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Optimization of Sensor Allocation for Detecting
Human Movement by Passive Infrared Sensors
in Home Environment

Kazuya Murao,™ Tsutomu TERADA, T2 A1 YanoT3
and RyuicHI MATSUKURA 13

Recently, smart home and smart office where sensors are installed are ex-
pected to reduce power consumption by effective home appliance control con-
sidering human positions and movements. Though the methods using RFID
tags and cameras have been proposed so far, it is a burden to put the tag over
a reader whenever passing through rooms and camera is costly and may invade
our privacy. In this paper, we examine the relationship between sensor positions
and detection accuracy for the simultaneous tracking in the home environment
where passive infrared sensors have originally been installed for light control.
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(a) First floor (b) Second floor

01 00000000O0O0O0O0O0o0ooo
Fig.1 Floor plan of the experimental house and sensor arrangement.
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Fig.2 Passive IR sensor.
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Table 1 Sensor specifications.
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N

Inhabitant
03 000000

Fig.3 Sensor configuration.
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Mother Living->W.C. 1F - W.C. 1F->Western 2 Western 2->Lavatory
Son Toilet 2F->Bedroom

Living->W.C. TF - W.C. 1F->Western 2 Western 2->Lavatory
Toilet 2F->Bedroom

Ground truth

ID sequence ABCDEDEFKFLMNMOFDPQEGHIHGHIHSTUTV DEFKFLMNMOFDPQEGHIHGHIHSTUTV

time time

Living->W.C. 1F 7 N\
[ABCDEF] Living->W.C. 1F has

the highest coincidence
and will be output.
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[KLMNOPQ]

W.C. 1F->Western 2

Coincidence [FEGHI

The coincidence are
Western 2->Lavatory
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calculated again after

corresponding IDs are

Living->Japanese e deleted.
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Fig.4 Movement detection.
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(2) Cost calculation:
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Dofori=1,2,---,m

Do for j=1,2,---,n
Cost(i—1,j—1)

Cost(i— 1,7 )
Cost(i ,j—1)

Cost(i, j) = d(zi,y;) + min

(3) Lowest-cost path search:
k=0,i=m,j=n,pr = (4,5)
While i # 1&&j # 1:
if Cost(t — 1,5 — 1) < Cost(i — 1, j)&&Cost(i — 1,j — 1) < Cost(i,j — 1)
i——j— = k++,pp = (i,5)
else if Cost(i — 1,7) < Cost(i,j — 1)
i——k++,pk = (4,5)
else
j——k++,pr=(3,7)

(4) Output:
Return P
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Table 3 Scenario for two persons
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Fig.6 Movement detection accuracy when one sensor in the room is used.
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Fig.5 Movement detection accuracy when one sensor in the corridor is unused.
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