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ABSTRACT 

The limited application of Information Technology (IT) and OBCs in northern Ontario forest 

harvesting operations is an opportunity to improve the wood procurement supply chain through 

their implementation, development and use. OBCs will be installed in three different machine 

types (feller-buncher, grapple skidder,  single-grip roadside processor (delimb and cross cut)) 

with three machines per machine type. Key Performance Indicators (KPIs) will be developed and 

data will be collected by multiDAT dataloggers. After initial installation, benchmark KPI data 

will be collected and considered as “control”. Once benchmark data has been collected, it will be 

reported to staff and employees. After this point, all KPI data collected will be considered as 

“treatment”. The main objective of the study is to determine if there are any significant 

differences between control and treatment KPI data. Secondary objectives will include testing 

significance between machines within a machine type, considering KPI data on different 

timelines (/day, /shift, /hour) and consider the machine treatment interactions.  

This study will help determine the cost/benefit of data sharing and implementation of OBCs 

within wood procurement in Northern Ontario. If OBCs are found to have a successful impact on 

operations, further implementation and cultural adoption of these units would follow. 

Keywords: Wood procurement, On-board Computers (OBC), Logistics, Key Performance 

Indicators (KPI), Supply chain 

INTRODUCTION 

It is a common observation by most that the forest products industry in Canada has been 

experiencing a downturn. This downturn is the product of many factors. Those most often cited 

includes the high value of the Canadian dollar, the price of energy, increases in wood costs and 

the reliance on low value commodity products. Other reasons include poor market and 

competitive positions and lack of information (IUFRO 2005; Björk and Carlsson 2006; Björk and 

Carlsson 2007; Skjäl et al. 2009). It can also be suggested that a resistance to change is one of the 

core causes of this downturn.  

One of the available options for the improvement of the forest industry is the use of On-Board 

Computers (OBC) in forest supply chains. OBCs can be used as a tool to collect performance 
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information in order to provide valuable data, identify opportunities, implement changes and 

monitor the effect of those changes. With a strong focus on cost reduction, the implementation of 

these systems would provide the next logical step in operational improvements. This is because 

there are many operations working without any system for collecting and understanding 

performance information; a key component in productivity improvement and management.  

This paper summarizes a study currently taking place in Dryden, Ontario, Canada. A short 

literature review on OBC publications is done in order to highlight the need for this study, past 

OBC research and apparent challenges. This is followed by a description of the study, 

significance of the research, limitations of the study and conclusion.  

LITERATURE REVIEW 

Wood procurement supply chain 
The forest industry is trending towards supply chain management (SCM). The main focus of 

SCM is on the order fulfilment processes and corresponding material, financial and informational 

flows (Stadtler 2005) with some specific attention to customer satisfaction. In order to match 

production with customer requirements, there is a need for improved integration among different 

actors in the supply chain (IUFRO 2005). This will only become more important as there is 

added product diversification (Davis and Kellogg 2005; IUFRO 2005) such as the harvest and 

transport of forest fuels (Sikanen et al. 2005). 

Frayet et al. (2004) and Sikanen et al. (2005) suggest that the integration of an automated, open 

access web-based system with real-time information would provide grounds for better 

collaboration of all organizations.  This system would need to be robust and capable of 

collecting, managing and storing all information (Christopher 1998; Carlsson and Rönnqvist 

2005; Cordero et al. 2006). This would be done with a good data transmission network between 

the field and central database (Emeyriat and Bigot 2006). The development of such a system 

would require the implementation and continued use of On-Board Computers (OBC).  

Types of OBCs 
According to Hubbard (2000), there are two major categories for OBCs: 1) those that collect 

information for periodical download (trip recorders); and 2) those which provide real-time 

information (Electronic Vehicle Management Systems (EVMS)). He suggested that trip recorders 

are only used to collect vehicle data (speed, rpm, idle, etc...) for analysis at a later date, whereas 

EVMS provide real-time remote access to vehicle data and geographic information. 

A more specific categorization was suggested by CRC for Forestry (2010) with a total of four 

categories: 1) vibration, 2) GPS, 3) purpose built and 4) manufacturer. Each of these categories 

has its own specialization, which in turn provides different opportunities. Vibration OBCs are 

generally all-purpose units which tend to collect very basic information with minimal user input. 

GPS OBCs focus on the collection of geographic information for subsequent interpretation. 

Purpose built OBCs are specifically built and designed as units for data collection in forestry. 
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Manufacturer OBCs are typically built-in systems which have been installed by the machine 

manufacturer for equipment monitoring and control.  

Current uses of OBCs 
The most common use of OBCs is loosely referred to as “monitoring”. As it is a broad term, it 

encompasses many items; some examples are to meet environmental requirements (i.e., soil 

disturbance), provide opportunities for compliance reporting and improve the traceability of 

forest products (Taylor et al. 2001; Cordero et al. 2006).  

The use of GPS tracking for monitoring forest operations has been successfully tested in many 

cases, including a study of forest operations traffic (Carter et al. 1999), soil disturbance (Taylor et 

al. 2001; Veal et al. 2001; MacDonald et al. 2002; Davis and Kellogg 2005; MacDonald and 

Fulton 2005) and trucking (Devlin et al. 2008; Devlin and McDonnell 2009). Taylor et al. (2001) 

and Husband (2010) suggest using a machine’s GPS information to report on treated areas for 

compliance.  

There is considerable interest in the use of OBCs to improve productivity. This interest is 

normally centred on the use of OBC information to identify and quantify opportunities for 

operational improvements (Davis and Kellogg 2005). However, attempting to track productivity 

in forestry operations can be frustrating (IUFRO 2005). This is difficult due to the heterogeneous 

and stochastic nature of forestry work. This, in turn, has led to a limited number of reports 

describing productivity gains in forestry (IUFRO 2005) (i.e., the cost benefit).  

OBCs are well positioned to be employed as a tool to implement and help manage incentive 

systems for workers (Hubbard 2000; Husband 2010; Spinelli and Natascia 2010). Framing the 

implementation of OBCs as an opportunity for workers to gain additional income is an excellent 

way to motivate change. 

One of the simplest functions of an OBC is to track machine utilization. The simplicity of this 

data and its collection can help drive OBC use. There is a desire to measure utilization due to its 

clear impact on an operation’s economy and productivity (Turcotte 2003).  

Another less common but growing opportunity with OBCs are their use as an activity sampling 

and work study tool (Davis and Kellogg 2005). The use of these units as a tool for long-term shift 

level studies is gaining popularity and is proving its cost efficiency. Furthermore, advances in IT 

are providing more opportunities and ease of use, especially the automatic transfer of data. 

Current gaps 
There are gaps in the implementation and operation of OBCs. The most pronounced is the lack of 

collecting detailed operational information and its correct interpretation (Davis and Kellogg 

2005). Even though there are units which can collect more accurate mechanical information than 

a work study professional (e.g., JDlink) there is a lack of clarity in the data. Improvements in 

purpose built units, additional sensors and improved software would be needed to help rectify 

this issue.   

Another fault within OBC systems is related to hardware. Information storage and data transfer 

can be challenging in the forest environment. Improved hardware is necessary in order to increase 
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reliability. An example of lack of data storage was suggested by McDonald and Fulton (2005) 

and Cordero et al. (2006). In order to give a more accurate understanding of machine paths and 

activities, shorter intervals between GPS collection points would be required. This increase in 

data collection (i.e., a point collected every 1-2 seconds) would lead to a considerable increase in 

data volume, and would possibly lead to inconsistencies and problems in analysis of data  

The level of detail required for data capture is another gap in OBC implementation. This will 

vary greatly between local applications, however guidance in collection methods and analysis are 

needed. The optimal collection of information would lower costs and improve analysis. 

 In forest harvesting operations, there often is a large inter-dependence amongst machine 

elements and machines. This inter-dependence inherently means that all activities performed will 

affect all others that follow Sundberg and Silversides (1989). When considering the use of OBCs,  

a complete system would be able to monitor and report on the interaction of multiple machines 

within a supply chain. An opportunity which has not yet been studied and published is the 

implementation of OBCs to monitor multiple machine interactions. The ability to monitor 

machine interactions would provide a slew of many new performance indicators and 

opportunities to improve forest operations. 

An additional challenge to monitoring multiple machine interaction would be to provide 

comparable units between machines. Sundberg and Silversides (1988) suggest that using 

comparable units provides ease in computation and use of numerical values on a comparable 

scale: e.g., energy (GJ), power (kW), time (h) and money ($). Developing a system which can 

have automated monitoring of multiple machines with comparable units will be a major challenge 

to overcome.  

Struggles in application 
The greatest challenge to the implementation of these units is cultural. In the past, there has been 

a clear focus and an extensive amount of resources applied to the reduction of production costs 

(Frayet et al. 2004; Roscher et al. 2004). This has come at the cost of organizational agility 

(Frayet et al. 2004), which is the ability to efficiently adapt to change. 

The implementation of OBCs is further challenged by the inherent need to use new technologies. 

When considering the implementation of information technology in any sector “it’s not only 

about new technology; it is also about new ways of doing things” (IUFRO 2005). Therefore, one 

must understand the cultural impact of a re-organisation and re-definition of certain parts of 

forest operations. Due to the low hiring rate of new workers in the industry and the aging 

workforce, the cultural adoption of new technologies can be challenging (IUFRO 2005).  

Another cultural challenge related to implementation of these units is the long history of some 

negative relationships between forest contractors and large forest products firms. This partially 

stems from the historical pressure on contractors to constantly lower costs yet still produce high 

quality raw materials. This has led to a sense of information hiding, mistrust and even cheating 

(IUFRO 2005; Stadtler 2005). 



 

34th Council on Forest Engineering, June 12-15, 2011, Quebec City (Quebec)  5 

 

Also, a lack of interest in performance information by North American loggers was suggested as 

stemming from the view of timber as a commodity product, and not as a potential for individual 

stem optimization (McDonald and Fulton 2005) In most cases, contractors simply do not see the 

value of detailed performance information, and they are not interested in paying for the 

technology (IUFRO 2005; McDonald and Fulton 2005).  

Another challenge is the initial implementation of OBCs as a system. This can be partially related 

to the lack of uptake of IT, however it is important to note that the initial implementation of 

progressive logistical improvements are not done overnight (Bowersox and Daugherty 1995). 

Other system implementation challenges include cost, involvement of multiple parties, the broad 

geographic area, remote access to these areas and the lack of communications infrastructure 

(Taylor et al. 2001; Frayet et al. 2004; D’Amours et al. 2007).  

The dedicated cooperation of operators is another struggle in the application of these systems. 

Some of the reasoning for this challenge ties in to aforementioned cultural challenges. However, 

their dedicated involvement comes with considerable reward. Their extensive knowledge in the 

frontline operation of equipment will give the highest quality of insight on forest operations and 

performance.  

Communication infrastructure and automation is another major struggle in the application of 

these units. There is a clear need for the automated production of performance information from 

data systems (McDonald and Fulton 2005; Thompson and Klepac 2010). Additionally, the 

automation of an OBC system must not add too much, if at all, to the workload of machine 

operators (Holzleitner et al. 2010). This is further reflected in Emeryiat and Bigot (2006) who 

suggest that if any additional data input represents too much extra work for the operators, the 

project will most likely be unsuccessful.  

The final challenge to the implementation of these units is related to the survivability of 

equipment. The equipment must be able to stand up to the harsh environment of forest operations 

(Turcotte 2003; McDonald and Fulton 2005). Forest operations equipment are exposed to many 

challenging environments and elements; this includes everything from extreme cold and heat, 

varying humidity levels, excessive noise and vibration levels, dust, and resistance to impacts.  

Lack of peer reviewed publication 
Due to this technology’s recent development, the amount of literature on this subject is quite 

limited; much like any study that looks at the effect of Information and Communications 

Technology (ICT) in the forest sector (IUFRO 2005). Furthermore, studies regarding ICT 

solutions in procurement are still often regarded as immature (IUFRO 2005). There are very few 

peer-reviewed journal articles which discuss or provide a case study on the implementation of 

OBCs in forestry. The bulk of the information found on the implementation and use of OBCs, 

and even GPS systems in the forest industry, is mostly restricted to non-peer-reviewed 

publications (Taylor et al. 2001).  

This lack of publications is odd, since there are a large number of publications in forest planning 

and supply chain management which stress the importance of developing a reliable, accurate and 
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efficient data collection system. Therefore, there is a major knowledge gap in terms of 

implementation and quantification of benefits.  

The ability for OBCs to collect information on machine interaction is non-existent in published 

literature (Davis and Kellogg 2005). 

MATERIALS AND METHODS 

Study area 
This study will be based out of Dryden, Ontario, Canada. Wood procurement operations will be 

taking place on the Wabigoon and Trout Lake Sustainable Forest Licenses. The specific study 

area within these two licenses will follow planned operations according to the current Annual 

Work Schedule (AWS). Following the AWS will represent actual working conditions. Due to 

this, operations will be taking place in a variety of stand and site conditions within the boreal 

forest. 

OBC 
OBCs will be used to collect performance information and monitor equipment. This study will 

use the MultiDAT electronic datalogger, which is publicly available at Castonguay Électronique 

in Longueuil, Québec, Canada. This unit is designed to collect information from both electronic 

and motion sensor input. In terms of electronic inputs, the unit is equipped with the ability to 

monitor four different activity channels. These channels can be connected to a signal source with 

a voltage between 5 and 28 V.  A power connection is also required to power the unit for its 

operation. This requires a 12 or 24 V connection.  Depending on its connection, it can also be 

used as an additional source of information: i.e., if it is powered by the ignition, master switch, 

direct from the battery, etc....  

Key Performance Indicators (KPI) 
KPIs will be used in order to benchmark and monitor performance. There are four main KPIs for 

all machines; they are referred to as “power on”, “motion sensed”, “drives engaged”, and 

“signal”. All machines will have identical “power on” and “motion sensed” connections. The 

units will be powered only when the machine ignition is activated. Therefore, “Power on” will be 

the KPI which tracks machine activation. The built-in motion sensor will be used as a source of 

information to determine when the machine is moving. This will help determine idling and 

delays. The “drives engaged” and “signal” inputs will be the only 2 activity channels used in all 

machines. “Drives engaged” refers to a connection which can measure when the track(s) or 

wheels are activated for machine movement. “Signal” measures a direct work function which is 

engaged (i.e. activating the grapple on a skidder). Specifics for these connections are listed in 

table 1. 
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Table 1: Machine types and associated connections for individual KPIs. 

Machine type 
Power on 
[power connection] 

Motion sensed 
[motion sensor] 

Drives engaged 
[channel 1] 

Signal 
[channel 2] 

Feller-Buncher Ignition on [h] 
Motion sensor 
active [h] 

Drives engaged [h] Head tip [count] 

Grapple Skidder Ignition on [h] 
Motion sensor 
active [h] 

Drives engaged [h] Arch up [count] 

Single-grip Roadside 
processor (delimb 
and cross-cut) 

Ignition on [h] 
Motion sensor 
active [h] 

Drives engaged [h] Saw [count] 

 

Only two of the four possible channels will be used in order to reduce installation time, increase 

data simplicity and reliability and allow room for future development and application.  

Machines 
There will be three machine types: Feller-Buncher [FB], Grapple Skidder [GS] and Single-grip 

Roadside Processor (delimb and cross-cut) [RP]. Each machine type will have three 

representative machines. All of these machines are scheduled to run six days per week, 24 hours 

per day on three 8 hour shifts per day. MultiDATs had been previously installed in these 

machines, however datalogger upgrades and rewiring of connections was necessary for all units. 

Data collection 
Machine KPI data will be collected and stored in MultiDAT dataloggers. Each individual 

datalogger will be connected to a modem for wireless data transfer. Data will be transferred 

wirelessly to a mobile data station (located in a vehicle such as a light-duty pick-up or service 

truck). Subsequently, data will be transferred from the mobile station to a centralized database 

once it is in range of cellular service.  

Benchmark data (control) will be collected in order to determine the current level of KPIs. Once 

an acceptable amount of benchmark data is collected, it will be reported and shared amongst staff 

and employees. Once data dissemination has taken place, post-treatment data (treatment) will be 

collected. As data is reported and interpreted by staff and employees, operational improvements 

can take place. 

Data reporting and interpretation 
Once data has been collected and transferred to the central database, it must be reported and 

interpreted. This will require the use of MultiDAT 5 software. This software provides an 

interface to create and generate reports for performance monitoring. Standardized reports will be 

created and used to report KPIs. Data from these reports will be used for statistical analysis. Data 

will be reported by machine type, individual machine and unit of time (/day, /shift, /hour). In 

order for data to be used within a statistical software package, data will be formatted as depicted 

in table 2.  
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Table 2: Example of raw data table for statistical analysis. 

*Data 
sharing 
[1,2] 

Machine 
type [FB, 
GS, RP] 

Machine 
# [1,2,3] 

**Shift 
# 

Activation 
[h] 

Motion 
[h] 

Drives 
[h] 

Productivity 
[count] 

1 FB 1 1 6.13 4.5 0.4 320 

1 FB 1 2 7.04 5.54 1.2 400 

... ... ... ... ... ... ... ... 

*1 indicates control. 2 indicates treatment. 

**In this case, shifts are used. 

Hypotheses 
The main objective of this study is to determine if there are any significant differences between 

control KPI data and treatment KPI data within machine types. Figure 1 illustrates each 

individual linear model. 

 

Figure 1: Linear models for individual KPIs within each machine type. 

Where: 

Y=  Response variable = Power on, Vibration sensed, Drives engaged, Signal 

μ=  Grand mean 

M=  Machine number  i = 1,2,3 

T=  Treatment  j = 1,2 

ε=  Random error 

SIGNIFICANCE OF RESEARCH 
This research project has a number of different objectives. Its primary objective is to test if there 

is any significant difference between control and treatment KPI data. The result of these tests will 

help determine and quantify the effect of OBC use in forest operations, and thus their cost-

benefit. This will provide crucial information to the industry for aid with OBC implementation 

and decision making. It will help determine the effective and cost/benefit of these units. 
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One of the secondary objectives will be to explore differences in OBC implementation amongst 

machine types. Since each machine type performs different tasks, the success of OBC 

implementation may vary. This could lead to the development of specific focus points. 

Another secondary objective would be to interpret KPI data according to different units of time. 

The ability to consider data per day, per shift and per hour would provide additional opportunities 

for data analysis. This would in turn lead to recommendations as per data analysis and reporting 

for subsequent use.  

This study would also provide the opportunity for future research through the use of other OBCs. 

An example of this would be to implement FPdat dataloggers in order to quantify the effect of 

visual OBC and GPS use on KPIs.  

The final objective of this study is to help develop additional KPIs for local implementation. This 

would be done by working with all levels of contractor staff and identifying possibilities for 

significant, useful and automated KPIs. 

LIMITATIONS OF RESEARCH 

This study is based on the collection and statistical analysis of KPIs. KPIs are used in order to 

quantify and represent changes which may occur in forest operations. They should only be 

considered as estimates and be carefully used as guideline information to help in decision 

making. Subsequent development of KPIs is necessary in order to increase accuracy and 

relevance.  

This is considered to be a large shift level study. Stand and site conditions will be monitored, 

however it is not in the scope of this study to monitor the effect of different site and stand 

conditions.  

Since this is a broad level study, operator influences will not be specifically studied. Even though 

differences in operators have been well documented (Lindroos 2010), it is not within the scope of 

this study to quantify their effect on KPIs.  

There may be differences in machines (year, make, model) amongst machine types. This may 

have an effect on the resulting control and treatment data. However, all machines within a 

machine type will be comparable in terms of size and power. The importance of testing with 

identical machines is becoming less important through time, since technological development has 

slowed and machine productivity and limitations are quite comparable (Lindroos 2010).  

CONCLUSION 

There is considerable opportunity for improvements within the forest industry in Canada, 

especially with IT. The aging image of the forest industry tends to lead to the idea that ICT could 

become a source of new opportunities and even a new image (IUFRO 2005). The implementation 

of IT tools within wood procurement, such as OBCs, would provide valuable information that 
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would help improve operational efficiency. This could be driven by the need to increase 

efficiency and lower costs.  

Furthermore, the inherent need for OBCs will only grow as new objectives and goals become a 

greater part of the planning and operational process (Roscher et al. 2004). As the achievement of 

these new objectives requires greater attention to system control and adaptability, there is a need 

for further access to more information (IUFRO 2005).  

The need for a cultural change was stated by Sundberg and Silversides (1988) when they 

suggested that forestry now consisted of highly specialized jobs that relied heavily on proper 

planning and engineering. The aging approach of on-the-job training with rudimentary 

instructions is in the process of disappearing. They further argue that any enterprise striving for 

efficiency should not rely on common sense and past experience, but implement new tools and 

methods. Therefore, there is a clear need to collect, analyze, interpret and distribute performance 

information to all partners and forest contractors (Davis and Kellogg 2005). 

The goal of this study is to provide valuable information for the forest industry by quantifying the 

effect of OBCs in order to help determine the value of their application. The willing 

implementation of these units will only take place once studies have clearly demonstrated the 

cost/benefit of these units. Further implementation and use will develop a culture of ICT and 

OBC use that will continually expand in order to improve operations.  
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