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Basic study on development of control model for intelligently controllable ankle-foot orthosis
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Abstract: We have developed several types of intelligently controllable ankle-foot orthosis (i-AFO). In the previous report,
we discovered that the rotational velocity of planter flexion of foot during initial contact to foot flat shows a significant
relationship with walking speed of a patient who suffering from flaccid paralysis in his ankles. This fact has a potential to
use as a control model for the i-AFO. In order to confirm it for more numbers of subject, we conducted gait experiments
for healthy subjects. We developed a new measurement system that can realize (1) the phase detection of gait, (2)
measurement of ankle angle, (3) that of step length, and (4) that of stride width, simultaneously. Experimental results show
that periods of initial contact to foot flat doesn’t correlate with walking speeds. Additionally, the rotational velocity of
planter flexion of foot during initial contact to foot flat depends on walking speeds, step lengths and angles of planter

flexion.

Additionally, we proposed a new structure for an adjustable lot which can be used as an adjustable part of AFO.
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Fig. 1 Gaitcycle
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Fig. 4 Electric circuit for foot switches

Table 1 Relationship between pattern of switch outputs and
gait phase of Fig.1

Toe Heel Phase
0 1 Phase 1
1 1 Phase 2
1 0 Phase 3
0 0 Phase 4

33 dJ=AA—4
EAOREEMAEZFHT 72012, ERNT=FA—
% SG110 } UF Flexible Goniometer System (Biometrics #1:4)
EEHT 5.

34 ERVAT LA

FE3EoE Y60 FHRE1>DT7 vy 7 ~Fy 7 PC
WAL, TROOEHRERML CHMT 270D AT
LEBAFE L7-. Kinect @FHHIE#IZH 30Hz TH VY, =D
oot o OFHEMIT IkHz TH 5. B REEDE
B EX 5 IR,

Controller (Laptop PC)

Synchromzatlon signal

Foot sensors

1

Analog input
Kinect loop (30Hz) Gonio loop (1kHz)
ED USB [ Image Processing ]‘ “ Signal Processing ]‘ ‘@
J/ Digital input
Step length, Gait phase,
stride width ankle angle
Experimental dat
)

Fig. 5 Signal flow of sensor system
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Fig. 7 Experimental data of foot sensor system (sample)
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Fig. 10 Walking speed vs. drop speed of foot
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Fig. 11 Walking speed vs. step length

0.3 : : :
= 02
Ny
5 é & %@ &
5 @ @
> lo ¢ o B
3
S 01}
wn

0 2 3 4

Walking speed [km/h]
Fig. 12 Walking speed vs. stride width
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Fig. 13 Adjustable lot for ankle-foot orthosis with turnbuckle
mechanism (Left: double-side multiple type, right: single-side
multiple type)
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