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Abstract. This paper presents a system for assisting patients with ampu-

tated hands. Using this system, they can define and implement custom motion

algorithms of mobile elements of the artificial hand they use. The system in-

cludes a virtual environment simulation, configuration and personalized assis-

tance, a virtual reality glove and hardware components for signal processing.

The patient who has one amputated hand, can load in the virtual environment,

using a special glove (virtual reality glove) positioned on the healthy hand,

simple or even complex sets of movements which are realized by the natural

movements of the healthy hand. These sets of movements are loaded in the

virtual environment of personalized assistance which then generates, through

transformations and extrapolations, motion algorithms “in the mirror” for the

virtual prosthesis (from the virtual environment) and then, they are loaded into
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the patient’s artificial hand. Thus, the system enables forearm prosthesis users

to define complex custom motions they need to conduct different specific ac-

tivities that they are supposed to realize, in which they need the help of the

artificial hand.

1. Introduction

The spectacular technological development in the last years has led to the market-
ing of a wide area of forearm prostheses. The increasing interest received internation-
ally by the intelligent prosthesis domain results in recent years from the exponential
growth in the number of research projects, doctoral theses and last but not least,
the commercial achievements (artificial hands controlled neural or myoelectrical, and
software packages for simulation and testing). Although the artificial hands domain
has realized a fast progress over the past 10 years, an intelligent artificial hand, to
be able to perform under direct neural control of the patient similar movements of a
healthy hand, has not yet been fully realized.

At the end of 2011, the World Health Organization estimated that there were about
11.2 million people worldwide with hands partially or fully amputated registered in
the organizations of persons with disabilities [1]. This huge number (and its rapid
increase) is due to the high number of accidents which lead to this kind of amputations
but also to the growing range of malignant and diabetes diseases occurring in the
population. Each of these persons faces great difficulties both in finding a job in
order to fully reintegrate in the society, but also in carrying out daily personal hygiene,
nutrition, etc., being permanently dependent on financial support from their family
and from the state.

Despite the performance offered by the most sophisticated hand prostheses on the
market, their high purchase price makes them inaccessible to the vast majority of
patients. Official statistics also show that over 90% of patients suffering amputations
of the hands have a modest financial condition – this makes the vast majority of
patients be “sentenced” for life to not being able to reintegrate in the society. In these
circumstances, it is not surprising that the purchased prostheses are the cheapest ones,
which unfortunately bring to patients almost no help.

Statistics in recent years indicate that the number of people worldwide who suffer
hand amputations is increasing, which indicates the need to find affordable solutions
for the patients. In this context, it is significant in a dramatically way that so far, in
Romania, only five of the more than 55 000 patients were able to buy a myoelectric
artificial hand at prices that started from 20 000 Euro / prosthesis. Regarding artificial
hands with neural command, that are better compared to the myoelectric ones, none
of the romanian patients has so far purchased this kind of artificial hand mounted
directly on the stump. This is due both to their high price and the mounting surgery,
that cannot yet be realized in Romania.
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2. Description of the main features that artificial hands
offer on the market

For patients with amputated hands, there are three types of prostheses: prostheses
without intelligent functions, prostheses with myoelectric commands and prostheses
with neuronal control. Of these, the protheses with myoelectric action have the best
price / performance ratio, but in fact the price is too high for the vast majority of
patients. However, these protheses offer patients a very small number of functions. To
acquire new skills with these artificial hands, patients usually take special courses [6]
to compensate in a larger extent the partial or total loss of a hand, but nevertheless,
the set of movements that they can make with a classical artificial hand is very poor
compared to the movements made by a healthy hand.

The main limitation of the existing artificial hands is related to the reduced set
of movements they can do. These movements are different than movements made
by a healthy natural hand, often being heavy and segmented. The set of movements
that a patient can make with an artificial hand is poor, limited and predetermined
by the manufacturer and it’s not offering patients the possibility to make custom
sets of movements or even completely new movements that the manufacturer haven’t
designed.

The system presented in this research aims to overcome this drawback and offers
the patient significant features in order to realize new movements with the artificial
hand, that are necessary for him in different activities he needs to perform at work
or in his personal activities.

3. Personalized support system

The block diagram of the assistance system is shown in Fig. 1. It includes both
hardware components (virtual reality glove, wiring termination and processing ele-
ments) and software components (virtual environment for setup and testing). The
patient is connected to the system using the forearm prosthesis mounted on the am-
putated hand and the virtual reality glove that is mounted on the healthy hand.

4. Virtual environment for setup and testing

The software environment was presented in more detail in paper [5]. In the fol-
lowing, only its main features and advantages are briefly mentioned. The virtual
environment allows the user to generate, configure and modify various work environ-
ments that will be used for testing the prostheses and their control programs.

In this virtual environment can be created and configured one or more virtual
prostheses with different architectures and coupling modes depending on the handicap
of the persons that will use them in the rehabilitation program. The features of this
software environment are:
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1. testing the patient’s ability to consciously control biosignals by the aid of the
realized prototype and choosing a full potential subset (in terms of usage) in
the command of the artificial hand;

2. the implementation of the virtual hand in order to allow the patient to improve
control over it in a safe environment;

3. the patient will use the acquisition module and the software application con-
nected to it in order to command sequences of predefined movements of the
virtual hand.

4. testing of biosignals and motor control acquisition modules integration through
software application. The aim is the simultaneous transmission of patient com-
mands both to the real and virtual prosthesis for best correlating the proper
skills obtained by the patient with the artificial hand (using the virtual hand).

5. the determination of the deficiencies in using the artificial hand (movements
which are not fully realized) and their correction using appropriate combinations
of biosignals the patient can control accurately.

6. the adjusting of artificial hand movements through direct learning. Poor posture
of the prosthesis is corrected by mechanical repositioning of actioning elements
and recording new values over the old ones in the actioning module.

Fig. 1. The block diagram of the assistance system.

5. Loading motion algorithms in the virtual environment

With the help of the virtual environment, the researchers described and tested
different motion algorithms of the virtual prosthesis elements for distinct classes of
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actions: gripping, clamping, rotating, etc. In a first step, these algorithms were de-
scribed by movement equations, but due to the high complexity of these operations,
at a later stage, the load of motion algorithms was chosen by using some gloves for
virtual reality (P5 Glove and DG5 VHAND). The glove connected to the virtual en-
vironment allows the user to perform any movement with the healthy hand, all these
movements being duplicated in the virtual environment by virtual hands and then
these algorithms are stored in a dedicated database. The main advantage of using
the virtual reality glove is that motion algorithms are transferred in the virtual envi-
ronment and directly stored in the algorithms library, without involving intermediate
and quite difficult steps necessary for describing the motion equations of all compo-
nents in the virtual environment. The glove’s driver sends to the virtual environment
data referring to each joint position. Storing these complex positions (grips) allows
the operator to set in the virtual environment motion algorithms, and to save them
in motion algorithms library. In the virtual scene, the updates are made with a fre-
quency of 60fps with the command and control module which allows, by using data
provided by the glove’s handler, to realize in real time (that is syncronous with the
glove) the shift of the virtual environment’s elements from one position to another for
complex movements and great speed.

The connection gloves–virtual environment has made possible various experiments
and studies on motion algorithms needed for different motion sequences. These exper-
iments allowed the study and the decomposition in elementary movements of a wide
area of movement sequences of the artificial hand, which were very useful to determine
the optimal number of engine components, their arrangement and the power required
to realize each sequence of movements to be implemented within the prosthesis. After
loading and testing motion algorithms in the virtual environment, they were ranked
according to performance and stored in the data libraries of the virtual prosthesis. In
the virtual environment, researchers could study and decompose a variety of move-
ment sequences made by the virtual hand, which helped to estimate the number of
engine elements required for a prosthesis to perform these movements.

6. Patient’s personalized recovery program

The strategy behind the personalized recovery program for patients who have suf-
fered amputation of arm or forearm, aimed to connect them to a virtual environment
that could help them use an intelligent mechanical prosthesis. The connection of pa-
tients to the virtual environment is realized by the prothesis (which is positioned on
the stump ) and a glove positioned on the healthy hand. Healthy hand is duplicated in
the virtual environment by a virtual hand and the amputated arm with the mechani-
cal prosthesis are duplicated in the virtual environment by a virtual prosthesis.During
the rehabilitation program, the operator that assists the patient can choose from the
motion algorithms libraries of the virtual environment different motion algorithms
both for the virtual hand and the virtual prothesis.

Information provided by the position sensors of the artificial hand are processed
in accordance with the predetermined algorithms libraries and they are implemented
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in the virtual prosthesis model. Then, a series of new orders is developed in the
virtual environment for calculating new parameters of the virtual prosthesis and for
the choice of new motion equations. These are sent to the virtual prosthesis to allow
the validation of movement models in the virtual environment. At the end of each
step of the simulation, the new configuration is implemented in the virtual prosthesis
and compared with the desired parameters.

During the recovery program assisted by the virtual environment, the operator
that assists the patient can choose different motion algorithms both for the virtual
hand and the virtual prosthesis. Control algorithms of the artificial prosthesis and
of the real artificial hand are correlated with the synchronization algorithm which is
able to display the virtual prosthesis model, through the virtual environment. Figure
2 illustrates the method of patient’s connection to the virtual environment.

Fig. 2. The patient’s connection to the virtual environment.

7. Defining the patient’s own motion algorithms
and their storage in the artificial hand

In the rehabilitation program, the patient firstly realizes with the healthy hand
(which is connected to the virtual environment through a glove) the main movement
categories, and then they are stored in the virtual environment as motion algorithms.
These motion algorithms are stored in the virtual environment to model the virtual
hand, and their mirror images are stored for usage with the virtual prosthesis. Re-
habilitation program requires the patient to make synchronous movements with the
both hands in short sessions, during a few minutes, through healthy items (shoulders,
and elbows) and afterwards contracting at the same time healthy hand muscles and
stump muscles. Thus, the patient will realize synchronous and simultaneous move-
ments with the both hands, the amputated one and the healthy one. Movements of
each element, both from the healthy hand and the amputated hand, will be duplicated
in the virtual environment as similar movements made by the virtual hand and the
virtual prosthesis. All these movements are viewed by the patient on the monitors
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within the rehabilitation center, which display different perspectives of the virtual
environment.

In the early phase of training, the patient will not be able to move the prosthesis
because of the difficulty in distinctly contracting the stump muscles. The program
includes additional features to boost confidence that when the patient seeks to con-
tract simultaneously the same muscle groups of the healthy hand and of the stump,
virtual prosthesis will move because of the signals coming from the virtual environ-
ment. The patient will gradually start to believe he will manage to succeed over the
first few weeks, firstly seeing on the screen the movement of the virtual hand and
of the virtual prosthesis. Support staff will assist each time depending on the situa-
tion and the level achieved in the rehabilitation program for the correct movement of
the prosthetic components. The patient will gradually become able to command the
engine components of the prosthesis.

The patient is assisted both by specialists and by the virtual environment and he
gets real-time visual and audio feedback which allows him to learn to use the myoelec-
tric prosthetis. Thus, the patient directly visualizes in the virtual environment firstly
the use of the virtual prosthetis and then it would be easier for him to command the
artificial hand. Movements are controlled / verified by the data read from the sensors
placed on the artificial hand and are based on information read from myosensors.

Figure 3 shows a new set of movements defined using the virtual environment and
the virtual reality glove.

Fig. 3. Loading a new set of movements defined using the virtual environment

and the virtual reality glove.

8. Experimental tests and measurements made
with the prosthesis

Because of the method of connection and control with the VR glove’s help, the
virtual hand can realize (in the software environment) movements in real time and
synchronous with those made by the patient’s healthy hand. Motion algorithms ob-
tained this way and tested in the virtual environment are then transferred to the
patient’s mechanical prosthesis. A mechanical prosthesis has certain limitations due
to fixed dimensions that must be in accordance with the specificity of each patient
but also to the number of engine components, layout and their performance. In the
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experiments, the designed experimental prosthesis allowed testing distinct classes of
motion algorithms.

Then, on the mechanical structure were implemented a minimum number of engine
components. This mechanical prosthesis was then connected to the virtual environ-
ment and then various experiments were made in order to make the prosthesis realize
the main classes of movements: gripping, rotating, twisting, etc. These experiments
led to finding the optimal position of the prosthetis engine components and their
performance. The figure below illustrates the implementation in the mechanical pros-
thesis of a motion algorithm, which is followed by its storage in the data libraries of
the virtual environment.

Fig. 4. The load of a custom motion algorithm

in the artificial hand.

The stored custom motion algorithms of the prosthesis were then ranked according
to performance. Then it was possible to study a wide area of motion sequences
made by a prosthesis, which allowed the optimal choice of the number of engine
elements required for a prosthesis to perform these movements. The connection glove
- prosthesis allowed the patients to define custom complex movements (which are
implemented on none of the existing types of prostheses on the market [7]) and then
to upload them in the artificial hand.

9. Conclusions

The personalized assistance system is a very useful tool for patients who underwent
amputation surgery and want to purchase a prosthesis. These patients can learn with
the system’s help to effectively use a prosthesis and to improve the control over it. The
system allows simultaneous transmission of patient’s commands both to the virtual
and real prosthesis to correlate as well as possible the skills obtained by the patient
with the artificial hand (using the virtual hand).

The system also allows extending the artificial hand’s functionality by adding com-
pound movements adapted to the modality of using the prosthesis already obtained
by the patient (subcommands to be implemented in the action module). The patient
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may also adjust the artificial hand movements through direct learning, poor posture
of the prosthesis being corrected by mechanical repositioning of action elements and
recording new values over the old values in the action module.

Using this system, the patient is assisted by the virtual environment and receives
visual feedback in real time, which allows him to learn to use the artificial hand
more quickly and efficiently. Thus, the patient directly visualizes (in the virtual
environment) the use of the virtual prosthesis and then proceeds to artificial hand’s
use, which has been already properly configured the use of the artificial hand. The
artificial hand’s movements are checked by comparing data read from the position
sensors with the information read from the myosensors.

In the experiments that were conducted, a mechanical structure with a minimum
number of engine elements was connected to the virtual environment and the main
classes of movements (charged through the connection glove-prosthesis) were tested.
The experiments led to finding the optimal position of the engine components of the
prosthesis and their performance.

The personalized support system for the patients with forearm amputations prove
itself to be a valuable tool also for researches and for users, opening many possibilities
for further developments for all types of protheses.

Acknowledgements. The work of this paper was done with financial support
from POSDRU/89/1.5/S/63700 project.

References

[1] Ziegler-Graham K., MacKenzie E.J., Ephraim P.L., Travison T.G., Brook-
meyer R., Estimating the prevalence of limb loss in the United States: 2005 to 2050,
Archives of Physical Medicine and Rehabilitation, Volume 89, Issue 3, pp. 422–429,
March 2008.

[2] McGimpsey G., Bradford T.C., Limb Prosthetics Services and Devices Critical
Unmet Need: Market Analysis, Bioengineering Institute Center for Neuroprosthetics
Worcester Polytechnic Institution.

[3] http://haitiamputees.nbcnews.com/ news/2010/03/19/4040341-limb-loss-a-grim

-growing-global-crisis

[4] Ministry of Communication and Information Technology, Republic of Indonesia – ICT
Accessibility For Person With Disabilities In Indonesia, 2009.

[5] Franti E., Stefan G., Schiopu P., Plavitu A., Boros T., Modular Software for
Artificial Arms Design, Proceedings of International Conference on Automatic Control,
Modelling & Simulation (ACMOS’11), Spain, pp. 387–391.

[6] Milea P.L., Stefan G., Moga M., Mitulescu S., Cernat E., Moldovan C., Oltu
O., Pompilian S., Hardware & Software Package for Locomotory Disabled Patients
Training, International Journal of Systems Engineering, Applications And Development,
Volume 5, Issue 1, pp. 436–443, March 2011.

[7] Zafiu A., Milea L., Oltu O., Dascalu M., Modeling and Control System for Intel-
ligent Prosthesis Configuration and Testing, Proceedings of The 9th International Con-
ference on Computational Intelligence, Man-Machine Systems and Cybernetics (CIM-
MACS ’10), pp. 265–268, Merida, Venezuela, December 2010.


