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Index Terms—Abstract—Exosuits are wearable technologies
that improve physical capabilities and mobility providing support
during various activities. Although primarily intended for med-
ical rehabilitation, there is growing interest in utilizing exosuits
in industrial environments to prevent work-related musculoskele-
tal disorders (WMSDs) by ensuring continuous joints support.
However, achieving synchronization between the exosuit and
human motion, as well as effectively controlling interactions with
the surroundings, presents ongoing challenges. The integration
of computer vision techniques, particularly object recognition
algorithms, can greatly assist exosuits in understanding the
user’s environment and adapting their behaviour accordingly.
To address this issue, we have developed a control strategy for a
soft exosuit that employs computer vision to collaboratively offer
tailored assistance to the elbow, alleviating joint stress during
interactions with objects of various natures and weights. We con-
ducted a study to assess the effectiveness of the integrated system,
which merges object recognition and gravity compensation within
a built-in structure of the robotic exosuit. The findings confirmed
that the suggested solution notably minimized muscle strain
during dynamic activities, exhibiting a consistent correlation with
the mass of the object being lifted, namely reducing by 45% and
54% respectively the Biceps activity while lifting the MW and
HW compared to the 32% of the ”Dynamic Arm”. The intention
of this contribution is to pave the way for incorporating the vision
algorithm, thus enabling a more efficient interaction between the
user and the exosuit itself. This includes adapting the control
strategy to account for variations in environmental dynamics.

Exosuits; Computer Vision; Embedded Control; Assistive
Robotics; Industry 4.0.

I. INTRODUCTION

Exosuits, often referred to as soft exoskeletons, represent a
category of wearable technology capable of enhancing user
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physical abilities, promoting mobility, and offering support
during diverse activities [1]. In contrast to rigid exoskeletons
that rely on stiff frames and motors for external support,
exosuits harness flexible fabrics and soft actuators to replicate
the body’s natural motions.

In recent times, there’s been an escalating interest within
the industry for soft, active wearable robots that assist single
or multiple upper extremity joints [2]. Even though these
devices are primarily engineered for medical applications to
rehabilitate motor control [3], [4], their versatility compared
to their rigid counterparts means that exosuits can serve not
only as a rehabilitative tool but also in industrial contexts [2],
[5]. This involves providing consistent joint support to workers
during their daily tasks to prevent work-related musculoskele-
tal disorders (WMSDs) and avoid muscle strain during the
working tasks.

One of the major unsolved issues in exosuit development
is the synchronization between the device and the wearer,
along with controlling the interactions with the environment
[6], [7]. The soft robotic suit needs to offer assistance to the
user without impeding physiological motion, and adjusting the
level of assistance based on the user’s interactions with objects
or devices around them [8]. This aspect becomes particularly
important when the aim is to deliver assistance in an industrial
setting where continuous interaction between the user and
items or devices is the norm.

Vision plays a central role in human motion planning and
interaction with the surrounding environment. For example,
before and during contact and manipulation of objects, our
brain utilizes visual information from our eyes to estimate the
force that our hands need to exert.[9].

Bearing this principle in mind, adopting object recognition
or classification algorithms for analyzing and processing visual
data, a field known as computer vision, has been broadly
utilized in automation [10]. This includes regulation of inter-
actions, avoidance of unintended collisions, and more recently,
fine-tuning manipulation via visual serving [11].

Despite the complexity of object recognition within the
domain of computer vision, due to variations in shapes, sizes,
and appearances of objects, as well as factors like lighting con-
ditions, occlusion, and clutter [12], its potential benefits and
advancements are noteworthy. In response to these challenges,
a wide array of algorithmic approaches have been crafted
by researchers. These span from classical computer vision
methodologies [13], [14] to more recent deep learning-based
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Fig. 1. Exosuit Design and Experimental Set-Up. One the left side design of the elbow exosuit: the exosuit employs fully-embedded tendon-driven mechanisms
to enable elbow flexion. It consists of two key components: a lightweight orthosis and a back protector housing the actuation stages, a control unit, and a
power unit. In addition, the exosuit integrates two IMUs for capturing the arm’s three-dimensional orientation, a force sensor for measuring the interaction
force between the user and the suit, and an RGB camera for object detection during user interactions. During the ”Vision On” control mode, the assistance
level adjustment is triggered by a pressure sensor located on the user’s index fingertip. On the right panel, schematic representation of the experimental set-up
and GUI developed for the evaluation of the control algorithm.

techniques [15]. The evolution of these methods highlights the
robust adaptability and growing capability of computer vision
to overcome the challenges inherent in diverse and dynamic
environments.While the application of computer vision is pri-
marily seen in industrial robotics, there’s compelling evidence
to suggest that such techniques can be harnessed in assistive
technology. This would provide situational awareness and dis-
cernment of environmental dynamics, subsequently allowing
the assistance provided by wearable robotic devices to be tuned
dynamically and adaptively [16]. By incorporating computer
vision technology, exosuits can gain a better understanding
of the user’s surroundings and make adjustments to their
behaviour accordingly [17]. For instance, the exosuit may
adjust the level of assistance provided based on the objects
that the user is interacting with. Currently, there have been
initial attempts to incorporate computer vision into wearable
robotics, either to assist upper limb joints in grasping and
manipulation or lower limbs during locomotion. These efforts
primarily concentrate on object recognition to facilitate the
automatic grasping of desired objects by the user’s hand [18],
[19] or identifying stairs to adjust the assistance level provided
by wearable devices based on the surrounding environment
[20], [21]. Our prior investigation highlighted the continuous
support abilities of exosuits designed for the elbow joint ap-
plied in the industrial environment [5]. These exosuits operate
in conjunction with the user, offering the benefits of being
lightweight and easily transportable. The target of our current
research is to develop an occupational exosuit that actively
assists the elbow during tasks that involve lifting or repetitive
movements, in particular in industrial settings. Considering the
wide range of movements encountered in workplaces and the
various objects that users interact with, our aim is to develop a
specialized algorithm that can provide customized assistance
in collaboration with the user. This algorithm preserves the
natural motion of the elbow by reducing strain at the joint

and preventing WMSDs in situations where the arm is not
loaded, as well as when interacting with objects in industrial
environments.

II. DESIGN AND CONTROL

A. Exosuit Design

The elbow exosuit (Fig. 1) comprises two main components:
an embedded actuation stage using a tendon-driven principle
and a customized textile harness that transfers force to the
elbow joint. The device weighs 2 kg and is powered by a single
battery pack (Tattu, 14.8 V, 3700 mAh, 45 C), allowing for
approximately 8 hours of continuous operation. The design of
the actuation prioritized lightness and portability and includes
a flat brushless motor (T-Motor, AK60-6, 24V, 6:1 planetary
gear-head reduction, Cube Mars actuator, T-MOTOR, Nan-
chang, Jiangxi, China) that drives a pulley (35 mm diameter)
around which the actuation cable is wound, as well as the
control unit: this last consists in two microcontrollers running
at 100 Hz refresh frequency. The first microcontroller com-
municates with the sensing units via Bluetooth Low Energy
(BLE, Feather nRF52 Bluefruit, Adafruit Industries, New York
City, USA), while the second microcontroller (Arduino MKR
1010 WiFi, Arduino, Ivrea, Italy) is responsible for real-time
control of the actuation. The sensing units, as described in
Missiroli et al.[5], are composed of one microcontroller each
(Feather nRF52 Bluefruit, Adafruit Industries, New York City,
USA), that communicates via BLE interaction torque and the
3D kinematics of the user to the control unit. Two Inertial
Measurement Units (IMUs, Bosch, BNO055, Gerlingen, Ger-
many) detect the user’s motion and reconstruct 3D arm kine-
matics, while a single axis load cell (ZNLBM-1, 20 kg max
load, Bengbu Zhongnuo Sensor, China) connected between
the actuation cable and the distal anchor point measures the
interaction force between the subject and the exosuit. The
transfer of force from the motor to the user is obtained by
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