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Identification of the road surface context using the maximum pressure

selection when walking

OHASHI YUSUKE!® ENOKIBORI YU!-?) Mase Kenjit©

Abstract: We sense the road surface texture as context in the sole and use them in a variety of situations.
For example, we pay attention to walking on the gravel road. This property is used to call attention by
placing an uneven texture slopes or hazardous areas. Information devices that can recognize these road sur-
face textures are useful to call attention or induce. So, we aim to identify the road surface texture using the
E-textile sensors without the road surface texture measurement in advance. when the road surface texture
is measured by E-textile sensors, the foot pressure is affected by gait or walking speed. We use maximum
pressure of each sensing point for texture identification. We experimented that identify three textures for
two cadence. As the result, we got F' = 0.826 by using same cadence dataset for learning SVM, and got F =
0.640 by using different cadence.
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Fig. 1 Examples of the road surface texture in the real.
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Fig. 2 The method to get uneven using clay tablet.
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Fig. 3 A situation that a foot contacts some textures.
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Fig. 4 Examples of pressure pattern in a search window.
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Fig. 5 The positional relation that a foot pressure textile sen-

sor cannot measure a braille block.
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Fig. 6 Example of a foot that was attached the foot pressure

textile sensor
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Table 1 Age, height and weight of each subject

il | & (em) | KE (kg)
WS 1| 24 178 62
WERE 2 | 21 170 53
e 3 | 22 171 72
Wk 4 | 22 167 62
Wb 5 | 23 168 72
(a) Fini (b)y 7wy (c) 7wy

7 T BT LB TRIR
Fig. 7 The road surface that we got data
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Fig. 8 The course to get road surface textures
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Fig. 9 Example of the pressure distribution at a lines block.
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Table 4 The result of svm learned by 90 steps/min dataset
identifies 110 steps/min dataset.

Rl fo A= [ A=
Pl 1| 0.97940.011 | 0.908 4 0.027 | 0.905 4 0.040
el 2 | 0.980 4 0.007 | 0.847 4 0.036 | 0.846 4 0.045
WeERE 3 | 0.93240.017 | 0.84140.055 | 0.804 % 0.042
W 4 | 0.966 +0.012 | 0.860 & 0.036 | 0.838 £ 0.048
W 5 | 0.903 £0.026 | 0.843 4 0.042 | 0.854 + 0.048
) 0.95240.034 | 0.860 4 0.046 | 0.849 #+ 0.052

Table 3 The result of proposal technique recognized 110

steps/min dataset

£ 3 110 B/ DOF — % OFkBIRE

S wn7avys A=
e 1| 0.907 £0.020 | 0.859 4 0.044 | 0.820 + 0.057
BB 2 | 0.909 4 0.021 | 0.790 4 0.039 | 0.739 4 0.038
el 3 | 0.761 £0.034 | 0.563 4+ 0.152 | 0.623 & 0.057
WeER#E 4 | 0.8074+0.021 | 0.696 +0.033 | 0.802 £ 0.034
WeER#E 5 | 0.836 4+ 0.026 | 0.665 4 0.059 | 0.705 % 0.091
R 0.844 +0.128 | 0.71540.063 | 0.738 £ 0.091
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S mTa sy L A=
el 1| 0.91240.020 | 0.800 4 0.029 | 0.690 & 0.056
el 2 | 0.6164+0.015 | 0.4334+0.045 | 0.394 4 0.102
el 3 | 0.29540.058 | 0.536 4 0.019 | 0.532 4 0.071
WeER#E 4 | 0.706 £ 0.017 | 0.689 & 0.045 | 0.563 £ 0.036
PR 5 | 0.82040.040 | 0.552 4 0.052 | 0.557 +0.076
RS 0.6704+0.215 | 0.60240.135 | 0.547 £ 0.118

£ 5 110 5/5TEEL, 90 45/ 0% 0 Li#s R

Table 5 The result of svm learned by 110 steps/min dataset

identifies 90 steps/min dataset.

o wnravs A=
WeBRE 1 | 0.989£0.010 | 0.717 £ 0.091 | 0.812 4 0.042
e 2 | 0.7204+0.135 | 0.54240.051 | 0.506 & 0.105
WeRE 3 | 0.742£0.059 | 0.404 +£0.141 | 0.642 4 0.064
el 4 | 0.709 4 0.079 | 0.702 4 0.032 | 0.621 & 0.053
WeER#E 5 | 0.84040.029 | 0.531 £ 0.069 | 0.609 + 0.049
] 0.800 £0.130 | 0.58040.145 | 0.638 £0.119
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%6 905/ THE L 110 45/5CHBI L7 5Ha OlshE 3 0oL
ta—Yaryvh) s A
Table 6 Confusion matrix of subject 3 that learned by 90

steps/min dataset recognized 110 steps/min dataset

TR
FHE | ATmys | 7wy | R
T 0.200 0.763 0.037 0.000
Eff | H7m w27 | 0.100 0.840 0.060 0.000
7wy 7 | 0.080 0.527 0.393 0.000

B 10 BRE 3 D 90 4 /3 ONAR DR REERIULET — & 4]
Fig. 10 Subject 3’s example of maximum pressure selection on

flat when walking 90 steps/min.

B 11 BRE 3 o 110 H3/ 5 O O R RIERPURET — %
Fig. 11 Subject 3’s example of maximum pressure selection on

flat when walking 110 steps/min.

T BN ENTT — 2 DL B ET 7y 7 ISR &
TW=Z EBnbnd. FHEiEho 2 IR & EHEO HE]
H—UPERIp S5 TN EBZLNDITH0b b %5
NEL o HHE LT, ZRENOBITRIZEBIT A FH
DOHPATHEOT — 22T, K10, B 11 DX H iz k&<
R D KNERREET —Z NG LTz, 904/ DT —
2 LT, FEEIC S B b TR IRICESEO RV —
ANELNERRIZEREDEZ 2K o— Kok
UYL LNIERMEFIZ R T REN ST I DX

FIRFRENHH L T LE -2 EB XD, ZOXHRE
RET=DIZ, TNENORE oY TELNEEZOE
EFMETHOTIH L, HEAITWEATA2LERSH S &
BErZbnb.

M7 1y 7 OB OIRRIZONT, 90 23/ D60
BT 8y 7 OREKERIEET — 26 (B 12) 25, £
BEEHNZ D> TWDHEENH D L DONREh-T7=. ZD
7o, BERBNOTEIMEOZENNES e DO S 7 1 v
T~DEENRELS 2> T LEoTmEEZLND. ZDED
RBBERL O, K70y 7 OZERERIHER L T
FRHALEOMER L v i S s X o Il o s v %
TR 2 7 4 VA AR Sz 0 B & OJFEMEDEE TR
PFTHZETRT By 7 ORENR LV BEEICEND LD
THIERBZLND.
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12 B 3 0 90 #2307 1 v 7 DR KIERPULIET — 4 4]
Fig. 12 An example of maximum pressure selection on a braille

block when walking 110 steps/min.

6. BhYIC

B, MERGHRISRICHEIENICRIH L TV S = T F A
D=2 ThHKEIRETRIHT 52 L2 B E LTRE
DI R R T — 212 L A BRETIRES FEE R L
jo. BEFEL, B ORRINT DN T FHHLRIC IS T
DI RIEBPUR LT — 2 2% L CH R DE D & Al DK
XL FMERRS MLvE LTORBR@E ZfTo72. 5 A
O, 3FHEOBKEROBITT -2 2 BEL, =0
T — 4 & AW TR OB ERZ (T o702, [F USHTH
DT — & THEY GBI LT RER, B F=0.826 & —ED
FEECHBICX b e ENTe. Fiz, BARDBITED
T2 T R LR R, I F=0.640 L 720, @5
WA EEMET AR08 H5 2 LRSI,

LSHBOMBEE LT, BARDPTROT — X33 DA
e D X0, B O MMESDOTIR (A 1 — 7 RREB 72
&) BT RE DN DR, SLALPHT, BT E Vo T2 TE)
WX B E AN MEOKRIENZE T B 5.

BE AR Tmoliibnh ) EAE T e Y ey
FOIIRIZE D.
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