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and Katsumi Watanabe. Covert digital manipulation of vocal emotion alter speakers

emotional states in a congruent direction. Proceedings of the National Academy of Sci-

ences, Vol. 113, No. 4, pp. 948–953, 2016.

[17] . . . ,

Vol. 36, pp. 17–29, 2002.

[18] Don Norman. The design of everyday things: Revised and expanded edition. Basic Books

(AZ), 2013.

[19] Dan O’Sullivan and Tom Igoe. Physical computing: sensing and controlling the physical

world with computers. Course Technology Press, 2004.

[20] , , . . ,

, , pp. 156–157, 2010.

[21] Weiyuan Liu. Natural user interface- next mainstream product user interface. In

Computer-Aided Industrial Design & Conceptual Design (CAIDCD), 2010 IEEE 11th

International Conference on, Vol. 1, pp. 203–205. IEEE, 2010.

[22] Hiroshi Ishii and Brygg Ullmer. Tangible bits: towards seamless interfaces between

people, bits and atoms. In Proceedings of the ACM SIGCHI Conference on Human

factors in computing systems, pp. 234–241. ACM, 1997.

[23] . . DCEXPO2013, 2013.

[24] Paul Haimes, Tetsuaki Baba, and Kumiko Kushiyama. Taifūrin: Wind-chime installa-
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Drochtert. Goin goblins-iterative design of an entertaining archery experience. In Ad-

vances in Computer Entertainment, pp. 284–295. Springer, 2013.

[26] , , , . HMD

(< > / ).

, Vol. 18, No. 2, pp. 151–159, 2013.

[27] , , , , .

. , Vol. 54, No. 4, pp. 1422–1432, 2013.



15

2

2.1

DAW(Digital Audio Workstation)

DAW

DAW

Tangible User

Interface(TUI)[1]

TUI

[2, 3]

TUI

TUI

[4, 5, 6]

TUI[7, 8]

TUI



16 2

TUI

DropNotes

2.2

2.2.1

YAMAHA

TENORI-ON[9] KORG electribe[10] 16 16

LED

PocoPoco[11] 16



2.2 17

2.2.2

TUI Audio Shaker[7] The Sound of

Touch[8]

Audiopad[2] ReacTable*[3]

The Table is The Score[4]

BeatBearing[12] Bubblegum Sequencer[6]

Music Table[5]

AR

CG

2.2.3

Tangible

Sound[13]

Rainterior[14]



18 2

2.1 DropNotes

2.3 DropNotes

2.3.1

DropNotes 2.1

1.

2.

1.

2.

a

b



2.3 DropNotes 19

a.

b.

2.1

•
•
• r

• θ



20 2

2.1

2.3.2

Web PC

2.2

Audio Unit Mac

2.3 2.4

LED Arduino



2.3 DropNotes 21

2.2

LED



22 2

2.3

web

OpenCV

Processing Audio Unit Mac

Web

OSC Open Sound Control[15])

1.

2.

2.5



2.3 DropNotes 23

Arduino

Funnel

PC

Reed Switch

Photoreflector

Dropper

Microphone

LED

Magnet

2.4

3.

4.

30 40

10 400 1

LED



24 2

2.5

2.6

( 2.7) 2

TUI

iPad

2.8 Wi-Fi Wireless Fidelity

1.

2.

3.

4.



2.4 25

Playback Timing

Pitch

2.6

5. ON/OFF

6. ON/OFF

7.

8.

9.

10.

2.4

2.4.1

1 2



26 2

2.7

2.8 iPad

3

4 BPM120 2

5

10 20 11

2.2

(1) (2)



2.4 27

2.2

A 10

B 10

C 20

D 10

E 10

F 20

G 10

H 20

I 20

J 20

K 20

(1)

(2) (a)

(b)

(a)

(a)

(b)

DropNotes

4

Apple GarageBand 6.0.5 GarageBand

iMac 27-inch, Late 2012, Mac OS X Mountain Lion



28 2

2.4.2

DropNotes GarageBand

•
•
•

KAWAI MP5

KORG monotron

DropNotes

1.

2.

3.

4.

5.

6.

7.

iPad

1.

2.

3.

GarageBand Garage-

Band AUSampler



2.4 29

1. GarageBand

2.

3.

4.

5.

6.

7.

8. .

9. AUSampler AUSampler

10. AUSampler

11. Sine 440 Built-in

12. AUSampler

13. 7.

14.

15. AUSampler 7.

16. Sine 440 Built-in

Sine 440 Built-in

17. Sine 440 Built-in

1.

2.

3.



30 2

2.9 GarageBand

4.

GarageBand

A

B A DropNotes B

GarageBand

•
• 3



2.4 31

2.10 AUSampler

•
• 3

5 4

• 5

2.4.3

2.11



32 2

2.11

t 1%

DropNotes Garageband

GarageBand

DropNotes

2.12 DropNotes

30 40

1

1 5 5 DropNotes



2.4 33

GarageBand 2

5% 2

1 3 3

5% DropNotes GarageBand

1 3 GarageBand DropNotes

DropNotes 1 3 GarageBand 3

GarageBand 1 3

4 5

DropNotes

1 3 DropNotes GarageBand

5 0.0 1.0

0 = 0.0, 400 = 1.0 0.1

2.13 GarageBand DropNotes

GarageBand

11 6

10 20 10 MIDI



34 2

2.12

(ppp fff) 8 10

1. OHP 10

2. 0.95 (0.0 1.0) 4.42cm2

10

3. 10 DropNotes

4. 10

0.0 1.0 0

= 0.0, 400 = 1.0 2.3

1 9 95% 10



2.4 35

2.13

2.3

95%

1 -0.00925 0.0137 0.0170

2 -0.0225 0.0226 0.0280

3 -0.01825 0.0380 0.0472

4 -0.02125 0.0400 0.0496

5 -0.044 0.0586 0.0726

6 -0.04125 0.0342 0.0423

7 -0.07275 0.0524 0.0649

8 -0.03175 0.0647 0.0802

9 -0.08075 0.0686 0.0851

10 -0.0245 0.0819 0.1015

(0.1)

0.0 0.6

Drop-

Notes



36 2

•
–

–

–

•
–

–

–

DropNotes GarageBand

• DropNotes

1.

– 4 A, B, C, I

– 2 F, K

2.

– 7 A, B, D, E, G, H, K

– 2 F, H

3.

– 3 B, H, I

– 4 C, E, G, J

– 2 C, D

– 3 C, H, I

– 4 B, F, H, J

– 2 F, I

4.

– 4 C, D, E, G

– 3

5 A, B, C, D, H



2.4 37

– 3 B, H, I

• GarageBand

1.

– 5 3 G, H, I

2.

– 3 A, D, E

3.

– 3 F, G, H

– 4 A, C, E, G

– 6 C, E, H, I, J, K

4.

– 3 C, F, G

DropNotes

GarageBand DropNotes

GarageBand

2.4.4



38 2

5

2.5

DropNotes DropNotes

[1] Hiroshi Ishii and Brygg Ullmer. Tangible bits: towards seamless interfaces between

people, bits and atoms. In Proceedings of the ACM SIGCHI Conference on Human

factors in computing systems, pp. 234–241. ACM, 1997.

[2] James Patten, Ben Recht, and Hiroshi Ishii. Audiopad: a tag-based interface for mu-

sical performance. In Proceedings of the 2002 conference on New interfaces for musical

expression, pp. 1–6. National University of Singapore, 2002.
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