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Spatiotemporal Life-Log Mining of Wheelchair Driving for Visualizing Accessibility of Roads
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This paper introduces a novel system for computational estimation and geo mapping of potential accidents and incidents from

wheelchair users' life-logs with three-axis accelerometers mounted on smart devices. Three wheelchair users participated in outdoor

experiments and all their actions were measured. In total, four iPods attached on left and right wheels, seats, and user's body

recorded approximately 1,800,000 signals during 10,000 seconds. The life-logs were classified into moving/resting state and

rough/flat state of the ground surface with finding optimal window size and optimizing feature vectors by SVM. As the result of

classifications, estimation of moving/resting was achieved 99.8% accuracy rate and estimation of rough/flat surface was achieved

88.3% accuracy rate. Estimation results were also visualized on Google Map, and were evaluated by comparing with actual states of

roads about wheelchair driving difficulty.
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Figure 1° Basic method of time-series classification
with SVM

Wz, BRERVEY, 877 avs EOETEECHDEHML
2. AR MRBDITEIEL TTRU T ENDINEINL, B
DAV R EHDITEND BT REfIC k> THIBTIL7Z. 372
Db, U RT W ETE) A, 3B SBELVDE VR ESLT
WHZEITIE Wi & A J:7f\)/7b EOITENC BT R
DM E M T STV ATl T THHET VT LT,

3. T3ty

ARETIE, 3 AOHENTRIFAZE NSRRI ICERELE
EITIA702 (D1~D3) & AVTITEI S L X _E~D A
L&1TS. EBRTIE, BT O, 10T, BLOUH5R
FHOR7 M iPod touch ZEEL, EREKZFELO 1 AR
1.5km OFEEEIA 3 AT OEFTLE. B389, &
WBRE DL BRI AL TWHEWT TEREIT 7. EERIERC
X 2 2o AFENITEL, ETITEIZE T A BLOITT AL
PR TR, BRI VT fE T 50Hz 2k
YRENTEY, 1AHIZY 50 SEEDETT —FTHD. Yo
FAEIE 3 ANGEFT 1,817,230 YT Tho7z. MHEETF
—H YT, FERFHCRE LB T — 22 BT 1)
Frik, 2)BEZE BV, )BT, T 7 ayy EOELT, 5%
DOt 5 OODTTET—? ZTRYTLTHD.

Sensor of
Left Wheel
Sensor of Sensor of
Under the Sheet R| ht Whee

Figure 2: A snapshot of an experiment
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Figure 3: Relationships between F-score of static class and window size, feature vector, and datasets.
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Figure 4: Relationships between F-score of rough class and window size, feature vector, and datasets.

BRI A BB RIS, BRfE1Z DI, £3
EHWCUAVRUEE 45 LA ICROEY ThoTz.
S FRREEE :99.9%, BENFBLER:99.9%, §FILFHLE:99.8%, &
G 2£:99.9%, iR @G #:99.2%.

Figure 4 (%, W ELICRET 20O RERLTWD.
RELT, 2 B3 FZHALEGAIC FEAKHES, —FT
fl ° 4 DAITIEBUTEVVEL 2> TS, T RTIRIZD
W, BEVEWTFIHZEOITEI T — 4% F#kL7- D1 & D4
T, VAV RUBERRENEEFEH WA T 256k TV =, D1
L D4 ODHBETHARIZIEDOT L FYIETE 80%B LN
70%IEE TEDLLT, BHRREVAVRUENKELR2DIH-
T 65%FLEETHIML TV, — 5T, FBIEVWT2—H 0
1T ZReEkL7- D2, D3 O43ETIE, F EIX 3.0 BEE T —
LY, ENLURIZIZEAL ML Wy, BRIIZIE, @
ARICBEAL TUTEBENTRIHE OEA LFEKIZ 70%~80%
ORETHRBL TODOIZRL T, BRI 3.5 B~4.0 FIEE
TE—2L72oTEY, 30%15 40%FRE I o Tz,

INHOFERINORD 3 SOFENHEERIND. TTE 11T
MEICBALTIE, 08 1 OBE LRI, EEFEZEIH
BOSINESTHHEL TWHENWZD. — T, BEEN &R
JLETR DRI (1) 28 e F ki 53 (£4) TrEm g0 72573 A3
EKTWR. U RUIEER 2.0 BELTESE, DI O LK
ILEET 1585 7N THY, SBHNKE I TADY 7 )V
¥ix 119 o7 THY, 20D IFAM T I DR
BERAEC TS, SVM 25 0REFOFIEIL, FEICEIRITRE
BZIDDFHOEE I T NN R T — ZIZxt LT
W22 AT 2 WA REME R B A F ARSI TR [Garcia,
2009], A EIOTFT —ZZBWTH @R TR B EE Y T VO
R L > THEREMETLTWAZENHEZEIND. Hl
WAELD S FEIZBL TR R ZZ WA EIC o T E ©
0% T\ VY HENE JE Al S T2 0, KV HER YRS
FWSEDTIZDIZ, INSTRFFEA TV THN e BB+ 4701
WBEERF OBV OBER, BN SMOTE[Chawala ef
al., 20021 T YTV T IR E DAL RT U AR5 I
T HFREOEISEIRTT T DUNERHD.

2 FBI, FIAZFORBMICEST F HEEY4RUEOREGER
MREBERDZEDRHITONS. 5RO R TIL, BT ORI

BIZE > THWBIRZ T ADFB RN RKE R RoTW e, F
FENT TIX, BEZEORESREORBIIIE U CRIERZ H I T
BREFIOTAELHY, ZOTEEIT ST EIDIZE > T
M NRY— U MRESEALTHETHREND. 20X, TE)
BHWTIZEAL TR, BB ENTLLEL TITERIONNY = —g
UNEL, TR T T NS MBELIRDATREE DD,

BB, BEHREOVTICEALTRIVRERY A RUERN, T
HHWT T 4.0 AHEDNRERY A RUIRTH -T2, D1,
2 ZHWTU4RUIELE 9.5 BELiGA O BRI EIX
RO THD. HIEFEEE 88.3%, HUVEELTR:66.6%, EHH
B 95.1%, HLVEA R :81.4%, ELHE A 90.1%.

4.2 TR vETY O

Figure 5 1%, WIEREEOE -T2 DI IZOWT, FETOHE
BR oD BRI BREE L HEERE A P AL L THL TV, Rl s
TINERBEOETEREZ, TRIORBIHEERRERL TN,
ZIITTHIZBNT, 1) BOEOER R, 2) @O Eao
AR TSR EE, 3) FHREM AW EFT CHLIBHEE T
SIS TIEFT, 4) THRENA  ASE TS THHINH W EHEES
NEEFT, ZZNFREERLTWS. Thbh, IBWETHRE
ENT-FHREEE THDILTOARWETTIL, SAFE T ayrE-
IFHEAMOBADIELHEEIN TWZZEEZRL TN, 7,
~ oL OO EIERE L TR ER R CRELZT —
HEFECHIELN B REF AL, 3 BEFT 75 15T
DO RF-7 a7 EXHSBOBKARDHY, 39 AN RTFT 1
w7 LB AMNMEBLLLEENDEAT, 30 DTN RFT Oy DM,
6 AT AR O A DAHDEFTTH-T-.

FERELT, 59/75(F9 79%) CTIELSH WK I ThHHLHEES
NTW, BBHEE N EL 15/16 13 EF7 oy 7 THY, VD
1 DETHI ST T oy 7 A DBEHEL T DEFT Cho7-. #aH
TE SN AT BN FF I b e n - 7cb DD, IRD K
FLITEIR LD T, 1) FERD AR RT T ayy EEEITL
Tz, 2) EEED CRT 7 ays FEETL O, 3) B
ZEa DT EAZ I NS DB RERET DT DR EZ IR D722 JH
B7E EA). 20X, HHREOALX¥ 27 —721TEIC LR
THEE LT TG, ZOIIRAL K 2T —RATENE, O



The 27th Annual Conference of the Japanese Society for Artificial Intelligence, 2013

THEERE DERC A PRERCER A L TN DI EZ R LT
DREREMEDRHY, EEBLETHD.

W, 2 AE D 2 Ik 3 AEO 1| AT CHWEBRHEEI
TG o7=. 2 MBOE LAICERT5E, ZOBFNTE
BLRELTHL, BAEENAEL- 2 B H T~y dh—n
KEREBEOFENAZFIEFIL TV, o> 2 A TIXIEELLELE
HESHTRY, RKEOTFT =22 dhHF Ik TvrEh—
NDIHREBUIC VB ZOHEE DS KD A REMERHD. &5
RBVAT LIEBDT- DI, HEEFERDOIXLOERKRENATHT
I T 508 KET — XX DRI 7 TV R LD
LT, AR L2V RAL X o T — R TEC B 2TV B
DI ER N T 20 ERH 5.

~ ®@~ -
S@®\ o ®@®‘
“ & S
W Y 9
[ ® 1 @:
’ \ L) @ )
S e Q ’\_ ) £~

(b) Term 2 Actual

— s

(c) Term 3 Actual

———

{ p. {
e ~ ~
—— —— - >

(d) Term 1 Estimation (e) Term 2 Estimation (f) Term 3 Estimation

Figure 5 Comparison between actual status of ground
surfaces and estimated status. Top three illustrations
shows actual status of ground surfaces, and bottom threes
shows estimated status.
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