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Academic Year 1999
Abstract

This thesis presents building and controlling six legged insect robot. The leg of the robot
are Pantograph type servomoters located at the other ends. The servos are controlled by 68HC11
micro controller for motion obstacle avoidance. The robot can be operated in two modes which are an

automatic control mode and a manual control mode via computer printer part
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Arvariomns

nosa E funsinduyadmivnsnainidggpausufenidufiacn (Analog
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1. TnuadaRa¥ (Single - chip Operating Mode)
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dssnoudis msdnueawsauuyiuiiviula (immediate) , uuuInoasy (Direct) UUY
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NI UDAIRITUUUTUNUE (Relative addressing)

msé’uuammmmnffw‘l%’lmgnﬁﬁansz'[m (Jump and branch instructions) 1
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MC6801 s 1dTmsiuAunuaunIaves 68HCH fidsommissmansunzidald
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S G
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Tnsine¥ 68HC11



29
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" Program DEMO Control SIXLEGGED INSECT ROBOT. "

REGBAS
PB8255_A
P8255_B
P8255_C
CTL_P82
TONT
TOC2
TFLG1
LL_UP
LL_DOWN
LR_UP
LR_DOWN
HIP_CEN
HIP_FOR

HIP_BAK

P_OUT
EYE
W_COUNT
PER
COUNT
C_ASS
BIN
MODE
P_ON_1
P_ON_2
TEMP
P1_TMP
P2_TMP

SET_SP

SYS_DLY

INIT_P

MAIN

DEMO

EQU  $1000
EQU  $1200
EQU $1201
EQU  $1202
EQU  $1203
EQU  $100E
EQU $1018
EQU  $1023
EQU  $0AAD
EQU  $03AD
EQU  $07A0
EQU  $OEAD
EQU  $DAFOD
EQU  $0CFD
EQU  $08FD
Set address Variable
EQU  $2400
EQU  $2402
EQU  $2403
EQU  $2404
EQU  $2405
EQU  $2406
EQU  $2407
EQU  $2408
EQU  $2408
EQU  $240B
EQU  $240D
EQU  $240F
EQU  $2411
ORG $A000
LDS #$2300
LDA  #$00
DECA
BNE SYS_DLY
LDAA #¢89
STAA CTL_P82
LDX #P8255_A
BRSET $02X$0CWAIT
LDAA  #$01
STAA MODE
LDAA P8255_C

; Port A 8255.

: Port B 8255.

; Port C8255.

: Port Confrol 8255.

. Timer Counter Register.

; Input Capture?2 Register.

; Timer Interrupt Flag Register.

; Set stackpainter.

- Wait 8255 Port rady.

: Setport A-> Qutputmode 0.

pon B -> Output mode 0.
port C-> input mode 0.

: Wait press buttom.
: Setmode.

; Load function from DIP_SW.



NEXT_1

NEXT_2

NEXT_3

NEXT_4

NEXT_5

NEXT_B

NEXT_?

NEXT_8

NEXT_S

NEXT_10

ANDA

CMPA
BNE
JSR
BRA

CMPA
BNE
JSR
BRA

CMPA
BNE
JSR
BRA

CMPA
BNE
JSR
BRA

CMPA
BNE
JSR
BRA

CMPA
BNE
JSR
BRA

CMPA
BNE
JSR

CMPA
BNE
JSR
BRA

CMPA
BNE

JSR
BRA

CMPA
BNE

JSR
BRA

CMPA
BNE
LDAA

#$F0

#$F0
NEXT_1
STAND
DEMO

#$E0
NEXT_2

FORW
DEMO

#3D0
NEXT_3

DEMO

#3$C0
NEXT_4

TURN_R
DEMO

#3$B0
NEXT_5
TURN_L
DEMO

#3A0
NEXT_6
PROG_1
DEMO

#3390

DANCE
DEMO

#$80
NEXT_8
DROP
DEMO

#$60
NEXT_9
#340
TEST_IR
DEMO

#$50
NEXT_10
#$60
TEST_IR
DEMO

#$40
NEXT_11
#$C0

: Extract function value.

: function 0 yas or no.

: Dont function jump to next 1.
; function 0 call STAND routine.
: branch to demo labal.

;function 1 yes or no.
: same itup.



NEXT_11  BRA

JSR  TEST_IR
DEMO

: Notall function branchto DEMO.

Advance Moving Routins.

—_—

Routine function D Standing mode

STAND LDAA  #20

STAA PER
LDD  #STEP_D
STD TEMP
JSR  WALK
RTS

DROP LDAA  #20

STAA PER

LDD  #STEP_I1
STD TEMP
JSR  WALK
RTS

PROG_t PSHX

LDX  #$2500
LDAA  #$00
STAA EYE

LDAA  #$80
STAA P8255_A
JSR  DELAY_T
LDAA  P8255_C
ANDA #$02

BEQ DETEC_1

LABEL

BSET EVYE.%10000000

DETEC_1 LDAA #840

STAA P8255_A

JSR  DELAY_T
LDAA P8255 C

ANDA  #301

BEQ DETEC.2
BSET EYE.%01000000

DETEC 2 LDAA EVYE

CMPA  #$C0
BNE DETEC_3
JSR REW
JSR REW
JSR REW

JSR  TURN_L

: setperaid for stand mode.
; set Tabla mation.
; call WALK roution.

. setperaid for drop mode.
; set Table motion.

; call WALK roution.

Routine Motion detect ohstadle————m——

: Setpointer Index
; Clear value detect

; Eyeleft

; wait detecting.

; load detacting.

. extract Valus.

. Donthave obstacle jump to next
. have obstacle setvalue.

: Eyaright

.sameitup.

: Discover front obstacle.

:Yes orNo.

;nojumpto DETECT_3.

;'Yes, to ran away from obstacle.



JSR
JSR
JSR
JSR
JSR
BRA

DETEC_3 CMPA
BNE
JSR
JSR
JSR
BRA

DETEC_4 CMPA
BNE
JSR
JSR
JSR
BRA

DETEC_5 JSR

END_PROG_1
PULX
RTS

TURN_L
END_PROG_1

#$80
DETEC_4
REW
TURN_R
TURN_R
END_PROG_1

#$40
DETEC.5
REW
TURN_L
TURN_L
END_PROG_1

FORwW

. Routine Delay wait detecting.

DELAY_T LDAA #358
DLIT LDAB #$00
DL_2T DECB
BNE DL2T
DECA
BNE DLAT
RTS
- Routine fortest IR Dsatector.
TEST_IR STAA PB8265_A
BSR DELAY_T
RTS

Routine pattern motion

DANCE JSR
JSR
JSR
JSR
JSR
JSR
JSR
JSR
JSR
JSR

.o

FORW
FORW
FORW
WAVE
REW
REW
REW
WAVE
FORW
TURN_L

: Discover left obstacle.
;Yes orNo, no jumpto DETECT_4.
:Yes, to ran away from obstacle.

: Discover left obstacle.
:Yes orNo, no jumpto DETECT_5.
. Yes, to ran away from obstacle.

; Donthave obstacie go shaed.



JSR  TURN_L

; Routine load table motion .
; for go ahead.

. Routine load table maotion.
; forto go back.

JSR  TURN_L
JSR  WAVE
JSR FORW
JSR FORW
JSR  WAVE
JSR TURN_R
JSR  TURN_R
JSR  TURN_R
JSR  WAVE
RTS

* Basic Moving Routine. *

FORW LDAA  #13
STAA PER
LDD  #STEP_1
STD TEMP
JSR  WALK
LDD  #STEP_2
STD TEMP
JSR  WALK
LDD  #STEP_3
STD TEMP
JSR  WALK
LDD  #STEP_4
STD TEMP
JSR  WALK
RTS

REW LDAA #13
STAA PER
LDD  #STEP_3
STD TEMP
JSR  WALK
LDD  #STEP_2
STD TEMP
JSR  WALK
LDD  #STEP_1
STD TEMP
JSR  WALK

LDD  #STEP_4



TURN_L

WAVE

STD
JSR
RTS

LDAA
STAA
LDD
JSR
LDD
JSR
LDD
JSR
LDD
JSR

. RTS

LDAA
LDD
BSR
LDD
BSR
LDD
BSR
LDD
BSR
RTS

LDAA
STAA

LDD
STD
BSR
LDD

BSR

TEMP
WALK

#5
PER

#STEP_1
TEMP
WALK

#STEP_S
TEMP
WALK

#3TEP_3
TEMP
WALK

#3STEP_B
TEMP
WALK

#15

#STEP_3
TEMP
WALK

#STEP_?
TEMP
WALK

#STEP_1
TEMP
WALK

#STEP_8
TEMP
WALK

#15
PERPER

#STEP_1
TEMP
WALK

#STEP_0
TEMP
WALK

: Routine load table moction.
;fortum left.

; Routine load table motion.
; fortum rigth.

. Routine load table motion.
; for Hip wave motion.



LDD
STD
BSR

LDD
STD
BSR

LDD
STD
BSR

LDD
STD
BSR

LDD
STD
BSR

LDD
STD
BSR

LDD
STD
BSR
RTS

#STEP_9
TEMP
WALK

#3TEP_10
TEMP
WALK

#STEP_S
TEMP
WALK

#STEP_10
TEMP
WALK

#STEP_O
TEMP
WALK

#STEP_11
TEMP
WALK

#STEP_D
TEMP
WALK

* WALK Routine read motion Table for translate pulse generator routine.

WALK PSHX

ASSINE LDD

PER
COUNT

C_ASS
ASSINE

M_DELY
COUNT
LA

; period for 1 loop.

: Set parameter.

: Set bit for servo.

: Load pointer .

; load time T_ON for servo lift

; load time T_ON for servo rotate.

: Branchto pulse generator Routine.
; Shift bit for next servo .

; Slide X pointer fill.

: Count loop cover any legs.

; call delay for T_OFF.
: Count period.



M_DELY

ot

END_D

RTS

LDAA  COUNT
ADDA #7

LDAB #$00

DECB
BNE
DECA
BNE
RTS

M_D_2
M_D_1

: Routine Delay for T_OFF.

*  MOVE Routing Generate pulse from P_ON_1, P_ON_2.

MOVE

MOVE1

MOVE2

MOVE3

MOVEA4

PSHX
LDX  #REGBAS

LDD  TCNT
TOC2
LDAA BIN
P8255_A
#$40
TFLG1
LDD  TCNT
P_ON_1
TOC2
BRCLR TFLG1.X$40 MOVE2
#$00
PB255_A
#$40
TFLG1

LDD  TCNT
TOC2
LDAA  BIN
P8255_B
#$40
TFLG1
LDD  TONT
ADDD P_ON_2
TOC2
BRCLR TFLG1.X$40 MOVEA4
LDAA  #$00
STAA P8255_8B
LDAA  #$40
STAA TFLG1
PULX

RTS

; set pointer register system.

. set parameter.

; setpulse ON.

; setFlag Timer.

:load Time at present.

; adding T_ON from mation table.
: keeping to TOC2 for compars.

: wait presenttime = TOC2.
; setpulse OFF.

; same itup.

Step walk position SERVO (motion tabla).

STEP_O

Dw LL_DOWN

Dw HIP_CEN
DW LR_DOWN
Dw HIP_CEN

Dw LL_DOWN



STEP_1

STEP_2

STEP_3

STEP_4

HIP_CEN
LR_DOWN
HIP_CEN
LR_DOWN
HIP_CEN
LL_DOWN
HIP_CEN

L _uP
HIP_CEN
LR_DOWN
HIP_CEN
LL_DOWN
HIP_CEN
LR_UP
HIP_CEN
LR_UP
HIP_CEN
LL_DOWN
HIP_CEN

LL_DOWN
HIP_FOR
LR_DOWN
HIP_FOR
LL_DOWN
HIP_BAK
LR_DOWN
HIP_BAK
LR_DOWN
HIP_FOR
LL_DOWN
HIP_FOR

LL_DOWN
HIP_CEN
LR_UP
HIP_CEN
LL_UP
HIP_CEN
LR_DOWN
HIP_CEN
LR_DOWN
HIP_CEN
w_upP
HIP_CEN

LL_DOWN
HIP_BAK
LR_DOWN
HIP_BAK
LL_DOWN
HIP_FOR
LR_DOWN
HIP_FOR
LR_DOWN
HIP_BAK



STEP_S

STEP_6

STEP_?

STEP_S

STEP_S

322 %2

DW

3293299297 234382:

DWW

LL,_DOWN
HIP_BAK

LL_DOWN
HIP_CEN
LR_DOWN
HIP_FOR
LL_DOWN
HIP_CEN
LR_DOWN
HIP_CEN
LR_DOWN
HIP_CEN
LL_DOWN
HIP_FOR

LL_DOWN
HIP_CEN
LR_DOWN
HIP_BAK
LL_DOWN
HIP_CEN
LR_DOWN
HIP_CEN
LR_DOWN
HIP_CEN
LL_DOWN
HIP_BAK

LL_DOWN
HIP_BAK
LR_DOWN
HIP_CEN
LL_DOWN
HIP_CEN
LR_DOWN
HIP_CEN
LR_DOWN
HIP_BAK
LL_DOWN
HIP_CEN

LL_DOWN
HIP_FOR
LR_DOWN
HIP_CEN
LL_DOWN
HIP_CEN
LR_DOWN
HIP_CEN
LR_DOWN
HIP_FOR
LL_DOWN
HIP_CEN

LL UP
HIP_CEN



STEP_10

STEP_1

DwW LR _DOWN
Dw HIP_CEN

HIP_CEN

2232242
g'

? ¢
£ 3
gﬂ

z

LL_UP
HIP_CEN

393939492392 22842842442
=

ORG $FFFE
DW $AD00
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SPECIFICATION

CPUMCSE8HC11AIFN
MEMORY

INTERNAL FEPROM 512 BYTE
INTERNAL RAM 256 BYTE
PORT

PRINTER PORT
KEYBOARD

LCD

TIMER

A/D 8 CHANNEL

SERIAL PORT

CLOCK RATE

POWER SUPPLY
CONNECTOR

1 40-PIN EXPANSION HEADER-STRIP
1 34-PIN EXPANSION HEADER-STRIP
20-PIN EXPANSION HEADER-STRIP
1 20-PIN EXPANSION HEADER-STRIP
14-PIN EXPANSION HEADER-STRIP
10-PIN EXPANSION HEADER-STRIP
1. 10-PIN EXPANSION HEADER-STRIP

(=Y

-

(=Y

1 6-PIN EXPANSION HEADER
1 4-PIN EXPANSION HEADER
1 8-PIN JUMPER

1 6-PIN JUMPER

1 6-PIN JUMPER

1 4-PIN JUMPER

1 4-PIN JUMPER

1 4-PIN JUMPER

1 3-PIN JUMPER

1 3-PIN JUMPER

1 3-PIN JUMPER

1 2-PIN JUMPER

1 2-PIN JUMPER

LED

PCB SIZE

52 PIN PLCC
6264/62256 (MAX 32K ADDRESS $2000-$SFFF)
2764/27256 (MAX 24K ADDRESS $A000-$FFFF)

8255 /O PORT 24 BIT

1 PORT

1 PORT 3x4 OR 4x4

1 LCD MODULE DOfP/GRAPIiIC

3 INPUT/4 OUTPUT AND 1 INPUT/OUTPUT

2 CHANNEL SCI (RS232/RS422) & SPI

-8 MHZ

INPUT 9V DC
(SYSTEM BUS)
(PERIPHERAL)
(PRINTER)
(LCD)
(A/D)
(TIMER)
(KEYBOARD)

(SPD)

(sCn

(RAM)

(EPROM)

(s9)

(MODE)

(VREF)

(3x3/4x4)

(2764/27256)

(6264/62256)

(CLCD/GLCD)

(STEP)

(XTAL)

1 POWER RAD LED
1 PC7 PORT 8255 ORANGE LED

9.3x 14 cm.
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