J. Biomed. Eng. Res :657-664, 2007

ZigBee 714k A H2571E o] &3 474
HEF 218 A2H)

2 =23 2 2
3 & [RES™, 4N, dET

L

Y

Ho

=

AEYGT e daAo T, AR GT FARE Aol TR, AR Az e
(Received May 22, 2007. Accepted October 5, 2007)

£

A Remote Medical Treatment System for Stroke Recovery
using ZigBee-Based Wireless Brain Stimulator

H. J. Yun', Y. S. Yang®, M. H. Ryu®®, J. J. Kim?, N. G. Kim’

IDept. of Healthcare Engineering, Graduate School, Chonbuk National Univ.
’Dept. of Biomedical Engineering, College of Engineering, Chonbuk National Univ.
3Bioengineering Research Center for Aged, Chonbok National Univ.

Abstract

Stroke patients need regular medical treatments and rehabilitation training from their doctors. However, severe aftereffects caused by stroke
allow them minimum activities, which make it difficult for them to visit doctor.

Recently, electric brain stimulation treatment has been found to be better way compared to conventional ones and many are interested in
using this method for the treatment of stroke.

In this study, we have developed a remote medical treatment system using wireless electric brain stimulator that can help the stroke patients
to get a treatment without visiting their doctors. The developed remote medical treatment system connects the doctors to the brain stimulator
implanted in the patients via the internet and ZigBee communication built in the brain stimulator. Also, the system receives personal
information of the connected patients and cumulates the total records of electric stimulation therapy in a database. Doctors can easily access
the information for better treatment planning with the help of graphical visualization tools and management software.

The developed remote medical treatment system can be applied to the electric stimulation treatments for other brain diseases with a minor
change.
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Fig. 1. Remote brain stimulation system. Intemet and ZigBee wireless network

connect the remote doctor to the implanted brain stimulator.
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Fig. 2. ZigBee module for wireless communication between brain stimulator
and PC. a) ZBS-100 mounted on the adaptor board for connection
with PC, b) ZBS-100 module implementing ZigBee connection.
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Fig. 4. Electric stimulator circuit.
a) Block diagram, b) AVR and ZigBee communication module are mounted on top side, ¢) DAC and H-bridge are mounted on bottom side
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Table 1, Performance comparison of commercial deep brain stimulator(DBS) and the developed brain stimulator
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Fig. 5. Main window of the remote brain stimuation system

660 | J. Biomed. Eng. Res.

3ot 13 60l AA Al2mle] EEEE UYL

a8 7L A A7 #HERY] BES BT itk o] F2 1
2 59] 9] FellA Hé v E-S A S u) AP, diolH
o] 2ol Sl Fate] AR A 5 A Bt o) & B2l Ak
£ 84 AR HRE GFetu A5 7|5 L AP (2 3 E ¢
5 NG  Y=E P SR A AR HAST
o ID AH, 97 44 913 $419] IP(internet protocol) F4
2 AAE o 215 P9} A5 B EES 2F dlo|Hulo]~
ol ) 53] Ao A e} ol o W Fhzte] ¥h-g-5 7]
£t AEshe AL 29480 ASAEE A el glof 2 ¢
231 (8], 3l Al A5 T lA] Bt ol A ATFE
$3 HolH 2= Fa3 ou]7} JTh

27 oA Welsle A X 5.9 FH 9} 3] 35 ¢
S ol ZET F UTE A9 FH o 7 ger|E e W
BA-& 28 8(a)s} Zo] 2= Y E 73t o] = A
o] A9} 1A EAE 23 AES A SA S FHY B o}
Yz}, ol & 71 E 388l 215 X 571 2w E3e 1 7] - | B8l 7]
22 AL AP E mgo] E S U A 7|dEnt AR
7 EE A3 A A= YHE A sk oY ey F 3

38 6, ¥A X X5 A& AlLBIS MH EEL
Fig. 6, Overall process flow of the remote brain stimulation system



33 7, DatabaseS 0|35t A X| & 22|18 A 5H &

Fig. 7. Management of patient care using database system

E a3 7hg gdo] A Aoz AAAE A5 A7l (pulse
amplitude) & FH o= TN A4ze] 42 3 3] A=

< oJn|sin, Y9 A7) 279 13] A|4A]7Krunning time) &
ojulgit}, o] MZA-L 13 §(b) o] HQl ule} 2o A7] A=
FA ol T2 7S VepIch 8782 anodal, 2482 cathodal,
7242 DC, 5142 even anodal, 5H5-& even cathodal, =
AL eccentric anodal, B8-S eccentric cathodal 3E}e] =}
& S]] A=) Feof] B3 A gelnl e L Zhzke] Yol
H’—*—% 7¥7to] 3P & 5 I&=E o Th
ARA AF 21 80 Hele} o] Sxte] Hel & 3l BAE A
g3le] &2 314 3T Aol A vl ool AABIAH A=
A 5o} AlF- shepr|El o] WY Aol e denlE 4 Ftel
EAE9 37 FAHEE B3

H.J. Yun, Y. S. Yang, M. H. Ryu, J. J. Kim, N. G. Kim

2992 92 A% 218 7] 9% Aolhiclzstel <
23} Holge] EBES BolFT Yo, 7}72—; o Q& B9l BF

Bl g AAR o 3= «V}«] HAFE TS 942 AL Hlo|EH|
ol 2o A ] Y& IP FAE Tk ?‘4% A=E 3T

¥ 2= 27 oA AR BE ko] Al tiH]ste] 9
22 9 7P o)A break 3-& stop HES o &3t H7] A<
53 BA &+ J=F i

SEd At B2 A5 Sfal, doleElol 2 AA715 S

0] 4319 A} 1{H| HAE7) IDE Dake FAE GA Fot A
2% & J=F sk

oleful A< 2 g Qe so]| A& Visual C+ 6.0(Microsoft,
USA) e = 2PJ3iodtt. dlo|5 o] 2% Access(Microsoft, USA)
£ o] g3 A5k

C. %a sq SER R R

e 974 = A 2 8 A 289 Zd < 918 28 109 vet
A 2o él?f.ﬂ—% ANBAY. RYAPS AFA(AD) AFH,
713 @A e AFFE, ZigBee = 429 A AF71, 2e] 3 HAl
7 z;q_q AIPAE B 23l el o2 :}Hg}g\iﬂ. WYL HAl
A zne et &ﬂ_&%?ﬂksz ol A theed 3k
~ 100k 9ol PR ez 74
e T 221919 %a g 4 e sgin

544_1 uug A AR 2AE A7 AFEe B Fo
=4e Frohs vl nd WL 919 AR A ZE 233kt
=2 ‘jr. 141173 ZA o A7) A571 & A28 7, A= 9
3 QA"E A Z2F(bulk tissue)d FIHE/d(volume
conductivity), =3} 22| Alo] Al A7]E encapsulation ]
3} 9 A 7]-&-%K(capacitance)°ll 93] YW} F7181A Btk

Adud 2o Z7h= 2Ud AY AT A, 2R o FYH e A
o] okS 7t}/\/\]74 FF G0 g AR ATEL A3
= oslm2, A YTR2E A8 SHE B

ke

@ onodal

. cathodal

@ oc

. even anodal

,%(G)

33 8, o XBAS| X2
a) Xk2e| M7 |8

o iefol 2t ajlels
SA102 3 Tj2lalEf 748} b) KEe] SAS LIER) S Az

ecc anodal
@ ccc cathodal

of st UHE B 4 Us ARHE

Fig. 8, Graphical visualization of the changing parameters and stimulation waveforms.
a) Amplitude-based display, b) color indicates the polarity of stimulation waveform
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