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Abstract: This paper reports a case study of online exercise for undergraduate students at the Department
of Mechano-Informatics of the University of Tokyo. In this exercise, the theme was mechatrobot that inte-
grates electronic circuits and robot control as a new curriculum for online exercise. In the first half of the
online electronic circuit exercises, the existing offline electronic circuit exercises for learning digital/analog
circuits were reorganized using Tinkercad, a browser-based electronic circuit prototype tool. Besides, real
electronic circuit prototype materials were distributed as an experience of studying with the real thing. In
the latter half of robot programming, a basis of robot system can be learned through online exercise, which is
a integration of ROS system, motor control, sensor data processing/visualization, device-PC communication,
robot model description, and image processing.
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Table 1 Comparison of exercises.
T FEHta 4 TN/ ECATHAT FE T iE e
EF A% (Tinkercad), BCATERMIZ L S
-l A B FEWRBIERB L, oXy VAT A
A E Ry b 2020 ATV R=F E A (ROS) & miiiff
Tars Iy, a2z 372 (Scratch) &
[7] = I N 2016 AEORy b poria] oKy Ml (hEER, LEGO) o
AR, AR ToOuxRy METIVEREIT)
8] Web 77U —va > | 2020 - EN Web 7 7V 7r— 3 YRI5
FrIfrcosav s MEfTE
9] Ry MY R 2020 | OARY PV FEE | N TY v R AETHOTEAR Y by FEE
TEEEBRTRE R E— & HlfF v b %
fifi LA > 74 » CHEIETE 24K %E
[10] E— 5 il 2020 E— S EEF v b S| He 2 O OxH I CFE
NV FRREHEWER LY I 2L —%
ENAL VTR b, (Gazebo) WHZ Y, I 4 v TEHi
[11] Ry by R 2020 | WAy MY RER ESpi| T & B4 & 3% 2 D OXf T THEN
T BT R~ A 22K —F (Arduino),
Wy E v A4 arE—F /I3 ¥ a—% (Raspberry-Pi, Jetson)
[12] TuY s MER 2020 INET Y Ea—% Trafy w23 o0F v T4 Y EROFRHIHE
FEEE PCICYE—-tus A UL
YR T -7 % E ORI E
[13] VL9 2020 - E A PelEd 2 928
BB EEAL 7Ly FR—FETO
(14] % 2020 B AR E A Rt & FH
HIFITE D72 12 B% L7z DIESEL
[15] HAARTINA A 2005 - E R VAT LRIz Y A a2 R FPGA #£5
EBREPCIZYE—PUs (L
[16] FPGA 2005 - oAy FPGA KR— FE#fET 2 %5EH
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FIRE, 2020 SEFEIEA ~ T4V CIEB R E L7 KFD %<
W ODPDFEFDHEENTBY, K1 ICHKERT.
WE, UGEHE I RFENOEEE R SICBVW T 794
YTATObNTEZH, 2020 SEEIEFIWOTH Y T4 Tl
BEFELI, T4 LI 2 WBEFOEENE Y
RETLENS Y, FHNRE LCETREEaRy M
HMEMAGDLEZAS baKRy VUEE 2 To 72, KiEY
&, #)F 27K E, BIEOETFREREE & HRPEon
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THROF v T4 VB OERIRR 2 HiET 5.
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i & L A 288 U 72 f 2 FAR O VERL 2179 .

2.2 F1T4 2 TOEZBREERE
2020 FFEEE, BIROE T HEEEOL v T 4 v bx FEh

L7z, BTEEOSEEE M E LT, 799 ECET K
DOFNEDAT 2 A Autodesk Tinkercad 2%/ L 72, #H

MoaIa=r—ary—NEe LT, Zoom™, Slack*4,
Google Meet *>, Google spread sheet *6, ITC-LMS (%4

*2 https://www.tinkercad.com/ (£ 2021-06-10)
*3  https://zoom.us/ (S 2021-06-10)
*4 https://slack.com/intl/ja-jp/ (ZH& 2021-06-10)
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1 Spread sheet |2 & AR — b
Fig. 1 Progress check sheet by spread sheet.
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5., Y= FNETHETOEBLTWAFEEIZIRKRELLSTT,
V= bEADEFIRIGEATYW DAL, FEBICHET -
TVADEMETIZEZTVDIEED 287 — U b,
HEMP» S, = N ETRERGIITONRVDTHHIC
FLTT77u—FLTBY, BAMIZE, HEEFvy bR
I=T A YTV VTOEFEEBENITZ. b LAiE -
1Ay — NOANERL, BELZ oG EEIRFELE
OB E DB 24T o 72, EHEOEETH->TD
HOWMNTEMZ2Z T =234, FEPEEVWERT
ELEE LB LTV ARWEELE WO T, HENLST T
0—F95 2 IEFARIORBMBIIOLDLLELH L.

2.3 ALT7ACEFRKEEOHME

T v I A VETREEE L LT, EROETHEEEO
N % B8 L, Tinkercad THEIETE 5 L HNAEZ B L
72. Tinkercad 1¥, AN 2B TR MAH->TBY,
7Ly FR=F, av7 4, i, LED 2 ¥ L LT,
W, FHARELR, 7 — M IC, M IC, €—%, Ly ¥i
CEELRETHRN AW CETRBRAIELIT) Z L TE
5. 2 12, Tinkercad O E A & AL 5 FEW)

*5  https://apps.google.com/meet/ (ZH 2021-06-10)
*6 https://www.google.com/intl/ja_jp/sheets/about/
(& 2021-06-10)
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Fig. 2 An example of electronic circuit in this online electronic

circuit exercise. Left: work screen of Autodesk Tinker-

cad, Right: corresponded real circuit.
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E, F I = VS TIROGHBEEEE D - T
LREOLFFHMNTH L.
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WRT. EROF 774 VEHETIET Ly FR— PR
PRI TH, SRIOF T A VifiH Cld Tinkercad O 7
TIFRIETH D L) RN ENIH L DO0, HHE
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DFFER B2 AT, EROFEIHE 2 KIRICAR 5 2 L
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Ry b7uar73ry7 3F) 2FHATLLTMRALZ
XY, IVECOFEREHEERTE . — /T, €
KB CTOF 7y PEEMES, T— 7 A E I
TA—=F Ny 7§ LRELEBET LI LIETELD2> 7.
Z i, Tinkercad TIZEITRE T 7% SFE M TOZEE) LT
EICHBTE RV LR, HESN TR WERMLCHEEZ
MHAART THDE I EHNERTH 5.

Tinkercad = 5 A1) v M, EWHs7h &b ATHS
MATELFRER, B/ RETLESLZVI EXRHD,
FERIEHTHL., — KT, LX)z T r Ty
32— a RO TIEORFA DD > TV D HIZITEE
BLETH 5.
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Table 2 Comparison of exercise contents.
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<A ar7us s 32 (Arduino) — - O
+ Ty LB , , o)
oKXy bTass3Irs - il (ROS) - @)
7NA Z-PC Ml - - O
[CIfEguseitusis - - O

ad 7y e YREE LTHE.

DAL AT I FE RS

cEYE— Y OWRE)IA T 3 vE.
4 Tinkercad \Z3% S BEREAFAE L 20\,

<>
(i
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Fig. 3 Distributed teaching materials of electronic parts.
(@D Breadboard, @ USB @ Arduino Nano,
@ Stepping motor  kit, ® LED,
@ Resistor, DC motor motor,

Ultrasonic sensor.

cable,
® Jump wire,

kit, @@ servo

(3 ) 2BV AT L7,
3. XA RMAORy MNEZH

3.1 *ArOKRy MNEEOHRE

AH buARy MEEE, BTSN L 72T R KEE T
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A ouRy NTOTT IV SR ERTAINEE LTH
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ERLANTHEZADNBIED, Arduino 77U 27 J I 7T
E—F kYDA S bITFNL AT BEZ ER, ROS
(Robot Operating System) *7 X2 W fRALEL & EHE L 720 K v
FNTRTT I TO—EORNE R TE AN L LTHE
FL 7z, WEE, BTRIEREE & FRICE > 7 A4 2T,
FHIIEAT L 72 EA-E B 2 S HOFILTHALTTD
Lo E L.

HETHV 2 Y — 23— FREEHE, 2N TR Github
E web TABLTHBY (A2 %), EHRZ4&ED Issues &
LTHIFTHH) LT, FEEBIIOEDEKRS U}
DIAR, AHFLEIZILTTN 5.

3.2 XA bOKRy MNEBOAR
3.2.1 FFMORIEE Arduino (ICEB XA FOF/NA X
il

HENT, 7Ly FR=FExHWETRELIEE, 7F
WL72T7 7 Far—4trba2E&0GETREEZ Arduino
EFHWCHIET A2 L2179, REEZRT2LT, DIV
EREEE L CW AR E R >TEBY, Arduino 70U 277 I ¥
TR UIZAN FATNA Al FEHT A ENTE 5.

*T http://wiki.ros.org/ (£ 2021-06-10)
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rqt_joint_trajectory_control...

| Joint trajectory controller D@ - O

controller manager ns controller

\ Jeontroller_manac ~ | \ position_ |

joints

Joint1 — (000 |3

speed scaling

— e (50% |7

ROS Elapsed: 2679.43 Wall Time: [1605499925.92

Wall Elapsed: 287933

4 HEBTERT LA FaRy b ERT A2 BRI, | URDF A TRiB L7
TRy METFTIVOWEALY =V rviz TOHME, £ rqt 12LA GUI ¥ ta—F

Fig. 4 Mechatrobot that is made in the exercise. Left: an example of electronic circuit

to make, Center: visualization of robot model with URDF format by visualiza-

tion tool rviz, Right: GUI controller with rqt.
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ELTn5,
FINA4 Z-PC B&1E
T INA ZA-PC W D11, rosserial & 7z JE[EHH
Ay —VHEETIT). £70 7747 — FHIE,
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Fig. 5 Questionnaire results of “About the exercises in gen-

eral”.
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4.1.1 FEBEMICOWT

B OWT] LW ) REMICxT 57 » 7 — M
BAHE 5 1RT. WRELTWAEE ([FEFICHEL Tw

)+ ML Twa] LHE LFE) OdEalE, 7Y%

WV 87T.8%, 771U 903%, BARY F100%TH-7. F

72, HHRGEO I X ¥ P HSEHEEKICET L0 E

2Ty TTHEEUTD L) R O&ErdH o 7.

o VT NIZE Lo/ TT.

o Ly =R BbLAVEH,ELEsZEEN
¥,

o HALAL L TEREREETSHEV) DI, HEAMEIC
BNLDTRWEES,

o DEDLETFTARFTH L T TLRVEHIZEM %, +
CIA VNGB EERIZLT L o T LE ST

o F VT A TOWEE, AN FAMOIEREM %
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V. FTITA G LEBICHELRWFALZ) TR
ZEDPETT SN EDT, BEIIIEEHERICE
LHR=FDPA>THEVWIEITHDED, FI74 >
1275 & ZDREN—Y) o7z,
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L7
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Fig. 6 Questionnaire results of “About the contents of the ex-

ercises”.
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EMHEMIZ DT (EFRKEE)
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TIZRREREZHAL TH:
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Fig. 7 Questionnaire results of “About distributed/real teach-
ing materials”. Top: electronic circuit exercise, Bot-

tom: robot programming exercise.
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Fig. 8 Questionnaire results of “About the form of the exer-

cise”. Top: electronic circuit exercise, Bottom: robot

programming exercise.
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Al.2 FURIIEREBRE (S8 2021-10-12)
HEMAE 1 (LED)
https://www.tinkercad.com/things/9AiUwO2KkLd
EHE A 2 (NAND)
https://www.tinkercad.com/things/9HOXaPR9erq
HEFEE 3 (oscillator)
https://www.tinkercad.com/things/5dJ141pnY0x
EEE 4-1 (step wave 1)
https://www.tinkercad.com/things/e3ivepPhpFX
HEAEE 4-2 (step wave 2)
https://www.tinkercad.com/things/26sGg3D1osN
HHEHE 5 (LED arduino)
https://www.tinkercad.com/things/2kt PMwIB6Z9
HEE 7 (step wave arduino)
https://www.tinkercad.com/things/gy6VUdy AFHZ
https://www.tinkercad.com/things/fVvYPzlodzl
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] AL FAHEM ) AT (B No. 13 3 L)
Table A-1 List of the distributed teaching materials (Parts No. is corresponding with

Fig. 3).

No. | @4 - BlF

#ih URL (2 2021-10-12)

1 7Ly FAR—=F (BB-801)

http://akizukidenshi.com/catalog/g/gP-05294/

2 USB 7 — 7V (mini-B)

http://akizukidenshi.com/catalog/g/gC-07606/

3 Arduino Nano (Hf3AHR)

https://www.amazon.co.jp/dp/B01F741W60

4 ATy ¥y 7E— Yty b (28BYJ48)

https://www.amazon.co.jp/dp/B010RYH74U

51 | Vv 8= A4% (FA-F R)

http://akizukidenshi.com/catalog/g/gC-05159/

52 | Yx =AY (FA-AR)

http://akizukidenshi.com/catalog/g/gC-08933/

6-1 | LED (%)

http:/ /akizukidenshi.com/catalog/g/gl-11333/

6-2 | LED (¥#k)

http://akizukidenshi.com/catalog/g/gl-11636/

7 It (330Q)

http://akizukidenshi.com/catalog/g/gR-16331/

81 | DC E£—%

http://akizukidenshi.com/catalog/g/gP-13630/

82 | DCE—% FJ 1 /% (TA8428K)

https://www.amazon.co.jp/dp/BO7TBHGC3GT7 (1)

8-3 y—=3IFnruay s

http://akizukidenshi.com/catalog/g/gP-02333/

9 P—KE—% (SG-90)

http://akizukidenshi.com/catalog/g/gM-08761/

10 APt v (HC-SR04)

https://www.switch-science.com/catalog/1606,/ (*2)

LB, http://akizukidenshi.com/catalog/g/gl-13424/ (WHEHT) 76 FiE
"2 {EHFE, http://akizukidenshi.com/catalog/g/gM-11009/ (HiFE#&T) 76 i

B 8 (DC motor arduino)
https://www.tinkercad.com/things/bFsJ5dwLpP9

HERE 9 (servo motor arduino)
https://www.tinkercad.com/things/flue7fiptkq

se= 31

B 10 (ultrasonic sensor arduino)
https://www.tinkercad.com/things/alnqTFaiV7v

A.13 7FOJEREERE (8 2021-10-12)

HEME 1 (power supply)
https://www.tinkercad.com/things/56 WHjhcOVbt

HEFEE 2 (voltage divider)
https://www.tinkercad.com/things/
aMVGWBWNNFA

HHEEE 3 (op-amp)
https://www.tinkercad.com/things/6qmxhObIXub

P 4 (transistor)

https://www.tinkercad.com/things/4OWK4jwDRec
A2 XxH bOKRy MNEBOHAM

BZY-—ZXa-FK
https://github.com/jsk-enshu/robot-programming
(£ 2021-10-11)

EEEH
https://sourceforge.net/p/jsk-enshu/code/HEAD/
tree/trunk/doc/ (ZH 2021-10-11)
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