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Abstract

Sheep shearing is an important economic activ-
ity within Australia and New-Zealand. Yet, to
date sheep shearing remains a manual process
involving poor lower back postures and repeti-
tive movements leading to injuries. So far, the
only commonly accepted physical assistive de-
vice in shearing is the spring-loaded ceiling har-
ness. As such, electric-assisted sheep shearing
has long been dreamed of.

We therefore propose to evaluate a lower
back exoskeleton, supporting the hip flexion-
extension, during shearing. We present a first
two-step evaluation of the device by an expert
shearer.

A preliminary lab-based evaluation allowed val-
idation of the feasibility of the approach given
simple hardware modifications of the exoskele-
ton and the introduction of an ad hoc Grav-
ity Compensation controller augmented by an
Asymmetric Damper (GCAD).

In situ shearing evaluation showed the compat-
ibility of the device with the shearing task and
confirmed the expert user’s interest for one of
the proposed assistive modes. Kinematic mea-
sures showed that wearing the exoskeleton itself
reduced the lumbar flexion and hip rotations
but the active assistance provided by the de-
vice did not further alter the movements.

Further quantitative evaluation of the effects
of active hip exoskeletons for sheep shearing
should now be conducted, specifically evalu-
ating muscle activity in addition to the body
kinematics.

1 Introduction

Wool harvesting remains a cornerstone of Australia’s ru-
ral economy. The country produces about 25% of the
world’s wool and 90% of its fine apparel wool [AWI,

2017]. Each year, 74 million sheep are shorn by around
4000 shearers, yielding 340 million kilograms of wool and
more than $3.5 billion in exports [AWI, 2018]. Out of the
whole process, shearing is the largest expense for wool
growers, accounting for over 60% of production costs and
around 30% of wool sales revenue [Carmody, 2010].

Shearing is labour-intensive, with one expert worker
typically shearing more than 200 sheep a day and spend-
ing over six hours in a stooped working posture [Gmein-
der, 1986]. It carries a high risk of injury, particularly
to the lower back [Pal et al., 2008] [Robinson et al.,
2023]. The incidence rises as fatigue sets in, with nearly
68% more injuries recorded in the final two hours of a
workday compared to the first. Various measures have
been trialled, such as a raised shearing platform to avoid
having to stoop [Gregory et al., 2009], robotic shearing
[Trevelyan, 1992] and chemical solutions [Hudson, 1987],
each pose their own challenges such that manual shearing
remains the most economical and the primary method of
wool harvesting. On that front, very few advances have
been made to provide assistance to the shearers in miti-
gating fatigue and risk of injuries. The most widespread
being the back harness that uses fixed overhead spring
supports to relieve strain on the shearer’s torso [Robin-
son et al., 2021].

Studies have shown that conventional back harnesses
improve shearer kinematics associated with injury risk
but are less effective in reducing fatigue [Robinson et
al., 2021]. The assistance provided by the basic spring
connected to the ceiling lacks optimality for the various
scenarios and body postures and was observed to shift
load from a passive to an active range of muscle forces,
thereby increasing muscle activity despite some reduc-
tion in joint force and spinal flexion. Thus, while they
may ease certain back stresses, they can also worsen oth-
ers, pointing to the need for improved harness designs.

For sheep shearing, exoskeletons can be designed to
recognise what posture the human is in and what shear-
ing task the human is performing [Robinson et al., 2020]

- and be programmed to modulate the assistance to suit



Figure 1: A sheep shearer, shown wearing a ceiling har-
ness (highlighted with the outline).

the scenarios and the human body posture. There is
therefore a significant potential to reduce fatigue and
injury risk, and even improve productivity through the
appropriate assistance provided by robotic exoskeletons
in sheep shearing.

Robotic lower back exoskeletons have significantly ma-
tured in recent years, being developed for many differ-
ent applications. However, a recent literature review,
including 33 studies, “identified [a need] for further field
studies, involving industrial workers, and reflecting ac-
tual work situations.” [Kermavnar et al., 2021].

The purpose of the present work was therefore 1) to
evaluate the feasibility of the use of a lower extremity
exoskeleton for sheep shearing and 2) to perform a first
evaluation (and comparison) of possible assistive modes
(controllers) during actual shearing activities. As such,
this paper is a technical report of the iterative, user-
based, design process to both modify and evaluate the
exoskeleton for the shearing task. The process consisted
of two evaluations conducted over two days: a lab-based
preliminary evaluation with a lead user on the first day,
followed by an in situ evaluation on an actual shearing
task by the same lead user on the following day.

In this paper, we introduce the robotic exoskeleton
and the proposed assistive modes (Section 2), and the
preliminary lab-based evaluation and the modifications
in response to the findings from the first day in Section 3.
The comparison of the proposed assistive modes on the
actual execution of the shearing task carried out in a
shearing station in Section 4. Results and learning are
discussed in Section 5.

2 Apparatus

2.1 Robotic Exoskeleton Hardware

The evaluated exoskeleton is a FIT-HV lumbar exoskele-
ton by ULS Robotics (Shanghai, China), as shown in
Figure 2. It consists of a rigid backpack structure, hold-
ing the battery and control electronics, attached via
backpack style straps above the shoulders and at the
waist. For each leg, the exoskeleton has one active de-
gree of freedom (DoF) for hip flexion-extension and one
passive DoF for the hip abduction-adduction. The ex-
oskeleton is secured at the thigh with semi-rigid cuffs,
thus transmitting forces between the upper body and
each leg.

Figure 2: The FIT-HV lumbar exoskeleton with hard-
ware modifications used in this study.

Hip flexion-extension can provide a continuous torque
of 24Nm and has a range of motion (RoM) of approxi-
mately 225�, while passive hip abduction-adduction has
a range of 150�. The system has an overall mass of 5:8kg.
For this study, the internal controller of the exoskele-

ton was replaced by a BeagleBone single-board computer
with CANOpen capabilities and a dedicated software
controller using the CORC framework [Fong et al., 2020]

was implemented. The new controller allowed for direct
control of the motor torque in real time at 500Hz based
on position and velocity measured at the active joints.
In addition a custom Graphical User Interface (GUI)
written in Python and running on a separate computer
allowed for monitoring and logging of the state of the
device as the operator to control the various assistance
parameters.

2.2 Proposed assistive modes

Before the lab evaluation with the expert shearer, three
control modes, corresponding to different types of assis-
tance, were implemented on the exoskeleton and tested
during the laboratory based evaluation:

1. A Virtual Wall (VW) approach intended to offer a
rigid support to the user when bent forward, inde-



pendently for each left or right hip torque (�l;r):

�V W
l;r =

(
k(q0 � ql;r) if ql;r > q0

0 otherwise
(1)

with k = 100Nm � rad�1 and q0 a bending angle to
be defined according to user’s preference.

2. A quasi-static Gravity Compensation (GC) of the
upper-body equivalent mass:

�GC
l;r = �mubsin(qav) (2)

with qav =
qr + ql

2
and mub 2 [0� 3]kg �m2 � s�2 a

factor defined based on user’s preference and repre-
senting the mass-length-gravity equivalent value of
the upper-body reduced to a mass-point.

3. A combination of the above two approaches
(VWGC) aimed to provide both a quasi-static GC
while above the virtual wall and a rigid wall support
when the shearer is at the lowest point:

�V W GC
l;r =

(
k(q0 � ql;r) if ql;r > q0

�mubsin(qav) otherwise
(3)

These modes have been developed based on knowl-
edge of the shearing task which has both dynamic com-
ponents but where the shearer spends most of the time
bent forward around 90� of flexion. They were inspired
by previous studies on lower back injuries with shearers
and by the literature on lower back exoskeletons evalu-
ating kinematic-based control approaches [Lazzaroni et
al., 2019],[Miura et al, 2018], [Huysamen et al., 2018]

which have the advantage of not requiring additional sen-
sors (such as electromyography-based approaches) nor
a customised-user model (such as approaches based on
musculoskeletal modelling).

Each assistive torque, �ASSIST , was provided in addi-
tion to a friction compensation torque as:

�ALL
l;r = �ASSIST

l;r + �q̇l;r + �sign (q̇l;r) ; (4)

with � = 0:25Nm � s and � = 0:4Nm the viscous and
static (Coulomb) friction coefficients respectively.

3 Laboratory based evaluation

In order to better understand the needs from the ex-
oskeleton in assisting shearers and to evaluate its possi-
ble suitability for the task, an expert shearer was invited
for a two-day session, with the first day dedicated to pre-
liminary testing and lab-based evaluation.

3.1 Methods

The objective was to gather qualitative feedback on the
applicability of the exoskeleton for sheep shearing, de-
fine the hardware modifications required for the in situ
evaluation, and define the assistive mode and associated
parameters to be evaluated in situ.

An ad hoc questionnaire was developed prior to the
evaluation based on the Technology Acceptance Model:
Perceived Usefulness (PU) and Perceived Ease-Of-Use
(PEOU) [Davis, 1989]; as well as inspired by an exist-
ing generic and validated assistive exoskeleton evaluation
questionnaire [Wioland et al., 2019]. This ad hoc ques-
tionnaire thus covered similar dimensions with questions
more specific to sheep shearing.

The questionnaire was developed to provide feedback
at separate phases of the experiment. General and per-
sonal background information on the expert and the task
were obtained from the first part of the questionnaire be-
fore the device was introduced. After a brief introduc-
tion and visual inspection of the device, a questionnaire
was administered using a combination of Likert-scale and
open-ended questions to capture the expert’s perception
of the device (PU and PEOU). Another section of the
questionnaire dedicated to donning/doffing and comfort
was administered once the expert had worn the device
and moved around with it. The questionnaire was de-
signed such that the feedback could be used to make fit-
ting and hardware adjustments before the device would
begin to provide assistance.

Once the requirements were met, the device was
turned on and the assistive modes were applied. After
each assistive mode, the expert was asked to answer a
series of Likert scale and open-ended questions that were
assessed to evaluate the feasibility of the assistive mode
as well as to inform whether any tuning of the param-
eters was required. The questionnaires for this section
were repeated for each assistive mode.

3.2 User and task

The expert user invited for the evaluation had extensive
experience as a shearer and is a qualified trainer and
coach for new and experienced shearers (see Table 1 for
details). He has also participated in multiple shearing
competitions.

Age 41
Gender Male
Mass 84kg
Height 181cm
Shearing experience (years) 26
Shearing work frequency Daily

Table 1: Expert demographics and experience




