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COMMAND

STARM, ,
LEARN. .
BT 5 .
EEAD. ..
WRITE. .
EHECE . ..
BOOT .-ios
FINSH. .
SETAERM.
TOS5TM, .
FREARM
MAND. .,

S8 [ A—

INDEX

Program entry point

Learn a sequence command

Edit a sequence command

Fead in sequence from tape command
Write sequence to tape command
Check stored sequence command
Re-start system command

Exit from system command

Set start position command

Move arm to start position command
Free all arm joints

GO into manual mode

Execute stored sequence command

Display stored Seguence command



MATIN

-

L3

STARM

QU

LOOP

Program start

51

CALL
LD
CALL
CALL
CALL
CALL
LD
CALL
CALL
CATL
EE
JER
L
JP
CP
JP
CP
JP
CF
JP
CP
JE
el
JE
CFP
JE
=k
JP
CP
J P
CP
JP
[
JE
CP
JF
CP
JE
LD
CALL
JP

CLRSC

HL , SIGON

BSTE
PNEWL
INIT
DELT

HL , QUESS

PSTE
GCHEA
PNEWL
ML

4 ,QUESL
ILI

% ,LELRN
IEI

2 .EDIT
IRT

Z READ
I'WI

L, WRITE
Tl::l

4, CHECEK
|Sl

4 ,5ETAM
IrI|r

4 ,TQ5TM
rGl

& G0
IDI
Z,DISP
il'al

2 ,BOOT
4, MAND
rFr

Z FREARM

lQl
4,FINSH

HL, JMESS

PSTR
DHESL

Bmd g mp W™ Ry

Ty kg g

Tk SwE S oW LN ]

F ™ Saa

-

~E wd wa

- g - i SE g T a =y w4 =

LT T

Ea

-

ME Wi W wmp e R mEp g
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Clear the TRS8@ Screen
Point to sign on message
BrEiTE i

Print a new line

Set up system

small delay

Point to menue string
Prine iE

Get response and print is
Print new line

Is response a newline
Yes then ignore

Is response an 'L°

Yes do learn section

Is it an "E!

Yes do edit

Is it an 'R'

Yes then do read command

L 1 o R
Yes do write command
Teailk a e

¥Yes do check routine
IS it an 'St
¥Yes then do arm
= AR

Yes then move arm to start
a 'Gg¢

Do execute movements stored
a 'D!

Yes then display ARST array
a 'B?
Yes then
an "M®
¥Yes the Manual control of arm
El 1 E1'

Yes then clear all motors

a 1 Q I
Yes then
Point to
Print it
Try for next command

set

restart system

guit program
'PARDON' message

=] 3%



THE LEARN ROUTINE

*
[
m
¥

LEARN

WAIT1

WAIT?Z

NOINT

STLEN

CONLN

LD
CALL
CALL
CATLL
CP
JP
cP
JE
CP
JR

ALL
JR
CALL
CALL
LD
CALL
CALL
CALL
2
JP
CP
JER
CALL
JR
LD
D
OR
JE
HOR
LD
CALL
OR
JR
CALL
JP

HI. , RELNS
PSTR
GCHRA
PNEWL

-

Z ,QUESL
‘IEI
4 ,WATT1
tcl
Z JHNOTINT

PNEWL
LEARN
MOVTO
INIT

HL ,CASRD
PSTR
GCHRA
PNEWL

B ) i

QUES]

SPAC

NZ ,WAIT?
TORQUE
STLRN

HL, {COUNT)
A,L

H
Z ,NOSTR
A

(MAN A
KEYIN

B

NZ ,CONLN
MOVTO
QUESL

* A

B WA TE Md i ME Tad g Smp mg my W4 T Fd ME mE i i WA Smd S
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This section deals with the recording
of an arm segquence

Point to learn message

Print the message

Get response and print it

Print a new line
Response a '.'
Back to main loop

Fesponse an 'S'!

is uder types a

Learn seguence from start

a ‘¢!

Continue learning
seqguence :
output a new line
Bad answer so try
Move arm to start
Clear wvariables

Trom end of

again
position

Foint to waiting message

Print it

Get response and print it
Frint new line character

1 i

Response a .
Exit to main loop
Is it a space?

If not then bad input,

Switch motors on
Do rest of learn
Get current count

Is it zero?

if so

Yes then can't add to nothing

Clear manual flag
Because we are in
Drive motors and
Zero RKey pressed
Mo then continue
Move arm to start
Back to main loop

1 s

store

learn mode

position

try again

seguence



EDIT

EDIT

{7}

EDMOT

1

DER

(]

FUNCTION

LD
LD
OR
JE
LD
CALL
CALL
CALL
CP

-
L)

CP
JR
LD
CALL
CALL

BIT

LD
CALL
CALL
JR
LD
BIT
JR
LD
OR
JR
LD
INC
PUSH
SBC
FOP
JR
DEC
ADD
PUSH
ADD

EOP

HL, (COUNT)
4,L

H
7 ,NOSTR
HL ,ECOMS
PSTR
GCHRA
PNEWL

de1

7 ,EDMOT

1 R T
NZ,EDSRT
HL,COUTS
PSTR

GINT

NZ ,BADC
A H

7.0

NZ ,BADC
BC, (COUNT)
HL

HL ,BC

HI,

NC ,BADC
(COUNT} ,HL
QUES]

HL, ,EDS5TR
PSTE

CINT

MZ ,BADC
A, H

7 A

NZ ,BADC
A, H

L

% ,BADC

BC , (COUNT)
B

HL

HL,RBC

HL

NC ,BADC

4 b
=

=1 OFT
e ]
1 tﬂ L1 t—k
e
e
[N ]
E

m
&

1L

i
3

My Smp o mE mE W wE WA WA WE WE wg Wi w

a =N =F W ™ d Tl a4 i Tl mp

wn mE mg =

L ]

=a

=y e mE R md ma

]

=d

Tmi = =

Get row count

Test for zero
Yes then nothing in
Print edit message

store

et response

Print a new line

Is response an 'M!'

Yes then edit motor

Is response an 'R

No then try again

HL = New row count message
Prink it

Get 16 bit signed integer
Nen zero return means bad input
Test top bit of HC

If negative then bad input

Get count walue

Save response

Clear carry flag

See if response ¢ current count
Restore response

Replace count with response
Back to main loop

Print 'row number'
Get integer response
Bad answer

Mo negative row count
allowed

or Zers oW count

Get row count into BC

Move count up one

Clear carry flag

Subtract count from response
Hestore response

If greater than allowed error
Move response down one

Double HL

Save it
Eow count x 4
BC = yow count x 2



FEDIT

MOTAS

BADNM
SADC

AT
LD
ADD
PUSH
LD
CALL
CALL
JR
LD
OR
JR
LD
&R
JR
CP
JR
POP
DEC
LD
LI
ADD
FUSH
LD
CALL
CALL
JR
LD
CP

JXR

BT

L L S
o1 = .-'-"'j

JL-J ?_'__]

ary
T}

t-l.
t—!

Qoo Lwm gy
QOO0 O0WHD

HL ,BC

BC ,ARST
HL ,BC

1L

HL ,MOTNS
PSTR
GINT

NZ ,BADNM
ALH

A

MNZ ,BADNM
AL

1

C ,BADUM
I,

NC , BADNM
HL

pa

C,A

B, @

HL ,BC

L

HL ,NVALS
PSTR
GINT

NZ , BADNM
A, H

@FFH

NZ ,PEDIT
P

Z BADNM
MOTAS

A

ME ,BADNM
7, L
NZ , BADNM
A,L

HL

(HL) ,A
QUES1

11
SL ,BADME
PSTR
QUES1

N

Tk Sk %Nk Nid NE WA % -k

LTl

=k Nd RE T ol ] = S e R

en

Tk =k Wi WE Tl Nk %S -

- k] -

=4 bRl

-

HL = Row count x b6

Get store start address
Add row offset

Save resulting pointer
Print

Motor number string

Get Answer

Bad answer

Response too large

No motor number < 1
No motor number 7 &
Restore = Memory pointer
Motor offset @ — 5§

Add to memory pointer

Now we point to motor in store

scave polinter

Print new step value
Get response
Bad answer

We have a positive response
New negative step value too
large

Step value OK

New positive step valus too
large

So exit

else ok

et steo value

Bestore memory pointer
Place step value in store
Go do next operation

4

Print error message andc

return to main loon



EEAD ROUTINE

: Reads
;

READ

EOWN

BEDEYE

RDERR

stored
into memory

LD
CALL
CALL
CALL
8
J P
ZE
JR
XOR
CALL
CALL
CALL
CALL
LD
CALL
LD
OR

LD
LD
PUSH

LD
CALL
LD
ADD
LD
INC
DINZ
o]
CALL
"I

J R
LEC

sequence from cassette

HL ,CASRD
FSTR
GCHRA
PNEWIL:

] 1

Z ., QUESL
SFAC

NZ ,READ
Y

CAEON
DELS
RDHADER
READC
B.,A
READC
C,A

B

4, NOSTR
(COUNT) , BC
HL ,ARST
BC

Y

B,6
READC
(HL)} 4
A.E

E,A

HIL

RDRYT

o]

READC

E

NZ ,RDERR
B

A,B

C

NZ , ROWNER
CASOF
TAPEF

HL , RDMEG
PSTR

QUES1

A ma kWA Ty Saa g

T

TR RE e = Mg

=y T=d e

-a

= - et ] L Tanm

BE WE e TME mg 4 e M4 Mg mm

=F Wi ma

ME A N e i

*4

Point to wait message
Print it
Get response

Frint new line

Is response a dot?
Yes then exit

Is it a space?
Mo then try again
Clear A=Drive zero
Switch on drive zero
Short delay

Read header from tape
Read first character
Fak in B

Read second character
Place in C

C now equals count
Count zero, so exit

£et count = read count
Point to start of store
Same count

E = Check sum for a row
BE = Column Count

Read a row element
Store it

2dd it to check sum
Store in check sum

Inc memory pointer

Do next element

Festore row count

Read check digit

Same as calculated?

No then error
Decrement row count

See if row count

is zero

Wo then read next row
Switch cassette off
axit

Error message for tape
FEinE At

Go to main loop

= b



WRITE ROUTINE

; Writes a stored sequence to tape

WRITE LD BC, (COUNT) ;: Get row count
LD A,DB -
OR C :
BADWI JP %, NOSTR i I1f zero exit
LD HL,CASRD ;  pPrint message
CALL FSTR H
CALL GCHERA H et answer
CALL FPNEWL i Print new line
CP S ; Is answer a dot
JP 2 ,QUES] ; Yes then exit
CE SPAC i Is answer a space
JR NZ ,BARDWI i No then try again
HXOR A i Clear drive number
CALL CASON : SWwitch on drive zero
CATL DELT H delav
CALL WRLDER 2 Write Leader
CALL DELT ; delay
LD BC , [COUNT) ¢ Get count into BC
LD A,B i
CALL WRBY2 ; Write higher byte
LD A,C ;7  Get lower bvte of count into &
CALL DELT ;  delay
CALL WRBY2A ; Write lower byte
LD HL ,ARST i Polint to start of seguence of store
ROWW PUSH BC = Save row count
LD E,d ; Clezar check sum
LD B,6 ; S1lx motor slots per row
WRBYT LD A, {EL) s Gel motor slot N
CALL DELS ; delay
CALL WRRBRY2 : Write it
CALL DELS ; delay
ADD AE :  add to check sum
LD E.,A =
INC HL ;7 Inc memory pointerx
DINZ WEBYT ; Do for all six motors
CALL WREYA 2 Write check sum
POP BC - Restore row count
bEC BC ; Decrement row count
I.D A B ;
OR = 3 Test if zero
JR NZ , ROWNW i No then trv again
CALL CASOF H Switch cassette off
JP QUES]1 ; Back to main loop



CHECK ROUTINE

o

Checks tape with seqguence in

CHECK LD BC, (COUNT)

LD A,B

OR &

JP Z ,NOSTR
BADCTI LD HL,CASRD

CALL PSTR

CALL.  GCHRA

CALL  PNEWL

CP ‘I-I

JP 7 ,QUES1

CP SPAC

JR M2 ,BADCT

XOR A

CALL  CASON

CALL RDHDR

LD BC, (COUKT)

CALL READC

CP B

B NZ,RDERR

CALL  READC

CP s,

JR NZ ,RDERR

OR B

hi= Z ,NOSTR

LD HL ,ARST
ROWNC PUSH  BC

LD E,D

.D B,6
CXBYT CALL  READC

cp (HL)

JP NZ ,RDERR

ADD A,E

LD E,A

INC HL

DONZE CEEYT

POP BC

CALL  READC

CP E

JP NZ ,RDERR

DEC 14

LD A,B

OR C

Jr NZ , ROWNC

CALL CASOF
TAPEF LD HL , TAPOK

EAII, PSTR

Jp QUES1

S5tare

Tmp Mg A ME um S My E CEE Mg el e RO T

=4 ] ] Tl T Sy

-y wmy

-

= e Tk Wl MEF Wi Tk Tma g

= -y =l % =i “-E Wi =E MY e Wi wa =

= L]

b

Get row count

If zero exit
Print wait message

Geft answer

Print new line

Is response a '.'

Yes then go to main loop
Is it a space

No then try again

Clear cassette number
Switch drive zero on
Fead header from tape
Get row count

fead first section
Same?

No then error

Read lower byte of
came’?

No then error

fdero count from tape
S0 exit

Point to start of
Save count

Check sum is zero
Count is b

Fead a motor step element
same as in store?

Mot the same so 'error

counyt

mamory

Add to check sum

Advance memory pointer

Do next row element

Restore row count

Read check sum _
Same as check sum calculated
Mo then error

Decrement count

Is count zero?
No then do next
Switch cassette

Print tape off

ToOwW
e
meazage

and back to main loop



ECOT AND FINISH COMMANDS

: This routine restarts the program

BEGCT LD HL ,BOOTE
CALL E=TE
CALL GCHERA
- o g
JF Z , STARM
CP "N
JR NZ ,ECOT
CALL PNEWL
JF QUES1

Frint. "DO YOU EEALLY
WANT TO RESTART?"

Get answer

User typed '¥'?

Yes then restart program
Mo 'N'?

Then try again

else print new line and
back to main loop

; This is the exit from program Section to TESEO

; system level

FINSH LD HL, RELY(
CLIL PSTR
AT GCHRA
CP .
IR N7, TRYNO
LD HL ,STIGOF
CALL ESTR
I FINAD
TRYNO Cp L
JR NZ ,FINSH
CatY. PHEWL
Jp QUEES1

e mg m

i e g Tk Wi LN} L]

S

Print "REALLY QUIT"

(et arswer

User typed a 'Y'

No: then try '‘H?

Print ending message
and then

return to TRSBO System
User typed an 'N'

Mo then try again
Frirt a new line

Back t¢ main locp



OTHER SHORT COMMANDS
; SETAM clears arm position array

SETAM CRIL RESET ; Clear Arm array (POSAR)
JP QUES] ; Back to main loop

: TOSTM moves the arm back to its start position

TCSTM CALL MOVTO
JP QUES1

Steps motors till POSAR elements
are zero then back to main leoop

Sk "

: FPFREARM frees 21l motcrs for user to move arm
; by hand

Output all cones tc motors
and now to main loop

FRELRM e B CLEMT
JP QUESY

- Mk

;7 MANU allows the user to move the arm using
¢ the’ k=h kKeve dnd fho “0OF Lt RN CERAIERMGE Ry Jeaie
; The movements made are not stored.

MANU LD A,1 ; Set in manuzl mode for the
.0 (MAN)} ,& ; kevin routine
MANUA CLIL KEYTIN ; HNow get keys and move nctcors
JF NZ ,MANDOA; If non zero then move to be done
XOR A ; Clear manuzl flag
LD (MLN) A ;
JP QUES1 ; Back to main loop



THE CO COMMANLE

mm R my oy

GO

OMECY

MORET

CAhll.
CALL
XOR
LD
I.[:
CALL
CALL
CETT,
CP
JER

Faln]
LN o

JE
LD
LD
LD
CALL
CALL
;B
OR
JE
CALL
CALL
CALL
o B
I
CALL
JP

PNEWL
MOVTO

B,
(FORFC) A
EL ,AOQORNM
EoTH
GCEEA
PNEWL

IDI

Z ,ONECY
1F1
NZ,GO
A,1
{FORFC) ,A
Pﬁ.; 1 'I
FUTCHR
DCORLL

A, (FORFCG)
A

2, NCRET
DELT
MOVTO
DELLN
ONECY

HL , DONME
FSTR
QUEES1

SE WME MA S Ry M WE Wb TNE S by mg

E W Wy wE T SNt W 1]

a

This command cavses the ccmputer to step
through a stcred secquernce and makes the arm
follow the steps stored,
be done fcrever then the arm resets itself at
: the end of each cycle.

if the sequence is to

Frint a new lire
Move arm to start
Clear

Forever Flag FCPFG
Priot
Message

Get answer and print it

Print a new line
User typed an 'O

Do sequence till end
User typed an 'F°

No then re-try

Set fcrever flag

to 1

Erintaa et

Using PUTCHR

Execute the sequence
Test FORFG, if zero
then we do not want
to carry on sc exit
delay

Move arm to start
Delay approx 1 second
Do next sequence
Print sequence done

and go to main locp

*4 - 21*
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THE DISPLAY COMMAND

Thi=s c¢ommand allows the user to display
the motor sequence so that he can then
alter the contents of a sequence by using
the edit command

mE omy my

DISE Lo HL ,DISPS : Point to header string
CALL PSTR ; and display it
CALL POSDS ; Print out the relative position
LD HL ,ARST ; Point to sequence start
.D BC , (COUNT) ;i BC = how many rows to print
LD A,B ;
OF: G ;. Test if count is zerc
JF NZ ,SETBC ; No then jump to rest of
NOSTR LD HL,NODIS ; display else print message
CALL PSTR ; telling user nc display and
JP CUES] ;: return to the main loop
SETBC I.I: EC , 0@ ; Clear BC for row count
DOROW PUESH EC : Save it
PUSH HL ; Save memcry position
L H,B ;
LD Liig & ; HL, = row ccunt
JkC HI, = Now rcw count =hNN+1
LLC 1%, NUMAR ; 1lX points to buffer feor ASCII String
CALL CBTAS : Convert HL to ASCIT
L.C HL , NUMAR ; Foint to ASCII string
CALL EPSTR ; how print it
LD Bt e -
CALL PUTCHR : Print a '._.1
POP HL : Restore memory pointer
LD B,6 ; Motcocr count to B (6 motors?
NEXTE LD A, [EL) = Get step wvalve
FUSH HL ;  Save memory pointer
PI:ZH BC = Save motor count
ETT FY : Test bit 7 of A for sign
JR 2 ,NUMEQ ; . If bit = @ then positive step
LD H,dFFH ; Make F = negative number
JR EVAL ; Do rest
NUOMPO LI E & ; Clear H for pesitive number
EVAL LD L,A ; Get lcw order byte into L
LD 1¥ , NUMAR ; Point to result string
CALIL CBTAS 1 Cal: conversion rcoutine
LD FI ,MUMAR ; HL pcints tc result
CALL PSTR ; FPrint resulting ccnversion
LG A, (381¢H) ; Get keyboard memory locaticn
BIT @, A ; Test for zerc key pressed
JR Z /NOSTP ; Not pressed, then skip
DOSTE CLLL GCER ; Wait till next character entered
CP F = Iz it a dot?
JR NZ ,NOSTP ; No thern: carry on
CAIL PHNEWI, ; else print a new line
POP BC ; and restore all the registers
POE . HL : and the stack lewvel

*4 s 22*



NOSTP

POP
JP
POP
POP
INC
CALL

DJNZ
CALL
PoOP
INC
LD
=B
JER
LD
CE

-
[

CALL
JP

QUES1
BC
HL
HL
PSPAC

WNEXTE
PNEWL
BC
BC

A, (COUNT)

e

N2 ,DOROW

A, (COUNT+1)

B

NZ ,DOROW

FPNEWL
QUES]

*4

PaE s
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=y mE WE HE RE HE HE Mk Wa

r

T

=

Junp back to main loop
Restore column count
Restore memory pointer
Increment memory pointer
Print a space between
numbers

Do for six motors

Print a new line

Restore row count
Increment row count

Get lower count byte

Is it the same

No then do next row

Get higher order count byte
Same?

No then do next row else
print a new line and then
back to main loop



SUBROUTINES

B ] B —

ERIT casmaess

HD‘“"TC—“ - = ¥ 4 F @

I:Ilj--.:l-.‘l.'.ll- L I ]
CERE . s

INDER

11111 * 4+ m - W
T T
' F w ® E I F oFomowm
- L L * % & L
a & &2 & o om o= o+ om
L} ® r = = ¥ & =
- & * + = = = & +*- =
11111 - - -

. -Execute a steocred sequence once

- -Drives all motors directed by TBUF
--5et up system

-.Use POZAR to rest system arm

.. Turn on off motors

.Turn off all motors

. -Reseat CTPOS elerents to one
-Orive directed motors
- .otep motars via DRAMT

-Delay on directicn change

+

- -Update TBUF array during learn
- -3Can keyboard and build up motcrs to move

- -Convert 16 bit 2's complement nunler to ASCIT

- . .Clear MOTBF array

- -.Clear TBUF, DERBUF & MOTED Arrays
-.Get lé bit signed value frem kevboard

-.Display relative position array elements

PORSHE e =reess---...-InCcrement relative peositicn array elements
SLCIRES s sy e sa o Copy TBUF to current ARST slice

RESET e e T e e +....Cle§r POSLE array

EMEECHR L . . i B e s e Print a character

BT TR
P."-l.._-l'l.'_;, T A e

* m o om o & F & " owm om

-Print a string
-.Print a space

-.Print a carriage return



