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4. SOFTWARE

e ITntroduction

A machine code program, LEARN , to drive the ARMDROID has been
specially written. It was designed for the Tandy TES=-80 Model 1
Level 11, and the loading instructions given here apply to that
computer. But the program can be easily adapted to any 280
microprocessor with the necessary porxt, and versions made

available for the leading makes with variations of these instructions
where appropriate. But of course users can write their own software
in whatever language they choose.

4.2 Loading

When in Basic type SY¥STEM, press ENTER, answer the '"*' with LEARN and
then press ENTER again. The cassette tape will take about 1%
minutes to load. Answer the next '*' with / 17408 and press ENTER.

4.3 General Description

LEARN is a menu-oriented program for teaching the ARMDROID a
sequence of movements which it will then repeat either once or as
many times as you like. The program is divided into four sections,
one for learning the sequence and for fine-tuning it, one to sawve
the sequence on tape and load it again , one for moving the arm
without the learning function, and finally two exit commands.

We suggest that, if this is your first encounter with the program,
you should read quickly through the commands without worryving too
much about understanding all the details. Then go o Section 4.5
and follow the 'Sequence for Newcomers'. This will give you a good
idea of what the program does. After that you can begin to discover
some of the subtleties of planning and fine-tuning segquences of
movemsnts,

L{EARN)

Stores a seguence of manual movements in memory. The arm is moved
using the commands explained under M(ANUAL)} . ¥You can exXit the command
by pressing QO {(zero) , press G(0), and the arm will repeat the
movement you have taught it.

O pressing L(EARN) yvou will be asked whether you want the S({TART)
again gr C{ONTINUE) from the current position. The first time press

S(TART) . The arm is then free to be moved by hand without the
motors’ torgue preventing you. Move it to a suitable starting
position, then press the space bar. You will find that you cannot

now move the arm by hand.

Ff = 1%



To add a sequence already in memory press C(ONTINUE) instead of
S({TART) .

Using the manual commands, move the arm to another position. As it
goes the computer is adding up the steps each motor is making, either
forward or back, and storing the data in memory. (holding the space
bar down during manual control slows the movement)

Exit by pressing O (zero).
0D {ISPLAY)

Displays the sequence stored in memory. The sequence can be edited
with the E(DIT)} command.

The six columns of figures correspond +o the six motors, and the
order is the same as that ¢f the 1-6/0-Y keys (see M(OVE). The
first row (RELPOS) shows the current position. Each row represents
a stage of the movement, and the actual figures are the number of
steps each motor is to make, positive for forward, negative for
reverse. The maximum number of steps stores in a row for one motor
is +127 or =128, so if a movement consists of more than this number
it is accomodated on several rows.

Movements of the arm gan be fine—-tuned by editing (see E(DIT))
the figures on display until the arm is positioned exactly.

Scrolling of the display can be halted by pressing O (zerg). To

continue scrolling, press any other key. To display the figures
one after the other, keep pressing 0.

hAllows the user to change the figures in the memorised segquence.
Truncate a seguence by pressing R(OW COUNT), then ENTER, then the
num2er Of the last row you want performed, and finally ENTER. This
clears the memory from the next step pnwards, so vou should only do
this if you do not want the rest of the sequence Xept in memory.

By pressing M(OTOR S5TEP), you can change any of the numbers in any
row and column.

S (ET ARM)
Sets the current position of the arm as the 'zero' or starting position.

“nen pressed from the Menu, it simply zeroes the first row of the
disglay.

ty
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ABM) has another function. During a L(EARN), pressing S(ET ARM)

any moment when the arm is at rest will ensure that the movements

re and after are separated from each other instead of being merged.
is the way to make quite sure that the arm passes through a

icular point during a seguence. Try the same two movements

=
thout pressing S(ET ARM), and note the difference in the digplay.
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It is important to realise that, if a seguence has been memorised
and S{ET ARM) is pressed from the Menu when the arm is not in its
original starting position, pressing G(0) will take the arm through
the sequence but from the new starting point. This can be useful
for adjusting the whole of a sequence (perhaps slightly to right or
left), but it can lead to the arm running into objects if the new
starting point is not selected with care.

W({RITE)

Writes a memorised seguence to cassette tape,

R(EAD)

Reads a previously written sequence from cassette tape into memory.
C (HECK)

Compares a seguence written to cassette tape with the same seguence
still in memory, to verify the tape.

G{C)

Moves the arm through a memorised sequence, either once or repeatedly.
It is important to make suxe that the starting point in memeory is

the right one, or the sequence may try to take the arm into
impossible positions. (see S{ET ARM)

T{O START)

Takes the arm back to the zero or starting position.

FI(R

It

£

Femoves the motors torgue from the arm, thus allowing it to be
moved by hand.

M(ANUAL)

Gives the user control of the movements of the arm direct from the
keyboard. It is used (a) for practising manual control before
L{EARN)ing, (b) for trying new combinations of separate movements,
and (¢) for moving the arm to a new starting position before pressing
S(ET ARM). Holding the space bar down slows the movement by a factor
about 3.

The motors are controlled with the keys 1-6/Q-Y. The keys operate in
palrs, each palr moving a motor forwards and backwards. Any combinatic
of the six motors may be moved together (or of course separately) ,

but pressing both keys of a pair simply cancels any movement on

Ehat motors:

The geometry of the arm is designed to give the maximum flexibility
combined with maximum practicality. A movement of one joint affects
only that joint: with some designs one movement involuntarily
produces movement in other joints.



It is a feature of the ARMDEREOID that it has a so=-called 'paralleloar:
operation, Starting with the upper arm vertical, the forearm )
horizontal and the hand pointing directly downwards, the shoulder
joint can be rotated in either direction and the forearm and hand
retain their orientation. Equally the forearm can be raised and
lowered while leaving the hand pointing downwards. Moving the arm
outwards and down by rotating both the shoulder joints togaether
still leaves the hand vertical, This is of vital importance

for simplifying the picking and placing of objects,

The motors controlled by the keys are:

diAiy Cripper
2/9: Wrist left
€47 Wrist righit
4 /R Forearm

Loy A L Shoulder
B Base

B (OOT)
Returns the computer to the program start and clears the memories,

Q{UIT)

Returns the computer to TR580 System level.

t4 - A%



4.5

10

11.

12

INTRODUCTORY DEMONSTRATION SEQUENCE

After loading the program, the screen shows the menu. Press
I. to enter .L{EARN).

Screen: START ACGAIN OR C{(ONTINUE) FROM PRESENT POSITION,
{.) TO EXIT. Press &
Screen: " ARM RESET

ARM NOW FREE TO MOVE

TYPE SPACE BAR WHEN READY, OR FULL STOP TO EXIT"
Now move the arm so that both arm and forearm are vertical
with the hand horizontal. For coarse movements grasp the
forearm or upper arm and move it. For fine adjustments
and for movements of the hand, it is better to use the large
white gear wheels in the shoulder joint. Press the space
bar and the arm will become rigidly fixed.

Screen: "H%*% TORQUE APPLIED **%"

Vou can now move the arm using the 1-6/0-Y keys as explained
in the manual section. Try just one movement zalone at
first. Now press O (zero) to exit from L(EARN)}., The arm

will return to the starting position, and the Menu appears
on. the .screen.
Sereen: Menu. Press D for D(ISPLAY).

Screen: Display and Menu. The numbers of steps you applied
to each motor have been memorised by the computer, and these
steps are now displayed see D(ISPLAY) section for
explanation. Press G for G(0).

Screen: "DO (F) OREVER OR (0O) NCE?. Press 0O (letter 0O},
and the arm will repeat the movement it has learnt.

Screen: "SEQUENCE COMPLETE" and Menu. Press L.

Screen: as 2 above. This time press C. HNow you can
continue the movement from this position, using the 1-6/0-Y
keys as before. Now press O (zero). Again the arm returns

to its original position.
Screen: Menu, Press D

Sereen: Display and menu. Your new movement has been added
to yourWfirst. Press G.

Sereen: as 7 above. This time press F. Each time a
sequence is started a full point is added to the row on the
screen. To stop press full point. ;

This is a very simple demonstration of how complex movements
can be built up, learnt as a sequence and then repeated endlessly
and with great accuracy.
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SYSTEM
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SCAN KEYBOARD
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QOFF
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L bl ] LR L]

Has wvalue of cne if number input neqgative
If NAN = zero then Steps are stored

[f 5TRFG non zero then store TBUF arrav
Set if kev pressed in KEYIN Routine

Set 1f sequence to e dope forever

Number of moter slices stored
Pointer to next free rnotor slice

Store used far Binary to ASCIT Conversion
Routine CThAS

kFach two bytes of this six elerent AL LAy
contain on value which is used to

keep track of each motors motion,

hence the array can he used to reset

the arm, moving it into a defined

start position.

Fach 16 bit value stores a motor

6 Bytes, each relating tc a nmcter.

A number from 1-4 is stered in

each bytes and this is used te

index the FTARL (see constant definition)

\ihen learning a mpove sequence the

S1x rotors rotions are stored in this
six Lyte arrav. . Tach bvte relates

Lo & mector and holds a motor step
count 1in the range =128 to +127

Iz the motcr changes direction or a
count. exceeds the specified range then
the whole TBUF array is stored ir

the ARST arrav and the THUF array

is cleared.

TBUF means temporary buffer.

fach byte relates to the previous
direction of a motor.

& 8ix byte array used by DRAMT to

tell which motors are bEeing driven, and
in which direction.

Bit zero set if motor to be driven

Bilt cone set if nmoter in reverse

Byte zero if rmotor should not ke driven.

this array heolds the segquence that

the user teaches the system. The array
conslists of H*0 bytes where 11 is

the numbter of rcus needed to store the
sequonce.
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F1L L

DEFE 102
DEFE ld&
DEFB 48

My

~a

TEFE U6 e

Tk Fme tmae wp mA tah mE ma W

FTABL is a small table which defines the
order of the steps as they are sent out
to the arwr. To drive each motor the
DRANT routine adds the motors offset
which 18 obtained from CTPOS and adds
this to the FTABL start address -1. This
will now enable the DRAMT routine to
fetch the desired elemnent from the FTAEBL
array, and this wvalue is then sent to

the motor via the output port.
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QUESS

RORNM
CASRD
QRESS
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DISPS
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MHOTOR
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DEEM

DEFW
DEFE
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DETW
DEFW
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DEFW
DEFM
DEFW
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DEFM
DEFB
DEFM
DEFW
DEFM
DEFR
DEFM
DEFE
DEFM

DEFW
DEEM
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DEFW
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*#* COLNE ROBOTICS ARM CONTROLLER

PEBDH

BOH

"REALLY QUIT? B

@i

@EDEDH

%;DU ARE NOW AT TRSE@ SYSTEM LEVEL'

'EDIT (M}OTOR STEP, OR (R) OW CoUNT?'

PPEDH

'NEW UPPER ROW BOUND IS?

(i

"ROW NUMBER?F

(@

'**%x BAD INPUT VALUE *%%°

BAEDH

%SEAHGE STEFS ON WHICH MOTOR?!

'REPLACEMENT STEP VALUER?!

(B

"LRN, READ, CHECK,WRITE, GO, DISF, BOQOT, MaM,
QUIT, SETA, TOST, EDT, FREE

PE@DH

‘DO (F)OREVER QR (Q)NCE?!

2

éngE SPACE BAR WHEN FEEADY, QF FULL STOP TO oXIN
'PARDONT

PEEDH

@D

'WANT TO RE-START (Y/N)?°®

e .

"START AGAIN OR (CIONTINUE FROM CURRENT POSITTION
(-} TO EXIT o
@@EDH

@DH

' *F% MOVEMENT ARRAY DISPLAY #+%% !

@DH
WEEDH

'*%% NO SEQUENCE IN STORE *#%#!
@D

PUEDH

'NO MORE ARM STORE LEFT, DELETE OR SAVE?’
P@@EDH

@D

'SEQUENCE COMPLETE'
PEHEDH

WEAES RERT BERROR &% #0
FPEDH

'Xk% TADE QF k%%
G@@DR

'"APM RESET!

GUEDH

'ARM NOW FREE TO MOVE'
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