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Summary 
 
Forintek, Tembec, Comact and McMaster University have developed the Smart Mill Assistant (SMA), a 
real-time system that rapidly detects when the process is out of control. The SMA will assist sawmill 
managers and supervisors with detecting, identifying and correcting process deviations. 
 
The SMA relies on the acquisition and analysis of process data in real time. Multivariate statistical 
analysis, simple data analysis and visualization methods have served as a basis for the development of 
monitoring and diagnostic models. The SMA monitors the process at two levels. The first model monitors 
the overall process. It can detect when the process is out of control, and identify the variable or machine 
centre responsible for a problem, but it does not, however, identify the factors responsible for the 
problem. At the second level, we have developed an expert system for one machine centre, the bull edger, 
which is capable of detecting problems, identifying the causes for them, and suggesting solutions to mill 
users. 
 
The SMA has been implemented in a Tembec pilot sawmill. Based on the models in place, we estimate 
that gains of $5 to $10/Mbf are theoretically achievable. Actual gains will vary with the type of 
equipment, personnel reaction time and its ability to correct problems. At the time of report preparation, 
the evaluation of actual gains was not totally completed. 
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1 Objectives 
The aim of the project was to develop a new intelligent system called Smart Mill Assistant, SMA, based 
on multivariate analysis methods and advanced process control tools to monitor sawmilling operations 
and diagnose problems. The SMA will help sawmill personnel to identify process deviation problems and 
correct them more rapidly.   
 
1.1 Broad objective 

• Develop and implement a prototype intelligent system in a pilot mill. 
 
1.2 Specific objectives 

• Rapidly identify errors in a machine centre and the process; 
• Provide rapid identification of factors responsible for problems; 
• Optimize performance indicators in the lumber manufacturing process. 

 
 

2 Introduction 
Over the past decade, technology updates have allowed sawmills to significantly increase productivity 
and improve volume recovery. However, the performance of optimization and machining systems is 
highly variable due to the number of parameters involved, one example being the difficulty experienced 
with recruiting qualified staff. At this time, the different centres operate independently and the process is 
affected by a multiplicity of variables. Even though some tools are available, data interpretation is next to 
impossible under existing production conditions. 
 
As an example, it is notoriously difficult to detect rapidly and accurately any malfunctions in the process, 
and it is equally difficult to determine whether modifications to the process have yielded actual gains in 
terms of productivity, quality and profits. This represents a major technical challenge as well as a 
significant economic opportunity. Every percentage point achieved in mill performance quickly translates 
into financial gains worth hundreds of millions of dollars.  
 
Over the years, Forintek has developed process control tools and procedures, such as standards for data 
communications. With this project, we aimed to create an intelligent program, the SMA, to monitor 
sawmill operations as a system, diagnose problems, and control as well as predict efficiency in real time. 
We meant this program as a support tool for production staff to meet their objectives and identify process 
deviations more rapidly. 
 
 

3 Background 
Improvements in the lumber manufacturing process have been remarkable over the past few years, 
leading to significant gains in volume and value recovery, higher productivity and reduced production 
costs. Such improvements are due to the design of innovative mechanical equipment, and to the 
introduction of scanners and optimizers. The next challenge is to coordinate the actions of the different 
machine centres, detect manufacturing problems, and measure the effect of a given improvement on the 
productivity of the entire process.  
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The process is affected by a large number of variables, and current performance indicators are not 
sufficiently sensitive to detect the effect of single variables, either because variations are too wide or 
because the indicators are too slow. This makes it difficult to determine the best operating conditions for a 
given mill, and check whether it is running optimally. We expected multivariate statistical analysis 
methods to provide a basis for the development of the mathematical models required. 
 
 

4 Technical Team and Project Structure  
This was a partnership project uniquely combining the expertise of a university, a research institute, an 
equipment manufacturer and a sawmill. Precarn acknowledged the value of the project by providing $1 
million in financial assistance. 
 
4.1 Project Participants 
Forintek  
 
Forintek is a research institute dedicated to the wood products industry. It covers sawmilling (softwoods 
and hardwoods), composite products, building systems and value-added products. Forintek’s mission is to 
be the leading force in the technological advancement of the wood products industry, through the creation 
and application of innovative concepts, processes, products and education. 
 
Tembec  
 
Tembec is an integrated Canadian forest products company with its main business interests in wood 
products and commercial pulp and paper. It operates 55 production units in Canada (New Brunswick, 
Quebec, Ontario, Manitoba, Alberta and British Columbia), France, the United States and Chile. 
 
Comact 
 
The Comact Group is a leader in the design and manufacture of equipment for wood conversion facilities. 
It sells a broad range of products, from simple conveyors all the way to completely automated production 
lines, for both softwoods and hardwoods. The “Optimisation” Division develops scanning, optimization 
and control devices to maximize yield and productivity. 
 
MACC (McMaster Advance Control Consortium) 
 
MACC is recognized for its research on improving manufacturing processes for enhanced profitability. 
The Consortium promotes advanced control systems that use scientific and operations personnel’s 
intelligence to develop industrial control and diagnostic applications. 
 
4.2 Participants’ Expertise 
Forintek  
 
Forintek’s expertise relates to softwood lumber manufacturing and is based on a large number of 
technical studies conducted over the years to improve the performance of Canadian sawmills. Forintek 
has also developed software tools capable of expanding this expertise through simulation studies. For the 
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SMA project, Forintek provided expertise in the process and in software development. Forintek also 
served as a link between the pilot mill and McMaster University for the preparation and formatting of the 
data used in the establishment of mathematical models.  
 
Tembec  
 
Tembec’s role in the SMA project was twofold. The Research and Technology Group provided its 
expertise in the process and in multivariate analyses (acquired from its pulp and paper sector). It 
undertook many activities in the mill to improve the SMA, and facilitated communications between the 
pilot mill and the development team for a better understanding of problems encountered under mill 
production conditions. The Tembec pilot mill also contributed to the project with its own expertise in the 
various mechanical and electrical implementation required by the SMA. Mill personnel helped define 
users’ needs, in addition to contributing to the monitoring and diagnostic models, user interfaces and 
SMA validation.  
  
Comact  
 
Comact Optimisation’s expertise is in the development and integration of computer-based solutions to 
optimize sawmilling operations. Such expertise feeds on new technology designed to control practical 
production constraints in the mills. For the SMA project, Comact personnel developed specific solutions 
to allow the mathematical models to operate in real time. Comact was also responsible for the design, 
architecture, development and integration of the SMA. 
 
MACC (McMaster Advance Control Consortium) 
 
The McMaster University Consortium holds unique expertise in analysis and multivariate analysis 
application methods. For this project, it guided the development team with the establishment of the real-
time database as well as data preparation and formatting. The team’s own expertise with the lumber 
manufacturing process allowed McMaster to develop models capable of monitoring and diagnosing 
problems occurring on the production line. 
 
 

5 Methodology 
This section describes the various steps involved in the SMA project and the techniques used. Figure 1 
shows the four steps. The first step was the foundation of the SMA, i.e. the acquisition and 
implementation of the real-time database. Once this database had been established, analysis and 
monitoring models were created (off-line) for the process. Models proving capable of efficiently 
monitoring the process were then integrated into the SMA, which required the development of interfaces 
and software functionalities. As a last step, the monitoring and diagnostic models were integrated in real 
time into the SMA. The various steps are detailed in the following sections.   
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Figure 1 Diagram showing SMA implementation 
 
5.1 Implementation of a Real-time Database 
The implementation of a real-time database involves networking the different equipment types (scanner, 
optimizers, machines) to collect and synchronize the data from the different sources at a single location. 
The communication techniques required for data collection vary with the machine centre and sawing 
methods used in the mill. 
 
5.1.1 Acquisition System Architecture  

Figure 2 provides a diagram of the data acquisition system. Data acquisition involves collecting the 
variables available at the different machine centres, centralizing them and synchronizing them into a 
single database, whatever the original format and technology type.  
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Figure 2 Diagram of data acquisition system 
 
Sawmills typically rely on two types of technology for communication and information storage.  
 
The older of these methods is the Programmable Logic Controller (PLC). It is typically used for simple 
commands such as the activation of mechanical parts. The second technique, which uses “personal” 
computers (PCs), has been gaining prominence with the increase in computational needs. It is broadly 
used in the processing of geometric shapes provided by scanners, and in sawing optimization. These two 
techniques rely on very different communication protocols. Figure 3 gives a representation of the 
techniques and protocols used by PLCs, optimizers and real-time databases.  
 
The variables stored in PLCs are accessible through a PLC server. Each PLC is connected to the server by 
means of an RS 422 network. Access to the variables is made possible through the creation of a client on 
the PLC server. Several software programs are available to communicate, store and archive data on a 
temporary or permanent basis. For the purpose of the SMA, we selected OSIsoft’s PI software, but could 
have used other programs such as Prodigy.  
 
As for the variables provided by PCs, they are stored on hard disks, or, in some cases, they are not stored. 
We modified the software of the PC-based systems to allow for the recording and transfer of files 
containing the desired variables. The file format was based on XML, a universal standard that can be used 
to recover files with programs such as Excel, SQL Server or others. These computers are all 
interconnected through an Ethernet network, so that the XML files can be recovered in the final database 
with a conversion tool. The SMA runs on this final database.  
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Figure 3  Communication protocols with PLCs and optimizers 
 

5.1.2 Database Structure 

The structure of the database is closely related to the format used in each optimizer to analyze incoming 
pieces. The optimiser computes the best solution yielding one or more product(s) on the basis of the 
piece’s characteristics. We are therefore dealing with a parent-child relationship, as shown in the 
following figure: 
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Figure 4   Data modeling 
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Each product resulting from a given machine centre therefore becomes the raw material for the next 
centre in the production chain. The next figure illustrates the tables that can be observed in a database 
representing a typical sawmill production line. It is worth noting that, for some of the machine centres, we 
used additional production-related data such as alarms. 
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Figure 5   Database and process 
 
Every item of information imported from an optimizer was incorporated into a database dedicated to raw 
data storage. This database holds a history of the documents over an extended period of time. Data 
included in this database need to be filtered on a regular basis to avoid acquisition of erroneous data. 
Filtered data can then be used to compute performance indicators that are stored in another, specifically 
designed database. This second database serves as the source of information used by applications for 
delivery to the users. The raw data and performance indicators are available in a non-proprietary format, 
so that users have free access to all variables.  
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Figure 6  Database layers 
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5.1.3 Database Validation 

To validate the database, we compared data physically available in the mill to data recorded in the final 
database. This was a key step, as the variables stored in the database served as a basis for the development 
of the monitoring and diagnostic models. The validation process involved three levels.  

 
5.1.3.1 Comparison between Data Posted on Optimizer Monitors and Data Recorded in Final Database 

For validation purposes, we used a given number of specimens at the different machine centres. For each 
specimen, we recorded the product dimensions, optimization results and production time (date, hour and 
second). We then compared this information to that provided by the final database. In the case of PLCs, 
our validation was based on visual observations. For example, we recorded stoppages for a belt, and then 
checked the corresponding information in the final database. 
 
5.1.3.2 Comparison between Number of Recorded Data and Actual Number of Pieces Processed 

For this validation, we counted numbers of logs or lumber pieces over different time periods, for a total of 
over 1000 specimens. We then compared the number of specimens for the time period to the number of 
lumber pieces or logs recorded in the final database. With this validation, we were able to confirm that the 
two data acquisition systems (PI and XML) were sufficiently efficient to keep up with the required 
information transfer speed. 
 
5.1.3.3 Comparison between Mill Production Records and Database 

Sawmills generate a number of production reports based on various types of information collected 
throughout the manufacturing process. In most cases, these reports are generated manually through the 
compilation of various variables in a spreadsheet. For this project, we compared the reports generated by 
the mill to the values recorded in the final database by compiling the required variables on a shift 
production basis. With this validation, we ensured that the models were developed from values 
identifiable by the mill.    
 
5.2 Off-line Development of Monitoring and Diagnostic Models 
Figure 7 illustrates the development of a process monitoring and/or diagnostic model. This involved four 
steps, the first of which being preparatory. These steps are described in the following sections.  
 
5.2.1 Selection of a Problem to be Diagnosed and/or Monitored 

Before the analysis and model development could be initiated, there was a need to select a problem or a 
portion of the process for monitoring and diagnostic. This first step involved three tasks: 
 

• Setting up a list of problems; 
• Analysing these problems; 
• Selecting one problem. 

 
To establish a list of problems or portions of the process that the SMA should solve, we enrolled various 
people on staff with our project partners. This yielded more than 60 problems ranging from general-type 
items (e.g., monitoring performance indicators) to very specific ones (e.g., detection of failure in one 
machine component such as a photocell). We classified these problems in order to analyze them. 
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Our analysis and selection of a problem to be monitored relied on several evaluation criteria. For 
example, the availability of variables was a criterion, as some problems, even though frequently 
occurring, could not be solved easily due to the lack of available variables. It was therefore difficult to 
develop a model capable of monitoring those particular problems. On the other hand, some easily 
detectable problems occurred only rarely or had little impact on mill performance, and were therefore of 
little interest to our monitoring objective. We assessed the different problems or portions of process to be 
monitored and/or diagnosed on the basis of these criteria, and the problem selected served as a starting 
point for our analysis and development of a model. 
 

 
 
Figure 7 Diagram showing the development of off-line model 
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5.2.2 Preparation of Data Required for the Model 

The SMA database includes many variables of no relevance to all the problems to be analyzed, and these 
variables may generate a large number of indicators (more than 500 in the SMA project), making analyses 
quite complex. In preparing a dataset adapted to the problem to be monitored, we therefore had to identify 
the variables relating to that particular problem, and useful to the development of the monitoring model. 
We also had to remain very much aware of the sawmilling process and material flow in order to retain all 
the variables likely to affect the problem to be monitored. To monitor the bull edger, for example, we 
used all the variables relating to that machine and the next machine on the line (the trimmer). For the 
same reasons, we used additional variables from the edger, even though it is not directly linked to the bull 
edger.  
 
The preparation of an adapted dataset also involved formatting the data. The SMA database contains 
variables entered on a time basis and others on a piece basis (See 5.1.2 Database Structure). It was 
therefore critical to determine how the data should be compiled. For example, some models may use raw 
data, while others require compilations over a set time period or a set number of pieces or logs. We used a 
trial and error method to determine the best format, thus anticipating the development phase. 
 
It was equally critical to be able to identify operational changes and problems within the dataset, as the 
use of data produced under different operating conditions (e.g., value optimization as opposed to volume 
optimization) would have led to a less reliable and accurate model.  
 
5.2.3 Analysis and Development of a Monitoring and Diagnostic Model 

The development of a model begins with the analysis of the dataset. It is a major requirement to clearly 
understand the relationship between each variable and its significance in explaining the problem to be 
monitored and/or diagnosed. Identifying mill problems at a given point in time may also be useful for 
data analysis. We applied different levels of analysis such as simple data visualizations, basic statistic 
analyses and multivariate analyses to understand variable behaviour. In addition to identifying the type of 
model best suitable to monitor and diagnose the selected problem, we relied on these analyses to 
determine whether it was necessary to add variables or modify the format of the dataset.  
 
5.2.3.1 Model Types 

We developed three types of models, i.e.: 
 

• Simple mathematical models; 
• Advanced statistical models; and 
• Complex statistical models. 

 
5.2.3.1.1 Simple Mathematical Models 

Simple mathematical models use a limited number of variables. The mathematical operations performed 
on the variables are very simple, usually dealing with averages, percentages, totals or deviations between 
two variables. Models of this kind use control charts for monitoring, and they are adequate to monitor a 
given specific component in a machine. As an example, monitoring the average length differentials of 
cants at the bull edger and after the optimized trimmer over a given period of time will make it possible to 
detect malfunction in one of these two machines if control limits have been determined.  
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5.2.3.1.2 Advanced Statistical Models 

Advanced statistical models use a larger number of variables for the performance of mathematical 
operations. These models are based on mathematical equations that are known and used in the lumber 
industry, and that meet the needs of real time data processing. As an example, equations providing sawing 
variation have been used in the development of a monitoring model for cutting tools. As with simple 
mathematical models, these models rely on control charts for monitoring and problem identification 
applications. 
 
5.2.3.1.3 Complex Statistical Models  

Complex or multivariate statistical (MVS) models use a very large number of variables. They are 
therefore used in applications where monitoring or problem diagnosis requires many variables. In the 
SMA project, we resorted to two kinds of multivariate models. 
 
Principal Components Analysis (PCA) Model 
  
PCA models rely on extracting existing correlations between a very large number of variables and 
determining their respective significance in the process. This may involve identifying variables that affect 
the process positively and negatively. The major components appearing on control charts serve to identify 
periods of time when the effect of the variables is different from shown in historic observations. By 
visualizing the different contribution diagrams, one can identify the responsible parameter(s).  
 
The fact that one or more component(s) exceed tolerance limits does not automatically indicate that the 
process is out of control. If, for example, the average log volume at the log sorter drops suddenly, this 
may simply be due to the log volume being significantly smaller. If the model has been built on a data 
sample that includes such volume reductions, it will not exceed boundary values. If, on the other hand, 
volume reductions of this kind are not included in the sample, the model will exceed boundary values. In 
other words, it is critical to select a sample that adequately includes all situations for which the process is 
in control, and excludes those situations where the process is out of control. It should be kept in mind, 
however, that a PCA model does not indicate whether or not the process is in control; it only indicates if 
process parameters are similar to historic parameters. A PCA model based on a sample containing only 
data corresponding to conditions under which the process is out of control would be in control and remain 
within boundary values when out of control. 
 
Partial Least Square (PLS) Model 
 
PLS models are also called predictive because, in addition to monitoring the process, as do PCA models, 
they predict the outcome. Predictive models are based on data history. They use the multidimensional 
concept of a large number of variables to reduce them to a single dimension that serves to predict one 
given variable. Only those variables that best explain the output variable are preserved. The mathematical 
equation supporting the model applies a weight factor to each input variable. One can then compare the 
value predicted by the model to that actually obtained from the process. Models of this kind have, for 
example, been used to monitor an entire process. The model predicts the total value of lumber production 
on the basis of the different process variables (e.g., raw material input, information on the different 
machine centres, etc.). Whenever the actual value obtained deviates from the predicted value, the system 
undertakes an analysis to determine the factors responsible. Conversely, one can visualize the 
contributions of the different variables in the model (PCA). 
 



Intelligent Mill Wide Control System for Lumber Conversion 

 
 

 
 
  12 of 37 

 

These models actually need to be updated over time, as any modification to the manufacturing process or 
even simple improvement to mill performance will drive predicted values to be consistently superior or 
inferior to model predictions. Should this happen, the model must be reconstructed over a period of time 
in which the results are representative of current conditions. 
 
5.3 Logic Development 
Figure 8 shows the steps typically involved in the logic development process. We applied these steps as 
required in the development of the SMA. They are described in the following sections.    
 
 

No

Yes

Identification of 
needs

Analysis of operating
conditions

Development of
interfaces

Users'
needs met

Validation

Architecture &
design

 
 

Figure 8 Diagram of logic development 
 
5.3.1 Identification of Needs 

Software development was driven by our analysis of users’ needs and the types of problems to be 
monitored and/or diagnosed. In most cases, software development reflects the needs targeted by the users. 
For the SMA, initial needs were set in relation to the monitoring models to be established. Some of the 
models required very specific logic functionalities in terms of either database, interface or functionalities 
for the users. As the monitoring models were implemented in the mill, we acquired a better understanding 
of the users’ needs.  
 
5.3.2 Analysis of Operational Conditions  

Once needs had been identified, the next step was to translate them into operating conditions describing 
system behaviour from the users’ point of view in terms of actions and reactions. This is one particular 
way of using the system. Translation of a problem into operating conditions can also be used to validate 
users’ needs. It is not unusual for needs to be mutually exclusive or just left out, so that the analysis starts 
off on a wrong basis. As needs become more specific or change, as they always do, it becomes more 
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difficult to assess the impact and cost of a given modification. For this reason, it is advisable to agree with 
the different users of the system on conditions of operations rather than have a constantly changing list of 
functionalities or specifications. The system should primarily be built for its users. 
  
5.3.3 Development of Interfaces  

Development of the software involved development of the various functionalities and interfaces required 
to meet users’ needs. The first validation step went through the development of a user interface prototype. 
The user interface served to ensure that users’ needs were met. 
 
5.3.4 In-mill Validation with a Prototype 

The prototype implemented in the mill was used to check if the SMA met the needs of the different users. 
It also served to determine whether the logic architecture met the requirements of the mill's production 
environment. Once the SMA prototype was operational, operating conditions and the software 
architecture could be reviewed.  
 
5.3.5 Architecture and Design 

Once the prototype had been implemented and users’ needs validated, the next step was to proceed with 
the technical design, including application model, implementation of the solution, detailed design, 
detailed specifications, database model, etc. The development of the final model was then initiated. This 
step covered all activities relating to the detailed design of objects, code writing, unit test performance 
and integration tests. It was also at this time that the prototype could be turned into a marketable product.  
 
5.4 In-mill Installation 
Installation of the SMA in the mill involved installing the interfaces and models developed in the project. 
The models finally had to be adjusted, together with control and monitoring boundaries, and validated. 
 
5.4.1 Model Adjustment and Limits 

Even though the system was validated offline during development, unforeseen situations do occur. The 
system may be unstable and software modifications necessary to prevent it from stopping abruptly. 
Online operation may also reveal the need for functionalities that were not originally considered essential.   
 
As most models use control charts for monitoring and diagnostic purposes, it is equally important to 
adjust process control boundaries, and ensure that alarms are only triggered when problems have been 
identified. 
 
5.4.2 Model Validation 

This step provides confirmation that the model actually reflected operations being monitored. With simple 
models, validation ensures that the model will react as it should when control boundaries are exceeded. 
With more complex models involving a large number of variables, validation ensures that the model is 
capable of properly identifying the variable responsible for the boundaries being exceeded. 
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6 Results 
For the SMA project, we analyzed the process at two different levels. At one level, we observed the entire 
set of lumber manufacturing operations to detect when the process was out of control, without identifying 
the actual problem and the factors responsible for it (Figure 9). At the second level, we monitored and 
diagnosed operations for a single machine centre with the objective of developing an expert system 
around secondary breakdown operations. The models make it possible to determine whether the machine 
centre is out of control, identify the cause of the problem and suggest solutions (Figure 10). 
 
The following sections describe the models developed for these two monitoring levels. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9 Diagram of variables used in the process monitoring model 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10 Diagram of variables used in the bull edger monitoring model 
 
6.1 Mill-wide Process Control and Monitoring  
Given the number of machine centres and variables that affect the process, monitoring it is a complex 
task. It is difficult, for example, to determine how an increase in average log volume or the introduction 
of a new product will affect mill performance. Along the same lines, lower volume recovery or 
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productivity does not necessarily indicate that there is a problem in the mill. And the performance of the 
mill may well be stable when it should be higher for the raw material being processed. 
 
The objective of mill-wide monitoring was to develop a model using a large number of input variables to 
detect a problem and identify the origin of such problem, i.e. the machine centre or variable responsible 
for it. 
 
6.1.1 Variables Involved 

In the development of the monitoring model, we used more than 500 indicators from the entire process. 
Figure 11 shows the types of variables used for each machine centre while Table 1 indicates the variables 
we actually retained for model development.  
 
The left-hand section of Figure 11 provides a diagram of the process showing the main machine centres. 
The central column lists the variables available for the different machine centres, and the right-hand 
column shows mill-wide variables applying to the whole process. We first used the variables defining the 
raw material, productivity and resulting products at each machine centre. For the raw material, for 
example, we used log characteristics for sorting, cant characteristics for the bull edger, and board 
characteristics for the resaw/edger and the trimmer. We applied productivity, product and local 
performance variables to individual machine centres. On the basis of local machine centre variables, we 
then determined mill-wide indicators such as volume recovery, value recovery and results per log. 
 
Multivariate analyses allowed us to determine which variables were most indicative of process variability. 
Of the original 500 indicators mentioned above, we only used 37 (Table 1) in the model; the other 
variables either had little or no significance in explaining process variations, or they provided information 
already available from other variables. As expected, the 37 variables we actually retained included those 
defining the raw material entering the mill. Some productivity variables such as the number of logs 
processed also turned out to be critical. In fact, the variables we retained are typically monitored in 
industry. 
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Figure 11 Diagram showing the variables used in the process monitoring model 
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Table 1 List and definitions of the variables used in this model  
 
Machine centres Variables Comments 
Debarkers Number of logs debarked Logs and/or stems 

Average log diameter Logs classed and rejected 
Average log length Logs classed and rejected 
Average length of 8-ft logs Logs classed and rejected 
Average length of 9-ft logs  Logs classed and rejected 
Total number of logs Logs classed and rejected 
Number of 8-ft logs Logs classed and rejected 
Number of 9-ft logs Logs classed and rejected 
Number of logs classed  
Number of logs rejected  

Log sorter 

Average volume of rejected logs  
Canter – Twin 
bands 

Number of logs processed  

Number of cants processed  
Average cant length  
Average length of 9-ft cants  
Number of pieces theoretically produced  Optimizer solution 
Actual volume of pieces theoretically produced Optimizer solution 

Bull edger 

Average length of pieces theoretically produced Optimizer solution 
Canter – 
Secondary 
breakdown  

Number of logs processed  

Average nominal volume of pieces  Pieces after edging Resaw/Edger Average piece length Pieces after edging 
Average actual length of 9-ft pieces Before trimming 
Average actual width of 4-inch pieces   
Average actual width of 6-inch pieces  
Average piece length (Trimmer 1) After trimming 
Average piece width (Trimmer 2) After trimming 
Average piece value (Trimmer 1)  
Average piece value (Trimmer 2)  
Average nominal piece value  After trimming 
Number of pieces classed (Trimmer 1)  
Piece count (Trimmer 1) Excluding rejects 
Piece count (Trimmer 2) Excluding rejects 
Number of pieces rejected (Trimmer 1)  
Number of pieces rejected (Trimmer 2)  
Number de pieces returned to edger (Trimmer 1)  
Number de pieces returned to edger (Trimmer 2)  
Total piece value (Trimmers 1 and 2) To be predicted 
Total piece value (Trimmer 1)  

Trimmer 

Total piece value (Trimmer 2)  
Volume recovery To be predicted Process Value recovery To be predicted 
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6.1.2 Model Description and Use 

6.1.2.1 Process Monitoring  

Mill-wide process monitoring requires a multivariate model that uses a number of input variables to 
characterize the process. As indicated in the previous section, we analyzed the main variables to 
determine which of them would provide the best indicators for variations in the three output factors, i.e.: 
value recovery, volume recovery and total value of mill production. The model therefore detects 
situations where the process deviates from the historical behaviour on which it was established. Figure 12 
shows a typical diagram used to monitor the process. Whenever the indicator crosses the set limits, the 
model triggers a process that automatically determines which variable(s) is(are) responsible. 
Occasionally, some points may be missing from the diagram for a number of reasons such as: the level of 
reliability estimated by the model (the model provides no value when the reliability level is too low); a 
problem with the data acquisition system (no value for one or more of the 37 variables); or a genuine 
problem with the manufacturing process. Whatever the cause, the diagnostic process will be initiated.    
 
Figure 12 therefore provides an indication of mill-wide performance on an hourly basis. Various tests 
conducted by McMaster University showed that, with measurements at intervals shorter than one hour, 
model accuracy is overly affected by variations in the buffer levels (logs and lumber).    
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12   Screen showing predicted results in relation to actual results  
 
6.1.2.2 Diagnostic  

The diagnostic identifies the variable(s) responsible for driving the indicator beyond boundary lines. The 
multivariate model was built on the basis of variables forming part of a given structure and linked 
together through correlations that determine process performance. The reason why the indicator exceeds 



Intelligent Mill Wide Control System for Lumber Conversion 

 
 

 
 
  19 of 37 

 

boundary lines is that the correlations between data and/or the structure have changed. By identifying 
which variables have been affected by correlation or structure changes in relation to other variables, one 
can identify the cause of the problem. However, reliable identification of a problem requires the expertise 
of mill personnel. As an example, the number of pieces observed at the edger may increase for a variety 
of reasons, but the combination of this information with an observed increase in the number of returns 
from the trimmer makes it easier to suggest that the problem lies with some malfunction at the bull edger. 
 
6.2 Control and Monitoring of a Machine Centre 
We chose the bull edger as being the machine centre offering the best economic potential for the 
development of an expert system, which involves: monitoring of the machine centre; problem detection; 
problem diagnostic; and identification of solutions to correct the problem.  
 
The identification of solutions boils down to creating an intelligent system that incorporates the expertise 
acquired by the various production and maintenance people following detection of a given problem. As 
regards monitoring and problem detection/diagnostic, two approaches are available: either develop a 
complex mathematical model using key variables for the machine centre, or develop several simple 
models independently monitoring the components of the machine centre. We chose the latter approach to 
control and monitor the bull edger, but considered the former option to assess the impact of detected 
problems on equipment performance. 
 
It is worth noting that the models developed around the bull edger can be adapted to other machine 
centres with minor modifications. Similar models can therefore be applied to create expert systems for all 
machine centres in a sawmill.  
 
6.2.1 Variables Used 

For us to monitor the different components of the machine centre, the manufacturer of the equipment had 
to provide access to the necessary variables, but some of the components could not be monitored, as no 
monitoring variable was available, so that additional sensors were necessary. We did not adopt this 
approach in the SMA project. Figure 13 contains a diagram indicating the variables used to monitor the 
various components of the bull edger. As can be observed, monitoring a single variable is adequate, in 
most cases, to detect a specific problem. For other components, however, the bull edger variable needs to 
be compared to the same variable in another machine centre (See other variables in Figure 13). 
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Figure 13 Diagram showing the variables used to monitor a bull edger 
 
6.2.2 Model Description and Utilization 

6.2.2.1 Monitoring and Problem Detection 

Bull edger monitoring and problem detection rely on individually monitoring several variables with 
control charts. Once lower and upper limits have been set (when applicable), an alarm can be 
programmed to signal conditions when a given variable exceeds its limits. This makes it possible to detect 
a majority of the problems occurring at the bull edger by monitoring some 30 variables.  
 
6.2.2.2 Identification of Problems and Solutions 

A problem is detected when one variable exceeds its control limits, but the cause of the problem is not 
necessarily identified. For example, the detection of an excessive number of thin cants may relate to a 
number of different causes such as: thickness measurement (scanner), vibrations, camera setting, sawing 
variation at the primary breakdown, etc. We therefore developed an algorithm to help identify problems 
and potential solutions on the basis of the expertise of Comact and Tembec in diagnosing equipment 
problems. Figure 14 illustrates the logic of this algorithm. 
 
The upper portion of the figure represents the algorithm. Each green diamond corresponds to a main 
component of the machine centre (scanner, optimizer, etc.) while the turquoise diamonds relate to the 
different factors monitored for problem detection, the corresponding variables being shown under the 
turquoise diamonds. As an example, the percentage of short cants can be used to monitor the effectiveness 
of the encoder and the photocells. If the percentage exceeds the set boundaries on the control chart, the 
algorithm can be used to identify possible causes and suggest various solutions to the problem. 
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Figure 14 Algorithm used to identify problems and solutions 
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6.2.2.3 Relationship between the Detection of a Problem and its Impact on Sawmill Performance 

The monitoring of variables either individually or in small groups makes it possible to detect and identify 
a problem, but it does not provide the information necessary to evaluate how the problem affects other 
monitored variables and the performance of the entire mill. It therefore does not indicate how urgent it is 
to correct the problem. To address this issue, we developed a multivariate model using all the variables 
being monitored at the machine centre under consideration (Figure 11) as well as the process indicators 
(Figure 13).  
 
This model is identical to that used for monitoring the process, in which case, however, the variables 
being used focus on the bull edger. In the same manner, when limits are exceeded, the system will trigger 
a diagnostic process to identify the variable(s) responsible for this situation. Although the model will 
frequently identify the same variables as those detected with the control charts, it will sometimes provide 
additional information, as it considers more variables from neighbouring centres.    
 
6.3 Measurement method 
The measurement method was primarily developed to evaluate performance variations at the secondary 
breakdown following equipment adjustments, corrections or modifications. Although not set up to operate 
in real time in the mill, the method could be monitored over time as a quality performance indicator for 
the machine centre. The method relies on comparisons between optimization data at the bull edger and 
results obtained following optimization at the trimmer.  
 
6.3.1 Variables Used 

Table 3 below indicates the different data required to measure improvements in relation to their origin. 

Table 2 List and definitions of the variables used in this model  
 
Machine centres Variables Comments 

Nominal lumber volume  Bull edger 
Lumber grade  

As per optimizer 

Nominal lumber volume  Resaw/Edger Lumber grade  As per optimizer 

Nominal lumber volume  
Lumber grade  Trimmer 
Destination 

Grading, edger, reject 

 
6.3.2 Model Description and Utilization 

The model compares the lumber value predicted by the bull edger optimizer to the lumber value actually 
obtained from the optimized trimmer on a given price basis. Process gains are based on comparisons 
between predicted values and actual values obtained from the optimized trimmer, expressed as a 
percentage. The method consists in observing changes over a given period of time and measuring the 
differential between the beginning and the end of the period, which indicates relative gains due to 
equipment modification or adjustment. 

6.3.3 Performance Monitoring Over Time 

The differential between predicted and actual values provides a measure of the financial impact of 
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implementing a new monitoring module or of correcting a problem detected by the SMA. If the percentage 
is close to 100%, the bull edger is actually producing the solutions identified by the optimizer. If the 
percentage is lower, process efficiency is deteriorating. The differential observed over a given period of 
time indicates to what extent the performance of the equipment has improved or deteriorated (Figure 15).   
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Figure 15 Chart illustrating the measurement method  
 
 

7 Description of Prototype 
The SMA system includes three parts: the dashboard, the reporting tool and the monitoring and diagnostic 
tool. 
 
Although the reporting tool is not meant for monitoring and ongoing operations control, it is a 
complementary tool to the SMA. As the SMA involves ongoing information analysis, the design of this 
tool was very simple. It can be used to generate production reports at the end of a shift, or reports relating 
to process control.  
 
As concerns the SMA, it integrates all the monitoring and diagnostic models developed for real-time 
process control. The following sections describe the functionalities of both tools.   
 
7.1 SMA Platform 
The SMA is accessible through a Web platform, which gives users access to the same tools and variables 
as if they were at the mill, wherever they actually are. A process technician dedicated to two or three mills 
could easily monitor the processes in the different mills from a single location. Any software accessible 
through the Web necessarily has to be secured. SMA utilization therefore involves such aspects as user, 
access and password administration (Figure 16). The SMA administrator can limit access by some users 
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to specific tools. For example, the report tool may be reserved to the management level, while control 
tools are used by production supervisors and individuals in charge of process control. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16 SMA security system 
 
Figure 17 shows the start-up screen of the SMA program, which provides access to two tools, one for 
reports, and one for the monitoring and diagnostic system. 
 

 
 
Figure 17 Entry screen to SMA system 
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7.2 Smart Mill Assistant 
7.2.1 Dashboard 

The dashboard is the SMA system’s main screen (Figure 18). It allows users an overview of the process 
and its behaviour, the primary purpose being to limit the depth of analysis required from production 
supervisors, as well as the extent of browsing needed through the system to access information. The 
dashboard should therefore be seen as the intelligent layer overriding all of the SMA’s diagnostic and 
monitoring modules. 
 
The dashboard consists of three parts. The first part includes production and process data. It only displays 
the key indicators used by the mill in real time. Parameter configuration can be adjusted to user 
preferences and relate to mill production (e.g., number of logs, volume, etc.), productivity (machine idle 
time, operating time, etc.) and sawmill performance (volume recovery, prime grade recovery, prime 
length recovery, etc.). 
 

 
 
Figure 18 SMA dashboard 
 
The second part of the screen is the tool used to identify and detect events and problems. There are two 
types of events: 1) alarms and 2) events with potential impact on the process. In the first case, alarms are 
models built into the process monitoring or processing centre software. Whether it is a complex 
multivariate model or a simple mathematical model, each model may be represented by a control chart 
with lower and/or upper boundaries. Whenever the boundaries are exceeded, an alarm-type event is 
triggered. As for the second type of event, it relates to an occurrence with potential impact on the process. 
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For example, a change in optimization parameters may negatively affect volume recovery. This 
information is automatically saved, which makes it easy to relate a loss in recovery to the parameter 
modification. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 19 Problem detection and identification 
 
The third part of the dashboard suggests potential solutions to identified problems. For a majority of 
events detected by the SMA, potential solutions have been provided to help production personnel correct 
problems rapidly. These solutions are based on the know-how of the various stakeholders, and the system 
is designed to allow mill personnel to add potential solutions over time. 
  
7.2.2 Diagnostic (Visualization) and Configuration Tools 

Behind the dashboard, users can find all the tools needed to configure the SMA and perform in-depth 
analyses of the models and data. These tools are accessible by means of a menu as shown in Figure 20. 
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Figure 20 Diagnostic and configuration menu 
 
7.2.2.1 Diagnostic Tools (Visualization)  

7.2.2.1.1 Online Monitoring Module 

The diagnostic tools allow for graphic real-time visualization of the models built into the SMA system 
(Figure 21). While the dashboard only indicates that a problem has been detected, the graphic 
visualization tool can: 
 
- identify whether the problem occurred suddenly or as a result of a longer-term trend; 
- relate the problem to another event; 
- identify cyclical phenomena; 
- etc. 
 
7.2.2.1.2  Data Accessibility 

Access to all database variables goes through the diagnostic tool. For a period of time, users can extract 
some variables, visualize them in graphic format, and export them to other spreadsheets (Figure 22). 
Advanced users will be able to analyze data in greater depth and detect problems from data or models as 
yet not considered by the SMA, which will allow them to develop their own specific monitoring models. 
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Figure 21 Graphic representation of a monitoring model 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 22 Data request, visualization and extraction tool 
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7.2.2.1.3  Event Visualization 

The dashboard allows for visualization of events within a production shift. With the diagnostic tool, users 
can initiate requests for events occurring over longer periods of time. For example, a request may be 
initiated to obtain the frequency of a machine slipping out of adjustment over time. The information 
obtained can serve to plan maintenance or explain mill performance variations.  
 
7.2.2.2 Configuration Tools  

7.2.2.2.1 User Administration 

User administration is critical in a system such as the SMA, usernames and passwords being essential to 
confidentiality and accessibility. User screening also allows the system administrator to determine which 
functions are accessible to individual users. For example, diagnostic tools may not be useful to a floor 
supervisor, but they will be to a technician and process engineer.  
 

 
 
Figure 23 User administration 
 
7.2.2.2.2 Event Administration 

The event administration tools are used to: 
 

• define events; 
• manually enter events; 
• program events such as a new model; 
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• relate events to users; and 
• initiate events. 

 
Events can be triggered manually by a user, or automatically, which assumes that the SMA has been 
programmed to detect an event every time it occurs. For example, an event may be created manually 
when burnt logs are being processed. In this case, the event will allow the administrator to establish a link 
with the mill's performance. An event may also be created automatically every time parameters are 
changed. In the latter case, the event considers the information provided by the database. In the same way, 
simple monitoring models can be programmed to generate alarm-type events, using one or more variables 
from the database to perform mathematical calculations; this requires some programming skills from the 
user. The monitoring example shown in Section 6.2.2.1 was programmed in this manner.  
 
It should also be pointed out that the different types of tools are used in event configuration, which allows 
users to visualize or group events according to type. For example, specific events may relate to specific 
equipment or parts of equipment. Event configuration may also be adjusted for user levels, so that events 
can be made accessible to the appropriate departments (e.g., electrical, mechanical, process, etc.).   
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 24 Administration of automatic event generation  
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Figure 25 Programming screen for automatic event generation 
 
7.2.2.2.3 Variable and File Administration 

The SMA provides several tools relating to variables and data acquisition. These tools can be used to 
create aliases for the variables, i.e. new, more easily understandable names than those found in the 
database for the creation of automated events.  
 
7.3 Report Tool 
The report tool is similar to all programs used to generate reports. It is a utility program that uses the 
database to perform requests. It seeks out the information, processes it and presents it in a report. Figure 
26 illustrates some of the reports available. The users can select the reports they want. They will then 
specify the period (start date and end date) and the preferred format. The tool report is very flexible in 
terms of formats. Reports can be printed, e-mailed or saved in HTML, PDF, XML or XLS. Reports in 
XML or XLS formats lend themselves to further processing in Excel, for example.  
 
The configuration tool allows users to create new reports adapted to the needs of a mill's different 
departments and exploiting the database. 
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Figure 26 Report visualization 
 
7.4 User/Tool Matrix 
Hiring a specialist to use and maintain the SMA is not a necessity. However, the benefit of some 
functionalities will obviously be restricted to experienced users. For example, the configuration of 
automatic event generation requires some programming skills. Table 3 indicates links between targeted 
users and system functionalities. 
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Table 3 User/tool matrix  
 
Functionalities SMA 

Specialist 
Process 

Engineer/ 
Quality 
Control 
Person 

Production 
Supervisor 

All 
personnel 

Dashboards     
Performance indicators    X 
Problem detection and identification   X X  
Identification of solutions  X X  

Diagnostic tools     
Online monitoring modules  X   
Data access  X   
Event visualisation  X X  

Configuration tools     
User administration X    
Event administration     
     Manual events  X   
    Automatic events X    
File administration X    

Report tools     
Report visualisation    X 
Report configuration X    

 
 

8 Economic Assessment of SMA System 
8.1 Costs 
8.1.1 Implementation Costs 

The establishment of a real-time database involves a few prerequisites. Implementation of the SMA 
requires connectivity between the optimizers and the PLCs for data acquisition. The PLCs must therefore 
be equipped with communication ports. As for the optimizers, the equipment manufacturers have to 
provide the variables required by the SMA either through files or in the PLCs if possible, according to 
specifications. 
 
With such prerequisites excluded, the cost of implementing the SMA will range from $150,000 to 
$300,000 according to the number of manufacturing centres, the quality of the network, the difficulty in 
setting up a real-time database and the functionalities desired by the mill.  
 
8.1.2 Maintenance and Update Costs 

Depending on the techniques selected for data acquisition and communication, the maintenance of a real-
time database can be complex. Any label change to a variable in a PLC or software modification in an 
optimizer can interfere with the operation of one or more SMA models. Backups are consequently 
required to avoid data loss or hard disk capacity problems. Annual costs for keeping the system 
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operational may range from $10,000 to $25,000, on the basis of two to five hours of work per week plus 
computer costs (backups). 
 
8.2 Benefits 
The benefits derived from implementing the SMA are mostly related to faster detection and correction of 
problems. Figures 27 and 28 illustrate typical situations with and without the SMA. When the process is 
in control, the results obtained are such that the mill can achieve its objectives. As problems occur, mill 
performance deteriorates until personnel correct the problem. Once the problem has been detected, it 
takes a period of time for the process to return to normal conditions. Figure 28 shows that a problem can 
be detected and corrected much faster with the SMA. The reduction in time out of control (textured area 
in red) represents the benefits. 
 
The methods used and the assumptions made were developed for secondary breakdown operations, as the 
multivariate models used to monitor the process were too recent in the mill for their benefits to be 
quantified. The method we applied was based on calculating the gains related to conversion errors. We 
compiled the errors occurring in the secondary breakdown process but not detected by mill personnel over 
a given period of time. These errors related to operations, calculations, optimization, positioning or 
working tools, and led to less-than-optimal results. As an example, Figure 29 illustrates the loss due to a 
scanner reading error. The left-hand image shows a properly scanned, optimized and sawn cant. The 
centre image shows the solution offered by the optimizer as a result of an error in thickness measurement. 
The right-hand image shows the cant obtained on the basis of erroneous information. As can be seen, 
there is a loss in both volume and value recovery. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 27 Detection and correction of a problem under current conditions 
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Figure 28 Detection and correction of a problem with SMA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 29 Example of a conversion error 
 
8.2.1.1 Assumptions 

As mentioned above, we compiled all conversion errors detected by the SMA, yet not detected by mill 
personnel, over a given time period. We then assessed the losses due to conversion errors on the 
assumptions described below.  
 
For errors relating to operations, reading, optimization and positioning: 
 

• A conversion error was deemed to reduce the length of the first piece produced from the cant by 1 
foot; 

• The value loss due to volume loss and increased costs was deemed to be $0.48 for every 4-inch 
cant with a conversion error, and $0.71 for every 6-inch cant with a conversion error. 

 
For errors relating to cutting tools: 
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• Benefits calculated on the percentage of undersize pieces; 
• $50/Mbf value loss for downgrade from Select to stud; 
• $150/Mbf value loss for downgrade from Stud to Economy. 

 
8.2.1.2 Theoretical Benefits 

The potential gains based on these calculations amounted to $11 per Mbf of lumber produced by the mill. 
It should be emphasized, however, that the SMA allows for easy collection of data that were previously 
hard to acquire or analyze. Availability of such data often makes it possible to justify equipment updates, 
complete overhauls by the manufacturer or other measures leading to enhanced equipment performance. 
Much of the corresponding gains could probably be achieved without the SMA, but the SMA is essential 
to proper equipment maintenance and control. 
 
Actual gains will be determined by: 
 

 the initial performance level of the mill; 
 the time currently required to detect a problem; and 
 the time currently required to correct a problem. 

 
If we assume that 50% of all conversion errors detected can be corrected, the SMA’s economic potential 
will range from $5 to $10 per Mbf of lumber produced by the mill. 
 
 

9 Conclusions 
The sawmilling industry is only now introducing process control instrumentation that is already in use in 
other industries. To-date, few techniques are available to control the process or portions of it in real time. 
The concepts of dashboards, monitoring, diagnostic and expert systems are essentially non-existent. 
Equipment manufacturers appear very keen on developing sensors that can be used for online process 
control, but these new instruments are applied to the specific monitoring of parts of a piece of equipment. 
By contrast, the SMA integrates all equipment involved in the process and uses accessible data. It 
therefore allows for easy integration of new sensors to supplement existing models.  
 
The development of the models relied on a variety of methods. Some of the models are simple, such as 
those used to monitor one or more variables through control charts. Others are more complex and involve 
analysis methods that are still rarely used in the lumber industry. Using multivariate analyses, we have 
been able to characterize the process and develop models capable of detecting when the process is out of 
control, in addition to identifying the variable or variables concerned. However, their viability and 
applicability in a relatively variable process remain to be evaluated. 
 
The gains achievable through implementation of the SMA range from $5 to $10 per Mbf of lumber 
produced by the mill. A portion of these gains will be achieved when the system is implemented, as this 
will require adjusting or updating some of the equipment. Actual gains will vary with the current 
performance of the mill, the time it takes to detect a problem, and the time it takes to correct it. By 
contrast with an optimizer, which acts on each log or piece of lumber, the SMA does not interact with the 
equipment. In the absence of human intervention, the benefits attributable to the system will be limited. 
Beneficial utilization will require changes in working methods. Current diagnostic and problem 
identification methods are based on data analysis models. 
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10 Recommendations 
The development of the SMA has led us to establish the bases required to control the process through 
accessible process data. The utilization of existing variables demands that the technological level of the 
equipment should allow for data recovery and transfer. Thanks to the models developed, we have been 
able to monitor one conversion centre and thoroughly diagnose it by introducing an expert system. The 
models developed at the mill-wide control level are only the beginning of a global optimization and 
control system. The intelligence and logic associated with the various model types will need to mature 
under production conditions.   
 
The expert system implemented at the secondary breakdown stage demonstrates the economic potential of 
keeping the process under control. Adaptation of this expert system to other manufacturing centres will 
eventually make it possible to monitor the entire process.   
 
Mill-wide process optimization and control should be part of future activities. The multivariate analysis 
models implemented as part of this project have demonstrated that they can support methods capable of 
characterizing and controlling the lumber manufacturing process. Sawmill experience will, however, be 
needed to refine the system, improve the methods, and develop intelligence in relation to the 
identification of problem causes.  
 
The use of new variables made available by various sensors would make it possible to improve the 
monitoring and diagnostic models. The mechanical components of a piece of equipment are frequently 
hard to monitor through available variables. 
 
As a final point, sawmilling is only one stage in the overall lumber manufacturing process. In the medium 
term, monitoring and control efforts will need to tie in with the drying and planing operations to ensure 
that sawmilling practices are optimal after drying and planing. 
 
 
 
 


