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Microprocessor assisted control of the machine
which climbs up a tree in a straight line

CHIKANOBU MATSUBARA*, YOSHIHIKO TAKIMOTO**,
AND JUN’ICHI GOTOU***

A microprocessor assisted automatic control equipment for the machine which
climbs up a tree in a straight line was developed. The machine consists of 2
grasp units and 1 expansion and contraction unit, and operates by 3 motors and
1s controlled by 4 switches. To control this machine, it 1s essential that grasp
and opening, expansion and contraction should be repeated systematically, as a
man climbs controlling his upper and lower limbs. Accordingly, to execute the
routines of the controller one after another, termination of above-mentioned 4
actions were detected by the intensity of electric current, the time elasped or the
state of microswitches. The developed control equipment was copmosed of a very
simple circuit, but by only one stroke of its function switch, the climbing
machine could automatically perform the function, 1.e. ascent, stop, descent or
grasp units opening, reliably. Consequently, the machine which climbs up a tree

in a straight line approached almost the stage of practical use.

B OBAT b MO BITRE I, BEOE T L — HEARS L, MEROBITIEE & (R,

LAERHOCTHE AL LS ICEY D, BEm %
JE#ET A2 Lz kb, BiEE L BERIC LR S E S
M. TR ICEML ARSI Tw S, 2
DL HEEICERLAZEEL LT, FEORLET %
HiTtb 3528, BHEOERE I HELSG AL
Itk R Gl A Z &, EEOERES YD 3 VA
FRENBED, TNODBEEAIERIZTLENHEE LT,

Bre FTRABEOWTHEO A WIERIZES L [EEOEE
T HEBEBORBHEEYIER L7, REHIEARS (3
DIFETYREZIER LRENORZELRHS, ZoBE
WZHED X, BRESVIIERRBIZEEY S 2 ki
FEEARAMEL, SOUURESVEIZOEFEE ¢ ¥
i L7-BEORITEE EEL, Cho 2 RIEL THE
BRBETEEORE M SHREHFICLI LD,

* LURRHT 3L K A TS R I R AR AR S

Laboratory of Health and Physical Education, Faculty of Living Science, Kyoto

Prefectural University
* % B S B A ET M e R AR
Shimane University Forests

* k kB HIRS B AR R AR S TS e

Laboratory of Forest Engineering, Department of Forestry, Faculty of Agriculture, Kochi

University



B44 A SO I )
COBEBRBITEE L, ETHRICHYST 2 2koip
FEBEIERALF L 2%10, —AoBEEE+ B0
L. fhofBReE 220 Tefhke 2 2456, BOLT
WOIBFERE A BHEEEIC L - TR 2> T X
HLEEL BRIV ETLDTH S, EBE YOLEER
11.6kg, EEL2cmOBH 2 BRF L2550 I
Ml 3s, BAMTEEM 2s, M#ERE X, EF 1. lem /s,
TBEl.2cm /s, 2D 11T i34lemTdh %, i3,
2HOIBFHEKE, BLUMEERICZLEN BT,
BEI3MEODCE—% (HE/EFT DCMGO4AO07E
100) TH 3, BEOHIFIZE— ¥ OMEEIC L - TFH
Zht, O, E—~0O@BELENL., BFEOK
WCEMERE I VITRICEL -WELBHEL LT
ThbedI LiZLd, WHBEIIEL X020k,
RNV LA EEEE—F~OBEBEOAEL L U
BHEOYI D EZIZL B,
ZOBITEBORMEII LT 4 BDO R4 v FHRIED
AL > THRETH B, L L, #FhE—EDONEFEI
o T bRITNIER 5SS, LarbFEEHC 2EoE—
FIRETAHAELDNE, 1 DOBEDRET #1F-
TNDTROBIELITRI I EDTELHELH B,
BAFOBIT L BWOBTHIEA, RESh-BSET
FRLULABTRLIRRBRIIZ D D V2 ELSEL 0
K, FYOF P10, 2P0 mETE
b I VWO LEBTaL, AV EELEEZE
5, MlFYOMEHTIZ, BITEBEOMWI 28
WDOWTREREAD 0D, BIEOHIEHIZFEIC &
BAAL v FRMEICEET S THE Y, HENFIME LIZEE
LLTHEREN TV, #2T, =4 070ty ¥%
EHL, EH. #FI1E. TR, BHFBEERRO 4 208
ﬁ%\%h?hlﬁwﬁbﬁ7y%ﬁfﬁﬁf\ﬁﬁ
TR LI LDTEXLHMEBYBERL 720

VB ~
BATHIHEE X, KO L) 2ttt L7, ¥ — RO
BIEBEIIC, BREXA vy F0lidr, LE. E1F TR
ERBRBRAROERE ANT 2 4ABOMLESY V21 v
Fe. ENEFNOBEELERITHTH S Z L 2RT /54
Oy b7 r7EELZ, BEE ANTHEIN R
BERRSBIREhLZ L, 4@OAA v Fu$hpy
TN OBEL TRV, BifERIctbo X
1y F AR, FOBEIBY., BIBEITHO R v
FRBLTIED LTI, B, BfTEBOE—
Y RDCL2VTHEBI ST B DT, HIHEBOER
b, FIMLMAZ ELE LT, 20K, FHHED /-
DDA v FLBEEHBZZABOYL—IZi3F0T T
L, 7HusZRIRB LT 2 IVERKICIE 5 VIS
FEIEL TG L zo BATERE & ITARTERL 7,

WA & OZ -k K OM

(50)

SHDOEHEBEOE— S IZEFREFRLIEATO>DOY
V—%8HKL, Tho50) L— i B@BETTEE, &
BErxEEITRERIOTA L)L, HHEEDE—
Fiik 2oy L—%2EEL, VL —2Ms LIEAE
FHiZE—% 3l —FH0) L—0 A IZBET ILE
M#54 2 b b, W c3dmET b bMET 2
LIl IS4 L—%8EST BT,
LR Bk, TR, EEEERRO 4 BEEiThbE
LIEHTEL, ¥, HEFBERMEIECOVT
2, 4D L — T RTCEILEBRECL, 3EOE—
S HRTRTUELEEEIELIZL > TERTES, E1F
BifEid, BT — 4 IS Y, 2 EK0OIBE
KEOE— Y 2MA L bMESETHAOL, 20K
SIIERARFRIELILICL b, B, JEHRIIH
WHRMICL2E— s DELEZRLEEL 2T I THS
. DCE—FIZUAVERDOD%FHL TWBDT,
BB+ 2 2 L e

UEZ2o08EIcT %) L—0BEZ, 4f@+h
FRIDOWTEEF R BEORELY 1 |74 72
JT, E0RIBMMEOBRIELIT R ) LEN 2V, Th
XL, EABIUOTREMEICBVTIX, R4 IICERE
EEROVBEIR2ITNELS2VIENYTHRL, 12DY
V—8EX T o7ch &, FMICET L SEIED
TLEBTRTEROBIEICBR 2 VEEHH 5,

ERFRBEOML, EHFBEE 3B TRET T 575
BEBOBERICL > TREXEL B, ZOBENTES
LEIROBEEZ LEBEAKOET T 5 i
O, TOLI BRI LIFINL Y, FIT, EE
OEHE R T IEBEE T, O, EHE0-00
DCE—~DO&EIX., ERHBEMOLVE X 12134400
mATH LN, EHEEZET L. FOREBMO-HE—
¥ OEEEAEE LA ITI3H1.6A 2 5, BlEEE
TROBRIIELONT XD Ho7, )4 X %o
2 LG E Il O HECEBEORETHRETEA 2 1)
T 570, BRAKI2ARBA 722 L 2B L7
BEOIIH I BHEM L HREL -BE T, Z08)Ed
TTLRbDERRTI LI, $hbb, —HD
EFEREOLMEELSZ ORRSIEL THDH T, fh
DIEFEBOBBELBIET 2 2 LA TE 5,

FROBIEIC DOV Cit, B2 L7 RE» S, i3
ROBREANTELICHOT 2 T 2HE*ET 20T,
E— I NOEEEEIEL THOH 2 BBL EFE 20
N, ZORFEBS ETICBBIS L3 TE L
Vo ZORFHOMBOBERIZE - THEEXE U B A5,
BREECHAOL TV IEBEISETE LTI V0
T, MM B CHOBEI ST LZbD L
AT EE LT,

HREIEI DV T3, fTROFMIGE L 7235812,



VAICELZT Ao~ A s o7 Oty iz L B HIH

B45

LHOO80A TMM2764AD-15 LHOO081A
(Z80A-CPU) f (Z80A-P10)
f Y Y
Vce DO . DO Voo DO Vce
v ! ‘ | i | I
I
- L BE o o PAQ (—
INT D7 ~— D7 A0 b7_ ; |
NMI AIO | | A|0 7]————‘ Cc/D PIA7 :
vgtﬁ\g{o L b o BIA ASTB
i 1 '
A12 a2 ARDY|—J
MREQ cs Vpp ¥
R OE PGM N __ BSTB
GND INT  BRDY|—
5 [
X TTe! RD_ o
S IORQ IORQ |
RES L] CE PB7 |—
2 M1 M1
o~
& GND ? Y # GND
h 2%
~ QT | TCO-707F
0SC | (4.000MHz)

Fig. 1.

FNEFNEARHUT A LA TEL L), HBEIZ2MHD
2 A7 aAL v FER) DT, WITNAPDAL v F
AU AUE, BeRBRICHRER F 713 50HE L 7o KA 58]
L2 LA RTOT, ROBIEIIBLI LN TEDLZ
Lok s, HEEOELIZOWTIZ, TS NOHEEY
HERT AU, BB ITE IR R 5, fEo TIREE
BB OFIEEIARET, T CICROBELZITEH) 2N
T& 5,

B1EE, CPUBIC# oA, T 42bb<
fraar¥a— s KEESTTHA, 28 0A—-PIO
k. K—FPARAD, F—FBEHAICHRE L THEH
L7z AFI8 ¥y MIoWTid, BAITHIMEEAMIC
FFo bR, =ik, TR, BN TR EL DX
£y FORBRYICLE Y bFo2FHL. 240
FRERE IS L 2R T — 7 OB EESIRIUR S
1€y b¥o, [MEEEEISRARICMES L UL
ot oBEIZ1I Yy FEor W, sy
Mz, 2foEfHE— O L&z 1 €y b T
S, MR E— 7 OJENELE L EREE R ENLD Y
L—BREjC LYy PO, FRho4Ey M, ERH,
ik, TR, EFEERRF N Eh OB L ZRITP T
HaHIEEBERREIIRT MOy T 2T OERE)
VAR L 72,

2 E, FREEEO -0 A HETREREET,
[CE LTI v 727N/ FaTh OP7 v 7—
avL—% 10K, FOMEFTATHOAA v F,
WMhooioid) L—4fBLos1ay b5 T

(51)

CPU section of the circuit.
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Fig. 2. Input/output section of the circuit.
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Fig. 3. Flowchart of ascent routine.

*Stop means neither expand nor contract.
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% *In the

actual program, function switch sense and jump routine is included in each * *mark

routine.
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sCLIMBING CONTROLLER

JPSTOP

JPDOWN

JPEASE

.280

EQU O0O0H
EQU O02H
EQU O1H
EQU 02H
EQU 04H
EQU 08H
EQU 10H
EQU 20H
EQU 40H
EQU 80H
MACRO

BIT 0,A

JP Z,UP
ENDM

MACRO

BIT 1.A

JP Z,STOoP
ENDM

MACRO

BIT 2,A

JP Z,DOWN
ENDM

MACRO

BIT 3,A

JP Z,EASE
ENDM

sINIT ROUTINE

s EASE
EASE:

EASE1:

s STOP
STOP:

STOP1:

LD A, 4FH
OUT (01H).A
LD A, OFH
OUT (03H),A

ROUTINE

LD A,PL4
OuT (PB),A
IN A, (PA)
JPUP

JPSTOP
JPDOWN

JP EASE1

ROUTINE

LD A,M1+M2+PL2
ouT «(PB),A

IN A, (PA)

JPUP

JPDOWN

JPEASE

JP STOP1

sUP ROUTINE

SENSE1

uP:

UP1:
uP2:

UP3:

uP4:

UP5:

UP6:
UP7:

MACRO

IN A, (PA)
JPSTOP

JPDOWN

JPEASE

ENDM

IN A, (PA)
BIT 6.A

JP Z,0P6

LD A,M1+M2+PL1
OUT (PB),A
SENSEI1

BIT 4,A

JP NZ,UP2

LD HL,0BOOOH
SENSE1

DEC HL

LD A,H

OR L

JP NZ,UP3

LD A,M1+PL1
OUT (PB),A

LD HL.,0DOOOH
SENSE1

SENSE1

DEC HL

LD AH

OR L

JP NZ,UP4

LD A,M1+M4+PL1
OUT «(PB),A
SENSE1

BIT 6.A

JP NZ,UPS

LD A,M1+M2+PL1
OUT (PB).A
SENSEI1

- S

sPORT A (INPUT)
sPORT B (OUTPUT)
s UPPER MOTOR

s LOWER MOTOR
sEXTENSION REV
3sCONTRACTION REV
sUP PL

3 STOP PL

sDOWN PL

JEASE PL

iSENSE 'UP’ Sw

SENSE 'STOP' SW

. ws wr

SENSE 'DOWN' SW

SENSE °"EASE’ SW

“s es we ws ws e se 2s 0e ve

sINITIALIZE PIO

.
. "
.

. "
.

s OPEN-OPEN-STOP
ySENSE FUNCTION SW

.e et es

1 GRASP-GRASP~STOP
SENSE FUNCTION SW

“e ws s s ws we @

.
’
’
s
’
’
.

SEND OF CONTRACTION ?

;s JUMP IF END POSITION
;s GRASP-GRASP-STOP

sGRASP TIGHT ?

DELAY FOR 1S

’
’
.
’
’
.
.

s GRASP-OPEN-STOP
sDELAY FOR 2S

s
.
,
’
B
’
’
’
’

GRASP-OPEN-CONTRACT
;END OF CONTRACTION 7

’
"

1 GRASP-GRASP-STOP
sGRASP TIGHT ?

UpP8:

UP9:

UPtoO:

WA % Eeo% B oM —

BIT 5.A

JP NZ,UP7

LD HL.0BOOOH
SENSE1

DEC HL

LD A.H

OR L

Jp NZ,UP8

LD A,M2+PL1
ouT (PB),A

LD HL,0DO0OH
SENSE1

SENSE1

DEC HL

LD A,H

OR L

JP NZ,UP9

LD A,M2+M3+PL1
OUT (PB).A
SENSEI1

BIT 7.A

JP NZ,UP10
JP UP1

sDOWN ROUTINE

SENSE2

DOWN:

DOWNL :
DOWN2:

DOWN3:

DOWN4:

DOWNS:

DOWNG :

DOWN7:

DOWNS8:

DOWN9:

DOWN10:

sEND

MACRO

IN A, (PA)
JPUP

JPSTOP

JPEASE

ENDM

IN A, (PA)
BIT 6.A

JP Z,DOWNE
LD A,M1+M2+PL3
OUT (PB),A
SENSE2

BIT 4,A

Jp NZ,DOWN2
LD HL,0BOOOH
SENSE2

DEC HL
LD A,H
OR L

JP NZ,DOWN3
LD A,M1+PL3
OUT (PB),A

LD HL,0DOOOH
SENSE2

SENSE2

DEC HL

LD AH

OR L

JP NZ,DOWN4
LD A,M1+M3+PL3
ouUT (PB),A
SENSE2

BIT 7,A

JP NZ, DOWN5
LD A,M1+M2+PL3
oUT (PB),A
SENSE2

BIT 5,A

JP NZ,DOWN7
LD HL, 0BOOOH
SENSE2

DEC HL
LD AH
OR L

JP NZ,DOWNS
LD A,M2+PL3
OUT (PB).A

LD HL,0D000H
SENSE2

SENSE2

DEC HL

LD AH

OR L

JP NZ , DOWNS
LD A,M2+M4+PL3
OUT (PB).A
SENSE2

BIT 6.A

JP NZ,DOWN1O
JP DOWN1

END

Appendix Source program of the climbing controller.

SERAT ML RFEFMME (B - AERSF) $40% BRYp.49~56

(19894E111)

sEND OF EXPANSION ?

: OPEN-GRASP-EXPAND

"

SENSE FUNCTION SW

END OF CONTRACTION ?

:JUMP IF END POSITION
;s GRASP~GRASP-STOP

sGRASP TIGHT 2

’
"

sDELAY FOR 1S

GRASP-0OPEN-STOP
DELAY FOR 2S

et a8 00 3o ve ws 20 s 2o we s ws we w

1 GRASP-OPEN-CONTRACT
sEND OF CONTRACTION ?

’
"

s GRASP-GRASP-STOP
sGRASP TIGHT ?

DELAY FOR 1S

OPEN-GRASP-STOP
DELAY FOR 2S

tEND OF EXPANSION ?
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