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“00010010”
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2.13: .
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2.14: CAMX .

2.15: .
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2.16 4

1,024

1,024

4

1,462

4 237

84 %

2.16: .
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2.5.3 Baugh-Wooley

Baugh-Wooley Baugh-Wooley n

2 A an−1an−2...a1a0 B bn−1bn−2...b1b0 2

2.1 [80]–[84] 2.1 4

2.17

A = −an−12
n−1 +

n−2∑
i=0

ai2
i

B = −bn−12
n−1 +

n−2∑
i=0

bi2
i

A× B = an−1bn−12
2n−2 +

n−2∑
i=0

n−2∑
j=0

aibj · 2i+j

+ 2n−1

(
−2n−1 +

n−2∑
j=0

an−1bj2
j + 1

)

+ 2n−1

(
−2n−1 +

n−2∑
i=0

an−1bi2
i + 1

)

(2.1)

Baugh-Wooley CAMX 2.18

1

2 2.17 “1001”

4

3

0 “1000”

1
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4

0

“0111” 1

Baugh-Wooley 4 2.19

CLK SETUP BUSY

Lmem 1

Rmem 1 pe reg

op reg match sig

“0011” “0110”

2.19 1 1,024

“00010010”

CAMX 2.5.2

Baugh-Wooley 2.20

4 × 32

1,024

15

Baugh-Wooley

CAMX 15

Baugh-Wooley 15

CAMX

[58]

15

Baugh-Wooley
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Baugh-Wooley

15 Baugh-Wooley

15 Baugh-Wooley

2.17: Baugh-Wooley .
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2.18: CAMX Baugh-Wooley .
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2.19: Baugh-Wooley .
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2.20: Baugh-Wooley

.
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2.6 AES CAMX MX-1

AES CAMX

MX-1 AES

MX-1 CAMX CAMX

2.6.1 AES

AES (Advanced Encryption Standard)

[44], [85] AES

[86] AES 128 192 256

128

AES AES 4

SubBytes ShiftRows MixColumns Ad-

dRoundKey 10

1 SubBytes

8 S-box 2.21

8 4 x 4

y S-box 2.21 16

2 ShiftRows

2.22

1 4

3 MixColumns

2.2

XOR

46



2

16 “1b” XOR

⎛
⎜⎜⎜⎝

S ′
0,c

S ′
1,c

S ′
2,c

S ′
3,c

⎞
⎟⎟⎟⎠ =

⎛
⎜⎜⎜⎝

02 03 01 01

01 02 03 01

01 01 02 03

03 01 01 02

⎞
⎟⎟⎟⎠×

⎛
⎜⎜⎜⎝

S0,c

S1,c

S2,c

S3,c

⎞
⎟⎟⎟⎠ (2.2)

4 AddRoundKey

XOR

� � � � � � � 	 
 � �  � � � �

� �� 	� 		 	� �� �� �� �� �� �� �	 �� �� �	 �� 	�

� �� 
� �� 	� �� �� �	 �� �� �� �� �� �� �� 	� ��

� �	 �� �� �� �� �� �	 �� �� �� �� �� 	� �
 �� ��

� �� �	 �� �� �
 �� �� �� �	 �� 
� �� �� �	 �� 	�

� �� 
� �� �� �� �� �� �� �� �� �� �� �� �� �� 
�

� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �
 ��

� �� �� �� �� �� �� �� 
� �� �� �� 	� �� �� �� �


	 �� �� �� 
� �� �� �
 �� �� �� �� �� �� �� �� ��


 �� �� �� �� �� �	 �� �	 �� �	 	� �� �� �� �� 	�

� �� 
� �� �� �� �� �� 

 �� �� �
 �� �� �� �� ��

� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� 	�

 �	 �
 �	 �� 
� �� �� �� �� �� �� �� �� 	� �� �


� �� 	
 �� �� �� �� �� �� �
 �� 	� �� �� �� 
� 
�

� 	� �� �� �� �
 �� �� �� �� �� �	 �� 
� �� �� ��

� �� �
 �
 �� �� �� 
� �� �� �� 
	 �� �� �� �
 ��

� 
� �� 
� �� �� �� �� �
 �� �� �� �� �� �� �� ��

�

�

2.21: AES S-box.
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2.22: AES ShiftRows.

2.6.2 CAMX AES

CAMX AES 2.23 AES

2.23 AES 1

10

1

2 AddroundKey XOR

3 AddroundKey SubBytes

S-box 4 4

S-box

4 SubBytes ShiftRows MixColumns

MixColumns

8 3 2 1 XOR

5 1∼4
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2.23: CAMX AES .

2.6.3 CAMX AES

CAMX AES Xillinx

Vivado v2019.2.1

CAMX 256 × 1,024

1,024 AES CAMX

AES 2.24

1,362,699
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AES 10

2.6.3 SubBytes 1,312,160

ShiftRows MixColumns 17,161

ShiftRows MixColumns CAMX

2.6.3 AddRoundKey

2,519 30,859

SubBytes

8

8 S-box

AES

8

2.24: CAMX AES .

2.2: CAMX AES 10
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2.6.4 CAMX MX-1

MX-1 AES

[65] MX-1 2.6.3 CAMX

2.25 MX-1 CAMX

MX-1 CAMX AES 1

2.25 AES 1

2.25 MX-1

125,345 SubBytes 119,009

ShiftRows MixColumns 5,350

AddRoundKey 986 CAMX

133,232 SubBytes 131,216

ShiftRows MixColumns 1,880

AddRoundKey 136

MX-1 CAMX 5 %

ShiftRows MixColumns

CAMX MX-1 65 %

AddRoundKey CAMX MX-1 86 %

CAMX MX-1 SubBytes 9 %

CAMX

CAMX AES

SubBytes

CAMX MX-1

CAMX

CAMX

2.26

Intel Atom N270

(1.60 GHz) AMD Geode LX800 (500 MHz) Advanced RISC Machines (ARM)

Cortex A8 core 32K/32K Texas Instruments (TI) DM3730 (1.00 GHz)

ARM Cortex A8 core 16K/16K TI OMAP3530 (720 MHz)

AES

CAMX

Xillinx Vivado v2019.2.1

1,024 AES
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2.26 CAMX

TI OMAP3530 ARM Cortex A8

CAMX 53 % 2.26

AMD Geode LX800 CAMX 15 %

CAMX MX-1

CAMX

2.25: CAMX MX-1 AES 1

.
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2.26: CAMX .
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2.7 CAMX

2.6 CAMX MX-1

CAMX

2.7.1

IEEE754 (2.3) S

M E 1

8 23

2 32

(−1)S × (1.M)× 2(E−127) (2.3)

2.7.2 CAMX

CAMX

2.27 CAMX

CAMX

CAMX

1

9 25

1,024 CAMX
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1

CAMX

2

2 1

3

IEEE754
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2.27:
C
A
M
X

.
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CAMX

CAMX

Xillinx Vivado v2019.2.1

CAMX 128 × 1,024

2.28 CLK START

FINISH BUSY

Left Wing n(n ) 1

Right Wing n(n ) 1

SEARCH MASK

3

10 “3.25”

“7.5” “2.5” “2.0”

“-5.5” “-6.25” 2.28 (a)

“10.75” “0.5” “-11.75”

2.28 (b)

4,096

13,580

RaspberryPi4 [87], [88] ARM

CPU 1.5 GHz 113.1 MFLOPS

(Mega Floating-point Operation Per Second)
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2.28:
C
A
M
X

.
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2.7.3 CAMX 2

2

1

1

2.29 CAMX 2

2.29 (a) 1

CAMX

2

1 2 1

2.29 (b)

CAMX 1
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2.29:
C
A
M
X

2
.
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2.7.4 2

2

2.7.3 2 2.7.2

2.30

2.30

2.27

61
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2.30:
2

.
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2

2

CAMX

2.7.2

2.31 2.31 (a)

2.31 (b)

5,613

RaspberryPi4 ARM

CPU 1.5 GHz 273.7

MFLOPS (Mega Floating-point Operation Per Second) 2.7.2
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2.31:
2

.
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2.7.5 ARM CAMX

CAMX RaspberryPi 4 ARM

CAMX

CAMX 0.1 0.5 1.0 1.5 GHz

CAMX 5,613

RaspberryPi 4 ARM SIMD

NEON VFP (Vector Floating

Point) NEON VFP NEON

VFP NEON VFP

512 1024 2048 4,096 8,192 10

RaspberryPi4

ARM 1.5 GHz

2.32 FLOPS FLOPS

CAMX

CAMX

ARM 1.5

GHz CAMX NEON VFP

ARM 4,500 CAMX

1.0 GHz CAMX NEON

VFP ARM 6,500

CAMX 0.5 GHz

CAMX NEON VFP ARM

6,000 CAMX
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2.32: ARM CAMX

.
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2.8

SIMD CAMX CAMX CPU

CPU CPU

CAMX CAMX CPU

1 SIMD

CAMX

CAMX

CAMX

AND OR XOR ADD CAMX

CAMX 128

1,024 1,024

128

AND OR XOR ADD 130 1

CAMX

CAMX

Baugh-Wooley
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1

Baugh-Wooley

Baugh-Wooley CAMX 4

1,462

237

84 %

Baugh-Wooley

4 32

15

Baugh-Wooley

15 Baugh-Wooley

CAMX CAMX MX-1

AES

CAMX AES 1,362,699

AES 1 MX-1

MX-1

ShiftRows MixColumns

CAMX MX-1 65 %

AddRoundKey 86 %

SubBytes CAMX MX-1 9 %

CAMX MX-1

CAMX SubBytes 8

CAMX MX-1

CAMX

TI OMAP3530 ARM Cortex

A8 CAMX 53 %

CAMX

CAMX MX-1

CAMX MX-1
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CAMX 2

1.5 GHz

CAMX

ARM 4,500

CAMX

69





3 CAMX

CAMX

CAMX

CAMX

3.1

AI
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CAMX

3.2 CAMX

CAMX

CAMX

CAMX

LED

CAMX
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3.2.1

[89]

[90]

[91], [92]

[93] CAMX

MX-1

MX-1

MX-1

CAMX 2.6 MX-1

MX-1 CAMX

(Pattern Spectrum)

[94]

[95]
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[96]

[97]

C

MX-1 MX-1

[98]

“ ”

2 3 SP

Set Processing FSP Function and Set Processing FP Function Processing

3.1

SP [96], [99] SP 2

FSP CAMX

MX-1

3.1:

Target image Structuring element Operation

SP Binary image Binary AND, OR

FSP Grayscale image Binary Maximum value calculated

FP Grayscale image Grayscale
ADD SUB

Maximum value calculated

FSP [99] X

x y

B B BS=(−b : b ∈ B) ⊕
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�

: (X ⊕BS)(x) = max{X(y) : y ∈ (BS)x} (3.1)

: (X �BS)(x) = min{X(y) : y ∈ (BS)x} (3.2)

: (X �BS)⊕BS(x) (3.3)

: (X ⊕ BS)�BS(x) (3.4)

(3.5)

3.1

Original image

Structuring
Element

Dilation

Erosion

00

Opening Closing

3.1: .

3.2
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4 4

Structuring Element
B�1 =Original Image

Subtraction
1 

B
2 

B
3 

BTo
ta

l n
um

be
r o

f
pi

xe
l v

al
ue

s

Scale

Pattern spectrum
Total number of pixel values
with structuring element 1B

4 
B

B�2 =

Opening

B�3 = B�4 =
X1B X2B X3B X4B

Opening Opening Opening

Subtraction Subtraction Subtraction

PS(X, B, 0) PS(X, B, 1) PS(X, B, 2) PS(X, B, 3)

Total number of pixel values
with structuring element 2B

Total number of pixel values
with structuring element 4B

Total number of pixel values
with structuring element 3B

X0B

3.2: (n = 4).
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MX-1

CAMX MX-1

CAMX 3 ×
3 32 × 32

3.3 MX-1

MX-1 SRAM 1

SRAM

2

3

32 × 32 3.4 (a) MX-1

3.4 (a) 3.4 (b)

Store pixel
to SRAM

Step 1

Arrange SRAM data 
by the structuring element

to process morphology

Step 2
Process a parallel 
min/max explore

Step 3

Yes
No

Opening processing 
finished

Step 4

�������	�	�����
��


��	��������� �

3.3: MX-1 .
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3.4: MX-1 SRAM .

1 MX SRAM 3.4 (a)

SRAM 3.4 (b) (pij( : i = 0, 1, 2, · · · , 31,
: j = 0, 1, 2, · · · , 31)) 1 ( 3.4 (c))

SRAM

[100]
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2 MX-1

SRAM

1

3 × 3

3.5 (a) (i)

SRAM

“5”

FSP

SRAM 1

1,024

32× 32 3× 3

1

3 3.5 (b)

A

3×3

9 B

3 × 3

6 C

3 × 3

4 3.5 (b)

A( p11) B( p311 ) C(

p3131) SRAM 3.5 (a) (ii)∼(iv)

3.6 SRAM MX

1
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3.5: MX-1 SRAM .
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3.6: MX-1 SRAM

( :3× 3).

3 3× 3 MX-1 3.6

1

2 PE
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1,024

4 1∼3 ( ) 1

3 ( )

3.6

(XB) SRAM
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MX-1 32

× 32 3 × 3

3 × 3 5 × 5 7 × 7 · · ·

SRAM

MX-1 3.7

3.7 pij ( : i = 0, 1, 2, · · · , S− 1,

: j = 0, 1, 2, · · · , T−1) S×T XnB(n :

) Ek
k (k = 0, 1, 2, · · · , N − 1)

3.7 E0
0 ∼ EN−1

N−1

Er
r

N ×N S×T

MX-1 SRAM 3.7

YnB (qij (

: i = 0, 1, 2, · · · , S − 1, : j = 0, 1, 2, · · · , T − 1))

SRAM

S × T SRAM

S × T SRAM

XnB

X(n+1)B XnB−X(n+1)B 3.8 S×T

XnB Ai
j ( : i = 0, 1, 2, · · · , S − 1,

: j = 0, 1, 2, · · · , T − 1) S × T

X(n+1)B Bi
j ( : i = 0, 1, 2, · · · , S − 1,

: j = 0, 1, 2, · · · , T − 1)

XnB X(n+1)B
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3.7: :N ×N .
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3.8: .
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MX-1

MX-1

“SRAM ” “ ” “ ”

“SRAM ” Ta “ ”

Tb Ta Tb

SRAM

“ ” Tst(2k+1)(k

) Tst(2k+1)

3 × 3 5 × 5 7 × 7 · · ·
MX-1

T (3.6)

T =
N−1∑
k=0

(
(Ta + Tb) + Tst(2k+1)

)
(3.6)

MX-1 SRAM

SRAM SRAM

“SRAM ” Ta

“ ” Tb

“

” Tst(2k+1) 32×32

S × T 32× 32 S × T

(3.6) (

(3.7))

(3.7)

T =
N−1∑
k=0

(
(Ta + Tb) + Tst(2k+1)

)× S

32
× T

32

=
N−1∑
k=0

(
(Ta + Tb) + Tst(2k+1)

)× ST

1024
(3.7)

MX-1 SRAM SRAM

SRAM
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“SRAM ” Ta “ ” Tb

SRAM

SRAM

“ ” Tst(2k+1)

MX-1 SRAM U

32× 32 SRAM 1,024

Ta Tb U / 1024 (3.6)

( (3.8))

T =
N−1∑
k=0

((
(Ta + Tb)× U

32× 32

)
+ Tst(2k+1)

)

=
N−1∑
k=0

((
(Ta + Tb)× U

1024

)
+ Tst(2k+1)

)
(3.8)

MX-1 High-

performance Embedded Workshop (HEW) [101] MX-1

MX HEW HEW

32× 32

3.9

FSP 8

3.9 (a)

3.9 (b)

14 (n = 15)
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3.9: MX-1 .

MX-1

MX-1 CPU MX

CPU CPU

MX-1 DMA

CPU CPU MX-1
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MX-1

CPU MX-1

CPU DMA MX-1

CPU MX-1

3.10 (Straight

forward implementation) MX CPU

(Polling) MX-1 CPU

MX (Optimized

implementation) CPU CPU

MX-1

��� ��

��	
�

�������

�������

��

��������	
�����

��������������

��������	

��������������
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�����
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�������

�������

3.10: CPU MX-1 .
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MX-1

(HEW)

32 × 32

n = 15 HEW

3.11 HEW

HEW

HEW

MX-1

HEW HEW

3.2 HEW

3.2

CPU MX-1 5

MX-1 CPU

3.12 MX-1

CPU

CPU
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3.11: MX-1 HEW .

3.2:

Program Processing time [ms]

Evaluation Board Straight forward implementation 51.71

HEW Straight forward implementation 21.37

Optimized implementation 4.4
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� � � � � �

CPU Cycle
MX Cycle

� � � � � �

Normal
program

High speed
program

Processing cycles (Simulator HEW)
[M]

3.12: .

MX-1

MX-1

DM3730 AMD Geode LX800

Intel Atom N450 3.3 (1)∼(4)

TI DM3730 ARM ARM Cortex-A8 AM3715

BeagleBoard

[102] ARM NEON SIMD

MX-1 [103]

Geode LX800 Atom (TM) N450

C [104], [105]

MX-1

( 32 × 32 n = 15)

3.3 (5)∼(8)

MX-1 AMD Geode LX800 Intel Atom(TM) N450

SSE

MX-1

AMD Geode LX800 88

Intel Atom(TM) N450 21 ( 3.3 (5))
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MX-1 NEON ARM TI DM3730

23 ( 3.3 (5))

32× 32

8,192 MX-1 ARM TI DM3730

22 ( 3.3 (6))

81 ( 3.3 (7))

1/s 1/s2 MX-1

90 nm ( 3.3 (4))

MX-1

( 3.3 (8)) AMD Geode LX800 4000 Intel

Atom(TM) N450 145 ARM TI DM3730 20

MX-1

MX-1

CAMX CAMX
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3.3:
M
X
-1
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3.2.2

MX-1

MX-1

5

MX-1 22

20

MX-1

MX-1

MX-1 CAMX

CAMX

CAMX

MX-1
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3.2.3

CAMX

[106]–[111]

[106]–[109]

[110], [111]

[108]

[109]

[112]

2021

[113], [114]

[115], [116]

•

•
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•

•

•

“ ” “

” “ ” “

” “ ”

LED

LED

[117]

3.4
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3.4:

Ease of construction �
- Just changing the
camera settings

- Just installing an
application

Introduction to
daily lives N/A

- Constituting a nuisance
in daily lives

Versatility for preventing
spy-camera activities N/A

- Generating near-noise
shutter-sound in
surrounding

Development cost �
- Just changing the
camera settings

- Just installing an
application

Direct control on
camera function N/A

- Unstopping the
smartphone camera from
taking pictures by only
shutter-sound

[118], [119]

3.5
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3.5:

Ease of construction � - Just placing seal
on camera devices

Introduction to
daily lives N/A

- putting and
removing the seal off
the camera every
now and then

Versatility for preventing
spy-camera activities N/A

- Just be put on the
camera

Development cost � - Paper seal is inexpensive

Direct control on
camera function

� - Placing seal on camera
lens

[120]–[123]

iPhone

LED

[124]

3.6
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3.6:

Ease of construction N/A

- Installing special and
new equipment

- Not being the daily
used equipment

Introduction to
daily lives N/A

- Only using in a few
established places

Versatility for preventing
spy-camera activities

�
- Having a wide range of
other uses depending on
how the application is
created

Development cost N/A

- Installing special and
newly equipment

- Not being the daily used
equipment

Direct control on
camera function �

- Distorting photos and
videos taken by mobile
camera
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SPS

Spy-camera Preven system SPS [125]–

[132] SPS LED

LED

SPS

LED SPS

LED

FFT:Fast Fourier Transform

LED

FFT

LED

LED

SPS

SPS

• SPS LED

LED

LED

• SPS LED

LED

1/f

•

SPS LED

[133]–[142]
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SPS

3.13 SPS

3.13 (a) SPS

LED

3.13 (b)

LED SPS

3.13

(c) WEB

SPS

LED WEB

3.13 (d)

SPS

LED

3.13 (e) SPS LED

LED

3.14 SPS

LED

FFT
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SPS 3.15

CAMX

LED 1/f

LED

LED

103



3

3.13: SPS104



3

3.14: SPS .
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3.15: SPS
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1/f

1/f

[143]–[145] 1/f

3.16 (a) 3.16 (a)

3.16 (a) FFT

-

-

3.16 (b) 3.16 (b)

FFT

3.16 (c)

3.16 (c) FFT

3.16 (a) 1/f

- -

1/f

1/f (3.9) X(t) 1/f

t X(t+ 1) X(t)

X(t) < 0.5

X(t+ 1) = X(t) + 2 ∗X(t)2

X(t) ≥ 0.5

X(t+ 1) = X(t)− 2 ∗ (1−X(t))2 (3.9)

1/f

SPS

LED FFT

1/f 1/f

1/f (3.10)

SPS LED

V (t) = X(t) + sin(2π ∗ f ∗ t) (3.10)

V (t) : visible light beacon from the LED lighting
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beacon embedded with

1/f fluctuation-sine-waves;

f : frequency;

t : time
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3.16:
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30 frame per second (fps)

30 fps

FFT FFT

2 SPS 2

32

3.17

3.17:
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SPS

LED

1/f LED

FFT

SPS

3.18

LED

LED

1/f

LED

2.0 m

0.2 m

Xm LED 0.5 1.0 1.5 2.0 2.5

3.0 m ϕ 90◦ 60◦ 45◦

30◦ 0◦ . SPS

SPS 3.18

SPS SPS

10 3.18

Xm

ϕ 90◦ 60◦ 45◦ 30◦ 0◦

30

SPS

SPS 1/f

1/f

30
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3.18: SPS113
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[146]

1/f 1/f

3.19 (a)

LED 3.19 (b) (a)

1 2

LED

155 255 4

43 20 60 LED

3.20

LED 1

2

3 LED 1 4

LED 2 43

LED

3.21

•

•

•

50 % 1 2

1 2 70 % “

” “ ”

3 4 “ ”

1 2 1.5 “ ”

3 4 “

” 50 % “ ”

SPS

1/f
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1/f

3.19: LED
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3.20: LED
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3.21:
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1/f

LED 1/f

FFT LED

12.16 6.08 3.04 0.08 0.16

0.32 Hz 1/f 0 0.2 0.4

0.6 0.8 1.0 3.22

LED

3.22:

1/f 0.08 Hz

0.08 Hz 12.5 3.23 LED

3.23

3.23

-1 -1
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3.23 (a)∼(f)

3.23

-1

3.24

3.23 3.24

3.24 FFT

0.08 Hz

0.08 Hz

LED

1 fps 3.24 0.08 Hz

0.08 Hz

10 FFT

LED

25

1/f 0.08 Hz

FFT
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(a) 1/f f luctuation beacon 
(Amplitude = 0, Time = 12.16)

(b) 1/f fluctuation beacon 
(Amplitude = 0.2, Time = 12.16)

(c) 1/f fluctuation beacon 
(Amplitude = 0.4, Time = 12.16)

(d) 1/f fluctuation beacon 
(Amplitude = 0.6, Time = 12.16)

(e) 1/f fluctuation beacon 
(Amplitude = 0.8, Time = 12.16)

(f) 1/f fluctuation beacon 
(Amplitude = 1, Time = 12.16)
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3.23: LED (1/f 0.08 Hz

)
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(a) 1/f fluctuation beacon 
(Amplitude = 0, Time = 12.16)

(b) 1/f fluctuation beacon 
(Amplitude = 0.2, Time = 12.16)

(c) 1/f fluctuation beacon 
(Amplitude = 0.4, Time = 12.16)

(d) 1/f fluctuation beacon 
(Amplitude = 0.6, Time = 12.16)

(e) 1/f fluctuation beacon 
(Amplitude = 0.8, Time = 12.16)

(f) 1/f fluctuation beacon 
(Amplitude = 1, Time = 12.16)
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3.24: 0.08 Hz
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1/f 0.16 Hz

0.08 Hz 3.25

3.23 LED

3.26 3.24

3.26 0.16 Hz

0.16 Hz

10

FFT

LED 25

1/f

0.08 Hz FFT

(a) 1/f fluctuation beacon 
(Amplitude = 0, Time = 6.08)

(b) 1/f fluctuation beacon 
(Amplitude = 0.2, Time = 6.08)

(c) 1/f fluctuation beacon 
(Amplitude = 0.4, Time = 6.08)

(d) 1/f fluctuation beacon 
(Amplitude = 0.6, Time = 6.08)

(e) 1/f fluctuation beacon 
(Amplitude = 0.8, Time = 6.08)

(f) 1/f fluctuation beacon 
(Amplitude = 1, Time = 6.08)
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3.25: LED (1/f 0.16 Hz

)
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(a) 1/f fluctuation beacon 
(Amplitude = 0, Time = 6.08)

(b) 1/f fluctuation beacon 
(Amplitude = 0.2, Time = 6.08)

(c) 1/f fluctuation beacon 
(Amplitude = 0.4, Time = 6.08)

(d) 1/f fluctuation beacon 
(Amplitude = 0.6, Time = 6.08)

(e) 1/f fluctuation beacon 
(Amplitude = 0.8, Time = 6.08)

(f) 1/f fluctuation beacon 
(Amplitude = 1, Time = 6.08)
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3.26: 0.16 Hz
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1/f 0.32 Hz

0.32 Hz 3.27

3.23 LED

3.28 3.24

3.28 0.32 Hz

0.32 Hz

10

FFT

LED 25

1/f

0.32 Hz FFT

(a) 1/f fluctuation beacon 
(Amplitude = 0, Time = 3.04)

(b) 1/f fluctuation beacon 
(Amplitude = 0.2, Time = 3.04)

(c) 1/f fluctuation beacon 
(Amplitude = 0.4, Time = 3.04)

(d) 1/f fluctuation beacon 
(Amplitude = 0.6, Time = 3.04)

(e) 1/f fluctuation beacon 
(Amplitude = 0.8, Time = 3.04)

(f) 1/f fluctuation beacon 
(Amplitude = 1, Time = 3.04)
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3.27: LED (1/f 0.32 Hz

)
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(a) 1/f fluctuation beacon 
(Amplitude = 0, Time = 3.04)

(b) 1/f fluctuation beacon 
(Amplitude = 0.2, Time = 3.04)

(c) 1/f fluctuation beacon 
(Amplitude = 0.4, Time = 3.04)

(d) 1/f fluctuation beacon 
(Amplitude = 0.6, Time = 3.04)

(e) 1/f fluctuation beacon 
(Amplitude = 0.8, Time = 3.04)

(f) 1/f fluctuation beacon 
(Amplitude = 1, Time = 3.04)
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3.28: 0.32 Hz
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SPS

SPS 3.7 3.8 SPS 3.2.3

SPS FFT

FFT

LED

SPS LED

LED

1/f

LED SPS

SPS

LED

SPS
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3.7: SPS

Ease of construction N/A

- Installing just the
dimming devices

- Just replacing LED
lighting

- Being same as the
everyday used LED
lighting

Introduction to
daily lives N/A

- Just replacing LED
lighting

- Being same as the
everyday used LED
lighting

Versatility for preventing
spy-camera activities �

- Having a wide range of
other uses depending on
how the application is
created

- Controlling various
function by changing the
LED light beacon

Development cost N/A

- Installing just the
dimming devices

- Just replacing LED
lighting

- Being same as the
everyday used LED
lighting

Direct control on
camera function �

- Stopping the mobile
camera functions by the
LED light beacon

- Being Embedded on
camera devices as an
FFT hardware
application
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3.2.4

SPS SPS

LED

LED

1/f

SPS LED

10 25

SPS

SPS

DSP

DSP

CAMX

CAMX
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4 CAMX

CAMX

4.1

GPS

LSI

1965

[147], [148]

1970

1980

[149], [150] 1990

[147]–[149], [151]–[157]
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GPS

[158], [159]

[160], [161]

[162]

[163], [164]

4.2

[165]–[168]

1

4.2.1

[169]

132



4

4.2.2

[170], [171]

4.2.3

[172], [173]

4.3

[174]–[178]

1
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[179], [180]

[181]

[165]–[168]

GPS

23 cm 16 cm

4.3.1

RaspberryPi 3 Model B [182] Raspber-

ryPi 3

Camera Mod-

ule V1.2 [183]) GPS GYSFDMAXD [184] 2

Sense HAT Version 1.0 [185] LSM9DS1 [186], [187]

GY-291 ADXL345 [188], [189] LSM9DS1

LSM9DS1 GY-291 ADXL345 GY-291

Sense HAT Version 1.0

LED

GY-291 ADXL345 x y z

3 4.4.4 DS18B20 [190]

700-BTL018BK [191]

•
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• GPS

•

• GPS

•

1 [180]

[192], [193]

1

1

4.1

4.1 4.1

(a) 4.4.1 GPS

4.4.2

4.4.3

4.1 (b) RaspberryPi 3 4.1 (a)

LSM9DS1 4.1 (c)

4.4.4 4.1

(d) RaspberryPi 3 4.1 (c)

GY-291

4.2
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4.1 (a) 421 g 4.1 (c)

496 g

80 g [194], [195]

20 [196]

80 g 1.5 kg

500 g

4.3
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4.1:

RaspberryPi

3 Model B

1.2 GHz

5 V

1 GB

42 g

Camera

Module

V1.2

2,592 × 1,944

30 fps

3 g

GPS GYSFD

MAXD

-164dBm(typ.)

8 g

LSM9DS1

LSM9DS1

Sense HAT

Version 1.0

±2/4/8/16 g

20.4 g

GY-291

GY-291

ADXL345

±2/4/8/16 g

0.03 g

DS18B20

-55 +125

( 0.5 ),

22.7 g

700-BTL

018BK

3.7 V

10,400 mAh,

2.4 A

250 g
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4.1: 138
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4.2:
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4.3:
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4.4

4.2 4.4.1

4.4.2

GPS

4.4.3

LSM9DS1

2 4.4.4

GY-291

4.1

[%] =

(
1− [Wh]

[Wh]

)
× 100 (4.1)

4.4.1 1© 4.4.2 5© 4.4.3 9©
4.4.1 2© ∼ 4© 4.4.2 6© ∼ 8© 4.4.3 10©
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4.2:

4.4.1 4.4.2 4.4.3 4.4.4

� � � �

� � � �

GPS � � � �

LSM9DS1

� � � N/A

GY-291

N/A N/A N/A �

N/A N/A N/A �

� � � �

or

GPS

N/A N/A
LSM9

DS1

GY-

291

4.4.1

1© 60 60 60

142



4

2© 10 60

60 3 10

3© 20 60

60 2 20

4© 30 60

60 1 30

4.4 3

4.4

1© 2©, 3©
4©

4© 2©
2 0.5 Wh

3© 1 0.2 Wh

0.2 Wh

AVI

1© 179.0 MB 2© 1 23.2 MB 2

26.2 MB 3 24.8 MB 3© 1

52.2 MB 2 62.0 MB 4© 102.7 MB

1©
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4.4:
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4.4.2 GPS

GPS

GPS

4.5

5© RaspberryPi 3

90 6© GPS

5 GPS

GPS 5 GPS

90

LSM9DS1 7©
5

5

90 GPS

LSM9DS1 8© GPS

5 GPS

GPS

5 GPS

90
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4.5: GPS

4 m × 5 m

4 3

4.6

4.6 4.4

5© 6© 7© 8© 5©
3.7 Wh 6© ∼ 8©

6© ∼ 8© 3.2 Wh 2.9 Wh

2.8 Wh 5© 15 % 22 % 24 %

3

2

7©
GPS 6© 10 %

Panasonic

1.2 V 1,900 mAh 2.3 Wh 13 g [197]

( 3.7 V 2,000 mAh 7.4 Wh

35 g) [198] Anker PowerCore Essential 20000( 3.7

V 20,000 mAh 100 Wh 343 g) [199]
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(4.2)

700-BTL018BK 3.7 V 10,400 mAh 38.5 Wh 250

g 4.3

1.5 kg

4.3

5© 6© ∼ 8© 17

% 29 % 32 % GPS

[179], [180]

RaspberryPi 3

1

[h] =
[Wh]

[Wh]

=
[V ]× [Ah]

[Wh]

(4.2)

147



4

4.6: GPS
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4.3: GPS

[h]

Panasonic Anker

PowerCore

Essential

20000

700-BTL

018BK

5© 0.6 2.0 19.8 10.3

6© 0.7 2.3 23.2 12.1

7© 0.8 2.5 25.4 13.2

8© 0.8 2.6 26.1 13.6

4.4.3

4.7 9©
2 60 10©

2

10©

2

60 4.4.2

GPS

2 LSM9DS1

100

LSM9DS1

0.01
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4.7:

4.4.2 2 6

4.8

4.4.1

9© 4.9 Wh 10© 3.1

Wh 9© 10© 37 %

60

9.5

4.4.2 4.4 4.4

9© 10© 59 %

1

4.4.2

LSM9DS1 Sense

HAT

4.4.1 2© 4©
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4.8:

4.4:

[h]

Panasonic Anker

PowerCore

Essential

20000

700-BTL

018BK

9© 0.5 1.5 15.0 7.8

10© 0.7 2.4 23.9 12.4
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4.4.4

3

5

x y

1

1

4.9 11©

1

12© 13©

3 5

1

14© x y

1

GY-291 GY-291

LSM9DS1

GY-291

LSM9DS1 2.2 V 600 μA

1.3 mW [186], [187] GY-291

2.5 V 140 μA 0.4 mW [189]

GY-291 LSM9DS1

4.4.2 4

GY-291

GY-291 4.5

F (4.3), (4.4), (4.5)

[%] =
α

β
× 100 (4.3)
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α

β

[%] =
γ

δ
× 100 (4.4)

γ

δ

F [%] =
2× ×

+
× 100 (4.5)

11© 86 % F 86 %

11© GY-291 12© 13© 14©
11©

12© 100 % 31 %

F 47 % 13© 100 %

50 % F 67 % 12©
13©

12© 13©
GY-291 3 5

GY-291 11© F

14© GY-291

F 96 % 11©
GY-291

4.4.1 GY-291

1© 11© ∼ 14©
1© 60

4.3 Wh 1 1
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11© ∼ 14© 1

30 % 7 % 12 % 42 % 1©
4.3 Wh 11© ∼ 14© 1.3 Wh

0.3 Wh 0.5 Wh 1.8 Wh

GY-291 11© ∼
14©

14©
1© 14©

58 % GY-291

LSM9DS1 77 %

1© 14©
GY-291

4.9: 4.4.4
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4.5:

F

[%] [%] [%]

11© 18 3 86 86 86

3 -

12© 4 0 100 31 47

9 -

13© 7 0 100 50 67

7 -

14© 25 1 96 96 96

1 -
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4.5

1

1

RaspberryPi 3

37 %

96 %

1

RaspberryPi 3

RaspberryPi 3 / slee-Pi2 [200]

[174]

GPS

CAMX

CAMX

CAMX

CAMX
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SIMD CAMX

CAMX 128

256 × 1,024 1,024

CAMX

CAMX

CAMX

5.1 5.2

5.1

2 SIMD CAMX

CAMX

CAMX

AES CAMX

MX-1

(2-1) SIMD
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CAMX

CAMX

SIMD 1

(2-2) CAMX

CAMX

AND OR XOR

128 1,024

130

(2-3) CAMX

CAMX

1,024

1

1

(2-4) CAMX
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CAMX

Baugh-Wooley

1

4

1,462

237 84 %

Baugh-Wooley Baugh-Wooley

15

Baugh-Wooley CAMX

15

15 Baugh-Wooley

(2-4) CAMX AES

CAMX AES CAMX

MX-1

CAMX AES

1,362,699

AES 10

CAMX MX-1 1

1

MX-1 CAMX ShiftRows

MixColumns CAMX MX-1

65 % AddRoundKey 86 %

CAMX

TI OMAP3530 ARM

Cortex A8 CAMX 53 %

CAMX

(2-5) CAMX
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2 2

RaspberryPi 4

ARM 1.5 GHz

CAMX 4,500

CAMX

3

CAMX

CAMX

MX-1

CAMX

(3-1)

(3-2) MX-1
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MX-1 CAMX

MX-1

CAMX MX-1

5

2

20

(3-3)

LED

LED

1/f

CAMX

4

CAMX

CAMX

(4-1)
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1

37 %

(4-2)

96 %

5.2

CAMX

CAMX

5.2.1

3

(1) AI

164



5

(2) CAMX

(3)

(4)

(1) AI

AI

CAMX

AI

CAMX

AI

(2)

CAMX

CAMX

CAMX

(3)
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CAMX

CAMX

CAMX

(4) CAMX CPU

CPU CAMX

CAMX CPU CAMX

CAMX

CAMX

CAMX

CAMX

CAMX

5.2.2

AI

AI

AI

AI

AI
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AI

NPU AI

NPU

SIMD CAMX

CAMX

CAMX

CAMX AI

CPU CPU

CAMX

CAMX

CAMX

CAMX
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CAMX

CAMX CAMXLIB 32

CAMXLIB

CAMXLIB = { /PE C B A } =

{2’bxxx, 6’bxxxx xxxx, 8’bxxx xxxx, 8’bxxx xxxx, 8’bxxx xxxx}
/**—– /PE ———————————————————————————

————————————————-**/

LEFT WING: RIGHT WING: PE EXE:

( )

/**—– (CAM )——————————————

———————————————————————-**/

CAMX CNTRL CLEAR: CAMX

———————————————————————————————————

——————————————–

CAMX DATA WRITE: / CAM (

) A B C 0

( ) 10’b00 0000 0011 256’h0000 0000 0000 0000

0000 0000 0000 0000 0000 ffff 0000 ffff 0000 ffff 0000 ffff

#(STEP) ADDRESS = 10’b00 0000 0011;

DIN = 256’h0000 0000 0000 0000 0000 0000 0000 0000 0000

ffff 0000 ffff 0000 ffff 0000 ffff;

CAMXLIB = {RIGHT WING, CAMX DATA WRITE, 8’b0000 0000, 8’b0000 0000,

8’b0000 0000};
———————————————————————————————————

——————————————–

CAMX DATA READ: / CAM (

) A B C 0

DOUT VALID H DOUT

( ) 10’b00 0000 0011

#(STEP) ADDRESS = 10’b00 0000 0011;

CAMXLIB = {LEFT WING, CAMX DATA READ, 8’b0000 0000, 8’b0000 0000,

8’b0000 0000};
———————————————————————————————————

——————————————–
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CAMX UNMASK SEARCH: / CAM

( ) A B C 0

PE

PE

( ) 256’h0000 0000 0000 0000 0000 0000 0000 0000

0000 ffff 0000 ffff 0000 ffff 0000 0000

#(STEP) SEARCH DIN = 256’h0000 0000 0000 0000 0000 0000

0000 0000 0000 ffff 0000 ffff 0000 ffff 0000 0000;

CAMXLIB = {RIGHT WING, CAMX UNMASK SEARCH, 8’b0000 0000,

8’b0000 0000, 8’b0000 0000};
———————————————————————————————————

——————————————–

CAMX MASK SEARCH: / CAM

( ) A B C 0

0 PE

PE

( ) 256’h0000 0000 0000 0000 0000 0000 0000 0000 0000 ffff

0000 ffff 0000 ffff 0000 0000 256’h0000 0000 0000 0000

0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 ffff

ffff

#(STEP) SEARCH DIN = 256’h0000 0000 0000 0000 0000 0000

0000 0000 0000 ffff 0000 ffff 0000 ffff 0000 0000;

MASK DIN = 256’h0000 0000 0000 0000 0000 0000 0000

0000 0000 0000 0000 0000 0000 0000 ffff ffff;

CAMXLIB = {RIGHT WING, CAMX UNMASK SEARCH, 8’b0000 0000,

8’b0000 0000, 8’b0000 0000};
———————————————————————————————————

——————————————–

/**—– (PE )———————————————

——————————————————————–**/

CAMX DATA REG: CAM PE

A B C 0

( ) 8’b0000 1100 PE
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#(STEP) CAMXLIB = {LEFT WING, CAMX DATA REG, 8’b0000 0000,

8’b0000 0000, 8’b0000 1100};
———————————————————————————————————

——————————————–

CAMX REG DATA: PE CAM /

A A B C 0

( ) PE 8’b0000 0001

#(STEP) CAMXLIB = {RIGHT WING, CAMX REG DATA, 8’b0000 0000,

8’b0000 0000, 8’b0000 0001};
———————————————————————————————————

——————————————–

CAMX DATA AND: CAM PE AND

/ A / B

C / A

( ) 8’b0100 0000

8’b0000 0000 8’b0000 0111 AND

8’b0100 0000

#(STEP) CAMXLIB = {LEFT WING, CAMX DATA AND, 8’b0000 0111,

8’b0000 0000, 8’b0100 0000}; //C +1

———————————————————————————————————

——————————————–

CAMX DATA OR: CAM PE OR /

A / B

C / A

( ) 8’b0000 0000

8’b0000 0000 8’b0111 1111 OR

8’b0000 0000

#(STEP) CAMXLIB = {RIGHT WING, CAMX DATA OR, 8’b0111 1111,

8’b0000 0000, 8’b0000 0000}; //C +1

———————————————————————————————————

——————————————–

CAMX DATA XOR: CAM PE XOR

/ / /
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( ) 8’b0000 0011

8’b0000 0010 8’b0111 0000 XOR

8’b0000 0011

#(STEP) CAMXLIB = {LEFT WING, CAMX DATA XOR, 8’b0111 0000,

8’b0000 0010, 8’b0000 0011}; //C +1

———————————————————————————————————

——————————————–

CAX DATA NOT: / CAM A

C NOT A C B 0

( ) 8’b0110 0000 8’b0000 1111

#(STEP) CAMXLIB = {LEFT WING, CAMX DATA NOT, 8’b0000 1111,

8’b0000 0000, 8’b0110 0000}; // ( ) A:

B:

———————————————————————————————————

——————————————–

CAMX DATA ADD: CAM PE ADD

/ A / B

C / A

( ) 8’b0000 0000

8’b0000 0000 8’b0111 1111 ADD

8’b0000 0000

#(STEP) CAMXLIB = {LEFT WING, CAMX DATA ADD, 8’b0111 1111,

8’b0000 0000, 8’b0000 0000}; //C +1

———————————————————————————————————

——————————————–

CAMX DATA COPY: CAM / B

/ A C B A

C

( ) 8’b0000 0000 8’b0000 1111 8’b0100 0000

#(STEP) CAMXLIB = {RIGHT WING, CAMX DATA COPY, 8’b0000 1111,

8’b0100 0000, 8’b0000 0000};
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———————————————————————————————————

——————————————–

CAMX REG VALID: PE PE

A B C 0

( ) PE

#(STEP) CAMXLIB = {PE EXE, CAMX REG VALID, 8’b0000 0000,

8’b0000 0000, 8’b0000 0000};
———————————————————————————————————

——————————————–

CAMX PE VALID: PE 1 A B

C 0

( ) PE 1

#(STEP) CAMXLIB = {PE EXE, CAMX PE VALID, 8’b0000 0000,

8’b0000 0000, 8’b0000 0000};
———————————————————————————————————

——————————————–

CAMX PE INVALID: PE 0 A B

C 0

( ) PE 0

#(STEP) CAMXLIB = {PE EXE, CAMX PE INVALID, 8’b0000 0000,

8’b0000 0000, 8’b0000 0000};
———————————————————————————————————

——————————————–

CAMX DATA UP: CAM / A /

B A C

2 4 B 00 11

( ) 8’b0000 0000 16 3

#(STEP) CAMXLIB = {LEFT WING, CAMX DATA UP, 8’b0000 1111,

8’b0000 0010, 8’b0000 0000};
———————————————————————————————————

——————————————–

CAMX DATA DOWN: CAM / A

/ B A C

2 4 B 00 11

( ) 8’b0000 0000 16 3
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#(STEP) CAMXLIB = {LEFT WING, CAMX DATA DOWN, 8’b0000 1111,

8’b0000 0010, 8’b0000 0000};
———————————————————————————————————

——————————————–

CAMX NO OPE: CAM

CAMX

#(STEP) CAMXLIB = {PE EXE, CAMX NO OPE, 8’b0000 0000, 8’b0000 0000,

8’b0000 0000};
———————————————————————————————————

——————————————–

CAMX ACCUM VALID: PE PE

OR 1

A B C 0

( ) PE

OR

#(STEP) CAMXLIB = {PE EXE, CAMX ACCUM VALID, 8’b0000 0000,

8’b0000 0000, 8’b0000 0000};
———————————————————————————————————

——————————————–

CAMX INV VALID: PE A B

C 0

( ) PE

#(STEP) CAMXLIB = {PE EXE, CAMX INV VALID, 8’b0000 0000, 8’b0000 0000,

8’b0000 0000};
———————————————————————————————————

——————————————–

CAMX ALL WRITE: CAM valid

CAM / A

B C

B 4 C 00 11

( ) 8’b0000 0000 0010 4

#(STEP) CAMXLIB = {LEFT WING, CAMX ALL WRITE, 8’b0000 0011,

8’b0000 0010, 8’b0000 0000};
———————————————————————————————————

——————————————–

173



5

CAMX VALID REG: PE

A B C 0

( ) PE

#(STEP) CAMXLIB = {PE EXE, CAMX VALID REG, 8’b0000 0000,

8’b0000 0000, 8’b0000 0000};
———————————————————————————————————

——————————————–

CAMX CARRY DATA: PE CAM / A

A B C 0

CAM

( ) PE 8’b0000 0001

#(STEP) CAMXLIB = {RIGHT WING, CAMX CARRY DATA, 8’b0000 0000,

8’b0000 0000, 8’b0000 0001};
———————————————————————————————————

——————————————–

CAMX DATA PRESERVE: CAM PE

ADD

A B C 0

( ) 8’b0000 1100 PE

#(STEP) CAMXLIB = {LEFT WING, CAMX DATA PRESERVE, 8’b0000 0000,

8’b0000 0000, 8’b0000 1100};
———————————————————————————————————

——————————————–

CAMX PRESERVE DATA: PE CAM /

A A B C 0

, CAMX

DATA PRESERVE

( ) PE 8’b0000 0001
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#(STEP) CAMXLIB = {RIGHT WING, CAMX PRESERVE DATA, 8’b0000 0000,

8’b0000 0000, 8’b0000 0001};
———————————————————————————————————

——————————————–

175





[1] C. E. Leiserson, N. C. Thompson, J. S. Emer, B. C. Kuszmaul, B. W. Lamp-

son, D. Sanchez and T. B. Schardl, “There’s plenty of room at the top: What

will drive computer performance after moore s law,” American Association

for the Advancement of Science, vol. 368, no. 6495, 2020.

[2] https://news.mynavi.jp/article/20200324-1001886/.

[3] https://www.icinsights.com/news/bulletins/Transistor-Count-Trends-

Continue-To-Track-With-Moores-Law/.

[4] https://kobaweb.ei.st.gunma-u.ac.jp/warehouse/2017-10-24nakatani.pdf.

[5] https://kobaweb.ei.st.gunma-u.ac.jp/lecture/20200121 nakatani.pdf.

[6] https://www.soumu.go.jp/johotsusintokei/whitepaper/ja/r02/html/nd

252110.html.

[7] https://www.soumu.go.jp/johotsusintokei/whitepaper/ja/r01/html/

nd111110.html.

[8] https://mobile.nuro.jp/mvnolab/articles/202012 87/.

[9] https://www.soumu.go.jp/johotsusintokei/whitepaper/ja/r02/html/

nd252120.html.

[10] https://www.soumu.go.jp/johotsusintokei/whitepaper/ja/h29/html/

nc111120.html.

[11] https://mmdlabo.jp/investigation/detail 1912.html.

[12] https://www.soumu.go.jp/johotsusintokei/whitepaper/ja/h28/html/

nc131410.html.

[13] https://pc.watch.impress.co.jp/docs/column/kaigai/672590.html.

177



5

[14] R. Thabet, R. Mahmoudi and M. H. Bedoui, “Image processing on mobile

devices: An overview,” International Image Processing, Applications and

Systems Conference, pp. 1–8, 2014.

[15] L. Xiu, B. Ma, K. Zhu and L. Zhang, “Implementation and optimization of

image acquisition with smartphones in computer vision,” 2018 International

Conference on Information Networking, pp. 261–266, 2018.

[16] K. Kageyama, K. Sugiyama, T. Kumaki and T. Fujino, “1/f fluctuation-

based visible light beacon for spy-photo prevention system,” RISP Inter-

national workshop on Nonlinear Circuit, computer and Signal Processing,

2016.

[17] A. Ahmed and E. Ahmed, “A survey on mobile edge computing,” 2016 10th

International Conference on Intelligent Systems and Control, 2016.

[18] https://pc.watch.impress.co.jp/docs/column/kaigai/1208397.html.

[19] https://pc.watch.impress.co.jp/docs/news/1281684.html.

[20] K. Uchiyama, “Processor technology in system lsi,” Journal of the Institute

of Electronics, Information and Communication Engineers, vol. 95, no. 7,

pp. 582–588, 2012.

[21] K. Uchiyama, “Power-efficient heteregoneous parallelism for digital conver-

gence,” 2008 IEEE Symposium on VLSI Circuits, pp. 6–9, 2008.

[22] https://k-tai.watch.impress.co.jp/cda/article/keyword/9016.html.

[23] https://eetimes.itmedia.co.jp/ee/articles/2104/27/news034.html.

[24] https://news.mynavi.jp/article/20140325-smartphone word/.

[25] https://www.4gamer.net/games/121/G012181/20180618051/.

[26] https://monoist.atmarkit.co.jp/mn/articles/1605/30/news116.html.

[27] https://k-tai.watch.impress.co.jp/docs/column/keyword/1156507.html/.

[28] https://eetimes.itmedia.co.jp/ee/articles/2011/24/news062.html.

[29] https://xtech.nikkei.com/atcl/nxt/column/18/00582/020500004/.

178



5

[30] https://www.sbbit.jp/article/cont1/36532.

[31] https://www.tjsys.co.jp/focuson/edge-ai-approach/index j.htm.

[32] https://www.kodensha.jp/index/blog/2019/05/15/4077/.

[33] https://time-space.kddi.com/au-kddi/20210517/3110.

[34] https://iphone-mania.jp/news-381538/.

[35] https://www.kyoto-np.co.jp/articles/-/426780.

[36] https://www.jiji.com/jc/article?k=2021050400388&g=soc.

[37] https://www.sankei.com/article/20201120-RXVP5463WFNVZF6Q5IGJ5

FQUTQ/.

[38] https://jp.techcrunch.com/2021/04/15/2021-04-14-deep-fake-video-app-

avatarify-which-process-on-phone-plans-digital-watermark-for-videos/.

[39] https://mmdlabo.jp/investigation/detail 1958.html.

[40] https://mmdlabo.jp/investigation/detail 1930.html.

[41] https://jp.techcrunch.com/2021/07/27/petvoice/.

[42] M. K. Mandal, “Multimedia signals and systems,” Springer US, 2003.

[43] L. Vincent, “Morphological algorithms,” Mathematical Morphology in Image

Processing, pp. 255–288, 1992.

[44] https://www.tutorialspoint.com/cryptography/advanced

encryption standard.htm.

[45] G. E. Blelloch and B. M. Maggs, “Morphological algorithms,” Algorithms

and theory of computation handbook: special topics and techniques, 2010.

[46] https://www.tutorialspoint.com/parallel algorithm/

parallel algorithm introduction.htm.

[47] H. H. Yao and E. E. Swartzlander, “Serial-parallel multipliers,” Proceedings

of 27th Asilomar Conference on Signals, Systems and Computers, pp. 359–

363, 1993.

179



5

[48] B. Chang, B. Goi, R. C.-W. Phan and W. Lee, “Accelerating multiple preci-

sion multiplication in gpu with kepler architecture,” 2016 IEEE 18th Inter-

national Conference on High Performance Computing and Communications;

IEEE 14th International Conference on Smart City; IEEE 2nd International

Conference on Data Science and Systems, pp. 844–851, 2016.

[49] N. H.-K. C. A. Navarro and L. Mateu, “A survey on parallel computing and

its applications in data-parallel problems using gpu architectures,” Cam-

bridge University Press, vol. 15, no. 2, pp. 285–329, 2014.

[50] K. M. Abughalieh and S. G. Alawneh, “A survey of parallel implementations

for model predictive control,” IEEE Access, vol. 7, pp. 34348–34360, 2019.

[51] M. Hemnani, “Parallel processing techniques for high performance image

processing applications,” 2016 IEEE Students’ Conference on Electrical,

Electronics and Computer Science, 2016.

[52] Z. Jovanovic and V. M. Milutinovic, “Fpga accelerator for floating-point

matrix multiplication,” IET Computers & Digital Techniques journal, 2012.

[53] L. Hung and Y. Chen, “Parallel table lookup for next generation internet,”

2008 32nd Annual IEEE International Computer Software and Applications

Conference, pp. 52–59, 2008.

[54] https://www.tutorialspoint.com/parallel algorithm/

parallel search algorithm.htm.

[55] A. M. Fiskiran and R. B. Lee, “Fast parallel table lookups to acceler-

ate symmetric-key cryptography,” International Conference on Information

Technology: Coding and Computing, 2005.

[56] T. Kumaki, “Development of content addressable memory-based massive-

parallel simd matrix core,” LSI and Systems Workshop 2017, pp. 52–59,

2017.

[57] K. Watanabe, A. Sekino, K. Kageyama, T. Koide and T. Kumakih, “Veri-

fication by Simulating Content Addressable Memory-based Massive-parallel

SIMD Matrix Core,” LSI and Systems Workshop 2019, 2019.

180



5

[58] K. Kageyama, A. Sekino, K. Watanabe, A. Hamai, T. Koide and T. Kumaki,

“Proposal of content addressable memory-based massive-parallel SIMD ma-

trix core,” RISP International workshop on Nonlinear Circuit, computer and

Signal Processing (NCSP), 2020.

[59] K. Kageyama, K. Watanabe, A. Hamai, T. Koide and T. Kumaki, “Ac-

celeration of arithmetic processing with CAM-based massive-parallel SIMD

matrix core,” IEEE International MidWest Symposium on Circuits And Sys-

tems (MWSCAS), 2020.

[60] K. Watanabe, K. Kageyama, A. Sekino, A. Hamai, and T. Kumaki, “Basic

operation verification of content addressable memory-based massive-parallel

SIMD matrix core for multimedia applications,” International symposium

on biomedical engineering (ISBE), 2019.

[61] M. Nakajima, H. Noda, K. Dosaka, K. Nakata, M. Higashida, O. Yamamoto,

K. Mizumoto, H. Kondo, Y. Shimazu, K. Arimoto, K. Saitoh and T. Shimizu,

“A 40GOPS 250mW massively parallel processor based on matrix architec-

ture,” 2006 IEEE International Solid State Circuits Conference - Digest of

Technical Papers, 2006.

[62] T. Kumaki, M. Ishizaki, T. Koide, H. J. Mattausch, Y. Kuroda, T. Gyohten,

H. Noda, K. Dosaka, K. Arimoto and K. Saito, “Integration architecture of

content addressable memory and massive-parallel memory-embedded SIMD

matrix for versatile multimedia processor,” IEICE Trans. Electron., vol. E91-

C, no. 9, pp. 1409–1418, 2008.

[63] http://www.kumikomi.net/article/news/2008/06/25 01.php.

[64] H. Noda, T. Tanizaki, T. Gyohten, K. Dosaka, M. Nakajima, K. Mizumoto,

K. Yoshida, T. Iwao, T. Nishijima, Y. Okuno, and K. Arimoto, “The Circuits

and Robust Design Methodology of the Massively Parallel Processor Based

on the Matrix Architecture,” 2006 Symposium on VLSI Circuits Digest of

Technical Papers, pp. 260–261, 2006.

[65] T. Kumaki, T. Koide, and T. Fujino, “Secure data processing with massive-

parallel simd matrix for embedded soc in digital-convergence mobile de-

vices,” IEEJ Transactions on Electrical and Electronic Engineering, vol. 12,

no. 1, pp. 96–104, 2017.

181



5

[66] T. Kumaki, Y. Murakami, S. Itaya, K. Nakao, T. Ogura, and T. Fujino,

“Max-plus algebra-based morphological wavelet transform watermarking for

highly-parallel processing with mobile embedded processor,” Journal of Sig-

nal processing, vol. 16, no. 6, pp. 547–556, 2012.

[67] T. Kumaki, M. Ishizaki, T. Koide, H. J. Mattausch, Y. Kuroda, T. Gyohten,

H. Noda, K. Dosaka, K. Arimoto and K. Saito, “Integration architecture of

content addressable memory and massive-parallel memory-embedded SIMD

matrix for versatile multimedia processor,” IEICE Transactions on Electron-

ics, vol. E91-C, no. 9, pp. 1409–1418, 2008.

[68] T. Kumaki, T. Koide, H. J. Mattausch, M. Tagami, and M. Ishizaki,

“Software-Based parallel cryptographic solution with massive-parallel

memory-embedded SIMD matrix architecture for data-storage systems,” IE-

ICE Transrations on Information & Systems, vol. E94-D, no. 9, pp. 1742–

1754, 2011.

[69] T. Kumaki, M. Osawa, S. Itaya, T. Ogura, and T. Fujino, “Decomposi-

tion/Reconstruction acceleration of max-plus algebra-based morphological

wavelet transform with massive-parallel SIMD matrix mobile processor,”

Journal of Signal Processing, vol. 15, no. 6, pp. 425–434, 2011.

[70] Y. Mochizuki, N. Yoshida, N. Matsumoto, Y. Murakami, T. Kumaki, and

T. Fujino, “Parallel Processing Implementation and Evaluation of Mersenne

Twister with SIMD Embedded Processor,” The IEICE transactions on in-

formation and systems D, vol. J95-D, no. 3, pp. 376–386, 2012.

[71] T. Honda, Y. Mochizuki, T. Kumaki, and T. Fujino, “Implementation and

Evaluation of Data-Parallelized CryptMT Stream Cipher with SIMD Em-

bedded Processor,” The IEICE transactions on information and systems D,

vol. J96-D, no. 3, pp. 495–505, 2013.

[72] T. Kumaki, T. Koide, and T. Fujino, “Secure data processing with massive-

parallel SIMD matrix for embedded SoC in digital-convergence mobile

devices,” IEEJ Transactions on Electrical and Electronic & Engineering,

vol. 12, no. 1, pp. 96–104, 2017.

[73] T. Kumaki, M. Ishizaki, T. Koide, H. J. Mattausch, Y. Kuroda, H. Noda,

K. Dosaka, K. Arimoto and K. Saito, “Acceleration of DCT processing with

182



5

massive-parallel memory-embedded SIMD matrix processor,” IEICE Tran-

srations on Information Systems, vol. E90-D, no. 8, pp. 1312–1315, 2007.

[74] H. Hiramoto, T. Kumaki, Y. Imai, T. Koide, H. J. Mattausch, “An Im-

proved Face-Detection Method for a Massive-Parallel Memory-Embedded

SIMD Matrix Processor MX-1,” IEICE Technical Report, vol. 109, no. 336,

pp. 83–88, 2009.

[75] V. R. Datti and P.V. Sridevi, “Performance evaluation of content address-

able memories,” 2018 7th International Conference on Reliability, Infocom

Technologies and Optimization (Trends and Future Directions) (ICRITO),

pp. 596–598, 2018.

[76] T. Kohonen, “Content-addressable memories,” Springer-Verlag Berlin Hei-

delberg, 1987.

[77] Shruthi G, Abhilash P and Vasunadara Patel K S, “Design of content ad-

dressable memory,” 2018 International Conference on Networking, Embed-

ded and Wireless Systems, 2018.

[78] X. Fan, A. Ghonem and T. Gemmeke, “Performance evaluation of content

addressable memories,” Content-Addressable Memory - Overview and Out-

look of an Enabler for Modern Day Applications, ANALOG 2018; 16th

GMM/ITG-Symposium, pp. 40–145, 2018.

[79] H. Riaz, A. A. Bhatti, M. A. Tahir and M. Sarwar, “High speed content

addressable memory with reduced size and less power consumption,” 2016

International Conference on Design and Technology of Integrated Systems

in Nanoscale Era, 2016.

[80] A. Badawi, A. Alqarni, A. Aljuffri, M. S. BenSaleh, A. M. Obeid, and

S. M. Qasim, “Fpga realization and performance evaluation of fixed-width

modified baugh-wooley multiplier,” 2015 Third International Conference on

Technological Advances in Electrical, Electronics and Computer Engineer-

ing, pp. 155–158, 2015.

[81] M. Sjalander, and P. Larsson-Edefors, “High-speed and low-power multipli-

ers using the baugh-wooley algorithm and hpm reduction tree,” 2008 15th

IEEE International Conference on Electronics, Circuits and Systems, pp. 33–

36, 2008.

183



5

[82] A. Mukherjee, and A. Asati, “Generic modified baugh wooley multiplier,”

2013 International Conference on Circuits, Power and Computing Technolo-

gies, pp. 746–751, 2013.

[83] K. Kageyama, S. Arai, H. Hamano, A. Hamai, X. Kong, T. Koide, and

T. Kumaki, “Implementation and evaluation of multiplication using content

addressable memory-based massive-parallel SIMD matrix core,” Information

Processing Society of Japan Research Report, 2021.

[84] K. Kageyama, S. Arai, H. Hamano, A. Hamai, X. Kong, T. Koide, and

T. Kumaki, “Multiplication of Baugh-Wooley arithmetic processing by

content addressable memory-based massive-parallel SIMD matrix core,” In-

ternational symposium on biomedical engineering (ISBE), 2021.

[85] https://news.mynavi.jp/siryou hikaku/20210225-1751087/.

[86] https://xtech.nikkei.com/atcl/nxt/keyword/18/00002/030800119/.

[87] Nikkei BP, “Raspberry pi magazine,” 2019.

[88] https://www.raspberrypi.org/products/raspberry-pi-4-model-b/.

[89] T. Honma, S. Mikami, “Analyze the texture with smartphone and easily

judge the deliciousness of raw sea urchin,” Information Processing Hokkaido

Symposium, pp. 221–226, 2014.

[90] C. Nakajima, N. Ito, “Object recognition and position-pose estimation by

image processing,” IEEJ journal, vol. 121-C, no. 10, pp. 1516–1523, 2001.

[91] A. Asano, C. Asano, Y. Kimori, M. Muneyasu, H. Nobuhara, M. Fujio,

“Non-linear image, signal processing,” Maruzen, pp. 43–67, 2010.

[92] P. Maragos, “Pattern spectrum and multiscale shape representation,” IEEE

Trans. Pattern Analysis and Machine Intelligence, vol. 11, no. 7, pp. 701–716,

1989.

[93] Z. Rafii, T. Kumaki, T. Fujita, M. Nakanishi, and T. Ogura, “Implemen-

tation results and application of real-time morphological pattern spectrum

analyzer on cellular automata hardware,” 2012 RISP Int l Workshop on

Nonlinear Circuits, Communications and Signal Processing, 2012.

184



5

[94] S. Baeg, A. T. Popov, V. G. Kamat, S. Batman, K. Sivakumar, N. Ke-

htarnavaz, E. R. Dougherty, and R. B. Shah, “Segmentation of mammo-

grams into distinct morphological texture regions,” 11th IEEE Symposium

on Computer-Based Medical Systems, pp. 1–6, 1998.

[95] K. Sudo, J. Yamato, A. Tomono, “Determining gender using morphological

pattern spectrum,” IEICE transactions D, vol. J80-D2, no. 5, pp. 1037–1045,

1997.

[96] T. Kumaki, T. Fujita, M. Nakanishi, and T. Ogura, “Morphological pattern

spectrum and block cipher processing based image-manipulation detection,”

Special section on Recent Progress in Nonlinear Theory and Its Applications,

vol. 4, pp. 400–418, 2013.

[97] E. C. Pedrino, and M. M. Fernandes, “Automatic generation of custom par-

allel processors for morphological image processing,” 2014 IEEE 26th In-

ternational Symposium on Computer Architecture and High Performance

Computing, pp. 176–181, 2014.

[98] https://jp.mathworks.com/help/images/morphological-dilation-and-

erosion.html.

[99] P. Maragos, “Morphorogical?partii:their relations to median, order statistic,

and stack filters,” IEEE Trans. Signal processing, vol. 35, no. 18, pp. 1170–

1184, 1987.

[100] T. Tanizaki, T. Gyoten, H. Noda, M. Nakajima, K. Mizumoto, K. DOSAKA,

“A Super parallel SIMD processor with Time/Space conversion Bus Bridge

on the Matrix Architecture,” IEICE Technical Report, vol. 106, no. 206,

pp. 1–6, 2006.

[101] https://www.renesas.com/jp/ja/software-tool/high-performance-

embedded-workshop.

[102] S. Yoneda, “Establish the strongest pc with the new “beagleboard”,” Nikkei

Linux, vol. 11, no. 7, pp. 55–68, 2009.

[103] https://developer.arm.com/architectures/instruction-sets/simd-isas/neon.

[104] https://japan.cnet.com/article/20083771/.

185



5

[105] https://ark.intel.com/content/www/us/en/ark/products/42503/intel-

atom-processor-n450-512k-cache-1-66-ghz.html.

[106] Y. Mashiba, “Debate on the criminal regulation of voyeurism,” National Diet

Library research and legislative examination stations, pp. 133–142, 2011.

[107] https://www.fox19.com/2018/11/06/is-it-getting-easier-be-voyeur-what-

watch-keep-yourself-safe/.

[108] https://www.washingtonpost.com/technology/2019/04/06/

they-were-settling-into-their-airbnb-then-they-found-hidden

-camera/.

[109] https://www.channelnewsasia.com/news/singapore/singap

ore-voyeurism-problem-spy-cam-sex-harassment-monica-ba

ey-11487244.

[110] http://news.bbc.co.uk/2/hi/asia-pacific/3031716.stm.

[111] https://www.japantimes.co.jp/opinion/2008/05/04/editor

ials/thou-shalt-not-steal-books/.

[112] https://www.procamera-app.com/en/blog/smartphone-cam

era-voyeurism-is-alive-and-clicking-shhhh/.

[113] https://this.kiji.is/719365978188627968?c=3954674183946

2401.

[114] https://english.kyodonews.net/news/2020/10/ad989aaa0751

-joc-to-protect-female-athletes-targeted-by-exploitative-pho

tos.html.

[115] https://privacy.wv.gov/tips/Pages/VideoVoyeurismPreven

tionAct.aspx.

[116] https://www.rcfp.org/congress-approves-criminal-video-v

oyeurism-law/.

[117] https://www.digitaltrends.com/mobile/how-to-turn-off-ca

mera-shutter-sound-on-your-android-phone/.

186



5

[118] https://www.itmedia.co.jp/mobile/articles/0403/17/news0

01.html.

[119] https://id.misumi-ec.com/vona2/detail/222005567672/.

[120] T. Yamada, S. Gohshi, and I. Echizen, “Enhancement of method for pre-

venting illegal recording of movies to enable it to detect cameras with at-

tached infrared-cut filter,” 2012 IEEE International Conference on Acoustics,

Speech and Signal Processing (ICASSP), pp. 1825–1828, 2012.

[121] T. Yamada, S. Gohshi, and I. Echizen, “Preventing unauthorized copying

of displayed information by utilizing differences in spectral sensitivity be-

tween humans and imaging devices,” 2012 IEEE International Workshop on

Information Forensics and Security (WIFS), pp. 145–150, 2012.

[122] https://www.bbc.com/news/technology-36672001.

[123] https://www.patentlyapple.com/patently-apple/2011/06/

apple-working-on-a-sophisticated-infrared-system-for-ios-

cameras.html.

[124] https://www.canada.ca/en/conservation-institute/services/

agents-deterioration/light.html.

[125] K. Kageyama, T. Honda, K. Nakagawa, T. Kumaki, and T. Fujino, “Study

of visible light beacon-based crime prevention system,” IEICE Technical Re-

port, vol. 113, no. 497, pp. 301–306, 2014.

[126] K. Sugiyama, K. Kageyama, T. Kumaki, and T. Fujino, “Prevention peep-

ing system by coordinating led light with smartphones,” IEICE Technical

Report, vol. 114, no. 506, pp. 65–70, 2015.

[127] T. Kumaki, K. Kageyama, K. Sugiyama, and Takeshi Fujino, “Development

of led-based spy-photo prevention system,” 2016 Symposium on Cryptogra-

phy and Information Security, 2016.

[128] K. Kageyama, K. Sugiyama, T. Kumaki, and Takeshi Fujino, “Proposal of

led-based peeping prevention system,” Proc. IEEE International Midwest

Symposium on Circuits and Systems (MWSCAS), pp. 616–619, 2015.

187



5

[129] K. Kageyama, K. Sugiyama, T. Kumaki, and T. Fujino, “Development of led

illumination-based spy photo-prevention system,” IEEE Global Conference

on Consumer Electronics (GCCE), pp. 129–130, 2015.

[130] K. Kageyama, K. Sugiyama, T. Kumaki, and T. Fujino, “1/f fluctuation-

based visible light beacon for spy-photo prevention system,” RISP Inter-

national workshop on Nonlinear Circuit, computer and Signal Processing

(NCSP), 2016.

[131] http://www.ritsumei-seeds.jp/led.

[132] https://www.sankei.com/life/news/140903/lif1409030053-n

1.html.

[133] M. Kamata, K. Takasaka, and C. Katano, “Led lighting control technologies

for energy conservation,” Toshiba Review, vol. 65, no. 7, pp. 16–19, 2010.

[134] A. Suzuki, “Overview of lighting market in japan and standardisations,”

The Institute of Electrical Installation Engineers of Japan, vol. 35, no. 1,

pp. 10–13, 2015.

[135] https://www.grandviewresearch.com/industry-analysis/l

ed-lighting-market.

[136] https://www.ledsmagazine.com/leds-ssl-design/packaged-l

eds/article/16695951/led-luminaire-growth-looms-over-

the-lighting-landscape-magazine.

[137] https://www.ushio.co.jp/jp/technology/lightedge/201203/

100436.html.

[138] https://news.panasonic.com/global/stories/2015/32005.ht

ml.

[139] M. Oshima, H. Aoyama, K. Nakanishi, and T. Maeda, “Image sensor-

based visible light communication technology,” Panasonic Technical Journal,

vol. 61, no. 2, pp. 118–123, 2015.

[140] H. Aoyama, and M. Oshima, “Line scan sampling for visible light com-

munication: Theory and practice,” 2015 IEEE International Conference on

Communications (ICC), pp. 5060–5065, 2015.

188



5

[141] L. E. M. Matheus, A. B. Vieira, L. F. M. Vieira, M. A. M. Vieira, and

O. Gnawali, “Visible light communication Concepts, applications and chal-

lenges,” IEEE Communications Surveys & Tutorials, vol. 21, pp. 3204–3237,

2019.

[142] T. Sasaki, K. Kobayashi, H. Okada, and M. Katayama, “Data signal mod-

ulation scheme based on perceptually uniform color space for image sensor-

based visible light communication,” 2019 IEEE VTS Asia Pacific Wireless

Communications Symposium (APWCS), 2019.

[143] T. Musha, “The fluctuation of the idea: I approach the mystery of the 1 / f

fluctuation,” NHK Publishing, 1998.

[144] T. Musha, “1/f fluctuation of living body and information processing,” The

Biophysical Society of Japan, vol. 27, no. 5, pp. 206–208, 1987.

[145] T. Musha, “The mystery of “1 / f fluctuation”,” Japan Society for Industrial

and Applied Mathematics, vol. 11, no. 2, pp. 168–169, 2001.

[146] T. Irikura, “Vision and lighting,” Shokabo, 2014.

[147] https://hope.c.fun.ac.jp/mod/resource/view.php?id=12819&forceview=1.

[148] https://www.u-tokyo.ac.jp/focus/ja/features/f 00084.html.

[149] Japan Science and Technology Agency, “Forefront of biologging: An ap-

proach to wildlife behavior,” JSTnews, 2019.

[150] Y. Naito, “Elephant seal diving behavior and foraging,” Bio-logging Science

Report, no. 83, pp. 2–5, 2013.

[151] http://www.nies.go.jp/biwakoi/methods.html.

[152] M. Yoshida, “Alien species fish channel catfish change buoyancy and swim-

ming style according to the flow,” Bio-logging Science Report, no. 130, pp. 2–

5, 2017.

[153] Y. Yonehara, Y. Goto, K. Yoda, Y. Watanuki, L. C. Young, H. Weimerskirch,

C. Bost, and K. Sato, “Flight paths of seabirds soaring over the ocean surface

enable measurement of fine-scale wind speed and direction,” Proceedings of

the National Academy of Sciences of the United States of America (PNAS),

vol. 113, no. 32, pp. 9039–9044, 2016.

189



5

[154] Y. Miyazawa, “Explore ocean currents with streaked shearwaters and

freighters,” Blue Earth, vol. 149, pp. 21–28, 2017.

[155] T. Maezawa, Y. Kakuma, “Method for measurement of activity levels of

domestic cats using accelerometer: verification of equivalence between one

second and two seconds as recording intervals,” Teikyo university of Sicence

Report, vol. 13, pp. 137–143, 2019.

[156] T. Yamamoto, K. Yoda, G. S. Blanco, and F.Quintana, “Female-biased

stranding in magellanic penguins,” Current Biology Magazine, pp. R12–R13,

2019.

[157] T. Doi, A. Storto, T. Fukuoka, H. Suganuma, and K. Sato, “Impacts of

temperature measurements from sea turtles on seasonal prediction around

the arafura sea,” frontiers in Marine Science, vol. 6, pp. 1–11, 2019.

[158] Y. Okabe, “Ict in such places,” IEICE short report, vol. 26, pp. 102–115,

2013.

[159] “Bio-logging -knowing the behavior of sea creatures-,” FRA NEWS, vol. 57,

2018.

[160] https://www.honda.co.jp/outdoor/knowledge/adventure/picture-

book/nihonishigame/.

[161] https://buna.info/article/1543/.

[162] https://www.nikkei.com/article/DGXLASDG02H0U S5A101C1CR0000/.

[163] https://www.sankei.com/west/news/130522/wst1305220084-n1.html.

[164] H. Kato, “Global environment found in reptiles: protects organisms from

introgression,” TIERRA plus, vol. 120, pp. 24–25, 2017.

[165] https://www.hitachi-hri.com/keyword/k117.html.

[166] https://www.nedo.go.jp/activities/ZZJP 100016.html.

[167] H. Nakamura, T. Nakada, S. Miwa, “Normaly off computing -expectations

and challenges-,” Information Processing Society of Japan, vol. 54, no. 7,

pp. 654–660, 2013.

190



5

[168] T. Honda, K. Nakagawa, T. Kumaki, M. Kimata, T. Fujino, “Development

and evaluation of low-power image sensor node using intermittent opera-

tion,” 2013 by Information Processing Society of Japan and The Institute

of Electronics, Information and Communication Engineers, vol. 12, no. 4,

pp. 373–374, 2013.

[169] M. Endo, K. Suwa, “Power saving effect by intermittent operation technology

in environmental monitoring system,” Information Media Center Journal,

no. 7, pp. 46–51, 2006.

[170] T. Noda, “Development of vibration power generation logger,” Bio-logging

Science Report, no. 104, p. 2, 2015.

[171] T. Noda, J. Okuyama, Y. Kawabata, H. Mitamura and N. Arai, “Har-

vesting energy from the oscillation of aquatic animals: testing a vibration-

powered generator for bio-logging data logger systems,” Journal of Advance

Marine Science and Technology Society, vol. 20, pp. 37–43, 2014.

[172] Y. Kawabata, “A new data logger that records only high speed (speed of

effect) movements,” Bio-logging Science Report, no. 140, p. 5, 2018.

[173] N. Nishiumi, A. Matsuo, R. Kawabe, N. Payne, C. Huveneers, Y. Watanabe,

and Y. Kawabata, “A miniaturized threshold-triggered acceleration data-

logger for recording burst movements of aquatic animals,” The Journal of

Experimental Biology, pp. 1–6, 2018.

[174] T. Oi, R. Yamakawa, T. Kumaki, “Construction of normaliy-off logging sys-

tem for get environmental information,” IEICE, p. 57, 2019.

[175] T. Oi, T. Kumaki, “Implementation and evaluation of data logger for low

power biologging,” LSI and system workshop 2018, 2018.

[176] T. Oi, Y. Endo, T. Kumaki, “Implementation of npmally-off method accord-

ing to observation mode for low power consumption,” Bi0-logging science

Symposium, 2019.

[177] T. Oi, Y. Endo, T. Kumaki, “Examination of low power consumption by

acceleration detection control of data logger,” IEICE, p. 50, 2020.

191



5

[178] T. Oi and T. Kumaki, “Implementation and performance evaluation of the

low power consumption sensor logger for bio-logging based on normally-off

operation,” Society of instrument and control engineers annual conference

(SICE), pp. 1404–1407, 2019.

[179] http://www.asahi.com/edu/nie/tamate/kiji/TKY200710230346.html.

[180] T. Yabe, “Let’s take a look at the life of turtles,” nature conservation,

no. 534, pp. 32–35, 2013.

[181] https://www5.city.kyoto.jp/zoo/enjoy/breeder-blog/diary/20170929-

26621.html.

[182] https://www.raspberrypi.org/products/raspberry-pi-3-model-b/.

[183] https://www.raspberrypi.org/documentation/hardware/camera/.

[184] https://www.yuden.co.jp/jp/product/category/module/GYSFDMAXB.html.

[185] https://www.raspberrypi.org/products/sense-hat/.

[186] https://www.raspberrypi.org/documentation/hardware/sense-

hat/images/Sense-HAT-V1 0.pdf.

[187] https://www.st.com/resource/ja/datasheet/lsm9ds1.pdf.

[188] http://wiki.sunfounder.cc/index.php?title=ADXL345 3-

Axis Digital Acceleration of Gravity Tilt Module (GY-291).

[189] https://www.analog.com/media/en/technical-documentation/data-

sheets/ADXL345.pdf.

[190] http://solitonwave.shop/?pid=135615856.

[191] https://direct.sanwa.co.jp/ItemPage/700-BTL018BK.

[192] https://buna.info/article/1543/.

[193] http://isgs.kyushu-u.ac.jp/ISGSseminar/file/11-1suzuki.pdf.

[194] https://pepy.xsrv.jp/90343.

[195] https://pets-kojima.com/library/zukan small/detail/id=24960.

192



5

[196] https://www.shizecon.net/award/detail.html?id=465.

[197] https://panasonic.jp/battery/comparison.html#charge.

[198] https://www.marutsu.co.jp/pc/i/836419/.

[199] https://www.ankerjapan.com/item/A1268.html.

[200] https://mechatrax.com/products/slee-pi/.

193





2021 12

195





• Kyosuke Kageyama, Takeshi Kumaki, Takeshi Ogura, and Takeshi Fujino, “Digi-
tal image forensics using morphological pattern spectrum,” Journal of Signal Pro-
cessing, Volume 19, No. 4, pp. 159–162, Jul., 2015.

• , , , “ SIMD MX-1
,” , Volume

139, No. 3, pp. 237–246, Mar., 2019.

• , , , “
,” , Volume J104-D, No. 4,

pp. 415–426, Apr., 2021.

( )

• Kyosuke Kageyama, Takeshi Kumaki and Takeshi Fujino, “Human-like image ma-
nipulation detection using morphological pattern spectrum,” RISP International
workshop on Nonlinear Circuit, computer and Signal Processing (NCSP), pp. 591–
594, Feb., 2015.

• Kyosuke Kageyama, Kohei Sugiyama, Takeshi Kumaki and Takeshi Fujino, “Pro-
posal of LED-based peeping prevention system,” IEEE International MidWest
Symposium on Circuits And Systems (MWSCAS), Aug., 2015.

• Kyosuke Kageyama, Kohei Sugiyama, Takeshi Kumaki and Takeshi Fujino, “De-
velopment of LED illumination-based spy photo-prevention system,” IEEE Global
Conference on Consumer Electronics (GCCE), pp. 129–130, Oct., 2015.

• Kyosuke Kageyama, Kohei Sugiyama, Takeshi Kumaki and Takeshi Fujino, “1/f
fluctuation-based visible light beacon for spy-photo prevention system,” RISP
International workshop on Nonlinear Circuit, computer and Signal Processing
(NCSP), pp. 686-689, Mar., 2016.

• Kyosuke Kageyama, Takeshi Kumaki and Tetsushi Koide, “Structuring element-
counting approach for morphological pattern spectrum-based image manipulation
detection,” International Symposium on Devices, Circuits and Systems (ISDCS),
Mar., 2019.

197



• Kyosuke Kageyama, Akira Sekino, Kensuke Watanabe, Akimitsu Hamai, Tet-
sushi Koide and Takeshi Kumaki, “Proposal of content addressable memory-based
massive-parallel SIMD atrix core,” RISP International workshop on Nonlinear Cir-
cuit, computer and Signal Processing (NCSP), pp. 77-80, Feb., 2020.

• Kyosuke Kageyama, Kensuke Watanabe, Akimitsu Hamai, Tetsushi Koide and
Takeshi Kumaki, “Acceleration of arithmetic processing with CAM-based massive-
parallel SIMD matrix core,” IEEE International MidWest Symposium on Circuits
And Systems (MWSCAS), pp. 486-489, Aug., 2020.

• Kyosuke Kageyama, Akimitsu Hamai, Kensuke Watanabe, Tetsushi Koide and
Takeshi Kumaki, “Floating-point arithmetic of content addressable memory-based
massive-parallel SIMD matrix core,” RISP International workshop on Nonlinear
Circuit, computer and Signal Processing (NCSP), pp. 274-277, Mar., 2021.

( )

• Kohei Sugiyama, Kyosuke Kageyama, Takeshi Kumaki and Takeshi Fujino, “In-
formation including flicker noise with LED lighting for preventing spy-photos,”
RISP International workshop on Nonlinear Circuit, computer and Signal Process-
ing (NCSP), pp. 682-685, Mar., 2016.

• KensukeWatanabe, Kyosuke Kageyama, Akira Sekino, Akimitsu Hamai and Takeshi
Kumaki, “Basic operation verification of content addressable memory-based massive-
parallel SIMD matrix core for multimedia applications,” International symposium
on biomedical engineering (ISBE), pp. 316-317, Nov., 2019.

• Kyosuke Kageyama, Takeshi Kumaki, Takeshi Ogura and Takeshi Fujino, “Human-
like image manipulation detection using morphological pattern spectrum, ” 2015
RISP International Workshop on Nonlinear Circuits, Communications and Signal
Processing (NCSP’15), pp. 31–38, 2015.

• Kyosuke Kageyama, Kohei Sugiyama, Takeshi Kumaki, and Takeshi Fujino, “1/f
fluctuation-based visible light beacon for Spy-photo Prevention System,” 2016
RISP International Workshop on Nonlinear Circuits, Communications and Signal
Processing (NCSP’16), pp. 686–689, 2016.

• Kyosuke Kageyama, Tetsushi Koide and Takeshi Kumaki, “Structuring Element-
counting Approach for Morphological Pattern Spectrum-based Image Manipula-
tion Detection,” 2019 2nd International Symposium on Devices, Circuits and Sys-
tems (ISDCS), 2019.

• Kyosuke Kageyama, Kensuke Watanabe, Akimitsu Hamai, Tetsushi Koide and
Takeshi Kumaki, “Acceleration of arithmetic processing with CAM-based massive-
parallel SIMD matrix core,” 2020 IEEE 63rd International Midwest Symposium
on Circuits and Systems (MWSCAS), pp. 486–489, 2020.

198



• Kyosuke Kageyama, Akira Sekino, Kensuke Watanabe, Akimitsu Hamai, Tet-
sushi Koide and Takeshi Kumaki, “Proposal of content addressable memory-based
massive-parallel SIMD matrix core,” 2020 RISP International Workshop on Non-
linear Circuits, Communications and Signal Processing (NCSP’20), pp. 77–80,
2020.

199



• , , , , , “
, ” , Volume 113, No. DC2013-498, pp. 301–306, Mar.,

2014.

• , , , “
, ” LSI 2014, May, 2014.

• , “
, ” 2014 2014

, Nov., 2014.

• , “ Android
, ” , Nov.,

2014.

• , “ Android
, ” ,

Nov., 2014.

• , , , , “LED
, ” , Volume 114, No. 507, pp. 65–70, Mar.,

2015.

• , , , , , , “LED
, ” The 29th Symposium on Cryptography

and Information Security (SCIS), pp. 1–8, Jan., 2016.

• , , , , , “ SIMD
, ” LSI

2019, May., 2019.

• , “
CAM SIMD , ” VDEC , Sep., 2019.

• , , , “ , ”
2021 , Mar., 2021.

• , , , “
,” , 2014-045362, 2014 9 28 .

200



( 1 ) SIMD MX-1
.

, ,
, 139 (3), 237–246 (2019).

( 2 ) Floating-point arithmetic of content addressable memory-based massive-parallel
SIMD matrix core.
Kyosuke Kageyama, Akimitsu Hamai, Kensuke Watanabe, Tetsushi Koide and
Takeshi Kumaki
RISP International Workshop on Nonlinear Circuits, Communications and Signal
Processing, 274–277 (2021).

( 3 ) Digital image forensics using morphological pattern spectrum.
Kyosuke Kageyama, Takeshi Kumaki, Takeshi Ogura and Takeshi Fujino
Journal of Signal Processing, 19 (4), 159–162 (2015).

( 4 ) .
, ,

, J104-D (4), 415–426 (2021).





( 1 ) Proposal of content addressable memory-based massive-parallel SIMD matrix core.
Kyosuke Kageyama, Akira Sekino, Kensuke Watanabe, Akimitsu Hamai, Tetsushi
Koide and Takeshi Kumaki
2020 RISP International Workshop on Nonlinear Circuits, Communications and
Signal Processing (NCSP’20), 77–80 (2020).

( 2 ) Acceleration of arithmetic processing with CAM-based massive-parallel SIMD ma-
trix core.
Kyosuke Kageyama, Kensuke Watanabe, Akimitsu Hamai, Tetsushi Koide and
Takeshi Kumaki
2020 IEEE 63rd International Midwest Symposium on Circuits and Systems (MWS-
CAS), 486–489 (2020).

( 3 ) Human-like image manipulation detection using morphological pattern spectrum.
Kyosuke Kageyama, Takeshi Kumaki, Takeshi Ogura and Takeshi Fujino
2015 RISP International Workshop on Nonlinear Circuits, Communications and
Signal Processing (NCSP’15), 591–594 (2015).

( 4 ) Structuring Element-counting Approach for Morphological Pattern Spectrum-based
Image Manipulation Detection.
Kyosuke Kageyama, Tetsushi Koide and Takeshi Kumaki,
2019 2nd International Symposium on Devices, Circuits and Systems (ISDCS)
(2019).

( 5 ) 1/f fluctuation-based visible light beacon for Spy-photo Prevention System.
Kyosuke Kageyama, Kohei Sugiyama, Takeshi Kumaki, and Takeshi Fujino,
2016 RISP International Workshop on Nonlinear Circuits, Communications and
Signal Processing (NCSP’16), 686–689 (2016).


