B s

ML #w
BOBFA TR IS g2
PuR BRI A2 B3 M %

Resistance, power output, and muscle-activity in

outdoor cycling

~ ) . ., )
SN A O 4

—_—

Gy AL B L

¢PoE 3 |4 L 4 o0& = 3



FORBERD ARG o Sy 2 e A2 403 B R

Resistance, power output, and muscle activity in outdoor cycling

=BT N N 5 Student : Sung-Wei Chou

R PEAE L Advisor : Bing-Shiang Yang, Ph.D.

= =
g
\L Ly <
$ 2

¥ -

A Thesis
Submitted to Department of Mechanical Engineering
National Chiao Tung University,
in partial Fulfillment of the Requirements
for the Degree of
Master

in
Department of Mechanical Engineering

July 2010

Hsinchu, Taiwan, Republic of China

SEARL L E



IR

FOSEED GRS G gy A e FEE A2 AT B

- EER RS 3 B A gL

Rz il ~ FHE1 a8 (il

# &

TEKROCEFD FARIPEA, p 38 P FE BT T AR A
T2 FEd b RBRRE AR 5 (60rpm) 2 Bh ok EE(FE e E4)T 9P %
TR B IE o I B 0h R Rl e 70 B A F BIRR R4
EE NN EZEEA I P IREE B EREE P e S SEE AR 24 T B
P o FRot e v R LA £ ‘*’l‘ﬂﬁmﬂr\ piERRe 2 ﬁ*’ﬂﬂb
o s P, AFEFHEFD L AHLET RSB E B
E gl AN RN R ) SCAVE i/;;zwi@p,? REREEA- 2
YR ST Lot T 5T TpE R PR le S B T s 2 4§ o
TAEL (MR ek AT A B AU SRR g B R ok (] 9 R A ) S R AR K S
SREF HES RN E bR AR AP F R
10 @ Shak p i 8 Hhagend & 4 (GLh £5 L) ke s 24 o
& J%?‘vw“"i Plée 2T g a2 R 5B ME TG dvkikp o
zlw\f—ﬂm;‘%% R Y P T "“*"’ K
ERRIN IR E L e S = 2 L o S LI MU B VAR Ll SR =y
] # ;a__ N B IEHE T SBUATNTY PR -1.’5)’&?4 L
Vop R ARRREFH R A P g E ek 8’“"%5%‘*%5&‘%4
Fir2 3 Boovpg o 20 g A g ok a6 F R RE S 2
FEFiED gﬂ»zﬁ—*‘%%ﬁmw*‘ﬁiﬂ fe e it 'THF
3. g‘:’i’hefrd;'—r F H&J;mifi«?i%ﬁ e FalFE Ly e

\._

'



Foqp e

Resistance, power output, and muscle activity in outdoor
cycling
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Department of Mechanical Engineering
National Chiao Tung University

ABSTRACT

To advance our knowledge on real-road cycling, the objective of this
study is to quantify drag and rolling resistance, and analyze muscle
activity under different environmental conditions in outdoor cycling. The
approach was to first establish an outdoor experimental platform
(instrumented bike).to quantify-biomechanical variables on real roads,
and then examine the effect-of slope and pavement on lower-extremity
muscle activities during uphill cycling. The instrumented bike is a
full-size bicycle.equipped with an encoder, a load cell, a magnetic reed
switch and multi-channel surface electromyography (EMG) sensors. The
equipment can simultaneously measure and record EMG; pedaling
cadence, cycling velocity, pedal force and crank angle.in real-road
environment.

Ten healthy (untrained) subjects were.recruited for this study. Each
subject performed outdoor «cycling, with constant pedaling cadence (60
rpm), under four randomly-ordered conditions: level asphalt ground,
4%-slope uphill asphalt road, 8%-slope uphill asphalt road, and level
cement ground. Surface EMG signals were recorded from rectus femoris
(RF), vastus lateralis (VL), gastrocnemius lateralis (GL) and tibialis
anterior (TA) muscles to quantify the timing, duration, amplitude, and
pattern of muscle activities during cycling in different conditions.

After all, this study developed a simplified method for assessment of
resistance forces in cycling and quantify environment resistance during
cycling by regression analysis. According to the results of our outdoor
study, we found: the muscle activation of VL increased with the slope and
crank torque; high inter individual differences concerning the EMG
patterns for GL, TA muscles; No statistical difference was found in the
muscle activation of RF under different conditions.
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(Biophysics) ~ 2 % 4 # (Biomechanics). - & %] * % »p £ &
(Anthropometry) & & P 385 4p b 5o 5-dic» 2 %« 5 By ¥ 4p M {2
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1.3.1 % # re+4 (Air resistance)

RIpZFd4 5 WEXRFTHRRE - AL H 2 537 BgRER
T(EEAR) T F R EERTS A Kyle B 1991 4y Sk
p 78 pFiE Az 3830 km/hourps » 3§ B4 i 23RS ak e 4 790% )4
(Kyle 1991) » = f pig 5 >>50km/hourfs % & fe 4 (5 2 885k 3k »oit e
A & 0% % (Gross, Kyleet al. 1983; Kyle 1991) o gxfi % & S5k pF 3 §
B4 L Egkp 78 A B a4 kahd 2 % iE(Faria, Parker et al.
2005) - hdm Z F 14 2 W REG MEREY 2R SR Sl
Tt e R fFEAGK iﬁ—&%%i%‘@ i £ 4 44 (Swain,
Coast et al. 1987; Capelli, Rosa et al. 1993) - Gnehm % + %.1997# i 4y
s Bk Rt gt L gk £ (Oxygen consumption, VO )0
= e 5 (Heart rate, HR) 2 »¥ e % 3 5 (Respiratory exchange ratio, RER)

%3 B ¥ 0@ BB (Gnehm, Reichenbach et al. 1997) » % & 4ept { 3



FIL > ¥ - 45 E = Z #(Straight arm position)fp i > 1@ * 43 L A
(Hands on the drop bars)™ Z 5 F2 4 j > 1 20% > £ F & * { 5 #s3FD
4% % %' (Full crouched aero position)#-ic +* %43 Z F £ &> 10-17%

(Kyle 1986; Kyle 1989; Capelli, Rosa et al. 1993) -

Straight arm position Hands on the drop bars Full crouched aero position

B3 2 Rk Z32 7 &R

FAL B RBEE F R BT R s
vr4 ) dide & F ¥ & Rs ¥ engl B (Faria and Cavanagh 1978; Faria
1992; Gnehm, Reichenbach et al. 1997) > F]pt & ¥:F £ 2 & > 3¢ &
AEA N FIE ARG RAF R LI R Ao Rm Gl SR AR Y
e B F 4 gkt B % (Frame) 2 #% B (Wheel) shsg 4
(Jeukendrup and Martin 2001) ~ /& & (Humidity) ~ 7 # % & (Air
density) ~ /8 & (Temperature) ~ k i# (Wind) 12 2 5 %iﬂ” PR £ (Cyclist’s

apparel) & % -



1.3.2 ;g ¥ 24 (Rolling resistance)

v opkdp MR IL S B S S e A g
(Faria and Cavanagh 1978) » g #+ e+ A p 78 feyd & £ - Bip g
¥ & 1% #(Di Prampero, Cortili et al. 1979; Kyle 1988) - ;& fi+ 2. 4 & #
SR TG CFF A EY AR ERM 5 mEMARER Y B
AR N I MBI R L B AL T 4 fod g e Apk 24 aE o
FORBIE S g B G ok et BB AR BB
B o Srt oril > AR F R RH IS gy et hdE B
T BT BT PR LA B G B e b i Sl <
BEART F P dieE © Faria 4p AR 1R B > i & vt (Faria and
Cavanagh 1978) ;i #- feis &2 Fo R iRk T e 8 = F b o B
Gho0 R H AW R EE R FE 4 Ap 4 500 M p T B e nfE s A
e ok e e g 2 e S AR(Clinchers s Sew-ups) » F PF g < g
a5 4 (0.2 hp) ﬁi;—J:I',T B RS T 1 s LN R

6km/hour (Roland and Rice 1973) -

1.33 rediie B 2 #F #07
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R SN R RS SRR S RS TR
8



& BBl & e diE gh o 38 (Kyle, Caoiozzo et al. 1979) » pt o5tV e &
BEM e d denp 728 5k pE v 4k ik 8 pr e @ (Groot, Sargeant et
al. 1995)- ® Candau & A = 2B 7 - ZH T 2% o @ igl 2 2 ik
BLE AR RS Tl R E S K0 P EEER FF kAP
o g A 18- 03 sUEER=zl pF7m & gt L F B = A (Candau,

Grappe etal. 1999) « ¥ mefe i & s et T T2 4 2 B3k

FEru #eF HA ) e R P e

134 +
FEp B ep R FEP HEF T R IR i G g5

I HBRp TR LG e h FEd e g R
#c¥y (Bertucci, Grappe etal. 2005) o & i & 4ot BRG & 5 2z 0 {17
# #5515 (Ergometer) (Patterson, Pearson et al. 1983; Kautz, Feltner et al.
1991; Swain and Wilcox 1992; Caldwell, Li et al. 1998; Li and Caldwell
1998; Palmer, Borghouts et al. 1999) & i& % # (Treadmill) (Heil 1998;
Hansen, Jorgensen et al. 2002; Hansen, Jorgensen et al. 2002):& {7 ¢
Beom AEY A H D R OFEHEAFENIY 2 HRGE P HFD

WEF A
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iy BE RGN HERIM FEREMER S LR ngl 4

PSR anat S o 2 G Y pdp 0 FIRFUTR P Y HA
s,f\dﬁ chrd & *]:'1553 = ¥ 5(Broker, Kyleet al. 1999) - Lucia ¥ + % 2001
EGFTL A p ARFL AL H F o AREY ApFE Lo
(Lucia, Hoyos et al. 2001)>3%#% 3 ek % & % (Giro d’Italia) ~ %k i
(Tour de France)% * 7@ #17 (Vuelta'a Espaia) * Bz p 72 %
By o FRESPTBE ) BF2 &ﬂi&l Mrs ¥ s 400W(Lucia,
Hoyos et al. 2001) ¢ # % i 7 &0 5 - B fg%ar > B 7 0% &3t ¥
p {72 2 % »cF (Efficiency) (Hawley-and Noakes 1992; Bentley, Wilson
et al. 1998) - X @ By 2+ 3 A E R LR v RS F R

PEOTRTLIEEIUEE > Ap FEFEY BRI HFES

(Pedal force) #7# & » @ f&i# ¥ 5 pr i 5 (Cadence) > #& % 2% £ Bl #
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Parker et al. 2005) -

1.3.6 #vp EE i)

Bk Feoep b g kg FE E el % (Hug and Dorel
2009) - Houtz and Fischer % # 1959 & i{ i& {7 7 Bk ik # i (Pedaling)®
B % Jenip B #7 7 (Houtz and Fischer 1959) » %47 7 1% £ & "v3
5% (Surface electromyography, surface EMG) # 3 i & 1™ 5 & 6 »v
g iE— 7‘5#1 VR R PR s e GV P g R E T

@MY ER RSP RO A BL S g » AR KAk § (Ericson 1986; Jorge and
Hull 1986; Ryan-and.Gregor 1992; Hug, Bendahan et al. 2004; Hug,
Faucher et al. 2004; Hug, Laplaud et al. 2006; Hug, Marqueste et al. 2006;
Dorel, Couturier et al. 2008; Duc, Bertucci-et-al. 2008) > * it §F 5% “7 & i
e % F L0 X ie(Gluteus maximus, ‘Gmax) ~ %k ® #~(Rectus
femoris, RF) ~ 3% ¢k ip|»+(Vastus lateralis, VL)~ % p ip]3+(Vatsus medialis,
VM) ~ L sgy(Semimembranosus, SM) ~ X %&3+(Semitendinosus ,ST) ~
3 = &g v(Biceps femoris, BF), ¢ ip] 7% % s ~(Gastrocnemius lateralis,
GL), p i) %% »v(Gastrocnemius medialis, GM) ~ "% = »~(Tibialis
anterior, TA)12 2+ g 4 5(Soleus, SOL) - R RO R 25
*t > Ericson 1 * % p "5 5 (Ergometer)ig {7 H B av 3 vp 22 R &

EOCEERS ALY nE B sk ie- %4 O M §vup (RF GL) iE
11



A2 H M &g (VM, VL, SOL) % eni<(Ericson 1986) o 2k @ 11+ #71
#2oevep & LA ReR o 2 TR RE R (A RF S
(Tibialis posterior, TP) % )& | Jf ¢ * 3] i& » 3% (Intramuscular) &0
LR B R A M BN KRR PR A AP R
BIVCR ePRUEL s fe d AL e B 0 o BRI E] alicdp T A R

REFEREIR ReE s 3 R - EFHEHE Y B

i 777 7 (Juker, McGill et al. 1998; Chapman, Vicenzino et al. 2006;
Chapman, Vicenzinoiet al. 2008) - 4* * .+ 5 &8 & i# * Prgi £ ¥ & i
(Magnetic Resonance Imaging, MRI) X3& 7 3¢ & i 42 & %= 3 (Hug,
Bendahan et al..2004; Akima, Kinugasa et al. 2005; Hug, Laplaud et al.
2006; Hug, Marqueste et al. 2006; Endo, Kobayakawa et al. 2007) » iz
FLE vl g g R R s AW BN R Rr B i g dE i R
Ko o FEenE i #idg (Hugand Dorel 2009) - 7 B3 ~p e 7 >
% By fREF B PR oo B 8 48 (dr L BB S B8 ori R aiep B A
EAT 3 HEFLEN BV - HFEAFRF IR X B jTE
(Coactivation) = - 25 2 ¥ g i 8 58 (Lombard 1903; Solomonow,
Baratta et al. 1988; Hirokawa 1991; Hug and Dorel 2009) » & &_jk i p&F 7o
B4z F4g 4] | 4k (Ahlquist, Bassett et al. 1992) 72 % pk g pFa-p
% end] Z_g f2 42 (Colliander, Dudley et al. 1988; Psek and Cafarelli 1993;
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Hautier, Arsac et al. 2000) » #9452 F #hit » 2FT 7 205 % 4 5 7oq

MEL KRB FICR B AR E S o RAFTRES

)

ek D BEPEICT MR LT R R RBIE g B

FA52_ B eRd 4 o

AL R ECALRIES S SIS Rt S S S L
GERESW A8 IEan ¥k L R it e R
# 1% (Ergometer). & & ga 4 1 (Treadmill) 27 % p R @~ F 44
BRI AW SEY > B R F A b LR R 4] (Bertucc,
Grappe etal. 2005) > e F 2 s b R BHF RS F T HFBE
R e R o T SR
RS A S R E LR S AR T S
a o E R g f SRR i B 25N e e g & e
CRETER B B EFOEN D FEDRS R FH R
TR L IE 2 SHERE T S R e B S TR B AR T AL
S TN e d ¢ (Fh B ERES AL B RN B T kR ER) 0 X e
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ER ARG R LR PR PR AT G - Rl
Bofr Ry PP FIDROLRY Fi- HO jEP LEHP
EIF A o

AFTLIEPRG
Aiml: FFEE2 34 p 78 2B plT o -
Aim2 243 0hp 78 R 2 g 1) -
Aim3 % g ob 3 %2 BB R 2 B R e ko

Aim4 @ 2153 I FREBLIEE FHop A -

Pt piE G B AR P 2 élg%éjﬁ%ﬁ?ﬁi%ﬁ Br iy H

Ljpe A2 g vpdp T L X x Pl » ¢ FREFFTH 524 TR
(Spriet 1992; Bassett JR and Howley 1997; Noakes 1998; Brooks 2000;
Wagner 2000; Moseley and Jeukendrup 2001; Robergs, Ghiasvand et al.

2004)c s AFF 3 AT * chpg FRAE L o H w & 4+ p Faria
A 2005 & 3 £ gz zg%(Faria, Parker et al. 2005; Faria, Parker et al.

2005) -
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2.1 =5 ¥ %
1395 Hopkins % 4 >+ 1999 & #7132 3% @ 4 & F| % ;édﬂz ~E e g
£ £ (within-subject variation) » & * 10 B |F ¥ £4FF & 354 b
583 95%:h 1 #f % A (Confidence interval)(Hopkins, Hawley et al.
1999) ) (A7 p Az U~ E Y TR A0 a sk p 78 B
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Bl 12 2 & »o3 AELE BRI R

226 TR E S 2 #P- 4k
AT A M ELFEE- /4 5 MP150 (MP150, BIOPAC Systems, Inc.,
USA) B2 RE (AR %HBE R4 R -BEBMILE 4§

BB R G ) 0 T RBERON S 15 1000HZ R F T HE AR
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228 #¥2 % %
AT ASUS W7J (W7J; CPU: T2400 @ 1.83GHz; RAM:
859MHz 1.00GB - ASUSTeK Computer Inc. » # =3 F) &7 FHl2

AN A L
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715 #A AT %

23 3 %
2.3.1 7 %%

ARSKP R GBI R FHRE L AEREN R
St Bt A REIERIES BRGEE A F o AR B kR
RATOEF HIE R pRe TR A 453 R (%) 8%)% 2.38 A
(9 4%)53 FaH B » ME KR GERTE > e fEF FiEE a3
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I BB S C AT S 260mpm> AT 25 P R0 &THALR
BT % BEPF AP R > o T 2 EREE S H w0t i# (3.47mfs)~
§E T FERBERIER L300 2 o H L F %R Y 5 8.64
P FXRFAARRE AR LRRFERLY 77 RN (8.6410.8
F7) 0 bR B2 R R T e

IV. #°-7847 © R1000 & B % (I8 BE5Y) -

V. #5781 700 kpa o

VI, B8 % & {33 Hamley#r3& Jl B Esc ol g R Ap 00k
w3 v w3 e ok B (Hamley and Thomas 1967) 2 # i % % &
ZERSE IS RS o8 L R SR ek O i 12 AR B SR
FE-EZMo

VILZ$ g2 2Pl X 28 s v ™ 2§ L4

2.32 7 k2

PR ARACR] 16 4Tm c R TR A AR R (TEARE S A
TERRKILE LD hA2 TR LT A - RFGERAFEFRR
FPLE REFRERERZ EHIRFLFHELAATE D26
w IR gk p A REFEVCT AR E R R B RIF R ST

IYRSERBERE A R EATE D FRIER 2 EE o 5
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233 Tk HiEiE
Fraia #r 32 rofip 78 P EAPM A7 T 30 kX Rl F % 2 ih-

g b B enix 2 4o (Faria, Parker et al. 2005) :

<Rl &% 4% 70 (Padilla, Mujika et al. 1999; Lucia, Hoyos et al.

2002) ~ 80(Swensen, Harnish et al. 1999) &« 90rpm(Liedl, Swain et al.

1999; Impellizzeri, Sassi et al. 2002) ek i & o

. = :‘E'Jfg p 4 4% 4% ¥ (Bentley, Wilson et al. 1998; Bishop, Jenkins
et al. 1998; Laursen and Jenkins 2002) -

HI. &2 8 T g 24 5 (Schabort, Hawley et al. 1998) -

IV. #%% & 133 kL% (Plateau)(Marsh and Martin 1997) -

V. e % 3 5 >1(Moseley and Jeukendrup 2001) ¢

VI. < g 8 42 1F 909G (Laursen, Shing et al. 2002) -

VI it % 4246 909 (HR=220-age) (Takaishi, Ishida et al. 2002) -

SEUBESEES R P ERE IS FENE F I

. Ta& & 88 2 ¥ Fdpz FlE o
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AN 2EE RN 2 % LabVIEWS.6 (LabVIEW 8.6,
National Instruments Corp., Austin, TX, USA) £ Matlab R2007a

(MathWorks Inc., USA) # & -

24.1 e fF

FRESPF A BT A 2 D AR {m4alh « LR L g frizd R
R RERBAFE AR AR RIS B o R
FORBERIEILL B KR 5 R et e R4 o do @] 17 ST o
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B fE 4 TR e gt o B E KA s By A PR A T A 42 f R i
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Mo fiz i @23 AP RYEFRULSBATG R 5
#% (Swain, Coast et al. 1987; Capelli, Rosa et al. 1993) » » 7 ?—"ﬁﬂ? T
m A i@ (Planimetry)ig 7 £ & 4% o3+ & (Groot, Sargeant et al. 1995) » @
% 1999 # Bassett & & o LM Ao A3 Mo DB KR P
EERH L PR 5 ff 55 25 (Bassett R, Kyle et al. 1999) -
FA=0.0293x H""® x M +0.0604
2P FAGEGHFM)sHEZ(mM): M 388£(kg): d 23t
Foda fEXR L PR EME G Mo PEUS LR TG A
T4 fE4 > 4> 1999 # Candau » % % % 5 Coasting-down method
hip B Ieds iz o B 202 5 & RS RIFE MR g 2 BB 5% 00
— M-k T e - et G (linoleum flooring) 4 Rk + (eif ~ 2 #c 2 A ir
) ¥ 3 ARt K E 2 B FFA B R (timing switches) - A 5 EF A B
F&éimi/ﬂiﬂ”'&;ﬁ‘ IlAfp L @S d Rk B B DR 4R RS
R e B LA BEE 4 L R R (78R i (pedal without transmitting
force) » Jg ot WoLE 7 55 3k 5 1T @ 475142 fhdg & (turbulence)
BEFLAY RRD il 2y - s ERENE LT A
FEepe 4 gnpe 4 o & o 38 (Candau, Grappe et al. 1999) :
ZF =-C,xMxg—-05x px AxC, x1? @)
He >F a4 (N); C,hiEd ik M5 FE(kg):
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daviE B (misec’)s p i FF BAK/MY) S AL G s R & fF(m?)
v iRt AE(m/sec ) C, 5 hfetalic; H Y CoBC AR TEM &k
B #& B (Di Prampero, Cortili et al. 1979; Capelli, Rosa et al. 1993; Swain
1994; Grappe, Candau et al. 1997) -

PRy b hi > 2o B A SR 2 T Sl b Bk

B R m e @R A s T OEdRRE SRR e i
2 13' BB G e iR g v i B A AvHc o pLpEI E A H
3R S Dl R AT R B iE ALk e T et o H P T
B4e (N*m); 0=#8 & & (rad) s AU =it e %8 (N*m): R, =% #
FE 4 fars (N*m) 5 R =R &I 4 st (N* M) AC,=R o fi*z 5 124

He(m?) ; C =i de w4 e -

2
[Tdo—-AU =R, +R,

0
=W =DxAC, +RxC,

_Wl _Dl Rl_
N Wz _ Pz R; {ACD} 3)
; : O
W, | |D, Ry]
,g ﬂ} ET?E,'; ﬁf_‘«m]ﬂ m;\fmag{(& fe l“ﬁi%ﬁﬁ'm
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Mo k) AFE LR E BEREER v FREENE R
% ip T2 @ (3471 mis)x f 10%r2 *h 2 gy s 0 £ 1% Adjusted R
square ~ F-value £2 P-value ¥ i3t S| ¥l 2 34 2 £ 3 2 5
AP A AR R A FF Q7RG R R TE D
e SEEEGOEYE CRB A RBEDIRT LB F 2 R

Fé»_’rti’_ o

242 % m VR 5L

YR Rk e ErS SRR B0 Sy A I S iy
(Vastus lateralis, VL) ~. 3% & #~(Rectus femoris, RF) » #kip] 5 55 5w
(Gastrocnemius lateralis, GL) 1 2 &4 = 3~(Tibialis anterior, TA) -
WA p (7 VORGSR TGS 2 B R AR
(0~360 & )¢ & vep W oE BRI 2 i phd FFRE 7| & R B
Fle R MELL - A o LRSI R R E NI A
ARF LT S E s A wlE & T 5(moving average) ~root mean
square (RMS) (Laplaud, Hug et al. 2006; Dorel, Couturier et al. 2008;
Duc, Bertucci et al. 2008) 4+ integrated EMG (iEMG)(Ericson 1986; Jorge
and Hull 1986; Takaishil, Yamamoto et al. 1998)> @ RMS #_+* fds d
ri(Basmajian and De Luca 1985) - # T i g2 2 £ 15 » HF BT 1

Hoivom - L R AW AMELT RIC S D Bk P AT
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(Isometric maximal voluntary contraction, IMVC)(Ericson 1986; Marsh
and Martin 1995) » fe d 3™ A pRERHP R > E R A X p AT s e
Z R BEFOM o XRB P AT L RS LS S5
B0 i B AR eh 24k Mirka 52 7] (0 s (Mirka 1991) » B~
2 PRI RAERAN* P BREARY B chf A fedE g (PR o fe Burden

1999 & SLEE Y P EELIS I D) L d STRUTUEL AR e G R

=

A2 b wp BERG - BdEDR A R D
(Burden and Bartlett 1999) 5 e & &_tt fiiF i g B 2 B A ¥ e 1t AR
Foodm 3 & RS e TR & TSI R R RR e
7 A EE iE (Peak value) & -T 5 & (Mean value):it = 4p ¥t s+ fiz(Hug
and Dorel 2009) o
B3 AT ARk B # T 35(Moving average, window size =
200ms)ie 7 F i it 2 I EE R SR YRR T R L cfR
o AREREFTIARN X% = FERE T2 PeR A 5LeE B T
PR RAGZER I 2 F VA PREEV e ad kR 2 TR
drEE O R W fn i PR AR (SR DR T e o) 5 EH e 0 A

06 90 B ~ 180 B (T 7 L)L A 270 B A fsw B4 7o @ RATE A

* LVIEWS8.6 3£ 8 — #2358 % % 4% AJZAp M Hcdp 4o B 20 #77 © B
é—Lf:‘:%iE'J"ﬁt‘ - PJ%' 1Y — BFH% B P2 TRE KR
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Pedal Force (%) Pedal force

Crank angle

Reed switch

Bl 20 Raclichp e d% dZ o Bld 2 T R A G ILCHpIT S AL E s

" e 2ok PR e R B F RV AR KR R
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MR o AVCT LB G o M E T AR B R (pe TRE
FEEFL) BRWEIFERARAAEL L4 AR BT S HE
ERRMZEA O RRLILEAH S TIHOSEIL S22 Bl b fmE R

ZHghs S RE 5 R ARG RBIS L

7”}%
e

Flo AL - R 2

B2 #1&)@@%;&% 62 5% om Al 4 £ B2 Kb s X

34

FHEL R 8% 5 b@E > 6ot s ok s 2 Ay {1

BEBMeSithegdd So B AR ER

IR B LA TR E T R R s 7 (Repeat
measurement one-way ANOVA) ~ & v: = i = Rl & 7 I3 A& (1p
b 8% F 1~ 4pid 4% F B s 4pdd TER)T moE e (Ve RF - TA S GL)
FRE(E R - TRE) R R R EE L R o LR
paired t-test » & {7 F it P Bz fedt A5 (det 2 F B ¥ VL 2.4k iE) o

Ea R E LT E G A g & sk -k 2 (significant level) «
=0.050 3 ¥ % B d (KkiE T RS T R) AL R d SR F 5 B iE
Zo AR EAL T B %t paired t-test & 47 0 Sk E

(significant level):& ¥_%23# @ =0.05-
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RN 2 2/
— P %";}ﬁ FTJ’ Fé\n

AR REE R IR B G SR B AR A R
Fivh ERFNEE X BNA A BREFFTHREEDEREE

SEEE R SIVE.

~=h
d
£

R TR 9 1 R g %

21 ERFAATR

Height Mass Age Trochanter length
(cm) (kg) (yrs) (cm)
Mean(SD) | 174.7 (4.2) | 73.3(13.0) | 24.4(1.0) 91.0 (2.3)

3.1 redrar §F4p B
311 9% 2%

RIpFZ L > 2 RE 2 LRt fF 5 2o AP T - E B ERE R
FOTE BB SRS AR (B4TL M) B 10%1% 7 2 gk
Pgpis £ 4331 B2 B W 4oB 21-4% F #-F 4 % » Microsoft Office

% 4

%

Excel 2007 (Microsoft Corporation, USA) it {7 % St

i

% 2% % 3977 o i%?ﬁﬁr’?fﬁﬁﬁxﬁr% 4 9757 e
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Drag/(A*Cd) (N/m)

20
10

0 100 200 300 400 500

Work-potential energy (N*m)

B 21 B S B e B M(adh s 05 8 ch2 R f A HiE B T

S L W A R TR

%2 e fFl S

Regression Analysis

Multiple R 0.909

R squire 0.826
Adjusted R squire 0.822
standard error 80.650

Observation number 331.000
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303 Iy g B A

df SS MS F SF

Regression 3.000 10110548.198 3370182.733 518.143 7.39E-124
Residuals 328.000 2133427.593  6504.352
Total  331.000 12243975.791

% 4 ppue E

Lower Upper

Coefficients: SE t Stat P-value 95% 95%

AC, 0.783 0.326 2.402 0.017 0.142 1.424
Cq(Cement)  0.048 0.004- 10.976 4.40E-24 0.039 0.056
Cr(Asphalt) 0,045 0.004 12.7/14 2.21E-30 .0.038 0.052
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Frerm g2 3 F 4 g d gped 8
FEIDYFEREAN)MEFTE(kG) v i pHE &R (m/sec )
KRB

. 2.F=-0048xM x9.81-05x1.2x0.783xv*
b B D F=-0.045xM x9.81-0.5x1.2x0.783x v
d ARKOR T2 EF

! ,): /\
P

)

()
WP AL 82.2%: e fF iR o2 F
e Tt & kg ¥ 8 7.39E-124 ) >t a=0.05 > Ao b i 82.2%in
fFiald A2 Ayl s aalF ek B = BRE PEY
o=0.05> 7 = R A £ BEF LR
3.1.2
Candau # 1999 # 4 * coasting-down method 345 % 5 re4 11 2
il LA S A S| RO

1999); @ AFT 2 B % L

AC, =0.783+0.326 m*;C, = 0.045+0.004 (4
) ;Cgr =0.048+0.004 (-k %)

-

Y B Candaua..*%f Bk iE R E BB R G o
BRI B A A BV o R p KR Jﬂb%lik%ﬁiﬁi E
ﬁéﬁipfﬂ% 3

Ty AR TR

fRdL (F 4 14 @igdped) ik
2 %5 o fe Candau el & FEN L EEL ARFHHL R LR
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FRAFETILFENR - B LA EBERE LT D

15
*

BRE e a A Y I u AR R ER (Candau Tk * - B
EHEHOD L AFHET L RBALEY RO HAR) 0 2T
% ‘J LA PITZ AR FHRYGPRE B E D E IR B

PREAE R PR D SR F BT P henA @ G ATH 0@ g

\\?{r

B RH B P AUE G F IS AR Z RS Gl B Rl

%o HERGEKEE LSS DLE o2 Candau & z};}éil%v‘ 5 F 3

coasting-down method. ¥ #c € i< i3 JE #° B 4 g &0 o
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32 R B G e B 520
Ao F o e 47 P AT 2 AT T B #5 & T 25(Window size = 200ms)
S AR VR E R - F Sal SRS 3 Rl s AL
LRI U S IR -3 35 F: R b i - = e

+ > 24 2 2 . R 7 ; Ny S — €
FFHIEE SRR 2 F VA LR o

321 R HIE AL R R
B R R A et e A GE T e (U vk R
(VL) ~ 2% 3 7(RF). i3k i (TA) » g5 v(GL)) 27 e 3 5 i

2 F AL & B 4eff] | 22~ 26 %77 -

Pedal force between differentconditions

07
06
-
P -~
Vd ~
PREE / \\
7/

o / PRI \\
] / - .
"E 0.4 7 -t CNEEY
* ',-' . \
g ," - L\
= o\

0.3 .

0.2 +

01

o 45 90 135 180 2125 270 315 360

Crank Angle (deg)

=——Flat Cement = = 8% Asphalt ===ss 4% Asphalt = Flat Asphalt

B 22 tigplEar b PRiEET KBS B2 THE

46



16

14

12

08

06

Peak value of flat Asphalt

04

0.2

EMG envelope of VL between different conditions

Crank Angle (deg)

=——FlatCement = = 8% Asphalt eeeess 4% Asphalt == Flat Asphalt

Bl 23 - xRl A R AR BT o S RPSTR L2 T ISE
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Peak value of flat Asphalt
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EMG envelope of RF between different conditions

Crank Angle (deg)

=——Flat Cement = = 8% Asphalt ===ss 4% Asphalt = Flat Asphalt

B 24 L iplg e R R AR T 0 RE g B T
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Peak value of flat Asphalt
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EMG envelope of TA between different conditions
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Crank Angle (deg)

=——Flat Cement = = 8% Asphalt ===ss 4% Asphalt = Flat Asphalt

B 25 - ;_a_%;gg.%z & 7 HF'?.%",‘ &, ﬂgﬁ'ﬂ;ﬁﬂmﬂm?%‘%%bi.‘l’igfﬁ

Peak value of flat Asphalt
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EMG envelope of GL between different conditions
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Crank Angle (deg)

=——Flat Cement = = 8% Asphalt ===ss 4% Asphalt = Flat Asphalt

26 SR plE B PR BRIEERT 0 RPES U g2 Lol
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- ikdp A B2 B8R E 2 (0%Asphalt ~ 4%Asphalt ~ 8% Asphalt)

BEREELS YT B S0 S9rT o B Y B R fed 4R

T TR o

o5 THOLE B R B AR T Z R AT

Peak Average
ANOVA F P value F P value
VL 8.215 0.002 6.202 0.006
RF 1.962 0.160 1.142 0.334
TA 1.611 0.218 1.565 0.227
GL 1.208 0.314 1.133 0.337

Torque 30.139 <0.001 48.969 <0.001

BeF A% paired t-test & Sl R~ 4T o B 27 5 3 FHA
T fm AR B2 TioE e L > H Y BN R L 8%t M2
WoAm A b R S 4% 3 0 29% vt T g § O 126% o
moA% B vt TG F A T5% 0 B o 3B E g s P L B

(P<0.01) -
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012
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kgw*m/fweight

0.06
0.04
0.02
0.00

peak value of crank torque

between different slopes
Hok

* K

T #ok

Torgue

W E%Asphalt 4%Azphalt W O0%asphalt

7R T e B2 T E R T (GihhE

-&
F_‘-

FEREEMLEE IR o ** 1 p<0.01 - paired t-tests)

B 28 57 FH AR TR MNP B @2 Tio@dE gy » 1o el

RIAU s B s R m b R ehipaas it Rk At B L 8% b B

Z AP ELE B Y PR RO R o VT BLE BT 35 R 92% -

¥ i B (P<0.05)° ® % vk et 4%:ht Bt Ao T p

Bod U ALELE @4 K4 1 96%(P<0.01) -

50



peak value of EMG
between different slopes

* *
4.0 ' t t I
. ok
’ 1
30 T
25
20 -

15 -
1.0 4
0.5 -

Peak value of flat Asphalt

0.0 -

VL RF TA GL

W E%Asphalt A%Azphalt  WO03Asphalt

Bl 28 - st p| A7 EA T TR P 2 T i R (i

Bh s e TR F B (7 I A1 2 9UT 218 o *1p<0.05 > **: p<0.001 -

paired t-tests)

Bl 29 2 7 FHETE I TiaE2 TOEmLiy » 19 5%
W HREZ 8Nt W ETHEE V- HAE 4% F
38% ~ v Tl pr G B 4 260% > @ 4% F B4 Tl peg B 4 160% o
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mean value of crank torque
between different slopes
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peak value of crank torque
between different pavements

0.1z

0.10

0.08 w

0.06

kgw*mjweight

0.04

0.02

0.00

Torque

W 0%:Cement 0%Asphalt

2T SR X (G

=

Bl 31 - 2Rl g A R T4 AR

TR ERELEE T R e)

55



peak value of EMG
between different pavements
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mean value of crank torque
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mean value of EMG
between different pavements
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Curve of EMG linear envelopes (TA)
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Curve of EMG linear envelopes (GL)
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