorimetric standards to meet this need. These instruments range from portable systems to digital 
apparatus used in industrial production. Colorimeters and spectrophotometers are portable instruments 
that use an international standard of colour references. Colorimeters are used mainly in quality control to 
obtain specific numerical values and compare these to defined tolerances, whereas spectrophotometers 
analyse each wavelength of the reflected or inherent light energy to determine the object’s spectral 
curve.(23) 
 
For the wood processing industry, digitalization systems have been developed to quickly and coherently 
qualify wood defects. Various machine vision technologies can be used to capture and transmit 
information to a data processor. Decision algorithms interpret this data, optimize the solutions and 
transmit processing orders to the equipment standing by. Linear and matrix array cameras, either colour 
or black and white, are particularly suited to detecting colour variations. 
 
3.5 Colour classification 
Given the complexity of managing colours, various industries have developed classification methods 
according to different parameters. The limits and tolerance criteria for each of these classes varies 
depending on the application. Wood veneer producers use colour classes. Since price differences between 
clear and coloured veneers can fluctuate by a factor of five,(10) this important value-added feature justifies 
the establishment of colour classes (2)(10)(11). A colour classification system has also been proposed by 
Ledig and Seyfarth (2001) for steam-treated beech. Based on the CIELab system, five colour classes were 
established, each covering the intrinsic variations in wood colour, with wood colour that spans two 
classes considered a defect.(15) 
 
Janin (1987) has developed a classification system for flooring strips made from maritime pine (Pinus 
panaster). Based on the link between the colorimeter’s objective measurements and the subjective 
nomenclature already used in the industry, this system, which was developed using CIELab system,(10)  
consists of ten classes that vary slightly. 
 
Boardman et al (1990) used objective colour measurements to verify accuracy in classifying black walnut 
Juglans nigra L.) veneers.  Their conclusion stated that there were large colour differences within the 
same veneer or between different veneers, which made colorimetric measurement useless. In this case, the 
veneer's average colour was not the best assessment criterion.(2)  
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Shermag Inc., in cooperation with the Centre de Recherche Industriel du Québec (CRIQ), has recently 
developed a colour standard for five species; sugar maple, red maple, yellow birch, white birch and cherry 
(Prunus). Luminance (L) is the only classification criteria used to establish three colour classes: pale, 
intermediate, and dark, for sugar maple and two classes, pale and dark, for other species. This study 
concluded that manual matching is still required to produce more acceptable panels.(24) 
 

4 Participants, materials and method 
Five manufacturers agreed to actively participate in the development of a colour standard. Introductory 
visits were conducted to present the project, establish certain parameters, including the species to be 
considered, and meet with the individuals who would be involved in the project.  
 
4.1 Study participants 
Introductory visits took place between June 9 and December 4, 2005. 
 
4.1.1 Participant 1 

Participant 1 is a bedroom furniture manufacturer. Sugar maple is the main species used and the grading 
is internally specified to meet this manufacturer's specific needs. Panel production is currently governed 
by certain strip matching criteria based on colour and tolerances for certain defects. The reference 
samples are mounted on a wall. 
 
4.1.2 Participant 2 

Participant 2 is a dining-room furniture manufacturer. Yellow birch is the main species used (~80 %), 
although white birch is also used (~20 %) and small amounts of red oak are also processed. Panel 
production is currently based on colour and colour uniformity within the same panel. Four colour 
classifications have been established.  
 
4.1.3 Participant 3 

Participant 3 is a furniture component manufacturer. Yellow birch is the main species used, but a small 
amount of red oak (Quercus rubra) is also processed. Panel production is currently governed by strip 
matching criteria based on colour and colour uniformity within the same panel. Two colour classifications 
have been set: light and dark. These classifications apply to the panel colour before application of 
finishing products.  
 
4.1.4 Participant 4 

Participant 4 is a children’s furniture manufacturer. Sugar maple is the main species used and panel 
manufacturing is currently governed by strip-matching based on colour uniformity. Two classifications 
have been established: clear and dark. All types of finishings are applicable to panels classified as clear 
(transparent, semi-transparent and opaque) while panels that are classified as dark will only be used to 
make furniture with an opaque finish. 
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4.1.5 Participant 5 

Participant 5 is a furniture manufacturer. The main species used is red maple (acer rubrum) and the 
panels are used to make furniture with a dark, opaque finish.  
 
4.2 Materials 
Following our meetings and discussions with the participants, we decided that this study would focus on 
four species: yellow birch, white birch, sugar maple and red maple. We will first describe these species 
and present a comparison chart; next, we will describe their physical characteristics and manufacture.   
 
4.2.1 Yellow birch 

Yellow birch (Betula alleghaniensis) is commonly used in the furniture industry; approximately 65 % of 
all furniture or furniture component manufacturers use it.(34) Its good manufacturing and finishing 
properties explain this popularity. Yellow birch is also used in wood flooring, mouldings, architectural 
millwork and turnery.(33) The colour of yellow birch sapwood ranges from creamy white to pale yellow; 
the heartwood colour is a reddish brown. Figure 9 illustrates three quality levels of yellow birch. 
 

       
FAS-Select    #1 Common    #2 Common 

Figure 9 Yellow birch grades used in industry (35) 
 
4.2.2 White birch 

Even though it is abundant in Quebec and Canada, white birch (Betula papyrifera, Marsh.) is rarely used; 
only 7 % of Quebec manufacturers use this species.(34) Its commercial applications are limited to 
appearance products: veneers, plywood panels, furniture, flooring, mouldings, architectural woodwork 
and turning. White birch is easy to work and responds well to finishing and staining. Its physical 
properties are similar to sugar maple, even though it is approximately 25% less dense. Unfortunately, 
white birch is very unstable in conditions of variable humidity; it has some of the highest coefficients of 
dimensional change of any Eastern hardwood. Moreover, its natural variation in colour presents a real 
challenge for colour matching. The sapwood colour varies from creamy white to pale reddish-brown, 
while the heartwood varies in colour from dark brown to reddish-brown. Figure 10 illustrates three quality 
levels of white birch. 
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FAS-Select    # 1 Common    #2 Common 

 
Figure 10 White birch grades used in industry (35) 
 
4.2.3 Sugar maple 

Sugar maple (Acer saccharum Marsh.) is used in approximately 30 % of all furniture manufacturing 
facilities in Quebec.(34) It is used in a wide variety of hardwood applications, including flooring, sports 
equipment, architectural woodworking, decorative details and cabinetwork. Sugar maple’s working 
properties are excellent. The sugar maple’s sapwood is the part most coveted by the industry; it is an 
ivory white with a slight reddish-brown tinge. The heartwood varies in colour from a pale greyish-brown 
to a deep tan and is characterized by a close, uniform grain that allows for a quality finish. Figure 11 
illustrates three quality levels of sugar maple. 
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FAS-Select     #1 Common    #2 Common 

Figure 11 Sugar maple quality grades used in industry (35) 
 
4.2.4 Red maple 

Red maple (Acer rubrum), also known as scarlet or swamp maple, is used by approximately 45 % of 
furniture manufacturing facilities in Quebec.(34) Its working properties are relatively good; this wood is 
heavy, hard and tough. Red maple is also used to manufacture interior trim, boxes, crates and pallets, and 
to make wood pulp. The sapwood is slightly paler that of a sugar maple and is closer to white. The 
heartwood varies in colour between grey and reddish brown with brown streaks. Figure 12 illustrates 
three quality levels of red maple. 

         

FAS-Select    #1 Common    #2 Common 

Figure 12 Red maple grades used in industry (35) 
 
Table 1 summarizes some of the physical and manufacturing properties for these four species. This data is 
taken from the Q-Web website (Quebec Wood Export Bureau).(33)  
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Table 1 Physical and manufacturing properties of theconcern species 
 
Physical properties Yellow birch White birch Sugar maple Red maple
Specific gravity (g/cm³) 0.608 0.571 0.659 0.545 
Density (kg/m3) 670 640 740 610 
Hardness (Mpa) 5930 4320 7290 4380 
Bending strength (Mpa) 106 94.8 115 97.6 
Stiffness (Mpa) 14100 12900 14100 11100 
Working properties  
Machinability Excellent Very good  Excellent Very Good  
Stability Good Good Good Good 
Gluing Good Good Good Good 
Sandability Good Good Very Good Good 
Nailability Good Good Good Passable 
Paintability Good Good Good Good 
Stainability Very Good Very Good Good Very Good 
Source : http://www.quebecwoodexport.com 
 
4.3 Method 
4.3.1 Units 

The unit of measurement used to assess colour variation is ∆E*, the total colour difference. ∆E* is a 
function of luminance (L*) and the chromatic components of an object (a* and b*); it allows us to assess 
the variation between natural shades of wood. 
 
The experimental unit, and the sample unit, for this study is the strip; panels are created by gluing several 
strips edge-to-edge.  
 
4.3.2 Measuring instruments 

A Color-guide colorimeter is used to take colour measurements (Figure 13). This portable instrument has 
an opening diameter of 20mm, which gives it a data acquisition area of 3.14 cm². The object is lit by long-
life light-emitting diodes (LEDs). These LEDs do not heat the sample, eliminating any thermochromatic 
effect due to heat from the light source. 
 
The measurement geometry selected was 45/0, a circular light directed at a 45% angle to observe at a 0° 
angle. The colorimetric standard chosen as the basis for comparison for the spectrum of reflected light 
was the CIEL*a*b* system using a standard 10° observer and a standard D65 light source.(5)  
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Figure 13 Colorimeter 
 
4.3.3 Sampling 

For the colorimetric measurements taken with the colorimeter, the sampling grouped together panels from 
all five participating manufacturers. The panels were chosen randomly on the production line; the number 
of panels per facility and the number of strips per panel varied. The panels were glued and sanded; the 
delay between sanding the panel and taking measurements varied from a few hours to one day.  
 
A colorimetric measurement was taken in the approximate center of each strip, in an area exempt from 
defects. The data allow us to evaluate variation within each panel, within each class for a given 
manufacturer, and provided data on variability between manufacturers with regard to uniformity within a 
colour class.  
 
4.3.4 Questionnaires 

A general information questionnaire was sent to the participating manufacturers in an effort to generally 
define the manufacturing processes and identify the common characteristics that would allow us to 
confirm or reject our statistical analysis.  This multiple-choice questionnaire was sent to the 
manufacturers by email. The form was validated by Forintek employees (Eastern Division) to check the 
accuracy of the questions and their clarity. An example of the questionnaire is found in Appendix I.  
 

5 Overall results 
Colorimetric measurements were taken at each participant’s facility. This section highlights the overall 
results from data gathered from all five participating manufacturers, while Appendix II, which is only 
available to the participants, with each set of results held in confidence, presents each participant’s 
individual results. 
 
5.1 Data measurement 
The manufacturers involved in this study obtained their raw material from a variety of sites in Quebec, 
mainly in the north-eastern and north-western areas of the province. The wood was randomly selected 
from production lines to be representative of the colour variations that are typical of these facilities. 
 
5.1.1 Participant 1 

Colorimetric measurements were taken on July 5th, 2005. A total of 187 maple panels were measured, 
with each having, on average, 3.1 strips per panel.  
 
5.1.2 Participant 2 

Colorimetric measurements were taken on July 7th, 2005. A total of 39 yellow birch panels were 
measured, with each having, on average, 12,1 strips per panel.  
 
5.1.3 Participant 3 

Colorimetric measurements were taken on July 12th, 2005. A total of 52 yellow birch panels were 
measured, with each having, on average, 7.4 strips per panel. 
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5.1.4 Participant 4 

Colorimetric measurements were taken on September 15th, 2005. A total of 97 sugar maple panels were 
measured, with each having, on average, 7.8 strips per panel. 
 
5.1.5 Participant 5 

Colorimetric measurements were taken on December 4th, 2005. A total of 23 red maple panels were 
measured, with each having, on average, 11.9 strips. 
 
To analyse the results, all the sample panels were divided into two groups: clear panels and non-uniform 
colour panels. Clear panels are likely to be used to produce furniture with a natural or lightly stained 
finish. Non-uniform colour panels would likely be used to produce painted, darkly stained furniture or 
non-visible components (backs, frames). 
 
Table 2 and Table 3 list the number of panels and strips on which colorimetric measurements were taken. 
 
Table 2 Colorimetric measurements, clear panels of various species 
 
 Participant 1 Participant 2 Participant 3 Participant 4 Total 
Number of panels 66 39 52 77 234 
Number of strips 190 471 386 563 1610 
Strips per panel (average) 2.9 12.1 7.4 7.3 6.9 
 
Table 3 Colorimetric measurements, non-uniform colour panels of various species 
 
 Participant 1 Participant 4 Participant 5 Total 
Number of panels 124 20 23 167 
Number of strips 404 195 274 873 
Strips per panel (average) 3.3 9.8 11.9 5.2 
 
5.2 Analysis of results 
The colorimetric measurements for the clear panels are presented in Figure 14. This graph indicates the 
total colour difference, ∆E*calculated based on the values for L*, a* and b* for each strip when compared 
to its adjacent strips. 
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Figure 14 Total colour difference for clear panels of various species 
 
The total colour difference seems to rise sharply at about 3 ∆E*; the curve loses its linearity and seems to 
rise exponentially. This change indicates that a total colour difference greater than 3 ∆E* is relatively rare 
when classifying strips for clear panels.The limit for total colour difference for clear panels was then  
established at 3 ∆E*; any value higher than this was considered a poor classification. 
 
Colorimetric measurements for panels of non-uniform colour are presented in Figure 15. This graph 
illustrates the maximum colour difference, ∆E*, based on the values of L*, a* and b* for each panel 
based on the adjacent strips. 
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Figure 15 Total colour difference, non-uniform colour panels of various species 
 
The total colour difference curve seems to indicate an inflection point at around 8 ∆E. At this point, the 
curve becomes exponential. The fact that the total colour difference for several strips is under the limit set 
for clear panels (3 ∆E*) is explained by the presence of strips containing heartwood and sapwood, along 
with pale-coloured strips with characteristics considered unacceptable for classification as clear, uniform 
coloured. The change in the curve indicates that a total colour difference greater than 8 ∆E* is rare when 
strips are classified for non-uniform panels. The limits for total colour difference for non-uniform panels 
were then set at between 3 and 8 ∆E*. Panels having values greater than 8 ∆E* will be considered as 
being poorly matched and will be defined as coloured panels. 
 
Figure 16 illustrates the proportion of colorimetric measurements of wood strips that fall within the 
defined limits. 
 

96.9%

82.7%
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15.73%

0.15% 1.61%

Clair Non-uniforme

 < 3∆E
> 3 ∆E < 8 ∆E
> 8 ∆E

 
 
Figure 16 Proportion of strips within the defined limits 
 
For the clear panels, the majority (96.9 %) of the colorimetric measurements fall within the defined limit 
of 3 ∆E*; only 3.12 % of the measures taken exceeded this limit. For the classification of strips within 
non-uniform colour panels, 15.73 % of the colorimetric measurements fall between the limits of 3 and 8 
∆E*, 98.43 % of the measurements were under the limit of 8 ∆E* and 1.61 % of the measurements were 
over the limit of 8 ∆E*. 
 
When the colorimetric measurements were analysed for all the strips within one panel, the results varied 
since even if only one strip falls outside the limit, the whole panel is considered poorly matched. Figure 
17 indicates the proportion of panels whose colorimetric measurements fall within the defined limits. 
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Figure 17 Proportion of panels that fall within the defined limits 
 
Nearly 15% of all clear panels are over the limit of 3 ∆E*, while only 6% of the non-uniform panels are 
above the limit of 8 ∆E* 
 

6 Conclusion 
This study’s aim is to develop an objective method of evaluating wood colour for the Québec furniture 
industry. We took colorimetric measurements at five furniture and furniture component manufacturing 
facilities to assess the current colour-matching processes used in panel production. We studied four 
species: yellow birch, white birch, sugar maple and red maple. 
 
A CIELab colorimetric standard system is used to compile measurements. The luminosity value, L*, 
varies between 0 and 100 % while the chromatic components a* and b*, which respectively designate 
variations between red – green and yellow – blue, vary between -100 and 100. Differences between two 
colour measurements are represented by ∆L*, ∆a*and ∆b*. The total colour difference, ∆E*, combines 
the three independent variables. The colorimetric measurements are taken in the approximate centre of 
each strip in a defect-free area and the ∆E* is calculated in relation to the adjacent strips. 
 
The results obtained allow us to divide the panels into three different groups based on total colour 
difference (∆E*) limits: 0 to 3 ∆E* for the clear panels, 3 to 8 ∆E* for the non-uniform colour panels, and 
greater than 8 ∆E* for coloured panels. For the group of non-uniform colour panels, only the upper limit 
is restrictive, since this class includes strips containing both sapwood and heartwood, as well as pale-
coloured strips with characteristics that exclude them from the homogeneous clear group. The colour 
groups are established based on the colour of the strips and the level of opacity of the eventual finish to be 
applied; consequently, they are inclusive. 
 
The analysis of the results for all the manufacturer's strips showed that 96.88 % of the colorimetric 
measurements taken fell within the 3 ∆E* limit set for clear panels while 98.39 % of the measurements 
taken fell within the 8 ∆E* limit set for non-uniform colour panels. When colorimetric measurements 
were analysed for all the strips within the same panel, the results varied since a single strip outside the 
limits would cause the entire panel to be considered poorly matched. The colorimetric measurements 
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indicated that nearly 15% of clear panels were above 3 ∆E* limit, while for the non-uniform colour 
panels, the proportion over 8 ∆E* limit was only 6 %. 
 
The continuation of this project will allow us to validate these defined limits with the industry 
representative for each colour group.   
 

7 Work planned for the second year 
7.1 Subjective perception of colour 
Panels that meet the defined limits will be produced for each species (yellow birch, white birch, sugar 
maple and red maple) to check that the manufacturers involved and other industry representatives find the 
products’ appearance acceptable. If necessary, these limits will be redefined to correspond to current 
industry conditions.   
 
The panels will then be presented to a general audience to gauge their subjective perception of the colour, 
given the objective limits as defined. A random sample of men and women involved in the furniture 
industry, or simple consumers, will be invited to share their opinion of the panels' appearance.   
 
A second questionnaire will be developed to solicit general information and opinions from those who 
participate in the subjective colour analysis.    
 
7.2 Correlation of colorimetric measurements 
The Boreal Scan digitalization system will be used to validate the precision of the colorimetric 
measurements taken with the colorimeter. This system will digitize the panels and, with the help of 
processing software, obtain an average colorimetric value for each strip, which will later be compared to 
the readings taken by the colorimeter. 
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Appendix I 
 

Questionnaire 1 
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Manufacturer:  
Representative:   

Date:  
 

1.        What wood processing processes are used in your 
facility?  

  
  Edging 

  
  Crosscutting 

 
 Mixed 
 

2.        What types of products do you produce? 
  

  Furniture components 
  

  Panel components. 
  

  Dining-room furniture 
  

  Bedroom furniture 
  

  Children’s furniture 
  

  Living-room furniture 
  

  Other 
 
Please specify: 

 
 
  

  
3.        In what proportion do you use the species listed 

below in your facility? 
  

  Sugar maple  % 
   

  Yellow birch  % 
   

  Red maple  % 
   

  White birch  % 
   

  Other  
 
Please specify: 

 
 
 
 

 

4.        What are the most problematic species with respect 
to colour matching? 

  
  Sugar maple 

  
  Yellow birch 

  
  Red maple 

  
  White birch 

 
  Other 

Please specify: 
 

 
  

  
5.       What grades listed below are used in your facility? In 

what proportion? 
  

  FAS  % 
   

  Select  % 
   

  1 Common  % 
   

  2 Common  % 
   

  3 Common A  % 
  

  3 Common B  % 
   

  Other  % 
Please specify:   
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6.        How are the colour specifications presented? 
  

  Sample demonstration panels 
  
 Verbal instructions 

 
  Written instructions 

  
  Other 

Please specify:  
 

 
 

 
7.        At what stage in the wood’s processing is it sorted by 

colour? 
  

  Cross-cutting 
  
  Planing 

  
  Edging 

  
  Panel construction 

  
  Other 

Please specify:  
 

 
  
 

8.        What matching criteria do you use to match strips? 
  

  Colour uniformity. 
  

  Colour and wood texture uniformity. 
  

  Colour categories used in your facility. 
  

  Random selection.  
 

  Other 
Please specify:  

 
  
 
  

 
 
 
 
 
 
 
 
 

9.       What are the limits between two colour classes? In 
other words, how are colours matched? 

  
  Comparison against a series of samples 

  
  Employee experience 

  
  Other  

Please specify:  
 

 
 
  

10.     What major problems have you encountered when 
matching strips? 

  
  Wood colour 

  
  Wood grain 

 
 Uniformity from one facility to the next 

  
  Other  

Please specify:  
 

 
 

 
11.     At what stage of production do problems with panel 

matching become apparent ? 
  

  When panels are matched 
  

  Gluing 
  

  Sanding 
  

  Finishing 
  

  Other 
Please specify:  
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12.     Why is quality control performed?  

  
  To detect defects in wood 

  
   To detect manufacturing defects 

 
   To check colour uniformity 

 
  To check quality of glued joints 

 
  Other 

Please specify:  
 

 
 

 
13.     Do skips in planing influence matching? 

  
  Yes 

  
  No 

 
How? 
Please specify:  

 
 
  

  
14.     Does the work shift influence the quality of matching? 

 
  Yes 

  
  No 

 
How? 
Please specify:  

 
 
  
 

 
 

15.     Does lighting influence matching? 
  

  Yes 
  

  No 
 
Please elaborate:  

 
 
  

 
16.     What are the most frequent complaints or recalls? 

  
  Lack of colour uniformity 

  
  Too dark 

  
  Too pale 

  
  Other 

 
Please specify:  

 
 
  

  
17.     Where are your markets located? The following 

markets account for what percentage of your total business? 
  

  Canada  % 
   

  United States   % 
   

 Mexico  % 
 

  Europe  % 
   

  Asia  % 
   

  South America  %  
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Appendix II 
 

Individual participant’s results (confidential) 


