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= Abstract=

A Study on Design of FES Hardware System for Walking of Paraplegics

Kun Sop Kim*, Jong Weon Kim*, Kyu Hak Kim*, Woan Hue Hong*, Sung Hwan Kim*

This paper describes and discusses the employment of EMG pattern analysis to provide

upper—motor-neuron paraplegics with patient-responsive control of FES (functional electri-

cal stimulation) for the purpose of walker-supported walking. The use of above-lesion EMG

signals as a solution to the control problem is considered.

The AR(autoregressive)parameters are identified by time-varying nonstationary Kalman

filler algorithm using DSP chip and classified by fuzzy theory.

The control and stimuli part of the below-lesion are based ori micro-processor(8031). The

designed stimulator is a 4-channel version. The experiments described above have only at-

tempted to discriminate between standing function and sit-down function.

A further advantge of the this system is applied for motor rehabilitation of social

readaption of paralyzed humans.
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Fig. 1 FES Block diagram controlled by above-lesion.

EMG

7} FESE Aolste= g7 "t

AT wihE SHA@n dAEGn YA T
3 28EL ARFerw FYIHIT AR
Z23de @29 M HAF wEG. 54
7b whulg #@A7 gRolA dojuy) H @
94E Fu & = ANEOE AES
ZH®e WSy etk A7t 289 FEE
owg AL YA FTALNZY HEN e
%ﬂaz} F alt}"% Z A x}ﬂﬂoﬂ NE

[e)

B

a

o—{}

3. StEQ0{e} AZES 0 MAH

3-158=90f MA

B A2e ZAADAN FYF THENEY
WE FEANF B8 SR 4FE A5l
95l TMS320C25 DSPF 3  wnlo]a 2 X A A
80312 Al Al2"e TA - HAFHLLD 29

3& Aade HA BEARE RoF Utk
A9A AN FAENEE QL 2o
Age 75w s Faty mulg sAe Aojal
2 BUY FESE 3}7] 93 sl=go] A
AA 3FEoE Ued Ut AAME dolEg +3
RRog EWAI, 2AEZEV)Y HH, A/D W

o— EMG EMG HAliasingH12bit-{TMS 320C25 PROGRAM
CHr | QA ||Amp. || Filter A/D []TDENTTFTER al \IFMORY
La tr:lJ
o— EMG EMG rHAliasingH12bit {TMS 320C25 PROGRAM
CHz | &Y F||Anp. || Fiiter A/D || IDENTIFIER MEMORY
[
8
PWM 0 *~| BUFFEIL]» PROGRAM pc-pe
3 MEMORY Converter
1 L (o
[ —
BUFFER H AM }— Voltage — Output
e Anp. Stage
T T
a 0

Surface Llectrode
a8 2 AA sl=do) B2EAR
Fig. 2 Overall hardware blockdiagram

gz FASAT. FHdEe Jd - 2RFELR
TMS 320C252 T4 st4th o] DSP(Digital Signal
Processor) = W =El9} ¢« 28 Ax 9] 5:::7} L
3¢ Z2 AN drAEE T
o Wimele] A9 trds gle] FAE
A|Zko] 35 nsec olstrt HEE MASIAT A
A Ao REoE nAYG YARE
ZREOE Ug Utk PG FE2 <A
& shockS WA 37] Hste] SH ¥ A9 (isolat-
ALttt ASsid LA
EPROM¢)| Firmware® WA3d 2 HA2HZ
A= 1 29 Fo] YEXES ol wet B
E oizs AEUzr HEF AA - AFSAT
Al2de  Aojste RE Zzade TMS
320C25dhk 8031 o4 8F Adojz 2z AR
seul el o] QA BF Zz e TMS 320C25
A EHolH oA vl HFE F Firmware®

;0

(E o
2 & 2 o odr

A

Es

=2
=

i)
=

A=
T

2

ed power)&

e rlo

=]
AT
=]
e
IE

EPROMe] W3sts ua7lsel 71% ARASE
SRR WA A2de 2738 A 4
gge AU 27 FR0A Bagel yre)

dolel Wxade AT BIOAZY 002 HE
70 FdvHE FA s
AP E 160WA o FetuE e g v AgE
%2 (membership) 370l 93 FARAL} B
P71 HEE 80319 JEEEE T3 Hedr
AZAH29 el ZgaRe AF. T4 A2
AY dAAe A ug AFE F
2 EPROMel| Wl &3t 8 2Zw = (PWM:pulse

ke

Firmware



| ~BTREH

Lell m.quadriceps

Left flexion reflex
stimulolion

H | ﬂqbl tlexion refica
. stimulution
31 : 1

Stond up 1<
! Initialion of let1 /righi
swing pulse

Time {s)
g 34 A4 J5 A=
Fig. 3 channel stimulus sequence

width modulation)ol] W A X = 8031 YH EE)
A ol R EZR2 IR o ZAHT 47|
A e ABe wEld a3 33 o] 8031904
Z}J*F"Pﬁ AEE Alojstr) gt oF =2
FollA %E% IS

4. YUY

E =RdAE suralnie #a¢7 FESE 3
37 At 94 AYS sok Yy 4AW o
=90 N2 A4 MR 45 e gohn
Aste] BAANA 4F & FPach

APRF NP AA4E Adsted 109F
Ft2o) 18EQ doju}r] 1088 AA YA F
A@BAR~5AD S AT 125L 2718 10
8 AAsag. 29 AY 484 A%ASH o

ez ge 954 g

wl24, 1, 19914 —

ZARANEE AE¥de FUEATY 2HAXA,
2Yas, 9FAE stk A/D d3E H
gzge 38 IAEANEE IBM PC/ATY
TMS 302C25 DSP R dZdstd AR ASES

Tota A 7le) FFEo]l HE 7|5 AR v H
2L Adsn AAAN2YE FAsE @A
A= FES7} Alojxl=A ddstAnt

5. 23 % 1

I8 4e dFTA BHASc2RH A/D M
29 9 +49 2d=N59) Byoln.

ol EMGA &7} AAA NANAAE Lopn
SR 239 AAE RPN FaF ouE
zeth qREe YANES} MBAANE A5
AAY Rdgols BRbor Hyoldn 74
shn AEE ANt 294 2 wgods 22

2339 RUNHZAEE ol §3te ¥AYE LS AF
At

12 2AEAZY 7 7]%F dlolg 407] dlo]
B} 20,4804 E dloletFolA TR Hasd
1604 E dole} 4079 HAE HAFT 2T 407)
o] dHoletE 39707 vAYer FHFHL UAXA
M7 Aoz AFE ZAZ=NIZV} ¥E e
TFrolgtE MAAAE g AUrh

B 12d=d39 WY AS 29

Table 1 Nonstionary test results of EMG signal
A% W) A 4
1/40 39/40°

1.5C1600

-1, JE*BBB

Zl%l 4 4E2oA A EMGAE

Fig. 4 EMG signal detected in pectoralis major



—2A 9

¥ 2 ARASY HTad EMGA 59 EZU)
Table 2 Average of AR parameter and standard de-
viation of EMG signal

parameters

left electrode right electrode

7]
5

a, a a3 a fy|a a a; a; fy

SU|{ 092 —0.40 0.08 —0.17 0.34| 0.09 —0.33 0.04 —0.16 0.33

SD|0.79 —0.30 0.08 —0.03 0.24 { 0.07 —0.30 0.08 —0.02 0.23

¥ 2= 3 ARA TS H#E
\_JE’\\JE AEUAFE l‘i_cﬂ—rj’— Rew
ast agl Fol 7 Al g W
Zol7l FEHA L ¢ Ut

a9 5& #A#vHe F4
2 OGN E LF A%
HAFTAL AFUY. TR E AANE 7S EHd
ALS-3 M E e 16022 AA Y.

E =RdAe 7585 93 Fuzyd e =
S48 olgaRtd FHUFE AAg A

=
Al E

3], a
Fe Hele o
1600 E o] FeMe

< BEET ghol

943 = gloy By @Z}?‘é H (triangular type) 2}
286 (bell type) & ol AR §T. THN 2 =
J.4k4000 v
<l
A e~ —
#,BE+@80
1 o12
1.JE+200
v“qu__“____
a2
-3.3E1888
L2
g —
a3
-3.7E+@00
1 Ll
1.5E1880
a4
\/lemr\ﬂ»v

—1.1.5 00D
1 (¥

12 5 ARAS £84
Fig. 5 AR parameter cnvergence

shtAniy) Bxe] REY7)% Ro]E Y FESEH=do] Alad AA6 #F AF-

goNE A2AEE TEYFE BES Astel
F AN AW APeR Ao YolHm FFRE
3 SHERO AFEE FHYFE 29
U542 THed ol H@®) BAY & ok

o

pa(x) =exp(—(x—X)?+28)

A71A, Xe 7IEdde Fagtol
o

a9 62 F 7159 TEEFE THALE
% @' #7171%9 ast ao] tE 2
@F @& AU 7159 as adl
Folth A B F UKo AR
o] A& o *
#d¥AC o g2
A EEE &
E 3¢ $3¥ EM
B =EdA MA S
2el@ 23 90% o

2o

L.
=
o
=

¥ 3 7% 9=
Table 3 Functional separation results

N

olr

% 7
90~95(%)

Qo]
90~95(%)

2=

Wz

O 72 AAY FESAIZH Y =37)6)A
%l FES Ag22 H2AE=300 gsec, BANA=>
43.2 msec, E #2174 (train interval)= lsec, 2%

2+ (pulse per second)=> 23 PPSo|t}. &8 as|&
0~100[V]Z 7PEA A id2xzxz ¥UHY
3 WRE 1K[Q)3 A (2o 100[V] L)
W37k QAT 8031 FHEES AIAAAE F
B FFLEHZ SA8 A 23.04 [Hz] olen
2 8031 oi &y dueEy dF= HUdh

A5719 AFAAE Aoje A7 GA EFT
Z1eR R wE Z 715 (0.0]=>detr], [0.1]
=>9&4 3, [10]=>28%4g, [L1]=87D)9 A
Aojsted dour] 715 & A3tz

oA 275 127 A5 AFFA)

A

FA7S



—ErRei

DOE12%4, S5k, 19914 —

ey g h N
t’f: EE)CB)J l'/ \ / \\
\ A
) @ I/'l)." @
\\\ // f/ \‘\\
0.DE+0ED \\\ / \ ‘\

08l 6 4 7159 Membership 34
Fig. 68 Membership function of each action

S PDle
'1\
Output
Level
4
=PI
fe ") 3

8| 7 FES A&
Fig. 7 FES sequence

6.2 =&

2 ERe sudnh B4 Aste 47 A
9 FES st=slo] A2d99 48 Buye doin
7 9l Bde FAENEE WHA AR 3
BuE gueAEe Aestd A AR Aes
(27, LD Bated AR HeriEE 33
T s w4379 AR AT FAL ¥

qote] o F2 AFAE AU

1. 24=A35E ARRYIR 71489 2714 7%
o Wa ®E AEH As =3 weoy

o8 & AU

2. 7129 e 9y AR5
AEn 54 dHreg Ay

3. 71528 A APAFY H2Y FHFE 4
29} 512 Hz=, constraint ZdAA}45E 12 A
83t ok

4. 7)15EYE 98 Fuzzy o|8L o] &3kal 90%
o] 49 EILE U5 AU

5. Q141718 A& FPo] 1.6 msec o] B2 AA|O

iR Reas

6. A% HYL

%2 AR 3V HE 3 £ A

PWMeo] 100~300 usec o)L
AMo] 0~100V(100mA o]3})o]m BHAE= 23
~30[PPS]& zAo| sI5atA AA - AF3A

o

7. FES AAA2"E AFH NiCd A-AA(B[V],

500[mAhZ A3,
A3kl A

233, Fgos 7
« A& 3

oz AA suAvky BAd A8 8ol o
& ARAGS #3% Az FESo| o st
e 2Rz Aans A A3
9 ALe v AFsel uagomH
A9 AY R ANBE AZ o] 2 UK
g deAoz AmEn.

tﬂ—

it
Al

]
3}

2 1 &2 d
1) AXKandel : Fuzzy techniques=«in pattern
recognition,. John Wiley & Sons, Inc.,
1982.



— A4 o aauy 8o Bar)s Ao E AT FESI=do Al2g) A A3 A5 —

2) D.Graupe, “ EMG pattern analysis for pa-
tient—responsive control of FES in para-
plegics for walker—supported walking” ,
IEEE Trans. on Biomed. Eng., Vol. 36. No.
7.pp. 711—-719, July 1989.

3) D.Popovic, R. Tomovic, and L.
Schwirtlich, “ Hybrid assistive system-
the motor neuropro-sthesis” , IEEE

Trans. on Biomed. Eng., Vol. 36, no. 7, pp.
729—737, Junly. 1989.
4) G. Heffener, W.Zuchini, and G.G.Jaros, “
The EMG as a control signal for function-
Pt. 1
(Autoregressive modeling as a means for

al neuromuscular stimulation,
EMG signature discrimination), and Pt. II
(Practical demonstration of the EMG dis-
crimination system)” , IEEE Tranns. on
Biomed. Eng., Vol. 35, pp. 230—237(PtD)
and 238—242(Ptll), April 1988.

5) G.J.Klir and T.A.Folger: Fuzzy sets, un-

certainty, and information ., 1988.
JM.Cook : Electronic Device for

Rehabilitation. A Wiley Medical Publica-

tion. John Wiley & Sons, 1985.

7) J.S.Bendat, A.G.Piersol,
Analysis and measurement procedures,
NewYork, A Wiley—Interscience, 1971.

8) J.T.Tou and R.C.Gonzalez : Pattern recog-
nition principles. Addison—Wesley Pub-

6)

Random Data:

lishing Conpa-ny, 1974.

G.Khang  and F.E.Zajic,
standing controlled by functional neuro-

9) “ Paraplegic

muscular stimulation:Pt. I—Computer

model and control system design” , IEEE

Trans. on Biomed. Eng., Vol. 36, no.9, pp.
873—884, September 1989.

10) P.Strojnik, A Kralj, and LUrsic, “ Pro-
grammed six—channel electrical stimula-
tor for complex stimulation of leg muscles

walking” , IEEE Trans. on

Biomed. Eng., Vol. BME—26, No. 2, pp.

112—116, February 1979.

R.J.Jaeger, G.M.Yarkony, and R.M.Smith,

“ St-anding the spinal cord injured pa-

during

11)

tient by electrical stimulation:refinement

of a protocol for clinical use” , IEEE

Trans. on Biomed. Eng., Vol. 36, no. 7, pp.

720—728, July 1989.

R.J.Shiller, “ A distributed lag estimator

derived smoothness priors” ,

Econometrica., Vol.41, pp. 775—788, July

1973.

A4, nfo]m2 T 2 A A9} DSPE o] 43 &

A& Ao} FESA 2" A, HAEH=E, A

SA H I o) 3H4(1990)

2%9, A7, A4, 98, A, AW

w4 sebold AA7e AR FE”, A

33 A3xg T FEud =&, A3,

A13, pp. 398—401, 1990.

15) A4, A7, R34, 98, 748, “an
FEE ol &% Ad wAY Az A7, 3
29 A2y A58 ety =€, Al
A, A13, pp. 24—27, 1990.

12)

from

13)

14)

16) W4, tols nAANE A% FA=NE
48, wARNER,  AANHFE  HEY

(1985)
17) TMS320C25 User's Guide, Texas Instru-
ments Inc., 1986.



