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Abstract

In this study, a new bicycle system was developed to improve muscular strength using the Magneto-Rheological(MR) rotary brake. The
friction load of the MR rotary brake is adjusted according to muscle strength of the subjects. The characteristic of muscular strength was
studied with various friction loads of MR rotary brake. The friction load was occurred with the current, applied to the MR rotary brake.
Experiments was composed of several cycling trials for various friction loads. In training programs involving muscle improvement, it is
necessary to confirm muscle activity and fatigue. To measure the muscle activity and fatigue, EMG signals of rectus femoris (RF), biceps
femoris (BF), tensor fasciae latae (TFL), vastus lateralis (VL), vastus medialis (VAS), gastrocnemius (GAS), tibialis anterior (TA) and
soleus (SOL) muscles were collected with surface electromyography and analyzed into time and frequency domain. The experimental results
showed that the muscle activity according to the applied current to the MR rotary brake was significantly different. The more the current was
applied, the higher value of the integrated EMG (IEMG) was obtained. Especially, the magnitude of IEMG of the RF, BF, TFL and VL varied
in direct proportion to the current. However, there was not significant in the median frequency as the cycling time continue
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Fig. 1. Prototype of a health bicycle for improving the muscle strength of lower
| limbs using MR rotary brake
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Fig, 2. The attached locations of MR rotary brake, rotary encoder and load cell
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Fig. 3. Controller modules of MR rotary brake for health bicycle

Fig. 20141 Helu}s} ko] MR 2% Hajo] ZRD-2087-01,
Lord Co.)$} 28 2] A2 (RE30E, Copal electronics Co.), &
EAo] 287 EAlo] RS} A% AP MR 3
e Beo]ae] xS Sutoldd A3 o] RFAFHITH
262 dave 292 g9 4X9 g AHEE S5
Aot AHEH, BT £ HAE37] 98 Byo|a A&
3} F715 o] A A2

Fig. 3] #A]g A|o]7]= MR 3|4 ¥ Bo| A& Aojslr] 9]
3 A 2R 0~1000mAS] F 9] oA Belo|2o] ARE <}
St 0~4Nm nHE2 S A=t} Fig. 4= £ A7l AF&3 MR
348 Belo)=e] A o) Eoa BP0 b= AMe 9ap
& viebdth o] 2#| 2ol Yeh R0l HaolFof 750mAS] A
FE U7HekH % 3Nme B2 E FF3CH10]. MR 3]HE B
dlol2 ESE 29 87 20| B} FE| 28 wys

-{ Experiment 1 i
- 250mA, 5min

D [ Rest Smin [
500mA, 5min
[ 80 RPM—] < 5 D Rest 5min |

[ 7s50mA smin ]
D| Rest Smin
DL Rest 5min |

b 1000mA, 5min

[Max, SpeedJ [ 1000maA, 10sec J
"1 Experiment 2 i

1000mA, 20min
j D Rest Smin

l 60 RPM l
=

[Max, Speed] [ 1000mA, 5min

335 HY Mk

Fig, 5. Flowchart of experiments

834 | J. Biomed. Eng. Res.

3 /
2 /

1 //

0 025 05 075 1
Current (A)

(wN) snbio]

J8 4, MR 3% Eejjo|3e| MF I ERT SM JM
Fig. 4. Characteristic curve of current - torque of MR rotary brake

Roz 3 28 34§ ex AR APHES A
$8 22330 A%,

. &8 W

B A= MR 3| Ag Bdlo|2E o] &3 kA 28 S84
Y2 RHAY T BEAAE AT H3iA A 3 Tl 7
Azt 42 I ZEMG)7t S HAT A2AHAE o8&
THE B ARL TEZA I o)l fle 17e B 108 (4
°]: 26.842.3)% thd o2 AAIH AT Fig. 52 MR 343 27
o] A& o] &3t A2 A 9] A2 TA A THEE ZAIS
T Yk ARl 287te] AgFEH o 250, 500, 750,
1000mAS] HFE 71zt MR 3AF Bgolae QrFshaA
60rpme] £ =2 747} 58 T3t 1, 259 9 25 175t
7+ A Apoldl] 57| FAlS 7HATh 3 I EAE ] volE
g Fitskel] 98l MR 3|AE Hgolzd HOAF
(1000mA)E <17}+ek Aol A T @xFE0] 1024 38 wHEslo
1 &2 TP 811, 7 T3 Aolel] 18£7ke] F241E 7
At A8 2= 1000mA 2] A Fol A 208 FF 60+5 pme] S5
2 47} 204 FP3taL, 5E 72 Fof A A 7 Ha
EEZ fAE 580 AYFY st=E AAH AT

Fig. 6& 22 A SFA 314 Z5o] EgE = A7E

I3l 6, AlAee 2 sMshs 3Y 30| 2
Fig. 6, Angles on the crank occurring in clockwise direction



38 7. MR EITE E2f0|35 0| Bt A AFNH Al ARIS| 21 7|0|X|
Fig, 7. Velocity gauge of the bicycle system using the MR rotary brake

_T’—%'a} | l5lo] AJAMEES 2 3] A ek AT ko] A2 Ao
AT, L% Ao FEHHo] AU FZ HE aga ¢

o 745—3—0 E o}Odu} Fig. 64 o] 0« oﬂd 180 - A}oloﬂ/ﬂ

Fig. 72 At Hg] H4-E Fapy] 93 B3 a4
EA3H= 4= (rotation per minute, RPM) AR 24 31 ol
FO 2 4 £=5 el & ol 38 A= o] g o
FP B o vow 60+ 5 rpme EEE FAGEE
okt F8 & @A) Q8% X9 TAE BAS B4
A3l HE 2 =(rectus femoris, RF), th¥ o] FZ(biceps femoris,
BF), t& <2 (tensor fasciae latae, TFL), 9|23 -Z(vastus

mlm

A

]ogﬂ,_

&3

0.05

0.04

(A) Ol

RF BF TRL VL GAS 1A SOL

(a)

N

RF BF TFL VL. GAS TA SOL

(c)

Y.L Yoon, T. K. Kwon, D. W. Kim, J. J. Kim, N. G. Kim

\[/ N N "
N > e Y,
4%:‘ \ / \ VL b \Y }‘
y4 N e, it TEL_ }
i w.E

12l 8, MR =jMA Eeilo[ 3ol 1000mAS

IUKAE 42l IEMG JM
Fig, 8, IEMG curve of cycling when the electric current of 1000mA was applied

to MR rofary brake
lateralis, VL), W|&4(vastus medialis VAS), ¥]&5-*(gastroc-
nemius, GAS), #174 & T (tibialis anterior, TA), Z18] 1 7}=p]

(soleus, SOL)| A A =7} E4 =)

20 = = =
2 AYE B ST THE I E BASI Ao St
ueh Mshs 2RAES $EAZE Vb e 2RHE AT
Hlme, PAE o BAAN e YRt 2 45
of FHTAE vwot] v 2o I AP v7 PEE n s}
24 gk
=4 280 2= B3-S v 2at] 93 IEMG(integrated

(A ol

RF BF TR VL GAS TA SOL
(o)

() Ol

VL GAS TA  soL
(o)

RF BF TRL

32 9, MR 5|XE =ajjo]|3 AlAglel 210tEl 23 0| Halo| wE Zt 22| IEMG £4
(a) 0.7Nm (250mA)}, (b) 1.8Nm (500mA), (c) 3.2Nm (750mA), (d) 4.0Nm (1000mA)

Fig. 9. Characteristics of IEMG according to the torque applied current to MR rotary brake
(a) 0.7Nm (250mA), (b) 1.8Nm (500mA), (c) 3.2Nm (750mA), (d) 4.0Nm (1000mA)

vo! 28 | December, 2007 835



Development of a Health Bicycle for Improving the Muscle Strength of Lower Limb using MR Rotary Brake

020-40 0 20-40
(%) i@ 140-160 (%) & 140-160
0 %. 260280 0 & 260280

30 rer 1I:

250 500 750 1000 250 500 750 1000

Current (mA) Current (mA)
(a) (b)
[20~40s {1 20~40
(%) #140~160s (%) £ 140~160s
40 W260~2805 40  260~280s

30

500 750 1000 0 250 500 750 1000

Current (mA) Current (mA)
(c) (d)

3210, AR AIZEe] Bo10 2 ZEN T2 TR
(@) RF (P<0.01),(b)BF (p<0.05),(c) TFL (P<0.01),(d) VL (P<0.01)
Fig, 10, The amount of increase in IEMG for different the current and time
(a)RF (P<0.01),(b) BF (p<0.05),(c) TFL (P <0.01),{d)VL (P <0.01)

EMG)E o] &3t} Fig. 8= MR 3|78 Bao]30) 1000mA  717] Y84 Z-8-8h= thE o] 2BF)E Aol A9 2573}
o A7E WS o vdehtbs IEMGHOZH A 3 5 2k90 - o YRS 2t 13, dERA o] W SZ T Boa}

ol Wshe AR 3 el Axof whet 7 28] B E AU LS & AR ZHTA) IEMGHo| B/ YehdE 78S Bl

g F3om, 289 Y} A= HFH o2 viad 59 Fig. 9& MR 3|13 Beo] 2] 7} = B30 tist] 7
ATk A8 T2aP A FALEZ 60+ 5 pm o2 HSNY] AME [EMGHS YT Q) 712 &8 A3A] 38R}l A
ol [EMG =49 2717} ¢f 122 e, f2S Zoj) 233 A9 24 9435 Uehlz, A 2% EMGHE AA @
7] 918l 75 BA-) AAEH =0 olX 180 o A= F3eM  Th Fig. 9914 & 4 0] AHZHTA)S IEMGEo] 714 2
HEHZ(RF), HEZHFX(TFL), I9SFI(VL)H WE32 A Ve, o) 28 38 #aoA sgS dold o w222
(VAS)9 EMG A&7} 843 H 3, AAHAE FES 234§ 22w 8150 55 31 o] 8 AAZ 2ol £25H A|#|5}

004 C 3min 140
& 8min
B 13mi 9 ,/‘""‘\
N . 18$:: § ) / \ P o
g
E 0.02 % 190 el
o T
E °
g 80
0.01
60 i
o] 100 200
0 . ,
RF BF TR VL VAS TA GAS soL Time {sec)
T2 1, 202248 F-oIM LER-L= 2H 259 IEMG §4 a2 12, I ERle] Maizslo)| M LIE-= &5
Fig. 11. Characteristics of IEMG during the cycling of 20 minutes Fig, 12, Velocity during cycling of maximal speed for a subject

836 | J. Biomed. Eng. Res.



0.12

3 20~50s
0.1 # 130~160s
B 240~270s

(NONI

33 13, 522te] M FHol|lM LiEk-h= 2 252] [EMG §4
Fig. 13. Characteristics of IEMG during the cycling of maximal speed for 5
minutes

7] wjolth. ek, E 2 A7} 71845 8 (RF), E %
FZ(TFL)T 9SF2(VL)Y IEMGHo| A8 ez Z7}
t}. o] A2 MR 307 Bo|A A FH FVtel uhe} w2
oj7] 13 shzo] S7kste F-EE XA o 2-gsk=
AT 2 FFEo] AAY] gtk v AAHYE 75
Ao 25 W) ALk tEoFI(BF)2 Hd 752 A
Aol o8] 2R 25 A7) 2R B 0|2 AFYo| Z7tet A
A A glov IEMGRo) S71sks %= Yepa st
o|AL TH HeIG o ofaf e BRI 7} WHhE: 31419 319
7t B 7] gEQ AR AR ETH11-12].

Fig. 10 AF<] Z71ol w2 [EMG ¥ 31-S vekdt, 2tz
o] 38R dolHE A& TN 33)d AdA 249 ZAte
IEMGE B¢ #h& 71522 4118 sigla, F3o] A&H ]
el 2SS Hlawsky] HeiA] 5E3te] FAIT A dojzl
tlo|8] ZollA 271(20sec), 7H(140sec), FHH260sec)l A 20
2R AR AT E FE3H FA3AT Fig. 102 AR/ 57t
of wet &gstert PR o g F7etE HoFe Aoz AP
A FolR T&E &Y 2R T 7] ARBA S YehH, 58
7te] FYA oA IEMG W3he A7 JehA] gtk

Fig. 112 MR 3% B}z 1000mAS] HF-E ¢17}st

1, 20222 F-oM LEHE Sl 24 S

Table 1, Characteristics of decrease in median frequency for cycling of 20 minutes

Y. I Yoon, T. K. Kwon, D. W. Kim, J. J. Kim, N. G. Kim

20% F9H 60+ 10rpme] $E2 T I PAES EMGA S E
F3) 3%, 8%, 1387 18E8-FA 247 3024 F3ofo] A%eh
Aolt}h, BT A ZZ(TA), ¥]EHGAS)S IEMGH
o] Azke] Al S F7IeHe TS UEREH, tE2Z(RF)
& &% Tulo] Zute] thate] 22%, AASFHTA)S 16%, 9=
S(VL)H WEFHVAS)S 474 17%2} 15% S7HHAth

71 A7l w2W B e BAQ %5 Folle A2 25
zo] A gstug A f7 A EFdka SEAIto] A|&E
o whe} A2 R-E dAls] a8l F71E SR EEs
gohar F{13-14]. ASH K &l £o7te 807289 &84
9] AEE-E 60-70m/s ¥HA, S FE AE S 80-90m/s 2
Aol HATH15]. 20871e] Fao A FFFRo R B4F A
AR g27t S71e) e 9] 28 R faE &
2R fo BFo) AR Y 1L, 5 Zule] vlg) w2 S E
EUA Ho] IEMG3e] $718h= A2 AlsHth

Fig. 12 MR 318 Heo] 29 1000mA2] HFE 7}sto
5% B¢ A £33 A FP&E Yeed, 189 2
o] AAAEL FPAZ 52 Yol 125rpm AF-2] HUEEE 7]
23}31, 120rpm ©/4S 40 + 10% E< A8 A4} s
of 3] W90 + 10rpme] L 7| 23t} 53 o trpdS:
2 AP Al v 38 w3ete] A Fsinz o
A £27b 353 A

Fig. 13 1000mA <] Aol A 5% Et A4 Fa4gt g dz2E
o] EMG A3 & 38 2uH20~50sec), F7H130~160sec), -t
(240~270sec)dl M 242 3024 Z:%3l AEg Aotk LFA
7to] A &B 52 [EMGHo] 248, $F52ut vl 34t
o thEFZ(RF) 32%, WE|FZ(BF) 37%, HEHIHAT
(TFL) 15%, $1Z33(VL) 21%, WSE(VAS) 17%, 12 =
HTA) 22%, W1 E-ZH(GAS)< 35% a3ttt 53], o5&
(RF)3 ¥ 24H(TFL), 9&32(VL), WS3FH(VAS), A
AZHTA)Y IEMG7} 58 F710l A 7Haste @79 A
9] Zol7k YehA] ghedl, 32714 wEA 927 Yehde

[}
A% HA% 5 9ok

=l

{1

T ¢ycling fime , 5m|f-1- 18min dectease rate(%)
RF 14139 * 8,61 13954 + 11.72 1.31
BF 166.36 t 5.15 162.19 * 10.35 2.50
TRL 165.93 * 7.73 16271 * 8.65 1.94
L 140.59 * 7.01 139.19 + 3.99 0.99
VAS 14243 + 1011 140.83 + 15.04 112
TA 151.44 = 16.28 148.40 £ 11.94 1.96
GAS 167.77 * 17.36 165.60 = 15.72 1.30
soL 239.76 £ 7.76 23475 + 7.43 2.09

vol 28 | December, 2007 837



Development of a Health Bicycle for Improving the Muscle Strength of Lower Limb using MR Rotary Brake

Yutd o 2 3 27} B = Al S AR et i g 9 Ea)

o) AFEE SAAY 95 5 A ]725% EEE FAEA
2 g 927 By Ao R BT 5 014[16] Fig. 12
9] HPA = F3Y 55% Fof| FP £ 5 %Z]
Adtet o g g 2] I H o2 e 9 S 7/i°1‘3}. a
el sl gl & A =l whet g2 YA Ho| Mg F9le 2
F7HEAE o gk o] 2 A Yl e 2RI ARE ¢
2| gfete] A A B0l Aot

o]z 9] Aol A, &2 A (isometric) +F Al
A o3t FYFrr Fo A HAEHTE

1—°4 2of7u T?SMH
7@;uszwm?waHﬂ:mm“ﬂ%%&L
O Zo) A 2| 24571 843 8= A 2487 9 2] 281
o 23] 29| Wy} 2| e Ao AN 587t AH A
Foll N FAFT5E I8 Ao e gk, whe e
&zo] o) HEet FUHFoE Aol o) fEd Aolth.

N A o >

o

V.2 E

2 A7 A Al28le] 28 MR 328 Bajo] 29
A71E WEATIEA Bx] 25e) B3 AR} HEE E4L
AT o]o) he T e AEE AR
RV EECEE BERES ERECEREE E PR

o] &8 £7 $ES 9% A x A A A 28 S ettt
2. MR 3|33 B30 Q7tE & AfFo| S7id4E
A{RF), UEo|FZ([BF), ¥ZLFXTFL)Y 232

(VL)QI IEMG#o] A8 22l e = F71et) o] MR 43
Hajo]Ze] B0 A Wslet ME S8 2B 719

AE e a2 gl

3. R AR FFolA F3Y ARe] DojA 2 [EMG o] Z7}
ek EAZRF)S 22%, AAZHTA) 16%, 923
(VL)3} W &23-(VAS)E 212} 17%9} 15% 2713kt

4. 5E7S] AEF FEoll A HEHZRF)A dE A2
(TFL), 91&44(VL), WSFH(VAS), A3 EHTA)S IEMG
7bFP 7)o A FAag

5. fnh] gatel 1o} 28 3 7)1 FEA AHERY) 28 &
gol wht A7 we] FTAS A A Bl sR9] 2=
7 FEE F 3lE Aotk

o[ 47 23 MR 3|dE Blo]E o] &3 A~
A zglE dste] Arpd] @xpe} 0l 5e) 29 S F B
Zoddadon, e @A e o r ¢4
FojAoF €

e

o r

< Aol

838 | J. Biomed. Eng. Res.

(3]

(4]

(3]

(91

[10]

[11]

(12]

{13]

[14]

(15]

[16]

o
ra

Nt

C. L Lee, S. D. Han, “Health of korean elder(study on the
knowledge, habit and physical strength),” Hallym Academy of
Sciences, pp. 79, Seoul, 2001.

Brown, M., Sinacore, D. R., host, H. H.. “The relationship of
power to function in the older abult,” Journal of Geronto., vol. 50,
pp- 55-59, 1995.

C.G. Song, J. Y. Kim, N. G. Kim, “A new postural balance control
system for rehabilitation training based on virtual cycling,” JEEE
Transaction on Rehabilitation Engineering, vol. 8, pp. 200-207,
2004.

Y. J. Piao, M. Yu, T. K. Kwon, C. U. Hong, N. G. Kim,
“Development of training system for equilibrium sense using the
unstable platform,” Journal of Korea Society of Precision
Engineering, vol. 22, pp. 192-198, 2005.

Cohen H. Blatchly CA., Combash LL., “A study of the clinical test
of sensory interaction and balance,” Physical Therphy, vol. 73,
pp. 346-354,1993.

Jung-Byung Chae, Byung-Jo Kim, Sung-Soo Bae, “A study on
the control factors of posture and balance,” Journal of Korean
Society of Physical Therapy, vol. 13, no. 2, pp. 421-431, 2001.
Per Hoiness, Thomas Clott, Frank Ingjer, “High-intensity
training with a bi-directional with a bi-directional bicycle pedal
improves performance in mechanically unstable ankles a
prospective randomized study of 19subjects,” Scandianvian
Journal of Medicine and Science in Sports, vol.13, pp. 266-271,
2003

D. Roberts, E. Ageberg, G. Andersson, T. Friden, “Effects of
short-term cycling on knee joint proprioception in ACL-deficient
patients,” Knee Surg Sports Traumatol Arthrosc, vol. 12, pp.
357-363, 2004

R. R. Neptune, “Adaptation of muscle coordination to altered task
mechanics during steady-state cling,” Journal of Biomechanics,
vol. 33 pp. 165-172, 2000.

MR Rotary Brake (RD-2087-01), LORD Corporation, USA,
http://www.lord.com

Lena H. Ting, Steven A. Kautz, David A. Brown, Felix E. Zajac,
“Contralateral movement and extensor Force generation Alter
flexion phase muscle coordination in pedaling,” Journal of
Neurophysiology, vol. 83, pp. 3351-3365, 2000.

S. A. Kautz, D. A. Brown, HF.M. Van der Loos, F. E. Zajac,
“Mutability of bifunctional thigh muscle activity in pedaling due
to contralateral leg force generation,” Journal of Neurop-
hysiology, vol. 88, pp. 1308-1317, 2002.

Vollestad NK., “Measurement of human muscle fatigue,”
Journal of Neuroscience Methods, vol. 74, pp. 219-227, 1997.
Bilodeau, A. Bertrand Arsenaultl, Denis Gravel, Daniel
Bourbonnais, “The influence of an increase in the level of force
on the EMG power spectrum of elbow extensors,” European
Journal of Applied Physiology, vol. 61, pp. 461-466, 1990.
Scott K. P., Edward T. H., “Exercise physiology : theory and
application to fitness and performance (4th edition),” McGraw-
Hill, pp. 132-136, 2001.

Ebenbichler G., Kollmitzer J., Quittan M., Uhl F., Kirtley C.,



(17]

Fialka V., “EMG fatigue patterns accompanying isometric
fatiguing knee-extensions are different in mono- and bi-articular
muscles,” Electroencephalography and Clin Neurophysiology,
vol. 109, pp. 256-262, 1998.

Masuda K., Masuda T., Sadoyama T., Mitsuharu Inaki, Katsuta
S., “Changes in surface EMG parameters during static and
dynamic fatiguing contractions,” Journal of Electromyography
and Kinesiology, vol. 9, pp. 39-46, 1999.

(18]

[19]

Y. 1. Yoon, T. K. Kwon, D. W. Kim, J. J. Kim, N. G. Kim

J. R. Potvin, “Effects of muscle kinematics on surface EMG
amplitude and frequency during fatiguing dynamic contractions,”
Journal of Applied Physiology, vol. 82, pp. 144-151, 1997.
Gerdle B., Larsson B., Karlsson S., “Criterion validation of
surface EMG variables as fatigue indicators using peak torque a
study of repetitive maximum isokinetic knee extensions,”
Journal of Electromyography and Kinesiology, vol. 10, pp.
225-232,2000.

voi 28 | December, 2007 839



