
1 2,3 4 4

RFID

5m2/sensor

1.

2005 1990 2008

2012 6%

HEMS (Home Energy Management System)

BEMS (Buildig Energy Management System)

[1]

ON/OFF

ON/OFF

1

2

3

4

RFID

1) ≈3USD

2)

3) /

3

/

2

5m2/sensor
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2 3

4 5

6

2.

[2] RFID

[3]

IC

[4]

GPS

HVAC (Central heating, ventilation, and air conditioning)

[5] 1

65%

HVAC

1997 66%

55%

Wren

[6]

2

Wilson

[7] 1 1

[8]

1

[7]

3.

2 4LDK 12 1

(1 ) 2 2 ( 1 2)

(2 )

1

1 1 1 2 2

25

1 2

NTT

SN-MP13 1

3

500

1 2
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N

1

(a)

Infrared-ray receptor

USB connector

(b)

2

Found

NotFound ID

NotFound

Found

4.

1

5m

38

22

24

5,900 ( )

Sensor controller

Sensor controller

Server

Serial

Serial

LAN

Passive IR sensor

Inhabitant

Ceiling

Time, sensorID, Value
10:20:02, Kitchen, Found
10:20:10, Kitchen, NotFound
10:20:11, Living, Found
・・・

3

SVM[9] K-NN

2

ID

ID

2

ID

4.1

4 ID

ID

ID

t W

ID

ID

1

0 T
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→1F

2F →

ID

A C D E

K L M N OP

S T A K C L M D E N O P

ID

A B C D E

K L M N O P

F E G H I

A B C X Y

→1F

2F →

1F → 2

→

……

DP

0.8

1.0

0.0

0.4

…

W

t

tt-W

4

T ID

T = t

T = t − W T = t

2

ID ( )

DP m n

X = (x1, · · · , xm) Y = (y1, · · · , yn)
m× n dij xi = yj

dij = 0 xi �= yj dij = 1 X

Y P = (p1, · · · , pk)

( 1 ) Initialization:

Cost(0, 0) = 0

Cost(i, 0) = ∞ for i = 1, · · · ,m
Cost(0, j) = ∞ for j = 1, · · · , n

( 2 ) Cost calculation:

Do for i = 1, 2, · · · ,m
Do for j = 1, 2, · · · , n

Cost(i, j) = dij +min

⎧⎪⎪⎨
⎪⎪⎩

Cost(i− 1, j − 1)

Cost(i− 1, j )

Cost(i , j − 1)

( 3 ) Lowest-cost path search:

k = 0, i = m, j = n, pk = (i, j)

While i �= 1&&j �= 1:

2

08:00 Western 1 Living room

08.10 Western 2 Living room

08:16 1F WC Living room

08:25 Wash Japanese-style room

...
...

...

if Cost(i − 1, j − 1) < Cost(i − 1, j)&&Cost(i −
1, j − 1) < Cost(i, j − 1)

i−−, j −−, k ++, pk = (i, j)

else if Cost(i− 1, j) < Cost(i, j − 1)

i−−, k ++, pk = (i, j)

else

j −−, k ++, pk = (i, j)

end

( 4 ) Output:

Return P

(2)

(3) Cost(m,n) Cost(1, 1)

X Y

xi yj

10

1 5

0.5

ID

ID

2

ID

0.8

F

0.8

4.2

4.1 2

Mi = (Ti, Oi, Di)(1 ≤ i ≤ NM )

Ti

Oi Di
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Node ID: 1

# in room: 2

Room: Bedroom

Time: 00:00

Node ID: 2

# in room: 1

Room: Western1

Time: 00:00

Node ID: 3

# in room: 1

Room: Western2

Time: 00:00

5

Node ID: 1

# in room: 2

Room: Bedroom

Time: 00:00

Node ID: 2

# in room: 1

Room: Western1

Time: 00:00

Node ID: 3

# in room: 1

Room: Western2

Time: 00:00

Node ID:4

# in room: 1

Room: Living

Time: 08:00

6

Node ID: 1

# in room: 2

Room: Bedroom

Time: 00:00

Node ID: 2

# in room: 1

Room: Western1

Time: 00:00

Node ID: 3

# in room: 1

Room: Western2

Time: 00:00

Node ID: 5

# in room: 2

Room: Living

Time: 08:10

Node ID:4

# in room: 1

Room: Living

Time: 08:00

7

Node ID: 1

# in room: 2

Room: Bedroom

Time: 00:00

Node ID: 2

# in room: 1

Room: Western1

Time: 00:00

Node ID: 3

# in room: 1

Room: Western2

Time: 00:00

Node ID: 5

# in room: 2

Room: Living

Time: 08:10

Node ID:4

# in room: 1

Room: Living

Time: 08:00

Node ID: 6

# in room: 1

Room: 1F_WC

Time: 08:13

Node ID: 7

# in room: 3

Room: Living

Time: 08:16

Node ID: 8

# in room: 2

Room: Bedroom

Time: 08:16

8

Node ID: 1

# in room: 2

Room: Bedroom

Time: 00:00

Node ID: 2

# in room: 1

Room: Western1

Time: 00:00

Node ID: 3

# in room: 1

Room: Western2

Time: 00:00

Node ID: 5

# in room: 2

Room: Living

Time: 08:10

Node ID: 9

# in room: 1

Room: Wash

Time: 08:22

Node ID:4

# in room: 1

Room: Living

Time: 08:00

Node ID: 6

# in room: 1

Room: 1F_WC

Time: 08:13

Node ID: 12

# in room: 3

Room: Living

Time: 08:25

Node ID: 10

# in room: 1

Room: Japanese

Time: 08:25

Node ID: 11

# in room: 2

Room: Bedroom

Time: 08:25

Node ID: 7

# in room: 3

Room: Living

Time: 08:16

Node ID: 8

# in room: 2

Room: Bedroom

Time: 08:16

9

NM

Vj(Roomj , peoplej , T imej , ∗Nextj)

G

j Roomj

peoplej Timej Nextj

1

4 2

1 2

1)

1 2 5

1 2 3

2 00 00

2)

i = 0 NM Mi

4

2-a) Oi = Roomj J

Di = Roomj

6

VNv+1 TimeNv+1 = Ti RoomNv+1 = DJ

PeopleNv+1 = 1 J NextJ

VNv+1 Nv Mi

G V

5 1

2-b) Oi = Roomj J Di =

Roomj J ′

7

VNv+1 TimeNv+1 =
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Ti RoomNv+1 = DJ′ PeopleNv+1 = PeopleJ ′ +1

J J ′ NextJ

NextJ ′ VNv+1′

6 2

2-c) Oi = Roomj

Di = Roomj J ′

Oi

Mi

Oi Di

8

VJ ′ Timej < Ti − 3[min]

J ∈ Jk

Timej < Ti − 3[min] Oi

3

Oi

VNv+1 TimeNv+1 = Ti−3[min]

RoomNv+1 = Oi PeopleNv+1 = 1

VNv+2 T imeNv+2 =

Ti RoomNv+2 = DJ ′ PeopleNV +2 = PeopleJ ′ + 1

NextNJk VNV +1

NextNV +1 VNV +2

Jk

VNV +2+k TimeNv+2+k = Ti

RoomNv+2+k = RoomJk PeopleNv+1 = PeopleJk

NextJk VNv+2+k

7 1

2-d) Oi = Roomj Di = Roomj

9 2-c)

Timej < Ti − 3[min]

J ∈ Jk Oi

VNv+1 TimeNv+1 = Ti−3[min]

RoomNv+1 = Oi PeopleNv+1 = 1

VNv+2

TimeNv+2 = Ti RoomNv+2 = DJ ′ PeopleNV +2 = 1

NextNJk VNV +1

NextNV +1 VNV +2

Jk

VNV +2+k TimeNv+2+k = Ti

3

#

1 Bedroom

2 Bedroom→Wash→Japanese

3 Bedroom→1F WC→Living→Wash→Japanese

4 Bedroom→1F WC→Living

5 Western 1→Living→Wash→Japanese

6 Western 1→Living

7 Western 2→Living→Wash→Japanese

8 Western 2→Living

4

2

RoomNv+2+k = RoomJk PeopleNv+1 = PeopleJk

NextJk VNv+2+k

8

3)

9 3 8

4.3

4

4

R = r1, · · · , ri, · · · , rNr

R
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5 1

6:00

1

6:30

1

1

1

7:00

7:30

8:00 1 2

8:30

ON

9:00

9:30

11:30

14:30

score =

Nr∑
i=1

(Timei+1 − Timei) ∗ weight(Roomi) (1)

ri ID weight() 4

+1 −1

TimeNr+1 = T imeNr + 10[sec] 10

5.

5.1

3 2

4

4 5 6 2

6 2

15:30

2

16:00

1

16:30

1

17:30

18:30

19:00

19:30

20:00 2

1

22:30

23:00

23:30

5.2

ID

4

24 − 1 = 15

W 25

25
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7 1

Bed→Living→1F WC→Wash→Kitchen→Living→1F WC→Wash→Living→Kitchen→Living→Bed→Living→Kitchen→
Living→Western 1→Entrance

Bed→Living→1F WC→Wash→Kitchen→Living→1F WC→Wash→Living→Kitchen→Living→Bed→Living→Kitchen→
Living→Wash→Western 2→Western 1→Spare→Living→Kitchen→Living→Entrance

Western 1→1F WC→Wash→Kitchen→Living→1F WC→Wash→Living→Kitchen→Living→Western 1→Entrance

Western2→1F WC→Wash→Living→Kitchen→Living→Western 2→Living→Kitchen

8 2

Entrance→Living →Kitchen→Living→1F WC→Living→Kitchen→Living→Living→1F WC→Entrance→Living→
Kitchen→Living→Wash→1F WC→Living→Bed

Entrance→Living→Kitchen→Living→1F WC→Living→Kitchen→Living→1F WC→Entrance→Living→Kitchen→
Living→Wash→1F WC→Living→Bed

Entrance→Living→Kitchen→Living→1F WC→Living→Western 1→Living→Kitchen→Living→1F WC→Entrance→
Living→Kitchen→Living→Wash→Living→Western 1

Entrance→Living→Kitchen→Living→Western 2→Living→Kitchen→Living→1F WC→Entrance→Living→Western 2

5.3

7 8

7 2 8

1

Kitchen Living

6.

2 4LDK

4 1

ON/OFF

(B)(24700066)
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