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Abstract: 1t is socially desired to collect information on “barriers” that prevent free movement of wheelchair
users. But, existing techniques have difficulty in detecting barriers on the road such as power poles and road-
works. We consider it is possible to detect barries on the road by estimating wheelchair motions that
constitute actions such as changing the course or turning back due to barries. Here, it is deemed disirable
to estimate wheelchair motions using the accelerometer/gyroscope in the smartphone that most users al-
ready have. However, a single estimator fails to estimate wheelchair motions with a high degree of accuracy.
Because behaviors of acceleration and angular velocity vary according to the user, ability of controlling the
wheelchair and situation even if the motion to be estimated is same. To address this probrem, we propose a
wheelchair motion estimation method that consists of two steps; in the first step, esitimates the user’s ability
of controlling the wheelchair, and in the second step, estimates the wheelchair motion using the suitable
esitimator for the ability. To conduct an evaluation task, we made a prototype system based on Deep Learn-
ing, and constructed a dataset of two hundred and fifty thousand motions extracted from actual wheelchair
driving data. The result shows that the proposed method can estimate not only motions such as moving
forward/backward, turning right/left and stop, but road conditions such as a step and slope, with an ac-
curascy of 98.9 percent that greatly exceeds that of the baseline method. The proposal method is considered
to contribute collecting barrier information.
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Fig. 1 An illegally-parked bike on the sidewalk.
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Fig. 2 A power pole that reduces the width of the sidewalk.
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Table 1 The comparison of approaches for collecting barrier

information.
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Fig. 7 The flow of learning.

AA Hh
— gHEA

HEXSIEET —4 BRIEHETERR

o » l 9(2)EH I
TBEIHER BAEETES
IIN—7

BEDS— Y AT -4 TSR

S(x)

8 fEE7H—
Fig. 8 The flow of estimation.

I—FE Vo ZABEIELTRO AT L T2z, K5 D
L ZRIAREN O ILEE AR E S EOFIEAL L7k,
ETEE ) o mEESAOFANIRE (ZfLL Tz, —
7, BAEICEN TV D 2=FIEADOTRI N H A L — AT
MLUTEILTLZERETIEITo Tz, K6 DL
RIS OINEEE - L FHENE Y OM#EE L L D ITES 2
WCEOFMIZZE LT, 20 XH1, FUEBETH-
TOBH SNy 7= DR —FIZ L5 TK
EL BB, BT — 7 O ERENAE SR ICHE
ETAHIEDNEELCIRENDH B, T2, 1 ADLZ—HH
TI)FUEETH - TH, FHIITIERE (BwvwTwnsg/
DAY LTWB L) RFH (T5/JENLTWERLY) 1T
LoT, REIMICIZBREEREOZAN (NMER /BN TE
&) ICkoT, BNENDL LY F— 8 DEFHEVHR
LB ENEEENS.

ZITHAE, ERTERELTREIT S8 (LU,
BEfE))) SR PE IR, R S0k - T81b
5 ARG E T, 2= FOEIDOBERE) * HEE L2k

(2, ZOBEIREIE L7 HEE S CTRIENA ZHEE§ 5

WEETNVEIRET L. HEOBEIREN ST AME L
LT, BRTORBEIEAZI;EL TR O X o4
T=8 &b, G8h6I1E, 72EF-FT AT %L
DOHMBEIEL Y, LA 5 5 EOBRIEDO TN, BH)
BEHDOEPHENL T VWERBDLDNL 2D TH L. HHFTOH
BCEAZESE L TWD S Eid, ETHEE Y o fEE
(Vertical angular velocity, LA, VAV) OZEALOAf4 #E2)>
CEDHITE L., REAFXNL BB 2L, TiLOF
Bou— (B7) -fE70— (B8 DLHIIksb.

FEI7O0-— .
L1) TE 57204 Da—¥hs, —gEkei (B 1 KR
FH) L CHAR T2 R L 22BRONLEEE - Ml 04

© 2016 Information Processing Society of Japan

Yy BT =58 D= {dn),dp),..} EWET L. KELY
HT— 8 dgy NERICIE, COREMICATORE () AT,
FEH) & LT hRmT T H 1 DU S EhTw b
DR

L2) §EL YT =% d; € DNTRBEREDF—E LA
e LHGEHHOT— 8 & o —r v AT— 57 LEHKL,
diy 2 12U EDY =7 Y AT =58 {s4.1),5(,2), -} 12
SET L. EIEE LT, dy & —ERER (B 10
) TEIRY B TR, MR ANy b (B0 RS
T4, MAKEYIMT) TREUZHEFEZLONL. Zh
EINTDdy € DITHLTTY, ¥=F Y A7 =57
S = {S(1,1)5 5(1,2)s s $(2,1)> 8(2,2) s > S(ig) s -} EVET B
L3) %Y =7 Y AT =% 55 € S122WT, VAV Ok
EHBME LR TV KB OMEE - fHEL ¥ 77—
OFFE (B RIEGREE, FREREE) R0, 2o
HHEzHCTHAF s 7 A5 ) Y T FETY =T Y A7 —
FHES 2 2 0L DIV =T G = {90),92) > k)5 -}
MV I -3

Ld) =7 Y AT =% s € gy PHE THRIENE 2R
T IRV E SN T L KB OINEE - fAHE -+ >
T8 % BET =57 LERL, KTNV—T gp € G2
DWTC, gpy KEINIEY =T Y AT =5 ONENH
BVET— 5B Agy = {a@), Ar2), -} £ T XTHI T 5.
B2 FE 2 VT, It L7z Ay 1S LTE
ATV, LT =y L ERENE T HEE T S BRIEHEER
ERET D, COLE, V=TT LR ER T R

LTWHIEDNRLA L P ThA.

#HE70—

El) & 52— H%0® HRHNAT - TR E R HEE R E T
L&, BERAIOL T =5 RS RIRMET — 5 al,
ELTHIRT . 2k xiE, —ERBEIEICEEED Y
7= 2GS 2 HEPMETE S, L1IZBT 5 agy
ERTY, af,y CEBREEZRT 7NV S Tw R,
T/, UBNHEREDOY =7 Y AT =4 s, EMET 5.
V=T VAT DOEFRIIL2 LR L TH Y, YigHL %
LY =T VAT = Spow THIFLTH LWL, sp00 P
7= EDBEMIH 7 2 VA Spow D 1 DHIO Y —
TUAT=F Sprew BIFFLTH L0,

E2) BEIRES) 7V — THEERL, V=T AT =8 s W
T VAV D#ExHEABE 7 8B 2 T 5 X O NNEEE - f3#
X T — 5 O MES L3 EF L TETRD, 2ok
Bz HWT s 28T ABERE) 7V — 7 gy ZHEET
. 72z, L3 TRy aA FEOZIAY ) Y Tk
o288, sy & 90y, 9@y, DB NI A FOFH
EORPEZEZREHL, ROYFUEFSVEY PO A P2
THIN—=T gy \Z s BIBT D EHEETE .

E3) B2 THfEE L 2BEIEET) 7V — 7 gy ICHHOBAEHE

2320



[BHRNIBFSERIGE Vol.57 No.10 2316-2326 (Oct. 2016)

(L4 THE) CHEERSIMET — 5 ap) 2 AAL,
=D o 1A RS .

5. IRALEER

5.1 EEROBH - FIE

AREBROHWIZ, 4 BTRELLMHEEET VI L 28E
WEEBELMAET 22 L TH 5.

FEERGPTIEE 9 O L) LEINOREMTH L. BHILY
AV (FA4VD 138013 15em) SNTBY, FHLRY
BTz, st (FHED 2 ) RBE%E (e 2em) 28
HY, —EAGANLZEMOBRICETLIEETHL. 22
2, oM THEHALHOM A H TR 10 D X ) %%
Bra— A% e L7z, 3 — ANOEIEIE, STk [4] 255
T A5HRERDOIETH 54 2m & L7z,

BEERE UL, 10 HORHIDO L H I3 — A& EHT 5
IR LZ. M7 V7 7y b 33FE, a— A
DELGHTCTEIT 5 & ) WEE IIRR L2 R T#IET
HY, R2I2—ELZ. Z0rkHca—Ax#ELI LT,
M 1-2D&9 BB EW N TS LEEIIT) [HE~
RN —>EAE ] o z—E e CEHofT X Ik

9 FEERYIT
Fig. 9 The experiment field.

STP SEW NST]
LQT <:|ziﬂ’,> LHT
&ﬁu (SFW)
(SFW) <ZO—F(Fh)>
(LQT) DSL (NST)
(a) 1EE&
H P (SFW) RHT SBW
RQT <:Fi‘@> SST
R (SFW)
(SFW) <Z2O0—F(ED)>
(RQT) USL
(b) 28

10 Eha—2

Fig. 10 The experiment course.

© 2016 Information Processing Society of Japan

) R, K34 OBELER T ZRifclE, HEM
BEDBEEETRCEITTH I LR D, T2, B
32 [16], [17], [18] ATHLD FLA TV 2 BRHEREE N ) 7 IR E
FETHIETREDHERT 5720, B, EhiR, Tz
EOBED I - ANTEBT S E)ICL7. 2B, WD
POFAEL T — APICEERISEL T D720, K10 H
DFEIRTH A 2B IZBIE OBREICIZH VT 2w,
FORT121E, BEFA T WHILL [21]) 2 FH L7z, i
FOREMEEIIZIEA~Y— N7 4+ >~ (Sony Xperia A) %%
EL7. FOB, Ax— b7 3 YNFHOMEE L Y - f
WX 2O x WE O K A ERF ORI, y #iEo
FDSERT- DA, 7 BhIEO ARG T-O EANIC
HAHEHCL. A= b7 F i, R - A E
125Hz D> 7)) v 7L — NCatdkd 57 7V r—2 3
YEA VA= LT

WeBRF L 20 % (20~301%, M4 4, BiE164) TH
5. &H, IRT2IRET 20N TTHo 72720,
53DV F v - BAEE 1TV, BEMEB Y OEAT
BTEL I L7, IEE - AEE, BLU, Ol
WICEDEEE LT D2 itdk L 2D, SHBREICHE
Bra—2% 5 LTHH o7,

52 7—&tv bk

BB OFEBR T — ZEATICE D, BERESEREEZIT o
TWAEOBIET— 5 Os (LR, BllT—2%6) &
BAR L7z 20 BB DS 1 20 a— A% 5 LD
T, BT — 5 EE5DH 4 X3 100 E45, 1,100 4 TH 5.
O A RIEBEAFTSE [16], [17], [18] LI L TR E W
AXTHDLY, —HWERWMFES A 70T =5ty ML
LTiERRhE 0,

FITC, 7=ty PO AR REL T H720, Bl
F—y EENOREEET — 712 LT, 7— ¥ EDZL,
PRIGDZEAL, 7 A XfHIN%E FEht LT 7= 857 — & D%
& (DB, JRT— 5 5B48) 2E L. 77— EoZbid

x®2 BE-E
Table 2 The list of wheelchair motions.

B4 NZE

il (SFW) | HfiT% % -3 CRiIZiED 5 Ak
ik (SBW) | BfEF% F o3 1RISHED B HAE
stin (LQT) | 90 EE/E IS % #4%

fefEml  (LHT) | ZRDIZU & — 2§ 5484E
i (RQT) | 90 FEAIZHIAT 5 0

filEll  (RHT) | AEYICU ¥ — > 58
1k (NST) | eI AT 2@ o < 1k 5k
ZfEik (SST) | M ICHIRT-# 2021k 2 BifE
B (STP) | BeEadeh iz 54%ME

EY3 (USL) | kb3 z e

T (DSL) | FYIE R

2321



BHAIEF =R NEE Vol.57 No.10 2316-2326 (Oct. 2016)

R3 BET—SIDT+—<v b
Table 3 The format of motion data.
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Fig. 11 The neural network for the experiment.
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Fig. 12 The precisions of each method (the avg. of all motions).
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Fig. 13 The recalls of each method (the avg. of all motions).
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