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ABSTRACT

A Design and Implementation of Intelligent Upper Limb
and Lower Limb Extremities Rehabilitation Wheelchair

Robot System Using Neural Networks

KIM TAE YEUN

Advisor : Prof. Bae, Sang-Hyun, Ph.D.
Department of Computer Science and
Statistics,

Graduate School of Chosun University

As a way to help the old and the disabled lead an independent |ife and
to enhance the quality of their life, there are active studies conducted
on rehabilitation robot that helps to rehabilitate defective functions.
For this reason, in this thesis, the characteristics and the mobility of
the old and the disabled were taken into consideration. This thesis seeks
to propose an intelligent wheelchair robot system with a new concept that
can help the old and the disabled to take an exercise and receive
rehabilitation training in daily life to properly move the upper and lower
libs extremities and to stand up. This will prevent the degeneration of
body functions in the minimum and of musculoskeletal. The purpose of this
suggested system is to first allow the old and the disabled to perform all
movements in daily life independently as much as possible and to minimize
the degree of secondary functional impairment. In other words, this

research aims to establish a system, which makes it possible for the old

_Vi_



and the disabled to perform rehabilitation exercises. Subsequently, it
will use the rehabilitation robot system based on the wheelchairs for the
upper and lower [limbs extremities, in order to diagnose them in a
quantitative way on a regular basis and to verify its effectiveness.

The basic structure of the suggested system consists of electric
wheelchairs for movement, a robot system of the rehabilitation of the
upper and the low Iimbs extremities, and a nerve-network, which is a
robot—controlling system for rehabilitation exercises customized for a
user based on the user's muscular strength and bio-signals (pulse,
breath). The embodiment of the rehabilitation training function of the
upper and the lower |imbs extremities consists of the upper and the lower
libs extremities rehabilitation robot system and the nerve-network
controller. The upper and lower |imbs extremities rehabilitation robot
system is made of rehabilitation 2-DOF and the lower |imbs extremities
rehabilitation 1-DOF, which were realized as all-in-one wheelchairs. The
establishment of the nerve-network controller made it possible to control
the system through intelligent talk depending on the user's muscular
strength and bio-signals.

For the intelligent rehabilitation exercises of the upper and the lower
limbs extremities of the suggested system, a user's muscular strength and
bio-signals (pulse, breath) were measured and learned through the nerve
network, and the talk output was controlled, according to the user's
muscular strength and bio-signals, and it was created for customized
rehabilitation exercises of the upper and the lower |imbs extremities for
the purpose to improve the user's rehabilitation approach.

Furthermore, the user—friendly interface was implemented so that the
data of body (pulse, breath, electromyogram) measured by a tablet PC could
be analyzed in real time, which made it possible for a user to monitor the

changes in bio-signals following rehabilitation. It can interwork with a

- Vi -



smart phone, which improves the efficiency of rehabilitation exercises.
The usability of the system proposed in this thesis was enhanced through a
drive and a rehabilitation mode. Also, a follow-up performance was
analyzed for the evaluation of the performance of the offered algorithm
and the verification of its system.

In the experiment to assess the performance of the proposed algorithm,
the subjects' bio data were first obtained, learned, and analyzed by the
nerve-network algorithm. In addition, in order to minimize the influences
of the learning data on the experiment results and to secure reliability,
10-Fold cross-validation analysis was carried out.

Ouring the experiment, when the subjects took a rehabilitation exercise,
the average accuracy of the classification of the talk output depending on
the users' muscular strength and bio-signals turned out to be 87.8%.

The experiment results showed that the average error in the angle of
joints of the upper |imbs extremities rehabilitation exercise was 2.52
degrees. The average error in the angle of joints of the lower Iimbs
extremities rehabilitation exercise was 2.46 degrees, and of the standing
exercise was 2.14 degrees. The follow-up performance was good enough to
take rehabilitation exercise.

Therefore, the system proposed in this thesis can guarantee the mobility
of its users. The users can continuously take rehabilitation exercise in
their daily life, and it offers customized rehabilitation with the data
about its users' muscular strength and bio-signals. In conclusion, the
system is expected to be helpful to its users, who have the will to
rehabilitate and improve the quality of their life by monitoring the data

about body and rehabilitation.
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S JNLOIFCH. WESTON SR T 222 ZH(Robot Arm)dt 1R T2 JIE2S

_14_



Jls2 XN&EotH 85 Moo Z0IAES SAl0 2=
[50].

=29 University of Bremen” s Institute of Automation2 FRIEND I

it}

2 U N = ACH

(Functional Robot Arm with User Friendly Interface for Disabled People)2
EMAHAH HOHIZ2 @8t JIs& MANUS ARM2 & =otD Chgst BXD|1s2 I

=
SRS WUBAOIE ANABOR, SH oAZS S8 2

J

AAS LSS 4L Qe 2R OAIAHIES JWESIED X 20
sS40oANE  HEolW SX™E(EEG)E  0lE8t BCI(Brain-Computer
Interface) AIAE! DIEtS] 7XHRE 22 ZH(Robot Arm) FRIEND I JF JHEHE AL
[51].

Wheelchair-Mounted Robotic Arm System
(University of South Florida, BI=)

Tongue-controlled Wheelchair
(University of Georgia, UI=)

WESTON
(University of Bath, ¥3)

FRIEND I
University of Bremen, S2)

[0 2.1] =22 M e Hg 22

Z
D@
K%
oy
on
00!

_15_



B

H
Wo

=UHOHAME =A

EHOo I

LH 2

e}
=

&

Bt
[Og 2.2]= 2UH<

Mol Jret Th

3
| KARES | 2

(Robot Arm) AlAE!

XM JIgt 6AURE 2R ¥

[e)

(KAIST)

49|
=

)

HEO F/TA A

atC|
=2

O=F

S 22X HA JIs

SH 4=
==

=
T

51

o

A2t 223t el 2 X ol

9]

SE=Z

I Prototype

0

otJl <

.‘,3|;_|

Xkl THe K&

oA &

Soff &

=2
=

101 =2t

X

=l
=

=]

st
=

FXL TH

110

tH AFE XL

110
[0

Al

oI

EHel olsJls

Ar
ALl
o3

110
[0

11
KA
iy
(H0
KJ

ol
U0
0K

9]

ok

nl

OF

R0

J

9]

O
Ll

ol

ol
op)

Wy
10
I
o}

oI
ar
rnJ

9]

I
(4]
L
o=
Se
1 =
=
i
q
5u

N0 22T AN FMYTENLH
(N3Y)

00

_16_



S A=stE HHEXQ MO JlE THE 22 AAE2 [O8 2.3]10 20l
01=2 Independence TechnologyAt2l [BOT, PhyboticsAt2l RAPTOR, 3JHLICHS
KinovaAtel JACO, UIZ&t=9l Exact DOynamicsAt2l iARM, DAS(Dynamic Arm
Support) S0l CHEXOI2H & %= UL,

IBOTE X0 "HEHe 28 Bx 22z 2 X0IZ4IA (Gyroscope) E
AE3SH0 XHMIAIO (Postural Control) helE JIgte2 S JHe HtRAZ8E &
S0l ZEN ZelHL HeHsS Q2HE £ UA N ACH 53] .

RAPTORE Zt&tstEl MO JIEt 2RO 2 4R E2 22 Z(Robot Arm)t 2
oHel &=ot2t D2l (Gripper) EHZ FHEDIAH JY2H =
Sip-Puff InterfaceE S AFEXIt Open Loop MIOZ == Z(Robot Arm)2
Z&5t= Human in the Loop AIAEIS JNEotRALCH54].

JACO= 6= T2l 2 1 3042 £IHEL 2 2HE N II=2L0IH 2XE
JHXID U0 1.5Kgel =IO JBtGlES S JHNHEME 2K 2o 2HIt 5Kg2 ulg
2tE Exact DynamicsAt2l  ‘ARM®  SHI2l ZEt 0lct =F0I0H, MOHIt 0I5
0.9m8 & HelE NN 2 sSHils ZScetolgA IS0l SIXIeH &It

xX0|AEl, IIRE,

2 A=F9 HScHoldA D

A=9 SO0l A0 Het= 2o
USBE4I0I Jts8t APIE HMIBotH A7 HEEC=2 88 = UTSE HLEIA
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iARNE MSEMAHM 26t SOt Jtsst 0ls8 22X Z(Robot Arm)2
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22 Jisotl MEXS SFEe UX0 HE S3te JlssS ZXot0 IIHE
TOIAE = Y HERLZ IARNS =HE &= USE HL I ACHS6]
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For(i=0;<dii++ )
forlis0:<2;j++ M
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folose(fp)
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Fordi=0; i< NEUT.HUH+ ERFUT_NUH; i+ )

(FCinput[i110]==inputi101])0/Joutput A &
output reai|i]==0.8;

}

}
-Iscale_Factor=0,7+pow(HIDDEN_NUK, (double)l/
INPUT.HUN); //scale factor 22130 R (nguyen-widrow)
init_hidden( input _line, dusny,scale_factor )
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