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Development of Automatic Immediate Fitting Socket (AIFS) System
for Artificial Leg Socket Modeling using Fuzzy Set Control
Kazuhiko SASAKI™, Kouhei NAKAMURA and Kinva FUJITA

U National Rehabilitation Center for the Disabled Researeh Institute,

1 Namikis Tokorozawa shi, Saitama, 3549 8355 Japan

The Automatic Immediate Fitting Socket (AIFS) system was developed to reduce the time
consumption for making an artificial leg,  The AIFS is composed of an outer shell, a particle
containing bag and three air bags. The rigidity of the AIFS can be contralled by the application of
negative pressure between the outer shell and the particle bag. The three air bags are used for
adiusting the shape of the socket, A Tuzzy set theory was utilized for the real tine aulomatic control
of the socket shape based on the subjective evaluation by amputee. Two experiments were conducted
for evaluation of this system, One was for measurement of contact pressures hetween the surface of
the stump and the socket during walling. This result revealed that the pressure distribution function
of the AFIS was more uniform than conventional artilicial legs, Another experiment was conducted
for evaluation of a shape modelling function. The shape modelling performance was evaluated by
measuring the cross section area ratio of the stump calf (o the stump end. This ratio with AIFS was
about |5 times as large as the conventional artificial lew.  This resull showed that AIFS SVstem
provides a suitable shape for walking. The entire AIFS madeling process including test walking was
completed in 40 minutes. which is significantly shorter than the time for the conventional modeling
pProcess,
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Table 1 Example of fuzzy IF-THEN rule

FREZEHLTWA.
oo
oz Fouzy-baser shope adjuster___

Subjective evaluation of tightness

Defuzzy

IF HEN
Subjective evaluation Internal pressure Desired pressure (kPa)
Knee  Calf endl Upper  Middle Bottomd Upper  Middle Botton
T T (T h h h 3 -3 25
T T T m m m -2 2 -15
G G Gim m m|lo 0o o0
L L L:im m m|5 5 3
L L L 1 I | 7 7 5

T: Tight, G: Good, L: Loose, h: high, m: middle, I: low
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Fig. 5 Flowchart of shape modeling in AIFS
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Fig. 6 Procedure of AIFS dynaiic casting
(@) Attach the contact pressure sensors
(1) Wear the inner bag
(<) Put the stump in the outer shell
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Table 2 Subjects profile

Subject | Age | Course |Stump length (mm)|Weight (kg
a (Male) | 61 | Tumor 125 65
b (Male) [ 74 [ Tumor 135 80
c (Male) | 38 |Accident 110 58
d (Male) 46 | Accident 143 65
e (Female] 60 [Accident 125 53
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Fig. 8 Evaluation of the fuzzy shape adjustment
(a) Subjective evaluation about tightness
(b) Pressure of the compression bags
(c) Contact pressure during walking
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