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A Low-PoweL Generaf-Purpose
Computer for Your Robot
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Michzel W. Fow er

Arctec Systems
9103 Red Branch Rd.
Co umbra, MD 21045

should not treat i t  l ight ly.  Ask yourself
m a n y  q u e s t i o n s  s t a r t i n g  $ i t h  g e n e r a l  o n e s
l ike, rrWhat are the pr incipal f t lnct ions I  want
this computer to perforn?! '  Then go on to
m o r e  s p e c i f j c  q u e s t i o i s  l i k e ,  r i H o w  m a n y  b i t
i n p , r l s  o o  l n e e d  a n d  h o u  \ r i l l  t h e )  b e  L s e d : r
I t  h e l p s  t o  h a v e  o t h e r  d e s i g n s  a v a i l a b l e  s o
you can see how sorreone else did i t .  That
w a y ,  y o u  c a n  b u i l d  u p o n  t h e  c x p e r t i s e  a n d
e x p e r i e n c c  o f  o t h e r  d e s i g n e r s ,

I a b t p  I  l r r t -  m - s t  o (  r n .  . t e s r g r  s n . c i f i c : -
t i o n s  w e  d e v e l o p e d  f o r  G E M I N I T s
p u t e r ,  W e  a t t e m p t e d  t o  m i n i n r i z e  p o w e r
c o n s u m p t j o n  w h e r e v e r  p o s s i b l e .  W h y  i s  t h i s
s o  i m p o r t a n t ?  P o w e r  c o n s u m p t i o n  d i c t a t e s
l h , .  s i / .  o l  L a t l e r i . s  r e q u r r c , i  I ( , r  d  p i \ e n
n u m b e r  o f  o { f - c h a r g e r  h o u r s  o f  o p e r a t i o n .
B a t t e r i e s  a r c  h e a v y  a n c l  t h c  h c a v r e r  t h e
robot,  the more power rcquired to move i t

around. This in turn means larger batter ies,
which weigh more, and you f ind yourse[ in a
vicious circ le,

We selected the Rockwel l  65C02 CMOS
mjcroprocessor because the f i rst  generat ion
N M O S  6 5 0 2  w a s  v e r y  p o p u l a r  a n d  t h e i r  i s  a
lot  of  software and design books avai lable
f o r  t h i s  m d c n r n e .  T h e  e M O S  v e r s i o n  c o n -
sumes only 4mA of current compared to
9 0 m A  f o r  t h e  N M O S  v e r s i o n  r u n n i n g  a t
I  M H z .

T h e  C M O S  6 5 C 0 2  a l s o  h a s  a n  e n h a n c e d
instruct ion set that al lows you to wri te moie
c o m p a c t  ( h e n c e  f a s t e r )  c o d e .  w e  s e l e c t e c l
r h e  R o c k w e l l  v e r s i o n  o v € r  t h e  G T E  o r  N C R
versions i recausc the Rockwel l  has a rrort :
hjghly expanrlecl  in struct ion set.

Volume l, Number I . iobor ErF ln..a.t 15



16 nobol ErF..lr.nt . . Volum€ I, Nlmbe/ I

I
I
i

SPARES

A _ '



UJE

MAINCOMPIJIER

t 7vorume r, Numb.. I . ioboa Erp..lm.nL.



;ll

u 5 e f  .

'A

4rlr

o

8 l
la nobor E4r..|m.nl.r. Volume L Nlmber I

I I

n ul7 lll



o , o f ,
-- r 'n - '^ ( } i '

LJ I5

d d a

l;r -

!l ,!6

n

r l
VoLme l, Number I ' nobot ErP'?lh'nE

a

__';r ., I

AFCTEC AYBTEMA INq.

MAIN COI,4PUTER

65C02



;

f

3
20 Roboa Erp.rlh.ra.. . Volume r, Numbcr I

d6i-i



ROMT
'"**.JEll:r

volume r, Number I . iolot -r?..li.nt t 2l

-
F

-_]]l " f* ' r# ' - . - l 'g-

.  J l f f

4
- -  

l  t d R ; l

^ 
--]]] l  

"^

I - ;  
- ; -  

1 ' �

if :- ::-' . 
- er!!L I 'l

5 "t -



T h e  6 5 C 0 2  i s  a v a i l a b l F  i n  I ,  2 ,  3 .  o r  4  V H z  u s e r - p r o g r a F  m a b l c  m e n o r v  ( R A M ) '  I . . K b Y t e s .
v e r s i o n s .  W e  u s e c i  r h e  2  V H z  v e r s i o n  a n d  o f  j n p u t / o t r t P U t  ( l / U r - s P a c e '  a n d  / . l l b y t e s  o r
developed a scheme that al lows us to al ter read-only memory (RoM) spa-ce'-  1-hrs pro-

the cldck speed under Droeram control .  This vides lots of room Ior Poqerful  RoM-based
s a \ e s  p o $ ' e i -  i n  o p e r a t i o r s  

" s u c h  
a s  ! \ a i t  l o o p s  m o n i t o r  s o f l $ i r e ,  a m p l e  r o o r  l o r  I / O  d l ' - -

( t h e  6 5 C O l  c o n s u - F s  4  m A  a t  I  V H z l  a n d  r i c e s ,  a n J  p l e n t v  o f  r o o m  i o r  u s e r - d e v e l o p e d
s i i l l  a l l o $ s  h r g h - s p e e d  c o m p L t a t r o n s  ( t h e  F r o g r a m s '  W e  3 l s o  p r o \ r d " d  t h c  c a p d b i l i t y
r , 5 C 0 Z  c o n s u m e s  U  r  A  a l  2  I \ . 4 H l ) .  l o  b d n f s w r t c h  a n o t h e r  5 b  ^ o y r c s  o L  r n F m o r Y

rhe 64 Kbvtes or direcnv addressabre lXi'".:;*?\Li:"'""*".' i,l.tli"tSi"".i'."
. . Ino'y "pi . .  was spl i t  i ; to 56 Kbytes of stat ic in l ieu of dvnamic programmable

i r e m o r y  s o  r t  . o u l o  b e  b a r e r y  L J a c k e d .

Table L Robot computer design speci{ icat ions.

IIARI&IARE:

Micropr@essor - Rcck^/ell 65C02 C}4OS operalion at 1 and 2 MHz
erogrinmable Mlrlloll,- 56 I(bytes of lELtery-backed static cMls nlenpry ]n I Kbyte

Read-only Msnory
I nput / Output
Banl< MM/ROM
Cbaracter Display
Clock
Counter / Tr ner

ParalleL Ports

A/D Converter

Bit Input
Br-t output
Ra,'ldon Numbers

Bel I
Buffer
DMjA
ExtEnsion
Lgic Fanuly

- 7 Kbyt Fs onboal d .[or mcn-t- l  proolan
- I KbYtes for al l  I /O fLrnclrons
- 56 Kbvtes of bank switchable RAM or RoM
- c.oabie ol dr ivinq .n B l ine ov 40 chara.LFl II^D drsplay
-  Pe ; l - l  i nF  c locR ! ' ! r n  a ld rm rn - ; r t L l r  -dpsb l  l r r  i es
- T1.ro 16-bit- counter-timers
- six serial ports. one confiqlr€d as Rs-232C
- T\do B-bit (ide 1/O ports nitll handshaking lines. One

configuled as a Centrollcs prrnt€rr l?ort
- One 16-channel , B-bit O4oS analog-to-digital converter wlth

less than 100 microsecond conversion ttnle
- 24 diqital int)ut lrnes
- 24 diqital output lines
- liard[are generat€d
- Capable of receiving ASCII characters serially from .r

terminal or smart- keybcErd
- Piezoe lectric b'lzzer
- A11 address, data, and control lrn€:al
- Supports dlrect n€fi]ory access

ful ly buflered

ApplerI t) inouts- Four 50-pin cornectors closely nEtching
- Iligh-speed CMOS !'trerever possible

SOF�II,IARE

I4O}J]IOR COMMAI]D IANGUAGE:
- Sinqle-letter comnands to set and read t-be real-tlne clcck, send and receive data

on tle aual parallel port, send and receive data on Lhe Rs-232c serial port, send
output to a printer' enter baik tlAM/ROt4 programs, and ent-er user proqrams.

- Siigle addr€iss corflnancls lo run a user program, cisasser,ble co'-le, display menory
local ions, dnd al ler nrcrlory.

- Multiple address c'onmands lo output a range of IrFIrDry to current output devlce,
fill i range of mefinry witi a qiten hexadeciml character, Imve a ranqe of nrenory,
and verify a range of fipnlory.

U TILITIES
- Character cutput support for vectored character output. Separale rcD routlnes to

suoFart scrol l inq, etc.
- Adiil iary computer char.acter I/o witn sepa-rate input/olttput routine$ for each

serial port with pollinq.
- stepper nDtor dIi_ver rdutines to initlalize a stepper nDtor, take one step, and

takd'multlple steps.
- Sonar ran{ing rouiines lo nultl-plex up to 10 sonars and take ranges on each.
- Processol speed selectlon routines to switch beb,een l and 2l4Hz
- Bar",k switch_ing routines to handle bank-to-bank subroutine ca]]s, jurnps, fetchrng

nFnory -on-erfs, dnd sovl rq rFlrror] contec_s bF''"u€cr banks
- [4ath 

-pack 
provrdes 24_biL slqined lractlonal integer nlath tEck witi tr.igonornetric

capabi I ities .
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