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Pedaling Characteristics of Cycle Ergometer Using the MR Rotary Brake
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Abstract - A new cycle ergometer using a Magneto-Rheological (MR) rotary brake system has been developed for
rehabilitation of hemiplegia patients to reduce uneven pedaling characteristics. For this purpose, a control method to
adjust the resistance of the MR rotary brake in real time based on the magnitude of the muscular force exerted by the
subject has been devised so that the mechanical resistance to the pedaling can be minimized when the affected leg was
engaged for pedaling. A series of experiments were carried out with and without the engagement of this real-time
control mode of MR rotary brake at different pedaling rate to find out the effect of the real-time control mode. The
characteristics of the pedaling for these specific conditions were analyzed based on the variations in angular velocities of
the pedal unit. The results showed that the variations in the angular velocities were decreased by 42.9% with the control
mode. The asymmetry of pedaling between dominant and non-dominant leg was 19.63% in non-control mode and 1.97%
in the control mode. The characteristics of electromyography(EMG) in the lower limbs were also measured. The
observation showed that Integrated EMG(IEMG) reduced with the control mode. Therefore, the new bicycle system using
MR brake with the real time control of mechanical resistance was found to be effective in recovering the normal
pedaling pattern by reducing unbalanced pedaling characteristics caused by disparity of muscular strength between

affected and unaffected leg.

Key Words

e
>
2
2
Ho
offt

£
e
2

-

A VS
ool oo

=
Do b

o= g
L

_,d
Ju
_(‘>L

A B

o Hr rlo
g
)
S

)

e
>
X

T
a M

2
£
i)
i

=

-
N
=
N -
—

l§

Oﬁiﬂc&,

oo = g

g1

G
<

_mﬂN‘

X

28 Ho

>
27
2R
1;_,:

;

o

box s o

al
&
Hr
]
2
L

mi

—

E R o P Mt o o o
>
®

o
e 0
£
o 2
S
o
of

o £
E-

lo

o
>

2 o

LA

&l

=

s

o %
o
X

o
ol
2
k)
flo ©

7]
2 dFHel g} Hule AAA F8 Fo =
Y(crank arm)F HE9 ZIEZ 2A s 39
4 wis A et 2[3], Ericsone #HedojA &
8151 SAHAEREMGE o438ty AAA

ol

i

] 3)
ul

o R o B nS
o oo
i

o

il

tORAAR, A AR0Ra s ourig ey
E-mail : kwonlO@chonbgk‘ac.kr

AR TsE Aaro] g

o L& B AESE wolovwitd T
#x I 8 B AEWIn vojodtid ey
EEAF 20074 127 7H
RS S 1 2008 74 3H

MR 288 =efolmg &8 AMA dzlolee] £ 54

MR rotary brake, Cycle ergometer, Rehabilitating hemiplegia, Load control mechanism

ol
et

L2 oy

TR

AtH4]. Jorge:
A7 $Fo] & WA=

IEMG(integrated EMG)E

Ho
[P

e
o
2
o M bl o
s
A
ol
51)_11‘
a

o
o s

o5l

ol ol
o
2@

e
ol
ol
2
o,
ok
N
N
N
N)

L

=

A
o
kel
2
2,

off
flo

d
ooy =
o o wo
et
2
i 42
o,
-
R
ol of
W
_>,‘!_, [Tt
3oz
N o
o
frt
N
o4

i 2
g

Jipo

At
E (flywheelol
F-gjo] o] F o]
gAe] A
Ve Ap A

P?
2

g
A2

I

do fy el

i
=
L

A o‘goz‘) of
1o n ol

R
= o o
1N
- oz
ml
= r,_tlo

. 2

N
e
&3
©
o o3
2
P
14
g.lb

oo

i
X
N

Mo o

3
o
Flok
o

L

B

. Om

P

Y] ‘ o

48 oo
L

P
==
N
( —

o 2N

Lo 2
£
o,

fa o
ol
Sk
-3
2
i
3
A
i

521
tio |
2
N
o3
o
iz
B
e
i
‘E'i
o |
1o
ol
ok
=)
o

2 0 3 X 2 e
-
0%40

v o

[
%
(¥l
N,
52

=
&
o

of

o0

n

=2

L rfo
2L

e

T

)
r

i

off & o &
ol
o
2
1o

oo
A
ng et
rx
0o X
AN
I o=
A

e} ol
= ==
o

i
J8
2
O i i
W g

o g
)

el

o o 3

FPs FE2E F vt ol e &
MR{(Magneto-Rheological} 8143 H#o]as

©

f
1

[0
&
2
o

H o}

2o,
11
o =

T

2
ol

171

1669



&
A
1k
o
B

S3CES 57% 9% 2008% 9R

HE N2E A7 da2aneg Adsgc o

2 dydxE Add AdA A2uvEE ol8% F3 A
o Tote] HArhu] A5 AF A2 TEALS
azstaa sglnh dEe FY F A AAgon 24
i el 9 MR 3H¥ Bueolad A¥Hol zdd:
A RES} HAlo|RERZ FAEA, Heola Aojd %
A dzurge] FP54E Ao AEwe) 9exe &
A= AsE FH43td L4 A

2. A2E A

MEE ZAA dE2aunEE
AAT ] A

a9 13 Zo] EgtolHe]
g3te FHE, MR $4% Beo]Z(RD-2087-
01, Lord Corp. USAV} Z¥aZL Yusle &9 dazd
da=o slon, 9= AL £ F AdNHE dES
ZAs7] 9 E=A(SCMM2-50K, SENSTECH Corp.
Korea)o] #Z o] gith. MR 3H¥ Hiolas MR 4
Soll BxH] e A2 A4 dRA7F Byolae sty
Z 5 ,,]sH HAHH = z{x]-7]7<1~_,] Odb']:oi xqa'lgq 1
gEe 44E& ol &3 AR, AFHd vdeld Az
BAANNG. FY Sx9 A=A g AXE FHE 9
289 J=H(RE30E, Copal electronics Corp. Korea)7} =
Ya53 F)ste] FAstms FAEH A

31
KX
=
3|
2

)

MR Rotary Brake

Load. cell

Rotary Encoder

3™ 1 HPo ertel= sk=sol 2s) MSo| Moigl= At
HA olz2x1olH

Fig. 1 The bicycle ergometer controled resistance using
load applied to the pedals

a8 2v AAA G2 ‘lei—J FHELE A A%
Aot} AH A < < Yehdvh Fgel 234
Eede J3E FE7 ]% 124 DAQ Board(PCI-6024E, NI
corp. USA)E Sstol ZAFH 4&ddch Id4 7zt ¢
Holl whet o] S5gE HAst] Aojrle A 500-1000mAe] A
#7F MR 51{'53 Befolad AMHEE STt &, 3
T A2elr FAHE F¢ St T} Byolae AEH

o] Aoz ZHHEE AojstArh ArlE MR 3d

1670

Hy ogtt

Byolad ArtEE AFEHE ZFIE FXZ ulo)|m
2ERANAE ARt 33KHz PWM pulse® &datg,
Ags =y 3o v &Este FA
q

oto 'S
ol

}9‘;4 =9 AIHE o) &
RUHE $3o 7R A P

re b e

Computer
Amplifier ‘

Marker Pererniresensanginesssins s enasy Setndaninmeeniersonanad

Optotrak Ericoder Signal

a8 2 "Mojeen AE EHR
Fig. 2 Control method experiment systems and

go A7bHE sl o Hyeolao] AFHE Ao
Ble #8 5437 2843 TS 3

A Y Fol dgel QrtHE o}x &=}

4 MGE A=

N ok

i
i

re

>

=

o

g ST )

,_
[an]
T
o
[N~}
D

Warm-up }
Free pedaling for Sminutes ) :
el e i
Lo !
H 4 { bt
|{ Control Cantrol INor-control| {Non-contral
P 80 rpm 30 rpm B0 rprm 90 rpm
[ Experiment procedure @ Random
AN
a3y 3 48 7Y
Fig. 3 Configuration of experiments
AEL a9 39 Ao wek dPgsHn. B A o
A 7 PAEL 99 SRR 582 A5Ed AT ¥
o 49 wH FAzAE T4 w0 Syt
control BEEF B ol A7tHE AFZFe] 500 - 1000

mA H¢ HelAd 7P¥EEE 7ol non-control REE
B0mAS AT ARE AviLow FPsrh Hyelao
Aol fFo W Ty 549 Mol My H A
oz, Age Z&sg ng FYd 2437 A
Optotrak Certus Motion Capture System{Northern Digital

Inc. Canada)& AH&3 4t} Optotrak A€ ¢ n7 2 HY



2437 98 MPISOWSW{(Biopac System,

3l9th Sampling rate® 1024 Hzo 9,
FEE AAS7] 98 low pass filter 30 Hz, high pass
filter 150 Hz, band stop 60 Hz2 238 g 39 A&
e ! ) Achnowedgc%é%l(f%iopac System, Inc. USA)
ZaaHE offsled EAWSLE MAsn SHE AEE
AFEA AAssrt H=2E EL 500 disposable paired
electrode (Biopac System, Inc. USA)E /\P%;}"f‘ =y
& 4Ae AY9xY 2E8% 319 YHAF(RF : rectus
femoris), ¥ o] FZ(BF : Biceps Femoris), \’HQE@VJ%
(TFL : Tensor Fascise Latae), 9J&FZ(VL : Vastus
Lateralis), WZ#Z(VM : Vastus Medialis), @4 &F2(TA
. Tibialis Anterior) @ 8] 22(GAS © Gastrocnemius)ol o,

F
e
Ci
wn
&
i
o
oo

41 7N

MR B#ol2 AdA Alade FHEAL A =
A=E st s H A4EEE Bl mEdldd. B 18
H¥AEY BT 4E55E ved Zelnt, Ay A A
AzF Aol FHzA GEt 656 £ 59 90 £ 5 rpm-* A 8k
E2E AXNFRAL, 53 BT FPSEE control REAAM

650 = 3.5, 943 + 6.7 rpm, non-controlel X 64.4 = %8
937 £ 75 rpmeE vhERgT) ‘51632' P AAE s E

LAt glo] FAFe wel g SRy Heelae] ﬂ
o] ¢] Tf’ﬂ FEglol W*}OP% %_, FHBHAA Fr]H
2 Heve &9 HEFL control EE7F non-control
of W3aled 60 rpmoll A 42.9%, 90 rpmol A 173 % FA sl
Atk AAEEVL wolALE HIE ol dAY A4
ol Z7tgtez Baolae Aoj4%ol wolAd control RE
9} non-controld] ZEE A E 2 Fo]7} wrolzly] wWjEolt),

Fhl

E:3 188 2s5

Table 1 Average angular velocity [unit : rad/sec]

Control Non-control

m Angular  Amplitude Angular Amplitude
™ Velocity (max-min}  Velocity (max-min)
60 6.80 1.04 6.74 1.82
90 9.87 1.60 9.81 1.94
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Table 2 Level of agymmetry between right and left leg
funit © rad/sec]

Peak Angular Velocity

Control Non-control
Dominant Leg 8.50 10.61
Non-dominant Leg 8.34 854
Asymmetry
(%) 1.97 19.63
PP
Asmmetry (%) = — 7

Py: peak angular velocity at the non— dominant leg
P,: peak angular velocity at the dominant leg
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