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Symbol Name

AAl Maximum ankle angle

KA1 Maximum knee angle

HALl Maximum hip flexion angle

HA2 Maximum hip extension angle

TAl Maximum ankle torque

TK1 Maximum knee torque

TH1 Maximum hip torque

PA1 Maximum ankle power

PK1 Minimum knee power during the early phase of
support

PK2 Maximum knee power during the middle phase of
support

R 2 REATEMERG T R KT A B HE T
ERmZE)

Walking speeds

Conditions

0.8 m/s 1.3 m/s 1.7 m/s
AA1 (Degree) 9.64(2.08) 12.71(2.11) 14.19(2.14)
KA1 (Degree) 62.27(4.58) 66.53(4.62) 69.05(4.65)
HA1 (Degree) -17.82(5.08) —18.71(5.13)  —20.93(5.17)
HA2 (Degree) 22.42(5.24) 25.17(5.26) 25.66(5.26)

R3 AFEIEET R REIKRTNE R R HECESE
Befm#Z) R A 0.8 m/s JoFEte, AR BLIE OL T K38 N
W& g

Walking speeds

Conditions
0.8 m/s 1.3 m/s 1.7 m/s

TA1 (Nm/kg) 1.22(0.03)  1.44(0.06) 18%  1.51(0.08) 23%
TK1 (N m/kg) 0.41(0.02)  0.63(0.05) 53%  0.69(0.06) 68%
TH1 (N m/kg) 1.12(0.06)  1.26(0.06) 12%  1.38(0.07) 14%

PA1 (W/kg) 1.60(0.11) 1.72(0.12) 7% 1.91(0.15) 19%

PK1 (W/kg) -0.91(0.09) -1.36(0.12)49% —1.50(0.14) 64%

PK2 (W/kg)  0.59(0.09) 0.67(0.11) 13%  0.73(0.11) 23%

PH1 (W/kg) 1.13(0.14)  1.27(0.16) 12%  1.45(0.20) 28%
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Ditferent loads
0kg 10 kg 20 kg 30 kg
AA1 13.21(2.11) 13.33(2.12) 14.05(2.15) 15.83(2.20)
KAl 66.52(4.58) 66.31(4.57) 66.61(4.58) 63.56(4.55)
HA1 —22.46(5.12) —18.75(5.10) —16.92(5.10) —12.61(5.08)
HA2 25.27(5.23) 29.03(5.25) 31.54(5.27) 31.58(5.27)

Conditions

#® 5 ARBEFMTRBRIKRT HE RN BECE
BERARZE) B L 0 kg Ay BerfE, HAth 5 EIFOL T IR

Different loads

Condi-
tions (g 10kg 20ke 30ke

TAL  146(0.06) 1.74(0.08)19% 2.06(0.11)41% 2.17(0.11) 48%
TKI  0.83(0.06) 1.28(0.07)54% 1.39(0.08)67% 1.59(0.09)91%
THI  1.13(0.06) 146(0.07)29% 1.60(0.09)41% 1.82(0.11)61%
PAl  195(0.14) 243(0.17)24% 2.47(0.17)28% 2.97(0.19) 52%
PKI  —1.14(0.10) —1.42(0.11) 24% —1.87(0.13) 64% —1.97(0.13) 72%
PK2  0.740.11) 1.08(0.14)45% 091(0.13)22% 0.96(0.13)29%
PHI 1280.16) 1320.16)3% 1.54(0.17) 14% 1.74(0.19) 35%

AR B, HEBOCH DA 6(a)F1 I 9(a)fE
YRR BOAR A B K. B 7R 10(a) B
TR A] A, BROGT AR B 2 Hh T N AR K IE T
K, MRS AT ERAE 2 ), HBOC AT ER
B, AR KAy, AT ENLIE R — Lo i fe ke 5 ISR
FEAE W) 7B B R OG T A SR R Ak Re e, 451 a5
HEAT SRSy, )P 55038 45 il B 20 0 S I He 4 7 3%
AT RE, 700 B BORE RE S0 RO AT IR 3,
M SEHL eI H . B BR R ARBRSGT fEAT 8
AW, BHROEShATh 2 5, BAESEAT E I,
1B ATHEEAH 2 R, SR FH 00 38 o A R O 1 %
TR B 7 i s e e L H IR AR AT
AR AR, BN, AR
AN, WD WIA N IE R KA SE, ek
A EATERS T, E2EAEANE M IEDRT
By, B BRGNS 4if Re 2 B AT IK B T RE &
XATEFZHEANIE, Wl R it fe s 5 E 3 K30 AH
ghi A7 R AT E R A BRGSO A
TR ARG R, R Y RO AT R,
LS T KR 65 kg IR, 735 DL =Fh A A
HE(RIEAT A 1.7 m/s, IEFATE 1.3 m/s, 12H447E

100

—+— Fast walking

MNormal walking
80| —o— slow walking
A

E I
z 60 1 ~
g £uSSN J?
=3 1 Iy
S 40l Mid-stance
= ---Toe off
= A Foot flat-—
= 20! ) N Mid-stance
< o e 357 Nmirad
[1]3 wh e e - e EooaneD 1
4
Heel strike---Foot flat )
_20 1 L 1 L '
-20 -15 -10 -5 0 5 10

Ankle joint angle (Degree)

B 11 =% E T (fast walking 1.7 m/s, normal walking

1.3 m/s, slow walking 0.8 m/s) IR £ B -ThR f 25 K]
Jorf 12 B IR B B, MR A Hi(Heel strike) T 45 £ 146
JBCT-(Foot flat)4h 3 2-3 By 2 M T B B, MBI IECT (Foot flat)
Ik, BT BEENE BT I (Mid-stance) 45 48; 3—4 Bk 7 B it ) 1)

o e

0.8 m/s)fTAE MR OCTT - fA BE i 4 &, el T rhmg 4,
TS A, RS 1) 22 iy ) i R Bl A ) 1
TN, UL LENR AT E N, fE S AF M RE
5 R IR I R B R AH Y, AT AL S g
FI R AL, I SR M AT A I R RO - A
J5£ BT Ll 2 Pl b 1) e KL R B IR AL R, TSR HY
P HPE REZN 357 N m/rad.

32 R

& 5(b) A1 8(byn] & Hh, T EAT B R A
FEARA IR K, 1830 0°0~70°, H T i K25 i
R AR A AR B ] 6(b)FIE 9(b) k7
K AT AR A, DX SRS K3E S HL . i
Bl 7(0)FIE 10(b) IR CTT D2 M £l 1, JROCHT7E
SPHUAT B AR DO S, EELEMSIER, R
IR ZE PP . OGP A T A b
X Fh B B AT A8 WL AE Th e L AN EH JE 88 19 T e AH AL,
ST SSRAIE T, MIT Bt 188 8 2047 A8 Bh ) 4h i %
JHE 5 5 R T W AR B JE 2310 s o6 SR A I R N o 8
AT ST HAT A B D ROR . R AT BT A
TER . EAERASZIGHTTT, (HE AR, fEe
R R AR AR, BRSSO e, ek
AT ARG, ARSI D3 0 R4, 0 B itk

599



SRS NARATE SR ED )2 E o

FeIR UL T 2E2h 9l Fe ko tr, fEREATBYIR. Bl
TR B i, 2 SR I S B R, W Ah
R S 1 e R A2 sl SR Bl 1 75 3K

32 #ER

] 5(c) T 8(c)Hh 58 510 A BE i &kl %1, #EATAE
Iob R R OGN A R R E 5L M 2RIk AR Ak, BB Ak Y
H=30°~40°. 57T SH(E 6(c)FITEL 9(c)f1 IEE A
U, B BXEN s shHLEE, R 6 AR 9 H 4Rk
W, TESCEERY B, WO A o . e
SRR B A B AR B B B A R AR, U DR A A G
T A T (¥ ) DA 3 S ik E N AR B B
FEFE BB B W, 05T R R A, WU T
AT LS IR R e R s 1. R 7(c) R
10(c) I SR B v 5, fEAT LMY BE, M D% 1E
KA, PRI BUAG A7 RE I, (6 BRI 25 Hb J5 B il
Rt 4B B HTAT, LA T P A Th 2 U AE 4y i
ILAE A2 PG MY S A O B Hh R fS . o TR o
O EAE, 30T AR DG AR AT A 32 R A2 B A
H, SAEEATBY F7 . BhBRANE B T, AR G
5N R HY T B 9 ) 7 5

4 25

XA A AN RAT B T BN AR s 5l ik
1o, Rl AR NIEE) 2 Rk A E R N

e PN

AT L FHLER IR 5T 0 By D) WLas N vk de 4t 7 &
B AR,

D) BT, B AT E R, ST
JUToh 2. w77 48 % nT B i 3 5 i e oo 1 b
ATIRAN, ) 50 55 it R e B S S0 M 4 e 8
ITfERE, 7o MY BOR IRE S0 BROCTT AT IR SN, T
eI A AT ERE T, FRTIENIE, AR
Rt e B 5 F5h WK AH 56 1) 77 AT 9K 5))

2) WERATAEAT G R b Al FE AR R RORTTY
AT E R R, P38 D) 300 A, X B0 IR DG
AT B R, EER Y SVE, B d R gz ph
EH. W J7 B B AL 2% N G 1Y mT % FH i nt A2 BHL
JEAFAATIRE), HETESCIERI . F RS, WIS
BT 59K ).

3) NEATEL B G WKW, oA &t
R, HEOCTT A B S E R IR ARk #E0CTY AR
IEA AR, 00T DA IE D) A ), HARATEAE
JESH NI D)2 0 IEAE, XUl B AR DG EAT B
v BOE FEE. MTE B I HLEE N B O
BAT =3 IR B).

4) HErEB e s N H TR E EETF R
(18 AT 38 A B e WL AFENL BT vh, B AN AT
A S HAE nE, NARAT E D E BT RS0 E
SE3E, K OATE B I WLE ANEENL LA v 3 1 2
Wi, FI SRS IF KNP S REM L 45 R
w]iE H T NRAT E S VR E 5%

1 R8Pl ARATEN P EEY 2o sl . o EE g EAGR, 2002, 21(3): 305-307
2 Kadaba M P, Ramakrishnan H K, Wootten M E, et al. Repeatability of kinematic, kinetic, and electromyographic data in normal adult gait. J

Orthop Res, 1989, 7(6): 849-860

3 Cappozzo A, Catani F, Croce U D, et al. Position and orientation in space of bones during movement: Anatomical frame definition and

determination. Clin Biomech, 1995, 10(4): 171-178

4 Eberhard P, Spigele T, Gollhofer A. Investigations for the dynamical analysis of human motion. Multibody Syst Dyn, 1999, 3: 1-20

5 Dingwell J B, Cusumano J P. Nonlinear time series analysis of normal and pathological human walking. Chaos, 2000, 10(4): 848-862

6 Zielinska T, Chew C M, Kryczka P, et al. Robot gait synthesis using the scheme of human motions skills development. Mech Mach Theory,

2009, 44(3): 541-558

7 JARME. WRIHIE A dEat Rt R AE, 1993

§J\
8 MNFH, FARL, MEF, 55 HRDEEINIZ) )= RB . ARV 2 TRAE, 2006, 23(1): 69-73
9 HfR, £HEI, Kk, & AMPES M APUIRFIE S, RE AR, 2006, 18(10): 2703-2708
10 iz, B, SLESNTIRKN . ey s 25 B E 243, 2006, 28(7): 500-502

600



RN BORBYE 20114F H41% 5551

11

12

13
14

15

16

17

Conor J W, Daniel P, Kenneth P, et al. Development of a light weight, underactuated exoskeleton for load-carrying augmentation.
Proceedings of the 2006 IEEE International Conference on Robotics and Automation, Orlando, Florida, 2006. 3485-3492

Han Y L, Wang X S, Fu C Q, et al. The study on human walking gait analysis system for the design of walking power-assisted robot. IEEE
ICMA 2009. 3607-3612

Christopher L V, Brian L D, Jeremy C O. Dynamics of Human Gait. 2nd ed. Cape Town, South African, 1999

Hansen A H, Childress D S, Miff S C, et al. The human ankle during walking: Implications for design of biomimetic ankle prostheses. J
Biomech, 2004, 37: 1467-1474

Aaron M D, Hugh H. Lower extremity exoskeleton and active orthoses: Challenges and state-of-the-art. IEEE T Robot, 2008, 24(1):
144-158

Conor J W, Kenneth P, Hugh H. An autonomous underactuated exoskeleton for load-carrying augmentation. Proceedings of the 2006
IEEE/RSJ International Conference on Intelligent Robotics and Systems, Beijing, China, 2006. 1410-1415

Andrew S M, Karen T B, Leanne N D, et al. Gait dynamics on an inclined walkway. J Biomech, 2006, 39: 2491-2502

601



