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Wearable Imaging System: Detecting Events from Sensor Information
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Abstract Digitization of lengthy personal experiences would be made possible by constant recording using wear-
able video cameras. It is conceivable that the resulting amount of video content would be extraordinarily large. In
order to retrieve and browse the desired scenes, a vast amount of video would need to be organized with structural
information. In this paper, we attempt to develop a “Wearable Imaging System” that is capable of constantly
capturing data, not only from a wearable video camera, but also from various kinds of sensors. The data from
these sensors are appropriately extracted and processed by Hidden Markov Model (HMM) to achieve efficient video

retrieval and browsing.
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Table 1 Amount of Wearable Video

quality rate  data size for 70 years
TV Phone quality = 64 kbps 11 TBytes
VCR quality 1Mbps 183 TBytes
Broadcasting quality 4Mbps 736 TBytes

2. RBBEEROKNRERE

YT TINEN AT EFTOT, BEAEBICBWNTERILT
BB E T RTRETH LV Z IOV TEZR D, AFDO—
A T0ELTHE, BHHGICLABREOT — X BT ENIE
BiehbTh5b I W OhOBEEHFTE DLV TED
BEREBLEEREY. £ 1ITFT, 2B, LI 16KMEL
THELTWS,

5L PBHERE COERICER LTHIUE, 70 £ OFERER
BOREE. bTH 11[TBytes| TRV DT LI b, FHIC
BIFDA FU—UEHL, B AREBSTHLEZRT TS,
100GB Bt HDD i, 15000 F~20000 HE THlRESN T
Y. BED HDD AT, 100GB @ HDD 7% 100 & &
HIT 70 EROBBERT L IAREH T DI LHARTD
%, 190 HDD M 0MR L EET T, 70 £5H0OBERE—
SO HDD L& 25 Z & bBEORKOFE TRV EWVZ XD,

UV ITFRAATHB CCD A TR CMOS I AT b
F e, EHSRE - NRUEISED SN TS, T ATZHERHINT
WAEEEFELB LVWHO TR Z2TRY., FEXHEL
VWOTHLEZTHLERBTEALEVIRENREANDOH D,

Y27 FTAALEa—F R R b HBICHED, T
NETFRI by FPTOHREBEENL TNV 2V a—T 1
ST, FORBEOHBRAEINODOHY, AL Ea—
2L OBURICK X RN A LR T HOL LTRERERZ
EHTNW5,

N R = TRIBAN»D RICHE. ThODHRS > £
ATAHZLicky, AHO—AESICbRERVBEZFRTD
LVS ZEiE EVERTOFERILTHED EV A D,

KRG DED BT HHRERAELUTOLIICE LD D,

FlR
HBLIZVEEER S TRENTED
BEOERE Y 7T VGEER - BETHIILATED
FTTCRENT LESRIEERBVHTIENTED
Bk Ly — B RHZLENTED
BAMRLEZ &, Lo/l EEEHTES

KA
BRI EBELTLED

- MADTFANR—EBLTLED

3. BB HEHEBLEYITFSITNLAA=D
VAT LOEE
YT T INARA—D T VAT AL, VT T INVARAT

12 & o THRBRILE & B/ P EROFMEER, BLO T
FUUTEFIVATATHD, BPELTUL, V=T 77

Bl Va7 I3INA AV T VAT A
Fig.1 Wearable Imaging System.
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Fig.4 Output of Gyro and Acceleration Sensor.
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Table 2 Accuracy of Estimation

Events Accuracy [%)]

Walking 97.1

Running 88.8

No Move 89.7
Stairs 53.2

7 PVEERLTRBY, BREORKELRERIHLTRAAZ FT
IERNWZ ERTREINDS, HOLOFEIIK LT, KVAT LT
HBREOEICE eSO ERWTHER~Y MVEER
LT3, LER-sTEDAXy MOBREBEDL, REOEL
[Za SR MIRIEATRETH B Z LI TE D,

6. RERECREE

KEX ¥ U ARNT, M 1HESOT 2 EBELE, T—
¥ ORI 2B, BEELSET A RE LT, Y MR
BRI, FSRET—PIE, Bk, B EDRREDE
EEIT->TWD, TNENOBERTLRL TS —7 A
L, REECTIT T ETV. FMIC—ET 5 HMM
DEBEToT,

5. ®6iE, BEELTI=a2T A TI_NfIFLELD
B, ®#IETHEFAO PO | X)) DETHD, FHE—rv
2E L, REN S, 7FAEKCEEREN, 60, 10, 30
BELE, L =602032 FThbh, Y—FrAEN
2s] L VH L EBEWRT D, ) BB, I I TERAERICHEE
W5, xRS Z itk o T, REOCHERICBRMESR
BLIOBBHEOEEL LENTH) 2L Tl ERBIENELI TV
F—vu—%EREL TS, LEe-T, M5 K6iCkT>
BWEDIEL &, LVMAINTRATWDI I LIRS,
ThorEETHE, FREETTNFTFLET—F LERD
BHFERAZHET S L, FEFICEVEEN S D Z &B3TABN
5, thDOEFN L ZOBEMBERELBETDHET, AN O
BEAHMT2Z ENFRETH D Z LB 005,

%212, HMMIZXDH#E LA v FEEFEDOAL R b
OEFRERT, TOBRE. AV b Ex LT ahs
U ADEIRT A, HMMICE D A XV b Ex CHES
Nizy—F v AOEOEGERT, FNTND—r, £oT
WAL —r, BIELTWA L — R IR ICE VR TR
TETWBZ LW bnd, —HFTHEELEDVTILTVS Y —
U ORI R Ll o T, BBO T — 0T, BEHTHL &
DHBHELIToTE Y, ERBREBREOETORERTH 5,
BEOKHMEIL, 5ATOBEMRLOTHDI D, WIOPD
BERETe & 5 RS A Xy ORI TRV L
NEND, L OEHERA Y NIRRT 5720iciE, Ebict
U EEOTR Y HEEOEERLELRS D,

7o, KRBREORESLZEPRICTLEBI o7, BWET
1. Ea RS EINBLIEE D, thoBE RS -DICEE
Li=h &, AMIB#HLHIELZ LIX VTR ET, 92z, 22—
BAEELE LTOE = ZRETENL., Z0—IZ8H

— 158 —



TRUE"

FALS!

time{ 1 0min.)

(a) manual labeled training data

time(10min.)
(b) likelihood
5 7-UL& P(O | A=“no move”) DIED R
Fig.5 Manual labeled training data and transition of P(O |

A=“no move”).

TRUES

FALSI

time{ 10min.)

(a) manual labeled training data

time(10min.)

(b) likelihood
6 F-L& P(O | A=“running”) OfED R
Fig.6 Manual labeled training data and transition of P(O |

A= “running”).

BoTOOHEIBENZI LR TFRTEDS, W7 ik~
MEXET 5 HMM OXERRLELOTHD, X8Ik, &
AR NP DA R B B N hAZE LT —
VOBHIOT L—LERLELOTHD, I THWE HMM
I3, REF¥UARATRELETFT—2ICLVEB STV,
HF—T7 L—Aid, BMOBOR. BREROER. H0TTE
REDY—VERITHBZENSND,

VT FTNA A= RAT AL, GPS b BT
E-BEOBEREFBREBLCND, RICHELZ -2 L LE
Va—UkRd, BE - REZ T—IX—2R2BRTIL
TEMERICERIND, BE - REOERTOLOTIE, A

log(P(O} A

0

=100 -
-200

M

=300
-400
-500
-600
-700
-800

| I
. lesser |

r._panda |

1

1t ||

| Souvenir

shop

|

|

i,

-900
Time (8 min.)

7 BMEOT 2T DA S F OHATER
Fig.7 A result of “no move” event detection performed for zoo

data.

Mo MBIEIEa—y
Fig.9 Location-based Viewer.

WL THFERKRS Y THS S 20, BB TR FENE
STy, L LEHERIZ, BEBH2EBEEZ b T0h50
T, RBBROT—F 2 W05 ETHERRY, FHIFHRIT.
K9NERMOY Y —E2—ZBMEND, V-t a—D%KH
FRIRTHZ LT, ZOMEOHREZERTE IOk T
Do MRE - BREOHFRIZ., =—FOBH L2 Ty M
DbV bRE, IR EICT ey b S ipi g BiRg
HZET, IBOV—VET I/ ERTEHIENTED, 2B,
RS EICH 2L, A SV MOBEERE L7AEEL TS,
K9 Tk, #lbs Ny rERLTWS,

IDEBIE, YT IFINA A= T AT M, BHL
TeA R b GPS I X D EIFR, MEFEREMALSDED
LiokoT, o) Tz TEAREEIL] EWIERE
s YL LT, FiEOBEICT 7 H AT AT LRTRETH D,

7. BbH Y IC

AR T, BB ORE L RIS YE o & RS
B L. IREBRRBIEEATR I 2DDT =T T 7 A A=
VIV AT AOBBEIZOWTENL, A TRV T ERIT IR
DAFFT =22 LT, 2=FREZAVD 0, AMOLRED

— 159 —



B8

F—T L — A 2—U

Fig.8 Keyframe Viewer.

EHBISEVE TG IRE 21T 9 2 e B TE 5, LU THERE
HMMiZX WV EF LT B2 &0k D, 2—FDEES < b
K2Rz,

LSBT, Fere P EEAL, FEAS PLVELRT D
ZLET, IVBEMRARVNORBEITIZEEEELT D,
EBIZ, BBOBRREZITI OO GUI OREFE2EDHTFET

HB.

(1

12]

13]

(4]

X [
Kiyoharu Aizawa, Ken-Ichiro Ishijima, Makoto Shiina,
Summarizing Wearable Video, Proceedings of ICIP2001, pp
398-401, Oct. 2001
Mik Lamming and Mike Flynn, ‘Forget-me-not’ Intimate
Computing in Support of Human Memory,” Proceedings of
FRIEND21, '94 Int. Symp. on Next Generation Human In-
terface, Feb. 1994
Jennifer Healey and Rosalind W. Picard, A Cybernetic
Wearable Camera, Proceedings of ISWC98, pp 42-49, Oct.
1998
L BF, KE -, B EE, CFRTSEBLLTOVS
TIINayEa—ZORE” ARASA—F¥ VYT YT ¥R
% 6 [BIZR3C4E, pp.149-152, September 2001.
BEEC, v Ny Uad, BBERE, GBRBEEHOLDO
V2T T IA AT T Y RT A, BT ERBEFREITRE,
MVE2002-1, pp.1-6, June 2000.
Haung Wei Ng, Yasuhito Sawahata and Kiyoharu Aizawa,
SUMMARIZATION OF WEARABLE VIDEOS USING
SUPPORT VECTOR MACHINE, Proceedings of ICME
2002, IEEE, to appear, Aug. 2002
L. Rabiner, A tutorial on hidden markov models and se-
lected applications in speech recognition, Proceedings of the
1EEE, 77(2):257-286, Feb. 1989

(8]

— 160 —

Clarkson, B. and A. Pentland, Unsupervised Clus-
tering of Ambulatory Audio and Video, Proceedings
of ICASSP’99, 1999, http://www.media.mit.edu/ clark-
son/icassp99/ icassp99.html



