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Biofeedback for Forestry Machine Operators

Summary

Over the past decade there has been a significant transition in the forest industry towards mechanised harvesting.
Operating machines and maintaining precise hand and arm movements on joysticks can lead to muscle strain in
operators resulting in pain and discomfort. Electromyography (EMG) sensors were used to record the muscle activity
of operators in forestry machines while carrying out harvesting operations. Their muscle activity was presented to
the operators via a real time biofeedback computer display. The objective of this research was to examine the
potential advantages of providing visual biofeedback to operators to train them in reducing muscle tension.
Biofeedback training allowed operators to observe and consciously control the contraction and relaxation of the
upper trapezius muscles in their shoulders. Overall, the average muscle activity decreased during biofeedback
training. Results highlighted the potential of EMG biofeedback training as a preventative tool for work-related
musculoskeletal disorders in forestry machine operators.

Brooke O’Connor, Richard Parker, Brionny Hooper (Scion), Keith Raymond (FGR)

Introduction

The aim of this work is to develop methods and
tools to measure and understand the work of
machine operators and be able to monitor
changes to their work with the introduction of new
technology. This knowledge will guide
engineering design of new technology to improve
the operator experience, productivity and safety
thereby enhancing human-machine interactions.
Scion’s Human Factors group leads this work in
the forest industry and engages specialist
expertise when appropriate. The work reported
here is derived from an MSc project (O’Connor,
2023) supported by Forest Growers Research.

Health impacts on machine operators

The strain associated with operating machines
and maintaining the highly coordinated
movement sequence of the hands and arms has
increased the risk of health concerns such as
muscle fatigue. This fatigue is typically
detrimental to muscle function and can
significantly escalate the likelihood of sustaining
serious injuries (Al-Mulla et al., 2011; Attebrant et
al.,, 1997). Common complaints from machine
operators include injuries to their neck, arms, and
spine (Axelsson & Pontén, 1990). Based on
research conducted by Ding et al. in 2000 and
Nussbaum et al. in 2001, it has been suggested
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that muscle fatigue plays a crucial role in the
onset of musculoskeletal disorders affecting the
upper limbs. These studies emphasised the link
between repetitive tasks and the development of
wrist and hand issues, such as tendon problems,
carpal tunnel syndrome, (CTS) and discomfort in
the hand and forearm (Hansson et al., 2000;
Muggleton et al., 1999).

According to Paini et al. (2019), forestry machine
operators were observed to perform over 30
thousand repetitive actions in a single workday.
This finding suggests that these operators face a
significant risk of developing Repetitive Strain
Injuries (RSIs) and Musculoskeletal Disorders
(MSDs).

Musculoskeletal disorders

MSDs encompass a broad spectrum of painful
injuries that affect multiple anatomical structures,
such as muscles, ligaments, bones, tendons,
blood vessels, and nerves (Worksafe, 2022).
Globally, governments are particularly interested
in preventing work-related injuries due to the
strain it puts on the healthcare sector and the
increases in unemployment costs (Axelsson &
Pontén, 1990; Buckle, 2005; McLean & Rickards,
1998).

Unfortunately, the move to mechanisation has
seen upper body injuries increasing among
machine operators, resulting from long hours
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repetitively moving the machine's controls
(Axelsson & Pontén, 1990; Kirk et al., 1997).
Work-related MSDs of the neck, shoulders, lower
back, and upper limbs are commonly reported in
forestry machine operators (Axelsson & Pontén,
1990; Gallis, 2006; Ghaffariyan, 2016). The
primary factors contributing to these injuries
include prolonged periods of sitting, high work
intensity  while  maintaining fixed and
ergonomically unsuitable positions, and short
cycles of repetitive movements (Axelsson &
Pontén, 1990; Hansson, 1990; Gallis, 2006).
Silva et al. (2014) found that during the entire
workday, workers' upper limbs are heavily
utilised, predominantly performing repetitive
movements. Even machines with the highest
ergonomic ratings are tiring for the operators,
especially in combination with great attention to
the task (Gellerstedt, 1993; Harstela, 1990). The
physical demands of their occupation place
forestry machine operators at a heightened risk
of work-related MSDs (Miranda et al., 2001).

e

‘ 4 o,
OISR RS S

Figure 1: Typical excavator-based forestry loader used
in New Zealand.

MSDs can significantly affect forestry workers'
health, well-being, ability to perform their jobs
effectively and overall quality of life by restricting
their ability to work. Reported health concerns
range from minor muscle sprains and strains to
more severe conditions, including herniated discs
and carpal tunnel syndrome (Paini et al., 2019;
Santos et al., 2016). In addition to causing pain
and discomfort, these health concerns can lead
to lost wages, reduced productivity, and long-
term disability.

Given the nature of this work, it is important to
explore innovative approaches to reduce the risk
of musculoskeletal disorders. One such approach
is the utilisation of electromyography (EMG) and

2

biofeedback training for operators in cabs of
forestry machines.

Overall, the literature suggests that work-related
MSDs are a significant problem among forestry
workers and effective interventions are needed to
address this issue. Electromyography could offer
insights and potential strategies for future
interventions and preventative tools.

Electromyography (EMG) in forestry

Electromyography, also known as EMG, is a
technique used to examine the electrical signals
within muscles. EMG can be used to understand
the contraction and relaxation of muscle fibres,
which are essential for movement.

EMG sensors have become widely used in
harvesting simulators and more recently on log
truck drivers. A study by Dvorak et al. (2016)
measured the workload of harvesting operators
using EMG sensors. Natov et al. (2016) used a
harvesting simulator to evaluate workload by
applying EMG sensors. Moreover, Skvor et al.
(2022) and Skvor et al. (2023) effectively
implemented EMG sensors on log truck drivers.
Overall, these studies showcase the increasing
trend of utilising EMG technology to measure
workload and performance in more complex
settings.

Several research studies have been conducted to
monitor the activities of forestry machine
operators using EMG sensors. Gellerstedt (1997)
captured EMG activity of operators with the aim
of analysing their work elements and workload.
Another study by Macki and Dvofak (2013)
observed differences in muscle activity between
harvester operations and other tasks using EMG
sensors. Jankovsky et al. (2018) measured both
EMG and ECG to determine if work-related
factors contributed to disease risk among
machine operators. To address concerns about
data accuracy, @stensvik et al. (2019) conducted
a three-month study involving sixty operators
using EMG equipment on forest machine
operators operating harvesters. These studies
effectively demonstrated the deployment of EMG
sensors in harvesting operations, providing
insights into workload analysis, muscle activity
comparisons, identification of risk factors for
cardiovascular diseases among machine
operators, and improving data accuracy in
research involving forest machinery operation.

Forest Growers Research Ltd. PO Box 1127, Rotorua. Ph: 07 921 1883 Email: forestgrowersresearch@fgr.nz Web: www.fgr.nz




Biofeedback

Figure 2 demonstrates how biofeedback can
visually represent muscle contraction patterns
and provide feedback on the activity of their
muscles.

Figure 2: Illustration of real-time EMG activity
displayed to the user.

An extension of the biofeedback technique is its
application in training individuals who are being
monitored. This technique is called biofeedback
training. This form of training involves actively
engaging with real-time feedback over extended
sessions, with the aim of achieving physiological
improvements.

By using these sensors and monitors, operators
can receive immediate feedback on muscle
tension. This research aimed to test whether
operators could use this information to better
understand their own bodily responses and make
necessary adjustments to minimise strain and
fatigue.

Method
Ethical Considerations

This study was part of an MSc degree supervised
by the University of Waikato. Formal approval
was granted by the university Human Research
Ethics Committee.

Equipment

The BTS FREEEMG 1000 system from BTS
Bioengineering in Milan, ltaly, was selected for
the trial. Figure 3 depicts the location of the
sensor's placement while conducting EMG
recordings.
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Figure 3: The location of placement of the sensors
while conducting EMG recordings.

The EMG biofeedback display chosen for this
research trial is the oscilloscope which displays
the EMG signals for the left side of the shoulders
displayed on the top, while the right side are on
the bottom of the screen (Figure 4).

Figure 4: The biofeedback display in a forestry cab.
EMG signals of the left side are displayed on the top,
while the signals of the right side are on the bottom.

Study Locations

This research trial was conducted on operators in
ground-based harvesting operations across
Canterbury and the West Coast of New Zealand.
The participants were selected across the two
regions: eight crews (four in each region) of
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various sizes and systems such as cut to length
and tree length extraction.

Operators were pre-selected by either the
forestry contractor or a forest management
company representative. Pre-selection was
advantageous as those selecting the operators
were familiar with them and could indicate which

individuals would be keen to be involved in the
trial.

Fourteen forestry machine operators
participated in the trial (Table 1). Seven of the
participants operated loaders, four operated
processors, and three operated harvesters.
Collectively they had an average experience in
harvesting operations of 13 years.

Table 1: Operators participating in the research trial

Operator Machine type Task Experience (yrs.)
1 Loader Loading logging truck 25
2 Processor Processing and fleeting 15
3 Loader Loading logging truck 5
4 Loader Loading logging truck 25
5 Processor Processing on landing 25
6 Loader Fleeting and sorting 30
7 Harvester Felling 5
8 Loader Fleeting and sorting <1
9 Processor Processing and shovelling 20
10 Harvester Felling and processing 10
11 Loader Loading logging truck <1
12 Loader Loading logging truck <1
13 Processor Processing 10
14 Harvester Felling and processing 10

Study protocol
The study had two distinct phases:
e “Control phase” where the operator wore

electrodes, but the output was not
displayed, and muscle activity was
recorded. The operator had no

biofeedback of their muscle activity.

o “Biofeedback phase” where the operator
wore electrodes as above but could see
the display of their muscle activity. Muscle
activity was recorded.

The trial boundaries were set at a maximum of 10
minutes, with a delayed start of two minutes to
stabilise the muscle activity and reduce the
novelty effect. Research has shown that
recordings exceeding 10 minutes can lead to
distorted results due to the power spectrum of the
signal frequency shift as fatigue increases
(Veiersted et al., 2013).

Data analysis

Two-tailed paired t-tests of the “Control phase”
and “Biofeedback phase” muscle activity were
analysed to measure the differences between the
presence and absence of biofeedback.
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Results

Results indicated that the majority of operators
recorded a difference, and for most a decrease,
in muscle activity on the left trapezius muscle
during biofeedback training.

Figure 5 shows that for the left trapezius muscle
all pairs of data are significantly different (P<0.05)
except for Operator 11 who showed no difference
in muscle activity with and without biofeedback.
Operator 9 had greater muscle activity with
biofeedback.
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Figure 5: Left trapezius muscle results showing average muscle activity (uV) with and without biofeedback during
recording period.
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Figure 6: Right trapezius muscle results showing average muscle activity (uV) with and without biofeedback during

recordin

Figure 6 shows results for the right trapezius
muscle. These show that all pairs of data are
significantly different (P<0.05) except for
Operators 4 & 13 who showed no difference in
muscle activity with and without biofeedback.
Operator 13 increased muscle activity during
biofeedback (by 2.13 pV).

Results indicated that the majority of operators
recorded a difference, and for most a decrease,
in muscle activity on the right trapezius muscle
during biofeedback training.

-5.-

g period.

Discussion

Biofeedback works by giving people real time
updates on their muscle state. This data helps
them understand when they are holding tension
and make changes to avoid strain and fatigue
which can lead to injuries.

The average muscle activity for most operators
decreased during the biofeedback training.
Specifically, out of the 13 t-tests conducted on the
left trapezius muscle, 10 displayed a decrease in
muscle activity. Similarly, 11 out of the 13 t-tests
indicated a reduction in muscle activity in the right
trapezius muscle. These findings suggest that
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biofeedback holds significant potential for
reducing muscle activity in forestry operators.

This research received positive feedback during
the trials. Most operators were keen to participate
and discuss their work and saw value in the
research aim. Very few of the 14 participants
were hesitant or unmotivated to engage with this
technology. It is noted that two operators were
hesitant during the setup phase of the trial;
acceptance of new technology in an already
technology heavy environment was speculated to
be the cause. A possible concern for these
hesitant operators was the perceived difficulty of
the task being asked of them, i.e., engaging with
the biofeedback display for training while
performing operational tasks. Following trial
completion, both operators were optimistic about
their experience with the biofeedback training.

Operators found the EMG signals on the
oscilloscope easy to interpret and interesting
enough to maintain interest, as seen in Figure 7
and most operators treated the biofeedback
training like a game. One operator enjoyed using
the biofeedback tool so much that they saw
enough benefit to suggest integration onto the
machine's control panel.
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Figure 7: Machine operators view of the real time EMG
signals on the biofeedback display in the machine cab.

Introducing biofeedback in the forest industry
could greatly enhance worker well-being and
safety. By embracing this technology, operators
can monitor their physical state more effectively
and take proactive steps to prevent overexertion.
Furthermore, analysing the information gathered
through biofeedback can reveal trends that offer
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insights for enhancing work methods and
creating ergonomic solutions.

Conclusions

The wellbeing and health of operators working
with forestry machinery are important aspects to
consider within the industry. Enhancing their
experience, productivity and safety can be
achieved by developing biofeedback methods
and tools to assess and understand their work. It
is essential to address the demands and health
issues associated with operating machinery to
establish a sustainable and safe working
environment for forestry operators. The study
discussed in this research paper focused on
evaluating the impact and relevance of EMG
biofeedback training on machine operators.
Using the BTS FREEEMG 1000 system from
BTS Bioengineering the study monitored the
operators EMG signal to track changes in muscle
activity during training sessions. The experiment
was designed to identify differences that could
result from using this training approach. The
results indicated a decrease in average muscle
activity among most operators  during
biofeedback training sessions. These findings
suggest that biofeedback has promising potential
in reducing muscle strain, for forestry operators.
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