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SUMMARY
The objective of this exploratory project was to identify, 
investigate and rank potential expert system applications in the 
Canadian lumber manufacturing industry on the basis of probable 
success in both development and implementation of the expert 
system. The impetus for this exploratory assessment came from 
documented information concerning the lack of available highly 
skilled labour in the forest product sector. The report outlines 
the criteria used to rank and eventually select the appropriate 
expert system for industry. At all times, specific reference is 
made to the application and its fit with Forintek's capabilities. 
The report describes five potential expert system application 
areas. Of these five applications, two were immediately abandoned 
due to the progress already being made outside Forintek. Of the 
remaining three, the integrated kiln control diagnostic expert 
system to reduce lumber drying degrade was deemed the most 
appropriate expert system for development at Forintek.
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1.0 INTRODUCTION
The Canadian softwood lumber industry is a well developed, somewhat 
mature, but technologically advanced industry characterized by an 
infrastructure aimed at mass production and global selling of 
commodity products. In the past the industry had been quite 
successful at satisfying the worlds appetite for lumber products 
at the right price. Today, however, the industry is facing some 
significant constraints to its future growth. These constraints 
emanate from shifting markets, higher timber costs, a dwindling 
available resource, and new competitors emerging in traditional 
markets for lumber.
Technological change undertaken by Canadian lumber producers has 
been the cornerstone for stemming the tide of change and combating 
a number of the constraints it faces. The industry has managed to 
reduce conversion cost and increase its utilization of the 
available wood supply by incorporating new technologv in its 
manufacture of lumber products. At the same time, new technology 
has begun to help industry introduce product-mix flexibility, which 
has allowed it to capitalize on new higher value product markets 
and reduce its exposure to the cyclical commodity markets. Further 
technological change is not only likely, but is deemed imperative 
if the industry is to contiue to prosper in an emerging global 
economy.
An emerging issue for these remote, technologically advanced mills 
is how do they attract the necessary skills to operate and maintain 
their "hi-tech" mills. Although retraining of present employees 
is an obvious alternative, as the sophistication of these mills 
grows the viability of this alternative is reduced due to the 
limited background education of present employees.
It has been demonstrated in many fields that Artificial 
Intelligence (AI), but more specifically Expert Systems (ES), can 
be used successfully to develop intelligent process monitoring and 
training tools (Waterman, 1986). AI and ES may provide, in part, 
a solution to the industry's needs for highly skilled labour; 
however, to-date few lumber industry problems, suitable for ES 
application, have received any attention. A major reason for the 
lack of applied ES in the lumber industry is that the selection of 
an appropriate sawmill application for ES is almost an expert 
system problem itself. The literature is full of numerous expert 
systems that never passed the development stage. Fortunately, the 
reasons for failure were identified, analyzed, and guidelines have 
been developed for correctly formulating suitable problems for 
expert system applications (Keyes, 1989) .
The objective of this exploratory project was to identify, 
investigate and prioritize potential training and processing 
application opportunities for ES in the Canadian lumber 
manufacturing industry. This report outlines the criteria used for
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judging and selecting appropriate AI applications for the industry. 
Specific reference is made to the fit and capabilties of Forintek 
Canada Corp. when addressing potential applications. Further, the 
report discusses five potential applications and ranks these 
applications in light of the selection criteria.

2.0 ARTIFICIAL INTELLIGENCE
2.1 Expert Systems
The science of artificial intelligence studies how to develop 
smarter computers. Today the term AI encompass a wide variety of 
computer developments (e.g. machine vision, robotics, speech 
recognition, knowledge representation, reasoning deduction, expert 
systems, etc.).
In the early development of this science, the strategy was to mimic 
the human process of thinking by developing general methods for 
solving broad classes of problems. The results were not 
encouraging. In the seventies, the approach was modified and AI 
scientists concentrated more on general techniques or methods for 
formulating problems and searching strategies to control the search 
while minimizing computational resources. In time, AI scientists 
realized that the solving power of a program comes also from the 
knowledge encapsulated in the system. This realization led to the 
development of expert systems, specialized computer programs 
specific to a single area of applied knowledge.
The fundamental difference between expert systems and conventional 
programs is the type of information to be manipulated. Expert 
systems manipulate knowledge while conventional programs manipulate 
data (Table 1).
2.2 Motivation for Expert Systems Use in Lumber Manufacture
A closer look at the Canadian lumber work force has shown that 
there is a shortage of skilled manpower and experts and the 
situation will worsen with the introduction of new technologies. 
Government officials have reported that a shortage of skilled 
manpower in the forest products sector is already evident (Canadian 
Forest Service, 1981). An urgent need exists to both upgrade 
manpower skills and attract new higher skilled labour.
Many factors have contributed to the lack of available expertise 
in the mill. The fact that most sawmills are located in outlying 
regions of the country has not helped to attract the required 
skills commensurate with the technological change going on in the 
industry. Urban centres provide unparalleled access to
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Comparison of conventional programs and expert systems.
Table 1

CONVENTIONAL
PROGRAMMING

EXPERT
SYSTEMS

Manipulation of Data Knowledge
Solving methods Algorithms Heuristics
Process involved Repetitive Inferential

3



universities and government and private research facilities, as 
well as numerous job and advancement opportunities in various, but 
related, fields of endeavor for skilled experts.
One advantage of an expert system over human expertise is its 
permanency. In sawmills, human expertise is scarce and when it 
vanishes or is not available, it can have a negative impact on mill 
viability. Sawmill studies conducted under the Sawmill Improvement 
Program (SIP) and other research activities have demonstrated that 
upgrading employee skills and performance can increase mill 
benefits. As an example, the benefits of training one edgerman and 
two trimmermen may approach $265 000 for a mill producing 30 
million board feet annually (Kostiuk and Tropper, 1989). The cost 
of training and additional monitoring tools for improved edging and 
trimming is estimated to be in the order of $20,000, so it appears, 
initially, that additional skills training is money well spent. 
Should the trained personnel choose to leave afterward, however, 
the required reinvestment in additional personnel detracts from 
the favourable scenario presented here. Unlike humans, Expert 
Systems do not search out new positions or expect compensation 
befitting its role as expert. Hence, Expert Systems has a lower 
lifecycle cost due to its permenancy and although such systems are 
expensive to develop they are inexpensive to operate and maintain. 
Data validation from sensors and on-line diagnostic expert systems 
having a 10:1 lifecycle benefit/cost ratio are not uncommon (Rowan, 
1989) .
A second advantage is that expert systems can be distributed. An 
expert cannot work simultaneously at two locations and be 
efficient, while an expert system can easily be distributed. For 
example, an intelligent diagnostic system could assist millwrights 
to troubleshoot sawing equipment such as bull edgers or chipper 
canters. There is no reason why the system could not be 
implemented at different mill sites using similar equipment.
A third advantage is the teaching capabilities of Expert Systems. 
An expert system has the ability to explain and justify its 
reasoning. Inexperienced engineers or technologists can learn by 
closely examining the logic schemes applied to solve a problem. 
Since expert systems are efficient at solving difficult problems, 
senior engineers or technologists can increase their knowledge 
depth or use a solution from expert systems to support or reject 
their own recommendations.
Expert systems for the sawmilling industry can reduce the routine 
assistance required of engineers and technologists. This way, 
sawmill experts could move to more productive, creative and 
valuable tasks.
Artificial expertise produces more consistent results than does 
human experts. A human expert may make different decisions because 
of external distractions. An expert system is never distracted.
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The development of an expert system brings additional advantages. 
Usually more than one expert's knowledge is encapsulated in, and 
analyzed, by the system. By drawing on a combined knowledge base 
less bias enters the decision system which results in better and 
standardized heuristic solution procedures.
It should be understood that these advantages do not justify entire 
replacement of human experts. There are excellent reasons to keep 
human experts. Humans are far more creative than computer 
programs, also they can easily learn and adapt to changing 
conditions. People constantly reorganize their knowledge, develop 
and apply new problem solving strategies. Human experts use 
technical and commonsense knowledge to solve problems. Expert 
systems's knowledge is technical and limited to a very small 
application domain. These disadvantages only reflects the current 
state of AI technology. Future development in knowledge 
acquisition techniques will reduce the difference between human and 
artificial expertise.
2.3 Expert System Applications in the Lumber Manufacturing Industry
Expert System applications are now found in many application areas. 
Table 2 shows the the most active areas of expert system 
deployment. In summary, expert systems have been developed more 
for medicine and chemistry than for any other problem area.
The fundamental difference between both computer technologies is 
the type of information being manipulated. Expert systems 
manipulate knowledge while conventional programs manipulate data. 
The methods used to solve a problem in conventional programs are 
based on repetitive algorithms. Typical expert systems manipulate 
an organized knowledge system composed of facts, information and 
heuristics expressed as rules. The knowledge is manipulated by a 
special component of the expert system called an inference engine. 
The inference engine compares known or established facts with the 
rules. The inferential process controls the order in which the 
rules are applied or "fired".
Even if the area of forestry is not listed in Table 2, research and 
development efforts have been reported for that area in the 
literature (IUFRO, 1987). Based on these findings, 27 available 
expert systems were identified. Wildlife management, soils, pest 
management and fire management were the four areas with the most 
systems developed but very few expert systems in use or under 
development have been reported for the sawmilling industry 
(APPENDIX I).
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Active areas for expert systems
Table 2

Agriculture
Chemistry
Computers
Electronics
Engineering
Geology

Manufacturing
Mathematics
Medicine
Meteorology
Military
Physics

Information Management Process Control
Law Space technology

Source: adapted from Waterman, 1986
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Six expert systems are listed in Appendix I. Four of the six 
systems address the particular area of lumber grading. To 
determine the correct lumber grade is not an easy task and often 
human graders will use rules of thumb to accelerate their solving 
approach. Expert systems are appropriate tools to mimic these 
reasoning schemes, which problably explains why the area of lumber 
grading has received a lot of research and development efforts to 
this date. These expert grading systems were developed first to 
provide a computer-aided instructional tool and ultimately, an on
line processing tools (Huang and Sparrow, 1989) .
Another proposed application of expert systems is for the planning 
of lumber production (Mendoza, 1988). An expert system would be 
interfaced with an optimization model (Operations Research tools) 
to link product market and resource inventory databases to allow 
non OR experts to evaluate sawing alternatives.
On-line process control is an area where expert system applications 
are emerging (Rowan, 1989). These systems are designed to improve 
production and product quality by interpreting on-line data 
collected from sensors. The expert system monitors the behavior of 
various equipment and signals any malfunctions to the operator. 
More sophisticated systems incorporate a diagnostic expert system 
to assist the operator in troubleshooting and repair of the 
equipment. A U.S. university has developed a similar system that 
will assist Southern Pine Veneer Lathe operators in diagnosing 
mechanical, electrical and product quality problems associated with 
the veneer lathe (Reeb & Massey, 1989). The same types of 
applications could be very beneficial in a sawmill environment 
where similar production conditions are found.

3.0 SELECTION CRITERIA
Selecting an appropriate ES application for the lumber 
manufacturing industry is almost an expert system problem by 
itself. Only 10 percent of medium-to-large sized expert system 
applications are successful (Keyes, 1989). Fortunately the failed 
systems were analyzed and reasons for failure identified. This 
section summarizes guidelines used to identify a suitable 
application for ES. Subsection (3.4) describes the selection 
criteria used to rank the likelihood of success of the ES 
applications to be considered for development by Forintek
3.1 Domain of Knowledge
Suitable expert system applications should address problems where 
conventional programming cannot help. Process automation of the 
tree merchandizing edging and trimming processes via the use of 
optimizers are areas where existing technologies have been applied 
succesfully. But the maintenance of these highly sophisticated and 
costly pieces of equipment is creating a problem for the industry.
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Mills cannot afford downtime at optimizers that are worth between 
$500 000 to $2 million because of the unavailability of skilled 
maintenance people.
Any application problem should be limited in size and scope. 
Problems that are well delimited lend themselves to ES application. 
It would also be ideal to develop an expert system application 
where case studies can be used to validate the system.
3.2 Expert Characteristics
Obviously building an expert system requires inputs from at least 
one available and willing expert. The experts involved in the 
project development should be articulate and have superior 
knowledge depth. Those responsible for the expert system 
development are usually not familiar with the problem domain and 
during interviews the experts will have to explain their points of 
reasoning in detail to a non-expert. The expert must not base his 
decisions on purely commonsense to solve the problem, but rather 
on well establish problem-solving techniques leading to the 
commonsense outcome. In other words, the human experts should be 
experienced, available over a period of time and a good 
communicator. If more than one expert is involved, the number 
should be limited to two, thus avoiding philosophical debates. In 
the case of a dispute a third expert could be consulted.
3.3 User Support
Expert systems are new technologies and introducing them in an 
environment is often perceived by users as a threat to their job 
security. The target user group must believe a need exists for the 
system. They must also realize that expert systems are tools for 
completing tasks and not a replacement technology. Users should 
play an active role in the development of the system. Users know 
their skill levels and the constraints under which the expert 
system must operate. They can provide valuable information in the 
design of the user interface. When included in the development 
process, users will be more confident in the system, thus lessening 
the threat and increasing the chance of successful application.
3.4 R&D Management Support Considerations
The above described factors, in combination, are useful for guiding 
the search for appropriate ES applications in lumber manufacture. 
Five ES applications within the lumber manfuacturing sector were 
identified (albeit an incomplete list of possible applications) 
using these simple guidelines (see section 4.0). What these 
general guidelines do not help assess, however, are the factors to 
be considered prior to selecting one ES application over another 
for the allocation of resources and development. That is, 
prioritizing the development of possible applications under the 
constraint of limited availability of a finite scarce resource 
base. To do this prioritizing, a method for comparing and
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selecting between competing applications must be decided upon. A 
number of research project evaluation and ranking tools have been 
developed over the years (e.g. check lists, scoring models, 
profitability models, etc.). Some of these can be simple in nature 
while others can be made extremely complex. After some 
deliberation, a scoring model approach was selected as the method 
for ranking the potential ES applications that were being 
considered. The scoring model approach lies at the simpler end of 
the many project evaluation and ranking systems available. A 
scoring model is particularly useful for the initial assessment and 
ranking of similar projects at the earliest stages of 
consideration, i.e. when accurate market and technical information 
is in short supply.
The scoring model developed and used for this purpose of 
prioritizing ES applications considered two broad categories 
important to the sucess of any ES application. The two categories 
were technical capability and business attractiveness. Under each 
of these categorical headings, a scoring model checklist of 
criteria to be compared between possible applications was prepared. 
Below is a listing of the elemental criteria comprising the two 
important segments.

Technical Capabilities Business Attractiveness
Forintek's technical capabilities 
both human and equipment 
Degree of dependence on:
a) external experts
b) external equipment manufacturers

Market potential 
Competing products 
Commercial product time 
horizon
Alliance building 
opportunities

The following sub-sections briefly outline the scoring method and 
criteria elements under each category.
3.4.1 Technical Capabilities
The stronger is Forintek's functional base in the required 
technology, the more quickly it can apply ES to the industry. This 
technical functional base is composed of both human and hardware 
type resources. Each component (human/hardware) is graded on a 
scale of 1 to 10 according to in-house expert availability and 
equipment to facilitate development of the ES application.
The degree to which the identified application is dependent on 
outside experts and equipment suppliers can both be an advantage 
and disadvantage. For example, if Forintek identifies an 
application opportunity, but neither has the skill set nor some of 
the required hard resources, then what can Forintek offer, in the 
way of services, in the completion of the ES application. Such 
over-exposure to the involvement of others may hinder the 
development of the application, as ultimately project control does
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not lie with Forintek. On the other hand, if Foritnek only needs 
a small amount of outside aid in developing the application, less 
control is shifted to the external contributor and the likelihood 
of project completion within Forintek's goals and time horizon 
increases. The degree of exposure between applications is rated 
accordingly - a high degree of exposure to outside influences 
scores 1-5, a manageable degree of exposure scores 6 to 10.
3.4.2 Business Attractiveness
The size of the potential market in terms of the number of ES units 
is an important relative measure between the considered ES 
applications. Initial market estimates should be constructed to 
substantiate this relative measure. Score zero for no identifiable 
market application. Score upwards of 10 for the largest, 
identified market. Competing products either presently available 
or close to commercialization must be considered as threats to the 
viability of the proposed application. The duplication of effort 
or the mimmicing of present product thrusts serves no purpose; all 
such applications should be abandoned. However, if refinement or 
modifications are thought necessary for industry application 
(technology transfer), cooperation and linkages should still be 
sought and developed. Score 6 or more if no competing products are 
known to exist or are planned within the development time horizon 
of the ES application. Score 3 or less if an ES product in that 
field is already available or is nearing completion.
The time horizon for the development of the ES application up to, 
but not including, commercialization is particularly important. 
The quicker a deliverable product is realized, the more apt it is 
to receive commercial consideration and be first into the market 
place. Some questions need to be asked and answers formulated. 
For example, is it clear how the technical problems will be solved? 
Are the end product specifications known in full? Has the degree 
of technical complexity been fully assessed? Is product 
development a function of integrating off-the-shelf, readily 
available components or will particular components have to be 
completely developed prior to integration with other components to 
form the ES? If the ES application is to be developed from off- 
the-shelf components which are readily available score upwards of 
10. If technical complexity or component availability is such that 
undue time or resource needs jeopardize project completion score 
5 or less.
Alliance building between different, but unique research skill 
groups has become of strategic importance in Canada. Two reasons 
for this are often cited: (1) such cooperative alliances 
concentrated on a multifaceted problem is a quicker and in some 
respect a less expensive way of amassing the required skill set for 
accelerating world class research; and (2), government R&D funding 
agencies have begun to stipulate cooperative alliances or cross 
fertilization activities as a prerequisite prior to, wholly or
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partially, funding research endeavors. Hence, the ability to 
establish a mutually beneficial alliance is a key consideration 
when broadening, and having external agencies partially fund, a 
research program. The likehood of establishing these alliances 
must be assessed. Score upwards of 10 if a cooperative contact 
list of three or more outside organizations has been identified.
As is evident, the scoring model approach used for purposes of 
ranking ES thrusts is additive and relatively simple. What it does 
is gauge the constraints to project success. A perfect criteria 
score under any of the governing elements reflects a relative 
success probability of 1.0 or 100%. Thus anything less than all 
10's is some fraction of the total possible score, which reflects 
a lower relative success probability. Initially, the score itself 
for any one ES application is not important, rather how it ranks 
relative to competing projects is the significant outcome.

4.0 POTENTIAL APPLICATIONS
Five possible training and processing applications of ES in the 
Canadian lumber industry were identified. Two of the possible five 
applications were abandoned for consideration as research thrusts 
for Forintek due to the extensive work already ongoing in these two 
fields. The continued monitoring of ES development in hardwood log 
bucking and hardwood lumber grading is encouraged, as is persuasive 
interaction with these outside developers to ensure application to 
the appropriate Canadian regions. This section begins by briefly 
describing the progress to-date with the two abandonned 
applications, the other three applications are described in more 
detail and evaluated according to the scoring criteria developed 
in section 3.0.
4.1 Hardwood Bucking Expert System
Hardwood bucking practices are currently executed manually. 
Forintek's Sawmill Improvement Program (SIP) results have shown 
that improving hardwood bucking practices could increase mill 
benefits by approximatively $7.40 per thousand board feet. The 
intended application was to develop and link a teaching expert 
system with the Ministry of Energy and Resources of Quebec's 
hardwood bucking simulator (FORETRON). The Quebec government has 
spent over half a million dollars in the last three years to 
develop this hardwood bucking software package. The package 
includes a database of 2600 hardwood trees. Dimension, shape, 
defects, species, region, and site characteristics have been 
recorded for each tree. The user can simulate hardwood bucking of 
an individual or a group of trees. Although the software was 
designed as a forest management tool, the system with conventional 
programming enhancements has increased "user friendliness" by 
incorporating graphic representation of tree bucking decisions and 
optimization on value rather than volume and product quality 
(Figure 1).
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Hardwood Bucking Trainer

YOUR DECISIONS PRODUCE: $21.96

S387

Figure 1. Example enhancement for the hardwood bucking program.



Presently, bucking optimizers and conventional programming 
techniques are already available to the lumber industry. 
Consequently the development of an hardwood bucking system appears 
to be aready well developed. The transfer of this technology to 
Ontario and Maritimes hardwood mills should be Forintek's primary 
goal.
4.2 Hardwood Lumber Grading Expert System
The second area of application considered was hardwood grading of 
lumber. Hardwood lumber grading is presently done by human 
interpretation of complex rules. The learning curve in the area 
of lumber grading is very slow and difficult. Properly trained, a 
grader will still need many years of experience to develop skills 
and attain a high level of precision.
Many computer programs have been written for use in hardwood lumber 
grading. The general flow of a conventional program is the 
following. First the board dimension is recorded then the size, 
location and type of defects. Using conventional programming 
techniques, a maximum allowable grade is assigned independently to 
each face of the board based on length and width. In the next step, 
the defects are taken into account and both faces are combined to 
grade the whole board (Figure 2) . Another subroutine is called upon 
to verify if the board has enough cutting units to meet the initial 
grade. If not, the process is repeated with the next highest grade 
until a solution is reached.
Since 1987, expert systems for grading hardwood lumber have been 
developed. Section 2.3 described some of these intelligent training 
tools now available. These systems are used as part of a Computer 
Aided Instruction environment to teach lumber grading. Currently, 
lumber grading is restricted to a few species but the authors will 
eventually incorporate other hardwood species. They have also 
expressed that the expert grading system can be enhanced and used 
in automating the cut-up plant process. It is recommended that 
Forintek Eastern division monitor this on-going project since it 
could be beneficial for the hardwood sawmill industry. It is not 
recommended that Forintek duplicate any existing hardwood lumber 
grading expert system.
4.3 Diagnosing Lumber Quality Problems at the Kiln
Kiln drying is one sector in lumber production where quality 
depends to a great extent on the kiln operator's skills and 
experience. Results of a study have shown that the average degrade 
cost in drying spruce-pine-fir ranges from $9.80 to $16.50 per 
thousand board feet (Garrahan, 1988). In-line moisture detectors 
and kiln controllers can reduce the amount of lumber degrade.
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Figure

Hardwood Lumber Grading Teacher
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However, these systems must be setup and "fine tuned" by properly 
trained kiln operators. Kiln operator training has helped the 
industry increase the quality of dried lumber and productivity of 
the dry kilns. Unfortunately, there are no diagnostic tools 
available to help kiln operators resolve quality problems that 
develop at their mill site. The training programs currently 
available for kiln operators do not provide them with the skills 
necessary to answer all questions or problems that may arise in a 
typical drying operation.
Based on the general guidelines and the previously developed 
selection criteria, the following decision-scoring factors were 
identified and evaluated:

The domain of knowledge is limited in size and scope. 
Established procedures exist to diagnose lumber drying 
problems.
Case studies are available to validate any expert system 
developed.
Forintek staff and willing experts from member companies 
and kiln manufacturers are available for developing the 
ES.
Industry members have signified that kiln operations and 
training should be a Forintek program priority.

- Forintek maintains kiln drying equipment at both its 
facilities.
Forintek has established ties and a cooperative rapport 
with manufactures of in-line moisture detectors and kiln 
controllers. It is believed that such equipment would 
be made available to Forintek for such ES development. 
Presently no such ES is being considered while the 
necessary equipment is available and only needs to be 
integrated.
The successful development of an integrated kiln control 
ES capable of reducing lumber drying degrade by even 50%, 
would still greatly and positively impact on the whole 
industry.

Using $10/MBM as an average value loss due to lumber 
drying degrade across the industry, and only 
considering the lumber volumes dried in the four 
major producing regions of Canada (B.C. Coast, B.C. 
Interior, Ontario and Quebec), drying degrade costs 
this large portion of the industry in the order of 
$130 million annually.

4.4 Sawmill Simulation Expert System
Sawmill simulation programs such as BOF, SAWSIM, LOGSAW and OPTSAW 
are powerful tools that can simulate very accurately log sawing 
into different products (Constantineau, 1988). The results can be 
used to maximize profits using different what-if scenarios. Figure 
3 shows how mill managers can visualize the effect of changing
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resource : smaller average log sizes, sweep in logs, etc. on the 
lumber recovery of their sawing process. They can also analyze the 
material flow in their mill. Until the introduction of 
microcomputers on the mill manager's desk, the simulation programs 
were used exclusively by universities, consultant firms and 
manufacturers of sawmill equipment. With the exception of OPTSAW, 
all of the above programs are now accessible technically (on 
microcomputers).
However, the accuracy of the results from a simulation is function 
of various factors. As a general rule, the results cannot be more 
accurate than the degree of precision associated with the inputs. 
The programs listed above can be very precise but the parameters 
required to describe raw material, conversion process and market 
demands can be difficult to ascertain without a lot of training or 
the assistance of an expert. The generated simulation outputs are 
still difficult to interpret and often require the insight of an 
expert. An expert system could be developed to assist mill 
managers to properly design their simulation model and help them 
analyze the outputs.
Again, based on the general guidelines and selection criteria, the 
following aspects were identified as being critical to the success 
of the ES application:
- The domain of knowledge required to develop the expert system 

is broad and not clearly delimited. Modeling of sawmill 
operations requires knowledge from various domains; forest 
resources (present and future), mill process equipment 
capabilities, material flow and market demands. The expertise 
required cannot be fully determined until a simulation package 
has been purchased or developed and experimented with 
thoroughly.
The uncertainty attached with the accessibility to a 
simulation program is a key issue in the development of this 
potential application.
Forintek has no working relationship with any of the present 
simulation developers except on a pay for use basis.
Forintek's efforts in this application area may well be 
perceived as a threat or competing product.

- From a business attractiveness view point, only large capital 
intensive mills exercising control over their present and 
future resource reserves and exhbiting a market oriented 
strategy would benefit from employing a simulation expert 
system continuously.
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Sawm ill Simulation

Log programmed for 
maximum recovery

3D-View

LOG CUTTING DIAGRAMS

Figure 3. Log cutting diagrams from a simulation.
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To increase the probability of success for this potential ES 
application, it is recommended to wait for further developments 
from Forintek's Laval group.
4.5 Diagnostic Lumber Size Expert System
The literature is well documented on potential wood fibre savings 
through better lumber size control. For every target size 
reduction of 0.010" it is estimated that mill benefits can increase 
by $0.80 per thousand board feet. This value assumes that fifty 
percent of the wood fibre savings is converted into lumber and the 
other half in chips (Reny, 1989) . These potential benefits have 
driven the introduction of computerized quality control packages. 
The degree of sophistication of these packages ranges from 
computerized statistical analysis of lumber measurements via manual 
entry to fully automated lumber size inspection systems.
These systems provide mill personnel with statistical results of 
lumber accuracy. It remains difficult, however, for non experienced 
millwrights to pinpoint and diagnose sawing equipment malfunctions 
based on statistical output interpretation. Since sawmill equipment 
is not maintained in optimal condition, the lumber industry does 
not benefit 100 percent from these Quality Inspection Systems. A 
diagnostic expert system could be develop to assist millwrights in 
troubleshooting machine problems. As an example, available quality 
inspection system could be used to monitor sawing accuracy and 
signal to the millwrights aspects of the machine that are out of 
control. At that moment, the millwright would start the diagnostic 
expert system to help identify the source of sawing inaccuracy. 
Figure 4 illustrates all the features of the system to be addressed 
based on the available state of the art technology.

SEECONtm by OY DECON AB, LUSItm by Forintek, SICAMtm by 
Wray Consulting, Saw Control System^m by Saw Control 
Systems.
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FCS
e  FCS -Feed speed Control System

► Using inputs from DMS and SMS 
control feed speed

E DMS -Dimension Monitoring System
► Measures accurately and 

continuously lumber size

E MIS -Management Information 
System for size control

► Produce sawmill report on sawing 
accuracy for every DMS in sawmill

► Link to computerized maintenance 
program (CMS)

E SMS -Saw Monitoring System 
► Monitor sawbiades operation

DMS

E DES -Diagnostic Expert System
► Sensor-based diagnostic 

system
► Assist mill wrigths to 

troubleshoot equipment 
malfunctions

DES

Figure 4. Components of the diagnostic expert system.
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In accordance with the established guidelines for success and the 
developed selection criteria, the following constraints and 
advantages were identified:
- To adequately ensure that the domain of knowledge is limited in 
size and scope, a particular machine centre must be selected for 
application. The bull edger, common to all mills, was selected as 
the proposed sawing centre for development.
- Well established procedures are available to diagnose bull edger 
sawing inaccuracies.
- Forintek staff experience in the areas of sawing inaccuracy and 
lumber size control is particularly strong and numerous case 
studies are available to validate the eventual ES.
- Experts in the areas of study exist both within Forintek and its 
member companies.
- Presently, Forintek possesses none of the primary equipment (bull 
edger, automatic dimension monitoring system, saw monitoring system 
or feedspeed control system).
- No competing products are available or slated for development in 
this applied area (to the best of our knowledge).
- Although the actual technologies required are available off-the- 
shelf, the difficulty of integrating these technology pieces has 
been determined to be high. Forintek would be particularly 
dependent on outside firms for much of the development of this ES 
application. Conversely, such outside influence and contact 
represents a good opportunity for alliance building and government 
funding, if kept at a scale that project control remained with 
Forintek.
- From a market potential standpoint, all mills use a machine 
centre for edging lumber. It is estimated, however, that of 
approximately 1000 sawmills in Canada, only 100 of the largest 
mills would be in a position to afford and fully capitalize on the 
value of such an ES system. Further, many mills have more than one 
edger and in time, such an ES system could be applied to other 
breakdown equipment. Hence, the initial market is categorically 
characterized as small with little or no competition from similar 
products in the foreseeable future.
Table 3 depicts the comparative scoring results between the three 
evaluated ES applications. The relative scoring results indicate 
that the kiln control ES application, by far, is the best ES 
application for Forintek development. Relative to the other two 
potential applications, the kiln control application best suits 
Forintek's technical capabilities the ease of implementation is 
considerably higher, and no competitors exist in this application.
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This is not to say that sawmill simulation or the automated sawing 
centre application are poor applications, but rather, there are 
more extensive constraints to their development, which need to be 
circumvented.
So, it is recommended that if Forintek wishes to pursue an ES 
application, it should limit this application to kiln control. At 
the same time, Forintek should monitor the hardwood bucking and 
grading tools presently under development.
4.6 Consideration and Recommendations When Developing Expert 

Systems
This section explains some of the general considerations during the 
phases of ES development. It also makes recommendations as to how 
elements should be contained and considered when using ES as a 
diagnostic tool, as in the case of the kiln control application. 
Further, sources of additional specific information regarding ES 
building tools and possible partners are discussed.
4.6.1 User Interface
A great deal of effort must be spent on the design of the interface 
between user and ES to allow non skilled personel to appropriately 
use an expert system. Recent developments in computer technology 
suggest the creation of better graphics-oriented software. 
Selection of an option through multiple overlaying windows and/or 
pop-up menus using a touch-tone monitor mouse or voice technology 
is recommended to facilitate communication between the expert 
system and the user. Figure 5 illustrates an example of a graphic- 
oriented user interface.
User or sensor-based inputs in the expert system can be erroneous due 
to incorrect readings, misinterpretation in reading scales, keystroke 
errors at the terminal, sensor malfunctions, etc. Validation of these 
inputs from human and/or sensors is recommended. A mechanism must be 
included in the expert system to reason the veracity of human and/or 
sensor-based inputs.
In the implementation phase of the expert system staff, willing or not, 
won't feel confident of a solution provided by a machine while the 
normal process was to rely on human expert's solution. To enhance the 
credibility of the expert system, it is recommended that the expert 
system application explain its reasoning and conclusion. Figure 6 shows 
an example of interactive session between a user and an expert system.
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Table 3
Scoring System Results Comparison Between Expert System Application

Kiln Control Sawmill Simulation Automated Sawing 
_____________ Program______  _____ Centre____

Forintek's Technical Capabilities
- Human Resources (experts) 10
- Equipment 5

15/20
8
2

10/20
5
0

572 0
- Degree of Dependence on:

- External Experts 5 2
- External Equipment Suppliers 5 3

10/20 5/20
Business Attractiveness
- State-of-the-Art

- Competing products 10 3
- Ease of ES implementation _9 _4

19/20 7/20
- Opportunity for Alliance

Building and External Funding _8 _4
8/10 4710

- Market Potential _6 __4
6/10 47To

Total Score 58/100 30/100

2
4

6/20

8
6

14/20
8

8 / 1 0

8
8 / 1 0

41/100
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DIAGNOSTIC EXPERT SYSTE

RUN EXIT

Ô K ) ! C a n c e l- V  ~ —

Figure 5. Example of a graphic-oriented user interface.
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14: To what extent do you believe that:
(*Volcanic province and major fault zone)? ?

By responding with "?" the user asks for a rephrasing of 
the question.
*While faulting is important, note that it may well be 
present but difficult to notice. Thus, do not let absence 
of observed faulting influence your answer too strongly. 
With this in mind, to what degree do you believe that the 
prospect is in a volcanic province and that it lies in 
a major fault zone? -2

28: To what degree do you believe that:
(*There are volcanic rocks in the region contemporaneous 
with the intrusive system, i.e., coeval volcanic rocks)? 
WHY
Here the user wants to know PROSPECTOR'S purpose in 
asking the question.
I am trying to establish the depth environment in your 
area. The presence of coeval volcanic rocks is good 
evidence for the right level of exposure....

re 6. Working session between an expert system 
(PROSPECTOR) built to assist geologists in mineral 
exploration (Adapted from Waterman, 1986).



Another major benefit of incorporating such a feature into the 
expert system is the potential to use the tool for training 
purposes. The user is more likely to learn and remember if he sees 
how the solution was reached.
4.6.2 Expert System Building Tools
The probability of developing a successful expert system not only 
depends on the choice of a good problem opportunity, but also, on 
the selection of appropriate expert system building tools (KEYES, 
1989) .
Expert system building tools are software used for developing 
expert systems. They range from low-level to very high-level 
programs. Each level of sophistication has advantages and 
disadvantages. LISP and PROLOG, two-symbol oriented languages 
suitable for expert system applications belong to the lowest degree 
of sophistication of AI programming tools. They offer the greatest 
flexibility to the expert system builder but fail to provide 
assistance on knowledge representation and mechanisms for accessing 
i t .
Knowledge engineering languages are sophisticated tools integrated 
into an extensive support environment. They provide structure and 
built-in facilities to speed up the design but they can only be 
applied to a restricted class of problems.
The selection of appropriate system building tools must be based 
on the class of problem to be addressed and the level of experience 
of the expert system. Since the nature of the recommended 
application is of a diagnostic type and Forintek has no experience 
in developing expert systems, it is suggested that a knowledge 
engineering language be used in the case of kiln control. To speed 
up the development and prototyping the selected language should 
contain debugging aids, input/output facilities and explanation 
facilities. Appendix II provides a description of various 
knowledge engineering tools (ICS, 1989) . Because the technology 
is changing rapidly, the information is provided for reference 
purposes only.
4.6.3 Expert System Builders
They are two school of thought regarding the role of knowledge 
engineers. The first one, believes that knowledge acquisition, 
knowledge representation and system design requires the assistance 
of an expert system builder. The other school thinks that it is 
very difficult for a knowledge engineer, a non-expert in the 
problem area, to understand and build the expert system especially 
in the area of process control (Rowan, 1989). An important factor 
favours the second belief. Forintek has no experience in 
developing these kinds of systems, it is recommended that an 
outside expert be secured through an alliance partnership or
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subcontracts. A research scientist from Forintek should also be 
assigned to the project to ensure technology transfer. Appendix III 
summarizes potential partners and contributors to participate in 
achievement of ES applications.

5.0 CONCLUSION & RECOMMENDATIONS
Given that a shortage of highly skilled manpower already exists in 
the forest product sector, and is likely to continue, the industry 
appears ripe for the adoption of appropriate expert systems to 
maximize the returns from their expensive "hi-tech" equipment. 
Past low success ratios for expert system implementation should 
not deter from the further development and application of this 
unique technology. The reasons for past failures have been learned 
and guidelines are now in place for increasing the odds of 
successful expert system development and implementation.
This study provides a first approximation of what manufacturing 
steps would benefit from, and lend themselves to, expert system 
application. Based on specifically developed selection criteria, 
it was determined that diagnostic type expert systems would best 
fit the needs of the sawmill industry. Of the three identified 
application opportunities in this vein, the integrated kiln control 
expert system to reduce lumber drying degrade was deemed the most 
appropriate expert system for development at Forintek. Hence, if 
Forintek wishes to allocate resources to the development of this 
leading edge technology, it should select the kiln application as 
its first foray into this field. Furthermore, Forintek should 
maintain a continued dialogue with the developers of the hardwood 
bucking and lumber grading expert systems to ensure technology 
transfer of these two systems to industry.
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Software Comparisons

ES/P ADVISOR Expert/Ease INSIGHT Knowledge 
System

M.l

Expert Systems Interna
tional
U.S. Office: 1150 First 
Ave.
King of Prussia, PA 19406 
(215) 337-2300

Expert Software Interna
tional, Ltd. 
c/o Jeffrey Perrone &. 
Assoc.
3685 17th Street
San Francisco, CA 94114
(415) 431-9562

Level 5 Research 
4980 S-A1A 
Melbourne Beach, FL 
32951
(305) 676-5810

Teknowledge Inc.
525 University Avenue 
Palo Alto. CA 94301 
(415) 327-6640

1984 1983 1984 1984

$1,895 $2,000 $95 $12,500 (includes all 
materials)
Entry cost is $2,000

Automated text (diagno- 
sis/prescription)

Example-driven Diagnosis/prescription Diagnosis/prescription

A-V pairs
If- th en rules (+/- 400) 
Backward chaining, depth 
first
Resolution

“Examples" (one rule) 
Decision tree algorithm

A-V pairs
If-then rules ( + /- 400) 
Forward and backward 
chaining (Goal outline) 
Certainty factors

A-V pairs
If-then rules ( + /— 200) 
variable rules 
Certainty factors 
Backward chaining, depth 
first
Modus ponens

PROLOG 
IBM PC(128K)

IBM PC (128K); DEC 
Rainbow; Victor 9000

PASCAL (includes 
compiler)
IBM PC0 28K). DEC 
Rainbow, Victor 9000

PROLOG 
IBM PC (192K)
Color monitor recom
mended

Explanation (how, why, 
explain)
Prompted-menu screen 
Knowledge base created 
with regular word process
ing software, then com
piled; By purchasing 
PROLOG separately, a 
comprehensive interface 
to PROLOG is possible

Prompted-menu screen Prompted-menu screen 
Explanation (how, why, 
explain)
Knowledge base created 
with regular word process
ing software and then 
compiled

Explanation (how and 
why)
Trace (and panels) 
Knowledge base created 
with regular word process
ing software

Small knowledge systems Small knowledge systems Small knowledge systems Demonstration systems

Manual Manual Manual 4-day course; Manual;
Library o f sample systems 
Phone-in user support
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Software Comparisons (continued)

Name Personal Consultant SeRlES-PC EXPERT

Manufacturer Texas Instruments 
P.O. Box 809063 
Dallas, TX 75380-9063 
1-800-527-3500

SRI International 
Advanced Computer 
Science Dept.
333 Ravenswood Ave. 
Menlo Park. CA 94025 
(415) 859-2464

Weiss &. Kulikowski 
Dept, of Computer Sci. 
Rutgers University 
New Brunswick, NJ 
08903

Introduced 1984 1984 1981

Cost $3,000 $5,000, but only sold as 
part of an SRI consulting 
contract

" ' -

Consultation paradigm Diagnosis/prescription Diagnosis/prescription Diagnosis/prescription

Knowledge 
representation, 
inference, and 
control

O-A-V triplets 
If-then rules ( + / - 400) 
Backward chaining, depth 
first; Certainty factors 
Multiple objects

A-V pairs 
If- th en rules
Backward chaining, depth 
first
M odus ponens

A-V pairs 
If-then rules 
Confidence factors

Implementation 1QL1SP (a compiler will 
be required for speed)
T1 Professional Porta
ble Computers

IQLISP
IBM PC (384K req., 
640K recommendeid)

FORTRAN 
Various computers (no 
personal computer imple
mentations)

User/KE interface Knowledge base editor 
Trace and probes 
Explanation (how and 
why)
Prompted knowledge 
entry
Prompted-menu screen

Explanation (how and 
why)
Knowledge base editor 
Trace and probes

Line-oriented, question
naire
Trace and probes 
Statistical analysis of 
performance

Applications Small knowledge systems Several fielded systems: 
Serum Protein 
Diagnosis Program 
Rheumatic Disease 
Program
Expert Log Analysis 
System

Support Manual
Workshop and consulting 
for $1,500 extra

Sold only with consulta
tion

—
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Software Comparisons (continued)

Knowledge Engineering System (KES) 

Software A&.E
1500 Wilson Blvd., Suite 800 
Arlington, VA 22209 
(703) 276-7910

1983

$23,000 for Product Croup Package 
$4,000 for IBM PC version (includes IQL1SP)

OPS 5

Dept, of Computer Sci. 
Carnegie-Mellon Univ. 
Pittsburgh, PA 15213

Other companies offer 
versions of OPS5 for VAX 
and the Xerox 1100s

1980

Diagnosis/prescription Planning and diagnosis/ 
prescription

A-V pairs; If-then rules 
Multiple objects and inheritance 
Procedural control (action blocks) 
Bayesian probabilities

O-A-V triplets 
If-then rules
Recognize-act cycle with 
conflict resolution

A-LISP, Wisconsin LISP, and FranzLISP 
DEC VAX/VMS,
VAX/UNIX. CDC CYBER, 
and APOLLO
Xerox 1100s, Symbolics 3600
IBM PC (with IQLISP which is provided)

Line-oriented display 
Explanation (explain)
Trace and probes
Hooks to non-KES programs
Interface to outside data bases

FranzLISP. MacLISP 
VAX 11/780

Line-oriented 
Break package

Major fielded systems, 
including XCON, XSEL

OPS5e

Verac, Inc.
10975 Ton-eyana 
Suite 300
San Diego, CA 92121

1983

binary code: $3,000 
source code: $10,000

Planning and diagnosis/ 
prescription

O-A-V triplets 
If- th en rules
Recognize-act cycle with 
conflict resolution

ZetaLISP 
Symbolics 3600

Window-based 
Debugging package
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Software Comparisons (continued)

Name S.l TIMM Automated Reasoning 
Tool (ART)

Manufacturer Teknowledge Inc.
525 University Ave. 
Palo Alto, CA 94301 
(414) 327-6640

General Research 
Corporation 
P.O. Box 6770 
Santa Barbara, CA 93160 
(805) 964-7724

Inference Corporation 
5300 West Century Blvd. 
Fifth Floor
Los Angeles, CA 90045 
(213) 417-7997

Introduced 1984 1983 1984

Cost $50,000 for Xerox and 
Symbolics versions; 
$80,000 for VAX 
Includes training

Version 2.0 (supports 
multiple rules), $39,500 
IBM PC XT version, 
$9,500

$60,000

Consultation paradigm Diagnosis/prescription Example-driven Hybrid tool

Knowledge 
representation, 
inference, and 
control

O-A-V triplets 
If-then rules 
Multiple objects with 
inheritance 
Modus ponens 
Procedural control (Con
trol blocks)
Backward chaining, depth 
first
Certainty factors

“Examples"
Decision tree algorithm 
Certainry factors

A “toolkit" for building 
knowledge systems, 
consisting of pieces that 
can be purchased sepa
rately; O-A-V, facts (pro 
positions); lf- th en rules; 
Logical links between 
objects; Multiple objects 
and inheritance; “Oppor
tunistic" reasoning; 
Forward and backward 
chaining; Certainty 
factors

Implementation LISP
DEC-VAX 11/750 & 11/ 
780 under VMS, Xerox 
1100, Symbolics 3600

FORTRAN 
IBM, DEC. Prime; 
IBM PC XT

LISP. ZetaLISP, 
VAX LISP 
LM1 machines, 
DEC-VAX

User/KE interface Explanation (how and 
why)
Graphics display 
Trace and probes

Line-oriented display 
Explanation (why)

Powerful graphics inter
face, windows 
Many knowledge engi
neering features

Applications Several systems under 
development

Hughes Aircraft; simula
tion of a helicopter pilot's 
battle decisions

Several systems under 
development

Support 2-week course; Manual 
Sample system library 
Phone-in user support

Manual Manual and training 
available
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Software Comparisons (continued)

Knowledge Engineering 
Environment (KEE)

LOOPS

IntelliCorp 
707 Laurel Street 
Menlo Park, CA 94025 
(415) 323-8300

Xerox Palo Alto Research 
Centers
3333 Coyote Hill Road 
Palo Alto CA 94304 
(415) 494-4000

1983 1983

$60,000 (1st copy), 
declining to $2,000 for 
21st copy 
Includes training

$300 (not supported)

Hybrid tool Hybrid tix>l

Frames with slots 
Object-oriented program
ming
//-then rules 
Multiple objects and 
extensive inheritance 
User-defined inference 
and control

Frames (objects) with 
slots
Rule sets stored in slots of 
frames
Active values 
lattices of objects 
User-defined inference 
and control

LISP, Zeta/Common LISP 
Xerox 1100s, Symbolics 
3600, LMI LAMBDA, Tl 
Explorer

Interactive, graphical 
displays of the knowledge 
base
Gauges and active values 
for monitoring the behav
ior of the system

Several fielded systems: 
GENESIS (a pkg. of 
genetic engineering 
programs)

Product includes 3-day 
workshop and 10 days of 
on-site consulting

II-3

INTERLISP 
Xerox 1100s

Graphics-supported 
browsing in the knowl
edge base
Break package allows 
views of different portions 
of the knowledge base

Demonstration systems

3,/a-day workshop ($1,150 
plus fees for a prerequisite 
INTERLISP workshop)
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AAL Autometrics Associated Ltd..
6702 Rajpur Place - Second Floor 
P.O. Box 6214, Station C 
Vancouver, BC 
V8P 5L5
Contact: Alex W.J. Sinclair, Manager, Western Division, FERIC

Dr. James J. Dukarm, AAL (604) 652-2679

Capabilities: Expert System Development
Voice Technology Applications

Fundings: Unknown
But joint venture was set up between McMillan Bloedel, 
AAC Autometrics, FERIC and Finning Tractor Ltd.

Realization: Hand held Expert system to formulate trouble
shooting advice on hydraulic equipment treatment.

Alberta Research Council 
Advanced Technologies Department 
3rd Floor, 6815 8th Street NE 
Calgary, Alberta 
T2E 7H7
Contact: Chris Lumb, Industrial Liaison (403) 297-2600
Capabilities: Automation engineering

Robotics
Artificial intelligence

Fundings: Provincial support is available on a 50/50 cost shared 
basis to Alberta-based companies
Joint Research Venture Program.

Realizations related to Forintek work: ES for fault anticipation
and maintenance planning.
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Simon Fraser University 
Centre for Systems Science 
Burnaby, B.C.

Contact: Rachel Gelbart, Technology Transfer Officer

Capabilities: Expert system Laboratory. To foster the practical
use of expert system technology in B.C. industry.

Fundings: Not applicable. Equipment is loaned on a contractual 
basis.
Realizations: Resource company is using the lab to approach a

transportation problem.

Softwords 
Victoria, B.C.
Contact: Ellen Godfrey

G. Rosenberg (Forintek West)

Capabilities: Software company specializing in computer based
training.

Fundings: unknown

Realization: Several training programs for B.C. Ministry of
Forests

MacMillan Bloedel
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OTHERS

Canadian Artificial Intelligence Products 
106 Colonnade Rd.
Suite 220 
Ottawa, Ontario 
K2E 7P4
Contact: Mr. Bob Leong, Consultant

CRIM - Centre de recherche en informatique de Montreal 
MCMASTER University - Mr. Mark McDermott (416) 525-9140
NRC - Ottawa
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Hardwood Bucking Trainer

YOUR DECISIONS PRODUCE: $21.96

S387

Figure 1. Example enhancement for the hardwood bucking program.



Hardwood Lumber Grading Teacher

CLEAR AF1EA 1 a ____
* CLEAR AREA 2 £

CLEAR AREA 3 " X

- CUTTING 1 a
^  CUTTING 2 ^

CUTTING3 I ' X T  X
S387

Figure 2. Steps involved in lumber grading using conventional 
programming
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Saw m ill Simulation

Log programmed for 
maximum recovery

3D-View

LOG CUTTING DIAGRAMS S387

Figure 3. Log cutting diagrams from a simulation.
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FCS
E FCS -Feed speed Control System

► Using inputs from DMS and SMS 
control feed speed

E DMS -Dimension Monitoring System
► Measures accurately and 

continuously lumber size

■ SMS -Saw Monitoring System
► Monitor sawblades operation

m MIS -Management Information 
System for size control

► Produce sawmill report on sawing 
accuracy for every DMS in sawmill

► Link to computerized maintenance 
program (CMS)

MIS CMS
Headrig DMS

Edger DMS
L - ia & — t-' Resaw DMS

e  DES -Diagnostic Expert System
► Sensor-based diagnostic 

system
► Assist mill wrigths to 

troubleshoot equipment 
malfunctions

DES

G 3 9 I S380

Figure 4. Components of the diagnostic expert system.
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Figure 5. Example of a graphic-oriented user interface.
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