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Abstract—The increasing use of IT/Informatics within the
healthcare context is more and more helpful for both medical
doctors and patients in all the surgical specialities. In this paper,
we propose a low-cost system exploiting a haptic interface aided
by a glove sensorized on the wrist allowing the identification of
the wrist orientation for supporting patients during their wrist
rehabilitation.
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I. INTRODUCTION

Human-Computer Interaction in Healthcare is becoming

more and more essential for both medical doctors and patients.

On the one hand, medical doctors’ work can be significantly

simplified by the continuous use of IT in several activities,

such as getting real-time information from patients, or simu-

lating surgeries thus improving their skills, and so on. On the

other hand, patients can be considerably supported by IT, for

instance during their rehabilitation process; providing patients

with virtual environments can be more pleasant for them (or at

least less boring) and can implicitly motivate them to complete

their rehabilitation processes as soon as possible.
Several approaches have been conducted in literature in

all the surgical specialities. [1] provides the design and de-

velopment of an ICT platform integrating advanced Natural

User Interface technologies for multi-domain Cognitive Re-

habilitation without the direct physician involvement to the

rehabilitation session. The platform is made up of a set-top-

box connected to a TV monitor, a Microsoft Kinect RGB-D

sensor and a (optional) WWS Smartex e-shirt for clinical signs

monitoring. Customized algorithms for calibration, people

segmentation, body skeletonization and hands tracking through

the RGB-D sensor have been implemented in order to infer

knowledge about the reaction of the end-user to the Graphical

User Interface designed for specific cognitive domains. [2]

assesses the possibility of rehabilitating two young adults

with motor impairments using a Kinect-based system in a

public school setting, while [3] presents the design, control and

human-machine interface of a series elastic holonomic mobile

platform, AssistOnMobile, aimed at administering therapeutic

table-top exercises to patients who have suffered injuries that

affect the function of their upper extremities. [4] defines a

virtual reality (VR)-enhanced new hand rehabilitation support

system that enables patients to exercise alone and [5] reviews

Serious Games and the natural and multimodal user interfaces

for the health rehabilitation domain. In turn, [6] conducted

a user study by using a previously evaluated system that

improved the balance and postural control of adults with

cerebral palsy, while [7] aims at experimentally test the

feasibility and benefit of including mirror feedback in vision-

based rehabilitation systems.

In this work we focus our attention on the wrist reha-

bilitation. Several systems for wrist rehabilitation have been

developed in research centers and universities, for example

IMT3, MIME, RiceWrist, HWARD, the Okayama University

pneumatic manipulator [8]–[10]. The majority of them is also

used for rehabilitation in health centers and hospitals, often

coupled with MIT-MANUS, ARMIN, MIME, HapticMaster

and wire-based devices for rehabilitation of proximal limb

[9]. Robot assisted therapy is primarily based on goal-directed

point-to-point movement involving multiple DoFs; its main

purpose is to increase the RoM (Range of Motion) of the

paretic limb in order to regain motor abilities for the activities

of daily living. On the contrary, the regular physical therapy of

wrist rehabilitation consists in a splinting treatment for each

single DoF at time; there have been many studies looking at

the splints’ effectiveness and what type of splint would be

best. More specifically, previous research has already shown

that the haptic interface Novint Falcon is a suitable platform

for robotic applications and can be used to build inexpensive

multiple DoF (Degrees of Freedom) interfaces.

In this paper, we propose a low-cost system exploiting a

Novint Falcon haptic interface aided by a glove sensorized on

the wrist allowing the identification of the wrist orientation; in

this way, by using virtual reality, the patient is able to make

some motions that are very essential for his/her rehabilitation

process and, by exploiting the wrist orientation tracking,

he/she can be trained and guided to reach different goals of

increasing complexity. The overall system architecture also

describing the human-computer interaction is shown in Figure

1. The paper is organized as follows: Section 2 describes the

haptic interface that we analyzed to design our new device:

a detailed analysis of the motor characterization, kinematics

and criticality of this haptic device is also carried out. Section

3 discusses the increase to the Grip of the Haptic Interface

used, while Section 4 presents the new system for wrist

rehabilitation that we have designed and developed. Finally,
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Figure 1: The overall system architecture

Figure 2: Novint Falcon

some preliminary experimental results are shown in Section

5 and conclusions with possible future work are provided in

Section 6.

II. THE NOVINT HAPTIC INTERFACE

We decided to use Falcon, an inexpensive 3-DoF haptic

device made by Novint for the gaming industry. The controller

uses a form similar to the one of the delta-robot configuration

and, by means of this form, it builds an apparatus interesting

for research on control and estimation problems for robots

involving parallel linkages.

This paper describes a work conducted at the University

of Naples Federico II in characterizing the Falcon’s grip by

exploiting a new glove that we designed for improving the

rehabilitation process of the patients with wrist problems.

The Novint Falcon (Figure 2) uses a translational only, 3-

DoF variant of the delta-robot configuration. The Falcon’s

design also incorporates a removable end-effector that can be

replaced with different grips, for example a pistol-like grip

designed for use in first-person shooter games, or other custom

attachments, such as a pen-holder or gripper. This device is

currently applied in robotics and haptics outside of the gaming

industry, arguably for its accessibility.

For most links of the Falcon, full triaxial analysis is not

required due to the planar motion of the components; for

example, the main leg links connecting to the base can only

rotate around a single pivot (and the second mass moment of

inertia is sufficiently characterized by a single term in one

plane), and the end effector is constrained to translational

motions only.

A. Motor Characterization and Kinematics

The Novint Falcon is actuated by three Mabuchi RS-555PH-

15280 motors whose motion can be monitored by a coaxial

4-state encoder with 320 lines per revolution. These motors are

directly coupled to a 14.25 mm diameter drum, upon which

a 0.5 mm diameter cable is wrapped. The cable runs around

the outer edge of the main leg links at a radius of 56.0 mm,

and is tensioned by a spring at the inner end of the leg. This

arrangement allows for a very low friction and robust actuation

mechanism effectively providing a 7.62:1 (outer leg radius to

drum radius, plus correction for cable width) gain to the motor

output about the main leg’s pivot without resorting to the use

of gears.

The position of the end effector is described by the triple

(x,y,z), with the x-direction defined as horizontal and the z-

direction perpendicular to the base. Each leg has an equal

angular spacing of 2π/3 around the z-axis, with the top-most

leg having an offset of −π/12 radians (15◦) measured from

the vertical. In the home position (encoder values of zero), the

angle from the base-leg joint to the leg-shin joint (angle of a

line to the z-axis) is approximately 50◦.

B. Criticality of the System

The most common criticality of the delta-robot form is its

limited workspace.

The three limbs of the Falcon work in kinematics (and with

an appropriate control methodology, dynamics) in order to

actuate the end-effector, but each leg is limited by the reach of

the connected linkages. This appears in a workspace bounded

by warped tri-hemispherical regions overlapping along the

common longitudinal z-axis.

The most attractive feature of the Falcon for research

purposes besides its form and availability, is the transparency

of the control interface. We have direct access to a variable

that we have shown can be easily translated to motor forces.

This is as opposed to many commercial (non-research) robotic

platforms whereby the internal firmware provides manufac-

turer developed control loops with only a velocity or position

demand interface available to the user.

In minimally invasive surgery (MIS), virtual reality (VR)

training systems have become a promising education tool.

However, the adoption of these systems in research and clinical

settings is still limited by the high costs of dedicated haptic

hardware for MIS [11], [12].

In this paper, we present ongoing research towards an open-

source, low-cost haptic interface for wrist rehabilitation. We

demonstrate the basic mechanical design of the device, the

sensor setup as well as its software integration. Thus, we
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Figure 3: The Designed Grip

describe a low-cost system exploiting a haptic interface aided

by a glove sensorized on the wrist allowing the identification

of the wrist orientation; moreover, by using VR, the patient is

able to make some motions that are very essential for his/her

rehabilitation and, by exploiting the wrist orientation tracking,

he/she can be trained and guided to reach different goals of

increasing complexity.

III. INCREASING THE HAPTIC INTERFACE’S GRIP

As previously mentioned, we designed a glove where we

added a specific hardware on the top of the wrist.

Through this glove, we are able to get information about

the wrist orientation during the movement of the hand within

a given task assigned to the patient (Figure 3).

More specifically, to measure the inertial parameters, we

used a system that incorporates three sensors - an ITG-3200

(MEMS triple-axis gyro), ADXL345 (triple-axis accelerom-

eter), and HMC5883L (triple-axis magnetometer) - to form

an Inertial Measurement Unit (IMU) of 9 DoFs. The outputs

of all sensors are processed by an on-board microcontroller

ATmega328 and sent over a serial interface; thus, this enables

the 9-DoF IMU to be used as a very powerful control

mechanism [13]. Moreover, since it is programmed through

the open source Arduino Software, this IMU outputs its roll,

pitch, and yaw data, characterizing the orientation of the wrist,

via serial. We used the Arduino IDE to program our code onto

the 9DOF, connecting to the serial TX and RX pins with a

3.3V FTDI breakout and selecting the Arduino Pro Mini (3.3v,

8mhz) as our board. Since our 9 DoFs operates at 3.3VDC,

we used LiPo batteries as an excellent power supply choice.

Furthermore, a bluetooth module has been used to establish

a bidirectional communication channel enabling the wireless

interaction between two endpoints.

IV. INTERACTIVE SYSTEM FOR WRIST REHABILITATION

The design of the haptic interface is heavily based on

the Novint Falcon gaming hardware, inertial sensors, vir-

tual reality environment and open-source software [14]. As

the workspace of the Novint Falcon is too small for cer-

tain interventions, software-based scaling of the instruments’

movements is used to allow adaption to a broad range of

applications. In this way, an inexpensive system for wrist

rehabilitation based on a low-cost but very powerful haptic

interface has been designed and developed; more in details,

the haptic interface has been improved by means of a glove

sensorized on the wrist able to detect information about the

wrist orientation when the patient is completing specific tasks

of his/her rehabilitation path in a virtual environment specif-

ically designed for guiding patients to perform six specific

motions that are very essential for the wrist rehabilitation [15],

[16].

Thus, the patient will be seated at a computer and wear

the glove on the injured hand. Then, he/she will hold the

haptic interface with the same hand and try to move his/her

hand and consequently his/her wrist according to the received

instructions about the task to complete in a virtual environment

specifically designed: the better is his/her performance, the

more difficult the following task will become. In this way, by

monitoring in real time the wrist orientation, the patient can

realize his/her progress within his/her rehabilitation process

and is highly motivated to complete his/her tasks as soon as

possible.

V. MOTION REHABILITATION PRELIMINARY

EXPERIMENTAL RESULTS

This section presents the preliminary experiments conducted

on our device for wrist rehabilitation.

Ten naive stroke outpatients with no previous exposure

to robot therapy have received 6 weeks of training on our

wrist device. They have performed some specific exercises of

increasing complexity aimed at allowing them to gradually

move and thus rehabilitate the wrist. For instance, several tasks

dealt with placing some virtual space objects into a container

by going through a path specifically built for allowing patients

to move their wrists in several angles.

Thus, the improvements in their hand functions have been

observed: the obtained results can be considered promising, as

the ten patients achieved on average a 40% reduction of virtual

game errors after 2 weeks, 55% after 4 weeks and 70% after

6 weeks (Figure 4). Moreover, all the ten subjects improved

the ability of their injured hand by means of our device.

After completing the rehabilitation process, the patients

filled out a questionnaire to report their impressions about

the haptic system used. Each subject was asked to answer

3 questions (How useful, How educational, How real time)

using a 5-point Likert scale. As we can see in Figure 5,

subjects expressed positive opinions about their experiences

with the system; this preliminary result can be considered very

promising for future work.
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Figure 4: Reduction percentage of rehabilitation game errors
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Figure 5: User Satisfaction

VI. CONCLUSION AND FUTURE WORK

This paper describes a low-cost haptic system for wrist

rehabilitation. More in details, this system exploits a haptic

interface aided by a glove sensorized on the wrist for the

identification of the wrist orientation, which allows patients

to be trained and guided to reach different goals of increasing

complexity during their rehabilitation process in a virtual real-

ity. Some preliminary experiments about our device usefulness

have been conducted and seem to be very promising.

Future work will be devoted to significantly extend our

experiments, by involving a higher number of patients with

different kinds of wrist injuries in trying our device, in order to

obtain a more significant feedback. Moreover, we are planning

to conduct a comparison between patients using the device

and patients not using it, in order to discover if there is any

statistically significant difference between the two groups in

terms of recovery time.
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