BALKAN JOURNAL OF ELECTRICAL & COMPUTER ENGINEERING, Vol. 5, No. 1, February 2017 9

Wireless Hand Rehabilitation System (WHRS)

A.Giicliyener, and E. Kaplanoglu

Abstract—Loss of motor skills in hand due to several reasons
affects daily life in a negative way. Treatment or rehabilitation
must be applied in order to reactivate motor skills. Different
systems were developed in the rehabilitation process by
benefiting from technology. Those systems work as
telerehabilitation-based or with external skeleton manipulator.
An internet connection is required for telerehabilitation-based
systems and a physical therapist must carry out the rehabilitation
process for systems with external skeleton manipulator. This
shall increase the work load of physical therapist. In this study,
it is aimed to decrease the work load of physical therapist and
develop a hand rehabilitation system with easier and more
flexible usage. With this purpose, a system that consists of three
units communicate with each other wirelessly and which could be
used even without a physical therapist.

Index Terms—Rehabilitation hand, wireless control, mobile
rehabilitation, wearable rehabilitation devices.

. INTRODUCTION

OSS of motor skills in hand occurs as a result of,

hemiplegia, neurotic diseases or muscular diseases. That
loss is also a medical problem which affects human life in a
negative way. A surgical or medical intervention shall be
required. Before or after those interventions, hand
rehabilitation shall be applied in order to re-function motor
skills that are already lost.

Hand rehabilitation is a process which includes assessment
and rehabilitation of hand. Traditional methods could be used
during the assessment process. But, for the rehabilitation
process, several rehabilitation systems are developed as an
alternative for traditional methods.

When those rehabilitation systems that could be used in
hospitals or physical therapy centers are reviewed; it is seen
that systems that shall decrease the work load of physical
therapist [1, 2] or that shall increase the participation of the
patient to the rehabilitation process [3, 4] are developed. It
could be said that those systems are with external skeleton
manipulator [5] or tele-rehabilitation based [6]. Those
systems, which are developed in order to decrease work load
of physical therapist, are generally operated remote-controlled
based [7].
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There must be an internet connection where the patient uses
the system in order to remote control the system [7]. Systems
with external skeleton manipulator could not be used in the
hand assessment process since they are designed for forcing
the patient to make a certain movement.

In the Wireless Hand Rehabilitation System (WHRS), it is
aimed to make the rehabilitation process independent from
hospital and physical therapist. Accordingly, rehabilitation
process is turned to an autonomous system. Hand figures,
which physical therapist could determine and arrange, are
included in WHRS. Thus, hand figures for practices could be
performed by the system without an internet connection.
Physical therapist could make a tailor-made prescription for
the patient by changing practice figures as he likes.

Before system shall be used, practice prescription to be used
must be loaded to the system by physical therapist. After
system is operated, it makes an application report by using the
prescription which is determined by physical therapist and the
numbers of repetition.

By means of records which is kept during the time when
WHRS is used, it is possible to analyze practices of patient
and to reform the rehabilitation process due to this analysis.
Since units in the system could communicate wirelessly, it
provides more flexible usage for the patient. Patient could use
WHRS wherever he likes.

Il. SPECIFICATIONS OF WHRS

That system actualizes rehabilitation process by simulation.
The system consists of a “robot hand” for the patient to see the
practice figure, a “data glove” to read data in the figures which
are made by patient and a “control center” which ensures all
those units work together. While hand rehabilitation firstly,
Robot Hand Unit is realized posture/grasp which is planned
from physiotherapist then patient try to make this
posture/grasp with Data Glove Unit. All data from glove hand
unit is recorded by control center unit. Those units
communicate with each other wirelessly. XBee S2 RF module
is used in order to allow units to communicate wirelessly with
each other [8]. Units in the system are all shown in Fig.1.

Fig. 1 Wireless hand rehabilitation system. (1) robot hand unit, (2) control
center unit, (3) data glove unit
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A. Data Glove Unit

Data Glove Unit consists of a glove, 6 pieces of flex sensors
[9, 10], a control card with ATmega328P microcontroller [11]
and XBee S2 RF wireless module [8]. A system with
microcontroller is formed for flex sensors and wireless
communication module in Data Glove in order to work
together. Wiring diagram of microcontroller with other units is
shown in Fig.2. The unit must send practice information of the
patient to the Control Center.
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Fig. 2 Data glove unit connections. (1) rf module, (2) flex sensors

Values shown in Table 1 are measured by flex sensors in
Data Glove.

TABLE I
FLEX SENSOR'S VALUE

Analog In_min |In_max |Out_min |Out_max
Read

FS1(A0)| 515 600 5 175
FS2 (A1)| 665 680 5 175
FS3 (A2)[ 290 500 5 175
FS4 (A3)| 335 520 5 175
FS5 (A4)| 315 510 5 175
FS6 (A5)| 270 460 5 175

Flex sensor values in Table 1 are turned to motor angle
values by using map function [12] in Eq. (1).

[OUTmH — OUTminJ (l)

mf = (F5ii) — INm[“j ® Ung,r _INm[ﬂ] + GUTml'ﬂ

B. Robot Hand Unit

The unit consists of a prototype hand that is made by
printing from a 3-D printer, 6 pieces of servo motor in order to
apply finger angles to that hand [13], XBee S2 RF module [8]
for wireless communication and ATmega328P microcontroller
[11] which shall control the unit itself.

In the robot hand, which consists of 17 parts in total, joints
are made of springs that are hanged by pins. After joints are
completed, nylon thread connected to 6 servo motors goes
through joint channels and connected to fingertips in order to
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provide flexion and extension for fingers. Servo motors and
wireless communication module that are used in Robot Hand
unit are controlled by a system with microcontroller. The
connection of this microcontroller with other units is shown in
Fig.3.

V1 thumb is used in order to provide abduction and
abduction movement. Servo motors named V2-V6 provide
flexion and extension movement for relatively thumb, fore
finger, middle finger, ring finger and little finger. While
flexion is provided by servo motors in all fingers, extension
movements of fingers are supported with springs.
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Fig. 3 Robot hand unit connections. (1) rf module, (2) servo motors

C. Control Center Unit

This unit consists of a touchscreen [14], real-time time
module [15], XBee S2 RF [8] module and wireless SD
extension port [16] and an ATmega2560 [17] microcontroller
in order to control the unit. Microcontroller communicates
with touchscreen via a serial port. System is controlled in line
with messages coming from touchscreen. Content and
repetition information in the memory card are read by the
microcontroller and an application table shall be made. Wiring
diagram of the unit is shown in Fig.4.
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Fig. 4 Control center unit connections. (1) real time clock module, (2) rf
module, (3) memory card module, (4) touch screen.
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D. Wireless Network

In that system, XBee S2 RF modules in Data Glove and
Robot Hand Units are configured as director. They are also
configured as coordinator in Control Center unit. Those three
modules are examined and tested by connecting to a computer
without integrating the network that they form. Identity called
“2015” is determined as PAN ID. Physical address of the
coordinator is recorded in the directors and the network is
formed in Fig.5 where they could communicate with each
other. Message no.l in Fig.5 is used to control the
communication. Control Center unit sends “CR!” and “CG!”
messages to the network. When message “OKR!” from Robot
Hand Unit and message “OKG!” from Data Glove Unit are
receives, it is understood that there is no problem in the
communication. Message no.2 in Fig.5 states messages
between Control Center and Robot Hand. Control Center
sends a new figure to Robot Hand. Robot Hand performs that
figure and send “OKR!” message. Message no.3 in Fig.5
states messages between Control Center and Data Glove.
Control Center sends “DG!” message. Data Glove sends the
data obtained by measuring the value starting with “DGE!”
from flex sensors in the map function to Control Center Unit.

0013A200
40BD2A18 @BuzALAM
E8E2 |
Robot Hand Data Glove

Fig. 5. Structure of the wireless network (1) communication control of WHRS
(2) control center unit communication with the robot hand unit (3) control
center unit communication with the data glove unit

I1l. SOFTWARE ARCHITECTURE OF WHRS

Generally, the operating logic of the system is to include the
prescription to be applied with a memory card stick in the
Control Center in the system itself. Due to touchscreen in
Control Unit, tolerance and time values could be determined
by user with the help of menus with Turkish and English
language options. After practice information in the memory
card shall be sent to the Robot Hand Unit, Robot Hand unit
performs this practice. Patient who shall use the system shall
also wear that glove on his hand and tries to do the same
practice. At the same time, there shall be some visual
messages giving information to the user are shown on the
screen. Residual time and instant finger angles are shown on
the screen. While system is being operated, finger angle
information from Robot Hand and Data Glove shall be
compared and results shall be recorded to the memory card in
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the Control Center. Mathematical transactions in Eg. (5) and
(6) shall be used in that comparison transaction.

vy - 3= rh =173 )
dg— 5 < dg <175 ©)
z = vh; = toleronce “)

0 {1, if vhi—z =dg =rhi+z ®)
Flal = 0, if vhy—z=dgordgi=vrhj+=

b
Succewd,  if z Fi) =6
Compare = . =1 (6)
Foil, if > FIDEG

If the user could complete the practice successfully, then
that information shall be recorded as successful in the memory
card. If user could not perform the practice within the time
range, then system shall record this as an unsuccessful attempt
and pass to the other practice. Software algorithm of WHRS is

shown in Fig.6.
miltiee) ¢

v
Data Glove Robot Hand Control Center
Unit Setup Unit Setup | unit Setup
[7’/ E:
Network B
; W Network Control

Memory Card Memory
fail message : Card is OK? /
Y ///\
" Cleate 5 ,/ Tolerance N
implementation 4
. Duration
steps
T

»} Send |mplementat|on step
| values to the Robot Hand Unit

Apply figure from values
Send message to the
Data Glove Unit
Read the flex sensor
values
Send sensor values to
the Control Center Unit

Next Step i’ !

| Save all the values Duration has \
|with time info "FAIL" expired?
A
~The values

i X
T el
I value with
| implementation step
value

Fig. 6. System algorithm

Y
Get & Save
Tolerance,
Duration
T

. A 4
[ Start for user's data I | Start default '1

Receive
information |
from the touch

screen

IV. CASE STUDIES

When WHRS is operated, first the name of the application
shall be formed in Robot Hand Unit and that shall be
compared with values from Data Glove unit. Both successful
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and unsuccessful record examples are shown in Fig.7 for an
example figure.

Fig. 7 Case Study (b) ofiginal figure

(a) succeed figure

(c) fail figure

In Fig.7, two example studies are taken into consideration
for the same figure. In the Example A, since all fingers are
within the tolerance range, it shall be deemed successful. In
Example B, since 5th and 6th values are out of the tolerance
range, this shall be recorded as unsuccessful/failed study.
Those values are shown graphically in Fig.8.

Application values at the moment when system is being
used shall be kept and recorded in a file called “results.csv” in
the memory card. As you could see in Table 2, number of
steps, date, time, tolerance and arranged time information in
the application table of the system are added to “results.csv”
file. RH1 and DG1 values are parts where related data of
Robot Hand Unit and Data Glove are compared with each
other. It is deemed that the value from Robot Hand Unit has a
surplus of missing in the amount of tolerance value.

After all practices are completed, user shall give the
memory card which includes all details about practices to the
physical therapist. Physical therapist could see all details that
which practices could be made by user or not with the
information on time and date. If physical therapist finds
necessary, he could update the system by removing those
practices which are already done and by adding new practices.
Physical therapist could apply different practices to different
patients with the same system.

TABLE Il
THE RESULTS AFTER USING THE SYSTEM
Step Date Time |Tolerance|SetTime|Sec|RH1 |DG1 [RH2 |DG2 |RH3 |DG3 |RH4 | DG4 |RH5 |DG5 |RH6 | DG6 |Result
1 15.12.2015] 15:40 30 60 54| 40| 39| 175| 175| 175 175( 175| 175| 175| 175| 175| 175|Succeed
2 15.12.2015| 15:42 30 60 0| 50 45| 10| 175 10| 28| 10| 18| 10| 21| 10| 24|Fail
3 15.12.2015| 15:52 30 60 29| 40| 31| 175| 175| 175| 163 175| 175| 175| 166| 175| 175|Succeed
4 15.12.2015] 16:00 30 60 39| 120| 136| 100 90| 12 15[ 12| 14| 80| 72| 80| 70|Succeed
#RobotHand = Tolerance 30% @ Data Glove It is considered to add multi-user function to the system by
4 ! o applying the system to more than one patient who have same
160 - - diseases.
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Fig. 8 case study of the comparison operation (a) succeed figure (b) fail figure

V. CONCLUSIONS

In this study, a system which operates hand rehabilitation
procedure autonomously and independent from physical
therapy center and physical therapists. Due to this system,
patient could use hand rehabilitation process wherever he likes
without any need for internet connection. Also, those units
which communicate wirelessly with each other provide
flexible usage.

VI. FUTURE WORK

System is made for only right hand. A Data Glove for left
hand shall be made and this new glove shall be used in a
rehabilitation center and results shall be reviewed.
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