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3.6.2 np2E X2 A A

nlo] 27 B E 22 (PICIBCTIE A& waE ZagAdA FaHE= A/D
WE, wgFy] HE 9 SPL = A At PICI6CT3S Microchiphe]
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3.6.22 A/D B &4
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% 35 AFAAN F A zdAvEe JEise mE JAFREE YE
i Atk
% 35 AFAA 2 ExeEMuEe YAz E R
A A
AT AR AA[AZAA A AA| AL A | Potentio
(Toe) |(Meta 1)|(Meta 4)| (Heel) meter
SWlng “ ”
T1 ) OFF OFF OFF ON <&
= Heel strike
Heel Strike
T2 ON ON ON ON 0
= Foot Flat
Foot Flat ‘e
T3 ON ON ON OFF =
= Heel Off
Heel Off
T4 ON OFF OFF OFF N/A
= Toe Off
Toe Off
T5 L OFF OFF OFF OFF N/A
= Swing
Heel Off
T6 ON ON ON ON 0
=Foot Flat

3.6.24 SPI 2= £A
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8 gufolxaetel FAl Algd HESE
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3.6.3.1 SPI 2= FA%

SPI B= 2l = Agd deoldy 8 (SDDEAE E3te] dole 7t 99
H dHE dHelHe EY AR A2 AbgET. SR vkt
AR, FAFdAE g e Ao e diof sted Edolh RE R
289 425, FEo] AT AAL W FAHEE AT £33, FARdAM =
atite] WMo| FrlH e Lol RE B2 A A& E SHolH AE(/SS)H o

S22 o =) = [e) = O ]_
24 LOW A& E fg9sjorwt SPI o] T&Et. 1Y 3212 SPI E=9 =
o= = N
sE/zdeln AEBYY szwolth vay AEBYs Sdoln AETeld
=2 GEE gl 95 2 Ay
4 s gl = LEDE 93 .
+5V P v +5V
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2 McLrRpp
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HEHAL RC3/SCK/SCL SHUILA)  %—2 RA/ANINVrel RCT/RXIDT [F2—X
HEA2 RAO/ANO RC4/SDISDA [g—X > rRAsrTOCKI
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e g ik
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Tl Contact Lo, Response Mid-Stance ||.HI'IIIII|'\[|III.|. “Pre-Swmg mil Swing MukSwng  Termmal Swing

a9 322 FEe FAd wE Al 7hA dH

Contact 1 Fel&= EHFHA7IANA T3} Fao] 45 o F= duteA7]
Apolm WE A o] AFAArto]l HEdEola ERMuE S go]l ‘g7 gte 7t
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Swing = LSRN SHFHA ] Atol® A TR
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# 3.6 BdA e X%

B F7] PWM Direction Brake MOTOR
225 A7) ON HIGH LOW 93] d
kg =] 7] OFF LOW HIGH standby
g =52 7] OFF LOW HIGH standby
=g =g OFF LOW LOW brake

2471 ON HIGH LOW 43 A

ohodne g A 7)o BESEH e BET
Al AA st oF stes RE e 3ol dojupA] FEH vk £F, AFZ]
BE IS el FEH B Hxy] AAe @R AFo] dofyx
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43 7EH 54 3

M\

3

oo Qs FERe 534 EaE A4 538 EaE S48
&ta]l ALg3 E= W37 (Torque transducer) YDN-10KC(3+=F, SETechAb) &
Hd 10kgr - m98Nm)e] EAE F4T 4 dor F Jhe gt kel & o
stuts AN dEA tE SuEs HHAAS W FEEHE ELE HUAHE
¥ A 7] (digital indicator)® 3£ A] &=t}

Ao zFE &epA Bxr|e wEgd zold F£Hol ¥ A EamE

(a) 4&&A (b) =2 W3g7] AdH

Y 41 B4 Ez =4 A3



44 }AQ mA B

E 41 AR Qw54

92 (cm) | ¥&(cm) W (em)
ol (years) | 7 Al (kg)| 7] (cm) - S 5
= 5 = - =t -
I A ZH(A) 29 88 166.3 82 | 815|119 | 119 | 79 79
3 7 2 (B) 26 84.7 172.4 90 90 121 | 121 | 7.7 7.4

442 23 T

RIPFHL a9 429 2o 6719 <A vt 4019 354 A (AMTI
2d], v=; 2 Kistler 20, =2912)s A9 5234 Al 2~8 (Vicon 612, VICON
motion systems Ltd., G )3 A-&3ta] AME3A . =49 Fh et 120Hz, 3

432 1080Hz9 A& 9 & (sampling rate)2 dlolE & F5ate] v, 434

s ¥



IR ccog

IRCCD 6 } IRCCD5 [ i
B d

g
Data Station | CCD Camera2 2,
(64Ch)
S-VHS Video T m—-
==l
=
=
=]

EMG (10Ch)

N (| . ( ::ar)ce Plate

CCD Cameral

High Speed Ether net Connection

[ ]
: ﬁg‘ == ]

GraphicsColor  pc N N
M onitor Color Monitor Color Printer

: IRCCD1 % IRCCD 2 fIRCCD3

R 42 AR By A A s

9 433 #Zo] Davis Z2EZ[29]°] ue, 3 A9 <9 dm 7FA] (anterior
superior iliac spine), 9% 4 WM 7} A] (posterior superior iliac spine), ™ ¥ (thigh),
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ABSTRACT

Development and Evaluation of an Active Ankle-Foot Orthosis

for the Prevention of Foot Drop

Ahn, Seung Chan
Dept. of Biomedical Engineering
The Graduate School

Yonsei University

Foot drop is a symptom that the muscular activities around an ankle
become weak due to paralysis of a nervous system. As a result, a foot can’t
be raised. The phenomenon of foot drop frequently occurs in case of a spastic
palsy patients. The foot drop patient shows a distinctive gait pattern in which
dorsiflexion and eversion of an ankle can not be voluntarily done.

A method of increasing the gait pattern of the foot drop patient, there are
functional electrical stimulation and ankle-foot orthosis. But the AFO not only
can't change for the better but shows lots of differences from normal gait,
because it does not provide the efficient dorsiflexion/plantarflexion of ankle
joints.

The functional electrical stimulation is not only a personal custom device
through continuous trial and error, but also has the function of the muscle
change due to its fatigue during walking, so that it is impossible to wear for a
long time. Also, there are plenty of difficulties in applying this method in case
of walking in which the gait phase and function of the muscle change
according to environment and walking speed.

Accordingly, it is required to develop an ankle-foot orthosis which detects
the gait phase of the foot drop patient and induces normal gait by actively
leading to dorsiflexion/plantarflexion of an ankle according to the detected gait

phase.



In this study, it developed an active ankle-foot orthosis(AAFO) that
provides dorsiflexion/plantarflexion of an ankle by analyzing and detecting of
the exact gait phase of the foot drop patient. Also, it compared and evaluated
existing general plastic AFO and AAFO through an optical motion analysis
system of the healthy subjects.

Differently from the existing general plastic AFO gait, in the developed
AAFO gait, the push-off appeared in the terminal stance phase, remarkable
dorsiflexion occurred in the initial swing phase and the maximum momentof
the terminal stance phase was similar to that of normal gait.

It is expected that the developed AAFO can be applied to foot drop patients
as well as various rehabilitation engineering fields such as an orthosis, a

prosthes, etc, through various clinical experiments on patients.

Key words : Active Ankle-Foot Orthosis, functional electrical stimulation,

dorsiflexion, plantarflexion, foot drop, toe drag, foot flat
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