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WEEAGEEERL - 84 HAEBTHEATHRGEZ LI ZARAANN ISR - KE b2
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Bt EBHEET  BEEE  FHREBEREAE
R EHEMERH A ENESE Y - ERHAMAY
et R gy A AR EE S R EERES »
BRLEAFENAE  WHLA I BAIFIEEE - o
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BEFHBEZARR Y « BTEHRE LAWERE
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EZEE SRR P AE R AE S E
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UL A Ere:
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NEHIRGERENO SRR ENERA I REE
BRI Iy FB 5 A - A Ik B PR A B BE A B E R A b
HEH - KEREENEREMRRBERSWEHR
RERHE - R AEAEEIEG R E LTI
BHBREEDHHHYE Rt EERBTLEH
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MRS B SR ES R EERF R K
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BT EREBNINERN  MAUEREE -REH
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% RS RN AR - T e
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RERMERESHERBEEESRE  BRTHRARRD
HHOCERTERSN B ERE e mid s
ABTERRIASR EHEA - ERKARLEREESR
o REAMKER - ROEERME - T8 B#
HE T - ESIEIE - BNIREREERRT
B A RS HOE R I T RE © 0t > ERREE A LR
(& TR HE B - R T FE B A B8 KR B Th
HE » A E B RAEE T AR HE R B 5 XA
B R A SRR L o IRAMKEIE R TR B ES
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W2 F] PC w2 = o DSP i f2 X S R EER s h)
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i KOTERR 16 03 2R HFWUHAEET
FHIEH - RABEE - FREEET T ENEH
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> BT LABERT R BT — R R ER HAE T - &
EEWR > BREEBRDE 4 FEH (RERY
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FHEEMD » 5 EHRERA R KT o
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tho B 7o AR LSRR R e 4 5 (warm up
open loop -+ ) » LAERAT B E M )y o 2R HET TR
HUEE) o RS AEEER SR B

R PR » WGP AE 55 - N PR KR AL 8 R
sk FRFRC S A LS R93HE - UBIE 8 5 A3
BEHENAE > EREEHE--HTR - F MY

S v AT TR R I R S P O R S A B T
M W BLE AR BT R RS R Y B B RS AR D —
g NAfA] > SR ER B RS R CUE R - A ABHEL
IENY Calculate _Stimulation_Pattern ;5B #1535 & -
A CHE 2B e R g
1 °F Get New & {28 - 8 o] 1SRG H & 0 # #
50 [ a4Z T EAG (redraw) #E {5 418
A EE (47 b)) B ek - 55 = A A0S
TEYE A S TG EEE o 0 SN B R S B
R Al - LA O o i P RTE S 1S
1 CACRRE X S8 8 11 5 1130 48 DL B s i e A O ) B
AN B e KRB YR R/ o I T 0 s
B A (training protocol) » FMBREL AN EEET H 5L
B AR R L ROR IR o BRI IE T DAEE A S
B ER R B (rpm) B3 AT o TR0 RIS DA ) 388 55 26
# oo 2R EF S A LLAT 10 B AN A S L 0 B
& EHARS REMRER B 0] DUT & (g O IR
o M o FRM AT DA SRR T R iR A U AR
B R A DU A 0 (R85
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FEA L 5 it ) AGE BRERGER LAF - EHMAET
A MENMEAER > JM T L0 8 B H
% Tl B M DR R R Tk
TN R S AR o el DU A &
RZWEEIREZHEHEA - BEUFENH A
At acEk 0 [EKE 0 [ B ] LU E IR S K
i ER DB RIRIER -

3 E b %4k X (Calculate Stimulation Pattern)

TR A1 2 5 I/ IEL ) R S g IRy o+ {5 A )
FHEFR R B AR & ER - MAZRER K
NI HE RIS E SR A R A R B E 0 DL
FHEUE & S W AR U o SYEM T ST A
oo EFTRBBEA N B RERMEAEE
HUAME : BE (M, B4IKg) - ABREE (L], &

fii cm) ~ /NBREEFE (L2, BE{Zcm) ~ HIARIE (L3,
Hii7em) ~ SRS EMETOHER (L4, BfiZcm) -

Hift kR W AR - NREE - BTN
et MR e DL 0.1 S CRRAY B & (m) > #8
HIReLL0.061 fH00 1.3 87 K EHRUNBIYE R (m2) -
535 MM EL R (m3) BL L ASTEHE  KIRRIEH
Lo FE 5 B0 BT O A R B (r D) LUK BR R BE SR LA 0.443
AT o NRY T O R B B ER R SRR PR (e2) DU
R 5 R L 0.606 2R EHET o AR A 3T BE DARR
HUE BT - (AEAEL S AR ARSR o P LAEM
HEEFEN > BRRAEERER - (IREM i KB 1L
RITEIE - RIS AIRERETSE - 0 Al L2 H U R 1
’i}’%ﬁﬂ? o SR (U B Y TR (8] 3 ) e fif

YR SRS Sl e KR ATRE S > R A/
HJEB’HH;;L CE A RE R LR - RRRES £ A
180 [EAGHEL » IR IR TS 4 BRI AL BRI S 2K <
BRI B ARG - A B AR SRR (7 RE S B
DUy o Bk AE - RO B £ I By o DI LAERE
P25 UL R RSB - BRI T A
AT B (shift) R AR > gl e EMIATEEN
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hipjoint
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B 3. BERERERRY o SRR OB AR R

FRAEUAIR

TMES R A2 2R R =
fise 2 ¥ EEIH A (T3 complete SCI) X BFH » A
fERZ GRS ETH--EAMER  JRAEAET
{al {2 fE SN R - 5%‘7?5%’53‘51%%”@8’]5&%&3%
DhRERE A - W MR AR RE
%i‘ﬁfﬁ?ﬁm o FBFLE M B R HEM H A A S R

IR B THEME . ] LXB'@BE%?&B’JHFQ-@
ﬂ oo fEMETTERHUSE B IRIRY o M DUC B D AE A )
F IS BB (R TER A E B R AT R R0 1F
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ITHAR » DIH S SATRE Sz fiEay.opk ki
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B4, BRBERIEAK RO R
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— R R ST W O Bk o L BE A B A
W Rty DU E R e

fEEE TR T L R E R
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(recumbent) FYRRHLFE S » I 45 Bk F DUME Fr IR Iy
%ﬁé‘ﬁ’lf‘“mﬁ o R AT H AL (R TIHE

S8 Z A O WO ME I DA AT R E A T B Y BRI
f%ﬂ?fi%ﬂ) i Ef ) R B E R EE > AT
F a4 0 B R BB - =5 B AR T E
B - AACE R IR FE B B AT AVER 15 H) - R
FEHH A e B R TR R SR B BRI AT AL
AR SRR E TR - £
A9 EE 2 (stimulation pattern) (Y HLES » A i
B E - KRR SFHRG AEIGHE > BUR
58 R R R o BREE B AT T A g
EAEE ALE  BEER T LRI -

S B RS AT (R T DABESZ W AT 4 R A
MARERR - SEHER o T B
T SRR R~ RIS o A8 RS
FFfii o AT AR I ) A R PR R SR RIS T UCERR
HUE f T 8 B L A (1 1 TG B 9 B B B B R R 4
H (fuzzy logic control with asymmetric member-
ship function) o LLUF 3 PufEH By /7 A0 B /& o
105 3 o AR #E F5 A 35rpm  FREEHELT 20 S35 o AR
ChEEE B R HUE B b B H e B S I8
(45~ 55rpm) -+ 35rpm K EEIEHIER E A - 7E
iﬁ’fi#ﬂ&iﬁ? AR > BRBEBIRE 5
‘?Mﬂﬂ‘ﬂé O R R R E T [ 2 35rpm BATH

o AR GBI R IEA IR - AR
Ef‘éfﬁ} FRE £ —fE (#48 25rpm 7245)  BRIE
HEMH @ E 2k BEHET T E -

o TR MUE I R AL B B RIECERET
#1040 o3> KRR > DA LT8R A A
B E I TR 0 st i R DU LS
F1RBIMAR o AN AT BH 4 HE 1T WA AR B A 1R K
3oE - BEMIAERENEZ  RBREIRRER
£ 3R ) e A B (120mA) R B R T 1 0
ERRTOHRE - AL RCE TR - RE R
Pt o RBHNILA IR IR S R E T
R o3& — RIS HR R 2 T2 3 O RR 48 D
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35 + 40 ~ 45 ~ 50 ~ S5rpm By RIS - H—H
HERER 80 R FESRET —HE  HWILES
ERMBHBRHP TR EE TR ER R & H4E
BHGRE  BREHENREZEFE - ENEE
e

HE B BB ERKAER B LRI
HEBG =R AP ERENSNRE
BB UL B AR R A 8K « 55—
RATRBEER G X REZHE RLEREH S R
W8 DN R B (35rpm, 45rpm, 55rpm) - 1%
18 3th % {5 % (K 3% (55rpm, 45rpm, 35rpm) * BE %
H ¥ 6 28 B E 4 5 AR BR S E B B a0 ] o

EM T HEE AR RRIRER KR E KB
R 40 S SR B R IUA T A NE B Z | &k iE
WA RS BETHEECENBRENR A%
EWREBF 0 B REES  RBESHE
EITEREEHY 20 758 -

ARER
1 ik 7 ik IR 18 B

felE 5 Pl LIEE - TEABEH 700 B o FRERy
] 20 77 G B (ESEBR B A2 b - BT RIBA IS I — 43
HEAHBRARH R E S HERNIRE S > BRiE
FEAR AT HEFRAE — 8 rpm G RIRE - 1 B 1R 8
YA AT LUE o F R A B 1 1

60, cycling speed

N " L L . 2 L .
[} 2 4 8 8 10 12 14 16 18 20
tme (min)

B 5. LA 35rpm KB HERBEETHREES
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8 R 2 ) R U TR B RO R B R & B R SRS AN
MR ASFEEEE  BEHIEA -

FEI8 6 FATEE R > BB EREER EITHE
K> TR B SR EHER RIF AR HEE (Veo/V
oz, Tespiratory exchange ratio(R)) - 7B & FlEF
R T R B A U RE R HBAZch > BT LIS
B MBRE - FRBEHERIFRTHE  RES
BEARWEE  FAKEBDRER LRI -

R MG IR L IEH)

ERHUE Z ] 55rpm ZFT K IBERREREE 15
HIFE— S RYRIE P (H 5 RR$0% BEIE Z S5rpm K
RS BE PR A 0+ R B K E R
PSR - FIRFHLPAY /) & 155 T Mk HEFs E DR R
BUER - RIK 0 KEITE 19 88tk > BT 20 4088
B o BB G T - BREETHRINE > AT E A5
M EREAER RIFR I » DURAH S RERT.OBE -
1T % 1188 A 256 5 1 3t E Y S B T L -

RERIGEBRYR L EE

bR T WIBMARE Y R RIA - BREEEE FHEK
RETRALS: » HBRAY 5 1E 3 R e R — E YRR
ERECAN ME > EREMNZHRBES - HHE
TiERE RS (AR ERR AREER 120mA)
A R B E A E — KA - LA ) B MR

Omin mmn 12 mwn min
8P 7598 BP 75-128 BP 75-130 BPSO 136 BP“IZ

- HR. 86 HR: 84 HR. 9 HR: 93 HR_ 104
€
g 0 mL
; W\
2 /\
-]
a
5 0.16f
3
=3
8
<]
18 20

Respiratory exchange ratio (R )

2 4 6 8 10 12 14 16 18 2‘0
time {(min)

W6 7E35rpmMEHT » BEMNERMERR
BEOR T
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BERAK  AETRS - REETHRE > TR
HEINERMFER RIFHRRE » DU AR FERO
g~ 1 BR (A BN R S B R BT L -

LTS L E L

BESR 2T RIS — K 20 SEIIE Tl
B T — D A e 0 1B KB L
Sho KHI 25 - KB 1100 BEIRR I 3%
FE 815 U 7 S0rpm 745+ BLAHITE 2 18 rpm
2P e THE  FIBEHE LSRR ET 15
St ST REFKTHIRE - 71 R BRI
B0 HEE I TE B AT T4+ HAD IR SO K
B TRRESTRS o AETE - AREHR
B BRI R R OIS AR
0.0 B L 0 AT -

SEEE

{18 4 1 A~ R A BR 313 BT AT & B A9 BILER /7
Ao HPATUEE FEESEXRESE  #R
F S R S B S B s AR
F 2 ] 25 0 HE AT 8 B O IR d S R4 R AE — M B/ g
REFEN - TR AR 2 A B R
B H BRI RS o JERE - KB AR KB
HAE AT AERASETENEERS kRS
AR RN K -

TEZ I E R EB R/ H - B DARRE R 18
BEBHIARBRES  RBEHLB#LOER 1
REFE 7 - & — ROHBAMBRNER D
HBIRES 22 30 B » BERBEBESRMTR » 7£i8
iR > BERERTEEARENRE - Hih 545 30
PEWOS BUFHSHHNAA > BEEES 10
FHELEE 30 ok AR BRI -

R B MET 13 B ALK B0 7 £k A 3
BEMNKE  (FERINWBZERES 27
HUEEAME » IMET=244.8ml/min ) —B#®
REBHFF K AR HFEE R 180ml/min » YR
0.735MET - BIRHFEH AKE K/ 73.5% - TifE

min 30sec 10 mia min
0 35 BP b - 100 BP 68-105 BP 7 4 EP ! 110 BP T4 BP 68 125
HR: 8§ HR: 80 HR S HR: 37 HR- &4

cm_J/NLVAf/\//V\/\\

Oz consumption (L. / min)

[N
R

o
©

Respiratory exchange ratio ( R )

o
o2

H 10 15 20 25 30
time (min)

7. FEABEREAEET  BERKERERE
BIRBREREAER R IPR R

BRI GBRN 10-20 58 HEEHIFIZE
300ml/min A4 » Bl 1.225MET - 8B TEH AKE
RFEBRF B L BAL ST MHEKS (£1) -
ERFBURRTHEREAESEWEDE  HRE
BERENES  FENT 8-
REZEEREFIRE S TURE > dRA
EARE BRI - FENER SN R
A EEEF BT - LENMARKFARAN
WECEEIEHIRAES > BROBHER > FEMR
BEE R S BER A LUERBRE 5 1R R0
JEE > FREMFRFEHEIEFIENAEE - 158
— B ERHAIR GRS S 0 7 LU S RE

£l HEAFBRPEHNEABILE (HigH
Krusen’s Handbook of Physical Medicine and
Rehabilitation)

S B R & (METS)
PEA K2 1.00
ERE (BR) 1.50
7 (#EHTFL) 2.00
1B 37 B M 7 28 (50w) 2.60
MIRE (V%) 3.90
1 45 7.40

# 148 MET R A R AR T RSO AELE » IMET=3.5ml(0:)/Kg/min -
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BB 4 kA (adaptive fuzzy logic control) i
AEERE DHERARRRGE L2 HRHEY
Bt TEUAINSARRRG L2 - #H0E
RARARBEIEREER Y o

A BN ERERBEER DR T UR BB R
AN ANIIE Z (muscle fatigue) S & AR
HBRR EARANEZE - BHEANYENRETR
AT R ES) B AEETE o DB H 2
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B TR A R R B R RIS LA PR B
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EF - BRERNAET LB RERT L T
FEHEES  ERENEREUE RN R
B EEH B (hard disk) &> HEHEEH S
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RO R H BRI S E RS B2
WA I8 R GETHEES i - AW E T8
R A E BB VIR L BT e hna » R 22T
MEBLIEE ARSREST - B HRAT RN SR
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Bh &L R AR TR N 8k A HEE ) 68 K E Al
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RRENEAKER R E T T ER
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f& 8¢ (spasm) - BERJE (pressure sore) - /0 fiiThAE
R - (REREZENBE Y - REENAN
HE il REHAREE  MEBERSEES
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FEY - MEHMEENEELLESEBRZIT &
F AR TIREARE ZE EUMH R A2 BE AR » Tl ELFE BB
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L ETBRAR AT DARE /) B B A 1 n] UK W A [
15 - BIRHERE ERRE ISR E A5 BTk
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R A S o B B R A B R AR A o K
A A B A S R R A O B R R R
RERAFME NN EBERAFELARNBEES RS EEN
ERK B - F 68 A BF B IhAE M BRI SR g EEh %

A T SRR H IR -
2EI

1. Gallien P, Brissot R, Eyssette M, et al. Restoration of gait
by functional electrical stimulation for spinal cord injured
patients. Paraplegia 1995; 33:660-664.

2. Moynahan M, Mullin D, Cohn J, et al. Home use of a func-
tional electrical stimulation system for standing and mobility
in adolescents with spinal cord injury. Arch Phys Med Reha-
bil 1996; 77:1005-1013.

3. Bernotas LA, Crago PE. Adaptive control of electrically stim-
ulated muscle. IEEE Trans Biomed Eng 1987; 34:140-147.

4. Godgers MM, Glaser RM, Figoni SF, et al. Musculoskeletal
responses of spinal cord injured individuals to functional
neuromuscular stimulation-induced knee extension exercise
training. J Rehabil Res Dev 1991; 28:19-26.

5. Malagodi MS, Ferguson MW, Masiello RD. A functional elec-
trical stimulation exercise system designed to increase bone
density in spinal cord injuried individuals. IEEE Trans Rehab
Eng 1993; 1:213-219.

6. Phillips W, Burkett LN, Munro R. Relative changes in blood
flow with functional electrical stimulation during exercise of
the paralyzed lower limbs. Paraplegia, 1995; 33:90-93.

1. Pollack SF, Axen K,Spielholz N, et al. Aerobic training
effects of electrically induced lower extremity exercises in
spinal coed injured people. Arch Phys Med Rehabil 1989; 70:
214-219.

8. Mutton DL, Scremin AME, Barstow TJ, et al. Physiologic
responses during functional electrical stimulation leg cycling

77



332 #iL MW BERGE

12

78

and hybrid exercise in spinal cord injured subjects. Arch
Phys Med Rehahil 1997; 78:712-718.

. Hooker SP, Figoni SF, Rodgers MM, et al. Physiological

effect of electrical stimulation leg cycle exercise training in
spinal cord injured persons. Arch Phys Med Rehabil 1992;
73:470-476.

. Petrofsky JS, Phillips CA, Heaton HH, et al. Bicycle ergome-

ter for paralyzed muscle. J Clin Eng 1384; 9:13-19.

. Allin J, Inbar GF. FNS parameter selection and upper limb

characterization. |EEE Trans Biomed Eng 1986; 33:809-
817.

Boom HBK, Mulder AJ. Fatigue during functional neuromuscu-
lar stimulation. Prog Brain Res 1993; 97:409-418.

. Withere GF, Crago PE. Design and evaluation of a digital

closed-loop controller for the regulation of muscle force by
recruitment modulation. IEEE Trans Biomed Eng 1987; 32:

W

668-676.

Yarkony GM, Jaeger R, Roth E, et al. Functional neuromus-
cular stimutation for standing after spinal card injury. Arch
Phys Med Rehabit 1990; 71:201-205.

15 Grant M, Keating J, Smith A, et al. The use of functionat

electrical stimulation to assist gait in patients with incom-
plete spinal cord injury. Disability And Rehabilitation 1992;
14(2):93-97.

. Phillips W, Burkett LN, Munro R, et al. Relative changes in

blood flow with functional electrical stimulation during exer-
cise of the paralyzed lower limbs. Paraplegia 1995; 33:90-
93.

. Bradley MB. The effect of participating in a functional elec-

trical stimulation exercise program on affect in people with
spinal cord injuries. Arch Phys Med Rehabil 1994; 75:676-
679.



hEEVISE M348 F4H 1998

333

Functional Electrical Stimulation Cycling

System for Spinal Cord Injured Patient

Fun-Shang Yang

Functional electrical stimulation (FES) was
first applied for rehabilitation of stroke patients,
and then to spinal cord injured (SCI) patients.
FES were mainly used for muscle strengthening,
cycling, standing and ambulation training in SCI.
Among these four training, FES cycling exercise
has the advantage of safe, efficient, and easy
execution over other three.

There are two American company manufac-
ture commercialized FES cycling system, but
both of them are very expensive. This paper
aimed to report the application of a FES cycling
system which was designed by Graduate Institute
of Biomedical Engineering, National Cheng Kung
University. [t is our hope that soon SCI patients
here can have access to this system for their ther-

apy.

Key word: SCI, FES, Cycling exercise

Li-Lan Fu*

Jia-Chin Chen

According to the result of testing, all the
stimulation pattern and training protocol can be
designed and saved in the computer in advance.
This made the operation very easy. There are
four exercise protocol including constantly low
speed, low to high speed, high to low speed and
constantly high speed. Under each of these four
conditions, the amplitude of electrical stimulation
adjusted itself efficiently and the patient was able
to finish the cycling exercise very smoothly.
There is no load cell installed in this system, and
the currently exercise intensity is not sufficient to
challenge the cardiopulmonary system. Future
development should add load control to this
system to improve its function.(JPTA ROC 1998;
23(4):325-333)
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