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Development of Intelligent Shoe System to Measure Applied Force/Moment
on the Sole of a Foot during Human Walking

Gab-Soon Kim*, Hyeon-Min Kim" and Duck-Chan hu’

ABSTRACT

This paper describes the development of wearing intelligent shoe system to measure applied forces and moments
(ground reaction forces and moments) on the soles of feet during human walking. In order to walk safely, robot must get
the intelligent feet with 6-axis force/moment sensors (Fx sensor (x-direction force sensor), Fy sensor, Fz sensor, Mx
sensor (Mx : x-direction moment sensor), My sensor, and Mz sensor) and detect the forces and moments data from the
sensors. And the feet must be controlled with the data and controllers. While a human is walking, the forces and
moments should be measured and analyzed for robot’s intelligent feet. Therefore, the wearing intelligent shoe system
should be developed.

In this paper, four 6-axis force/moment sensors and two high speed measuring devices were designed and fabricated,
and the wearing intelligent shoe system was made using these. The characteristic tests of the wearing intelligent shoe
system were performed, and the forces and moments were detected using it.

Key Words : Intelligent shoe (%% 3 "1‘_].‘2'), 6-axis force/moment sensor (6 5 T/EHEAA), High-speed
measuring device (X145 A 7)), walking (2.3)
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(b) Left shoe

Fig. 1 Photograph of developed intelligent shoe system
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Fig. 2 Structure of sensing element for 6-axis

force/moment sensor
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Fig. 3 Attachment location of strain-gages for each

SENSor
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Table 1 Strains from FEM analysis at each attachment
location of strain-gages of each sensor of 6-axis
force/moment sensor

Strain (um/m)
T C, T, C, £
Fx 235 -235 235 -235 940
Fy 235 -235 235 -235 940
Fz 276 -276 276 -276 1104
Mx 278 -278 278 -278 1112

My | 278 | -278 | 278 | -278 | 1112
Mz | 254 | -254 | 254 | -254 | 1016

Sensor

6 5 Y/RHUEMNAME 2372 Ao]x] H 29 A
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o 2E#AAOIA (N2A-13-S1452-350, Micro-
Measurement Company A} A2}, Alo]X] A<= 2.03,
A7) 3x72mm)E F&3ln FHA2EHIR Y 34
3t AFEReH, Fig. 4= QEZ 12 93 A
AE AdAe ALXE Holx T

(a) Sensor for right rear (b) Sensor for right front

Fig. 4 Photograph of the developed two 6-axis
force/moment sensor for intelligent right shoe
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Table 2 Strains Rated output from FEM and characteristic
test of four sensors

Rated output (mV /V) and
Error(5)
Sensor | FEM
Sensor 1 Sensor 2
Exp. Error | EXxp. Error
Fx 0.477 | 0.489 2.52 | 0.491 2.94
Fy 0.477 | 0.501 5.03 | 0.489 | 2.52
Fz 0.560 | 0.525 | -6.25 | 0.532 | -5.00
Mx 0.564 | 0.548 | -2.84 | 0.535 | -5.14
My 0.564 | 0.539 | -443 | 0.527 | -6.56
Mz 0.515 | 0.540 485 | 0542 | 5.24
Sensor | FEM Sensor 3 Sensor 4
Exp. Error | Exp. Error
0.501 5.03 0.498 | 4.40
Fy 0.477 | 0.491 2.94 0.508 | 6.50
Fz 0.560 | 0.527 | -5.89 | 0.539 | -3.75
Mx 0.564 | 0.551 230 | 0.528 | -6.38
My 0.564 | 0.545 | -3.37 | 0.572 1.42
Mz 0.515 | 0.532 | 3.30 0.558 | 8.35
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Fig. 5 Block diagram of measuring device for intelligent
shoe system
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Fig. 6 Photograph of the developed measuring device for
intelligent right shoe system
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Fig. 7 Flow chart of high measuring device

¢

84

2R Yile 6 5 JY/EHE AX 24 A
A (Fx AlA, Fy AlA, Fz A4, Mx A4, My AlA], Mz
Aol FAH3E LCD o Yy 93 Ared
th AZE 6 & J/EAE AA A7) 7=
125mmx135 mm ©] t}.

Fig. 7 & SAAAY 385E Yeldzn gt
53719 BHEEL AA, 5719 HY 293
€ ON 3198 Z} dAe S8S ¢Foz 34
gl LCD o] 283t 27|13 E AAR E4,
EA33uA st AAY gL A A,
Zt AMel €S 2 HE 9o HFE AU}
o gle 4E ZATC o]AL dHolEH Y A
£ FAHY AATE YsiA AMEof il
A, SA%ke AAE J9A & RAYIE BA
gcl, LCD dlT &9, LCD o €983 FAl9
RAM A7, LCD ol €833 F Al RS232C T4l
< ol&3tq AFHA AF TL BUEH £F,
7283 LCD o €83t RAM o AAsH AF
Blo] $A8l=AE AEdt). o] dojg 9 A
£ EE 1Hdte MYdof s}, dHolg HI&
To JggL v AAEL 23 AAM9 F,
LCD EA] R 19 4, FFEZ 9 RS232C T4
R dlol8 F, HFIAF Folu)

3. MEA| 2RO AEED S O3

3.1 MEA|AH” S WY

A AdA 2" uAy L 479 6 5% J/I&
AEAME 242z 6 & FY/RAEMM A ZZ 74
1 AQsta, A A3tF Fx=Fy=50kg, Fz=100kg ¥} =4
E Mx=My=1.8kg.m, Mz=0.8kg.m & Z}2} 7}5} o}
MEE nSF5H7e olgE /MY A E
(ADC: analog/digital converter)7} 0~3300mV HHZE
WMol 7153EE 4 9 6 F W/EAENAI]
7t X FREA e £8E 1500mV B FEF
719 7V ARE JPHAIA 2AEA T, 2 AAM Y
AAEFA +go 2= 1200mV, F 2700mV 7}

58 ZAsgon, -WFgosE .1200mV, =
300mV 7} HEE 2A 3

uetr XT3y AdAl A" Zhzbe] AlA 9]
+3 435S 1SS W FHoe 2700mvV T}

851 -HHsFE 78R & wols 300mv 7
£8dY%. 28gmV)E T kg2 A9,
Fx & Fy AlX & 1mV= 0.04167kg(41.67g), Fz Al A =



A - ¥R - 5§43

T AALFESR] A25H AT7E

ImV=0.08333kg (83.33g), Mx & My A<

1mV=0.0015kg.m, Mz A1 4} & 1mV=0.00067kg.m ©} c},
Fig. 8 © A58 AlgAl&go 34 4 79

6 & WEAEAAMY 7 dAxe HFe vehln

s1t},

Fig. 8 Directions of each sensor for four sensors
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Fig. 9 Stability characteristic test of intelligent right shoe
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