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Development of Teaching Material to learn Mechatronics using AVR
Microcomputer and Toy Model

Hideki YOSHITOMI

Mechatronics is composite technology which is combined mechanics with electronics. In technical educa-
tion, it has been discussed how to teach the mechatronics to beginner students. In this field of education,
hand-making practice attracts our attentions as the effective education method. Some years ago, the author
developed the teaching material that was the remodeling exercise of a toy model into the autonomous mobile
robot by using microcomputer. This mobile robot used the Z80 microcomputer for CPU and assembly language
for programming. But, in recent years, new microcomputer such as AVR microcomputer has been presented in
this technical field. The AVR microcomputer is simple and highly efficient device compared with the Z80
microcomputer. So, the author improved the previous mobile robot system by altering the Z80 system to AVR
one. And also, the assembly language was changed into the BASIC language. This paper shows the improved

system about the mobile robot.

Key Words: Mechatronics, AVR, Microcomputer, Mobile Robot, Practical Education, Toy Model

1. [FC®HIC

A b= ALW\W) FETHBTFELLET LT
FREE LI-RSEEECH DN, T OHITHITEE X
BRLFEREZEORFICEZNY, WD LIES
B SB AR L T\ 5. ZOEAEINTH 5 A
B b= REPLFEIZEDLIICHZDRIENE
WO RRBIBEEN BTN TEREY., EELEHD
M TR OREZ MR E L TAD b= A%
DHEEIHED->TEY, bRy hE L
L7 bOMED” ZBELTOAD hu=r AHEFIC

Bk 5, 207t DBHBIR 2 b T X 72000,

Fo, AB b= ZAOHRE R LENNR~A 7 7
avbta—X (w4 7uaritue—7LLE50, LU
T, v a2y WmT5) Thb, EF, ZovA
o NEMCEERN T OEGEMEIC T2 &
H, BARy MIbe L BHESCFEHERE M
EHDOEY D% OREICHAAEND L 9127 -
7o, ZhUE, HEIC~ A o EAAT D T, B
WO B L LN KNS T2 TH D, L)
ST, BEHETE L WA ELHEA~ A = DX
IV ERRER E o TN D,

FRasAT ¥Rkl 98 A3 1H
* o H TR

LU S, v a2 #EERITHES I, v A
o BERETFRIBEO NN— REOHM, Trr 7
U OHEE, FLTTa ST ABEIEREOR
ERMETHY, FILEITIZRNRDN— RADRE
WHEDTHD. v AL EfEST2Z ERBRNEICE
ST, EINDLFEMITZELVOSER0
DONFERTIE A o . EEORKREBRTIE, HED
HLWAZFLLID Y, E9ESTHDLZ ENKRY)
Thbd. 2FV, fB{ELTIA v ML —RAaRy Mg
Eo~Aars#F#ErRy hE—EBIEL AN
X, v~ 2y, By, TIVFaxz—H, f X7
s—AEKEFLCTRTII T NI A br=
T ADEEBENHHBRERBED L1075,

ZOXROBRBEND, EEL, HRESATWDEE
BHER (Wb FIFEFIL) TR~ ar
BRAAATTIA P —2Aa Ry MidoEd 5 &
WO EMERREL, ZhEEHRYICB TR L.
ZOHEMIL, ~A T NTZ80~ A AL EfE, S
TIIVTIET /YT TEREEMFEI VAT LATHS
72, A 2 OREBEEFSIIFT DRI AT AT
LH00, FEONBEFEORTE AT A RELOEN
BORNEE L TV FfORmERAR L TYH, <
A4 3TN R Y A 4D HS X Microchip @
PIC(Peripheral Interface Controller)7 & 23 #1541 C
WD KD THD. FIEOEFHIETR D FEEREE FH

— 101 —



ol E E RO 2

IZONTYH, FROICE-T 280 A 25 PIC
~OENBF SN TWD., £, s3I0
WLThH, 7BV T 7 IV LERSECTHLCEiE
<> BASIC(Beginners All-purpose Symbolic Instruction
Code)EFEDHF N7 1 7T AR ITEFAICHERD
Thbd. £IT, vfavrars T ARBEEREY
HLWEDIZEHRT L2 LI L. A T 0200
TiX, PIC 25 Z & B0, RbIFEE ST
W% Atmel #:D AVR v A a2 %o THh5bZ LI
L7-. AVR~A =1%, PIC L[F U < RISC(Reduced
Instruction Set Computer)# D~ A 2> ThH Y, i
RN TN THENRT W, £, v T AR
FHERE L L TCERBICHS L TWVWHIED, BASICE
FEICHIG LI AT AREES TN D 2 L bR E ik
JThol-. EENVFTRT WM TFR T, HE
it o7 v 77 AE§E L LT FORTRAN %1 T
WAHR, CEIEBITS DL ZAREITERY AT
72N, Z D7, FORTRAN (ZELEGHIUT ik S 58
T D BASIC MEZIUXFEAEIZHL DT &
BZ25., ZokHhEENDL, YD 280 <1 =
VETRUTIEEDV AT LG, AVRV A 3
L BASIC SFEDO VAT AZHRE LT-. Zh L [REE
W2, NUAHTOEL R WERIERIEER T b b7
Ly RR—RZEFALEZY AT AL H7-ICED Al
7o, ZOfER, FRULICZMETHENLT VWS X T
LR TE, FENRZSDICERSEL LN
T&EDT, ZOKRBLEVAT AZOWTERRT
BT 5. 7ok, MIERIZIERAT2ERESICOW
TIHATRYZ BB S .

2. AVRTA/aVDBE

AVR <A 203, KED Atmel (LB L7288 E
v DU F T2 ThHY, PIC LRERIC
RISC LD~ A a2 ThHhDHZ ENBENTNED
L7 oTWAH. AVR~ A 22 OFME % Fig.1 1277
AVR & PIC b5 L, AVR DFMNEETHDHT-
W PIC L0 HEWBERAMELTHWDEITHD
2, —R—EHOEHHVESITHIIITE 0.
SHEAMBUZIZIERICLCTH Y, b ELLH 1
100 [ ~1,000 HEE CHATX 5. MR T
%, AVR OfEEIEZ o v 7 #% 8~16MHz TH 5
B, —OOmEE 17y 7 TUET 50T PIC &
DEETHS. L, AVR Ofaikix, RISC Y
EWVIENIT 118 H o T, LER/INROMSEL
(35 ) IZHZ TV D PIC ITHR D &7 ) %y
728, AVROT a7 NEI7 7 v 2 ROMICEX
IATeZY, 1000 [EOFEX AL - HENARE L /o> T
5. F£i, AVR ¥ A 22>2% ISP(In System Pro-
gramming) & WO FRREDS H Y, ZOMREZE 5 &~ A
U EERPOED AT Z LR EARDEERE

495

(2007)

--------------------

Fig.1 AVR Microcomputer
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Fig.2 STK500
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Fig.3 Original Toy Model and Line Tracing Robot
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Fig.4 System Configuration
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Fig.5 Circuit Diagram
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Fig.6 Old Robot(left side) and New Robot(right side)
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0000 ORG 0
0000 3E OF LD A,OFH
0002 D3 1D OUT (1DH),A

0004 3E CF LD A,11001111B
0006 D3 1F OUT (1FH),A
ooo0s 3E 03

000A D3 1F

000C L1:

LD A,00000011B
OUT (1FH),A

000cC DB 1E IN A, (1EH)
000E CB 47 BIT 0,4
0010 C2 1F 00 JP NZ,L2
0013 CB 4F BIT 1,4
001s Cc2 32 00 JP NZ,L4

0018 3E 00
001A D3 1C

LD A,00000000B
OUT (1CH),A

001C C3 oC 00 JP L1
001F L2:

00LlF CB 4F BIT 1,A
0021 Cc2 2B 00 JP NZ,L3

0024 3E 01 LD 4,00000001B
0026 D3 1C OUT CICH),A
oozs C3 0C 00 JP L1

o028 L3:

002B 3E 03 LD A,00000011B
002D D3 1C OUT (1CHY,A
002F C3 0oC 00 JP L1

0032 L4:

o032 3E 02 LD A,00000010B

0034 D3 1c OUT (1CHY,A
0036 €3 0C 00 JP L1
0039 END

(a) Assembly Language

" Sample Program
Config Portb = Output
Config Portd = Input

Do

If Pind.0 =1 And Pind. 1 = 1 Then Goto Led00
If Pind.0 = 1 And Pind. 1 = 0 Then Goto Led01
If Pind.0 = 0 And Pind.1 = 1 Then Goto Led10
If Pind.0 = 0 And Pind.1 = 0 Then Goto Led11
Led00:

Porth.0 =1

Porth. 1 =1

Goto Ledend

Led01:

Portb.0 = 0

Porth. 1 =1

Goto Ledend

Led10:

Portb.0 = 1

Portb.1 =0

Goto Ledend

Led11:

Portb.0 = 0

Portb.1 =0

Goto Ledend

Ledend:

Loop

End

(b) BASIC Language
Fig.7 Program
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Fig.8 Upper Side View of Breadboard Version Robot
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Fig.9 Motor Driver Circuit
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