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1. Introduction
Visual impairment significantly impacts on daily
activities, such as navigating unfamiliar environ-
ments, avoiding obstacles, accessing buildings
and services, and participating in physical ac-
tivities. Leveraging technology to address these
challenges is crucial for fostering inclusivity and
improving the overall quality of life of visually
impaired people. In sports, e.g., in running, vi-
sually impaired individuals encounter significant
challenges in conducting their training sessions
independently and necessitate assistance.
To support visually impaired individuals, var-
ious devices and aids have been designed and
developed. However, most of these devices fea-
ture a passive connection between the user and
the guide, lack specific design considerations for
sports training sessions, and typically function
by pulling the user.
This thesis has been conducted in the frame-
work of the BUDD-e project (Blind-assistive aU-
tonomous Droid Device), whose aim is to de-
velop a robotic guide to assist visually impaired
individuals and to create a solution that over-
comes current technological limitations and em-
powers users in diverse environments, including
sports. One of the objectives of this thesis is

to design a system that enables active and effi-
cient interaction between the user and the robot.
This system must be capable of maintaining a
constant force on the user through a tether and
handle, irrespectively to variations in the user
and robot’s speeds. To this purpose, three con-
figurations of the smart tether system have been
developed throughout the thesis. Configuration
3, detailed below, features a high-performance
motor that significantly enhances the system’s
capabilities. The earlier configurations, Config-
urations 1 and 2, are based on the older setup
with hardware and algorithmic improvements
with respect to the configuration proposed in [3].
These configurations are thoroughly described in
the thesis; however, for brevity, they will not be
discussed further.

2. BUDD-e and the Smart
Tether System

The BUDD-e system, shown in Figure 1, in-
cludes two parts:
• a self-balancing robotic platform (Yape)
• a Smart Tether System, comprising a winch

connected to a tether and a handle.
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Figure 1: Budd-e components scheme

Yape (see Figure 2) is a differential drive mobile
robot with a two-wheeled inverted pendulum
structure whose role is navigating and avoiding
obstacles and adapting to the user’s velocity by
perceiving his/her position.

Figure 2: Yape

The Smart Tether System [2] serves as a physical
link between the robot and the user. Its primary
objective is to maintain a consistent force on the
user through the handle, the non-elastic rope,
and the elastic tether (see Figure 3), thereby
conveying directional motion information.

Figure 3: The Smart Tether: 1. Non-elastic ca-
ble; 2. Elastic cable; 3. Handle.

The Smart Tether System is integrated into the
inner compartment of Yape. It comprises vari-
ous components, illustrated in Figure 4.
The high-performance motor can be directly
controlled in torque and it is suitable for high-
speed operations, which is essential for handling
dynamic sports activities.
Control is managed by the Nanotec controller
(N5-2-2). A load cell is used for force monitor-
ing, while the NME2 absolute encoder ensures
precise position tracking and motor control. The
winch, connected to the motor shaft, is used to
coil a rigid rope.

Figure 4: The Smart Tether System: 1. N5-2-2
controller; 2. Motor; 3. Load cell; 4. Winch; 5.
Capacitor; 6. Arduino board.

Control and communication are managed by
an Arduino board and CAN-BUS Shield, im-
plementing the CAN protocol for efficient data
transmission.
The motor control system employs a closed-loop
method known as sine commutation via an en-
coder with field-oriented control (FOC).
Torque control ensures the motor handles the in-
teraction with the user with a controlled amount
of force, releasing the rope when the force ex-
ceeds a set torque to maintain constant tension.
The system operates in velocity mode: the tar-
get speed is set and, during operation, the motor
adjusts its speed to match this target value.
Safety functions are integrated into the control
system to prevent the user from being pulled too
close to the robot or being left too far behind.
The motor speed is reduced to zero when the
user is too close to the robot, specifically within
a distance of 70 cm (position value -2000, indi-
viduated by the absolute encoder), as shown in
Figure 5. Conversely, if the user is too far away,
beyond 170 cm (position value 8000), the torque
is increased to 700‰ of the rated current to
pull the user closer (see Figure 6). Additionally,
the system features linear speed adjustment; be-
tween the distances of 115 cm (position value
1000) and 70 cm, the target speed decreases pro-
portionally until it reaches zero (Figure 5).
These safety measures are crucial for avoiding
damage or injuries and ensuring rapid and safe
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