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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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D, ENDH A DOHFO#EFR L EEN RBEREFoTWwL I L
MEBRIICER T A 274 513, BT R#RL L 0 REEIY 2 Bk
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Fig.1 Overview of “Gyotaro IIla”
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5. FoEEORBHEGHOBEIO Ry N EdRR Y, TRl
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121 (a) OFEIRREIZE LFEILT 5. ThbbENRIEILN
IRV F— iXEﬁW@@@l%w¥—K%&§na
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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)).
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Fig.4 Propulsion of “Gyotaro-I1Ia”
turn)

: moving forward, (b):
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Fig.6 Design problem for the rear link angle
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3.2 [EFEDEE
ARETIEAKRER Hla HHEOEET L BEEE O FICHW S
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T 50, HMEISRTHMBEZIRT 5.

3.2.1
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TUE%R 59, ) ¥ 7 BRI A6 00 7 S1I3EELC
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Fig.7 Link geometry: (a) standard posture, (b) rotated pos-
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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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130 O EZAN /N B R L BT
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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HECOHFERME A5 L, RETIIEO, RETIE 5 R
EONETHY, FIMHEIL 108 [min] o/, THOT LMD
L OEFEDFEM AP CRE L2 LR 2, REEDHE
TbDEEEENTWDE Z EWGh5.

LR LZEICOWCHHRERZ 5 &, BEDFHF L ko
RHFEDSZIE [TANE L B )R] [HOEL %
ELZ) L, HOWMTo72Z L DADERTH-72. Th
EAFRIRIC 1 MoFEORNE T R & [HGOEKILZE % { &
L EHICEMEME S Lz, BRASNFE L)oo TR L
TEPZRVWIIICL, Ay T L KAELZHELL. | &
HoTBY), EDLI LB ->TEDL ) RILERZE Lizh
DLk ENTwiz, T2 2MOFAEOREE [TLIE0 50,
JRERED. BREoOHEMEHR L. BRoFE. EET
KED. | LELEEXTRELTBY, HOSPIKMEINT A —
TR TCTAMLIZZ LD NETH-72. SHIZ3HL
OFEOMEIL [ELTHEL T2 LRIIMOAITTH LB o
7eDT, OO %225, FICHIR OB
LFETHEIEEZERL, Ty v RIZSATHELE L.
F 2 BOX 12X Y EALDSHLIC R -720T, R V7%
ELTEMIBEZFL LI L) LRIZLTEY, MBOE
M &TRZTTRL, EHIBRAICHE DO E TRIEL
TLRLTOVWAZENGHEHNETH 7.

WEOE, EMEL DLWV T LI, FORENED L) Lk
REAEOOPFREMICEZFMITHTLZLTHAL). 2D
£ EET O I TEMERICVLETH ), Tl 0/8E
WA R FEP VOB ONL L) 2 L, IRET
LEETOT T AN LFHEEIIENTHLI L ERELTND.

RKTFOAZSLDF LOOEME LT, ERTOMHERZEC
DVWT L VIR EZF 72 L ORIFEIT 85%E 2D, Ebown
15% % K& ERlo7z 25 2 [0 HOEETlE Table 1 12777 &
IS, ATOT T AT TIER L TRy MFRICET SRS
Mgl oKXy P FEVA ML= a vz 8L ToT05
720, KL TRET A 707 I LT DOBERETIERZ N LI
EENLETHHH, HHEEER TR EA TRy b ORI
DWTNTBY, BIML2FEEICKETFFETH - 722 LD
bbb,

RBICHEREEE 5 &, T0O%LL EDFAD [HL 2o 7]
[bob DX LML VTR L] L) BENLRERT
Hotz. —h 30%DFEL [Ny FITTEMN o7z [=
ZaTNPGPYITL rolz] B EDBAMEERLWEN T B
NTBYVSBOPEEZZOND. EELOHRIZE-7-HH
Fk e LTiE, TR X oz s Loz TF. (i
B%) 5o CnL ZAAKE P NFNTTCEELZ LV 2 L
WEL G F L) TEEICORYy N2MALTT, HEEKE
BEWCRICHRD L) L) FRFLM D F L2 ] [HDoK
DADEIENTRL 2o 7272 T EZFTHLLEDLY T LI
HTRHBLTHEEY I T ] b b0, KR7or
T ADEEDOFHEROM LICHRTEL I EARIEL TV 5,

6. 8 H W (Z
FCTIE 1 HHEY I 4 TRy b “fURER Ila 5487

HAORY MR 31 B2 5

Fig.14 “Gyotaro-1II" race for primary school children
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