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(PLANEX BT-Micro4 )
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2.2: Raspberry Pi 3 Model B

CPU ARM Cortex-A53 1.2GHz

OS Raspbian GNU/Linux 8.0
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Wi-Fi IEEE 802.11 b/g/n

Java JRE 1.8.0
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3.3.3

-

|S | |P| X 3.1 S

P

Xi j =

{
0 S i P j

1 S i P j

(3.1)

3.2

D = X · XT (3.2)

|P| |P| Y 3.3

Yi j =

{
0 Pi Pj

1 Pi Pj

(3.3)

X,Y 3.3 X Y

3.4 3.5

X =

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

C1 C2 C3 C4 B1 B2 B3 B4 V1 V2 V3 V4 V5 V6 V7

C1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0

C2 0 1 0 0 1 0 0 0 0 0 0 1 0 0 0

C3 0 0 1 0 0 1 0 0 0 0 0 0 1 0 0

C4 0 0 0 1 0 0 0 1 0 0 0 0 0 0 1

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
(3.4)
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3.3: X, Y

Y =

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

C1 C2 C3 C4 B1 B2 B3 B4 V1 V2 V3 V4 V5 V6 V7

C1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0

C2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

C3 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

C4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

B1 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0

B2 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0

B3 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0

B4 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1

V1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0

V2 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0

V3 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0

V4 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0

V5 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0

V6 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0

V7 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
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3

(3.5)

3.6 Ei j ≥ 1 S i

(n − 1) S j

E = X · Yn · XT (3.6)

X Y

X′ Y ′ 3.3 C1 C2

V1 E = X · Y2 · XT

C1 C2 E = X · Y3 · XT

C1 C4

n

X′ Y ′

X’ 3.7 j Y j j

j j

Yi j = 1 Yjk = 1 Yik 1 Y ′

m∑
k=1

Xk j = 0 (3.7)

3.4 X′ Y ′ 3.8 3.9 3.4

2 1

X′ =

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

C1 C2 C3 C4 B1 B2 B4 V3 V4 V5 V7

C1 1 0 0 0 0 0 0 1 0 0 0

C2 0 1 0 0 1 0 0 0 1 0 0

C3 0 0 1 0 0 1 0 0 0 1 0

C4 0 0 0 1 0 0 1 0 0 0 1

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
(3.8)
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3.4: X’, Y’

Y ′ =

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

C1 C2 C3 C4 B1 B2 B4 V3 V4 V5 V7

C1 0 0 0 0 1 0 0 1 0 0 0

C2 0 0 0 0 0 0 0 0 1 0 0

C3 0 0 0 0 0 0 0 0 0 1 0

C4 0 0 0 0 0 0 0 0 0 0 1

B1 1 0 0 0 0 1 0 0 1 0 0

B2 0 0 0 0 1 0 0 0 0 1 0

B4 0 0 0 0 0 0 0 1 0 0 1

V3 1 0 0 0 0 0 1 0 0 0 0

V4 0 1 0 0 1 0 0 0 0 0 0

V5 0 0 1 0 0 1 0 0 0 0 0

V7 0 0 0 1 0 0 1 0 0 0 0

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
(3.9)

X′ Y ′ 3.10
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3

E′ = X′ · Y ′ · X′T (3.10)

3.4
OSGi

21m 13.5m 11

1.5m

2

10 3.5 1

( )

11

9

11 6 5 43 10

10

130

24
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3.5:

46



3

3.5

47



4

4

4.1
1

DB

DB I/O

I/O

2

3

1

I/O
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1

4.2

2 3
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4

4.3
3 Y

X

X

X

Y s

Y si j =

{
0 Psi Ps j

1 Psi Ps j

(4.1)

Psi Ps j

X Xs

Xsi j =

{
0 S i Ps j

1 S i Ps j

(4.2)

Xs Y s 3.4

Xs′ Y s′ 4.3

50



4

Es′ = Xs′ · Y s′ · Xs′T (4.3)

Xs Y s

4.4

4.1

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
	

�
�
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�
�

�
�

�
�
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� 	
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4.1:

4.1 Ci Bi Vi

5 4 10
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4

19 X 5 19 Y

19 19

C1 Y s1 1

Y s1 C1, C3, C5,

B1, B2, B3, V1, V2, V4, V5, V8 V9 Y s1 12

12

Y s1 =

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

C1 C3 C5 B1 B2 B3 V1 V2 V4 V5 V8 V9

C1 0 0 0 0 0 0 1 0 1 0 0 0

C3 0 0 0 0 0 0 0 0 0 0 1 0

C5 0 0 0 0 0 0 0 0 0 0 0 1

B1 0 0 0 0 0 0 1 1 0 1 0 0

B2 0 0 0 0 0 0 0 1 0 0 0 0

B3 0 0 0 0 0 0 0 0 0 1 1 1

V1 1 0 0 1 0 0 0 0 0 0 0 0

V2 0 0 0 1 1 0 0 0 0 0 0 0

V4 1 0 0 0 0 0 0 0 0 0 0 0

V5 0 0 0 1 0 1 0 0 0 0 0 0

V8 0 1 0 0 0 1 0 0 0 0 0 0

V9 0 0 1 0 0 1 0 0 0 0 0 0

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

(4.4)

Xs1 4.5 4 12

Xs1 =

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

C1 C3 C5 B1 B2 B3 V1 V2 V4 V5 V8 V9

C1 1 0 0 1 0 0 1 1 0 0 0 0

C3 0 1 0 0 1 0 0 0 0 0 0 0

C4 0 0 0 0 0 0 0 0 1 0 0 0

C5 0 0 1 0 0 0 0 0 0 0 0 0

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
(4.5)

Xs1 B3, V5, V8, V9 Xs′1
Xs′1 4.6 4 8

52



4

Xs′1 =

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

C1 C3 C5 B1 B2 V1 V2 V4

C1 1 0 0 1 0 1 1 0

C3 0 1 0 0 1 0 0 0

C4 0 0 0 0 0 0 0 1

C5 0 0 1 0 0 0 0 0

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
(4.6)

Y s′1 B3, V5, V8, V9 Y s1.

Y sik=1 Y sk j=1 B3, V5, V8, V9 Y s′1
1 V5 [i, j] = [B1, B3] [B3, B1]

1 B1 B3 V5

B3 [i, j]

= [B1, V8] , [V8, V9], [B1, V9], [V9, B1] 1 V8 [B1,

C3], [C3, B1], [C3, V9], [V9, C3] 1 V5 [B1, C5], [C5,

B1], [C3, C5] ,[C5, C3] 1 4.7

Y s′1

Y s′1 =

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

C1 C3 C5 B1 B2 V1 V2 V4

C1 0 0 0 0 0 1 0 1

C3 0 0 1 0 0 0 0 0

C5 0 1 0 0 0 0 0 0

B1 0 1 1 0 0 1 1 0

B2 0 0 0 0 0 0 1 0

V1 1 0 0 1 0 0 0 0

V2 0 0 0 1 1 0 0 0

V4 1 0 0 0 0 0 0 0

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

(4.7)
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4.5
3

3

Xs Y s

4.1 C2 V15

C2 Xs Y s V15

C4

Xs Y s

Xs Y s Xs Y s Xs Y s
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4

4.5.1

Xs Y s

Cnew

C1 IP

Cnew C1 C1

Xs1 Y s1 Xs1 Y s1 C1

Cnew

Cnew Xs1 Y s1 Cnew

5 Cnew

Xs1 Y s1

Xs1 Cnew

Xs1 Y s1 Cnew Xsnew Y snew Cnew

Xsnew Y snew 4.1

Cnew Cnew

Xs Y s Cnew

4.5.2

2

Xs Ys

Xs Y s
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4.2:

Cdel C1

C1 Cdel Xsdel Y sdel Xs1 Y s1

Cdel 0

Cdel 0 Xs Y s 4.1

Cdel

4.6
(1)

(2) 2
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4.3:

4.6.1

30m 30m

210m 210m 7

4.1

4.2

Y s

3 60%

4.4

4.3
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4

4.1:

[m2]

30 x 30 8 18 44 70

60 x 60 32 80 184 296

90 x 90 72 189 418 679

120 x 120 128 328 740 1196

150 x 150 200 518 1160 1878

180 x 180 288 751 1674 2713

210 x 210 392 1030 2286 3708

4.3 210m 210m

7496ms

30 1

0.192ms

4.6.2

124.5m 51m 4.4 18

1.5m/ 3.0m/

1

64) 1.7m/ 2.7m/

3

30 1 8 1

58



4

4.2:

[m2]
Xs Xs/Ys

30 x 30 6 8 5 34 35 52

60 x 60 12 20 5 75 138 25

90 x 90 12 26 4 77 162 25

120 x 120 16 33 3 99 213 19

150 x 150 16 40 3 100 262 17

180 x 180 16 41 4 95 256 21

210 x 210 16 53 4 95 330 25

4.3:

CPU Intel Core i7-4770

8GB

4.5

C6 C1 C10

C2 A C6

C1 C10

225 C6 C1 C10

C6 B

C2
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4

4.4:

[m2] [ms] [ms]

30 x 30 0.054 0.192

60 x 60 0.064 0.735

90 x 90 0.091 9.268

120 x 120 0.128 54.815

150 x 150 0.117 216.471

180 x 180 0.130 1299.056

210 x 210 0.192 7945.471

C C4 C5

C6 3337 C5

C5 D C4

C6 C5

3380 C19 C19

C4 C6

C19 E C4 C19

C19 C4 C6

C4 C19

72 8892

155505 9
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4.5:
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4

4.7
3.1
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5

5

5.1

5.1

100%

4

5.2

65)
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5

5.1:

2 13

1 2 3

1 3 6 13

7 6 7

5.2:

3

4
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5

5.2

5.2.1

5.2 1 3

1 2 2

3

90.39% 91.14% 66)

99.17%

67)

100%

5.1

RFID

RFID
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5.1:
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$��

5.2.2

29)

5.3

1

1
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S1S2

S3

S1S2

S3

S1S2

S3

S1S2

S3

5.3:
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3 3.2

5.4
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5.4:
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5

5.2.3

5.2

5.3 (S2)

(S2)

2

5.5

5.5 A B

A B 1

A B
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���A

���B
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���B

A~B�����
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5.5:
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5

5.2.4

3

Xs Y s Y s

Y s

Xs Y s Xs Y s

5.5 A A Xsa Y sa

B B Xsb Xsb Xsa Y sa

Xsab Y sab B A

Xsab Y sab Y sab

Y sabi j = 1, i= A j= B

A B

5.2.5
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LRU Least Recently Used LFU Least Frequently Used
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5.3

5.6 16.5m 13.5m

10

1
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5.6:

5.3.1

1 S2 60% 100%

5.7
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5.7:

S1 S2 S2 S4

A S1

8 S2 12 S4

13

B 16 S2 S2

B 22

S4 S4 S1

S2 S4

S2

S1 S4

97 C B

100 S2 S1 S4

S4 S1

C
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5.3.2

31.5m 31.5m 4.5m

61

100% 50

100%

5.8

5.8 30
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5.8:

5.9
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5.9:

5.10

20 50% 5.11, 5.12

90% 5.13, 5.14

5.3.3

LRU LFU

5.15 5.16

8 5.15

LFU LRU 5.16

LFU LRU

LRU LFU
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5.10:

5.3.4

LFU

0, 1, 2, 4, 8, 16 5.17

0 5.17

16
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5.11: 20 50%
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5.12: 20 50%
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