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Development of an Educational Fish-like 1-DOF Gliding Locomotion Robot
with Passive Wheels

—An Educational Tool to Bridge a Classroom Lecture and a Hands-on Experience
for Highschool Students—

Gen Endo*, Shigeo Hirose* and Hiroya Yamada*

This paper proposes an 1-DOF gliding locomotion robot named “Gyotaro-IIIa” as an educational robot. Gliding

locomotion is one of propulsion method, which utilizes the difference of friction between the normal direction and

tangential direction. Since this propulsion has interesting features in both physical aspect and engineering aspect,

we think that gliding locomotion robot can be a good stimulus of student’s curiosity for engineering. We developed

a prototype of gliding locomotion robot with one RC servo motor, radio controller and receiver. Finally we used it

in a robot lecture which aimed to bridge a classroom lecture and a hands-on experience in order to promote science

education.
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L Lahs, 29 LIZREZRO 720 O HakEE O AR R D
HEZZDPMESOBRT RN ZTI SR L2OTERWES)
e PZIEEREF T =AM TIIZ L oAX TR S
LR BN, ENOLNEBRIZED L) IELODH, BIKH
RISABIATRENT, FREEKBEDL R0AWZIZ, £ OFE
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BERERSTLEIDOTEAnAI N b LFEELLIH
SOFTENL, RATHBL, UETLILDOTEXZEMMH
D, ENDH A DOHFO#EFR L EEN RBEREFoTWwL I L
MEBRIICER T A 274 513, BT R#RL L 0 REEIY 2 Bk
FRoTHEBTELOTIRZVD, LEESIIEZD. FED
B S/NESIZEEH TRy b, HH S 137 2 BENE) R
T A& R & L 7oA aER A R L T\ 5 (5] [6).
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Fig.1 Overview of “Gyotaro IIla”

FHWLZ LT, KFHEEKCEIITHETAHIEDTE S,
ZOWEDHET EH 70 b MD LD Th ) KL EZE CH X
THbHI e, FAELLEOMNTHLEREMT 2 LM TE
5. FoEEORBHEGHOBEIO Ry N EdRR Y, TRl
2 &) RS N B HEEETI S H A Cld % <, BMtOBFIL, &
B D720 OB % AT H TH B L b TH 5.
ZLTCZORBEEOMALTE, EELRKNLT L2000
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Fig. 2 IZI_RET 5 7 T4 FEEREROHEEFH 2 RS, &
HOLOTEwHSIR -V X v A%, %2V ERY ZEF v A%
THHEFNEEZD (Fig.2(a)). ZEH % HEE 2 54
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% (Fig.2(b)). Zo& ZHFHEHLIIT F, 0N»EH <. 2
DRINE Fp, Fy \ 23R ENDD, Fy (34O S 115
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121 (a) OFEIRREIZE LFEILT 5. ThbbENRIEILN
IRV F— iXEﬁW@@@l%w¥—K%&§na
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BN EEELDL. COL)RBETD F, RZNIC
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Fig.2 Qualitative explanation of the locomotion principle

(a) Bottom view

Rear Arm

Fig.3 Basic configuration: (a) structure (black circle: active
joint, white circle: passive joint, servo motor is not shown
here), (b) link mechanism, (c) passive caster

DERY AEEFEDZENTEL. T1HBT — 2 DR
JEHOR N %%, 74 OBERY F v A5 FHHEOF v 25
LA CAEZG T 5. FABEEORERE LR
WA G Uz l#E & 22 5. L72S> CZ oM Z 4T
D RIS IEEET L 2 212D, HlioRE & IR
TEVAKAE L CHEMEREATREI C X 5. /g 0AEE L
HEbont 71y M SFITTEREMED TREE 24, I
EFRIRFEBYA “ACM-III" OFfEHE L F—Tdh % [8].

2.2 HHERE

%S L7z “f KR TTa H4%T7 IXARK L Bif2 7 — & CHERL S
N, EWHOTICEINATHRVMEYICa > TI4 TV A%
g8 F v Ay PWMMFIF o2 (Fig.3(a)). &
HER) 72K E 134K 335 [mm], £0E 130 [mm], 2% 70 [mm]
<7/T+$ai?>’*ai%ﬂgf&é

RAEFPIUEE 21 RC = RE— 7 RO 1 S, Z ol
%%Lﬁ@W%LﬁU/ﬁé LCHIT — AEEL TV S
(Fig. 3 (b)). tR##EY » 7 % FLOICHITIET Z & TR TR
OIEMAITAE S & )R L7: (Bak). FEIRY ZHF v 25
&, B A LNAOMEICH L EIRYEZELZEOF 7Ry
MEZ10[mm] THAH. FZEHF v A 5L, 7T—LFERTA
ERIENATERSN TS, NAIEROFEOREH S LA
FEL ST T L E VTS (Fig.3(c)).

ZEEEG, ¥y A Ah, 7 — A BIETE SV ERET OB RS Clm )y
HH 5 b ERMHMENERETE RN ENGP o7z &
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XFE o7 HEHETERLSRDGELODH LI o7,
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Fig.4 Propulsion of “Gyotaro-I1Ia”
turn)

: moving forward, (b):
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Lo~ =a7 v aEg L7 (Fig. 5). ~ == 7 VISR 340k
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Fig.6 Design problem for the rear link angle

ARERZEHEGEOE I EEZL DL ANR—Y, Th%pEOUE —
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T —RE—F LMD IZEE & L7,
BHEOGBHMARET, E2H0o%EHTS. 2 HDIE2
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THBEFE - WA A CURFHT 2#%217). 20X HICT
% 2L THERHOBITHRORER Y, ZORKEE SO
EHEAEDIF BT ENTELEEZ TS,

3.2 [EFEDEE
ARETIEAKRER Hla HHEOEET L BEEE O FICHW S
TWBHGED, BEE TICHETEINEL LD LD I
T 50, HMEISRTHMBEZIRT 5.

3.2.1
ARIEHILZERE SN2 RC Y —ROMiE %, ki) » o
FAHALTHIBT —DIUBE L TWBA, 7 — &3 — R
B E[F LT 4 8T v 2 LEMITH B 2 Lo S B ER
HOBHTHE. —J, BT — OB IR Z I L%
TUE%R 59, ) ¥ 7 BRI A6 00 7 S1I3EELC
LORDBRUINIER SRV, BT —KRERT — 2D
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Fig.7 Link geometry: (a) standard posture, (b) rotated pos-

ture

THIENTES.

('Fnﬁ{"‘_ﬁ: \
V27 A, B, C, D2PFig.70LH Il mRIN TS,
V27 BED, CEDIFEAT, V7 ARSI,
V7 B, CORSIErThirLT .

Ql: V7 DokExROL

Q2: 90 %Z’z&bi

Q3: 6, & 0, DFFRERD X

V27 DORE Ip BEPHOER,LROLND.
Ip=+1-4r2 (1)
F72 O I FM=MAEEEHNTROLNS.
0o = cos™ ' 2r (2)

DY v 7 BRI S 6 & 0y 1B L CRAD
0o,

(rsin®; +rsinfz)? + (1 —rcosf; —rcosba)? =1 — 4r?

(3)
CORNEEHTL L, RKEDELND.
3r 4+ rcos(61 — 02) — (cos b + cosbz) =0 (4)

X @) %2 0 ICHLTHNT O, & 0 OBBRERANLZED
WHETHLA, STl a=(01+602)/2 B=(01—0:)/2 &
BRI TR 255,
a=cos " (77‘(1 + cos” ﬂ)) (5)
cos 3
FoTal 8 OBREGTNEDT O, & 6, ODBBRERDLZ
ENTED.

A TEF EoTEERFR S0z (1), (2), (5) I2E
RIEE A ANTEZ RO 2T IUT % 53, FHICIIBEEER%
P27, HANCEREIL T v r— F 2oz 2HIFEAED
FHNFEFE Y 7 b (Microsoft Excel) % #:4F L 7-#Ex03% 5
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(a) Force Vector

Rt
Propuliion

Fig.8 Force (a) and velocity (b) acting on the passive wheel
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Fig.9 The robot won the 1st place (right) and the 2nd place
(left)

Fig.11 Overview of the competition

WE B EREN  BESE LI LDTEL.

Fig. 9, 10 1255 1 [0]& OFHERF 12 A4 2S8R L 748K 2 7R3
Fig. 9 I ZPBBED T 4 A b S A TNVT 1R 2 Ml % o 2B A TH
%. Fig. 9 LKL T2ORDYIZIANATY) v 7 &
Tw5b (Fig. 10 5). —J, Fig. 9 Hidwi) v 7 #EEL, I
2O ELG S TRETo>TW5.

85 1 OERMIEOFHESOMT % Fig. 11 1RT. YHIZF v
YOSARBIZHNTZ 10 ZIEEOBENRF LT, L — AN
sz, ORI e SHIZRAEOWR O AL 5T, BIEFOR
UHE L CH P ISR IS o, B &ITAE L2 D
DEkoT,

5. 8 R & EE

ARETIIEFIZHE 2 MDICER L7 7T 7T MOV TRHERD
A RT L LB IITO T T AR TRICFELSEL T v
r— MRV THE LERT L.

5.1 J7AJSLXFT 21—

201147 H 25, 29 HIZREM ZHNCT [OHD &L ED
EHALVA] O—BRELTHELZZBO IO I LAV a—
V% Table 1 IZ/RT. [OHH &L DIV A 0 X ] 120fF
ZEHE R TIT o TV B ISEN OB ZEBR IS DO W TN DS, H
RS - - s 2 ETHFEOBLLASEZELETES )

HARTRy MEEFE 3L K25

Table 1 Program schedule

First Day (July 25th)

Time ‘ Event

10:00-10:30 | Introduction

10:30-11:30 | Lecture about Robotics by Prof. Hirose

“The World of State of the Art Robots 2011”
11:30-12:00 | Hands-on Workshop (part I)

Showing Assembled Robot and Outline Explanation
12:00-13:00 | (Lunch Time)

13:00-14:00 | Hands-on Workshop (part II)

Assemble

14:00-15:00 | Laboratory Tour

Demonstrations of Prototype Robots for Research
15:00-15:30 | Coffee Break

Chat with Graduate School Students

15:30-16:30 | Hands-on Workshop (part IIT)

Finalizing Assemble, Setting and Adjustment
16:30-17:00 | Explanation about the Contest on the 2nd Day

Second Day (July 29th)

‘ Time ‘ Event

13:00-14:00 | Practice Run and Setting

14:00-15:15 | Contest

15:15-16:00 | Lecture about the Relation between Gyotaro and
High school Mathematics/Physics Class
16:00-16:30 | Award Ceremony and Closing Remarks
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12 1: What grade are you in?
[Num. of person] - Q & 4
10 B Sprint | | It
O Slalom
8 0%  10%  20%  30%  40%  50%  60%  70%  80%  90%  100%
6 Q2: Do you have hands-on experience? N/A
4
P 0%  10%  20%  30%  40%  50%  60%  70%  80%  90%  100%
: How do you think about assembling the robot?
0 Q3: How d think about bling the robot?

0.0-0.2 0.2-04 04-0.6 0.6-0.8 0.8-1.0[m/s]

Fig.12 Histogram of the achieved velocity
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Difficult |

50% 60% 70% 80% 90%

0% 10%

Q4: How do you think about the instruction mal‘mal? | |
\ \ \

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Q5: How long did you spent your time to improve your robot?
\ |
\ \

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

20% 30% 40% 100%

100%

Q6: How do you think about math and science subjects?

S ————

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

Fig.13 Results of questionnaire
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Fig.14 “Gyotaro-1II" race for primary school children
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