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Abstract

The following thesis project aims to study and realize a wearable manipula-
tion system composed by an AR10 robotic hand, controlled via myoelectric
signals and tactile sensors for prosthetic studies. The project starts with the
kinematic study of the hand via MATLAB and Simulink, in order to obtain
a complete insight on the robotic grasping device. Thereafter, a wearable
support has been designed and printed to �x the robotic hand around the
user forearm. Surface electromyography is acquired using a gForce gesture
armband. A Simulink system has been developed to acquire and �lter the
signals, then the myoelectric data are elaborated to derive the command for
the robotic hand. Tactile sensors are added by means of custom 3D-printed
support on the �ngertips in order to get a force feedback to allow the user to
perform the grasp of di�erent objects. Finally, in order to test the whole so-
lution, a subject wearing the whole manipulation system carried out a series
of tasks to evaluate the system’s usability during dynamic grasps of di�erent
objects. The results of the tests report the accuracy of the manipulation sys-
tem. The main goal of the project is to test a wearable manipulation system
made to be worn by intact subjects, in order to study prosthetic grasping
scenarios that can provide results useful for future developments involving
amputees.
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Chapter 1

Introduction

The world of robotics is currently facing the problem of replicating the human
ability and 
exibility in performing motor tasks. One of the most successful
approaches is the human-in-the-loop approach, where the human interaction
is the key element of the system design, within the framework of human-robot
interface (HRI). Science and engineering have tried to mimic the sensory and
motor function of a human hand since at least the sixteenth century [1].
The hand is one of the most functional limbs of the human body which is
able to perform a variety of daily tasks. Arti�cial hand can have a wide
range of application, from industrial manipulation to robotic prosthetics for
disabled subjects. This thesis projects is focused on the area of prosthetic
robotics, with the objective of creating a manipulation system composed by
a myo-controlled robotic hand with tactile sensors to be used in prosthetic
studies. Prosthetic hands are prescribed to patients who have su�ered an
amputation of the upper limb due to an accident or a disease. This is done
to allow patients to regain functionality of their lost hands. Myoelectric
prosthetic hands were found to have the possibility of implementing intuitive
controls based on operator’s electromyogram (EMG) signals [2]. The use of
electromyography allows the patient to utilize the prosthetic device as a part
of their body without the necessity of additional controls appendages. The
device created in this project has numerous characteristics in common with
a prosthetic hand. The most important common aspect is the wearability,
the device can be worn by amputated subject but also by healthy subject.
Preliminary studies, as [3], are usually carried out on healthy subjects since
several aspect of the prosthetic can be explored and developed without the
involvement of an amputated subject. This thesis project focuses on some
aspect in which the involvement of amputated subject is not necessary, as
the acquisition and decoding of the sEMG signals and the testing of the
tactile sensors. Afterwards, other aspects need to be tested for both healthy
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and amputated subject, such as the behaviour of the myo-control in di�erent
position of the arm and the body of the subject.

1.1 Prosthetic Hands

A prosthetic hand refers to an arti�cially made device that serves as a sub-
stitute for a partially or totally lost hand. A prosthetic may be cosmetic,
functional or both. A cosmetic prosthetic is usually made only to make the
limb look natural and provides little to no functionality. A functional pros-
thetic, which this projects focuses on, can help patients to regain partial or
complete functionality of the lost limb. Robotic prosthetics must be able
to interact with the environment in a safe and reliable way in all the daily
task of the user. Prosthetics require, also, reduced weight and encumbrance,
simple controls to accommodate the limited number of inputs available for
amputees, high interaction capabilities with humans and the environment,
and features that enable devices to operate in harsh and unstructured con-
ditions [4]. Based on the research of [5], from the viewpoint of amputees, a
suitable prosthetic hand has di�erent features such as resemblance with the
human hand anatomy, low weight, low cost and high functionality (capability
of performing handy grasp patterns, particularly power and precision grasp).
For these reasons in the project has been taken in consideration a simple
and light robotic hand, AR10 produced by Active8 Robotics. The use of a
pre-built simple hand allowed to focus on the control and the design part of
the project, maintaining the cost reasonable.

1.2 Electromyography

In humans the control of the movement lies in the nervous system, and orig-
inates in the transmission of bioelectrical signals through the body. The
nervous system transmits along a serial line, in which the value is encoded
by means of electrical impulses, and in particular in terms of their frequency.
This impulses are know as action potentials [6]. Electromyography is the
expression used to indicate the studies and the techniques related to the
electrogram, which is the electrical signal measured from the contraction of
muscles. Both electromyography and eloctrogram are referred as EMG in
the following paragraphs. Although there are many variables that a�ect the
values of a electrogram, the most appreciable rise in the magnitude of the
EMG signal is given by the voluntary increase in the muscle tension. There
are two kind of electromyography techniques: intramuscular EMG and sur-
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face EMG. The �rst, as the name suggests, consists in an invasive procedures
requiring needle electrodes inserted into the muscle. The surface electromyo-
graphy (sEMG) assesses muscle function by recording muscle activity from
the surface above the muscle on the skin. The use of surface EMG recording
provides a safe, easy, and noninvasive method that allows objective quanti�-
cation of the energy of the muscle. It is not necessary to penetrate the skin
and record from single motor units to obtain useful and meaningful informa-
tion regarding . The technique allows the observer to see the muscle energy
at rest and changing continuously over the course of a movement[7].
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Chapter 2

AR10 Robotic Hand

The manipulation system used in the project is an AR10 Humanoid Robot
Hand made by Active8 Robots, shown in Fig. 2.1. The AR10 features 10
degrees of freedom (DOF) that are servo-actuated within the hand’s envelope.
The AR10 Robot Hand provides a complete solution for academia and can
be used across a variety of systems and interfaces. Manufactured from a
hybrid construction, it balances strength and weight. It is an ideal platform
to carry out research in the �eld of robotics. Its capability can be expanded
by adding sensors or combining the hand with a robot arm.

2.1 ROS Control

Robot Operating System (ROS) is an open-source robotics middleware suite.
Although ROS is not an operating system but a collection of software frame-
works for robot software development, it provides services designed for a het-

Figure 2.1: AR10 Hand
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erogeneous computer cluster such as hardware abstraction, low-level device
control, implementation of commonly used functionality, message-passing be-
tween processes, and package management. ROS processes are represented
as nodes in a graph structure, connected by edges called topics. ROS nodes
can pass messages to one another through topics, make service calls to other
nodes, provide a service for other nodes, or set or retrieve shared data from
a communal database called the parameter server. The AR10 the primary
management is handled using ROS as a communication platform for the
controls. The AR10 is also equipped with an assortment of Python scripts,
which allows the user to have a basic control of the hand. In the ROS en-
vironment the hand is controlled by the hand node, which translates the
commands given to the right values, for each servomotor on the �ngers, to
publish on the join states node. Moreover, it is possible to control the hand
using a Python script, which creates a simple command interface to publish
basic commands such as: open, close and grasp. These commands can also
be modi�ed according to the user requirements.

2.2 Rviz Control

Rviz, abbreviation for ROS visualization, is a powerful 3D visualization tool
for ROS. It allows the user to view the simulated robot model, log sensor
information from the robot’s sensors, and replay the logged sensor informa-
tion. By visualizing what the robot is seeing, thinking, and doing, the user
can debug a robot application from sensor inputs to planned (or unplanned)
actions. By means of the Rviz platform is possible to control each servomo-
tor with the sliders shown in Fig. 2.2. This allows the user to have a basic
continuous control of the hand, both in simulation and with the real device.
Unfortunately, Rviz does not allow the user to expand the control other than
the basic sliders, which makes necessary the creation of custom programs to
have a more powerful control.

2.3 Simulink Basic Control

The whole control part of the project has been developed on the MATLAB
and Simulink paltforms. MATLAB (an abbreviation of "MATrix LABora-
tory") is a proprietary multi-paradigm programming language and numeric
computing environment developed by MathWorks. MATLAB allows matrix
manipulations, plotting of functions and data, implementation of algorithms,
creation of user interfaces, and interfacing with programs written in other
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Figure 2.2: Rviz Hand Control

languages.
Simulink is a MATLAB-based graphical programming environment for

modeling, simulating and analyzing multidomain dynamical systems. Its
primary interface is a graphical block diagramming tool and a customizable
set of block libraries. It o�ers tight integration with the rest of the MAT-
LAB environment and can either drive MATLAB or be scripted from it.
Simulink is widely used in automatic control and digital signal processing for
multidomain simulation and model-based design.

In order to have a basic control of the hand in the Simulink environment
a new model has been developed. This Simulink model in Fig. 2.3 allows the
user to control the hand with its own direct commands, left part, or with the
value of the servomotors published on the joints state topic, right part. This
scheme makes use of the Simulink ROS toolbox to create speci�c topics, or
to publish and subscribe to topics in the ROS environment connected to the
hand.
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Figure 2.3: Simulink Hand Control
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Chapter 3

AR10 Robotic Hand
Kinematics

One of the most important part in the study of the AR10 is its kinematic
model and the computation of related �ngers' forward and inverse kinemat-
ics. A robotic �nger can be schematically represented from a mechanical
viewpoint as a kinematic chain of rigid bodies (links) connected by means of
revolute or prismatic joints. One end of the chain is constrained to a base,
while an end-e�ector is mounted to the other end. The resulting motion of
the structure is obtained by composition of the elementary motions of each
link with respect to the previous one. Therefore, in order to manipulate
an object in space, it is necessary to describe the end-e�ector position and
orientation [8]. A rigid body is completely described in space by its pose,
meaning its position and orientation. In the case of a robotic hand the body
has �ve di�erent end e�ectors, the tip of the �ve digits, the combination of
their poses creates the hand pose.

3.1 Direct Kinematics

The �rst step is to develop the direct kinematic for the hand. This consists
in deriving the pose for each end e�ector from the knowledge of the joint
variables. For the direct kinematics a MATLAB script has been developed
which allows the user to obtain the poses of the �ngertips of the hand for
each possible joint con�guration. Note that, in this case, the end-e�ectors
can only have a certain orientation in space, given that it is enough to know
the position of the �nger tip. The script exploits the Interactive Rigid Body
Tree object from MATLAB. The interactiveRigidBodyTree object, shown in
Fig. 3.1, creates a �gure that displays a robot model using a rigidBodyTree
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Figure 3.1: Interactive Rigid Body of the Hand

object and enables you to directly modify the robot con�guration using an in-
teractive marker [9]. The rigidBodyTree has been deducted automatically by
MATLAB a function, from the urdf description �le given by Active8 Robots.
As a result, is possible to obtain the Cartesian coordinates of each �nger tip
for every con�guration possible of the hand's servomotors automatically.

In Fig. 3.2 can be observed the trajectories of the �ngertip in a 3D space,
starting from a matrix containing the values of the joints during the closing
motion.

3.2 Inverse Kinematics

The inverse kinematics problem consists in the determination of the joint
variables corresponding to a given end-e�ector position and orientation. The
solution to this problem is of fundamental importance in order to trans-
form the motion speci�cations, assigned to the end-e�ector in the operational
space, into the corresponding joint space motions that allow execution of the
desired motion [8]. Note that, for the purpose of the study of a robotic hand,
the end-e�ectors are, as already mention, �ve. In order to solve this problem,
the hand can be considered as �ve di�erent open chain robots with the same
base. Is it, then, possible to solve the inverse kinematics problem for each
open chain and, in the end, combine all the results to obtain the complete
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Figure 3.2: Fingertips Trajectories of a Closing Motion

inverse kinematics.
In Fig. 3.3 is shown the Simulink scheme developed in order to obtain the

inverse kinematics of the hand for every possible combination of �nger tip
positions. The scheme uses the Inverse Kinematics block from the Robotic
System Toolbox in Simulink, one block for each �nger tip. Each block takes
as input the position of its own �nger and gives as output an array containing
the values for all the servomotors, not only the ones directly connected to
their own �nger tip. Then, a MATLAB function elaborates all the di�erent
arrays to extrapolate the real vector of joint states to return. This scheme
can be used to obtain the inverse kinematics for single poses, series of poses
or complete motions.
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Figure 3.3: Inverse Kinematic Simulink Scheme
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Chapter 4

Surface Electromyography for
Robotic Hand Control

One of the main interests of the project is the ability to control the robotic
hand using the signals acquired by the surface electromyography from the
forearm of the subject. In order to do so, it is necessary to understand and
process the data acquired from the sEMG.

4.1 Muscular Synergy

From a mechanical point of view the human hand is a very complex system,
characterized by 21 DOFs controlled by 29 di�erent muscles [10]. The results
presented in [11] indicates that not all the DOFs are controlled independently,
this implies a reduction of the DOFs from 21 to 2 or 3. This reduction allows
to get the grasp synthesis for a large set of object by linearly combining only
a few dominant hand postures (i.e. muscular synergies). In humans, on the
basis of the muscular synergy concept, a unique neural drive is shared by
di�erent muscles, individually activated with a certain degree of excitation
determined by spinal cord circuitries (i.e., the synergy weights) [12]. In
the case of the forearm the motor control system generates a the superspinal
neural drives to control the extensor and 
exor groups of antagonists muscles.
These neural drives are not directly measurable, and therefore the muscular
synergy matrix SM is exploited to online estimate such neural drives from
EMG signals of the forearm muscles:

U(t) = S+
M E(t) (4.1)

where U(t) = [ ue(t) uf (t)]T 2 IR2 is the vector of the instantaneous values
of the neural drives,S+

M is the pseudo-inverse of the synergy matrixSM and
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