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Sphere-shaped Mobile Robot
with Function to Imitate Rotational Movements

SHUHEI TSUCHIDAY® Tatsuya TAKeEMORIZP) Tsutomt TERADAY!-O Masaurko TstkamoTol:d)

Received: January 20, 2016, Accepted: September 6, 2016

Abstract: When designing a performance with both people and mobile robots, we must consider the func-
tions and the shape required of the robot. However, it can be difficult to actualize the required functions.
In this paper we will assume a sphere-shaped mobile robot with the same shape as the balls widely used in
physical performances. A sphere-shaped mobile robot needs to have high agility and roll as characteristic of
spheres. However, it is difficult to realize such a sphere-shaped mobile robot with all of these characteristics.
Therefore. we propose a mobile robot that can give the audience the illusion of the unique movement of
spheres by equipping a spherical LED display on a high agility mobile wheeled robot. From the results of the
experiment using our proposed system prototype. we found that we are able to broaden the existing range
of performances by giving the illusion of the rolling of spheres through our proposed method.

Keywords: Optical illusion. Mobile robot. Sphere. Performance
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Fig. 1 A performance on real environment.
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Fig. 2 Combination of a variety of body expression.
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Fig. 3 Combination of spherical LED display and a mobile
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Fig. 5 UI of application for controlling the light of LEDs.
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Fig. 6 Lighting pattern.
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Fig. 7 Floor plan.
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Fig. 8 The result of the questionnaire about Q1.
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Fig. 9 The result of the questionnaire about Q2.
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Fig. 10 Comparison of system configuration.
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Table 1 Combination of a variety of body expression.
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Fig. 12 Acceleration comparison test of the sphere-shapad

mobile robot.
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THEHRE L KBICHIKTE 72

Sphero2.0 L EE L 7-BEu K v M & DETHRET L
L7 (H12). MEEICOWTHRSL 2512, 1.0m DE
BEDFEREE % Jbx72. 45, Sphero2.0 1 1.39 ¥, #{E
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L-BEIOKRy MI1.00Bho7. LoT, 8L
BOKRy POFRTFIIIERESKENT LG50 5.

5.2 EERAZE
BEO Ry FOBEHEE L ROREEEIZOWTHET

57:9012, EBEITo7:. 40, AETL2HEBEIILUTO 3

D2TH5H

(L) HHS R VIREE CERfR O K v b OEhfE% FL 7B ER
RHEEAS > TV B LEERT B

(2) 7REE & S O BFR

(3) BHEE L LOREEEDOTIAHBICE 2 2EE

HH (1) 1220w Tid, EBONR7+—<v 2ATHERAS R

LYHEZBEEL, WO TRAZHIRLED 74 2 7L 1124

LT, LED ®¥HE > TW5b L F#T 2D TIE % L, ik

AR IZHAZER DS > TV A LT 2 IOV THRE Y

B, BB TWHLERIELIENTELDTHN

X, EBOEENR7+—~ AFIHTE L EEZLNS,

(2), (3) 22T, ZhZN#ERICRIZTEELZRALT

FTHIEILEY, #ERAFISEITIHE L OFAEHEA

GhD. FEIZ (3) 122V TIE, EBOIREIEEATSBIZEK

DRJIZE T, ERZER=YrDEHIZ, d#hik

AOREBETL2HEAWHH. ) Vo 5Bk EEEIZD

WTHEREF I ZRIT I LN TELODN 05, Bk

ZOEEEHEEL LN TELDOTHIUE, 72 21E8

A LIZBOBTERMKD &) RIRKRICHEL 7+ —~

VAERTIGE, FOERBEIVENTLI LD TES

LEZbN, LVEROEEILTSILENTES.

WERE T T ER 227 %, N 07U EOBMH 12 4.

EBRFIHILTOLBY) THS.

Flg1 #EEFIEEERICAD, FRKLED 74 X 7L 1 %
BRI HBHO Ry PRV NT +—< Y A %HR
LR LHFEZ LICR T, BREPEF > TS L) IZR
R OMEREZOETEIT .

FlIE2 HKRLED ¥4 A 7L 1 OEEICOVWTOFHEZ
Z, TTTHOTRE AT LOMLMATHS.
Flga oKy FTIEEWVWERED LED K— LV ohE %

R3.

FIE4 FIKLED 74 A 7L A OHEMFER T, FIH3
TH7-FEED LED K— )V ohnlfizz g L U725z
179

U777 IR 7 LEETHY, LED DEXEHIL
2B OIHMBOBEIIEL L, o0k HEOH

WCALRWEIIZ LA, T, N7+ —<2HATEDL L

ARy FIA POKERFEDLL N7 + —<IZHBEL

72 BRT AN T+ —< AT A2 B THWIRFITE

FREDIRE Y T TITV, N7+ —~ Y ADIERIIFIEL O

1EOATHL. FIHLIZBWT, BRSBTS AAE

IE 7 OBRIS B T, BERSENIETHEOAORE T
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13 R T DMLY —
Fig. 13 Lighting pattern.

RR L7z, IR E, HEBREICOET [BREISEN> T2
LR ZED?], [EDL ) HRAMATHEL TS L
Bol2? | OBM%ITo72. FIE2128\T, FKRIKLED
TAAT VA ZHHST 2HBE0KRy bOAMAZIZOWTEH
L, OBECHMAIERMN D HERETo7-. FIE3IZ
BWT, HEBREVBETAMEBIFIEL LEKTH), £
PRICEEASS LED R— WV ERRT B 547287 — >~ %2 [X 13
IRY. EBOLED K—VORRIEZFIEI D1 EOAT
HY, NT+—=2IlL BT+ =7V AFfTo TRV,
F7:, FE4IIBWT, #HBREVBUNTAVEIFIEL &
FAHETHY, NT7+—<ILB87+—< > A fTo TV
W, FRIRLED 74 XA 7L A DR 2 HERRELUT
DITINF—VThh.
®E 03m/s, 0.6m/s, 0.9m/s, 1.2m/s.
BEERICMT 3XOEEZE 051%, 151, 201 (B
BERE L 0.6m/s ICEE).
ANEBBOERY s ZHAEDELZ T+ —< v A2 BE
L7256, 74+ - OBEEE L FHSTEETHLH
1.3m/s DA EIREL, £OHBEATHRERBE IR Y b
EEZREL. HEMHRIEARC 1 ETOERL,
NENOREMRLB-ERICROERIZOWTT v 7 —
el oie,
Q1 HEANEMELTWBEELIIZRZH,?
EBOR—NVOENY) % 5 BREFMOKRE S TH 5 512
LB, ChakELl, LT Oo7. F/2, H
Ha x> Mz

53 BREER

WNT =<V AERIEEIZHRENEIZEN > TS
(BRIKLED R74 A 7L A DBE L T3 ERIO0% W)
L BBREII 128114 THo7z. NRT7+—7>
ABIZERIRLED 4 A7 LA DXDEETH S L2
B9 5% &, [7272 LED QRPN > TV AELEITHEEE ST
Ww7z], [LED DA BEITE L— VAR ETHI LD
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Fig. 14 Combination of a variety of body expression.

LEANLTWAE EB o Tz, [LED A% 2N 7-EkD
ICEREN T 2 b D% ANT, BLBEICL > TEF>TWVD
LBoTwz] REDRENH o7z, Tz, WEAIZEKE
PEEAT > TWBDTIE AR T, Kl & B EER & Bk L 7o
BRED 1 Bz, ZOWBEDSIE, AEKHTELT
BEERIZ > TR0 EoE VR R 2LV T XY b
fFohsz. FRELTE, HBEORE SIS HOBESM®
DEVRINE TORIIN T LRGN 2 2 hDEEE R
ELTWD R LA 2TREENEZONS. DEDZ p
5, IRTONIHLCEERMREL 5L LIETERY
B, FBENT =7 Y RIBVWTHKDED ) 285 S ¢
BMEL LTHATE AR EH VI L5505,
RiZ, 52 HiDIHE (2) 2 AET AL 2B L L&
BT A5 7 > 7 — POKREER 14 (IRT. HEEi
BERE 12 40 QL OFET, HEIIEEREZEZTT. &
BIIHENESIRENZBOBHO Ry FORETH .
EERIIBW TG ET oL 2AEVPR LN Do
. L, 9 7xR-ETA, EEIEV03m/s &
WEHE 1.2m/s OFHEAZNEIR . T2 2 MilZ
RTAaz L, [HEMNEOYAEIX, LED P4 A7L 1D
DEALD DL TIE %L, W7 A7 EE{LTVwE L
oadotzl, [Lod WR B L EMBEEZEKL72], [LED ®
DERDOENPRZ] Lo -BRFHIATE . Zhbi
DV, LW/ E% LED i { B&5E®H 5, LED O
KxzIZRehEEEVSHETHHTELLEZLNS.
F oM, BESEVIEER, [BRICEShAEHRDOF
FOENHEM > CEROR B EAE bR, [EREDEM
Y ZALEVTWA L) LRI R o72] Lo
2RISR TEZ., ZhbizowTiE, BELED 74
ATV AN 30fps TRRENTWAE/D, 7L—LL—}
ETNIEH TR AERELITONS LEZ NS, L
EEY, FEFEY, dLIEEVGEIIBNTSH, N—
Frz7, V7727 OHBICL o THBRIZEEHTE S
EEZLZA, Tz, SERBICFEMIZ4HEICERLTE
D, EEOREDEN ) LD EFL L) RENFD) LI
WWENRZWVA, FREDEDD L L TERE S NS TREMIE
BWEERZOLND.
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Fig. 15 Combination of a variety of body expression.

52 BiOEE (3) *F\AETAZ LB L-HEE
T AEEEDESIZHET AFMT vy — MER T
X 15 (IR F. IS 12 20 QL OFHET, Hitk
IRERZZR . BEIISERATR S N0 E)
Ok y bOBBBEECHT 5 iER0B & %RT. RO
Ry POBEEREI OGS L OEEOEH EEIZBVTHES
MelTo/cb s, HFEENVHIETE (Fo) =501,
p<.05). 56, FEEIZBVT Bonferronuf%ﬁﬁb\k
%ﬁﬁﬂ&%fiaft %, 15 L 20 DBIZBWTHEE
MROHOLNT: (p<.05). BEHFHEE I L CHEZE 2R
LT &2 L8HRENHEL LN Dh o7z T/, HEE
EABAOSEL LN LMINS D, HEERIMERS S
NAEAAROND. T2 2 Mz RTAH2 L, [BEHE
BEIZH L CRIEEENS SV HPEA > TWnD L HIZR R 7],
[EES LWRAS L], TR LB L F U#ETRZ % L
BL72] Vo 2BRNHETE 2. BEEICDWTIEH
MHBND J A4 XH3d o T HERMBEND LB % W EF
MAdsEEZONL, F7z, Wiz iid 2758
ML o TWBAY, a XY Mz R TAHALE, [F—
Vo 7DNE-oTWA L) ZEEEIZRZ -], [0 FHHEH
W] bV 2BRAR LN, TRRETIHEROEL LT

CLNTEBLEZONS, &5, £KIZ, LUK
HOFHMiL o THY, HEZHMAT TEHEIL, [HiEEL
BHEEOMRIEETILENHLLEZOLNS,

PDEEY, #EEIZDWTIE, 03m/s LFH L<Id1.2m/s
DETHNIEEREDOSEEFENFRT T 2 EAESR SN,
L2L, ThIZOWTIEVATLOKRIZEVRETES
EEZOLNL. BEEMEISH T A0EEOThOEHEIZD
WX, BIEAHEMT 254 CIIREBBOEEROE(L
AWhEWEBAR SN, 2070, EINAFHEAD ) £ X
L 28EILhwE VD, Tz, HEWETTA%4E
TREEEHOEEFEOKTHLR LN AL, [R=1) 7
Wi TWBEHIZRZ], Y APEEV] Lwnor:
BERAVARON, TRRECIEHOBEELTFONE LEZ
S, GBIV FERLVGENLETH 5.
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54 SHOFE
5.4.1 BEKEEBEMICLE/NNT7+ -2 IANDE

BEEREDEm W EREIOSFIBE DR v 2 I 1T
72k, BFORER TRy MR TEIEED
mENRSNID, —FT, FRIZEBNRT+—< 2 AN
DEENEZOND. REFEIIBVT, 72L& 21E, HE
ER—=LDLHIFHKITFY, #EH20, HROERE%
EDRE72) Lo sz, T4 Z2WHEELB—ADH L1E
HAAFEIHEEL WX 5. BROBEEICBVTIE, KB
oKy hOEROKEL ) L THOBEH TRy bDIT)
PEEFREVD, BEIIBEHORY VS EHASN
TLEHTMEEMED L, THICEN ST +—< 2DV
U%f%TW%mhﬁéé F7:, Lok E TR
BORy b~k o TV -0, BT 2 EBEIZI
RABVEVSTHBENEZOLNSL., L2rLIhSIZown
T, SMIASBBO Ry PERBATEL VL ) HREDE
TIEfTiTz 720, RELBHOKR Y F 25T
BENICHKOBBLTURT A I LT, HRMIZIIHHRT
ErrEZOLNS.

5.4.2 #EHEVRICLBBEOER

PUEL 2RI LED T4 ATV ADT 7 AF v 2 Fmt
LEDOROESIE, FITEHTD2 /885 — OB E 72
LD EEOEZE S PICRE S 72012, PROGHEE D
HWwd ot BAnEZLNA.

72, EBROEE) L I L TEROBAE D 0]z % Fl#H T
EB70, KUY Y TEROE I IZERERIZHT LT h At
SEICIREEDRBITRETH A, ZD7-DIITEE ) K
KROEEDZERE L THE) L EROEEL FIHT 2 LEFD
L. 2512, FHTOEEIRSY, ETLED-M2%
Th& % DR R T/ F 2 — 4 12k o THEBTER
X, BIZHEEL T LBRL L) 28EL 77 F2—%
DEIMZE > THETELLEZONS,

5.4.3 BIRERHR

—7%, BIEMLIREOB X Z MBI 57205 TR L, B H
WICHEZ B o720, S#E, 21k, BEomE L
THELZVTELLE, KEREIZIDH Y 22 VEIE2E
WY HZETHWHRERICFE LB E2HEIREIT LS
LEBINTRETHLLEZOND.

HIKLED ¥4 2 7L A DY 7L LRHKEKOERZFHT
L, BIEOREF R I LN TELEEZLNS.
72k 20X, O REERERE L BERE I CBR L T EEL
XL ETRIZFLTHE> TS LI ICRES U,
ZOFIEIH DR T VD505 LK CkOERL E) L
RIAA—TSIELIENTELLEEZONS, T/, &
DHY)ELTOVEERENERMLESNS L9 ICHEETH
I, Rrzwl (AL OfFEARBATES L, BEIZHE
TLE)REERZRELIEICE T, WA GWEEZ R
T&D. 72 2iE, RUFTALLAIZBVWTERZADE I IZ
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ﬁﬁf@ AR E RN LRI R X VB REL 72

ZHFBROEB 2 ML, £ 7+—%
@@&%ﬁﬂ%% ENTESL, S50, BRIRLED 7+
ATV A% ETFEEoNs 8z 0my v, Mhods
IRZED BT, AR VHEELES > THRT AT
DEHIEZONE. DEIZHIT LD RBEORE L i
BEED2FEIIOVTYH, SHAEL TV LENDH .
5.4.4 INT#—< LS TOFBEDOETEEM

AR=INDILHNEZ LN, LFDa)y‘c%i‘%?Té
720, TLAXYPEPTLESLRREOBBEEREIZRE SN
6#,ﬁ&&7y7w2$—/®ﬂmhoaﬁét%zb
N2, 722218, BEEE) L) ICHrEL0HEREAN
FAL£TH, K7 r7DL) LB R—ILVEFEL/EDS
LSRR, v —DNRXADOM|ITEVE VL 72T L)SHE
IZT&5%. REDEEHFZ2 70753072k o THAET
DL TR EEREF AT 42 L, HFREE L A R—
VaRHAEDEL LI RICHLEZOND.

I, BHREBL L TCOILHNMEZH 25, 72k 21T,
HIKLED 714 A 7L A 2fIH L CRIEZRRL, HA%x
3RILTRLDD, BETAIENT Ry b LTIFERTE
57259, BREWISELIZO R Y I\’G%%‘&ﬁ“ll#%
12, WM LTTHA I ENSERMED LD BHIZY
@Hﬁ&%?wt%zbhé.Emm%%bT%#h&E
DEHBECTHILE, HBHBEIHFTEL

6. T&&

REFFETIX, dov i & 55 % A O kS O fbe
iz, WIRFFEOEMEZ S A ERIKRLED 71 A7 L
A REWL-BHO Ry P2RELL. REVATLEE
L, BExHACRENRIIOWTHELZITo 7. R
Higle, Mgz AENZEIIH SN Lo 7228, SNy — 12
Lo THRHR I CEOERMAR NIz, £/, KoMldmHE
Ek%ﬁmfwb@%ﬁﬁ%wﬁﬁﬁ?ﬁ‘iiféé
WREMDWEEED T A Y M SART. ZOERELT R
T, EI AT LORBEITo 72, &ELtw%vZTA
X, BEORy bhSAONDHE, HEEILZ, VT
7{AL5UN7—/%$&LIED%ﬂ@f§6 zh

&0, BEIOER Y bOBHESEL Lo * FH S
6g&#‘§6 h@VZTA%ﬂmL , SeERHWE
HRRICOVWTOREEIT- 72, FR 12%*11%( R
%ﬁi_&#ofwék%ﬁéﬁé_tﬁfét.it
BB T 2AEE0ThASKE (ML B2
HAAMESKIRIZITE L Z LG o7z, A@ RES N
T2RT A=V AIBIFBEBRTH - 7272012, 5%BE)
ORy bOL)EHLBEZ&D, HALNNT+—< R
PRELIERZITo TV LENH 5.

HEE AFZEO—E0IE, BT B g 0y 8 S BT
RAMERE (2220, BEHEMIERBEETER SRR
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HEA—N—UFASTUT 5L, THFFEHFFEE
WiBh & EAERIFE (A) (23240010), 374 BHATiRELE 2
BrE 2015 EFERFZEBIEL (C) 3B X UE IR R %3 ARk
FEMREEERE (JST) Oy — kTR 7e = 7 +
(OFRF 1 7 A0EH) OFBICLIZLDTHE. Z I8
LTHEELRT.
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