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Measurement of Moving Objects and Estimation of Human Behavior

Using Floor Sensing System in Daily Life Environment
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Tokuo Tsuji*!, Ken’ichi Morooka*! and Ryo Kurazume*

1

This paper describes a method of measuring moving objects and estimating human behaviors in a room using only

one laser range finder (LRF) installed in the room and a strip of mirror attached to a side wall close to a floor.

The area of sensing is limited to a plane parallel to and just a few centimeters above the floor, thus covering the

whole room with minimal invasion of privacy of a resident while reducing occlusion. The important feature of the

measurement consists in processing of both distance and reflectance acquired by the LRF from the surface of the

existing objects. This enables immediate distinction of clusters of objects made of different materials in the analysis

of the scene cluttered with objects. The human behavior models are effectively utilized to estimate human behavior

from LRF data. The experimental results validate the effectiveness of the proposed method.
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(a) Top view of floor sensing system using LRF and mirror

(c) Installation of mirror
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(b) Installation of LRF
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(d) Diffuse of laser beam

Fig.1 Hardware components of floor sensing system

Table 1 Diffuse height of laser beam with respect to distance
and scanning angle

d[mm] | 1,000 | 2,000 | 3,000 | 4,000

hl{mm] 3 4 5 6
h2fmm] | 4 | 24 | 50 | 62
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Fig.2 Simulation results of measurable area and occlusion ar-
eas

Table 2 Simulation results of measurable range and recovery

ratio
total direct indirect | recovery
size[m?]| human| chair | object| beam[%)]| beam[%)]| ratio[%]
0.05 1 1 0 94.5 99.2 86.3
0.10 2 2 0 89.6 96.9 69.8
0.15 3 3 0 84.9 93.9 59.5
0.20 3 4 4 79.4 88.4 43.8
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Fig.3 Experiment results of reflection intensity vs. distance and
angle of incidence

Fig.4 Experiment Setup
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(3)
K4 = diffuse reflection coefficient
I, = the power of the light source
a = angle of incidence on the surface
r = distance from the light source
R, = reflectivity of mirror
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Fig. 8 Position of retroreflective material

] Chair

2 ]

Z 12000 A

G N

= 10000 ] nl | Wagon

= BB

= - i

=}

=] 1 I

é G000 -

g2 ! | .

2 4000 1l T T Everyday objects

= 2 T T

A /I [ T o ]

o)l R | ||.1| LN |

=TT T |
3 AR | 1L g 1 1l
."ﬂ &0 70 50 50 1I'l|'lr 1ne 120 130 140 150 ‘IHI 170 180

Scanning angle |[degree]

Fig.9 Difference of intrinsic reflection intensity value by
retroreflective material

HAORY MR 31 B8 5

nE, FNSDWEHER L TWAE=20HIIBEIED L O
THoHEHETSL, CNODOEBEHEEETVE< Y F
Y7L TChLiERRET S (Fig. 10 (a)).

(2) HENPZO>DOL X :
Zo0ABOBMIBEIR AR T 2 B0RS L —FHTh
X, COZOOHIIBEMEOLOTHL EWET L. I
DEEWEEET VES Yy F UL THEZRET S, B
OB D 5 a8 (LRI O E & —Far 5 2 Wik
OfEE T 5 (Fig. 10 (b)).

(3) HEENR—DD L &
COLEDOEBEIBBEOLOTHL EL, HIKAD
HBEOESZBRBEHE L CWROMNESRET S
(Fig. 10 (c)).

5.3 REMEH~ Y FL7ICEB0OKy NEREBOEH
TR W TSR A I T [ 3 i V2 o6 L C Bt B C b B ki,

LRF QBT — ¥ DA TR ZOEBEZRETE R, Lo L,

EBRIZHIHE S £ 7213 2 SR WBIROBE O R v NIk <

v, FOL)RuRy OB EFHIT 2 LR L

B O TSI % # A A b T RPTRE DRSS H N 5

LW LAERE RO Ry bOERTHERICHMN L TBL

(Fig. 11 (a), (b), (c)). ZD & &, EREMOHEIEZ2ZZ T,

BATEDLLEIIZLTEL. KIS, LRF 2T, Xy +bo

WEh, RSOOSR E A2 (Fig. 11(d)). &EIL, HFo5h

7o BUGTRE ORREGD BN L B R A M OO T— F L a R

FNETFINESYF U T7TH5ZLI2EDaRy hORBLRET

5. ARy N ERATAROB#EA D 2 WIRTH - TH

fiil & SeHEHAASTTREIC 2 5 (Fig. 11 (e)).

A~ Y F o 72w Ta Ry b (A<— b5, 2l

) OB L BBOEBRET IR, uRy hOMED

FERRAE L x A% 5.6 [mm), y #7% 3.5 [mm)], LEOFIERE

(b) If point of two can be detected

© Point of the chair

© Point of the chair at the previous time
@ Center of the chair

@ Center of the chair at the previous time
"+ Points of model of the chair

i Outline of model of the chair

(c) If point of one can be detected

Fig.10 Determining the position of the chair
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Fig.11 Example for measurement of robot position
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Fig.13 Features of human walking
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Fig.14 Recovering process of foot step from irregular clusters
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Fig.15 Stride time and variation of cycle time
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Table 3 Assignment of numbers to behavior
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Fig.17 Human behavior estimation based on possible state
transition
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