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Summary 
This report documents the methodology, results and conclusions of the one year, 2009/2010 
project “Vis/NIR Scanning for Hem-Fir Species Separation at the Lumber Stage” by 
FPinnovations, Forintek Division and funded by Forest Innovation Investment (FII).   
 
The aim was to undertake the technical research required to implement new Visible/Near 
Infrared spectrometry technology in sawmills to enable hem-fir producers to separate Western 
hemlock and Pacific Silver fir lumber.  Separating hem-fir has several potential opportunities for 
value-added, specialty products and improved commodity processing efficiency.  These include 
enhanced treatability, greater uniformity in finishing of appearance grade products, and 
enhanced lumber drying efficiency.  Milota et al [6] estimated that pre-sorting hem-fir could save 
the hem-fir lumber industry US $46M annually by reducing warp and splits. 
 
Vis/NIR spectroscopy has been successfully implemented as an on-line, over-the-conveyor, 
process analyzer for various widespread applications from agricultural applications such as 
wheat and grain, to food processing, mining, and pharmaceutical applications.  FPInnovations - 
Paprican have also demonstrated the use of Vis/NIR for the measurements of wood chip 
properties including hem-fir species proportions as well as for measurements of pulp fibre 
brightness and kappa (residual lignin) number.   
 
Western hemlock and Pacific Silver fir cannot be reliably distinguished at the lumber stage.  The 
anatomical differences are subtle and can only be reliably identified by a trained wood anatomist 
using microscopic analysis.  This is a problem for producers that want to sort species to 
capitalize on their unique properties.  Manual species sorting (by mill graders) has been shown 
to be less than 60% accurate, making it necessary to develop a rapid, on-line or online 
technique for species separation.   
 
The experimental plan involved three main steps, including: 
 
1. Setup of the scanning system hardware and software to distinguish between species for 

rough, planed, green and kiln-dried lumber conditions. This included collecting spectra 
from each group as training sets for developing calibration models.  Lumber was collected 
from five coastal mills. 

2. Laboratory and pilot plant testing to determine the sorting accuracy for both static, contact 
measurements and non-contact, on-line conveyor scanning at 150 ft/min. 

3. Mill demonstration of the technology.  
 
For both the offline (static) and online tests, measurements were made along the top centre of 
8-foot sample boards.  Static measurements were performed by using the contact probe fitted 
with a hand grip to manually scan 1x1-cm lumber surface areas along the top centre length of 
the board.  For online testing, custom software was developed for automatically displaying and 
tabulating the species ID results from each board scanned.  The software also incorporated the 
means for identifying and disqualifying knots and other lumber defects based on the 
Mahalanobis Distance (M-Dist) which quantifies the measurement’s “goodness of fit” to the 
spectrometer calibration model.  The online setup also used a board detection sensor for 
triggering the scanning sequence.   
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The results clearly showed that Vis/NIR spectrometry can discriminate between hemlock and 
Pacific Silver fir with ≥ 90% prediction accuracy for all sample lumber groups tested in this study 
with the exception of green/rough lumber which averaged 80%.  The accuracy results of both 
green/planed and green/rough lumber were consistently lower, by approximately 10%, 
compared to their kiln-dried counterparts and this can be attributed to the spectral interference 
caused by strong absorption from water in the NIR region. Prediction accuracy was also 
consistently better, by approximately 10%, with planed versus rough lumber.  This can be 
explained by the increased light scattering from the unevenness of rough sawn surfaces.  
 
Online tests conducted at Forintek simulated mill conditions and the results showed that 
prediction accuracy was diminished by 7-8% compared to static, offline measurements, yet still 
yielded measurements with greater than the 90% prediction accuracy and successfully 
demonstrated the practicality of implementing Vis/NIR spectrometry for automated lumber 
sorting application for hemlock and Pacific Silver fir. 
 
A mill demonstration carried-out at Western Forest Product’s Mid-Island Reman mill in 
Chemainus, B.C. was a success with a correct prediction accuracy of 97% as validated by 
anatomical species identification.  The offline spectrometer system, while slower and not fully 
automated provided the highest accuracy readings in this study and proved that it can be a 
valuable tool for fast and accurate hem-fir species identification.  The equipment for the offline 
scanning unit is available “off the shelf” and can be readily loaded with a hem-fir calibration 
model from FPInnovations for immediate use. 
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1 Objectives 
1. To develop novel methodology and technology using Visible-Near Infrared (Vis/NIR) 

spectrometry as a means to spectrally identify hemlock and Pacific Silver fir species at the 
lumber stage.  The specifics include selecting the hardware (spectrometer and probe 
head), setting-up the scanning device to simulate process conditions, and calibrating the 
device to discriminate between hemlock and Pacific Silver fir.   

 
2. To determine the sorting accuracy under simulated mill conditions. Microscopic 

analysis will be used to verify species ID for comparison to the measured results.   A target 
result is an accuracy of classification >90%. 

 
3. To perform mill testing and demonstration to industry and to carry out technology transfer.  
 
 

2 Introduction 
Western hemlock [Tsuga heterophylla (RAF.) Sarg.] and Pacific Silver fir [Abies amabilis 
Douglas ex Forbes] grow together and are processed as a species mix (hem-fir) which is the 
dominant timber type on the BC coast, comprising roughly 60 percent of the mature growing 
stock.  Hem-fir consists of about 70 percent hemlock and 30 percent fir.  Processing these 
species together as a mix is logistically easy but does not maximize the profit from the unique 
attributes of these individual species.   
 
Because of the visual similarity between Western hemlock and Pacific Silver fir, they cannot be 
reliably distinguished at the lumber stage.   This is a problem for producers that want to sort 
species to capitalize on their individual unique properties.  In fact, manual species sorting 
accuracy (by mill graders) has been shown to be less than 60%, based on Forintek studies at 
two coastal hem-fir mills in 2009.   
 
The definitive method for species identification is by microscopic analysis. Hemlock has ray 
tracheids and cupressoid to piceoid cross-field pits. True firs do not have ray tracheids and have 
taxodioid cross-field pits. These anatomical differences are subtle and can only be reliably 
identified by a trained wood anatomist. There is therefore a need to develop a rapid, at-line or 
on-line technique for species separation. 
 
The aim of this project was to undertake the technical research required to implement new 
Vis/NIR spectrometry technology, proven in other applications and industries, into sawmills to 
enable hem-fir producers to separate western hemlock and Pacific Silver fir lumber.  Vis/NIR 
spectroscopy has been successfully implemented as an on-line, over-the-conveyor, process 
analyser for various widespread applications from agricultural applications such as wheat and 
grain, to food processing, mining, and pharmaceutical applications.  FPInnovations – Paprican 
also demonstrated the use of Vis/NIR for the measurements of wood chip properties including 
hem-fir species proportions as well as for measurements of pulp fibre brightness and kappa 
(residual lignin) number.   
 
Many other researchers have also reported the use of vibrational spectroscopy, particularly NIR 
spectroscopy (NIRS), for wood science and technology.  For example, Tsuchikawa et al. [1] 
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have demonstrated the use of NIRS to classify many wood species including Douglas fir, 
spruce, oak and cedar. Hoffmeyer et al. [2] reported the usefulness of NIRS as a non-
destructive measurement of the density and strength of Norway spruce and Schimleck et al. [3] 
applied NIRS to the evaluation of the chemical components of Eucalyptus for assessing 
pulpwood quality. 
 
Visible and NIR spectrometry has many advantages as a potential tool for wood species 
identification.  By combining the spectral data of both regions, the visible region spectrum 
provides information on differences in colour absorptions while the NIR region spectrum 
provides information on chemical constituents of the wood.  Given that visible images of 
hemlock and Pacific Silver fir have few differences, the combination of these regions provides a 
more viable means of using spectrometry for species identification.  In addition, the use of 
Vis/NIR spectrometry is amenable for online real-time measurements.   
 
 

3 Rationale for Hem-Fir Species Separation 
For each separate species, a number of quality attributes can be significantly enhanced for a 
range of value added products. At the same time, process efficiency improvements can reduce 
manufacturing costs of commodity lumber production. These are the measures necessary for 
increasing both market share and profitability. Separating hem-fir has several potential 
opportunities for value-added, specialty products and improved commodity processing efficiency 
including:  
 
• Enhanced treatability for decking, decking systems and framing lumber.  
• Greater uniformity in finishing of appearance grade products such as window stock and 

decorative paneling.  
• Enhanced lumber drying efficiency.  
 
Most of the wood grown in Canada is difficult to pressure treat, which puts us at a competitive 
disadvantage to countries that grow highly treatable species such as southern and radiata pine. 
Pacific Silver fir is Canada’s most treatable species, and on average is 1.8 times more treatable 
than western hemlock. For specific treated wood end uses, Pacific Silver fir is better able to 
meet required penetration standards than hemlock. By separating the species, the superior 
treatability properties of Pacific Silver fir provide preservative treaters the opportunity to more 
reliably meet chemical penetration specifications in shorter treatment cycles. This could lead to 
greater market acceptance of treated Pacific Silver fir, as well as enhanced productivity in a 
retort-limited treatment plant. In addition, the lack of compression wood in Pacific Silver makes it 
more stable under cyclical wetting and drying conditions (i.e. decking). Combined with improved 
treatability and stability, Pacific Silver fir is therefore well positioned for market expansion in 
treated wood products.             
 
Finishing for appearance grade products causes a noticeable colour imbalance between 
hemlock and Pacific Silver fir that is not aesthetically pleasing to customers. Before the finish is 
applied, the two species are remarkably similar and cannot be visually sorted.  Moulders and 
millwork producers for window stock often complain of this problem. By separating the species, 
finishing solutions can be tailor made for each species to meet customer demands.   
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Green hem-fir is extremely difficult to dry, putting it at a disadvantage to all its competitors. The 
differences in density, green moisture content and permeability between the two species result 
in very different drying rates. Separation by species could facilitate improved drying results.  
After drying the two species could then be mixed together again or, ideally, segregated for 
value-added applications.  Milota et al [6] estimated that pre-sorting hem-fir could save the hem-
fir lumber industry US $46M annually by reducing warp and splits. 
 
In this project, the approach was to separate species at the lumber stage.  An alternative way is 
to segregate logs before mill processing.  Species ID at the log stage is straight forward based 
on visually recognizable differences in the tree bark.  Log sorting, however, presents a large 
undertaking for mills in terms of logistics.  Log sorting involves manually differentiating and 
grouping log species in the log yard and then keeping track of material flow throughout the 
manufacturing process and the associated processing adjustments required for each species. 
 
By contrast, species ID at the lumber stage offers the mill more flexibility to be able to shunt-off 
selected species for specific customers while maintaining the uninterrupted production of 
commodity hem-fir.  This ability to segregate at the lumber stage further allows mills to be more 
agile and to respond quickly to customer requests.  Species sorting of lumber provides 
additional flexibility as it does not require that the sorting be done at the primary processing mill, 
rather it could be done at the secondary manufacturing or end processing stages such as 
preservative treaters, moulders and remanufacturing plants. 
 
Visible-Near Infrared Spectrometry provides an ideal means to perform the sorting as the 
spectral data contains a multitude of wavelength frequency, non-destructive testing, and rapid 
data acquisitions that can be constructed into a portable device for at-line application or as an 
online application with complete automation. 
 
 

4 Staff 
Kevin Groves, Research Scientist, Forintek 
Thanh Trung, Research Scientist, Paprican 
Zarin Pirouz, Research Scientist, Forintek 
Rod Stirling, Research Scientist, Forintek 
Val Lawrence, Technologist, Paprican 
Gordon Chow, Technologist, Forintek 
Jean Clark, Technologist, Forintek 
 
 

5 Materials and Methods 
5.1 Experimental Plan 
The experimental plan involved three main steps including: 
 
1. Setup of the scanning system hardware and software to distinguish between species for 

different lumber conditions.  This included preparing lumber samples into sub-groups of 
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green, dry, planed and rough conditions and then collecting spectra from each group as 
training sets for developing calibration models.   

 
2. Pilot plant testing to determine the sorting accuracy for both static, contact measurements 

and non-contact, on-line conveyor scanning. 
 
3. Mill demonstration of the technology.  
 
5.2 Lumber Samples  
Fresh Hem-fir lumber (Table 1) was sourced from several mills for calibration and testing 
according to the following categories;   
 
• Green/planed 
• Green/rough 
• Dry/planed 
• Dry/rough 
 
Because green/rough lumber could not be sourced, the green/rough lumber from the Teal Jones 
and Interfor mills was sawn on one side at Forintek to generate a rough sawn surface texture.  
In addition, the dry/rough lumber from Western Forest Product’s Mid-Island Reman mill was 
planed on one side at Forintek to expand the quantity of planed board surfaces for testing.  All 
lumber was then analyzed microscopically to determine species type.  Each of the lumber 
groups was then further divided into hemlock and fir subgroups.  The green lumber used in this 
study had an average moisture content of 65% (SD 35) and the kiln-dried lumber averaged 12 
% (SD 3). 
  
Table 1 – Test lumber 
 

 

# Boards Dimension Type Lumber Source 

150 2x6-inch x 8-foot Kiln Dried/Planed Western Forest Products, Value Added mill, Chemainus, B.C. 

100 2x4-inch x 8-foot Kiln Dried/Rough Western Forest Products, Mid-Island Reman, Chemainus, B.C. 

50 2x4-inch x 8-foot Green/Planed Teal Jones Group mill, Surrey, B.C. 

50 2x6-inch x 8-foot Kiln Dried/Planed Western Forest Products, Saltair mill, Ladysmith, B.C. 

25 2x4-inch x 8-foot Green/Planed International Forest Products (Interfor) mill, Delta, B.C. 

 
5.3 Anatomical Species Identification 
From all lumber samples, 2-inch end-cuts were taken for anatomical species identification. 
Samples were identified as fir or hemlock based on wood anatomy when viewed under a 
compound microscope. Hand-cut radial sections were stained with phloroglucinol and viewed at 
low power (10x-40x) using brightfield illumination.  The presence or absence of anatomical 
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features was used to separate the two species and also to confirm that the wood was not 
another species. 
Particular attention was directed at the presence or absence of ray parenchyma and the type of 
cross-field pitting present, along with the presence or absence of features both species have in 
common.   
 
5.4 Vis/NIR Spectrometer Setup 
5.4.1 Hardware 

A LabSpec Pro 5000 visible-near infrared spectrometer from Analytical Spectral Devices Inc. 
(ASDI), Boulder, CO, USA was used for all experiments. This spectrometer has a spectral range 
of 350 nm to 2500 nm and a spectral resolution of 1nm at 1500nm.  A contact probe (ASD) 
integrated with a light source and collection fibre optic bundle was coupled to the spectrometer 
for data acquisition.   
 
5.4.2 Species Calibration  

For this project separate calibrations were developed for each category of lumber (dry/planed, 
dry/rough, green/rough and green/planed) rather than a single, all-inclusive model.  There are 
significant spectral dissimilarities between lumber types, which will translate to spectral 
differences not related to wood properties, and these would weaken the prediction accuracy 
obtained from a single calibration model.  For example, with green lumber, the strong spectral 
absorption of water in the NIR region out weighs spectral features of that from dried lumber.  
There are also spectral differences between rough and planed kiln dried lumber where the 
surface discolouration from the kiln drying process (“dryer burn”) is very prominent compared to 
planed lumber.    
 
To calibrate the spectrometer for measurement, test lumber was first divided into calibration 
training and validation sets (Table 2).  On average, 3/4 of the total boards from each group were 
used for calibration with the remaining 1/4 used for model validation to evaluate sorting 
accuracy.  Equal numbers of hemlock and fir were selected for the validation sub-group.  
Multivariate analysis software (Thermo Grams/AI 8.0) was used to develop calibration models 
from the training sets.  The calibration models were setup to measure species ID as a numerical 
output of 1.0 for hemlock and 2.0 for fir (Figure 1).  Measurements ≥1.5 are defined as fir, while 
those <1.5 are hemlock.  By assigning classes of 1s for hemlock and 2s for fir, measurements 
are scaled to reflect the spectral similarities and differences between fir or hemlock, or 
something completely different.  Spectral features associated with hemlock lumber will cluster 
close to 1 while spectral features of fir will cluster close to 2.  Lower values than 1s indicate 
large differences from fir while higher values than 2s indicate larger differences from hemlock.  
Outliers, or unclassified species, could exhibit large differences from the assigned class value.  
Borderline measurements are nearest to 1.5.  This PLS classification technique therefore 
provides a simple format for species identification.   
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Figure 1 – Spectrometer species measurement scale 
 
 
Table 2 – Lumber selection for spectrometer calibration and measurement validation 
 

Calibration and Validation Sets 

Hemlock Fir Setup Lumber Group 

Calibration Validation Calibration Validation 
Lab/Static Dry/Rough 40 10 20 10 
Lab/Static Dry/Planed 100 20 40 20 
Lab/Static Green/Planed 40 10 20 10 
Lab/Static Green/Rough 40 10 20 10 
Pilot Plant/Online  Dry/Planed 40 20 40 20 

 
 
5.4.3 Offline and Online Lumber Measurements 

For both the offline and online tests, five measurements were recorded on each of the boards in 
the calibration and validation lumber groups.  Individual measurements were made at 
equidistant locations, lengthwise along the top centre of each board.  The measurement 
average from each board was used to determine species type.  
 
Static lumber measurements were performed using the contact probe fitted with a hand grip to 
manually scan 1x1-cm areas on target lumber surfaces at five equi-distant intervals along the 
board (Figure 2).   
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Figure 2 – Offline spectrometer setup and data acquisition using contact probe. Scans were 
performed at 5 points across the top surface. 
 
 
For online measurement of lumber moving at 150ft/min on a longitudinal conveyor, the probe 
was mounted 2cm above the top lumber surface.  A lumber detection sensor (lever switch) was 
mounted next to the probe head and used for automatically triggering the spectrometer 
measurements for each board (Figure 3).  A LabVIEW© software program was developed for 
automatically displaying the species ID results from each board scanned.  A screen shot of the 
user interface for this software is shown in Figure 4. 
 

spectrometer sensor head 

 
 
Figure 3 – Online spectrometer setup showing probe head, illumination spot, and computer setup 
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Figure 4 – Automated computer display of results from online scanning 
 
 
 
Mill Test 
A mill test was carried out at the Western Forest Products, Mid-Island Reman mill in 
Chemainus, B.C. (Figure 5). One hundred, 2”x4”x8’ dry/planed, hem-fir boards were each 
manually scanned with a hand grip contact probe and a portable ASD FieldSpec Pro 5000 
spectrometer with a calibration model developed earlier in the project for dry/planed hemfir.  
Five measurements were taken and their average recorded for each board.  All measured 
boards were then returned to Forintek for anatomical species ID to determine the spectrometer 
measurement accuracy. 
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Figure 5 – Mill testing setup and static scanning of lumber pieces with contact probe  
 
 

6 Results 
6.1 Species Measurement Accuracy 
Table 3 summarizes the spectrometer measurement accuracy and the measurement 
distributions (with <1.5; fir ≥1.5) for each group are shown in Figure 6.  The highest accuracies 
were from the dry/planed groups including the laboratory and mill test measurements which 
were 98% and 97%, respectively. The next highest were the dry/rough/static, dry planed/online 
and green/planed groups which all recorded 90% accuracy while the lowest was 80% from the 
green/rough group.  The average correct classifications of Hem-Fir species from all groups 
combined is 91%.  The results clearly showed that the strong water absorption peak plays a 
strong role in accurate classification.  Spectral features specific to hemlock and fir are obscured 
by the strong water peaks. 
 
Table 3 – Results summary 
 

Species ID Accuracy 
Borderline Measurements (1.4-1.6) Disqualified Setup Lumber 

group 
All 

Measurements 
Correct ID (%) 

Measurement  
Correct ID (%) 

Disqualified Measurements 
(% total) 

Lab/Static Dry/Rough 90 100 3 
Lab/Static Dry/Planed 98 100 3 
Lab/Static Green/Planed 90 88 15 
Lab/Static Green/Rough 80 87 25 
Pilot Plant/Online Dry/Planed 90 97 10 
Mill Site/Static Dry/Planed 97 97 9 
Average All Groups 91 95 11 
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7 Discussion 
The results from this study clearly show that visible-near infrared spectroscopy can discriminate 
between hemlock and Pacific Silver fir with ≥ 90% prediction accuracy for all sample lumber 
groups tested, with the exception of green/rough lumber which averaged 80%.  This compares 
favourably when compared to manual grading which has been demonstrated to be less than 
60% accurate. 
 
The accuracy results of both green/planed and green/rough lumber were consistently lower, by 
approximately 10%, compared to their kiln-dried counterparts and this can be attributed to the 
spectral interference caused by strong absorption from water in the NIR region. Prediction 
accuracy was also consistently better, by approximately 10%, with planed versus rough lumber.  
This can be explained by the increased light scattering from the unevenness of rough sawn 
surfaces.  
 
The online tests conducted in the Forintek laboratory, carried out to simulate mill conditions, 
showed that prediction accuracy was diminished by 7-8% compared to static, offline 
measurements, yet still yielded greater than the 90% prediction accuracy, as set forth in the  
objective of this project.  Lower accuracy for online testing was expected as the spectral data 
collected contains higher noise (less co-added scans) due to fast moving sample (150ft/min).  
Other factors contributing to lower prediction accuracy include variation in heights between the 
probe head and board surface as a result of conveyor mechanical action. These shifts 
frequencies correspond to the boundaries of the three spectral regions measured by internal 
spectrometer detectors including the visible, short wave infra-red (SWIR) #1 and SWIR #2.  This 
region could be removed from the training dataset during development of the calibration model 
to minimize its impact. 
 
The results also showed that, in most cases, accuracy can be improved by 4-5% on average by 
disqualifying borderline measurements.  However, this comes at a penalty of increasing 
measurement of unknowns by approximately 10%.  Use of this technique may be advantageous 
in certain mill applications where high accuracy for a specific species is demanded by 
customers.  For example, an online NIR scanner could be used to sort out fir from the hem-fir 
commodity mix.   
 
For the online testing in this project, custom software was developed for automatically 
displaying and tabulating the species ID results from each board scanned.  The software also 
incorporated the means for identifying and disqualifying knots and other lumber defects based 
on the measurement of the Mahalanobis Distance (M-Value) which quantifies the 
measurement’s “goodness of fit” to the spectrometer calibration model.  The online setup also 
used a board detection sensor for triggering the scanning sequence.  In summary, the online 
setup successfully demonstrated the practicality of implementing Vis/NIR spectroscopy for 
automated lumber sorting purposes. 
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8 Conclusions 
1. Visible/near infra-red spectroscopy can discriminate between Western hemlock and Pacific 

Silver fir with the following prediction accuracies: 
• ≥ 95% for kiln dried, planed lumber * 
• ≥ 90% for kiln dried, rough sawn lumber and green, planed lumber *  
• ≥ 90% for kiln dried, planed lumber measured at 150 ft/min on a conveyor ** 
• ≥ 80% for green, rough sawn lumber * 

 
*  contact probe  
** non-contact probe  
 
2. Prediction accuracy can be improved by approximately 5% by disqualifying borderline 

measurements; however, this comes at a penalty of increasing measurement and 
classifications of unknowns by approximately 10%.  

 
3. An online vibrational spectroscopy, particularly Vis/NIR technology was developed and 

successfully demonstrated the practicality of implementing Vis/NIR spectroscopy for 
automated lumber sorting purposes. 

 
4. A mill demonstration of the Vis/NIR technology for species identification for hemlock and fir 

was carried out at the Western Forest Product’s Value Added mill in Chemainus, B.C. The 
demonstration was a success with a correct prediction accuracy of 97%, as validated by 
anatomical species identification.  
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