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SomaticBall: Ball-Type Device Presenting “Sticking Feeling
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Abstract: Many research projects on Augmented Sports have been proposed, which try to extend sport
experiences using computer technologies. We focus on interaction with ”balls”, which are used in various
sports. In this paper, we propose a ball-type device, ”SomaticBall”, which can present feelings as if a ball is

sticking to the body.

1. 04

00o0ood0ooooooooooooooooooo
000000000000 DO0D0OAugmented Human(
00000o000ooo0ooooooooooooboooog
0000o0o000ooo0ooooooooooooooog
0 Augmented SportsU0 000000000000 [1]00
O00o00o0do0ooo0ooDOooooooooooog
0 0 Augmented Sports 00000000000 ODOOO
ooooogo.

Augmented Sports 0000000000000 O0OO
O0000o000ooo0oooooooooooooog

! poooooooog
Future University Hakodate, 2-116, Kamedanakano, Hako-
date, Hokkaido, 041-8655, Japan

2)  ¢2116029@fun.ac.jp

b)  okimaho@acm.org

©)  tsuka@acm.org

© 2016 Information Processing Society of Japan

gdddooooooooobobbobobbooooood
goddddoooooooooobobobobobooooood
godddooooooooobobobobobobooooood
0oooooobooboooobooooobooboooon
0000000000000 Augmented Dodgeball[3] O O
godddooooooooooboboboobooooood
gogbodbobobobooboobuoobbooboon
00O PingPongPlus[4] O O O Augmeted Sports O O O
goboooood
gobooboobooooboobbobbooboo
gobooboobboooboobuoobbooboon
gobooboobboooboobuooboboooboon
gobooboobbooboobuooboboooboon
oOooo0ooO0ooOoooooooOC nHooooooo
00000000000 SomaticBallDODOOOOOOOO
gobodobobobobuooboobooooboobooon
gobodobobobobuooboobooooboobooon

217



01 0oooooobooooboooooooo.

oobooooooocoobocoooog
2. JOodo

000000000 0o0oooDOoo0oOooOoOnAug-
mented Sports(1 000 000MMO0OO0O0O0OO0OO0O0O
000000000 0o0O0oDOOoDOoDo

2.1 Augmented Sports

Augmented Sports 1 0000000000 OOO0OO
0000000000000O00O Augmented Dodgeball[3]
obooooooboobobooooboobobooog
oboboooooboobobooooobooboboooog
O00000000000000000. PingPongPlus[4]
oobooooooboboooooobooboboooog
obooooooboboboooooboboboooog
00000000 Designable Sports Field[5] 00000 O
oboobooooobooboboooooooboboooog
ooooboooobomoobooboboooooog
obobooooobooboboooooooboboooog
oboboooooboobobooooobooboboooog
obooooooboboooooooboboboooog
gobooObboboooooobobbooooooooboog
ood

gboobmobooooooboooboobboooo
oboboooooboboboooooboobobooooog
oboboooooooobobobobo

22 000000
uboooomooooooboobooobocooooono
coooOoooooocoooboooOooobobocOoobooooo
cooobooooooooooooooOobocooobooooo
000000000 Bouncing Star[7] 0000000000
OoOO000LEDODOOOOOOOOOCOOOOO0ODOO
OoO00o0o0oo0Oo00O0 LEbOoO0Oooooocoooooo
oooooooooooooooooO0ooO0o LEDODOO
OO000C0O0000O0000O00000000 Bouncing
Star 00 O000O0O0O0O0DOOOCOOOOOCOOOOCOO
HoverBall8| DO O0U0O0OOOOOOOODOOOOODOOO
coooboooooocooboooooobocoobooooo

© 2016 Information Processing Society of Japan

gooooooooooobooooooooobooooo
goooobooobooobobooocogobooooooao
gobooooobooooooocoOoboooooboOooo
gobooooooooooboocoooooooooooo
gbooooobodoboooooooboooooboobooon
TAMA9|OOOOOOOOOOOOOOOOOOOOO
uoboooooboooooboocoooooooboooo
ooboooooooocooboooooooooboooo
oobooooooOoooobOoboOoobooOooooOooOooonn

oooboooooboocooooOooooboOoooooa
obOoobOoobOOobooocbOooocooobooooooaon
tboooomoocmoooooobooooooboon
ooboooooboooobooocoOoobooooobooboooo
oobooooobooooooocooooooobooon
ooboooooood

23 ODOO0O0OOOoO0obOOoOobobOOoOon

gboboobooboobboobooboooboboo
gobboooobboooboooboobbooogoon
000000000000 00000000O0OZeroN [10]
goobobobbboooooooobbbbbooooo
gogboobboobboobooboobboboboon
000000000000 0FuxPaper[11] 000000
gogboobbobboobooboobobooboon
gogboobobooboobbooboobbooboo

gboboboooobbobobobobooooobo
gogboobboobbooboobooboooboon
gbooomooboboobboobooboooboooooo
gogbooboobboobooboobobooboon
gogoboooobod

3. SomaticBall

OO0D0OMSomaticBall O 00 D0O0OMMOOOO0OO
0000000 SomaticBallDODOOOOOOOOOO
ggod

3.1 OOO0O0O
SomaticBall 0O OOOOOOOCOOCCOOOO
() booooooooooOoooooooooo
(20000000000 OUOODO0OOO
(1) DO0SomaticBall 00 00 OOOOOOOOOOO
gobooooobooooooboocoooooOooboooo
goboooooooooooboocoooooooboooo
uobooooooooooboocoooooooboooo
ooboooooboocooooooooooooboooo
uoomoooooboooooocoooboooooboon
000000 ()oUooooUoooUooooooooo
obOoooOO0oobOOoooocbooocbooobooooboooon

218



ooobobooooooooooooboboooooooooo
SomaticBal 0 0 0000000000000 0O0O00OO
ooboooooooocooooooooboooooooo
cobobobooooobocooooooooboooooooo
ooooooooooooo

3.2 000000000000
goooooodobobooooooooooobooooon
cobooooooobooomobooboooooooobooo
ooooobooboomooooooooooooooao
cooobooooooooobooooooboOooooooo
coboobooooooooobooooooboooooooo
cooboooooocooboooooooooooooo
coboboooobooooooooooooooobooooo
coobooooooooooooon

3.3 000000

SomaticBall 0 00 000000000000 O0O0OOO
coboobooooooocoooooodooooo 2mm
cobooboooooocooboooooooOoobooooo
coooooooboocoobooooooboboOoobooooo
cobooboooooooobooooooboboOooooooo
cobooooooooooboooooobobocOoobooooo
cooobooooooooboooooobocooobooooo
cooooooooocooooooooOobooobooooo
tomoooooooocoooooooooobooOooo
coboooooooocooboooooobobooobooooo
cooboooobooooboooooboooooooa

VIFZTITINA X

Bz R > foR—)L

Bhick-oT U
R—ILZERWMT TS

Ny

02 00000004

4. OO

0000OSomaticBallDOOOODOOODODO

4.1 000OO0OO
ggbogobobobobuoobooboobbooboo
00000000 45mm0000 043kfg0 000000
000 (0 3-1M0000o0oood 0M3 x 10mmO0
00000000 (0 3:2M000000000000 (O
3:30000000000000000O (O 3400 4
gobooboobbobboobuooboonoboon

© 2016 Information Processing Society of Japan

goooooooooobD3smmO00000000000
oo0oooo0oooo0 2onmO0000D00O00O00O0O0C
ooboooooooooobooooon 22o0gb000oo
oooobon 20ghoonooboooogn 308gbdn
ooboooooooooooonosgbooooooon
gooooooooooobooooooooboooo
000000003 0000000oooog *t

(3) 000000000 (400000000000

03 Oooooooooooooon.

gooooobobbbooooooooobboboobboo
gobbooooobbboooobbobbooooon
gbobooooobobooooboboobo 20000
gogboooobooboooo

4.2 JOO0O0OOODODOOOO
ggbooboooboobuooboobobooboobod

goobo0obooboboobooooobobuo4@doboon

gogboogoboobbooboobbooboon

I AR

NUB—RA Y F

04 0O0OO0OO0ODOOCOODOOOOO

1 0000000000 143g

219



4.2.1 000

gbobdbO6em x 6cn 000000000 O0OO0OO
cboobooboobooooooooboooooon smoo
0000 Arduino ProMini 00O0O0OPCOO0O00OO
coboobooooooooobooooooboooooooo
OO00oO0oooOoo0oo0oo0ooOoONJM2670D2000000
ocoob400000000000COCOOOOODOOOO
oobooooooobocooooooooboooooooo
OO0O0000KXR9Y4-20500 0000000000000
cooooooo4000000000DDODO100O0
cobobobooooooooboooooooOooooooo
ooooooooosbooobooooooooo

AAYyFRART Y BRARIxRIY
VIUFPINTETTEY

IERELE >

DC 15V Arduino Pro Mini

E—Y—RFAN

05 OOOOOO

4.2.2 000000

ubooooobooo40000C000000000000
0000000000000 TMN-26135(® 26 x 15mmU0
60NO 175N) 0 0000000000000 00ooOQ
cooobooooooooooooooOoocooobooooo
oo30b0000oooobobocoboem@mubonoOononoboO4
cooooooooocoobooooooOobooobooooo
cooooooooocooooooooOoboOoobooooo
tobe-1oboboOoOoooboOoboOoboooobooboOooo
cooooooooocoobooooooOoboooobooooo
oooooooO0oooooooooDooOob 400000
oooooooooooobobe200O00ODbDOOn0
oobooooboobooooobOoOoocooobooboooao
coooooooooooO4000000000OOOO
oobe300obooobOOobobooboOonobooboOonon
coooocooooooobooooooooobooooo
cooooooooocoobooooooOoboooobooooo
coooooooog

© 2016 Information Processing Society of Japan

(3 0000000

0e6e O0OO0OO0OOOOODODOD.

5. 0000

goboooooocooboooooooooboooon
ooboooooboooooboocoooooooboooo
oobooooooooooocooooOooonn

5.1 0000

goboooboooooood

()00oo0oooUoOoooUoOoood

(2)0000000DO0O00D0D0OUO0OO0OUDOOOO
ooooooo

(3) 0000000000000 00O0D0O0DD0OO0O
o0o0O0ooDo0obOO0o00oO0obD00obo0D00onD 15em
ooooog

(4000000000000 o0O0o0ooOooOoo
ooooogo

(5)000000D0OO00O0O0O0O0DO 200 x OO0
ooo30o0o0oz2o000000

ggboogooobooboobooboobboooboo
gogboobboboboobooboobbooboon
gbobooboo2000b0oboboogobooobobog
gooooooboobobbboooooobbbbbooooo
gboboooo3bouobooboobobooboboog
gobbooooobboobboooobbooooon
000 15emO00 6.5ecm0 0 2000000000000
gbooboboboooooooog ™

gooboooobool-ooobooboooogoo
gogboobboobboobooboobboooboon
ooooosmmUioodoooooooboobooogoog

220



cobooboooooooobooooooooooboooo
coboboooooooooboooooooooobooooo
oobobooooooooobooxooooooooooo
coboobooooooooooooooogooogn 2
ooooo lcooooooooooood

07 0OD00O00OO0OO0OOOOOO

5.2 00O
ggbooobolgbooooboboboboobooboo
goboobooboobboobooboobbooo
gobooboobbooboobuooboobbooo
000000000 o»0o0oooouooooooo
gooooboobooboobooobuooboCooog
0000000 100%085%0 0000000000000
0000000000000 0000 S%0000000
0000000000 %u000000o0ooooo
0000000000000000000 55%00000
000000000000000000000 %0000

5.3 00O
gogbogbooboboboboboobuooboooboo
gopboooboogn

5.3.1 O0OOOODOO

gooogooboboboboooooboboboobog
5500000 0000000000000000000O
goboobooboooboobuooboobboob
goboobooboobboobuooboobboob
gobooboobbooboobooboboobboon
gobooboobbobboobooboobboob
goboobooboooboobuooboobboob
gopboooooon

gogbogboobobobuooboobuooboooboo
gobooboobboobooboobbooboob
goboboooobboooobbobbobooooob
gobobooobboo3smmbooonobooooon
goboobooboobboobooboobboob
gooogo

© 2016 Information Processing Society of Japan

gooboooooooooooooobooooooog
000000 % b00000000o0ooooooo
gooooooooooobooooooooooboooo
gooooooboooooboooooooooobooooo
goooooodobodobdbooooon 1s-00o00oo
goboobooooooooboooooooooboooo
gooooooboooobooocoooooooooooo
0000000000 oO0oU0o0ooooooo8s%Io0
goooooobooooooocoooooooobooooo
uobooooooooobOoOooboooooooooonn

gooobooocobooOoooboooogisonbDonod
oobooooooooooboocoooooooboOooo
ooobooooooooboooooooooboOooo
oobooooooooooboocoooooOooboooo
ooboooooooocoobooooooooooboOooo
ooooooooospooooooOoODOOOOOOnn
goboooooooocoobooooooOooboooo
ooooooo

5.3.2 0OO0OOOOOOO
coboooodooboooooooooboobooooooa
gobooooobooooooocoooooooboooo
gooboboooooocooboooooooOooboooo
oboobooooooooboooooooOooboooo
gobooooobooooooocoooooooooooo
goooooobooooooboocoooooooboooo
gobooocoooooobooobodoo
cobobooodoobooooooOooboOoooooa
gboooooobodoboooooooooooboobOobooon
gobobobooooooooboooooooooboooo
gobooooobooooooocoooooooboooo
uoboooooooooo
coobooooobooooooOooboOoooooao
gobooooobooooooocooooooooboooo
gobooooobooooooocoboboooooooooo
gobooooobooooooocoooooOooobooooo
gobooooobooooobooooooOooboooo
gobooooobooooooocoooooooobooooo
gobooooooooooboooooooooboooo
gobooooobooooooocoooooOoobooooo
goooooobooooooboocoooooooboooo
goboooooboooooboooooooOoooboooo
gobooooobooooooocooooooobooooo
gobooooobooooooocooooooobooooo
gobooboooooocooboooooooOooboooo
goboooooooooooboocoooooooooOooo
goboooooboooooboooooooooboooo
uboobooocoooooooobooboooboooo

221



01 0000000 200000000000

0000000000 | 00000000000 | 00000000000 | 00000000 (0000) | 00000000 (0000)
ooo 0/20 0/20 20/20 0/20
0ooooo 1/20 0/20 19/20 17/20
oooo 11/20 0/20 - -

gobooboobbooboobooboobboon
gobooboobooboboobooboobboob
gooo

gogboobboobbobboobooboobboo
goboobboooobbbooobbboooon
gobooboobboobooboobbooboob
gobgooboobooboboobuooboobboob
gooboobod

6. 0OU

gooboboooboobobobobooooonoobo
oobobooooboobobobooooobobooog
goboboboooobbboooooobbooooon
gobooboobbobboobooboobboob
gobooboobboobooboobboobboon
gobooboobbobboobooboobboon
goboobooboobboobooboobboon
gboobooobobobooboboooobobobod
goboobooboobboobooboobboon
gobooboobbooboobooboobboon
gobooboobooboboobooboobboob
gbooooboobobobobooboboobobobod
gobooboobboobooboobbobboon
o000 vROOODOOOoOooOoboboooooog
goboobogn

7. Joooooobooo

uobooooooooooooooobocoooooon
coobooooooocoobooOoOoooOooooobooooo
OO0000000000000000 SomaticBallDO OO
cooooooboooooboooooboboooboooon
coooboooooooooboooooobobooobooooo
coooooooooooboooobobooobooooo
coooooooooooooooooboobooobooooo
cooooooooooobooooobobooobooooo
ooboooooooooboocooood

ubooooooooobooocbooboboooboooo
cooooooooocooboooooooooboooo
coooboooooooobooooooooobooooo
ooooooooooooobooboooooooooooon
coboooOooooocooOoobooOoooobooboOoooo

© 2016 Information Processing Society of Japan

0000000000000 00 Augmented Sports 00O
gogooooo

gogod

[1] 0000, 000000Q0O0Ox0d0D000O0 Aug-
mentedSportsd 0 0 0-000, http://dentsu-ho.com/
articles/1916, 000000 20160 80 4 0.

2 0OOODUOODODOO0OO0O,00O0OO0OO0OO0, nttp://
superhuman-sports.org/, 000000 20160 80 4
a.

[3] Takuya Nojima, Ngoc Phuong, Takahiro Kai, Toshiki
Sato, Hideki Koike. Augmented Dodgeball: An Ap-
proach to Designing Augmented Sports. Proceedings of
Augmented Human 2015, pp.137-140, 2015.

[4]  Hiroshi Ishii, Craig Wisneski, Julian Orbanes, Ben Chun,
and Joe Paradiso. PingPongPlus: Design of an Athletic-
Tangible Interface for Computer-supported Cooperative
Play. Proceedings of CHI ’99, pp.394-401, 1999.

[5] Ayaka Sato, Jun Rekimoto. Designable Sports Field:
Sport Design by a Human in Accordance with the Physi-
cal Status of the Player. Proceedings of AH 2015, pp.129-
136, 2015.

[6] Samantha Bielli, Christopher G.Harris. A Mobile Aug-
mented Reality System to Enhance Live Sporting Events.
Proceedings of AH 2015, pp.141-144, 2015.

[7] Osamu Izuta, Toshiki Sato, Sachiko Kodama, Hideki,
Koike. Bounding Star project: design and development
of augmented sports application using a ball including
electronic and wireless modules. Proceedings of Aug-
mented Human 2010, Article No.22, 2010.

[8]  KeiNitta, Keita Higuchi, Jun Rekimoto. HoverBall: aug-
mented sports with a flying ball. Proceedings of Aug-
mented Human 2014, Article No.13, 2014.

[9) Tomoya Ohta, Syumpei Yamakawa, Takashi Ichikawa,
Takuya Nojima. TAMA: development of trajectory
changeable ball for future entertainment. Proceedings of
Augmented Human 2014, Article No.50, 2014.

[10] Jinha Lee, Rehmi Post, Hiroshi Ishii. zeroN: Mid-Air
Tangible Interaction Enabled by Computer Controlled
Magnetic Levitation. Proceedings of UIST 2011, pp.327-
336, 2011.

[11] Masa Ogata, Masaaki Fukumoto. FluxPaper: Reinvent-
ing Paper with Dynamic Action Powered by Magnetic
Flux. Proceedings of CHI 2015, pp.29-38, 2015.

222




