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INTRODUCTION 

n 1994, FERIC helped initiate the ATREF project, which 
ame to a close in early 1998. This project was intended to 
ncrease the competitiveness of Canadian forestry equip-
ent manufacturers by helping them to implement new 

echnologies. CRIM (the Centre de recherche informatique 
e Montréal) took the role of project manager, and Laval 
nd McGill universities participated in the work. The other 
artners were Denharco, Autolog, and FERIC, and the 
roject was funded by Quebec’s “Synergie” program. 
he project comprised three components. The first, which 
onsisted of developing a computer-assisted design tool for 
eveloping forestry equipment, was carried out by Laval 
niversity. FERIC was primarily involved in the remaining 

wo components, namely the development of a compu-
erized control mechanism for harvester booms and the 
evelopment of a graphical simulator for training harvester 
perators. 

COMPUTERIZED CONTROL 

or more than 15 years, industrial robots have been 
ontrolled by computers. The relationships between the 
ovement of the robot’s cylinders or motors and the 

orresponding change in position of the tool are stored in the 
emory of the robot’s computer, so that inputs from sensors 

et the computer calculate the position of the robot’s arm. 
orestry machines are controlled much more simply; 
perators activate the cylinders and adjust their positions 
nd speeds in reaction to the observed response. Although 
obotics technologies currently work well in the “controlled” 
nvironment of a factory, they have not been developed 
ufficiently that they can be completely integrated within the 
orest environment to replace machine operators. They can 
onetheless be used to assist operators and thereby increase 
roductivity. 
roviding assistance to operators became the goal of the 
computerized control” component of the ATREF project; 
his work was intended to build on work completed earlier 
y FERIC’s Western Division and the University of British 
olombia (Clark 1994). An experimental forwarder provi-
ed by FERIC served as the “test bench”, and was equipped 

with a Denharco single-grip harvester head and the 
computerized boom control. The forwarder used a constant-
pressure hydraulic system so that the response time of the 
controls would not handicap the new control method, known 
as “coordinated motion control”. A single custom joystick 
that combined all the controls for moving the boom and the 
head was also installed. Instead of independently activating 
the main boom and the stick boom, the operator directly 
controlled the horizontal or vertical movement of the felling 
head, and the computer coordinated the movement of the 
boom cylinders to produce the desired result. 
Working with CRIM, FERIC conducted tests of this system 
in an “artificial forest” composed of nine telephone poles 
arranged within the reach of the machine (Figure 1). The 
tests consisted of grasping the poles with the felling head 
while following various predetermined sequences. Sixteen 
operators participated in the trials to permit an evaluation of 
the ergonomic aspects of the new controls and to compare 
the performance of the coordinated motion control approach 
with that of the conventional control method. 

 
Figure 1. Trials of the experimental forwarder 

in  the “artificial forest”. 

 
These trials and the complete results are described in more 
detail by Desrochers (1998); this report is available upon 
request. All of the operators preferred the new control 
method, and the computerized interface exhibited excellent 
reliability over the course of the trials. However, given the 
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limited financial means of the project and the long learning 
period, the trials did not provide sufficient time to de-
monstrate any significant performance differences between 
the two control methods. The operators did not like using 
the custom joystick to control the equipment, so this 
interface was abandoned after several trials. Subsequently, 
the forwarder was equipped with conventional dual joy-
sticks, but with the main and stick boom functions again 
replaced by horizontal and vertical movements of the felling 
head. The results were encouraging, and the project team 
decided to adapt the interface for use on a conventional 
carrier. These trials, during which only the operating speed 
and the precision of the coordinated controls were measured, 
used a Komatsu PC-120 harvester. Despite the sophisticated 
hydraulic system of this harvester, which included (among 
other features) a regenerative circuit, the computerized 
interface was successfully adapted to the harvester and its 
performance proved excellent. 

GRAPHICAL SIMULATOR  

Simulation software has been developed for use with 
industrial robotics so as to permit programming of the robots 
and verification of their behavior on a computer; this 
approach avoids the need to take production equipment 
offline and reduces the risk of damaging the production 
tools. The same approach was applied to forestry machines 
during the ATREF project via the development of a gra-
phical simulator designed to reproduce all the movements of 
the boom and head of a single-grip harvester on a computer 
screen, with the simulation controlled using joysticks identi-
cal to those found in the cab of a real harvester. 
The teaching staff of a Quebec professional training center 
(the “Centre de formation professionnelle de Mont-Laurier”) 
helped to define the performance criteria for the simulator 
and how it could be incorporated within the center’s training 
program. Three simulators were subsequently tested within 
the regular operator training program (Figure 2). Two 
groups of students participated in these trials in May/June 
and September 1997, between the end of the theoretical 
session and the beginning of in-woods training. 

 
Figure 2. Trial of the graphical simulator at Mont-Laurier. 

The simulator that was developed modeled all the move-
ments of the boom and head quite accurately, including 
oscillation of the felling head, and presented a series of 
exercises of increasing difficulty that ranged from grasping 
a tree through delimbing and piling logs at predetermined 
locations. 
Trials of the simulator revealed several advantages of this 
approach to training. First, it provided a means of predicting 
the skill level of the students before they actually began 
working in the woods. In addition, breakage and repair costs 
for the school’s forestry machines related to training 
decreased by around 30%. The time spent working in the 
woods was also more productive, thereby increasing the 
volume of wood harvested by around 10 to 15%. Finally, the 
simulators attracted and held the interest of the students 
throughout the training. 

CONCLUSIONS 

The trials performed under the ATREF project did not 
demonstrate that the coordinated control method signifi-
cantly increased operator performance, although operators 
generally preferred this method of control. However, the 
computerized control developed during the study represents 
a solid and reliable base that can support the development of 
systems that incorporate other sensors in order to permit the 
automation of certain machine functions and reduce the 
need for operator intervention. 
As well, the simulator proved to be an effective training 
device, and was both efficient and economical. Several 
training centers have expressed an interest in acquiring their 
own simulators. In response, the partners in the ATREF 
project are evaluating the possibilities of commercializing 
this simulator in the near future. 
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DISCLAIMER: This report is published solely to dissemi-
nate information to FERIC's members. It is not intended as 
an endorsement or approval by FERIC of any product or 
service to the exclusion of others that may be suitable. 
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