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Assessment of Automated Grading Systems for Softwood Lumber

Abstract
Tests carried out as part of this project generated results on the perfonuance of a new generation of 
optimizers manufactured by Comact Equipment Inc. and designed to automize trimming and grading 
operations after planing. The GradExpert automated grading system (hereafter GradExpert) used in this 
study is equipped with laser cameras for detecting geometric defects, and with colour cameras for 
detecting visual defects.

Two samples of kiln-dried, dressed SPF lumber from Eastern Canada and a third sample of kiln-dried, 
dressed lodgepole pine lumber affected by the mountain pine beetle (MPB) were used to assess the 
efficiency of the GradExpert system.

Our results indicate that the technology used by Comact to process lumber geometry data is capable of 
grading defects such as wane, skip, grain tear-out and warp with an amazing level of accuracy. In fact, we 
found that the automated grading system system can process these defects with a level of accuracy of 
92.7%. The vision technology used to detect and process visual defects such as knots, splits, shakes, 
decay, wormholes and certain manufacturing defects yielded somewhat lower but nonetheless satisfactory 
results. Only the results for detecting stain, cross break, slope of grain, and compression w ood proved less 
conclusive. It was determined that the system achieved a level of visual defect detection efficiency of 
64.2%. Similar results were obtained with lumber affected by the mountain pine beetle, which would tend 
to indicate that this type of material can be adequately processed by the automated grading system.

Tests were also carried out to compare the performance of Comact’s system to a semi-optimized grading 
operation with a linear grader interacting with a manual grading station. According to our results, the 
number of errors arising from the use of the automated system was four times lower than the number 
attributable to the semi-optimized system. In tenus of volume and value efficiency, the automated grading 
system gets nearly perfect marks, that is, 99.9% and 99.5% for volume and value efficiency respectively, 
whereas results for the semi-optimized system were 104.1% and 96.4% with respect to the optimal 
volume and value of the sample.

Value losses were significantly reduced, from $13.50/Mfbm for the semi-optimized system to only 
$1.90/Mfbm for the automated system. This represents savings of $11.40/Mfbm. Based on a planer mill 
production of 100 MMfbm, this technology could potentially yield additional profits on the order of 
$1.14 million per year, without even taking potential labour cost savings into consideration.
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1 Objectives
The primary objective of this project was to assess the performance of a new generation of optimizers 
designed to automize lumber trimming and grading operations after planing. More specifically, project 
objectives can be summarized as follows:

■ Assess the performance of various automated grading systems used in planer mills;
■ Determine the capacity of such systems to identify and process the various types of defects listed in 

the NLGA grading rales;
■ Put a figure to the potential benefits flowing from the installation and operation of such equipment.

2 Introduction
Lumber grading at the planer outfeed is the last stage in the softwood lumber manufacturing process. 
This operation has a significant impact on lumber quality and value, as well as on customer satisfaction. It 
requires graders to maintain constant concentration for extended periods of time. Furthermore, product 
diversification and the addition of new "in-house" rales for the purpose of developing new markets 
increase the level of difficulty of a position that is already very demanding.

The first optimizers began appearing in planer mills at the end of the 1990s. These devices, referred to as 
"linear graders", detect geometric defects such as wane and skip; company graders intervene when other 
defects are present. The installation of linear graders significantly reduced the percentage of errors on 
lumber with wane or skip. These systems, however, did very little to enhance human grader efficiency in 
coping with visual defects such as decay and knots, which remain the main source of errors associated 
with visual grading workstations.

Recent developments in vision technology have enabled equipment manufacturers to design new devices 
capable of detecting visual as well as geometric defects. Such automated grading systems should 
significantly reduce the number of human errors and increase product value.

3 Background
Earlier studies undertaken by FPInnovations' Forintek Division in stud mill planer facilities have shown 
that the percentage of errors resulting from manual grading and trimming operations stood at 32.5%. At 
the time, this percentage of errors was equivalent to a loss in earnings of $8 to $9/Mfbm. These are 
conservative results since they arise from the grading of a limited number of lumber grades (2 or 3) 
without taking "in-house" grading rales into account.

Similar tests carried out at a grading and trimming workstation equipped with a linear grader to process 
geometric defects reduced the percentage of errors by nearly half. Given that two thirds of these errors 
stem from poor decisions by human graders, setting up an automated grading system can bring about a 
significant drop in such errors. Additional gains can be expected as a result of lower labour costs and 
increased productivity. Benefits can be even greater since an increasing number of mills now target niche 
markets with products that have a greater value.
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5 Description of the assessed automated study system
The initial project focused on the assessment of several automated grading systems. To this end, we met 
with various equipment manufacturers to present the project and seek their participation.

5.1 Contacted manufacturers

The equipment manufacturers who were invited to participate in the project are listed in Table 1. Despite 
all the efforts to involve all of them in the project, only Comact agreed to do so.

Table 1 List o f  contacted manufacturers

Company Address Contact

Autolog, Gestion de production Inc. 1240, Michèle-Bohec, Blainville, 
Quebec, Canada Daniel Éthier, President

Comact, Division optimisation 3675, Grande Allée, Boisbriand, 
Quebec, Canada

Yvon Hubert, Vice-president

Coe/Newne s/McGehee
3550, 45 Street Southeast, Salmon 
Arm, British Colombia, Canada Chris Wells, Product Line Manager

Lucidyne, Technologies Inc. 155, SW Madison Ave, Corvallis, 
Oregon, United States of America

William J. Briskey, Director of 
Marketing & Sales

LuxScan - Weinig Group 
(distributor: Machinerie C.Godin 
Inc.)

10, 50th avenue, Lachine, Quebec, 
Canada

Jean-Daniel Amesse, Representative, 
Weinig Group

ScanWare Inc. 515, NW Saltzman Rd., Portland, 
Oregon, United States of America

Ike Antilla, Representative

VAB Solutions Inc. 4685, boul. de la Rive-Sud, Lévis, 
Quebec, Canada

Jean Bérubé, President

5.2 Technical features of Comact’s automated grading system

Comact’s GradExpert automated grading system is a transversal scanning system that uses laser cameras 
to detect geometric defects and colour cameras to detect visual defects. Table 2 lists the technical features 
of the system we used in our tests.
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Table 2 Technical features o f  the GradExpert system used

Laser cameras

Model Dynavision M24B
Scanning density 1.000 in.

Scanning frequency at 0.008 in. interv als
Length accuracy 0.125 in.

Colour cameras Type of camera Linescan
Resolution 0.025 x 0.050 in.

Luminosity
Lighting Neon

Number -  Upper section 3
Number -  Lower section 3

Test feed speed 150 pieces/min.

The study system, set up in Comact's workshop located in the Montreal suburb of Boisbriand, was one of 
the first production versions manufactured by the company. The system was designed for grading 4 to 10- 
foot pieces of lumber.

It should be noted that the most recent versions of GradExpert incorporate various improvements. In 
particular, the new versions now include scanning heads with a 1/3-inch scanning density whereas the 
scanning density of the version used in our test was 1 inch. This should result in greater accuracy in 
detecting geometric defects.

6 Materials and Methods
The test method used in this study was developed with input from the contacted equipment 
manufacturers. A preliminary work plan was presented to manufacturers who had expressed an interest in 
the project. Further discussions resulted in the fine-tuning of the initial work plan agreeable to all study 
participants.

6.1 Sample selection

The initial project called for using two samples of Eastern Canada black spruce lumber to assess the 
performance of the automated grading system. At the request of certain members with operations in 
Western Canada, it was agreed that the test protocol would also include a third sample of lumber from 
trees affected by the mountain pine beetle.

The two samples of lumber from Eastern Canada were selected at a mill in Quebec’s Lake St. Jean area. 
The first sample, randomly constituted, served to assess the overall efficiency of the automated grading 
system compared to a semi-optimized system. The second sample, intended to complement the first, was 
constituted in order to quantify the efficiency of the system in detecting various defects.

The lumber sample from Western Canada, made up of lumber from trees affected by the mountain pine 
beetle, came from the Prince George area of British Columbia. The lumber pieces were sorted strictly on 
the basis of visual defects since wood colour has no bearing on the detection of geometric defects.
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An additional package of lumber from each of the two mills was also selected. These packages were used 
by the equipment manufacturer to fine-tune the automated grading system before the tests. This procedure 
was implemented to prevent fine-tuning the equipment using test material.

6.1.1 Random sample from Eastern Canada

A total of 200 pieces of 10-foot, kiln-dried and dressed 2 x 4  lumber were randomly selected at the semi- 
optimized grading workstation outfeed in the planer mill. Black spruce pieces accounted for 99% of the 
sample. The semi-optimized workstation includes a first-generation linear grader that assigns a grade on 
the basis of wane and skip. Pieces are subsequently directed to a visual grading station where three 
graders watch for defects missed by the linear grader at a flow-through rate of 40 pieces/min. Sample 
lumber pieces were collected, but not trimmed. Each piece was assigned a number and the grading and 
trimming solutions detennined by the semi-optimized system were recorded for the purpose of a 
subsequent comparison with the solutions generated by the automated grading system.

6.1.2 Lumber sample from Eastern Canada by type of defects

A sample of 203 kiln-dried and dressed, 8-foot and 10-foot pieces of 2 x 4 lumber was selected to assess 
the automated grading system's efficiency in detecting the main types of defects listed in the NLGA 
grading ndes. Sample composition by species was recorded as follows: 95% black spruce, 3% balsam fir 
and 2% jack pine. Pieces could not have more than one limiting defect. On the basis of this limitation, 
118 pieces of the random sample were selected for this test. To complete the sampling process, 85 kiln- 
dried, dressed 8-foot pieces of 2 x 4 lumber were collected at the planer outfeed.

6.1.3 Lumber sample from Western Canada by type of defects

The sampling process for Western Canada lumber was supervised by Andy Godden, Industry Advisor 
with FPInnovations-Forintek Division. A sample of 117 kiln-dried, dressed pieces of 2 x 4 and 2 x 6  
lumber in 8-foot and 10-foot lengths was shipped to our Quebec City laboratory. This sample was entirely 
composed of lodgepole pine lumber from trees affected by the mountain pine beetle. Of these 117 pieces, 
96 were selected using the method applied in making up the Eastern sample by type of defects. However, 
the lumber pieces were sorted strictly on the basis of visual defects since wood colour has no bearing on 
the detection of geometric defects.

6.2 Grading of sample lumber pieces

Grading of the sample lumber pieces was carried out at our Quebec City laboratory by a Quebec Forest 
Industry Council grader-inspector. The grade and optimum length of each piece were recorded, along 
with the defect or defects contributing to grading or trimming decisions.

The quality standards used in grading the Eastern random lumber sample were those used at the planer 
mill during the sampling process. They are consistent with those listed in section 124 of the NLGA 
grading rules, and include an “in-house” standard for top quality pieces and the MSR 2100 standard for 
pieces graded MSR 1560 and 2100. A summary of these standards is outlined in Appendix I. Appendix II 
lists the optimizer order of priority and the value of the products used in carrying out the test.

The samples of lumber from Eastern and Western Canada based on the type of defects were graded 
strictly in accordance with the provisions of section 124 of the NLGA grading ndes. The key rales are 
described in Appendix III. Appendix IV and Appendix V list the optimizer order of priority and the value 
of the products used in processing the Eastern and Western samples respectively.
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Listed product values correspond to the average prices for kiln-dried, dressed lumber listed in Pribec, a 
QFIC publication, for the period from 2003 to 2007. Certain adjustments were required in order to respect 
the optimizer order of priority provided by the two firms that participated in the sampling process.

6.3 Assessment of the automated grading system

The assessment of the GradExpert system was carried out in the manufacturer’s workshop. The system 
was configured with the same grading rules, optimizer priority list and product values used in grading the 
lumber samples (Appendix I to V). The manufacturer was provided with an opportunity to fine-tune the 
system a few days before the tests on a lumber package originating from the same regions as the lumber 
samples. This procedure was implemented to avoid having to fine-tune the equipment using test material.

The three samples were graded with the GradExpert system. The trimming and grading solution for each 
sample piece was recorded, as well as the defect or defects contributing to assigned grade.

A QFIC grader-inspector was present during the tests. Elis role consisted in making sure that the initial 
grading solution did not change as a result of mechanical breakdown or for any other reason. 
Furthermore, each conflicting solution generated by the automated grading system was reassessed by the 
grader-inspector and explanations were provided to account for the conflict.

7 Results
7.1 Overall performance of the GradExpert automated grading system

The overall performance of Comact’s automated grading system was assessed with the randomly 
constituted lumber sample from Eastern Canada. The optimal solution assigned by the QFIC grader- 
inspector to each lumber sample piece was compared to the solution generated by the semi-optimized 
grading system where sampling was carried out, then to the solution generated by the GradExpert system.

7.1.1 Description of the Eastern random sample

Figure 1 presents the distribution of lumber pieces in the Eastern random sample by the grades assigned 
by the QFIC grader-inspector. This sample, composed of 200 pieces of 10-foot 2 x 4  lumber includes a 
high percentage of pieces graded No. 2 & Better, that is to say 90%. This highlights the potential of 
optimal grading as will be shown further on in this report.
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Figure 1 Distribution o f lumber pieces as graded by the QFIC grader-inspector

The frequency of pieces by type of defects that contributed to a grading or trimming decision is indicated 
in decreasing order in Figure 2.

Figure 2 Frequency o f distribution o f lumber pieces by type o f defects
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According to this histogram, wane accounts for nearly 60% of the grading or trimming decisions 
regarding our sample. Other important defects include decay, warp and wormholes, which respectively 
account for 12%, 6.5% and 4.5% of the grading or trimming decisions. It should be noted that the 
proportion of wormholes has been overestimated as a result of extremely strict “in-house” rules that limit 
their presence in quality MSR and Premium grades.

The grouping of defects on the basis of detection technologies indicates that geometric defects account for 
75% of the grading or trimming decisions compared with 25% for visual defects. Geometric defects 
include wane, grain tear-out, skip and warp. Defect-free pieces are included in this category. We have 
named them as such because their detection is achieved by means of technology that examines piece 
geometry. Visual defects are detected by means of images captured by vision technology. Such defects 
include decay, knots, wormholes, compression wood, slope of grain and cross break. Aside from certain 
regional disparities, the above proportion of geometric and visual defects reflects the situation at most 
Eastern Canadian planer mills.

7.1.2 Efficiency of the semi-optimized grading workstation

The efficiency of the semi-optimized grading workstation was assessed in order to generate results for 
comparison with those resulting from the assessment of the GradExpert system. The semi-optimized 
workstation consists of a first-generation linear grader upstream of a visual grading workstation where 
three company graders process 120 pieces per minute (40 pieces per grader).

7.1.2.1 Error frequency

Observed errors were classified as either positive or negative. A positive error occurs when the value 
assigned to a piece of lumber by the semi-optimized workstation is higher than the value assigned during 
the assessment of the optimal solution. In the industry, this type of error is commonly referred to 
as “overgrading”and results in a gain in value. However, “overgraded” pieces do not meet grading 
standards or the requirements of assigned grades. This can lead to penalties by the grading agency or the 
potential buyer if the percentage of such pieces exceeds 5% for specific dimensions and grades. A 
negative error leads to a loss in value since the optimal solution was not achieved as a result of inaccurate 
grading or trimming. We have also split up the errors committed by the linear grader and those committed 
by the company graders. Table 3 summarizes our findings in terms of the error frequency associated with 
the samples.

Table 3 Error type and frequency associated with the semi-optimized system

Type of errors

Error Frequency1

Attributable to the 
linear grader

(%)

Attributable to the 
company graders

(%)

Attributable to both 
the linear grader and 

the company 
graders

<%)

Total
errors

(%)

Positive errors2 14.0 6.0 1.0 21.0
Negative errors'* 7.5 23.0 3.5 34.0

Total 21.5 29.0 4.5 55.0
1 Based on a sample of 200 pieces of 10-foot 2 x 4  lumber
2 Pieces inaccurately assessed resulting in a gain in value
3 Pieces inaccurately assessed resulting in a loss in value
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Overall, 55.5% of the sample pieces were over/undertrimmed or inaccurately graded. Positive and 
negative errors respectively accounted for 21.0% and 34.0% of this percentage.

It is surprising to note that 39% (21.5/55.0) of the errors were attributable to the linear grader and that just 
over two thirds (14.0/21.5) were positive. Such a high percentage of errors is due in large part to the fact 
that the linear grader does a poor job of managing a wane rule on the last four inches of MSR-graded 
lumber. The linear grader tends to underestimate the grading rule requirement with respect to wane. The 
most frequently occurring error resulting from sensor inaccuracy is a piece that should have been graded 
as an 8-foot MSR piece because of end-wane that was not caught by the linear grader, which assigned a 
10-foot MSR grade to the piece. Many of these errors were detected as a result of running the lumber 
through the automated system. This system was successful in detecting excessive wane in the last four 
inches of pieces exhibiting this defect. A check by the grader-inspector established that such pieces 
required trimming. The difference, however, was frequently minimal, on the order of 1/16 in.

Company graders accounted for approximately 53% of the errors (29.0/55.0). Nearly 80% of these 
(23.0/29.0) were negative. This represents 23.0% of the total sample. Company graders are incapable of 
spotting or adequately assessing pieces containing defects other than wane and skip. They tend to be too 
strict and commit overtrimming or undergrading errors. The least amount of stain in a piece of lumber 
leads company graders to trim off the stained section or to assign a lower grade to the piece in question. 
Finally, the remaining 8% of errors (4.5/55.5) is attributable to both the linear grader and the company 
graders, i.e. both made errors in assessing a given piece of lumber.

Table 4 presents the errors made by the semi-optimized system in ternis of type of defects that should 
have contributed to trimming or grading decisions.

Table 4 Error frequency associated with the semi-optimized system, by type o f defects

Type of defects Error frequency (%)
Geometric defects 36.5

Visual defects 18.5
Total 55.0

1 Based on a sample o f 200 pieces of 10-foot 2 x 4  lumber

Of the 55% of errors recorded, two thirds (36.5/55) came about when the decision was linked to a 
geometric defect, whereas the remaining third was the result of decisions linked to visual defects. The 
impact of these errors on lumber quality is presented in Figure 3, which also includes the distribution of 
lumber grades assigned by the QFIC grader for comparison.
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Lumber Quality

Figure 3 Distribution o f lumber pieces as graded by the semi-optimized system

The semi-optimized system assigned a grade of No. 2 & Better to 72% of the sample pieces compared to 
an optimal potential of 90% as determined by the QFIC grader-inspector. This is due in large part to the 
high frequency of negative errors by company graders as attested by the high percentage of pieces graded 
No. 3 and Economy.

Despite the low yield of top quality pieces from the semi-optimized system, a significant percentage of 
pieces were overgraded, as shown in Table 5.

Table 5 Percentage o f the volume o f lumber pieces overgraded by the semi-optimized system

Grade Number of Volume
class pieces overgraded (%)

Premium 5 20.0 %
MSR2100 101 29.8 %
MSR1650 31 41.5 %

No. 2 8 0.0 %
No. 3 42 2.0 %

Economy 13 0.0 %
Total 200 22.3 %

According to our test, 22.3% of the volume of sample pieces was overgraded. The volume of overgraded 
pieces occurs mainly in the higher quality grades. For example, the semi-optimized system determined 
that five pieces warranted a Premium grade. Flowever, one of these pieces was of lower quality and did 
not meet that grade’s requirements. On a volume basis, this single overgraded piece represents 20% of the 
pieces given a Premium grade.
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The linear grader accounted for two thirds of the overgraded pieces. As mentioned earlier, this equipment 
underestimated the amount of wane on the end of MSR-graded pieces. Therefore, a large number of 
pieces were graded 10-foot MSR rather than 8-foot MSR. It is important to note that the QFIC grader- 
inspector was very strict in his application of the grading rules. The least amount of wane over the 
specified allowance resulted in downgrading. Given that the rule for end-wane for MSR lumber is an "in- 
house’Vule, the client may be more tolerant with respect to this rule than we were.

7.1.2.2 Efficiency in terms of volume and value

Table 6 reflects the overall efficiency, in tenus of volume and value, of the semi-optimized trimming and 
grading system.

Table 6 Efficiency o f the semi-optimized system in ternis o f volume and value

Optimal Volume 
fbm

Actual Volume 
fbm

Efficiency in tenus of volume 1184.00 1232.67
104,1 %

Optimal Value 
($)

Actual Value 
($)

Efficiency in tenns of value 450.98 434.58
96.4%

Loss in value 13.30 $/Mfbm

The errors attributable to the linear grader and the company graders inflated the volume of the samples. In 
fact, system efficiency for volume was determined to be 104.1%. In tenus of value, system efficiency was 
detennined to be 96.4%. The actual value of the sample after trimming and grading was 3.6% lower than 
the optimal value determined in accordance with grading standards. This represents a loss of 
$13.30/Mfbm.

7.1.3 Efficiency of the GradExpert system

The sample used to carry out the assessment of the semi-optimized system was also used to assess 
Comact's GradExpert system. This approach made it possible to fairly compare these systems since the 
sample processing difficulty level for the two systems was identical.

7.1.3.1 Error frequency

Table 7 presents the error frequency attributable to the automated grading system. The errors were also 
recorded as positive and negative errors. The definition of the types of errors is provided in section 7.1.2.1 
of this report.

Table 7 Type and frequency o f errors attributable to the GradExpert automated system

Type of errors
Error frequency (%)

Semi-Optimized System GradExpert 
Automated System
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Positive errors2 21.0 6.0
Negative errors2 34.0 8.0

Total 55.0 14.0
1 Based on a sample o f 200 pieces o f 10-foot 2 x 4  lumber
2 Pieces inaccurately assessed resulting in a gain in value
3 Pieces inaccurately assessed resulting in a loss in value

The results speak for themselves. The level of errors attributable to Com act’s GradExpert system 
amounted to 14.0%, that is, a level four times lower than the level of errors attributable to the semi- 
optimized system. The number of positive and negative errors dropped proportionally, to 6% and 8% 
respectively.

Table 8 lists the error frequency by type of defects. The table shows that the GradExpert system made 
6 times fewer errors than the semi-optimized system in detecting geometric defects and 2.5 times fewer 
errors in the case of visual defects.

Table 8 Error frequency attributable to the GradExpert system by type o f defects

Type of defects Error Frequency (%)1
Semi-Optimized System GradExpert Automated System

Geometric defects 36.5 6.0
Visual defects 18.5 8.0

Total 55.0 14.0
1 Based on a sample o f 200 pieces of 10-foot 2 x 4  lumber

Figure 4 shows the impact of these errors on lumber quality compared with the distribution of lumber 
grades assigned by the QFIC grader-inspector and the semi-optimized system.
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Figure 4 Distribution o f  lumber pieces as graded by the GradExpert system

This figure shows that the distribution of pieces by grades assigned by the GradExpert system is much the 
same as the distribution resulting from grading by the QFIC grader-inspector. The grouping of grades 
indicates that the proportion of No. 2 & Better pieces graded by the automated system accounted for 89% 
of the sample compared to only 72% in the case of the semi-optimized system, whereas the QFIC 
inspector determined that the proportion of such pieces amounted to 90%.

Table 9 shows that the volume of pieces overgraded by the GradExpert system also dropped significantly, 
from 22.3% to 6.4%, compared to the volume of pieces overgraded by the semi-optimized system. This 
represents a drop in excess of 70%. The majority of overgrading errors generated by the GradExpert 
system occurred when the trimming or grading decision was based on the detection of visual defects. 
Failure of vision technology to detect a visual defect on a piece of lumber generates a grade based on 
piece geometry. This can result in overgrading.

As was the case for the semi-optimized system, the volume of overgraded pieces falls mainly in the 
higher grades. This is due to the fact that these grades are subject to strict grading rules with respect to 
visual defects such as decay, compression wood, slope of grain and wormholes. Because the technology 
for detecting visual defects is less accurate than the technology used for detecting geometric defects, the 
higher grades include overgraded pieces.
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Table 9 Percentage o f lumber volume overgraded by the GradExpert system

Grade
Semi-Optimized System GradExpert Automated System

Number of 
pieces

Volume of 
overgraded 
pieces (%)

Number of 
pieces

Volume of 
overgraded 
pieces (%)

Premium 5 20.0 13 15.4
MSR2100 101 29.8 110 5.8
MSR 1650 31 41.5 33 3.5

No. 2 8 0.0 24 13.0
No. 3 42 2.0 17 0.0

Economy 13 0.0 3 0.0
Total 200 22.3 200 6.4

7.1.3.2 Efficiency in terms of volume and value

Table 10 presents the impact of detection errors in tenus of sample volume and value. The GradExpert 
system achieved 99.9% efficiency for volume whereas the semi-optimized system achieved 104.1%. The 
difference was as great with respect to lumber value. The automated system achieved a level of efficiency 
of 99.5% compared to 96.4% for the semi-optimized system. Losses in value also dropped significantly, 
from $13.30/Mfbm in the case of the semi-optimized system to only $1.90$/Mfbm for the automated 
system. The nearly perfect results achieved by the GradExpert system are due to the neutralization of the 
impact of positive and negative errors on sample volume and value.

Table 10 Efficiency o f the GradExpert system in terms o f volume and value

Semi-Optimized System GradExpert Automated System

Optimal Volume 
(fbm)

Actual Volume 
(fbm)

Optimal Volume 
(fbm)

Actual Volume 
(fbm)

Effectiveness in tenns 
of volume

1184.00 1232.67 1184.00 1182.67
104.1% 99.9%

Optimal Value 
($)

Actual Value 
($)______

Optimal Value 
($)

Actual Value
______ (?)______

Effectiveness in tenns 
of value

450.98 434.58 450.98 448.73
96.4% 99.5%

Loss in value $13.30/Mfbm $1.90/Mfbm
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7.2 Performance of the GradExpert automated grading system with respect to 
various types of defects

The efficiency of the GradExpert system in detecting various types of defects was assessed with a sample 
of 203 pieces of lumber from Eastern Canada. A second sample of 96 pieces from Western Canada was 
also used to determine the efficiency of this system in the grading of lumber affected by the mountain 
pine beetle.

The two samples were graded by a QFIC grader-inspector and the results were compared to those 
generated by the GradExpert system.

7.2.1 Geometric and visual defect detection efficiency -  Eastern sample

Table 11 summarizes the detection efficiency of the GradExpert system with respect to the various types 
of lumber defects in our Eastern Canada sample. The levels of efficiency reflect the number of pieces 
with each type of defect correctly graded by the system. A detailed description of the system's detection 
efficiency in terms of each defect can be found in Appendix VI.

Table 11 Geometric and visual defect detection efficiency -Eastern sample

Percent
efficiency

GradExpert Automated System
Geometric defects Visual defects

100%

Face wane 
Saddle wane 

Warp -  Bow* 
Warp -  Crook* 
Warp -  Twist

Surface shake* 
Machine bum*

90 to 99%

80 à 89 %

Edge wane 
Wane - Bark 
Skip - Edge 

Grain tear-out -Edge

White specks 
Through shake on 3 faces

70 to 79% Skip - Face*

Through shake on 2 faces 
Split

Wormholes 
Edge knots

60 to 69% Honeycomb*
50 to 59% Grain tear-Out - Face*

Less than 50%

Slope of grain 
Incipient decay 

Stain*
Compression wood 

Cross break*
Fewer than 5 sample pieces

Overall, the system’s performance in detecting geometric defects was excellent. Our results indicate that 
system efficiency in detecting such defects never fell below 50%. The optimal detection efficiency for 
face wane, saddle wane and warp was 100%. Detection efficiency for edge wane, wane with bark, grain
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tear-out and edge skip was slightly lower, ranging from 80% to 89%. It should be noted that the 
automated system does not adequately detect edge grain tear-out, especially on a piece with two sharp 
edges. With respect to skip and grain tear-out on a piece face, the system's detection efficiency was 75% 
mid 50% respectively. Special attention must be given to the interpretation of results regarding the 
detection of defects present on fewer than five pieces, as was the case for the last two defects mentioned 
above.

The detection of visual defects, although less accurate, is nonetheless adequate. Detection efficiency was 
100% for surface shake mid machine bum, from 80% to 89% for white specks and through shake on three 
faces. For through shake on two faces, edge knots, splits and wormholes, detection efficiency rmiged 
between 70% and 79%. For honeycomb, it was approximately 67%.

The detection efficiency for other visual defects, such as unsound wood, slope of grain, compression 
wood, stain and cross break was lower than 50%. It should be noted that in the case of incipient decay, the 
results are generally better than those obtained during the test. In fact, incipient decay with surface 
depressions (soft decay) is quite easily detected by the vision system. Our incipient decay samples were 
composed mainly of pieces with small streaks of decay, but without underlying cavities, which meant that 
we had to scratch the surface of these defects in order to confirm the presence of this type of wood. In 
general, this type of vision system does not detect slope of grain, compression wood or cross break. Slope 
of grain can be detected, however, in the presence of surface checking revealing slope of grain as well as 
compression wood, which is frequently the cause of excessive warp. Stain was interpreted as white specks 
on two of the three pieces in our sample. An extended learning period in order to fine-tune the vision 
system would yield better results, mainly with defects such as stain and different types of decay.

Results were also weighed in order to determine the detection efficiency of the GradExpert system by 
type of defects. To this end, the detection efficiency results for the various defects listed in Table 11 were 
weighted with the frequency of the defects determined during the random sampling process (Figure 2). 
Table 12 presents the results of this weighting.

Table 12 Weighted efficiency by type o f defects -  Eastern sample

Weighted Efficiency GradExpert 
automated system

Geometric defects 92.7%
Visual defects 64.2%

Combined defects 85.6%

The technology for detecting geometric defects achieved a weighted efficiency value of 92.7% compared 
to 64.2% for the visual-defect detection technology. Assuming that 75% of the defects are geometric 
defects and 25% are visual defects, the combined detection efficiency of both technologies was estimated 
to be 85.6%.

7.2.2 Visual defect detection efficiency -  Western sample

The detection efficiency of the GradExpert system with respect to various visual defects present in lumber 
affected by the mountain pine beetle is summarized in Table 13. Appendix VII provides a detailed 
description of the detection efficiency achieved for each visual defect.
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Table 13 Visual defect detection efficiency -  Western sample

Percent
efficiency

GradExpert Automated System
Visual defects

100% Wormholes
90 to 99 % Bluestain

80 to 89%
Splits

Brownstain
Honeycomb

70 to 79%
Knots - Face* 

Through shake on 3 faces 
White specks

60 to 69%
Bark pockets 

Unsound wood 
Through shake on 2 faces*

50 to 59% Edge knots

Less than 50%
Surface shake* 
Slope of grain 

Compression wood*
Fewer than 5 sample pieces

Results are virtually identical to those obtained with the Eastern sample. However, certain disparities 
between the two samples for a given defect were noted. These are mainly due to the small number of 
sample pieces exhibiting the defect in question.

Lumber pieces affected by the mountain pine beetle contain bluestain. This visual defect is allowed 
according to section 124 of the NLGA grading rules. In order to accurately target this problem, we 
modified the standard by excluding (bluestain) for the premium grade rules, in this case, Structural Light 
Framing dimension lumber. Notwithstanding this change, stain due to the mountain pine beetle did not 
significantly affect the performance of the GradExpert system. In fact, the detection efficiency for 
bluestain was greater than 90%.

Lumber from trees affected by the mountain pine beetle frequently contains through shake on two or three 
faces. The detection of this type of defect does not appear to be significantly affected. In fact results are 
similar to those obtained with the Eastern sample. The efficiency gap between the two samples is 5% in 
the case of through shake on three faces and 10% for through shake on two faces.

8 Conclusions
The work carried out in the implementation of this project yielded knowledge on the performance of a 
new generation of optimizers designed to automize lumber trimming and grading operations after planing. 
More specifically, the overall performance of the GradExpert automated lumber grading system 
manufactured by Comact was assessed, along with the system’s efficiency in detecting and processing 
various types of lumber defects. Furthermore, the results obtained by the automated system were 
compared to those of a semi-optimized trimming and grading operation.
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Our tests, using one of the first versions of the GradExpert system, indicated that it is possible to 
determine the grade of kiln-dried, surfaced SPF lumber pieces with a minimum of human intervention.

The technology for processing the geometrical features of lumber pieces identifies with a surprising 
degree of accuracy lumber defects such as wane, skip, grain tear-out and warp. Our results reveal that the 
automated grading system detects these defects with 92.7% accuracy. This is an excellent result given the 
fact that the system's laser cameras operated on the basis of a 1-inch scanning density. The use of new 
heads with a 1/3-inch scanning density should improve this level of efficiency.

The vision technology used to detect and process visual defects, such as knots, splits, shake, decay, 
wormholes and various manufacturing defects yielded lower but nonetheless satisfactory results. 
However, the results of attempts to detect stain, cross break, slope of grain, and compression wood were 
less conclusive. The detection efficiency with respect to visual defects was determined to be 64.2%. It 
should be noted that better results could have been achieved if an extended training period had been 
provided to fine-tune the vision system more accurately.

The grouping of defects on the basis of detection technologies indicate that geometric defects account for 
75% of the grading or trimming decisions compared to 25% for visual defects. On the basis of these 
proportions, the GradExpert system achieved a level of combined detection efficiency (geometric and 
visual defects) of 85.6 %.

The efficiency of the GradExpert system in detecting various visual defects exhibited by Western Canada 
lumber from trees affected by the mountain pine beetle was comparable to the efficiency achieved with 
the sample of SPF lumber from Eastern Canada. We can therefore safely conclude that the detection of 
defects in lumber from trees affected by the mountain pine beetle is not a problem when appropriate 
adjustments are made to the vision system.

Tests were also carried out to compare the performance of the GradExpert system to a semi-optimized 
grading operation with a linear grader upstream of a visual grading station. According to test results, the 
GradExpert automated system generated four times fewer errors than the semi-optimized system 
(e.g., 14.0% vs. 55.0%). The percentage of positive and negative errors dropped significantly, with the 
automated system posting the better results. It should be noted that the very restrictive “in-house” rules 
for wane at the end of lumber pieces and the presence of wormholes increased the processing difficulty of 
our sample and, as a result, the potential for a higher percentage of errors.

The comparison of the distribution of lumber pieces generated by the two study systems was also 
impressive. The GradExpert system generated 89% of No. 2 & Better pieces compared to only 72% for 
the semi-optimized system. The optimum proportion of pieces graded No. 2 & Better by a CIFQ grader- 
inspector was 90%. The volume of overgraded lumber also dropped significantly, from 22.3% for the 
semi-optimized system to 6.4% for the GradExpert automated system. This represents a drop of more 
than 70%.

In tenus of volume and value efficiency, the semi-optimized system generated 104.2% and 96.4% of the 
sample’s optimal volume and value. On the other hand, the GradExpert system gets nearly perfect marks, 
that is, 99.9% for volume and 99.5% for value. In monetary tenus, losses of $13.30/Mfbm associated with 
errors arising from the semi-optimized system, were reduced to $1.90 $/Mfbm with the GradExpert 
system. Table 14 presents a summary of the potential benefits resulting from the replacement of a semi- 
optimized grading system by a GradExpert system.
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Table 14 Potential benefits arising from the installation of a GradExpert system

System
BenefitsSemi-optimized

system
GradExpert 

Automated System
Error frequency (%) 55,0 14,0 41.0

Volume gain or (loss) (%) (4,1) 0,1 4.2

Value gain or (loss) (%) (3,6) (0,5) 3.1

Value gain or (loss) ($/Mfbm) (13,30) (1,90) 11.40

According to our results, we expect that installing a GradExpert automated system would result in a 41% 
drop in error frequency. Gains in volume and value would amount to 4.2% and 3.1% respectively, which 
translates into additional income of $11.40/Mfbm.

For a planer mill with an annual production of 100/MMfbm, this represents additional earnings of 
$1.14 million. Furthermore, although it was not included in our calculations, one should also take into 
consideration a reduction in labour costs arising from the elimination of the visual grading station. This 
could result in additional savings on the order of thousands of dollars.
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Appendix I
Main rules governing the grading of the Eastern Canada random lumber sample
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DEFECTS PREMIUM MSR
2100/1650 No. 2 No. 3 ECONOMY

Basic wane

1/41 x 1/4 w x 
100% 1

1/3 tx  1/3 w x  
100% 1

1/3 t x  1/3 w x  
100% 1

1/21 x 1/2 w x  
100% 1

3/4 widthWane equivalent 2/3 t x 14 w x 
25% 1 2/3 t x 1/2 w x  

25% 1
7/8 t x 3/4 w x 

25% 1End wane 
(4 in.)

1/2 tx  1/3 w x  4" 
lo

Skip - Face H & M  1/16" H & M  1/16" 
or l/8"x2'

NLGA -  1/8" x 2' NLGA -  1/8" x 
100 % 1

NLGA -  1/4" x 100 
%1

Skip - Edge H & M  1/16" H & M  1/16" 
or l/8"x 2' NLGA -  1/8" x 2' NLGA -  1/8" x 

100% length
NLGA -  1/4" x 

100% length
Bow 1/2 of medium 1/2 of medium Light Medium Not limited

Crook 1/2 of medium 1/2 of medium Light Medium Not limited
Twist 1/2 of medium 1/2 of medium Light Medium Not limited

White specks Not permitted 1/3 face or 
equivalent

1/3 face or 
equivalent 100% 100%

Honeycomb Not permitted Not permitted Streaks 1/6 width = 
firm 100% firm 100%

Incipient decay Not permitted Not permitted Streaks 1/12 width 
x 2" or equivalent

1/3 volume -  
nailing edge

75% volume x 
100% length

Stain Permitted Permitted Permitted Permitted Permitted
Splits 1 x width 114 x width 1*4 x width 1/6 length 1/3 width

Surface checks Not limited Not limited Not limited Not limited Not limited

Surface shake 3' or 1/4 piece 
length

3' or 1/4 piece 
length

3' or 1/4 piece 
length Not limited Not limited

Through checks End = Split or 2' End = Split or 2' End = Split or 2' End = Split or 1/3 
length Not limited

Cross break - 
Edge

2' long x 3/4 edge 
thickness

2' long x 3/4 
edge thickness

2' long x 3/4 edge 
thickness 1 /6 piece length Not limited

Edge knots 35% cross section 17% cross 
section 35% cross section 50% cross section 75% cross section

Face knots 50% cross-section

2 ' each end = + 
large knot, CLT 

or lower adjacent 
class

50% cross section 70% cross section 75% cross section

Holes 35% cross-section 17% cross 
section 35% cross section 50% cross section 75% cross section

Wormholes 1 hole no larger 
than Wper foot

3 holes no larger 
than Wper foot

12 holes no larger 
than Va "per 2 feet

12 holes no larger 
than V*"per foot

Not limited

Sawcuts -  
Completely 

through piece 
thickness

Not permitted Not permitted 1/2 the edge knot 1/2 the edge- knot 75% cross section

Sawcuts -  Not 
completely 

through piece 
thickness

Not permitted Not permitted
1/2 the

displacement of an 
edge knot

1/2 the
displacement of an 

edge knot
75% cross section

Bark pockets Permitted Permitted Permitted Permitted Permitted
Pitch pockets Permitted Permitted Permitted Permitted Permitted
Compression

wood Not permitted Not permitted Not permitted Not permitted Not limited

Slope of grain 1 in 8 1 in 12 1 in 8 1 in 4 Not limited
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Appendix II
Order of priority and value of the products applied to 

the Eastern Canada random lumber sample
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2 X 4  LUMBER -  EASTERN CANADA RANDOM SAMPLE

Order of 
priority Grade Standard length 

(feet)
Actual length 

(inches)
Product value

$/piece $/Mfbm

1 Premium 10 120.125 2.77 415
2 2100 10 120.125 2.70 405
3 1650 10 120.125 2.63 395
4 2100 8 96.125 2.16 405
5 1650 8 96.125 2.11 395
6 #2 9 104.625 2.10 350
7 #2 8 96.125 2.05 385
8 #2 7 84.125 1.61 345
9 #3 10 120.125 1.60 240
10 #4 10 120.125 1.33 200
11 #3 8 96.125 1.25 240
12 #4 8 96.125 0.99 185
13 #4 6 74.125 0.74 185
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Appendix III
Main rules governing grading of Eastern and Western Canada lumber samples

by type of defects
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DEFECTS SELECT
STRUCTURAL No. 1 No. 2 No. 3 ECONOMY

Basic wane 1/4 t x 1/4 w x 100% 1 1/3 t x 1/3 w x 
100% 1

1/2 t x  1/2 w x  100% 
1 3/4 o f the width

Wane equivalent 1/2 t x 1/3 w x 25% 1 2/3 t x 1/2 w x 25% 1 7/8 t x 3/4 w x 25% 1

Skip - F ace NLGA - l/16"x 4' NLGA -  1/8" x 2' NLGA -  1/8" x 
100% length

NLGA -  1/4" x 100% 
length

Skip - Edge NLGA - 1/16" x 4' NLGA -  1/8" x 2' NLGA -  1/8" x 
100% length

NLGA -  1/4" x 100% 
length

Bow 1/2 of medium Light Medium Not limited
Crook 1/2 of medium Light Medium Not limited
Twist 1/2 of medium Light Medium Not limited

White specks Not permitted 1/3 of the face or 
equivalent 100% 100%

Honeycomb Not permitted Streaks 1/6 width = 
firm 100% firm 100%

Incipient wood Not permitted Streaks 1/12 width x 
2 'or equivalent

1/3 volume -  nailing 
edge

75% volume x 100% 
length

Stain Permitted Permitted Permitted Permitted
Splits 1 x width H/2 x width 1/6 length 1/3 length

Surface checks Not limited Not limited Not limited Not limited
Surface shake 2 feet 3' or 1/4 width Not limited Not limited

Through shake End = Split or 2' in length End = Split or 2' in 
length

End = Split or 1/3 of 
piece length Not limited

Cross break - Edge 2' in length x 3/4 edge 
thickness

2' in length x 3/4 
edge thickness 1/6 of piece length Not limited

Edge knots 21% cross 
section

28% cross 
section 35% cross section 50% cross section 75% cross section

Face knots 25% cross 
section

40% cross 
section 50% cross section 70% cross section 75% cross section

Holes 21% or 18% 
cross section

28% or 
22% cross 

section

35% or 28% cross 
section

50% or 35% cross 
section 75% cross section

Wormholes 12 holes no larger than Wper 
3 feet

12 holes no larger 
than ‘A"per 2 feet

12 holes no larger 
thanWper foot Not limited

Saw cut completely 
through the edge Not permitted 1/2 the edge knot 1/2 the edge- knot 75% cross section

Saw cut not 
completely through 

the edge
Not permitted 1/2 the displacement 

of an edge knot
1/2 the displacement 

o f an edge knot

75% cross section

Bluestain Not permitted1 Permitted Permitted Permitted Permitted
Brown stain Not permitted Permitted Permitted Permitted Permitted

Bark pockets Permitted Permitted Permitted Permitted
Pitch pockets Permitted Permitted Permitted Permitted

Compression wood Not permitted Not permitted Not permitted Not limited
Slope of grain 1 in 12 1 in 10 1 in 8 1 in 4 Not limited

1 Bluestain was excluded from the Structural Light Framing lumber category for the purposes o f the test.

FPInnovations
FORINTÏK

24 of 32



Assessment of Automated Grading Systems for Softwood Lumber

Appendix IV
Order of priority and value of the products applied to 
the Eastern Canada lumber sample by type of defects

FPInnovations
FORINTEK

25 of 32



Assessment of Automated Grading Systems for Softwood Lumber

2 X 4  LUMBER
EASTERN CANADA SAMPLE BY TYPES OF DEFECTS

Order of 
priority Grade class Standard length 

(feet)
Actual length 

(inches)
Product value

$/piece $/Mfbm

1 # 1 10 120.125 2.60 390
2 #2 10 120.125 2.53 380
3 #2 9 104.625 2.28 380
4 # 1 8 96.125 2.03 380
5 #2 8 96.125 1.97 370
6 #2 8 92.625 1.95 365
7 #2 7 84.125 1.61 345
8 #3 10 120.125 1.60 240
9 #3 8 96.125 1.28 240
10 #2 6 74.125 1.24 310
11 #3 7 84.125 1.12 240
12 #4 10 120.125 1.10 165
13 #4 8 96.125 0.99 185
14 #4 7 84.125 0.86 185
15 #4 6 74.125 0.74 185
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Appendix V
Order of priority and value of the products applied to 

the Western Canada lumber sample by type of defects
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2 X 4  LUMBER
WESTERN CANADA LUMBER SAMPLE BY TYPE OF DEFECTS

Optimizer order 
of priority Grade class

Standard
length
(feet)

Actual length 
(inches)

Product value

$/piece $/Mfbm
1 Select Structural 8 96.125 2.19 410
2 No. 1 8 96.125 2.08 390
3 No. 2 8 96.125 2.03 380
4 No. 3 8 96.125 1.42 267
5 No. 4 8 96.125 1.12 210

2 X 6  LUMBER
WESTERN CANADA LUMBER SAMPLE BY TYPE OF DEFECTS

Optimizer order 
of priority Grade class

Standard
length
(feet)

Actual length 
(inches)

Product value

$/piece $/Mfbm
1 Select Structural 10 120.125 4.04 404
2 No. 1 10 120.125 3.84 384
3 No. 2 10 120.125 3.74 374
4 Select Structural 8 96.125 3.24 404
5 No. 1 8 96.125 3.08 384
6 No. 2 8 96.125 3.00 374
7 No. 3 10 120.125 2.67 267
8 No. 3 8 96.125 2.13 267
9 No. 4 10 120.125 2.10 210
10 No. 4 8 96.125 1.68 210
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Assessment of Automated Grading Systems for Softwood Lumber

Appendix VI
Detection Efficiency by Type of Defects -  Eastern Canada Lumber Sample
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Assessment of Automated Grading Systems for Softwood Lumber

Types of defects Number of 
sample pieces Number

Detection Efficiency 
Volume Value

(%)

0.0
0.0
0.0
0.0
0.0
),6
5.0
5.0
0.0
3.4
1.6

100.0
100,0
100.0
100.0
100.0
101.1
96,4
103.1
90.3
103,0
82.7

0.0
0.0
1.6
0.0
0,0
4.1
1,0
1.6
5.8
5.7
■5,0
0.0
2,3
0.0
0.0
0.0

100.0
100.0
99.3 
105.5
95.6
94.7
105.3
104.0
91.0
133.8 
120.1
86.8
143.0 
143.2
64.9
64.9
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Assessment of Automated Grading Systems for Softwood Lumber

Appendix VII
Detection Efficiency by Types of Defects -  Western Canada Lumber Sample
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Assessment of Automated Grading Systems for Softwood Lumber

Types of defects Number of 
sample pieces

Cetection Efficiency
Number

(%)
Volume

(%)
Value

(%)
Visual Defects

Wormholes 8 100.0 100.0 100.0
Bluestain 11 90.9 100.0 99.8
Splits 9 88.9 100.0 102.4
Brownstain 7 85.7 100.0 99.6
Decay -  Honeycomb 5 80.0 100.0 92.5
Shake -  3 faces 8 75.0 100.0 106.1
Face knots 4 75.0 100.0 100.8
Decay -  White specks 7 71.4 100.0 94.8
Bark pockets 12 66.7 98.1 99.6
Shake -  2 faces 3 66.7 100.0 101.0
Decay -  Incipient decay 6 66.7 100.0 114.1
Edge knots 6 50.0 100.0 96.1
Surface shake 4 25.0 100.0 89.7
Slope of grain 5 20.0 95.2 104.2
Compression wood 1 0.0 100.0 102.7
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