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Human Trajectory Measurement System for the Elderly People Living Alone

and Long-term Behavior Accumulation
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Hiroshi Noguchi, Taketoshi Mori, Tomomasa Sato, Hiromi Sanada, The University of Tokyo

Abstract: Monitoring system for the elderly people living alone needs to measure human behavior naturally in a long term
and to detect anomaly behavior based on captured data. For long-term detail behavior monitoring, we developed human
trajectory measurement system for real home environments using laser range scanners. Our system achieved long-term
trajectory accumulation in 2 years continuously at a real apartment. As a first step of captured trajectory analysis, 1) we
developed trajectory extraction method, 2) applied clustering method to extracted traces for detection of typical movement
behavior and 3) visualized behavior pattern based on extracted traces.
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Fig.1. Module and software in measurement system
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Fig.2 Human tracking scene using multiple scanners
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Fig.3 Scanner Layouts in Measurement

Tablel.Measurement Conditions

Condition Subject A | Subject B
Age 24 24
Gender male male
Body Height[cm] 165 188
Scanner Height [m] 0.8-1.0 1.0-13
Measurement Duration (days) 329 234
Number of Trajectories 34424 9116
Max Length of Trajectories 12037 5321
Max Duration of Trajectories 13h 11min 8h 10min
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Fig. 4 Typical captured trajectories (blue circle means start
point and green circle means end point)

0S1-3-2



4. FHRIBMES T — 2 DEEAT
4-1. BEELEFO

FHAI L7281, EIC 2 o0TEIN KM ENTWS &
EZzoND. OEDITIE, #ITE (BoTWd, doT
W5, BIZR-oTnE2Y) Thh, bH0EDIE, W
1TH) GFWVWTWanried) Tho. EE, FEEHTEY, &
OHRTIZZFIIT E@D RN, O KB4 1L EAYITE)
ERLTWAENWZ D, FEITEIXEOT TOKRENRE
HEY XLZRKT D2 Ll blzd, EFY XL EDRE
Bricsro>. —5 T, BITENIITEIOR W £b V) OMH
DFERNVICRDHEDOT, £, HERESOREOMATIC
wNHOLDEBbS. F0Y, £, #HEING, Fh
LOITEN E ST 2 2 ENEEE 2D, Tbh, @
WA E BN T WD ICOBET 5 2 LTS T 5. FEEE
W21, ROEZENS L DAD L D BT O KERSy =R
LTCWBTF—2 7B, BT 28+
HZLICHBEABERA L Z LT, FOITEIOSEE) FEH
HEETS EE A LD,

FF, BRSO O 7= DM OB O =012, i
BT — & OfENT 21T o7, X 6-A-1 1%, SMHETO 5 Rk
EoMABM R TH D, TLD xy B, HEZNE
NICHONWTD I T 7R 6-A-2 Thb. HEIZSOWNHTIL,
BT — X PO 1Y U TARIOREBIED R EDENLR
BL, 1 BEOATATF 4 7oLy RUNTERF TS
ZETERIELTWD., 77972 AXbnbd R0, &
JERTIE, SRR G RN o2, BERKEE
MNE DN, EYRBEMEEE A RS D Z LTI ENR
el Fr I RIBICHBECE 2 2 3 b g, Z Ok, BED
WO HFNEEE 725, A AL, BEREE & B ILRRES
GALTNWDTD, BEOSMERD L2208 —7 b7k
LT ENTREND. EE, EANTAEHRELZLO
2N, XM6-BTHo. ¢aHE A TIIHREICENLEBY, Zov
— 7 OB THD 0.15[mis] = FE L L. —F THEHRE B T
1Z, AREICE—27 BB TRy, T o RnEnTz
B, RENZEE>TWD & &S 3Bk E L TR R 22 2
EBZNT L, HEROBBERED LEE WD, &
HCRBE L TCWAIRERD WAL EEZLND. D
72, MEZRD D Z EREELWAZ Z T, 0.3[m/s]% M
WLz, ZNHDNRTA—2%ZFH LT, BEHZ
HL7. 7, BEEEES Im NTH D DI, HTE
DIoORRIUTERINL, BRI, #ERE A, B ZiLE
U, 5497 A&, 4367 ROBEH & S L=,

4-2. BEVERD 7 S 2R T

R — 2 Offro—o & LT, SRR BE 2 —
O AR > T, BEIBBIO 2 T A2 ) v F 24T 7=

JIARY T FEHEE LTUE, Kmeans IER LS MG
TWAR, SEIOMEL O M T — 2zt LT, R
BETHHZENMBNATWS., £IT, AT hTI)L7
FABZY T EMEND FIEEH VDL E L. AXRY
FNoINTFGRAEZY L TTIE, 7I7AZ) U TREET T 7
DOEIREE LTS b DT, T—F D04 O IZ5h
EWVWIHIMEENH Y, Kmeans LD b RWERNEOND
TERZNZERMSEN TS, LU, B o021,
HPETHOEAMEHENLE R0, KEDOT —X D
BT, BINTAHAZENHELWERH Y, i b Ok
DEDDOHFENRNL 2NEZLNTWS., 22T, £0
B, FEEFIEOMS S NS, Power lteration
Clustering(PIC) ® L 1T %5 FEEZFIATH 2 L & LT-.

A-3)typical 4 Trajectories
among 12 extracted trajectories.

A-1) Target Trajectory

A-2) Velocity Graph

oy N M!ﬂ
UL/l W“U_%’U Al

100 oo 2
Frame Number

Veloci m/s]
oooe o . Position

B) Velocity Histogram from All Trajectories

Subject A s Subject B

Number of votes

500000,

1
Velocity [m/s]

Velocity [m/s]
Fig. 6 Trajectory Analyzed Graphs

7T AR 7DD, S OEPE 2T
LHMENDH DL, 22— Uy NEBESELERES LTHY
LD T ENLNR, FEERNRDbILS Z L, BREE
DEEA THDZ ENIBENRNT2D, REYTHD L&
2bhnd. 22T, HHEERDEOHELEFHRE A7 E
HEFERE L LT, Dynamic Time Warping (DTW)EEEE® % F) A
TAHZELEL. DTW 1E, 20X 5> REERIIT— 42 &
SHWHNTEY, KRB E B8 LBl R T
HD. 2, SRIOHEETIE, 2EO S E G DIC
BELLEHBICH KRR 2 EZ3 5. ZORBOD, 2Hz
TP O SREE Y AT 5 2 & TRHEAR ORI
Tol. AR NI NI TAEY VT T 52921,
T OEHENS, EACEBRTINERNH DN, TN
Wi, HovTrh—3xVERAN, ZOLEDoIX, 7T
ALY TRERERO RN L, RBANIZ026 &Lz, 7T
AZFIZONWTHIRET DUENH D0, B ADH
WrdaZLE2BEL, ZOO0HEFRLIEICL, KRB
167 7 A% &L LT-.

7T AR v TRERAR TITRT. o= %, Kmeans
kB2 72520 o IiERICOVWTHLHEES. SEFIHL
72 F A8 Y 7 FETIE, IHERAORBERH 5720,
BRES LGSR0 26, BHTFERVWEHE L2 0
ZBIL TS, Kmeans DA T, L2 LoEEN
TWaWnWbDbE<, £, 77 AZICRERRYHHT
W5, FIZHNRT, PIC 7 7 AZ Y 7 ClL, @iicy
TAEZN T ENTWD ZERbnD. FFiC, #HE AB
E B IR 2B EIE OMMICKII LTV D, #ERE A
DOBATIE, HHEITEI(N0.6), IFEHRT < OITEI(N0.9) A
Sl SN TWD. E7z, #HERE A OBIFRIZIE, BUBREHRI
VAT LADT A MNRIERFICETORHREE < F2 B0
TH BN (n0d)Z & A TR, ZRRANED 7 5
AZLLTHRHEENTWDZ ERbd., 72, /A4 X%
Z < ELEH(no.12,13) AN E LTy ZJRAZ L LTh
FTHENTWEZERbAY, ZhbDZ b, BREOK
H2R LB RATRE T AWV e ExbNS. — T, #
B BB\ TiE, L0 R 2RO T L T
5. BAERMICIE, SRERTOITEMANR (no.8), &K% DS
(no.11), kA L, W=RITH D ) R (no.7), BFICHET 5
HUBF (n0.5,6,12,16)73 7 T 2 Z L LTHRRAENTWNAS.

0S1-3-3



Subject A - PIC clustering
1 2 3 4

Cluster Number

Fig.7. Clustering Result (blue circle means start position and green circle means end position)
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