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Different kinds of robotic rehabilitation devices have
been proposed to provide intensive and long-term
rehabilitation training processes with fewer therapist’s efforts
[12-14]. Vitiello et al. designed a robotic elbow exoskeleton
NEUROExos, which aimed at assisting post-stroke patients to
complete rehabilitation training [15]. The NEUROExos could
be controlled by two alternative strategies: robot-in-charge
rehabilitation mode and patient-in-charge rehabilitation mode.
To facilitate home-based self-rehabilitation, our Lab. has
developed a robot-assisted rehabilitation project, as shown in
Fig. 1. Song et al. developed a light and wearable exoskeleton
ULERD, which can assist the patient’s movements of elbow
and wrist joint [16]. Based on this hardware platform, several
approaches have been proposed to accomplish synchronized
movements of both arms. The simplest one is directly tracking
the position of the non-affected upper limb by an MTx sensor
[17]. The other approach relies on a 6-DoF haptic device
(Phantom Premium 3.0, 3D Systems, U.S.A), which can track
the handle position and provide tactile feedback to the operator
[18]. Meanwhile, a virtual training model is shown on the
monitor screen as visual cue to indicate the object and actual
angle of both arms. The haptic device is operated by the
patient’s arm to move the exoskeleton towards the target. In
addition, an sEMG-based elbow angle prediction method to
implement bilateral rehabilitation training [19].
However, various existing research has focused on the
feedback improvement inclusing the vision and haptic
feedback in order to promote the rehabilitation effects,
whereas they lack the therapist expert guidance in real-time. To
address this issue, we propose the preliminary design of a
novel teleoperation interface that allows the therapist in the
hospital to guide the rehabilitation training of the stroke patient
at home. The remaining parts of this paper is shown as follows:
the overview of the proposed teleoperation interface including
the hardware platform and control units is introduced in
Section II. Then, the characteristics of the novel teleoperation
interface are evaluated in Section III. Finally, we present the
conclusions and future work in Section IV.

Abstract – With the increasing incidence of stroke ， the
demand for post-stroke rehabilitation is also increased. Various
rehabilitation devices have been proposed to facilitate homebased rehabilitation and reduce the therapist’s workload. This
paper presnets a novel teleoperation interface to allow the
therapist in the hospital to guide the patient’s rehabilitation at
home via TCP/IP communication. In order to achieve safe and
comfortable
home-based
rehabilitation,
the
proposed
teleoperation interface implements independent position and
stiffness control to remotely guide the operation of the
exoskeleton device worn on the patient. The preliminary
experimental results showed that the proposed tele-rehabilitation
was capable of providing effective power assistance and stiffness
adjustment in real time under the guidance of the therapist.
Index Terms – Teleoperation interface, wearable device,
variable stiffness actuator (VSA)

I. INTRODUCTION
Nowadays, with the improvement of medical treatments,
the percentage of the aged population has been increased
worldwide [1]. This increase brings a growing occurrence of
age-related maladies. The motor functions of aged population
have been debilitated. Thus far, it is reported over 50 million
stroke patients all over the world [2]. It is essential for patients
to undergo physical therapy in order to help them recover their
abilities of daily living (ADL) after a stroke [3]. This situation
creates a huge need for rehabilitation. However, conventional
manual therapy consumes significant medical resources and
requires extensive work from the therapy. In order to explore a
new approach to enhance the efficiency of stroke
rehabilitation, robot-assisted rehabilitation devices have been
proposed in the past a few decades to provide intensive and
repetitive robot-assisted rehabilitation [4-7]. Compared with
conventional manual therapy by the therapist, robot-assisted
rehabilitation requires less work of the therapist and provides a
powerful toolbox to the therapist for evaluating the patients’
recovery stage based on the collected physical and biological
signals [8]. Recent studies have suggested the positive effects
of robot-aided rehabilitation on delivering effective therapies
to post-stroke patients [9-11].
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Fig. 1. Overview of the Home-based Rehabilitation Project

exoskeleton, the dimensions of the back frame and the upper
limb frame can be adjusted to make allowances for different
body sizes of the patients. In addition, there are 3 passive
shoulder degrees of freedom (DoFs) including internal/
external rotation of the upper limb, shoulder adduction/
abduction, and shoulder flexion/extension designed for
ensuring the patient’s natural range of motion. An active DoF
is designed on the elbow joint to assist patients in completing
rehabilitation movement. Based on the impairment level of the
motor function, appropriate assistance can be provided to the
patient by adjusting the stiffness of the exoskeleton device.
For the stiffness adjustment of the exoskeleton device, a
variable stiffness actuator (VSA) which incorporates a pair of
antagonistic elastic elements is integrated to the forearm part.
Fig. 4 shows the schematic principle of the VSA. There are
two detachable parts in the forearm section. The forearm static
part is fastened to the upper arm part to perform cable-driven
elbow movements. The forearm movable part worn by the
user is connected to the static part by a pair of antagonistic
springs. A pivot is movable along the slot to change the
transmission ratio between the movable part and the elastic
elements. According to the definition of stiffness, the output
stiffness is

II. METHODS
A. Overview of a Tele-rehabilitation System

Fig. 2. Overview of a Tele-rehabilitation System

In a tele-rehabilitation system, there is a master side for
the therapist and a slave side for the patient. A TCP/IP
communication is used to transmit the data and feedback
between the master and the slave side. A graphic user interface
was programmed using LabVIEW software (National
Instruments Corporation, U.S.A). The interface is shown on a
PC for the therapist to remotely operate the exoskeleton worn
by the patient.
B. Exoskeleton Device
The patient’s elbow movements are powered by a
portable exoskeleton device PVSED on the slave side. The
design and specifications of the PVSED were introduced in
detail in our previous research [20]. It is a light-weight and
portable exoskeleton that can assist the patients in performing
elbow training. For the purpose of facilitating home-based
rehabilitation, the PVSED is designed to be mounted on the
user’s back via a pair of shoulder straps and a belt, as shown
in Fig. 3. The resulting high portability also broadens its use
scenarios. For improving the compatibility of the wearable
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=
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where △ is the deflection angle, L1/L2 is the transmission
ratio.
Thus, by regulating the transmission ratio, the VSA can
generate variable output stiffness. This regulation is more
reliable since the stiffness is varied with respect to the pivot
position, whereas it does not require extra closed-loop control.
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For home-based rehabilitation, the most important issue is to
guarantee the safety of users when performing robot-assisted
rehabilitation training. The robot-assisted training can be
implemented in low stiffness to minimize large forces due to
undesired motions (i.e., spasms) and keep safe interaction with
the user. Meanwhile, precise position control or trajectory
movements can be achieved using the VSA to increase the
robotic output stiffness.
The proposed interface implements independent position
and stiffness control for tele-rehabilitation procedures. As
illustrated in Fig. 5, the desired elbow position and actuated
stiffness are set based on the patient’s physical conditions and
the rehabilitation requirements. According to these reference
parameters, the therapist operates the control panel on the
master side to reach the desired values. The signals are
remotely sent to the slave side via the Internet and used as
input for the PID controller for position and stiffness control.

B. Control Units
In the control unit, we used an Arduino Mega 2560 board
based on ATmega2560 as the microcontroller board. It is
light-weight (37g) and small-size (Length: 101.52mm, Width:
53.3mm) with high performance, which has 54 digital
input/output pins, 16 analog inputs, 4 UARTs (hardware serial
ports), a 16 MHz crystal oscillator, a USB connection, a power
jack, an ICSP header and a reset button. The motor control is
actuated by a 50/5 ESCON motor controller (Maxon Motor
AG, Switzerland). It is a small-sized (115 x 75.5 x 24mm),
powerful 4-quadrant PWM servo controller for the highly
efficient control of permanent magnet-activated brushed DC
motors.
C. Sensory Apparatus
Two quadrature optical encoders (Encoder MR L-256
and Encoder MR L-512, Maxon Motor AG, Switzerland) were
assembled coaxially to the VSA motor and power motor
respectively to measure the corresponding motion rotation
angle. Compared with single-channel encoders, quadrature
encoders could provide higher resolution, more immunity to
errors caused by noise. Meanwhile, a compact inertial
Measurement Unit (GY-25 module) is attached to the
exoskeleton device to detect the elbow angle and provide
feedback to the control loop. It can be attached to the human
joint easily due to its small size (15.5 x 11.5 mm) and light
weight (2 g). The GY-25 module was connected to the
corresponding pins of the Arduino board to receive and
transmit TTL serial data. A significant target for home-based
rehabilitation is to guarantee the patient’s safety when an
emergency (e.g., spasms) occurs. In the proposed control
method, the subject’s elbow movements are detected by a GY25 tilt module. If the angular speed of the robot’s elbow
exceeds 150°/s, the robot will instantly switch off the
actuation system and regulate the robotic stiffness to minimum
to avoid potential risk.

Fig. 3. Prototype of the PVSED

(a) Arduino Mega 2560 Board

Fig. 4. Prototype of theVSA

(b) ESCON 50/5 Motor Controller

Fig. 6. Control Units.

Fig. 7. GY-25 Module.

Fig. 5. Flow chart of the tele-rehabilitation control
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status. To prevent any potential failure of the therapist’s
operation on the master side, emergency buttons are designed
for the patients on the slave side to immediately halt the
procedure.
III. EXPERIMENTS AND RESULTS
A. Step Response of the VSA
The VSA is characterized as an independent actuator to
adjust the actuated joint stiffness in order to adapt to different
rehabilitation tasks. In low stiffness, the PVSED can deviate
from its equilibrium position thus avoiding extremely large
interaction forces, while the PVSED can achieve more precise
trajectory tracking in high stiffness. For evaluating the dynamic
characteristics of the VSA, a step response trial was conducted.
The VSA was commanded to adjust from the minimum to
maximum value. The step response of the VSA was plotted in
Fig. 9. It is seen that the VSA can be regulated to the maximum
stiffness with a rise time of nearly 1.06 s. This response speed
is fast enough without overshoot that can meet the
requirements of rehabilitation. In addition, when encountering
with emergencies, the VSA can also be adjusted to minimize
stiffness in order to ensure a safe human-robot interaction.

(a) Master side

B. Master-slave Position and Stiffness Tracking
To recover the upper limb motor function due to a stroke,
an expert and intensive therapy is extremely important for
stroke survivors. A therapist-guided rehabilitation is a
practical approach for severe stroke patients who cannot move
freely to help them recover their motor function. For the
purpose of characterizing the performance of the proposed
interface, a preliminary master-slave rehabilitation trial has
been designed to evaluate the performance of the independent
position and stiffness control. In the experiment, the subject
on the master side operated the sliders on the user interface to
send the commands of the position and stiffness to the
exoskeleton device. Figure 10 shows the experimental results.
For the sake of clarity, the position and stiffness on the slave
side were separately plotted. As we can see, both the position
and stiffness profiles on the slave side (See Fig. 10 (b)) were
capable of tracking those profiles on the master side (See Fig.
10 (a)). Therefore, the proposed teleoperation interface has the
potential to allow the therapist in the hospital

(b) Slave side
Fig. 8. Graphic User Interface.

Positon (mm)

D. Graphic User Interface
The user graphic interface shown in Fig. 8 was
programmed using LabView Software to allow users to
interact with the devices. The doctor can remotely help the
patient to perform repetitive and intensive rehabilitation
procedures with the aid of the exoskeleton device. On the
master side, there are two sliders named Power Motor Position
and VSA Motor Position to regulate the elbow position of the
exoskeleton and the stiffness of the VSA. Meanwhile, the
elbow position and stiffness profile may be observed by the
doctor in order to detect any risks during the tele-rehabilitation
process. The commands from the therapist are remotely sent to
the slave side via TCP/IP communication and plotted in real
time in the display window. The connection status of the
master-slave communication can be observed in an indicator
box. In addition, there are two indicator lights to respectively
display the switching of the Power and VSA motor. The
commands received from the master side were processed and
sent to the control units via serial communication to control
the motor rotation. Simultaneously, the data could be recorded
and saved in real time for further evaluation of the recovery

Fig. 9. Response speed of the VSA
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Fig. 10. Experimental Results. The white curve is the position tracking, while
the red curve is the stiffness tracking.

to guide the rehabilitation of stroke patients at home. It needs
to be noted that limited signal distortion was caused by the
minimal loss of data transmission during TCP/IP
communication, which is unavoidable for telecommunication.
IV. CONCLUSIONS
This paper proposed the preliminary design of a novel
teleoperation interface for an efficient and effective homebased rehabilitation process. The proposed teleoperation
interface explored the possibility of remote position and
stiffness control of the exoskeleton device, in which the
therapist is able to remotely provide the technical guidance to
help stroke patients perform home-based rehabilitation.
Preliminary experiments were conducted to validate the
functionality of the proposed interface. Firstly, the response
speed of the VSA was tested, and the results showed it was
capable of providing fast enough response to adjust the
stiffness based on the rehabilitation requirements. Secondly, a
preliminary master-slave rehabilitation trial was conducted to
evaluate the performance of the remote position and stiffness
control, which showed good results of tracking accuracy on
the slave side. Future work will focus on exploring more kinds
of remote rehabilitation training modes and providing a more
user-friendly interface.
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