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SYSTEU OVERVIEW



CIIAPTER I

lNARODUCT ION

T h i s  n a n u a l  c o n t a i n s  f a c t s  a b o u t  G E M I N I ' s
c o n s t r u c t i o n ,  e l e c t r o n i c  a n d  n e c h a n i c a t  h a r d  a r e ,
a n d  s o n e  o f  i t s  s o f t \ r a r e .  I t  i s  n o t  a  n a n u a t
o f  n e t h o d s  a n d  i s  n o t  i n t e n d e d  t o  t e a c h  y o u  h o t
t o  p r o S r a n  i n  a n y  o f  t h e  L a n g u a g e s  a v a i  L a b I e
J n  t h e  r o b o t .  I t  i s  l n t € n d e d  t o  e d u c a t e  y o u
a b o u t  G E M I N I  a n d  t o  p r o v i d €  a  c o n v e n i e n t  r e f e r e n c e
s o u r c e  o f  f a c t u a l  i n f o r m a t i o n  a b o u t  t h e  r o b o t .

T h i s  R E F E R E N C E  M A N U A L  i s  d i v i d e d  i n t o  s i x
najor sect ions. Sect ion I '  ent i t led Svste'n Overviev,
i s  d i v i d e d  i n t o  t \ r o  c h a p t e r s .  C h a p t e r  I  i s  a n
i n t i o d u c t i o n  w h i c h  y o u  a r e  n o l t  i e a d i n g .  l t  b r i e f l y
d e s c r i b e s  t h e  s i x  n a j o r  s e c t i o n s  o f  t h i s  n a n u a l '
C h a p ! e r  2  p r o v i d e s  y o u  w i t h  a  c o m p l e t e  " p i c t u r e "

o f  t h e  e n t i r e  r o b o t .  T b i s  s e c t i o n  i n c l u d e s  a
n u m b e r  o f  d r a o i n g s  t o  g e t  y o u  f a m i l i a r  n i t h  t h e
p h y s i c a l  l a y o u t  o f  t h e  r o b o t ' s  h a r d w a r e .

S e c t i o n  2 ,  e n t i t l e d  P r o p u l s i o n  S y s t e m ,  i s
d i v i d e d  i n t o  t h r e e  c h a p t e r s .  C h a p t e r  3  p r o v i d e s
i n f o r m a t i o n  c o n c e r : n i n g  t h e  b a s e  a s s e n b l y  a n d
d r i v e  s y s t e n .  c h a p t e r  4  d e s c r i b e s  t h e  p o i t e r
d i s c r i b u t i o n  s y s t e n  a n d  c h a p t e r  5  d e s c r i b e s  t h e
p r o p u  l s  i o n  c o n t r o l  c o m p u t e r .

s e c t i o n  3 ,  e n t i t l e d  S e n s o r  S y s t e n '  i s  d i v i d e d
i n t o  t w o  c h a p t e r s .  C h a p t e r  6  p r o v i d e s  i n f o r m a t i o n
c o n c e r n i n g  t h e  h e a d  a s s e  b l y  a n d  r t s
C h a p t e r  7  d e s c r i b e s  t h e  d i g i t a l  a n d  a n a l o g  s € n s o r s
a n d  t h e i r  c o n t r o l .  l t  a l s o  d e s c r i b e s  t h e  s o n a r
r a n g i n g  s e n s o r s  a n d  t h e i r  c o n t r o l  a n d  o p e r a t r o n .



S e c t i o n  4 ,  e n t l t l e d  V o i c e  l n p u t / O u t p u t  a n d
S o u n d  S y s t e n  ( V I O S ) ,  d e s c r i b e s  t h e  V I O S  c o n p u t e r
a n d  i s  d i v i d e d  i n t o  t w o  c h a p t e r s .  C h a p t e r  8
d e s c r i b e s  t h e  m a n y  a s p e c t s  o f  t h e  c o m p u t e r ,  a n d
C h a p t e r  9  t h e  o p e r a t i n g  s y s t e m .

c 4 . r i ^ n  5  p n f i r l p / l  M , i n

is  div ided i"ro . ,o "r .r0. . . ;  d!9l l l9] ' -gJ! l lgn"o*.  to a*. i l " l
the main conputer and onboard peripherals,  Chapter
I  I  d e s c r i b e s  t h e  k e y b o a r d  a n d  l i q u i d  c r y s t a l
d  i s p l a y .

S e c t i o n  6 ,  e n t i t l e d  L i f e  0 p e r a t i n g  S y s t e n ,
d e s c r i b e s  t h e  R O M  b a s e d  s o f t v a r e  a n d  i s  d i v i d e d
i n t o  f i v e  c h a p t e r s .  c h a p t e r  l 2  g i v e s  a  d e t a i l e d
d e s c r i p t i o n  o f  t h e  m e n o r y  o r g a n i z a t i o n .  c h a p t e r
l3 provides detai ls of  the system MONIToR. Chapter
14 gives sini lar detai ls of  the l iv ing node operat ing
system, Chapter l5 descr ibes the SCHEDULER progran.
C h a p t e r  l 6  d i s c u s s e s  t h e  n a v i g a t i o n  s y s t e m  a n d
i n p o r t a n t  s u b r o u t i n e s .



CHAPTER 2

XAJOR COIPOIIENTS

F i g u r e s  2 . 1 ,  2 . 2  a n d  2 . 3  s h o w  a s s e m b l y  s k e t c h e s
o f  t h e  r o b o t ' s  b o d y  a n d  i n t e r i o r .  F i g u r e  2 . 1
s h o w s  a n  e x p l o d e d  v i e t {  o f  t h e  A B S ,  f l a n e  r e t a r d a n t
p l a s t i c  s h e 1 1 s .  T h e s e  s h e t l s  p r o v i d e  p r o t e c t i o n
f o r  t h e  r o b o t  - s  e l e c t r o n i c s  a n d  a  s m o o t h  e x t e r i o r
" u r f a . e  r o  p r e v e n t  t h e  r o b o r  l r o n  " c a L L h i n g "

o b j e c t s  w h i l e  i n  m o c i o n .  T h e  s h e l l s  p u r p o s e l y
g i v e  t l - e  r o b o r  a n  o v p r a l l  . o n i . a l  s h d p e .  1 l - i s
E h a p e  i s  v e r y  f u n c t i o n a l  f r o n  t h e  s t a n d p o i n t
o f  " s n a g - f r e e "  m o v e n e n t .  N o t i c e  t h a t  t h e  b a s e
i s  c i r c u l a r  a n d  t h a t  t h e  p r e s s u r e  s e n s i t i v e  b u n p e r s
a r e  l o c a t e d  a t  t h e  o u t e r  n o s t  c i r c u n f e r e n c e  o f
t h e  r o b o t .  T h i s  h e l p s  i n s u r e  t h a t  t h e  r o b o t
w i l l  r n a k e  c o n t a c t  ' i t h  a n  o b j e c t ,  r n i s s e d  b y  i t s
c o l l i s i o n  a v o i d a n c e  s o n a r s ,  a t  i t s  b a s e  f i r s t .
T h e  c i r c u l a r  s h a p e  a l l o s s  t h e  r o b o t  t o  t u r n  w i t h i n
i t s  o w n  d i a n e t e r  w i t h o u t  s n a g g i n g  a n  o b j e c t ,
T h e  s h e l l s  c a n  b e  r e m o v e d  a n d  i n s t a l l e d  q u i c k l y .

F i g u r e s  2 . 2  a n d  2 . 3  s h o w  t w o  v i e q ' s  o f  t h e
r o b o t  a n d  i t s  n a j o r  c o m p o n e n c s .  T h e  i n t e r i o r
v a s  d e s i g n e d  t o  p r o v i d e  e a s y  a c c e s s  t o  a l l  t h e
electronics and roon for the addit ion of per ipheraLs
a n d  e x p e r i n e n t a l  a p p a r a t u s .  T h e r e  a r e  t h r e e  n a i n
assenbl ies that rnake up the robot;  the head assembly,
t h e  t o r s o  a s s e r n b l y  a n d  t h e  b a s e  a s s e m b l y .

T h e  h e a d  a s s e m b l y  c o n t a i n s  n o s t  o f  t h e  n a v i -
gat ional sensors. These include three head ranging
s o n a r s ,  t h e  d o o r  e d g e  r e f l e c t o r  d e l e c t o r  a n d
t h e  r o o n  b e a c o n  d e t e c t o r .  T h e  n o t i o n  d e t e c t o r ,
l i g h t  s e n s o r  a n d  n i c r o p h o n e s  a r e  a l s o  l o c a t e d
o n  t h e  h e a d .  N o t i c e  t h a t  t h e  n a v i g a t i o n  s e n s o r s
a r e  c e n t r a l l y  I o c a t e d  a n d  a t  t h e  h i g h e s t  p o i n t



p o s s i b l e  o n  t h e  r o b o t  t o  g i v e  i t  a n  r r a d u l t ' s

v i e v "  o f  i t s  w o r l d .  T h e  h e a d  h a s  a  s t e p p e r  n o t o r
r , r h i c h  c a n  r . o t a t e  t h e  h e a d  a t  a  r e L a t i v e l y  h i g h
s p e e d  ! r i t h  l i t t I e  p o w e r  c o n s u m p t i o n .  T h e  h e a d
c a n  r o t a t e  t h r o u g h  a p p r o x i n a t e t y  3 5 9  d e g r e e s .
A l l  w i r i n g  p a s s e s  t h r o u g h  a  c e n t r a l  h o l e  s o  t h e r e
i s  n o  c h a n c e  o f  e n t a n g l i n g  a n d  b r € 3 k i n g  s i g n a l
v i r e " .  l h - ' e  i s  p l . n r y  o f  s p a c F  o n  l l - e  ' r - a d

f o r  t h e  a d d i t i o n  o f  p e r i p h e r a l s  a n d  e x p e r i n e n t a l

T h e  t o r s o  a s s e n b l y  i s  t h e  n o s t  c o n p l i c a t e d
p a r t  o f  t h e  r o b o t .  l , l o u n t e d  o n  t h i s  L i g h t w e i g h t
a l u n i n u m  f r a n e  a r e  a l l  o f  t h e  c o n p u t e r s ,  p o $ e r
s u p p l y ,  s i s n a l  c o n d i t i o n i n g ,  c o L l i s i o n  a v o i d a n c e
s o n a r s ,  a n d  u s e r  i n t e r f a c e  d e v i c e s .  A I I  o f  t h e
" L e c t r o n i r "  i s  e x p o ' . d  l o r  e d s e  o l  a d j u s r n r c n t
o r  ! e p l a c e m e n t  o f  p a r t s .  T h e  n a r n  c o m p u t e r  i s
c e n t r r l l y  l o . a t . d  s o  i  a  r  e  r  .  o  n  n  p  c  t  :  n  d  .  a  b  I  p  r  I n s
a r e  k e p t  t o  a  m i n i m u n .  A s  w i t h  t h e  h e a d ,  t h e r e
i s  p l e n t y  o f  r o o n  f o r  t h e  a d d i t i o n  o f  e x p e r i n e n t a l
d e v i c e  s  a n d  p e r i p h e r a L s .

T h e  b a s e  a s s e n b l y  c o n t a i n s  t h e  d r i v e  m o t o r s j
t h r e e  b a t t e r i e s ,  f o u r  w h e e L s ,  f r a m e  a n d  b u m p e r s .
N e a r l y  7 0  p e r c e n t  o f  t h e  r o b o t ' s  w e i g h t  i s  c o n t a i n e d
i n  t b e  b a s e  a s s e m b l y .  T h i s  i n s u r e s  t h a t  t h e
r o b o t ' s  c e n t e r  o f  g r a v i t y  i s  v e r y  L o s / ,  t h e r e f o r e
n a k i n g  t h e  r o b o t  d i f f i c u l t  t o  o v e r t u r n .

T h e  t h r e e  a s s e m b l i e s  c a n  b e  q u i c k l y  d i s -
a s s e n b l e d .  T h e  t o r s o  n o u n t s  t o  t h e  b a s e  o n  8
s h o c k - a b s o r b i n g  s c r e w s  \ r i t h  h e x  n u t s .  T h e  n o t o r
c a b l e  a s s e m b l y  e a s i r y  d i s c o n n e c t s  a I I o w i n g  t h e
t o r s o  t o  b e  r e n o v e d  f r o n  t h e  b a s e .  T h i s  p r o v i d e s
quick access for battery replacement,  bel t  adjustment,



D r s c o n n e c t  i n g  t h e  h e a d  f r o m  r h e  t o r s o  i s
n o t  a s  s i m p l e ,  y e t  i t  i s  s t r a i g h t f o r \ ' a r d .  T h e
s l g n a I  c a b l e  i s  e a s i l y  d i s c o n n e c t e d .  T h e n  r o
r p l 4 o v p  L h p  h e d d .  f i r s t  l o L d t F  r h .  l a r g e  b r a s s
S e a r  o n  t h e  u n d e r n e a t h  s i d e  o f  r h e  h e a d .  U s i n g
t h e  l / 1 6 "  A l I e n  \ r r e n c h  s u p p l i e d  w i t h  y o u r  r o b o r ,
l o o s e n  t h e  t \ r o  s e t  s c r e r s  a n d  r e n o v e  t h e  g e a r .
T h e  h e a d  w i l l  l i f t  r i g h r  o f f .
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CHAPTf,R 3

DRIVE SYSTEX AND BASE ASSE}IBLY

T h e  r o b o t ' s  d r i v e  s y s t e n  h a s  t h e  a b i l i t y
t o  n o v e  o v e r  n o s t  t e r r a i n  t y p i c a l l y  e n c o u n t e r e d
i n  a  h o n e ,  s c h o o t  o r  o f f i c €  e n v i r o n n e n t .  T h e
d r i v e  c o n s i s t s  o f  f o u r  \ r h e e l s  d r i v e n  b y  t w o  i n -
d e p e n d e n t  D C  n o t o r s .  O n e  n o t o r  c o n t r o l s  t h e
two wheels on the r ight s ide and the other controls
t h e  t w o  w h e e l s  o n  t h e  l e f t  s i d e .  T h e  t w o  \ r h e e l s
o n  e i t h e r  s i d e  a r e  c o n n e c t e d  t o g e t h e r  w i t h  a
t o o t h e d  b e l t  e h i c h  p r o v i d e s  a  4 - v h e e l  d r i v e  c a p -
a b  i  I  i t y .

A  s c h e n a t i c  o f  t h e  d r i v e  s y s t e n  i s  s h o v n
i n  F i g u r e  3 . 1 .  T h e  a l u r n i n u n  i n n e r  f r a r n e  s e r v e s
a  n u m b e r  o f  p u r p o s e s .  I t  p r o v i d e s  a  n o u n t i n g
s u r f a c e  f o r  t h e  m o t o r s ,  a n d  f e e d  b a c k  s e n s o r s ,
i t  h o l d s  t h e  b a t t e r i e s  a n d  i t  p r o v i d e s  a  m o u n t i n g
s u r f a c e  f o r  t h e  b a s e  r i n g  a n d  b o t t o n  t o r s o  p l a t e s .
A  s c h e n a t i c  o f  t h e  b a s e  a s s e m b l y  i s  s h o w n  i n
F i g u r e  3 . 2 .  F o u r  b u n p e r s  a r e  a t t a c h e d  t o  t h e
o u c e r  r i n g ,  T h e  f r o n t  b u m p e r  i s  s p e c i a l  i n  t h a t
i t  a l s o  h o l d s  L h e  c h a r g e r  p l a t e s .

T h e r e  a r e  t q o  s e t s  o f  i n p o r t a n t  s e n s o r s
Iocated in the base. Each motor shaft  has attached
t o  i t  a  s l o t t e d  d i s k  w h i c h  f i t s  i n s i d e  a  U  s h a p e d
I R  e  m  i  t  t  e  r  /  d  e  t  e  c  t  o  r  d e v i c e .  W h e n  t h e  n o t o r s
a r e  r u n n i n g ,  t h e  l R  d e v i c e  g e n e r a t e s  a  p u l s e
t r a i n  t h a t  i s  u s e d  b y  t h e  p r o p u l E i o n  c o n t r o l
c o n p u t e r  t o  n e a s u r e  d i s t a n c e  a n d  c o n t r o l  s p e e d .

T h e r e  a r e  r i b b o n  t y p e  s v i t c h e s  n e a r  t h e
t o p  h i n g e  o f  e a c h  b u m p e r ,  A n y  p r e s s u r e  e x e r t e d
a g a i n s t  a  b u n p e r  o r l l  c l o s e  o n e  o f  t h e s e  s l r i t c h e s .
S i g n a i  w i r e s  f r o n  t h e s e  s v i t c h e s  a r e  l e d  t o  t h e

!  p r o p r l s i o n  c o n r r o l  c o f l p u t e r  f o r  m o n i r o r  i q g .
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CIIAPTER 4

POtlER DISTRIBTITIOT{ SYSTET,I

T h i s  s y r L e m  i s  c o n p r  i  s e d  o r  t h e  b a t  t  e r i  e s ,
t h e  p o e e r  d i s t r i b u t i o n  b o a r d  a n d  t h e  c h a r g e r .

T h e r e  a r e  t h r e e  I 2 - v o l t  6 . 5  a r n p - h o u r  g e I
c e I I  b a t t e r i e s .  0 n e  b a t t e r y  i s  u s e d  t o  p o ' e r
t l ^ "  r i g h t  m o L o r  d n d  b a t t " r y  i s  u s " d
c o  p o w e r  t h e  l e f t  n o t o r  a n d  h e a d  s t e p p e r  n o t o r ,
a n d  t h e  o t h e r  b a t t e r y  i s  u s e d  t o  p r o v i d e  p o l r e r
t o  a l l  l o g i c  b o a r d s  a n d  t h e  k e y b o a r d .  T h e  l o g i c
b a t t e r y  c a n  b e  i s o l a t e d  f r o n  t h e  m o t o r  b a t t e r i e s
by opening a retay shich t ies their  grounds together.

l h e  c h a r 8 e  c a p a c i L y  o f  a  b a L t e r y  i s  a  f u n c r i o n
o f  t h e  n u m b e r  o f  t i m e s  t h e  b a t t e r y  i s  d i s c h a r g e d
a n d  t h e  d e p L h  o f  t h e  d i s c h a r g F .  A  g r a p h  f r o n
t h e  n a n u f a c t u r e r - s  c a t a l o g  i s  g i v e n  i n  F i g u r e
4 . 1 w h i c h  s h o w s  t h i s  f u n c t i o n .  I t  c a n  b e  s e e n
f r o n  t h i s  f i g u r e  t h a t  b a t t e r y  c h a r g e  c a p a c i t y
i s  s i g n i f i c a n t l y  a f f e c t e d  b y  t h e  d e p t h  o f  d i s c h a r g e ,
F o r  t h i s  r e a s o n ,  i t  i s  b e s t  n o t  t o  a I I o u  t h e
r o b o t  t o  r e n a i n  o f f  i t s  c h a r g e r  f o r  l o n g  p e r i o d s
o f  t i m e .

C u r r e n t  d r a u  f r o m  t h e  b a t t e r i e s  d e p e n d s
o n  t h e  d u t y  c y c l e  o f  t h e  n o t o r s  a n d  t h e  u s e  o f
a u x i l i a r y  c o n p u t e r s  a n d  p e r i p h e r a l s .  o f f  c h a r g e
o p e r a t i n g  t i m e s  c a n  t h e r e f o r e  o n l y  b e  e s t i n a t e d .
F a c t o r y  m e a s u r e m e n t s  s h o w  t h a t  e a c h  n o t o r  d r a ! , s
a b o u t  3 5 0  m a  o f  c u r r e n t  l r h e n  t r a n s l a t i n g  a n d
a b o u t  7 0 0 -  1 0 0 0  n a  l ' h e n  r o t a t i n g  d e p e n d i n g  o n
the surface the robot is rotat ing on- 0bservat ions
o f  t h e  r o b o t  n a v i g a t i n g  i n d i c a t e  a  r e l a t i v e l y
I o w  d u t y  c y c l e  o n  t h e  n o t o r s  s o  l 0 - 1 2  h o u r s  o f
o f f  c h a r g e  o p e r a t i o n s  s h o u l d  b e  n o r m a l .  C M o S
I o g i c  h a s  b e e n  u s e d  w h e r e v e r  p o s s i b L e  o n  t h e
c o r n P u t e r s  a n d  p e r i p h e r a l s  t o  r e d u c e  c u r r e n t  d r a i n
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o n  t h e  b a t t e r i e s .  A  f u l l y  e q u i p p e d  n a i n  c o m p u t e r
r u n n i n g  a t  2  M H z  ( f u r r  s p e e d )  d r a w s  a b o u t  1 0 0
n a .  T h e  v o i c e  i n p u t / o u t p u t  a n d  s o u n d  c o n p u t e r
d r a w s  a r o u n d  5 0  n a  ! ' h e n  s p e a k i n g  a n d  a r o u n d  8 0
m a  ' h e n  u s i n g  t h e  N M O S  s o u n d  g e o e r a t o r  c h i p .
T h e  p r o p u l s i o n  c o n p u t e r  d r a w s  s r o u n d  5 0  m a .
S u c h  s n a l l  a m o u n t s  o f  c u r r e n t  a l l o v  t h e  l o g i c
b a r  r e r y  r o  p o w e r  t h p  i  o n p u t F r s  l o r  l o n g  p p r i o d s
o f  t i m e  w h i l e  o f f  i t s  c h a r g e r ,

T h e  p o w e r  d i s t r i b u t i o n  b o a r d  p e r f o r m s  s e v e r a l
f u n c t i o n s .  I t  r e g u l a t e s  t h e  l n c o n l n g  D C  v o l t a g e
f r o n  t h e  c h a r g e r  a n d  s u p p L i e s  t h e  c h a r g i n g  v o l t a g e
c o  t h e  b a t t e r i e s .  I t  a l s o  c o n t a i n s  a n  e f f i c i e n t
s w i t c h i n g  r e g u l a t o r  v h i c h  r e d u c e s  t h e  r a v  + 1 2
v ^ l r c  i n  r i  v n l ,  \  ' ^ ,  v ; " .  l h e  o o a r d  a l s o

c o n t a i n s  s h o r t  c i r c u i t  f u s e  p r o t e c t i o n  f o r  e a c h
b a t t e r y ,  a  r e l a y  t o  c o n n e c t  n o t o r  a n d  l o g i c  b a t t e r y
g r o u n d s  a n d  a n  o n - c h a r g e  d e t e c t o r  c i r c u i t ,  N O T E :
l o g i c  g r o u n d  i s  t i e d  t o  t b e  c h a s s i s  o f  t h e  r o b o t .

T h e  b a t t e r y  c h a r g e r  i s  e s p e c i a i l y  d e s i g n e d
t o  f a . i l i r a f F  r h p  r o b o l  s  d o c * i n g  i L s F l f  t o  t h r
c h a r 8 e r .  I h e  c h a r g e r  i s  s l  a p F d  s o  i r . a n  r p s t
a g a i n s t  a  f l a t  w a l l  o r  i n  a  c o r n e r .  T h e  f l a t
w a l l  l o c a t i o n  p r o v i d e s  t h e  r o b o t  \ r i t h  t h e  g r e a t e s t
p o s s i b l e  a r e a  o f  a c c e s s  a n d  1 s  p r e f e r r e d .  T h e
c h a r g e r  a l s o  s i t s  o n  s p r l n g  I o a d e d  I e g s ,  T h i s
a l l o e s  t h e  c h a r g e r  t o  n o v e  u p  a n d  d o q n  a n d  r o t a t e
i n  t h e  v e r t i c a l  p L a n e  t h e  a m o u n t  s  n e c e s s a r y  t o
a c c o n m o d a t e  d o c k i n g  ' 1 t h  t h e  c h a r g e r  p l a t e s  o n

t h p  . l : - o p r  . o n r r i n s  /  l 0  v o l r  6 0  H z  ( o

l 8 - 2 2  v o l t  6 0  H z  s t e p  d o r n  t r a n s f o r m e r  r a t e d
'  \ e  L r d n " r o r n e r  i s

f u l l  w a v e  r e c t i f i e d  a n d  f i L t e r e d  t o  s u p p L y  a b o u t
1 8  v o l t s  D C .  T h e  u n i t  i s  f u s e  p r o t e c t e d  w i t h
a  2  a m p  " s t o w - b l o w "  f u s e  t o  g u a r d  a g a i n s t  s h o r t
. i r c u i t " ,  A  r e d  l a m p  i s  m o J n f e d  o r  r l -  t o p  o l
t h e  c h a r g e r  t o  i n d i c a t e  v h e n  i t  i s  p o w e r e d .

l 6



I T A R N I N C :  f  r h F  i u s p  b l o u s .  r e p l a . e  i t  o r l y
w i t h  a  2  a m p  " s l o w - b l o w "  f u s e .  A 1 s o ,  k e e p  p e t s
a n d  c h i l d r p n  " i ' a y  f r o m  r h i s  u n i  t .
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CHAPTER 5

PROPULSION CONTROL COUPUIER

ARCEITECTIIRE

T h e  h e a r t  o f  t h e  P r o p u l s i o n  C o n r r o l  C o n p u r e r
( P R O c o N )  i s  a  R o c k w e l  I  R 6 5 C 0 2  8 - b i t  C M O S  m i c r o -
p r o c e s s o r  ( C P U )  v h i c h  o p e r a t e s  a r  I  M H z .  I t
c o n t a r n s  2 K  o f  C | , 1 0 S  s t a t i c  R A M ,  2 K  o f  C M O S  R o M ,
t w o  m o t o r  s p e e d / d i s t a n c e  c o n t r o l l e r  c h i p s ,  l 8
b i t  i n p u t  p o r t s  a n d  5  b i t  o u t p u r  p o r t s .

T h e  6 4 K  a d d r e s s  s p a c e  o f  r h e  C P U  i s  o n l y
p a r t i a l l y  d e c o d e d .  T h e  h e x  a d d r e s s e s  u s e d  a n d
t h e i r  f u n c t i o n s  a r e  a s  f o l l o r r s :

HEX ADDRESS USE

0000-07FF 2K RA}I
0801 Bumper Input Port
0802 Baud Rate Svi tche€ /Joys t  ick

Control  le r  Input Port
1 0 0 0 - 1 0 0 7  l { o t o r  S p e e d  C o n t r o l  C h i p  R e g i s t e r s
1 8 0 0 - 1 8 0 7  M o t o r  D i s r a n c €  C o n r r o L  C h i p

R e g i  s t  e r s
C 0 0 0  S e r i a  I  I n p u t  D a t a / C o n t r o l

L i n e s
D 0 0 0  S e r i a l  o u t  p u t  D a t a / C o n t r o l

L i n e s
E000 Motor Direct ion and LED power

C o n t r o l  L i n e s
F 0 0 0 - F F F F  4 K  R O M  ( J u m p e r  S e l e c t a b l e )

or 2K ROI' !  (F800-FFFF)

SPEED/DISTANCE COI{IROL

T h e r e  a r e  t w o  R C A  C D P l 8 7 8 C  D u a l  C o u n t e r - T i m e r
c h i p s  u s e d  o n  t h e  P R O C O N  b o a r d  t o  p e r f o r n  p u l s e
w i d t h  m o d u l a t i o n ,  s p e e d  c o n t r o l  a n d  d i s t a n c e

l 8



m e a s u r e m e n t .  E a c h  o f  t h e s e
1 6 - b i t  p r o g r a i n n a b l e  d o l ' n
c o n t r o l  i n p u t  a n d  o u t p u t
b e  p l a c e d  i n  o n e  o f  f i v e

chips has tvo ident ica l
c o u n t e r s  a n d  s e v e r a l
l i n e s .  E a c h  c h i p  c a n
d i f  f e r e n t  o p e r a t  i n g

T h e  1 8 7 8  u  s e d  f o r  m o t o r  s p e e d  c o n t r o l  i s
o p e r a t e d  i n  M o d e  5  w h i c h  p r o v i d e s  f o r  a  r e p e t i t i v e
o u t p u t  I r i t h  p r o g r a n m a b l e  d u t y  c y c l e .  T h e  o u t p u t
l i n o .  ^ f  f h i c . h i n . r a  ' c F / l  r .  n - r l ^ ! m  n ' ,  l s p

w i d t h  n o d u l a t i o n  s p e e d  c o n t r o l  o f  t h e  t w o  n o t o r s .
r h e  c l o c k  t o  t h i s  c h i p  c o m e s  f r o m  a  l 4 H C 4 0 4 0
d o w n  c o u n t e r  w h i c h  d i v i d e s  t h e  I  M H z  C P U  c l o c k
r o  a  s J i r a b l F  v a l u e .  T h p . h i p  h a s  j n f p r r u p r

c a p a b i l i t i e s  a n d  t h e s e  a r e  u s e d  o n  P R o c o N .

T h e  1 8 7 8  u s e d  f o r  d i s t a n c e  n e a s u r e  i s  o p e r a t e d
i n  M o d e  I  v h i c h  i s  t h e  t i n e  o u t  o r  c o u n t  d o r i / n
n o d e ,  T h e  c l o c k  f o r  t h i s  c h i p  i s  t h e  s t r e a n
o f  p u l s e s  u h i c h  c o m e s  i n  f r o n  t h e  s l o t t e d  d i s k
o n  t h e  n o t o r  s h a f t s .  T h e  c h i p  i s  l o a d e d  v i t h
t h e  d i s t a n c e  i n  n u m b e r  o f  p u l s e s  t o  b e  c o u n t e d
3 n d  s h e n  t h e s e  p u l s e s  h a v e  b e e n  c o u n t e d ,  t h e

SERIAL CO}{XI'N I CATIONS

B o t h  a  C M O S  l e v e l  s e r i a l  p o r t  a n d  a n  R S 2 : l 2 C
s e r i a l  p o r t  a r e  a v a i l a b l e  o n  t h e  P R O C O N  b o a r d .
I n  a d d i t i o n  t h e r e  i s  a  4 - p o s i t i o n  d i p  s r i t c h
w h i c h  a L L o i r s  s e l e c t i o n  o f  t h e  t r a n s n i s s i o n  b a u d

r h e  R S 2 3 2 C  s e r i a l  p o r t  ( J 3 )  i s  c o n f i g u r e d
a s  D a t a  C o m m u n i c a t i o n  E q u i p m e n t  ( D C E )  a n d  h a s
t h e  f  o l  l o w i n g  p i n o u t s .



RS232C SER]AL PORT P1NOUTS

PIN

I
2
3

5
6
1
8

USE

GND
RD
TD
eTs
FTS
p u l l e d  h i g h
GND
pu I  Ied high

USE

CND
RD
TD
C.TE

+ 5 V  I N
GND

E n a b r e  ( o N / O F F )

CND

u s e d  a s  f o l  l o w s :

BAUD RATE

T h e  C t l O S  l e v e l  s e r i a l  p o r t  ( J 2 )  i s  c o n f i g u r e d
t o  n a t c h  t h e  c o r r e s p o n d i n g  p o r t s  o n  t h e  n a i n
coitputer.  The pinouts for this port  are as fol loss:

CI ' IOS SERIAL PORT P]NOUTS

P I N

I
2
3
4
5

7
8
9

t 0

The dip swi tches are

sl'4 sw3 sr,/2 swl

NU
NU
NU
NU

NU
NU
NU
NU

ON
OFF
ON
OFF

ON
ON
OFF
OFF

2 0

3 0 0  b i t s  p e r  s e c
6 0 0  b i t s  p e r  s e c
I 2 0 0  b i t s  p e r  s e c
2 4 0 0  b i t s  p e r  s e c



S e r i a l  c o n r n u n i c a t i o n s  c o n s i s t s  o f  o n e  s t a r t  b i t ,
7  d a t a  b i t s  a n d  2  s t o p  b i t s .  A I  I  c o D m u n i c a t i o n s
to and froin PROCoN are with nolnal ASCII characters
( h i g h  b i t  c l e a r ) .

SOFIT.IAXE

T h e  P R O C O N  o p e r a t i n g  s y s t e n  u s e s  a  c o n m a n d
o r i e n c e d  s t r u c t u r e .  C o m a n d s  a r €  i s s u e d  t o  P R O C O N
a n d  t h e  c o m p u t e r  a c k n o w l e d g e s  t h e  h o s t  v h e n  t h e
c o m m a n d  h a s  b e e n  e x e c u t e d .  T h e  c o n t r o l  p r o g r a m
m a k e s  u s e  o f  i n t e r r u p t s  w h i c h  a l l o w s  c o n s i a n t
n o n i t o r i n g  o f  t h e  s e r i a l  i n p u t  I i n e s  f o r  a d d i t i o n a l
c o n m a n d s  e v e n  w h i l e  i n  t h e  p r o c e s s  o f  e x e c u t i n g

T h e  c o n m a n d s  a r e  d l v r d e d  i n t o  t h r e e  g r o u p s .
c r o u p  I  c o m m a n d s  g i v e  P R o C 0 N  d i r e c t i o n ,  s p e e d
a n d  d i s t a n c e  c o m m a n d s .  C r o u p  I I  c o m m a n d s  g i v e
s p e e d  a d j u s t n e n t  c o n n a n d s ,  G r o u p  I I I  a r e  s p e c i a l
f u n c t i o n  c o n m a n d s ,  T h e  f o r n a t  a n d  a l l o w a b l e
v a l u e s  f o r  G r o u p  I ,  I I ,  a n d  I I I  c o n n a n d s  a r e
s i v e n  i n  T a b l e  5 . 1  .

S o u r c e  c o d e s  o f  t h e  P R o C 0 N  s o f t w a r e  a r e
avaitable frorn ArRCTEC SYSTEMS.

GROUP I

CO}IMAND

O XYYYY O 0  o r  B u n p e r  l - 8

TABLI 5.I

PROCON COlOtAl{DS

I{OVBXENI CO}IMANDS

RESPONSE FUNCTION

XYYYY

XYYYY

0 0  o r  B u n p e r  1 - 8

0  o r  B u n p e r  1 - 8

Move robot FORWARD
a t  s p e e d  ( 0 - F )  x ,
f o r  d  i s t a n c  e  (  l 6
b i t  c o u n t e r )  Y Y Y Y

BACKnARDS-s:ne as

LEFT-same

2 l



3 XYYYY 0 0 or Bunper I-8 RIGHT-same
I XYYYY 0 0 or Bumper 1-8 LEFT, oNE IIOToR

C XYYYY 0 0 or Bunper I-8 RIGHT, ONE MOTOR

GROUP II - CONTROL COI.I}'ANDS

COMMAND RESPONSE FUNCTION

COMMAND RESPONSE FUNCTION

4 0 0
5 0 !
6 0 0
A 0 0

STOP by ranping dovn
RESET s top i rnmed iat  ely
ENABLE BL'}IPERS
CLEAR OFFSET

DO XXXXXXXX RETURN LED COUNT
E0 0 or Bumper l -8 RETURN BUMPER
F0 000 or MLR SYSTEM TEST

M=Memory bad
L=Left  notor bad
R=Right notor bad

GROUP III . CflANGE SPEED OR DIRECTION COM}'ANDS

COMMAND RESPONSE FUNCTION

7 X 0 0 CIIANGI SPEED to X(o-F)
8 X 0 0 OFFSET LEFT l , Iotor by X(o-F)
9  X  0  0  O F F S E T  R I G H T  M o t o r  b y  X ( o - F )

22
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SECTION II I

SENSOR SYSTE}I
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CMPTER 6

IIEAD ASSE}IBLY

T h e  h e a d  a s s e m b l y  i s  s h o l r n  l r i t h o u t  t h e  s h e L l
i n  F i g u r e  6 . 1 .  A t  t h e  b a s e  o f  t h e  a s s e r n b l y  a r e
two aluninun plates. The lower one is the shoulder
p l a t e ,  a n d  i s  p a r t  o f  t h e  t o r s o .  T h e  u p p e r  o n e '
the head sensor plate, is part  of  the head assenbly.
T h e  s h o u l d e r  p l a t e  p r o v i d e s  a  m o u n t i n g  s u r f a c e
f o r  t h e  h e a d  s t e p p e r  n o t o r  a n d  b e a r i n g s .  T b e
h e a d  s e n s o r :  p l a t e  i s  u s e d  t o  m o u n t  s e n s o r s  a n d
a n c h o r  t h e  p l a s t i c  h e a d  s b e l l .

T h e  h e a d  c a n  b e  r o t a t e d  t h r o u g h  a  3 5 9  d e g r e e
a r c .  C o n t i n u o u s  r o t a t i o n  o f  t h e  h e a d  i s  p r e v e n t e d
b y  a  t h i n  f i b e r  n e c h a n i c a l  s t o p  a t t a c h e d  t o  t h e
s h o u l d e r  p l a t e  a n d  a  m e t a l  s t u d  a t t a c h e d  t o  t h e
h e a d  s e n s o r  p l a t e ,  T h e  f i b e r  s t o p  h a s  c o p p e r
p l a t e s  o n  b o t h  s i d e s  w h i c h  a r e  e l e c t r i c a l L y  i n s L r l a t e d
f r o m  t h e  s h o u l d e r  p l a t e .  E a c h  c o p p e r  p t a t e  i s
a r r s c h e d  r o  o n .  F n d  o t  a  r . s i " t o r  ( h a t  i "  p J t l p d
h i g h  ( t o  L o s i c  + 5 V ) .  A  s i g n a l  w i r e  r u n s  f r o m
p a c h  p l a r F  t o  B l l S  6  r n d  7  o t  i n p L r  b i r  p o r t
$ E 0 5 0 .  C o u n t e r - c l o c k a i s e  r o t a t i o n  o f  t h e  h e a d
l o  l h .  j r o p  w i l l  t o r c "  B I I  7  o L  a n d  o . i w j s "
r o c a t i o n  t o  t h e  s t o p  w i l l  f o r c e  B I T  6  l o w .  T h e s e
a ' p  r e r p r r ^ d  r o ,  ! e c p F c L i v e l y .  d s  L n p  l F f t  c t o p

"  '  f r  . r ^ "  " ^ c i r i . n

i s  u s e d  a s  t h e  z e r o  p o s i t i o n  o f  t h e  h e a d .

T h e  h e a d  d r r v e  n o t o r  i s  a  l 2  v o l t  0 - 6 0  r p m
'  t  -  4 . ) t .  b u i  I  i n

g e a r  b o x -  T h e  e x t e r n a l  g e a r  p r o v i d e s  a n o t h e r
6 r l  g e a r  r e d u c t i o n  r e s u t t i n g  i n  a  0 - 0 . 3 1  r a d i a n / s e c
h - a d  s p e " d  d n d  0 .  J l  d .  d , " P  . r - p " .

T h e  h e a d  n o t o r  u i n d i n g s  a r e  e a c h  a t t a c h e d
a t  o n e  e n d  t o  + 1 2  v o L t s  a n d  a t  t h e  o t h e r  t r  g r o u n d
t h r o u g h  a  s w i t c h i n g  t r a n s i s t o r .  T h e  + 1 2  V  s u p p L y
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i s  t a k e n  f r o n  t h e  I e f t  n o t o r  b a t t e r y .  T h e  b a s e
o l  e a c h  s w i  r c h i n g  L r a n s i s t o r  i s  d r i v e n  b y  a  b i L
f r o n  b i t  o u t p u t  p o r t  $ 8 0 6 1  t h r o u g h  a n  o p t o c o u p l e r
i r h i c h  i s o l a t e s  + 5  l o g i c  f r o m  t h e  m o t o r  b a t t e r y .
B i t s  4 ,  5 ,  6 ,  a n d  7  o f  $ E 0 6 r  a r e  d r i v e  P h a s e
3 ,  2 ,  I  a n d  0 ,  r e s p e c t i v e l y ,  w i n d i n g ,  T h e  s w i t c h i n g
t r a n s i s t o r s ,  o p t o c o u p l e r s  a n d  a s s o c i a t e d  r e s i s t o r s
a n d  b l o . k i n g  d i o d " s  a r e  h o L s F d  o n  r h p  S o n a ' ,
S e n s o r  a n d  S t e p p e r  b o a r d .

M a c h i n e  l a n g u a g e  r o u t i n e s  a r e  c o n t a i n e d
; n  t h e  S y s L e m  M o n i L o r  { S e e  S e L L i o n  V ,  C h a p L e r
l 4 )  t o  c o n t r o l  t h e  s t e p p i n g  s e q u e n c e ,  s p e e d  a n d
d i r e c t i o n  o f  t h e  m o t o r .  S u b r o u t i n e  O N E S T P  ( S E 4 7 8 )
i s  t h e  b a s i s  o f  a l l  o f  t h e  r o u t i n e s .  T h i s  r o u t i n e
w i l l  s t e p  t h e  m o t o r  o n e  p h y s i c a l  s t e p  ( 0 . 3 3  d e g r e e )
i n  t h e  d i r € c t i o n  s p e c i f i e d  b y  B I T  0  o f  t h e  m e m o r y
I o c a t i o n  $ 5 0  ( O = C l , / ,  L = c C l . i ) .  F i v e  p h y s i c a i  s t e p s
a r e  u s e d  t o  d e f l n e  o n e  l o g i c a l  s t e p  ( 1 . 5  d e g r e e )
a n d  m o s t  p r o g r a m s  i n  t h e  r o b o t  u s e  1 . 5  d € g r e e
a s  a  s i n g L e  s t e p .  S u b r o u t i n e  T U R N H D  ( $ 8 4 7 E )
u i l  I  " t F p  c h e  h F a d  o n p  l o g i c a l  " t e p  i n  a  c p . ,  i f i F d
d i r e c t i o n ,  a t  a  s p e c i f i e d  s p e e d  v h i l e  m o o i t o r i n g
t h e  R o o n  B e a c o n  a n d  D o o r  E d g e  d e t e c t o r  b i t s  ( s e e
c h a p t e r  7 )  a n d  l o o k i n g  f  o ) :  c o n t a c t  w i t h  e i t h e r
s i d e  o f  t h e  n e c h a n i c a l  s t o p .  T h l s  r o u t i n e  a l s o
u p d a t e s  t h e  v a r i a b l e  w h i c h  h o l d s  t h e  c u r r e n t
h e a d  p o s i  t i o n ,  C U R H D  ( S 0 5 6 4 ) .

T h e r e  a r e  2 4 0  ( d e c  i n a l  )  L o s i c a L  s t e p s  ( $ 0 0
( h r o u S h  S E F ) .  P o . i t : o r  ( 0 0  i s  a t  t h e  l p I L  s t o p ,
S 7 8  i s  s t r a i g l - t  a n p a d  o r  c p n t p r  p o s i t i o n  a n c
$ E F  i s  a t  o r  n e a r  t b e  r i g h t  s t o p .  S u b r o u r i n e
P0SHD ($E47B) wiI I  posi t ion the head at the locat ion
L o n E a i n F d  i n  f h F  A - R F g i ' t ' r  o n , n r r ) .  l r  w i l l
d o  t h i s  a r  t h e  s p e e d  s p e c i f i e d  b y  t h e  c o n t e n t s
o f  M S P S T P  ( $ 0 5 6 7 ) .  T h i s  r o u t i n e  v i l l  a l s o  c a l l
s u b r o u t  i n e  I N I T H D  (  $ 8 4 6 F )  r o  i n i r i a l i z e  r h e  h e a d
a t  L h e  l e f t  s L o p  i f  i L  h a s  n o L  b 3 e n  p r e v i o u " l y
i n i t i a l i z e d .  T h e  s u b r o u t i n e  P o s H D  s h o u l d  b e
u s e d  b y  m a c h i n e  l a n g u a g e  p r o g r a m m e r s  t o  n o v e
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I {OTE: The head does not use feedback to detelnine
i t s  c u r r e n t  p o s i t i o n .  C o n s e q u e n t  l y ,  i  f  t h e  h e a d
h a s  b e e n  i n i t i a l i z e d  a n d  i t  i s  f o r c e d  f r o n  i t s
c u r r e n t  h e a d  p o s i t i o n ,  t h e  r o u t i n e s  \ r i l  I  I o s e
t r a c k  o f  w h e r e  t h e  h e a d  i s .  T h e  s t e p p e r  r n o t o r
i s  t u r n e d  o f f  ( u s i n g  P o S H D )  a f t e r  a  h e a d  n o v e n e n t
i s  c o n p l e t e  i n  o r d e r  t o  c o n s e r v e  p o l l r e r .  T h e
h e a d  c a n  t h u s  b e  r e l a t i v e l y  e a s i l y  n o v e d .

T h e r e  a r e  s e v e r a l  B A S I C  c o r n m a n d s  w h i c h  g i v e
d i r e c t  c o n t r o l  o v e r  t h e  h e a d  n o t o r .  I N I T H D  w i t l
i n i t i a l i z e  t h e  h e a d  a n d  r o t a t e  i t  t o  r h e  l e f r
s t o p .  R O T O  I  w i l l  r o t a t e  t h €  h e a d  t o  t h e  d e c i m a l
p o s  i r  i o n  I  ( 0  L o  2 3 9 ) .  R o T  ( D I R ,  s T E p s  r  u  i t  I
rotate the head the nurnber of STEPS in the DIRect ion
s p e c i f i e d .
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CHA?TBR 7

SENSORII

Sensors on tbe robot provide the three onboard
c o n p u t e r s  s i t h  i n f o r n a t i o n  c o n c e r n i n g  t h e  r o b o t ' s
i n t e r n a l  a o d  e x t e r n a l  e n v i r o n n e n t .  W i t h o u t  t h i s
i n f o r n a t i o n  i t  l r o u l d  b e  i m p o s s i b l e  f o r  t h e  r o b o t
t o  n a v i g a L e ,  r e - ( h a r g b  i r s  b a r r p r i " s  o r  p p r f o r m
t a s k s .  A 1 1  s e n s o r  i n f o r m a t i o n  m u s t  b e  p r e s e n t e d
t o  o n e  o f  t h e  c o n p u t e r s  i n  d i g i t a l  f o r n  s o  t h e
c o m p u t e r s  c a n  p r o c e s s  t h €  i n f o r n a t i o n  a n d  t a k e
appropriate act ions as required. The nain computer
is the eventual recipient of  al l  sensor information.
s o w e v e r ,  w h e r e  t h e  P r o p u l s i o n  C o n p u t e r  a n d  V o i c e
l n p u t / O u t p u t  C o n p u t e r  a r e  i n v o l v e d ,  o n l y  r e s u l t s
o f  i n f o r m a t i o n  c o l l e c t e d  f r o $  s e n s o r s  a t t a c b e d
to these computers rs presented to the Main Computer.

A  c o n s i d e r a b l e  a m o u n t  o f  s i g n a l  c o n d i r i o n i n g
is required in order to present sensor inforrnat ion
i n  d i g i t a l  f o r n  t o  a  c o m p u t e r .  O n  G E M I N I ,  t h e r e
i s  a  b o a r d  r e f e r r e d  t o  a s  t h e  S S S  B o a r d  ( S o n a r ,
S e n s o r  a n d  S t e p p e r ) ,  w h i c h  p e r f o r r n s  m o s t  o f  t h e
s i g n a l  ( o n d i t i o n i n g  r J n c t i o n s .  T h i s  b o a r d ,  t h e
sensors and certain peripheral  chips on the conputers
a l l  c o r n p r i s e  t h e  r o b o t - s  S E N S o R  S Y S T E M -

BATTERY VOI,TAGE HONITORIr{G AND CIIARGE CONTRO1

T h e  c h a r g e  l e v e l  o f  t h e  r o b o t ' s  b a t t e r i e s
a r e  e s s e n t i a l  t o  i t s  l i f e .  T h e  r o b o t  m u s t  b e
a b l e  r o  n o n i t o r  E h e s e  l e v e l s  a n d  d e t e r n i n e  i f

' a c h  o f  t n e  t h r e e
b a E t e r y  v o l c a g e s  a r e  r o u t e d  t o  v o i t a g e  d i v i d e r s
o n  t h e  S S S  b o a r d .  T h e s e  v o l t a g e s  a r e  t h e n  p a s s e d
E h r o u g h  a  d i f f e r e n t i a l  a n p r i f i e r  a n d  o n t o  t h e
1 6  c h a n n e l ,  a n a l o g  t o  d i g i t a l  c o n v e r t e r  ( A D C )
o n  t h e  M a i n  C o n p u t e r .  T h e  b a t t e r y  v o l t a g e s  a r e
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assigned to channels on the ADC as fol  lows:

Channel Nunber

8
9

Battery

Left  Motor
Right Motor
Logrc

T h e r e  i s  a  s u b r o u t i n e  i n  t h e  S y s t e n  M o n i t o r  ( s e e
s e c t i o n  V )  c a l l e d  A D C o N V  I o c a t e d  a t  $ E 4 8 1  o h i c h
c o n v e r t s  t h i s  a n a l o g  v o l t a g e  i n t o  a n  8 - b i t  d i g i t a l
n u n b e r .  O n  e n t r y ,  t h e  Y - I i E G  o f  t h e  C P U  c o n t a i n s
t h e  c h a n n e l  n u m b e r .  o n  e x i t s '  t h e  A - R E C  c o n t a i n s
t h e  8 - b i t  c o n v e r s i o n .  T h i s  8 - b i t  n u m b e r  c a n
b e  c o n v e r t e d  t o  a c t u a l  v o l t a g e  u s i n g  t h e  f o l l o w i n g
formu 1a

BATTERY VOLTAGE = CONVERSION RESULT (DECIMAL)/256
x REFERENCE VOLTAGE

T h e  r e f e r e n c e  v o l t a g e  f o r  t h e  A D C  i s  + 5 V  l o C i c
$ h i c h  u s u a l l y  r u n s  a r o u n d  5 .  L 2  v o l t s .  T h e  b a t t e l y
v o l t a g e s  c a n  a l s o  b e  r e a d  d a r e c t l y  i n  v o t t s  u s i n g
t h e  B A S I c  c o n n a n d  B A T ( I )  i r h e r e  I = 0 = L e f t  m o t o r
b a L L F r y .  l = l = r i g h L  n o L o r  b a L t F r y  a n d  I - 2 - l o g i c

V o l t a g e  o u t p u t s  f r o n  t h e  t h r e e  d i f f e r e n t i a l
a m p r i f i e r s  o n  t b e  S S S  b o a r d  a r e  p a s s e d  o n  t o
c o n p a r a t o r s  r o r  u s p  i n  B p n - r a L i n g  a  c r i t i . a l
b a t t e r y  n o n - n r a s k a b l e  i n t e r r u p t  ( N M I  )  o f  t h e  M a i n
C o n p u t e r ' s  m i c r o p r o c e s s o r : .  A n y  o n e  o f  t h e  t h r e e
b a t t e r i e s  c a n  g e n e r a t e  a n  i n t e r r u p t .  T h e  i n t e r r u p t
v o l t a g e  l e v e l  c a n  a l s o  b e  a d j u s t e d  b y  p o t e n t i o n e t e r
R 1 0 7  o n  t h e  S S S  b o a r d .  T b i s  h a s  b e e n  s e t  a t
t h e  f a c t o r y  t o  g i v e  i n t e r r u p t s  s t a r t i n g  a t  a r o u n d
1 0 , 5  v o l t s  ( 1 0 . 5 / 3  v o r t s  a t  P i n  6  o f  U 2 B  o n  E h e
SSs board )  .

d h e n  I  h e  v o l t a g P  o f  d n \  b a r r e r y
t h i s  s e t  p o i n t  v a l u e '  i E  r e s e t s  t h e  N M I

dlo.p."
p /  f  t o p
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o n  t h e  M a i n  C o n p u t e r  a n d  f o r c e s  a n  N M I .  T h e r e
i s  a n  N M I  s e r v i c e  r o u t i n e  s t a r t i n g  a t  $ 0 8 5 3  w h i c h
c o u n t  s  t h e  n u n b e r  o f  N M I  - s  t h a t  h a v e  o c c u r r e d
s i n c e  t h e  c o u n t e r  ( $ 0 8 2 9 )  w a s  l a s t  r e s e t  a n d
c o m p a r e s  i t  t o  a  l i m i t  ( $ 0 8 2 A ) .  r f  t h e  I i m i t
( d e f a u l t  i s  2 0  N M I ' s )  h a s  n o t  b e e n  e x c e e d e d ,
t h e  N M I  f l i p / f l o p  i s  s e t  a n d  t h e  s e r v i c e  r o u t i n e
r e t u r n s  f r o n  t b e  i n t e r r u p t .  I f  t h e  l i n i t  i s
e x c e e d e d ,  t h e n  a  r o u t i n e  i n  L i v i n g  M o d e  O p e r a t i n g
S y s t e n  ( S e e  S e c t i o n  V I )  i s  c a I I e d .  T h i €  r o u t i n e
c o n p a r e s  e a c h  b a t t e r y  v o l t a g e  t o  a  c r i t i c a l  v a l u e
( B A T C R T - $ 0 8 2 8 )  a n d  i f  a n y  a r e  f o u n d  b e l o '  t h i s
I e \ . t ,  L h e  r o b o t  i s c  r e "  "  u a r n i n g  r o  r \ p  u c p r
a n d  g i v e s  t h e  u s e r  I  n i n u t e  t o  r e s p o n d .  I f  E h e
u s e r  d o e s  n o t  r e s p o n d ,  t h e  r o b o t  v i I  I  a t t e n p t
r o  r e t u r n  t o  i r c  . h a r g p r .  l f  L n e  J s F r  r p s p o n d "
b y  p r e s s i n g  a  f u n c t i o n  k e y ,  t h € n  B A T C R T  i s  s e t
t o  z e r o ,  t h e  N M I  c o u n t e r  r s  s e t  t o  z e r o ,  t h e
I i m i t  i s  m o v e d  t o  i t s  n a x i n u m  v a r u e  ( $ F F ) ,  a n d
t h e  N M I  f l i p / f l o p  i s  s e t .  U n d e r  t h e s e  c o n d i t i o n s '
t h e  r o b o t  c a n n o t  g i v e  a n o t h e r  w a r n i n g  c o  t h e
u s e r .  Y o u  s h o u l d  r h p r p f o r  e  h e e d  r h e  f i r s t  u . r n i n g
o r  y o u  n a y  e n d a n g e r  t h e  l i f e  o f  t h e  b a t t e r i e s .

A l s o  a s s o c i a t e d  v i t h  t h e  b a t t e r l e s  i s  a n
" o n - c h a r g e "  d e t e c t o r  c i r c u i t  l o c a t e d  o n  t h e  P o \ r e r
supply Board. I \hen the robot goes onto i ts charger '
, J r r e n r  f l o w "  t h r o r E l  l r e  d r o d p  s r d p  o r  o D l o
c o u p l e r  U l  w h i c h  t u r n s  o n  t h e  t r a n s r s t o r  a n d
p u l l s  r h p  O N  T H A R L L  . i n p  l o s .  T h ; s  l : g l  t s  r h F
o n  L h a r g p  L E D  d t  t h F  b 3 ,  k  o l  r h F  r o b o t  a n d  p r o v i o e s
a n  a c L i \ e  l o k . i g n a ' a r  B - "  0  o r  I l p  b i r  i n p u l
p o r t  l o c a t e d  , t  a d d r e s s  $ E 0 5 0  o n  t h e  M a i n  C o n p u t e r .
T h e  u s e r  c a n  r e a d  t h i s  p o r t  l o c a t i o n  l r i t h  e i t h e r
a  m a c h i n e  I a n g u a g e  p r o g r a n  o r  a  B A S I c  p r o g r a n .
T h e  B A S I C  c o m n a n d  C H A R C  w i I l  r e t u r n  a  d e c i m a l
0 0  i f  o n  c h a r s e  o r  a  0 1  i f  o f f  c h a r g e .
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C r c u n d s  b e t w e e n  t h e  l o g i c  a n d  n o t o r  b a r r e r i e s
a r e  s e p a r a t e d  s o  v o l t a g e  s p i k e s  d u r i n g  m o t o r
o p e r a t i o n s  r a n g i n g  d o  n o t  i n t e r f e r e
v l t h  t h e  l o g i c  s u p p l y  v o l t a g e .  T h e  g r o u n d  c a n
be connecled or disconnected by closing and opening
a  r e l a y  o n  t h e  P o r e r  S u p p l y  B o a r d .  T h i s  i s
a c c o m p l i s h e d  u n d e r  p r o g r a n  c o n t r o l  b y  c h a n g i n s
t h e  s t a t e  o f  B I T  2  o f  t h e  b i t  o u t p u t  p o r t  l o c a t € d
at address $E060 on rhe Main computer.  The grolnds
a r e  c o n n e c t e d  w h e n  t h i s  b i t  i s  1 o w .  T h e  b i t
c a n  b e  s e t  w i t h  e i t h e r  a  n a c h i n e  l a n g u a e e  p r o g r a n
o r  t h e  B A S I C  c o m r n a n d  G N D o N .  T h e r e  i s  a l s o  a
B A S I C  c o n m a n d  G N D O F F  t h a t  r i 1 1  d i s c o n n e c t  t h e
g . o u n d s .  T h e  g r o u n d s  s h o u L d  b e  c o n n e c t e d  w h e n
o n  t h e  c h a r g e r ,  o t h e r w i s e ,  o n l y  t h e  l o g i c  b a r r e r y
w i l l  b e  c h a r g e d ,  I n  g e n e r a t ,  t h e  g r o u n d s  s h o u l d
b e  d i s c o n n e c E " d  w h p n  r l - F  ! o b o r  i s  o l t  i t c . h a r g e r .
Many rout ines in the System Monitor v/ i i I  automatical ly
d i s c o n n e c t  S r o u n d s  w h e n  s o n a r  r a n g i n g  o r  d r i v i n g
t h e  n o t o r s .  T h e  L i v i n g  L o o p  w i l l  a u t o n a t i c a l l y
c o n n e L r  g r o u n d !  i l _  t h F  r o b o t  i s  o r  i ( s . h d . g " r .

SONAR RANGINC AND CONTROI,

M e a s u r e m e n t  o f  d i s t a n c e  f r o m  t h e  r o b o t  t o
a n  o b j e c t  i s  e s s e n t i a l  f o r  n a v i g a t i o n  a n d  c o l l i s i o n
a v o i d a n c e .  c E l 4 I N I  i s  e q u i p p e d  w i t h  n i n e  ( 9 )
u l t r a s o n i c  s o n a r  t r a n s d u c e r s  t h a t  a r e  l o c a t e d

-  . 5  |  c 6  r o b o r  .  T \ -  r e  a  r e
t h r e e  ( 3 )  s o n a r  t r a n s d u c e r s  I o c a c e d  o n  t h e  h e a d
s o  t h e y  c a n  b e  a c c u r a t e l y  p o s i t i o n e d  b y  t h e  h e a d
s t e p p e r :  m o t o r  o v e r  a  3 5 9  d e g r e e  a r c .  T h e r e  a r e
f i v e  ( 5 )  s o n a r  t r a n s d u c e r s  l o c a t e d  o n  t h e  f r o n t
o f  t h e  r o b o t  a n d  o n e  (  I  )  s o n a r  t r a n s d u c e r  l o c a t e d

I n  g p n . r a l ,  l \ .  h e d d  - o n d r c  a r F  u s e d  t J l
n a v i g a t i o n  a n d  t h e  b o d y  s e n s o r s  f o r  c o i l i s i o n
a v o i d a n c e ; h o w e v e r ,  t h e  n a v i g a t i o n  r o u t i n e s  ( S e e

S e c t r o n  V I )  u s e  a l l  o f  t h e  i n f o r m a r i o n  f o r  b o t h
n a v i g a t i o n  a n d  c o l l i s i o n  a v o i d a n c e .  T h e  l o c a t i o n
o f  t h e s e  s e n s o r s  i s  v e r y  i m p o r t a n t ,  F i g u r e  7 . 1
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s h o s s  t h e  a r e a s  c o v e r e d  b y  t h e  s o n a r s  a t  v a r i o u s
d i s t a n c e s  f r o n  t h e  r o b o t .  T h e  P o l a r o i d  S o n a r
t r a n s d u c e r s  h a v e  a  d e t e c t i o n  b e a n  ! r i d t h  o f  a p p r o x -
i n a t  e  l y  l 5 - 2 0  d e g r e e s .

O n l y  o n e  s o n a r  t r a n s d u c e r  c a n  b e  u  s e d  t o
o b t a i n  r a n g i n g  i n f o r n a t i o n  a t  a  t i ' n e .  y ! l t i p l e
f i r i n g  o f  s o n a r  t r a n s d u c e r s  l e a d s  t o  f a l s e  r a n g i n g
i n f o r m a t i o n  a n d  i s  t h e r e f o r e  p r e v e n t e d  o n  c E M I N I
b y  n u l t i p l e x i n g .  T h e  m u l t i p l e x i n g  t e c h n i q u e
used on Cn4INI involves switching of the transducers
s o  o n l y  o n e  s o n a r  r a n g i n g  m o d u l e  i s  n e e d e d ,
R e l a y s  o n  t h e  S S S  b o a r d  a c c o n p l i s h  t h e  s l r i t c h i n g
i n  a n d  o u t  o f  a  t r a n s d u c e r .  B i t s  0  t h r o u g h  3
o f  t h e  o u t p u t  b i t  p o r t  a t  a d d r e s s  $ E 0 6 2  ( S e e
S e c t i o n  V ) ,  a r e  u s e d  t o  s e l e c t  a  t r a n s d u c e r .
T h e  f o l l o w i n g  b i t  p a t t e r n s  s e l e c t  t h e  d e s i r e d

SONAR TRANSDUCER
SELECTED

0
0
0
0

0
0
1

0
0
0

I
I
l
t
0
0

0
0
I
l
0
0
I
l
0
U

0
I
0
I

I

I
0
I

Head
L e  f t  s l d e  o f  h e a d
R r g h t  s r d e  o f  h e a d
Le f t  top front
R i g h t  t o p  f r o n t
Le f  t  bottom front
R i g h t  b o t t o n  f r o n t
F r o n t  c e n t e r
B a c k
S p a r e  ( N o n e  C o n n e c t e d )

b i t  c o n b i n a t l o n  i s  a l l o w e d .
s o n a r  r a n g i n g  n o d u l e  w i t h o u t

B I T
3 2 1

W A R I I N G :  N o  o t h e r
I f  y o u  a c  t  i v a  t e  t h e
a  s o n a r  t  r a n s c t u c e

P o l r e r  t o  t h e  r a n g i n g  m o d u l e  i s  c o n t r o l l e d
b y  B I T  3  o f  t h e  b i t  o u t p u t  p o r t  a t  a d d r e s s  $ E 0 6 0 .
W h e n  t h i s  b i t  i s  h i g h ,  p o v e r  t o  t h e  r a n g i n g  n o d u l e

32



R a n g e s  a r e  o b t a i n e d  f r o m  a  s e l e c t e d  s o n a r
t r a n s d u c e r  b y  r n e a s u r i n g  t h e  t i n e  i n t e r v a l  b e t l { e e n
f i r i n g  a  s o n i c  b u r s t  a n d  r e c e i v i n g  t h e  r e t u r n
e c h o .  I t  t a k e s  a p p r o x i n a t e i y  I 7 7 5  u s  f o r  s o u n d
t o  t r a v e l  2  f t .  T h u s ,  f o r  a  r a n g e  o f  I  f t  ( r o u n d
t r i p  d i s t a n c e  2  t L ) ,  l J l 5  u s  e i l l  e l a s p e .  A c c u r a t e
m e a s u r e n e n t s  o f  s u c h  s m a l l  t i m e  i n t e r v a t s  a r e
handted by a 16 bi t  t inEr chip on rhe Main Computer
( S e e  S e c t i o n  V ) .  T h i s  r i m e r  i s  c o n n e c t e d  r o
t h e  s o n a r  r a n g i n g  n o d u l e  o n  t h e  S S S  b o a r d .  T h e
t i n e r  i s  f i r s r  l o a d e d  w i t h  a  h e x i d e c i n a l  F F F F .
T h e n  B I T  5  o f  o u t p u t  b i r  p o r t  9 E 0 6 0  i s  b r o u g h t
l o w .  T h i s  c a u s e s  t h e  r a n g i n g  n o d u l e  t o  p u l s e
t h e  s o n a r  t r a n s d u c e r  a n d  s t a r t  t h e  c o u n t  d  o r , r n
o f  t h e  t i n e r .  W h e n  t h e  s o n a r  r r a n s d u c e r  r e c e i v e s
t h e  e c h o ,  t h e  r a n g i n g  m o d u l e  g e n e r a r e s  a n o t h e r
s i g n a l  \ ^ ' h i c h  t u r n s  o f f  t h e  t i m e r .  T h e  r i m e r
c a n  t h e n  b e  r e a d  t o  d e t e r n i n e  t h e  e l a p s e d  t i n e
a n d  h e n c e  r a n g e .  B I T  5  o f  $ E 0 6 0  m u s t  b e  b r o u g h r
h i s b  f o r  a b o u t  I 0 0  m s  b e f o r e  f i r i n g  t h e  s o n a r
a g a i n .

T h e r e  a r e  m a c h i n p  l a n g J d C F  r o u r i n . s  i n  r h p
S y s t e m  M o n i t o r :  t o  h a n d l e  o b t a i n i n g  r a n g e s  f r o n
a n y  s o n a r ,  T h e s e  a r e  d e s c r i b e d  i n  d e r a i t  i n
S e c t i o n  V I .  T h e r e  i s  a l s o  a  B A S I C  c o n m a n d  l ' h i c h
w i l l  r e t u r n  t h e  r a n g e  i n  f e e t  f r o m  a  d e s i g n a t e d
s o n a r .  T h e  c o m m a n d  1 s  R A N G E ( I )  w h e r e  I  i s  t h e
d e s  i  r e d  s o n a r  a s  f o l l o w s :

SONARI

0
I
2
3

5
6
7
8

Head

R i g h t  b o t t o n  f r o n t
I  e f t s  t s n n  f r ^ n t s

L e f t  b o t t o n  f r o n r
R i g h t  s  i d e  o f  h e a d
L e  f t  s i d e  o f  h e a d

B a  c k
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ROOU BEACON AND DOOR EDGE REFLECTOR SENSING AND
CONTROL

T h e r e  a r e  t w o  s e n s o r s  n o u n t e d  o n  t h e  h e a d
that are an inportant part  of  the robor 's navigat ion
systen. Due to the large beam width of rhe sonars,
i t  i s  n o t  p o s s i b t e  t o  d e t e c t  d o o r  o p e n i n g s  ( e d e e s )
f r o m  s o n a r  r a n g i n g  u n l e s s  t h e  r o b o r  i s  \ r i t h i n
a b o u t  4 - 5  f e e t  o f  a  d o o r .  T o  a i d  t h e  r o b o r  i n
l o c a t i n g  d o o r s ,  s € n i - c i r c u l a r  b l o c k s  c o v e r e d
w i t h  r e f l € c t i v e  t a p e  c a p a b l e  o f  r e f l e c t i n g  i n f r a r e d
r a d i a t i o n  a r e  p l a c e d  n e a r  e a c h  d o o r .  T h e  r o b o t ' s
I n f r a r e d  D o o r  E d g e  D e t e c t o r  c a n  t h e n  b e  u s e d
t o  o b t a i n  r e l a t i v e  b e a r i n g s  o f  t h e  r e f t e c t o r ,

T h i s  s e n s o r  i s  b o t h  a n  I R  t r a n s n i t E e r  a n d

i f  r e c . i r c d .  \ . , i 1 1  . a L s e  B t t  2  o l  i n p u r  b i L  p o r L
a t  a d d r e s s  E 0 5 0  o n  t h e  M a i n  C o n p u t e r  t o  g o  h i g h ,
T h e  r a n g e  o f  t h i s  s e n s o r  i s  a b o u r  2 0  f t  ( 4 0  f t
r o u n d  t r i p ) .  R e f l e c t i o n s  . a n  s o n e t i n e s  b e  o b r a l n e d
o f f  b r i g h t  m e t a l L i c  s u r f a c e s ,  g l a s s  a n d  m i r r o r s .

T h e  r o b o t  n u s t  b e  a b L e  t o  d e t e r m i n e  w h a r
r o o n  i t  i s  i n .  R o o m  B e a c o n s  a r e  i n s r a l  L e d  i n
e a c h  r o o n  w h i c h  p r o d u c e  a  1 0 0 %  n o d u l a t e d  s q u a r e
v a v e  o f  I R  r a d i a t i o n  a t  a b o u t  4 0  K H z .  T h e  p e r i o d
o f  t h i s  s q u a r e  v a v e  i s  s e L e c t e d  a t  e a c h  b e a c o n
' i t h  a  4 - p o s i t i o n  d i p  s w i r c h .  T h e  s w i r c h  p o s i t i o n s
a n d  a p p r o x i m a t e  p e r i o d  a r e  a s  f o l l o v r s :

sI'4

0
0
0
0
0
0
0
0

N / A
0 l
a 2
03
0 4
05
06
0 7

( l

l 2
( 3
( 4
( 5 )
( 6  )
( 1 )

SW3 SW2 SWI PERIOD(MS) ROOII CODE

0
0
0
0
t
L
I
I

0
0
t
I

0
I
I

0
I

i

0
t

1  . 2 6
I 3 . 0 7
20 .33
2 8 .  3 1
3 5 . 5 7
4 l  . 3 8
48 .64
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si,ll4 sI'3 sl,l2 sul PERlOD(l1S ) ROOM CODE

I
I
I
I
I
l
I
I

0
0
0
0
I
I
I
I

0
0
I
t

0
t
I

0
I
0
l
0
I
0
I

5 9 . 5 3
6 6 . 7 9
7 2 . 6 0
1 9 . 8 6
8 7 . 8 5
9 5 . 1 r

1 0 0 .  9 1
i 0 8 . 1 7

( 8 )
( e )

( 1 0 )
( r r )
( r 2 )

0 8
0 9
OA
OB
0 c
OD
DE
DF

r 3 )
r4)
r s )

0=0FF' l=oN

T h e  R o o m  B e a c o n  D e t e c t o r  r e c e i v e s  t h e  r a d i a t e d
s i g n a l s  r h r o L g h  s l o L .  a n d  b y  u s  i n g  a
p a r a b o l i c  m i r r o r  c o n c e n t r a t e s  t h e  e n e r g y  o n t o
a  p h o t o  d i o d e .  T h e  s i g n a l  f r o n  t h e  p h o t o  d i o d e
i s  t h e n  a m p l i f i e d  a n d  p a s s e d  t o  a  p h a s e  l o c k
I o o p  c i r c u i t  i ' h i c h  i s  a d j u s r e d  r o  d e t e c t  a  4 0
K H z  s i g n a l .  W h e n  a  4 0  K H z  s i g n a l  i s  p r e s e n t ,
B I T  i  o f  i n p u r  b i r  p o r r  a t  a d d r " s s  S 1 0 5 0  w i  |  .
g o  h i g h .  T h e  n a r r o w  s l o t  a n d  l o c a t i o n  o f  t h e
s e n s o r  i n  t h e  h e a d  a l l o w  a n g u l a r  i n f o r n a t i o n
r F o a r d  i n a  f L , F  l ^ .  e r  i . a  ^ f  r l " e  b e a r o n  t o  a l s o

T h e r p  a r e  r 6 ( h i n .  L d n E ,  r a g e  p r o g r a n s  i r  t h "
N a v i s a t i o n  p r o g r a n  ( S e e  S e c t i o n  v t )  u h i c h  w i l l
d e t e r n i n e  t h e  p e r i o d  o f  t h e  i n c o m i n g  s  i g n a l  a t
9E050 BIT 2 and look up the correct  roo$ code.  Entry
p o i n t s  f o r  t h e s e  r o u t i n e s  a r e  g i v e n  i n  S e c t i o n
V I .

B o t h  t h e  D o o r  E d g e  a n d  R o o n  E d g e  B e a c o n
b e  t u r n e d  o n  a n d  o f f  b y  B I T  4  o f

o u t p u t  b i t  p o r t  $ E 0 6 0 .  T h e s e  s e n s o r s  a r e  e n a b l e d
w h e n  B I T  4  i s  h i g h ,

SUO(N DETECTOR SENSING AND CONTROL

T h i \  . n r  i ^ n : l  c . n c . -  i <  l o . B ( e d  i n  r h e  h e a d
a n d  1 s  a  t y p i c a l  i o n  c h a s b e r  t y p e  p a r t i c l e  d e t e c t o r .
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I t  i s  a c t i v a t e d  ( p o w e r  u p )  b y  b r i n g i n g  B l T  6
o f  t h e  o u t p u t  b i t  p o r t  a t  a d d r e s s  S E 0 6 0  o n  t h e
l ta in Computer high. when there is no sd)ke present '
B I T  3  o {  t h e  i n p u t  b i t  p o r t  $ E 0 5 0  i r i l l  b e  l o v .
I f  s n o k e  i s  p r e s e n t ,  B I T  3  o f  S E 0 5 0  w i I I  o s c i l l a t e
t ' i th a period of about 2.5 ms. The BASIC conrnand
S } t o K E  $ i l 1  r e t u r n  t h e  n u m b e r  0  i f  t h e r e  i s  n o
s m o k e .  D u e  t o  t h e  o s c  i l  I  a L  i o n  i  t  i s  n e c e s s a r y
t o  p o l 1  t h i s  l o c a t i o n  i n  a  B A S T C  l o o p  t o  d e t e r n i n e
if  snoke is present.

}IOTION DETECTOR SENSINC AND CONTROL

T s o  u l t r a s o n i c  t r a n s d u c e r s  a r e  n o u n t e d  o n
the front of  the head for the purpose of detect ing
s D t i o n  i n  t h e  v i c i n i t y  o f  t h e  r o b o t .  T h e  c i r c u i t r y
f o r  t h i s  s e n s o r  i s  l o c a t e d  o n  t h e  S S S  b o a r d ,
P o w e r  t o  t h i s  c i r c u i t  i s  c o n t r o l l e d  b y  b r i n g i n g
B I T  6  o f  t h e  o u t p u t  b i t  p o r t  $ E 0 6 0  ( s a m e  a s  t h e
S n o k e  D e t e c t o r )  h i g h .  I f  t h e  s e n s o r  d e t e c t s
n o t i o n ,  B I T  4  o f  $ 8 0 5 0  w i l l  g o  h i g h ,  h e n  t h i s
s e n s o r  i s  o n ,  i t  w i l l  i n t e r f e r e  v i t h  t h e  u l t r a s o n i c
r a n s i n s  r n o d u l e  a n d  c a u s e  f a l s e  r a n s i n g .  T h e
B A S I C  c o n n a n d  } t o T I O N  l J 1 l 1  r e t u r n  t h e  n u n b e r  0
i f  t h e r e  i s  n o  n o t i o n  o r  I  i f  t h e r e  i s  n o t i o n .

sot ND ltvf,L sEnsoRs

T h e r e  a r e  t h r e e  s m a l l  m i c r o p h o n e s  l o c a t e d
a r o u n d  t h e  h e a d  l r h i c h  p r o v i d e  v o i c e  i n p u t  a n d
sound IeveI sensing. Signals from these nicrophones
are routed to the SSS boerd where they ere anpl i f ied
a n d  a d d e d  t o g e t h e r  t o  o b t a i n  o n e  s i g n a l .  T h i s
p r e a n p l i f i e d  s i g n a l  i s  t h e n  p a s s e d  o n  t o  t h €
V o i c e  I n p u t / O u t p u t  c o m p u t e r  f o r  u s e  i n  v o i c e
r e c o g n i t i o n  a n d  t o  t h e  a n a l o g  t o  d i g i t a l  c o n v e r t e r
f o r  s o u n d  I e v e l  c o n v e r s i o n .  T h e  s o u n d  I e v e I
i s  a e s i g n e d  t o  c h a n n e l  B  o f  t h e  A D C  a n d  c a n  b e
read by the nachine language progrem ADCONV ($E481)
or by the BASIC connand SoUND. SOUND tr i l l  return
a  v a l u e  f r o m  0  t o  2 5 5 .
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LIG'NT T.EVEL SEtrSOR

A  c a d n i u n  s o t f i d e  c e l l  i s  n o u n t e d  o n  t o p
o f  t h e  b e a d  j u s t  i n  f r o n t  o f  t h e  h e a d  s o n a r
t r a n s d u c e r ,  T h i s  s i g n a l  i s  c o n d i t i o n e d  o n  t h e
S S S  B o a r d  a n d  t h e n  p a s s e d  t o  c h a n n e l  D  o  f  t h e
A D C .  T h e  B A S I C  c o n n a n d  L I G H T  e i l l  r e t u r n  a  v a l u e
f r o m  0  t o  2 5 5 .

TEIIPE RATURE SETISOR

A n  L M 3 3 4  t e n r p e r a t u r e  s e n s o r  a n d  c o n d i t i o n i n g
c i r c u i L r y  a r e  l o c a L e d  o n  t h e  S S S  B o a r d .  T h e
o u t p u t  c o n d i t i o n e d  s i g n a l  i s  p a s s e d  t o  c h a n n e L
E of the ADC. The BASIC conmand TEI ' IP \r i t t  return
t h e  t e n p e r a t u ! e  i n  d e g r e e s  c e l s i u s .

PRESSURE SENSOR

T h i s  o p t i o n a l  s e n s o r  i s  a t t a c h e d  t o  t h e
S S S  b o a r d  a n d  c o n t a i n s  i t s  o w n  s i g n a l  c o n d i t i o n i n g .
T h e  o u t p u t  f r o m  t h i s  b o a r d  i s  p a s s e d  t o  c h a n n e l

. _  c  o f  t h e  A D C .  T h e  B A S I c  c o m m a n d  P R E S S U R E  w i l l
r p r i , r r  r h F  n r a e < . , r a  i n  n i  l l i b d r s .

}{AIN XEIIORY BATIERY BACKUP VOLTAGE SENSOR

A  l i n e  f r o n  t h p  t o p  o f  t h p  b a t t e r y  e a d s
d i r e c t l y  I  o  c h a n n e l  F  o f  t h e  A D c .

Rtr}'OTE COI.'I}IUNICATIONS SENSINC AND CONTROL

T h e  o p t l o n a l  R e m o t e  C o n m u n i c a t i o n  S y s t e n
( n c s )  c o n p u t e r  c o n e s  v i t h  a  n o d e n  b o a r d  a n d  r a d i o
t r a n s c e i v e r  t h a t  a t t a c h  t o  t h e  r o b o t .  P o w e r
t o  t h i s  b o a r d  i s  e n a b l e d  b y  b r i n g i o g  B I T  7  o f
o u t p u t  b i t  p o r t  $ E 0 6 0  h i g h .  S h o u l d  a  c a r r i e r
be detected frorn the RCs when this board is enabled,
B I T  5  o f  i n p u t  b i t  p o r t  9 E 0 5 0  w i I I  g o  l o ! ' .  w h e n
t h e  r o b o L  i s  i n  i c s  L i v i n g  L o o p .  t h i s  r o r . F s
a  j u m p  t o  t h e  R C S  c o m m u n i c a t i o n s  p r o g r a n  w h e r e
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cosnunicat ion bet$een the robot
T h i s  i s  f u r t h e r  e x p l a i n e d  i n
that acconpanie s the RCS.

RBAL TIXE CLOCK

BU}'PERS

The bumpers are
c  o n p u  t e  r  a n d  t h e i r

T h e  r o b o t  c a n  o b t a i n  t h e  r e a l  t i n e  b y  r e a d i n g
t h e  r e a l  t i n e  c l o c k  o n  t h e  M a i n  c o n p u t e r .  T h i s
i s  f u l l y  e x p l a i n e d  i n  S e c t i o n  V .  B A S I C  c  o n n a n d
T I M E $  a n d  D A T E S  r { i l 1  r e t u r n  t h e  t i n e  a n d  d a t e
r e s p e c t i v e l y  a s  a  s t r i n g  v a r i a b l e .

RANDOI NIJUBER SE}ISOR

The I ' la in conputer contains a hardware randon
n u n b e r  g e n e r a t o r .  T h i s  i s  f u l l y  e x p l a i n e d  i n
S e c t i o n  V .  T h e  B A S I C  f u n c t i o n  R N D ( o )  w i l l  r e t u r n
a randon nunber between 0 and 255.

and RCS are handled.
t h e  u s e r s  m a n u a l

under contro l  o f  the Propuls ion
u s e  i s  f u l l y  e x p l a i n e d  i n
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SBCTION IV

VOICE IN?M/OUTPUT AND SOUND SYSTEI
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CMPTER 8

VIOS CO}IPUTER

SYSTTX OVERVIEI|

T h e  V o i c e  l n p u t / O u t p u t  a n d  S o u n d  S y s t e m
c o n s i s t s  o f  a  n i c r o c o n p u t e r  ( V I O S ) r  t h r e e  n i c r o -
p b o n e s  $ i t h  n i x i n g  p r e a r n p l i f i e r , a n d  t l r o  8  o h n
s p e a k e r s .  T h e  s y s t e m  h a n d l e s  s p e e c h  l e c o g n i t i o n ,
s p e e c h  s y n t h e s i s  a n d  s o u n d  s y n t h e s i s .

V o i c e  i n p u t  f r o n  t h e  t h r e e  m i c r o p h o n e s  i s
prearnpl i f ied and added together on the SSS Board.
T h i s  p r e a m p l i f i e r  h a s  a  f i x e d  s a i n  o f  1 0 0 .  T h i s
s i g n a l  i s  d e c o u p l e d  a n d  p a s s e d  t o  a  t v o  s t a g e
a u d i o  a m p l i f i e r  o n  t h e  V I 0 S  c o n p u t e r .  T h e  f i r s t
s t a g e  o f  t h e  a n p l i f i e r  h a s  a  f i x e d  g a i n  o f  1 0 0 .
T h e  s e c o d d  h a s  a  v a r i a b l e  g a i n  o f  0  t o  5 0 .  T h i s
g a i n  i s  c o n t r o l l e d  b y  v a r i a b l e  r e s i s t o r  R 5 0 .
T h e  o u t p u t  o f  t h e  t r o  s t a g e  a n p l i f i e r  i s  p a s s e d
t o  a  l o w  p a s s  f i l t e r  l r h o s e  g a i n  i s  a p p r o x i n a t e l y
2 .  F r o n  t h e r e  t h e  s i g n a l  i s  s e n t  t o  t r { o  c i r c u i t s
w h i c h  g e n e r a t e  a  r d o r d  a v a i l a b l e  ( w R D A v )  a n d  a
z e r o  c ! o s s i n g  d e t e c t  ( Z C D E T )  d i g i t a l  s i g n a l  f o r
u s e  i n  v o i c e  r e c o g n i t i o n .

The speech synth€sizer has a l /2 watt  €mpl i f ier
a t t a c h e d  t o  i t s  o u t p u t .  T h i s  a n p l i f i e r  d i r e c t l y
d r i v e s  o n e  o f  t h e  t r o  8  o h n  s p e a k e r s .  c o n t r o l
c i r c u i t r y  o n  t h e  V I O S  c o i l p u t e r  a l l o t t s  b o t h  t h e
c h i p  a n d  i t s  a r n p l i f i e r  t o  b e  p o $ e r e d  o n  a n d  o f f

T h e  c o D p l e x  s o u n d  g e n e r a t o r  a l s o  h a s  a  1 / 2
w a r t  a n p l i f i e r  a t t a c h e d  t o  i t s  o u t p u t  '  T h i s
anpl i f ier direct ly dr ives the other 8 ohn speaker.
C o n t r o l  c i r c u i t r y  o n  t h e  V I O S  c o m p u t e r  a l l o i r s
b o t h  t h e  c h i p  a n d  i t s  a m p l i f i e r  t o  b e  p o o e r e d
on and off  as needed.
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ATCElTECTTIRB

The heart  of  the vlos conputer is a Rocklrel l
R 6 5 C 0 2  8 - b i t  C ! , 1 0 s  n i c r o p r o c e s s o r  ( C P U )  w h i c h
o p e r a t e s  a t  I  M H z .  I t  c o n t a i n s  1 6 K  o f  b a t t e r y
backed CMOS stat ic RAM, 32K of CMOS RoM' a third
g e n e l a t i o n  S S I 2 6 3  s p e e c h  s y n t h e s i z e r ,  a n  A Y - 3 - 8 9 r 3
P S G  c o m p l e x  s o u n d  g e n e r a t o r ,  2 4  b i t  i n p u t / o u t p u t
I j n e s ,  t v o  |  / 2  v a r r  a u d i o  a m p l i f i e r s ,  R S 2 3 2 C
a n d  C M O S  I e v e  I  s e r i a l  c o m n u n i c a t  i o n  p o r t s  ,  a n d
v a r i o u s  p o e e r  c o n t r o l  a n d  s r r p p o r t  c b i p s .  T h e
VIoS conputer is an extrsnely poi,rerfuL, nul t i funct ion
conputer with extensive software in ROM.

T h e  6 4 K  a d d r e s s  s p a c e  o f  t h e  c P U  i s  u t i l i z e d
a s  f  o l  l o s s :

l{EX ADDRESS USE

0000- IFFF
2000- 3FFF
4000-4003
6000-6004

8000- 9FFF
AOOO.BFFF
COOO- DFFF
EOOO-FFFF

8K CUOS RAM (Battery Backed)
8K CMOS RAM (Battery Backed)
8 2 C 5 5  P ] A  I / O  R E G I S T E R S
SS1263 SPEECH SYMHESIZER
REGISTERS

8K CMOS ROM
8K CMOS ROM
8K CMOS ROM
8K CrrOS ROl{
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B I T

PAO
PAl
PA2
PA3
PA4
PA5
PA6
PA7
PBO
P B ]
PB2
P B 3
PB4
PB5
PB6
P B 7
PC0
P C I
PC2
P C 3
PC4
P C 5
PC6
PCl

D I R

I
I
I
I
I
I
I
I

r /o
r /o
r / o
t lo
r / o
r / o
r / o
r / o
o
o
o
0

N/C
o
o
o

USE

RD
cTs
sw0
sInl
s\,l2
si'3
ZCDET

2 4  b i t  t l o  I i n e s  a r e  u s e d  a s  f o l l o w s :

WRDAV
PSG DATA DAO
PSC DATA DAI
PSC DATA DA2
PSG DATA DA3
PSC DATA DA4
PSC DATA DA5
PSG DATA DAb
PSG DATA DA7
PSG BCI
P S G  B D I R
PSC RESET
SOUND ON/OFF
N / C
SPEECH ON/OFF
TD
RT3

SERIAL COUMUNICATIOTS

B o t h  a  c M o s  l e v e l  s e r i a l  p o r t  a n d  a n  R S 2 3 2 C
s e r i a i  p o r t  a r e  a v a i l a b t e  o n  t h e  V I O S  c o m p u t e r .
I n  a d d i t i o n  t h e r e  i s  a  4 - p o s i t i o n  d i p  s w i t c h
' h i c h  a I I o w s  s e l e c t i o n  o f  t r a n s n i s s i o n  b a u d  r a t e s '

T h e  R s 2 3 2 C  s e r i a l  p o r t  ( J 6 )  i s  c o n f i g u r e d
a s  D a t a  C o n n u n i c a t i o n s  E q u i p n e n t  ( D C E )  a n d  h a s
the fol  lowing pinout:
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PIN

I
2
3
4
5

7
8

T h e  C M O S  l e v e l  s e r i a l  p o r t  ( J l )  i s  c o n f i g u r e d
t o  n a t c h  t h e  c o r r e s p o n d i n g  p o r t s  o n  t h e  M a i n
Computer.  The pinout fo!  this port  are as folrol 's:

RS232C SERIAL PORT PINOUTS

USE

CND
RD
TD
cTs
n*
PI'LI,ED HIGH
GND
PI'LI,ED HIGH

CMOS SERIAI PORT PINOUTS

P I N

I
2
3
4
5
6
7
I
9

1 0

U S E

CND
RD
TD

frT3
+ 5 V  I N
GND
+ I 2  I N
ENABLE (oN/dFF)
GND



The A-posi t  ion dip

su3 sl.]2

0
0
I
I
0
0
I
t

s l r i t c h

sI,ll

0
I
0
I
o
I
0
I

USE

3OO BITS PER SEC
I2OO B ITS  PER SEC

i s  u s e d  a s  f o l  l o w s :

USE

tlALE VoICE r
MALE VOICE 2
VILI-AIN'S VO1CE
CH1LD'S VOTCE
ALIEN'S VOICE
I.TALE VOICE 2
}'ALE VOICE 2
ITIALE VO ICE 2

0
0
0
0
I
I
I
l

sw4

0
I
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CHAPTER 9

VIOS OPERATING SYSTET,'

T h e  V I O S  o p e r a t i n g  s y s t e m  u s e s  a  c o n m a n d
o r i e n t € d  s t r u c t u r e ,  C o t r E u n d s  a r e  i s s u e d  t o  V I O S
a n d  t h e  c o n p u t e r  a c k n o n l e d g e s  t h e  h o s t  w h e n  t h e
cotr l t rand has been executed.

0 n  p o v e r  u p ,  V I O S  p e r f o r n s  c e r t a i n  c o l d
s t a r t  c h o r e s  a n d  t h e n  t r a n s n i t s  a  p r o m p t  ( A S C I I
2 l  "  !  " )  t o  t h e  h o s t  c o n p u t e r .  I t  t h e n  w a i t s
f o r  a  m o d e  s e l e c t i o n  c o m a n d .  T h e  r n o d e  s e l e c t i o n
conmands and lheir  funct ions are as fol lows:

CO}IMAND CHARACTER }IEANING

l l

l 3

t 2

l 4

( D C l )

( D C 2 )

(  D C 3 )

(DC4 )

CTRL-Q

CTRL.R

cTRl--s

CTR],-T

Enter  Voice Recogni t ion
Hode
Enter  Speech Generat ion
Mode
Enter  Sound Generat ion
llode
f e t t o r n  S e l t  t e s t

V I O S  d o e s  n o t  a c k n o ' l e d g e  t h e s e  s e l e c t  c o m m a n d s .
O n c €  i n  a  n o d e ,  t h e  h o s t  m a y  a s k  V I O S  r o  l e t u r n
t o  t h e  r n o d e  s e l e c t  s t a t e  b y  t r a n s n i t t i n g  a n  A S C I I
0 9  ( E O T )  o r  a  C T R L - I  f r o m  a  k e y b o a r d .  V I o S  w i l l
t h e n  r e s p o n d  u i t h  i t s  p r o n p t  c h a r a c t e r .

VOICE RECOGIIITION TiODf,

V I o S  h a s  a  2 5 5  s o r d / u t t e r a n c e  r e c o g n i t i o n
capacity.  The recognizer is an isolated vord/phrase,
speaker dependent,  language independent r€cognizer
! r i t h  e d a p t i v e  c a p a b i l i t i e s .  T h e s e  ! r o r d s  a r e
d i v i d e d  i n t o  l 6  g r o u p s  l r i t h  I 6  r o r d s  i n  e a c h
group. Fol lonirg are the cof lmands, VIoS responses
a d d  m e a n i n g s  e h i l e  o p e r a t i n g  i n  t h i s  n o d e .  A I I
connands are in ASCII.
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COI,MAND RESPONSE FUNCTION

0:( ERRoR CODE Cold start  t raining of
g r o u P x ( 0 < x < r )

I  ERRoR CoDE Enter uords for speaker
adaptat ion pass

2  E R R O R  C O D E  P r o c e s s  d a t a  f r o n  s p e a k e r
a d a p t  a  t  i o n  p a s s

3X ERROR CODE Enter words for t raining
Pass one i  grouP x

4XY ERROR CODE Enter word Y for t raining
pass trdo; Sroup x

5X WoRD NO, Recognize rord in group
ERROR CODE (ASCII S49)

n i l 1  b e  r e t u r n e d  a s  w o r d
n u m b e r ,  i f  a n  i n v a l  i d
ma tch l 'as nade.

6XY ERRoR CoDE Retrain second pass l rord
Y in group x

7 ERRoR CoDE Keep running nean of correct ly
recognized vords

8XY ERROR CODE Receive acknonl€dge word
Y  I n  g r o u p  X

9  E R R O R  C O D E  U p d a t e  r u n n i n g  m e a n  o f
previously recognized
vord

A ERROR CODE Update running nean of
current 1y recognized
l,ord

ERROR CODE },IEANING

O NO ERROR
]�REC ERROR (Try Again)
2 SPEECH BU|FER OVERFLOW
3 SPEAKER ADAPTATION PASS CO},IPI,ETE

Training of the voice recognizer is accoinpl ished
a s  f o l l o w s .  F i r s t  t h e  g r o u p  t o  b e  t r a i n e d  i s

\ -  i n i t i a l i z e d  b y  i s s u i n g  t h e  c o l d  s t a r t  c o m m a n d
( 0 )  f o l l o l . e d  b y  t h e  g r o u p  n u n b e r  ( 0 - F ) ,  t h e



V I O S  c o n p u t e r  $ i l  I  r e s p o n d  e i t h  0 .  N e x t  t h e
s p e a k e r  a d a p t a t i o n  p h a s e  i s  c o n d u c t e d  J y  s a y i n g
e a c h  w o r d / p h a s e  i n  t h e  v o c a b u l a r y  o n c e  u n t i l
e i ther al l  words are spoken or the conputer indicates
" e n o u g h  d a t a " .  T h e  " e n t e r  w o r d s  f o r  s p e a k e r
a d a p t a t i o n  p a s s " ,  c o m m a n d  ( t ) ,  m u s t  b e  g i v e n
f o r  e a c h  s p o k e n  w o r d .  A f t e r  t h e  v r o r d  i s  s p o k e n '
t h e  c o n p u t e n i l l  r e s p o n d  w i t h  t h e  e r r o r  c o d e ,

A r  r h p  e n d  o f  t h F  s p e a k e r  a d a p c a r i o n  p h a s e . t h e
" p r o c e s s  d a t a  f r o n  s p e a k e r  a d a p t a t i o n  p a s s i ,
c o r n n a n d  ( 2 )  n u s t  b e  g i v e n .  T h e  c o m p u t e r  v i l l
r e s p o n d  w i t h  0 .

f h e  i n d i v i d u a l  w o r d / p h r a s e  t r a i n i n g  i s
a c c o n p l i s h e d  i n  t v o  p a s s e s .  I n  t h e  f i r s t  p a s s
t h e  c o n n a n d  3 X ,  w h e r e  X  i s  t h e  g r o u p  n u n b e r ,
is eiven pr ior to speaking each vord. The conputer
! r i I i  r e s p o n d  \ r i t h  t h e  e r r o r  c o d e .  I n  t h e  s e c o n d
pass the conmand 4XY, where X is the groop number
a n d  Y  i s  t h e  w o r d  r u m b p r  i n  f h i s  g r o u p ,  i s  g i v e n
p r i o r  t o  s p e a k i n g  t h e  w o r d / p h a s e .  D u r i n g  t h e
t r a i n i n g  p a s s e s  i t  i s  n e c e s s a r y  t o  r e p e a t  t h e
w o r d s / p h r a s e s  i n  t h e  e x a c  t  s a n e  s e q u e n c e .  A t
t h e  c o n p l e t i o n  o f  t h i s  p h a s e ,  t h e  t r a i n i n g  i s
c o m p l e t e  f o r  t h a t  g r o u p .  T h e  p r o c e s s  i s  r e p e a t e d
f o r  t h e  r e m a i n i n g  g r o u p s .  o n c e  t r a i n e d ,  t h e
ccinputer i r i l l  retain i ts t raining even lrhen powered
doan as long as the RAM backup battery is funct ioning.

S p € e c h  r e c o g n i t i o n  i s  a c c o n p l i s h e d  b y  i s s u i n g
t h e  c o m n a n d  5 X ,  w h e r e  X  i s  t h e  g r o u p  n u n b e r  o f
a  p r e v i o u s l y  t r a i n e d  g r o u p .  T h e  c o n p u t e r  \ r i l l
r e s p o n d  ! / i t h  t h e  s o r d  n u n b e r  r e c o g n i z e d  i n  t h i s
g r o u p  a n d  t h e  e r r o r  c o d e .

T h e  c o m p u l e r  a l s o  h a <  a  l i n i t F d  a b i l i E y
t o  a d a p t  o r  " I e a r n "  i f  t h i s  f e a t u r e  i s  s e l e c t e d .
t o  s e l e c t  t h i s  f e a t u r e ,  t $ o  c o m m a n d s  a r e  i s s u e d .
F i r s t  t h e  C o m m a n d  7  i s  i s s u e d  t o  t e l l  t h e  c o n p u t e r
t o  s t a r t  n a i n t a i n i n g  a  r u n n i n g  n e a n  o f  c o r r e c t l y
r e c o g n i z e d  w o r d s .  s e c o n d '  t h e  C o n m a n d  8 X Y  i s
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i s s u e d  i d h e r e  x  i s  t h e  g r o u p  n u n b e r  a n d  Y  i s  t h e
" a c k n o w l e o g e m e n t t r  u o r d  n u m b F r  i n  t h i s  g r o u p .
T h e  g r o u p  n u s t  b e  p r e v i o u s l y  t r a i n e d  a s  d e s c r i b e d

once this has been accomplished' the adaptat ion
o r  l e a r n i n B  f e a f u r e  i s  i n v o k e d  a f r e r  t e o  c o n s P c u t i v e
u s e s  o f  t h e  5 X  c o m n a n d  b y  i s s u i n g  t h e  c o n m a n d s
9 and A, For exampte:

COMMAND ISSUED I'ORD SPOKEN COUPUTER RESPONSE

5 X

9

"YES"

N / A
N / A

Y0 (where Y="LEFT"
Y0 (! 'here Y="YES"

= acknoeledgenent

0
0

The conputer wi l l
f o r  L E F T  a n d  Y E S  t o
f o r  t h e s e  v o r d s .

SPEECIT SYNTtrSIS }'ODE

averaSe in the ord patterns
i t s  c u r r e n t  u o r d  p a t t e r n s

T h e r e  a r e  t w o  o p t i o n s  a v a r L a b l e  o n c e  t h i s
n o d e  h a s  b e e n  e n t e r e d  ( C T R L - R ) .  T h e  f i r s t  o p t i o n
a l l o r r s  t h e  s e l e c t i o n  o f  a  s p e a k i n g  v o i c e  a l r e a d y
b u i t t  i n t o  t h e  c o n p u t e r  a n d  t h e  s e c o n d  o p t i o n
s e l e c t s  t e x t - t o - s p e e c h  o p e r a t i o n s .

T h e  s e l e c t  s p e a k i n g  v o i c e  o p t i o n  i s  e l e c t e d
by issuing the conmand 0X there:

VOICEx

0
I
2
3

I'IALE VOICE I
MA],S VOICE 2
VIL],AIN'S VOICE
CHILD'S VOICE
A L I E N ' S  V O I C E
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T h e  s e I e c L  t e x t - t o - s p e e ( h  o p r i o n  i s  s e l e c t e d
b y  i s s u i n g  t h e  c o m m a n d  I  f o l l o w e d  b y  A S C I I  t e x t
t o  b e  s p o k e n  a n d  a  c a r r i a g e  r e t u r n  ( 9 0 D ) .

A f t e r  c o n p l e t i n g  a  c o n n a n d  w h i l e  i n  t h i s
m o d e ,  t h e  c o m p u t e r  l r i l 1  i s s u e  t h e  A S C I I  c h a r a c t e r
$ 3 E  o r  " > " .

SOUND SYNTHESIS UODE

T h e r e  a r p  r h r F e  o n r  i o n s  , v a i I a b L e  o n c e  t h i s
n o d e  h a s  b e e n  e n t e r e d  ( C T R L - S ) .  T h e  o p t i o n s
a r e  a s  f o l l o v s :

COI,IMAND PREFIX USE

OXY
lxY

DO A CANNED SOUND
PLAY A CANNED

SONG
ENTER MUSIC EDTTOR

F o r  c o m n a n d s  0  a n d  I ,  t h e  p a r a m e t e r s  i n d i c a t e
the sound to nake or the song to play as fol lows:

- ggqAlq xY souNp/soNc

0 00 cl,ocK
OI MOVINC ROBOT
02 CUNSHOT
03 OCEAN
04 S]LENCE
05 TRAIN (cl ioo-cHoo rypE)
06 HELICOPTER
O7 EXPLOSION
08 PlJ}tP
09 POWER GENXRATOR
IO LASER
] I  S I R E N

I OO STAR SPANGMD BANNER (with
v o c a  1 s  )

01 ITAPPY BIRTHDAY (r ' i th vocals)
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CO},I}IAND XY SOUND/SONC

02 HAPPY ANNIVERSARY (\ ' i th vocals)
0 3  J I N G L E  B E L L S  ( l ' i t h  v o c a l s  )
04 EASTER PARADE
05 AULD LANG SYNE (\r i th vocals)
06 WHEN IRISH EYES ARE SUIL]NG
07 STAR WARS
08 ROBOTS ARE A MAN'S BEST FRIEND

( w i  c h  v o c a l s )
09 MUSIC BOX DANCER
IO THE ENTIRTA]NER
l l  D A I S Y ,  D A I S Y  ( w i t h  v o c a i s )
12 RAINDROPS KEEP FALLING ON

uY HEAD (w1th vocal s )
13 HAVAH NACILAH
1 4  O  C A N A D A  ( \ r i t h  v o c a l s )

o p t i o n  2  ( e n t e r  m u s i c  e d i t o r )  p r o v i d e s  t h r e e
a d d i t i o n a l  o p t i o n s .  T h e s e  o p t i o n s  a r e  a s  f o l l o w s :

COMMAND PREFIX USE

20
2 l
2 2

DOWNLOAD A SONG
PLAY DOWNLOADED SONG
CHANGE TEMPO OF DOWN
LOADED SONG

D e t a i l s  o n  t h e  u s e  o f  t h e s e  c o n m a n d s  a n d  t h e
p a r a n e t e r s  w h i c h  n u s t  f o l l o q  a r e  d e t a i l e d  i n
the MUSIC EDITOR nanual.

W h e n  a  c o m m a n d  i s  c o m p l e t e d  u h i l e  i n  t h e  S o u n d
S y n t h e s i s  l , I o d e ,  t h e  c o n p u t e r  o i l I  i s s u e  t h e  A S C I I
c h a r a c t e r  S 3 E  o r  " > " .

SELF TEST UODE

When this node is entered the conputer pelfonns

\  a  s e l f  t e s t  a n d  s e n d s  b a c k  a  f o u r  c h a r a c t e r  r e p o r t-  ( H X Y Z )  l o l l o w e d  b y  r h e  p r o m p r  r : ) ,  T h e  r e p o r r
a n d  i t s  n e a n l n g  a r e  a s  f o l l o w s :
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CHARACTER MEANING

O - R A M O K
r . RAM CHIP I BAD
2 - RA}{ CHIP 2 BAI
O . R O M O K
I - ROM CHTP I BAD
2 .  R O M  C H I P  2  B A D
3 - ROM CHIP 3 BAD
4 . ROM CITIP 4 BAD
O - SPEECH CHIP AND AMPLIFIER

OK
I .  SPEECH CHIP OR AMPLIFIER

BAD
O . SOUND CHIP AND A}IPL]FIER

OK
1 . SOUND CHIP OR MPLIFIER

BAD

S p e a k e r s  a n d  n i c ! o p h o n e s  m u s t  b e  a t t a c h e d
t o  t h e  c o n p u t e r  f o r  t h i s  t e s t ,  o t h e r l r i s e  t h e
c o n p u t e r  v l l I  r e p o r r  S P E E C H  C H I P  a n d  S O U N D  C H I P
b a d .
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Cf,APTER 10

UAITI COXPUTER

INTRODUCTION

T h e  m a i n  c o n t r o l  s y s t e m  o n  t h e  r o b o t  c o n s i s t s
o f  t h e  M A I N  C O M P U T I R ,  L I Q U I D  C R Y S T A L  D I S P L A Y
a n d  t h e  K E Y B O A R D ,  T h e  M A I N  C O M P U T E R  i s  a  v e r y
p o w e r f u l ,  f u I I y  C M O S  n l c r o c o m p u t e r  w i t h  n a n y
p e r i p h e r a l s  o n  b o a r d .  T h i s  c o m p u t e r  i s  d e s c r i b e d
i n  t h i s  c h a p t e r .

U s e r  i n t e r f a c e  t o  t h i s  c o n p u t e r  a n d  t h e
a u x i l i a r y  c o n p u t e r s  i s  t h r o t l g h  t h e  K E Y B O A R D *
a n d  L I Q U I D  C R Y S T A L  D 1 S P L A Y .  B o t h  o f  t h e s e  I / O
d e v i c e s  a l e  d e s c r i b e d  i n  C h a p t e r  l l .

}IAIN CO PTNER ARCIIITECTI'RE

T b e  h e a r t  o f  t h e  m a i n  c o n p u t e r  i s  a  R o c k w e l l
R 6 5 C 0 2 ,  a n  8 - b i t  C I l O S  m i c r o p r o c e s s o r  ( C P U ) .
This CPU is a very los power version of the popular
6 5 0 2  a n d  h a s  t h e  h i g h e s t  e x p a n d e d  i n s t r u c t i o n
s e t  o f  a l 1  C M O S  6 5 0 2 ' s .  T h e  a d d r e s s  a n d  d a t a
I i n e s  o f  t h e  C P U  a r e  f u l t y  b u f f e r e d .  T h e  C P U
i s  a l s o  c o n f i g u r e d  t o  a l l o w  d i r e c t  n e n o r y  a c c e s s
( D l { A )  b y  b o a r d s  i n  t h e  e x p a n s i o n  s l o t s .  T h e
C P U  o p e r a t e s  a t  a  c l o c k  f r € q u e n c y  o f  e i t h e r  I
o r  2  l r H z  a n d  n a y  b e  c h a n g e d  " o n  t h e  f I y "  u n d e r
s o f t l { a r e  c o n t r o l  .  T h i s  f e a t u r e  a l t o w s  t h e  C P U
t o  r u n  a t  h i g h  s p e e d  w h e n  r u n n i n g  c a l c u l a t i o n
t y p e  p r o g r a m s  a n d  a t  1 o w  s p e e d ,  w h e n  a c c e s s i n g
" s 1 o ' r "  p e r i p h e r a l  c h i p s  o r  e x e c u t i n g  s a i t  l o o p s .
Since the CPU's power consuf,pt ion is proport ional
t o  s p e e d ,  t h i s  h e l p s  c o n s e r v e  p o w e r .

*  T h e  R S 2 3 2 C  p o r t  m a y  b e  u s e d  f o r  i n p u t  i n  l i e u
of the keyboard.
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T h e  c l o c k  c i r c u i t  c o n s i s t s  o f  a  c r y s t a l
c o n L r o t l e d  o s c i l l d L o r .  d  I 2  s t d g .  d i v i d e r ,  a n d
a  C P U  c l o c k  s w i t c h i n g  c i r c u i t ,  T h €  o s c i l l a t o r
f r e q u e n c y  i s  4  M H z  a n d  i s  d i v i d e d  d o w n  b y  t h e
l 2  s L a g e  d i v i d " r  l o r  u s .  o t  t h e  C P U  a n d  f h "  k e y b o a r d

!  n o r i  ^ h a r u  l  i n r o r F , . a . h i h

T h e  6 4 K

R0}1 and iK of

HEX ADDRESS

d d d r F s s  s p a c e  o t  t h e  L P U  i s  s e r
5 6 K  o f  s t a t i c  C M O S  R A U ,  7 K  o  f  C M O S
1 / 0  s p a c e  a s  f o l  l o w s :

MEMORY
ALLOCAT]ONS USE

OOOO - DFFF
E O O O - E 3 F F
E 4 O O - F F F F

5 6 K
I K
7 K

R A M  (  b a t  t e r y  b a c k e d )
r /o
ROM

T h e  R A M  c o n s i s t s  o f  s e v e n  8 K  s t a t i c  C I I O S  R A l l
c h i p s  a n d  E h e  R O M  c o n s i s t s  o f  o n e  8 K  c M O S  R o l . l
c h i p ,  l K  o f  s h i c h  i s  n o t  u s e d .  0 n t y  1 o w  p o r / e r
s t a t i c  R A M  c h i p s  ( w i t h  " L P "  d e s i g n a r i o n )  w i t h

t i n e  o f  1 2 0  n s  o r  l e s s  n a y  b e  u s e d .

T h e  n e n o r y  l o c a t e d  a t  C 0 0 0 - D F F F  i s  s e r  u p
L o  b e  b a n L  s u i f . h F d .  A  p " r  : p h " r a l  c . r d ,  r e f e r r e d
t o  a s  r h p  R O Y  L \ P A N S I 0 N  , A R D j  L o n r a  i n s  s " v " n
8 K  s o c k e t s  ( t o  h o u s e  e i t h e r  8 K  R A I ' I  o r  R o l , t  c h i p s )
a n d  a  I  t o  8  d . c o d " r  c o n r  r o l  l p d  b y  t \ r . p  . u L p r , t
b i t s  f r o n  a n  I / O  s p a c e  p e r i p h e r a l  c h i p .  w h e n
t h i s  c a r d  i s  i n  p l a c e ,  a n y  o n e  o f  t h e  c h i p s  o n
t h i s  c a r d  n a y  b e  s e l e c t e d  a n d  w r i t t e n  c o  ( o n l y
i f  t h e  c a r d  c o n t a i n s  a  R A M  c h i p )  o r  r e a d  f r o m .
This feature provides an addit ional 56K of addressable
R A M  o r  R O M .  A  R O f l  E X P A N S I O N  C A R D  i s  p r o v i d e d
oith GEMINI and contains rhe art i f ic ial  intel l igence
s o f t w a r e  i n  R O M ,  l r h i c h  p r o v i d e s  t h e  r o b o t  r , r i t h
" I i f e " .  B a n k  s l , i t c h i n g  r o u t i n e s  a r e  c o n t a l n e d
i n  t h e  I ' n o n i t o r "  R O M  w h i c h  a l l o v  p r o g r a n s  t o
j u m p  b a c k  a n d  f o r t h  b e t w e e n  R O M S  a n d  a c c e s s  t h e
l u 1 M  a t  t h i s  a d d r e s s -  T h e s e  r o u t i n e s  a r e  d e s c r i b e d
r n  S e c  t  i o n  V I .
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U t i L i z a t i o n  o f  t h e  I / O  s p a c e  i s  s u n m a r i z e d
b e L o \ r ,  a n d  f o L l o w e d  b y  a  d e t a i l e d  d e s c r i p r i o n
o f  e a c h .

MEMORY
IIEXADDRESS ALLOCATIONS U S E

EOOO-EOOF 16 LIQUID CRYSTAL DISPLAY
( L C D )

E O ] O . E O I 7  8  R E A L  T ] M E  C L O C K  ( R T C )
E O I S - E O I F  8  D U A L  1 6 . 8 I T  C O U N T E R /

TIMER
E O 2 O . E O 2 F  ] 6  S E R I A L  P O R T S
EO3O.EO3F ]6 PARALLEL PORTS
EO4O-EO4F ]6 ANALOG TO DIGITAL

CONVERTER (ADC )
E O 5 O - E O 5 F  1 6  B 1 T  I N P U T  P O R T S
EO6O-EO6F 16 BIT OUTPUT PORTS
EO7O.EO73 4 RANDO}' NUMBER CENE8ATOR
EO74-EO7 7 4 KEYBOARD
E O 7 8 - E O 7 B  4  B E L L
EO7C.EO7 F 4 N] ' , I I  RESET
EOSO-EOgF 32 SLOT 1 DEVICES
EOAO-EOBF 32 SLOT 2 DEVICES
EOCO.EODF 32 SLOT 3 DEVICES
EOEO-EOFF 32 SLOT 4 DEV]CES
E I O O - E I 7 F  1 2 8  S L O T  I  I / O
E I 8 0 - E 1 F F  t 2 8  S L O " |  2  r / O
E 2 0 0 - E 2 7 F  1 2 8  S L O T  3  r / O
E 2 8 0 - E 2 F F  1 2 8  S L o T  4  r / O
E 3 O O . E  3 F F  2 5 6  N O T  U S E D
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R-EA]- TIUE C].OCK

T h e  R T C  i s  a n  R C A  C D P 1 8 7 9 C  C M O S  c l o c k  c h i p .
I t  f u n c t i o n s  a s  a  t i m e - o f - d a y / c a l e n d a r  w i t h  a n
a l a r n  c a p a b i l i t y  i h a t  c a n  b €  s e t  f o r  c o n b i n a r i o n s
o f  s e c o n d s ,  n i n u t e s  a n d  h o u r s  a n d  v h i c h  h a s  a
c a p a b i t i r y  r o  ! a , s .  a n  I R Q  r y p p : n t - r r u p L  o n
t h e  C P I J .  I t  c a n  a t s o  b e  s € l  u p  t o  c r e a t e  o n e
o f  I 5  s q u a r e - r a v e  s i g n a l s  o n  P i n  3 9  o f  e a c h  o f
t h e  p e r i p h e r a l  b a c k - p l a n e  s l o c s .  T h e  p e r i o d
o f  i h i s  s q u a r e  r . i a v e  i s  v a r i a b l e  f r o n  4 8 8 . 2  u s

o n  a  n e g a t i v e  t r a n s i t i o n  i f  d e s i r e d .  T h e  R T C
a l s o  h a s  l e a p  y e a r  h a n d l i n g  a b i L i t i e s .

R o u t i n e s  f o r  s e t t i n g  t h e  c l o c k ,  r e a d i n g
L h p  c l o c k .  . e L t  i n g  l h -  c l o ,  k  d l a r m  a n d  r J r a i n g
o f f  i h e  c  l o c k  a l a r n  a r e  c o n t a i n e d  i n  t h e  m o n i t o r
a n d  a r e  d e s c r i b e d  i n  S e c t i o n  V I .  A l s o r  t h e r e
I r p  - p \ . p r u 1  a a M  l o . a L i o n s  r h a r  a r e
u s e d  t o  s t o r F  { f L  d d ,  -  d r d  t o  v F c t o r  i n r a r r '  p r s

T o  s e t  t h e  c l o c k  u s i n g  t h e s e  r o u t i n e s ,  z e r o
p a g e  n e m o r y  I o c a t i o n s  a r e  s e t  a s  f o l l o v s :

HEX ADDRESS U S E

2 5
2 6
2 7
2 8
2 9
2 A
2 B

u s  r n g  B C D  d a r a .
i s  c a 1 l e d .

SECONDS
MINUTES
HOURS
DAY
}IONTH
Y E A R ,  L o W  ( u n i t s  a n d
Y E A R , H I G H  ( h u n d r e d s

T h e  n  s u b r o u t  i n e

a n d  t h o u s a n d s  )

sErcLK  (  $E442  )
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T o  r e a d  t h e  c l o c k ,  c a L l  s u b r o u t i n e  C E T C L K
( $ 8 4 4 5 )  a n d  t h e n  r e a d  t h e  a b o v e  n e n o r y  l o c a t  i o n s .
T h e  t i m e  ! , i 1 1  b e  g i v e n  i n  B C D .  I t  s h o u l d  b e
n o t p d  t h a r  t h e  R - a  d o p s  n o t  d c t u a l l y  m a i n r a i n
y e . r s .  b L L  t n r o u g h  r o u t i n e s  i a  t h e  m o n i L o r .  a
1 0 . 0 0 0  v e a r . I o . , (  r s  i m p l e m . r c F d  ! v i t h  l e a o  y p a r
h a n d t i n g .

T h e  R T C  a l a r n  m a y  b e  s e t  b y  l o a d r n g  t h e
a b o v e  m e n o r y  l o c a t i o n s  \ r i t h  t h e  d e s i r e d  a l a r m
t i m e  a n d  c a l l i n g  s u b r o u t i n e  S E T A L M  ( $ E 4 4 8 ) .
W h e n  L h "  t  i T p  n a r . \ F s  r h p  a l r r n  r i n p ,  l h e  C P U
w i l  b e  i n r e r r u p r " d  ( p r o v i d - d  ( n r  i n t " r  p t  r e q u p c L
( I R Q )  i s  e n a b l e d )  a n d  a  j u n p  i n d i r e c t  t h r o u s h
n e n o r y  l o c a t i o n s  $ 1 8 , 1 9  1 ' , i l l  b e  t a k e n .  ( T h a t
i s ,  t h e  p r o g r a n  r i l l  j u n p  t o  t h e  a d d r e s s  c o n t a i n e d
i n  t h e s e  n e m o r y  I o c a t i o n s . )  T h e  n o n i t o r  s e t s
f h a s e  l o . " t i o n s  t o  r h F  " r a r  J r n  r  r o m  i n r F r r u p r
r o u t i n e ' r ,  R E T l N T  ( M o n i r o r  J u m p  T a b l e  E n r r y  E 4 0 6 ) ,
o n  p o o e r  u p  s o  i n  o r d e r  t o  u s e  t h e  a L a r m  f u n c t i o n ,
m e m o r y  l o c a t i o n s  $ 1 8 , 1 9  n u s t  b e  s e t  t o  y o u r  r o u t i n e .

I n  a  s i n i l a r  m a n n e r  1 f  t h e  s q u a r e  r a v e  o u t p u t
r e f e r r e d  t o  a b o v e  i s  u s e d  t o  i n t e r r u p t  t h e  C P U ,
t h e n  a  j u n p  i n d i r e c t  t h r o u g h  m e m o r y  l o c a t i o n s
$ l A ,  i B  w i l l  b e  t a k e n .  T h e s e  I o c a t i o n s  n u s t  a l s o

' .  < ,  r r i n o  , "  r h p

R T C  f o r  t h i s  t y p e  o f  i n t e r r u p t .

r n c  s q u d r p  w a v F  i  n r p ,  I  L p r  c a p _
abi l i t ies of the RTC by stor ing one of the fol lor ing
b y t e s  i n  t h e  R T C ' s  s t a t u s / c o n t r o l  r e g i s t e r  l o c a t e d
a t  s E o l 7 .
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HEX DATA BYTE CLOCK INTERRUPT PERIOD

06
t 6
2 6
36

7 6
86
9 6

B6
C 6
D 6
E 6
F6

d  i s a b  l e
4 8 8 . 2  u s
9 7 6 , 5  u s
1 9 5 3 . I  u s
3 9 0 6 . 2  u s
7 8 1 2 . 5  u s
1 5 . 6 2 5  n s
3 1 . 2 5  n s
6 2 . 5  n s
1 2 5  m s
2 5 0  m s
500 ns

t hour
I  day

F o r  e x a m p l e .  t o  s p r  u p  a  I  n i n u r  "  i n r p r r u p t ,
s t o r e  t h e  a d d r e s s  o f  M N I R Q  f o r  t h e  b e l o v  r o u t i n e
i n  $ 1 A , l B ,

MNIRQ SI4B s e t  b i t  T M T S K  i n
byte ROSTAT (zero

Paee )
reset RTC for I
n i n ,  c  I e a r  i n r e r r u p t
b i t s  o n  R T C
t h i s  i s  t h e  r n o n i t o r ' s
return from interrupt

s h i  f t  C P U  c l o c k

s e t  I  m i n  c l o c k
i n t e r r u p t  p e r i o d

J S R

JMP

SRCLK JSR

LDA

STA
JMP

TI'fISK, ROSTAT

SRCLK

$ E 4 0 6

9E622

9D6

sE0 l7
9E63 2
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T o  u s e  t h i s  r o u t i n e

RMB TMTSK,RDSTAT cieaT bi t  Tf iTSK
in byte ROSTAT ( zero
page )

JSR SRCLK set RTC for I  min
p e r i o d

C L I  a l  l o w  i n t e l r u p t s
LOOP BBR T|1TSK'ROSTAT, stay here unt i l

LoOP interruPt
BRK break on interrupt

DUAL 16.8IT COUNTER/T ER

T h e r e  i s  a n  R C A  c D P  1 8 7 8 C  D u a I  C o u n t e r - T i n e r
c h i p  w i t h  t v o  l 5 - b i t  p r o g r a m m a b l e  d o w n  c o u n t e r s
o n  t h e  n a i n  c o n p u t e r  t h a t  i s  v e r y  v e r s a t i l e  a n d
p o g e r f u L  E a c h  h a l f  o f  t h i s  c h i p  c a n  b e  u s e d
s i m u l t a n e o u s l y  i n  o n e  o f  f i v e  d i f f e r e n t  m o d e s
a s  f o l l o w s :

MODE FUNCTlON
APPLI-
CATION

I -  Tineout Outputs change shen Event
c l o c k  d e c r e m e n t s  C o u n t e r
c o u n E e r  L o  " 0 ' '

2  -  T i s e o u t  O n e  c l o ( k w i d e  o u t p u t  T r i S S e r
S t r o b e  p u l s e  v h e n  c l o c k  P u l s e

decrenrents counter
t o , , 0 "

3 -  cate- output change uhen Tine_Delay
C o n t r o l  l e d  c l o c k  d e c r e n e n t s  C e n e r a t o r
O n e  S h o t  c o u n t e r  t o  r ' o r t .

Re tr  igge rab le
4  -  R a t e  R e p e t i t i v e  c l o c k u i d e  T i m e - B a s e

Cenerator outPu t  Pulse Generator
5  -  V a r i a b l e -  R e p e t i t i v e  o u t p u t  M o t o r

\? Duty t i th progranned Control
C y c  l e  d u t y  c y c  l e
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0 n e  h a l f  o f  t h i s  c h i p  i s  u s e d  t o  n e a s u r e
r l _ e  t  i m "  i t  L a k F 5  J  s  l - .  r e d  - o n d r  p r l 5 e  t u  t l J v e l
c n e  r o u n d  t  r i p  d i s l a l c e  E o  €  t a '  g - t .  - h p r a  i s
a  s u b r o u t i n e  i n  t h e  n o n i t o r  ( S e e  M o n l t o r  J u n p
T a b l e  E n l r y  a t  E 4 8 0 )  w h i c h  n a y  b e  h e l p f u l  i n
l e a r n i n g  h o v  t o  u s e  t h i s  c h i p  i n  M o d e  l .  A l s o
t h e  p r o p u  L s i o n  c o n r p u t e r  u s e s  t \ , , o  o f  t h e s e  c h i p s .
o n e  i s  u s e d  i n  M o d e  I  t o  c o u n t  d i s t a n c e  p u L s e s
a n d  t h e  o t h e r  i n  M o d e  5  t o  a c c o m p l i s h  p u l s e - w i d E h
m o d u l a t i o n  s p e e d  c o n t r o l  o f  t h e  p r o p u l s i o n  n o t o r s .
B y  s t u d y i n g  t h e  r o u t i n e s  i n  t h e  P R o C o N  R o u ,  y o u
c a n  f u r t h e r  l e a r n  h o r  t o  u s e  t h i s  c h i p .  Y o u
s n o L l d  a l s o  n b t a i -  a  c o p y  o r  ( \ p  R C A  s p p {  \ h p - l
i r  ^ r n p -  r ^  ' l l  ' n , 1 F " c r ) 1 . 1  h o ! , /  t o  u s e  r h i s
p o w e r f u l  c h i p .

o n e  h a l f  o f  t h e  c o u n t e r - t i m e r  i s  a v a i l a b i e
f o r  y o u r  u s e  a n d  t h e  c o n t r o l  l i n e s  a r e  b r o u g h t
. ' . r  r .  P n r ,  7  f ^ ,  I " p r  ̂ , , r  n o 5 e .  l l e r e  i s  a l s o
a  j u n p e r ,  J 2 2 ,  t o  a l l o ' r  y o u  c o  s e l e c t  e i t h e r
t h e  C P U  c l o c k  ( B O 2 )  o r  a n  e x t e r n a l  c l o c k  s o u r c e .
T h .  c h ! p  d l " o  h a s  I  P J  r r L p r r u p t  a p a b i l  i t  i . s
b u t  t h e r e  i s  n o  s € r v i c e  r o u t i n e  i n  t h e  m o n i t o r -
T f  y o u  L s F  r l . i s  c h i p  t o  . n L e r  p l  L h e  c P U .  y o u
n u s t  p r o v i d e  y o u r  o w n  s e r v r c e  r o u t i n e .  T h i s
c a n  b e  a c c o m p l i s h e d  b y  c h a n g i n g  n e m o r y  I o c a t i o n s
$ 1 4 , 1 5  t o  p o i n t  t o  y o u r  s e r v i c e  r o u t i n e .  A f t e r
s e r v i c i n g  t h e  r e q u e s t ,  y o u  s h o u l d  j u n p  t o  t h e
m o n i t o r  r e t u r n - f r o m - l R Q  r o u t i n e  a t  $ E 4 0 6  s o  t h a t
s a v e d  r e g i " ( P r s  w i l  I  b p  r p s r o r - a .

a l r h ^ " o h  ' h b  ^ r h o /  h r  |  ^ F  ' h i -  " h i ^  i c

d e v o t e d  t o  t h e  s o n a r  s y s t e n ,  i t  t o o  m a y  b e  u s e d
a s  a  p r e c i s i o n  1 6 - b i t  c o u n t e ! - t i m e r  r h e n  n o t
u s  i n g  t h e  s o n a r s .
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SERIAL PORTS

T h e r e  a r e  f i v e  ( 5 )  C M o S  l e v e l  s e r i a l  p o r t s
a n d  o n e  ( I )  R s 2 3 2  l e v e l  s e r i a l  p o r t  o n  t h e  n a i n
cornputer.  Tbeir  port  nunbers and use fol lo irsr

PITYS ICAL
PORT NWBER

LOG]CAL
PORT NIJMBER U S E

Propu ls ion Conputer
V o r c e  I n p u t  / O u t p u t
and Sound Computer
E x p a n s i o n  C o n p u t e r - l
Expans ion conputer-2

Renote Comnunicat ion
Syst em Computer (RCS )

J l 0
J l l

J 1 2
J 1 3
J 1 4

E a c  h  p o r  t
h e a d e r  s i t h  t h e

PlN NUMBER

4
5
l
2

( e x c e p t  J 1 4 )  c o n t a i n s  a  l 0  p i n
f o r l o r i n s  l i n e s

SYUBOL USE DIRECTION

I
2

5

b
1
8
9

t 0

N / A

in

N/A

GND
TD

RD

RTS

cTs

5V SUPPLY
GND

+ I 2 V  S U P P L Y
E N
GND

Cround
Transmi t

D a t a

D a  t a

to Send
C  I e a r  t o

Send
+ 5  S u p p t y

+ 1 2  S u p p  l y
Enab Ie
Cround
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T h e  s e r i a l  t r a n s n i s s i o n
ports are set by the diP switch on
S w i t c h  4  o f  t h e  d i p  s w i t c h
r a t e  o n  t h e  C M o S  l e v e I  p o r t s .
i s  O I F  t h e  b a u d  r a t e  i s  3 0 0
1 2 0 0 .  T h i s  r a t e  s p p i i e s  t o
Switch 2 and 3 control  the baud
s e r i a l  p o r t  a s  f o l l o w s :

r a t e  o n  t h e  s e r i a l
the nain computer.

c o n t r o l s  r h e  b a u d
W h e n  t h i s  s n i t c h

a n d  w h e n  o N  i t  i s
a I  I  C M O S  p o r t s .
r a t e  o n  t h e  R S 2 3 2 C

BAUD RATESIIITCH 2 SWITCH 3

0
0
I
I

LOG ICAL
PORT ENABLE
NIIMBER ADDRESS

300
600

I200
2400

MONITOR MONlTOR
t l o  r l o

ENABLE ROUTINE ROUTINN
BIT NAI,IE ADDRESS

0
I
0
I

S e r i a l  c o r n m u n i c a t i o n s  o n  a l l  o f  t h e s e  p o r t s
a r .  i m p l e n e n r p d  o y  o n e  8 2 C 5 5 A  ( 5 F 0 1 0 - t 0 2 F )  a n d
s o f t w a r e  s e r i a l  d a t a  t r a n s m i t / r e c e i v e  r o u t i n e s
a r e  i n c l u d e d  i n  t h e  m o n i t o r  f o r  e a c h  p o r t .  T h e r e
i s  a l s o  a  b i t  i n  t h e  o u t p u t  b i t  p o r t  ( $ E 0 6 0 - E 0 6 F )
for each Cl los Ievel ser ial  port  for use in enabi ing/
disabl ing the associated auxi l iary ccmputer connected
t o  t h i s  p o r t .  T h e  f o l l o w i n g  t a b l e  s u m m a r i z e s
t h e  i n f o r n a t i o n  a s s o c i a t e d  r i t h  t h e  C M O S  l e v e l
s e r i a l  p o r t s .  F o r  e a c b  c h a r a c t e r  I / O  r o u t r n e ,
t h e  r e c e i v e d  c h a r a c t e r  i s  i n  t h e  a c c u m u l a t o r
a n d  t h e  c h a r a c t e r  t o  s e n d  i s  t h e  a c c u m u l a t o ! .

PORT
NAME

PROCON

vr0s

E  0 6 0

8060

PRCIN/ E4EO /
PRCOUT E4D6
v IosrN/  E4E2 l
VIOSOT E4E8
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LOGlCAL
PORT ENABLE
NIJMBER ADDRESS

I'IONITOR UON]TOR
r l o  r / o

ENABLE ROUTINE ROUTINE
BIT NAI,IE ADDRESS

PORT
NAME

RCS

EXPI

EXP2

8060

E06 t

EO6I

RFMIN/ E5OF/
RFMOUT E4FA
E X P I I N /  E 5 4 O I
E X P l O T  8 5 3 6
EXP2IN/ 8552/
EXP2OT 8548

I n  a d d i t i o n  t o  t h e  c h a r a c t e r  l / O  r o u t i n e s ,
t h e r e  i s  a  r o u t i n e  w h i c h  a l l o r s  f o r  p o l l i n g  a
p o r L  L o  s e e  i l  a  c h d r a c t e r  i s  r e a d y  r o  b "  s e n r
f r o m  a n  a u x i l i a r y  c o m p u t e r .  T h i s  r o u t i n e ,  P O L P R T
( $ E 4 6 9 ) ,  p o l I s  t h e  p o r t  i n  t h e  a c c u i n u l a t o r  a n d
r e t u r n s  r i t h  a  h e x i d e c i n a i  0 0  i f  t h e r e  i s  n o
c h a r a c t e r  o r  t h e  c h a r a c t e r  i n  t h e  a c c u n u t a t o r .

ENVl0S

T h e  p r o c e d u r e  t o  u s e  i n
a n  a u x i l i a r y  c o m p u t e r  u s i n g
ports is given in the fol lowing
v t0s.

r,DA / l$02

TSB SEO6O
LDA ii90t
JSR WA]T .A .SECS

c o m m u n i c a t  i n g  1 { i t h
the CMOS leve I  ser ial
exanple for enabl ing

EnabIe vIoS by
making "enable"

h i g h

A  r o u t  i n e  t o  w a i t
"A" s€conds for
VIOS power on

Try to get pronpt
(using PoLPRT)

LDA tt90r
JSR $E469

C M P  # - !

6 4



. I

B E Q . l
SEC
RTS
cLc
RTS

B r a n c h  i f  g o t  i t
F I a g  n o  a n s v e r

r lag got prompt

A  c a l l  t o  t h i s  r o u c i n e  i r i l l  e n a b l e  V I O S  a n d  r e t u r n
w i t h  t h e  c a r r y  c l e a r  i f  v I O S  a n s i r e r e d  ' i t h  i t s
p r o n p t ,  o t h e r l 1 ' i s e  t h e  c a r r y  u i l l  b e  s e t .  I f
a l l  \ r a s  w e I l ,  t h e n  c o n m u n i c a t i o n s  v i a  V I 0 S I N
and V10S0T can take place fol lowing the expectat ions
wri t ten into the softuare of the auxi l iary conputer.

T h e  R s 2 3 2 c  I e v e I  s e r i a l  p o r t  h a s  a d d i t i o n a l
s o f t w a r e  f e a t u r e s  b u i l t  i n t o  t h e  m o n i t o r  v h i c h
m a k e s  i t  a t t r a c t i v e  f o r  c o n m u n i c a t i o n s  ! r i t h  o t h e r
devices equipped with RS232 serial  ports.  ordinari ly
\ h a r a c t e r  j n p u t  o a t a  t o  r h .  n a i n  c o m p ,  t e r  c o m e s
f r o m  t h e  k e y b o a r d  a n d  c h a r a c t e r  o u t p u t  d a t a  g o e s
t o  t h e  L C D .  H o w e v e r ,  b o t h  c h a r a c t e r  i n p u t  a n d
c h a r a c t e r  o u t p u t  a r e  v e c t o r e d  t o  t h o s e  n o n i t o r
r o u t i n e s  t h r o o g h  z e r o  p a T e  l o c a t i o n s  v h i c h  c o n t a i n
t h e  a d d r e s s  o f  t h e  i n p u t  a n d  o u t p u t  c h a r a c t e r
h a n d l e r s .  T h e  z e r o  p a g e  L o c a t i o n s  a r e  $ l E , l F
( c t i A R l N )  f o r  i n p u t  a n d  $ l c , I D  ( c H R o U T )  f o r  o u t p u t ,
D u l i n g  a  p o w e r  o n  r e s e t ,  t h e  n o n i t o r  c h e c k s  s v i t c h
I  ^ l  r h F  . r i n  s u i r .  n  , .  d p ' p r r ; n p  i t  r h e r e  i s
a keyboard (SWL=off)  or a terar inal  (Swl=on) attached
r o  t h a  R S 2 l 1 C  p o r r ,  f  r h e  k . y b o a r d  i s  a r t a c h e d .
t h e n  C H A R I N  i s  s e t  t o  p o i n t  t o  R D K E Y  ( $ E 4 6 0 )
w h i c h  i s  r h e  k p y b o a r d  i n p u r  c h a r a .  t " r  r o r r  i n " .
o t h e r v i s e  i t  i s  s e t  t o  E X T r N  ( $ 8 5 2 E ) .  s i n i l a r t y ,
i f  t h e  k e y b o a r d  i s  a t t a c h e d  t h e n  c H R o U T  i s  s e t
t o  L c D o u T  ( s E 4 5 D )  i r h i c h  s e n d s  c h a r a c r e r s  r o  t h e
L C D  o n l y -  I f  t h e  k e y b o a r d  i s  n o t  a t t a c h e d ,  t h e n
L C D o U T  s € n d s  c h a r a c t e r s  t o  b o t h  t h e  L C D  a n d  t h e
e x c e r n a l  s e r i a l  p o ! t  v i a  E X T O U T  ( $ 8 5 2 4 ) ,
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T h e r ( ]  i s  a l s o  a  n o n i t o r  c o n n a n d  r I C r r  v h i c h
c a l l s  a  s p e c i a l  p r o g r a m  t h a t  w i l t  a l l o w  u p l o a d
a n d  d o w n l o a d  o f  d a t a  b e t r e e n  t h e  r o b o t  a n d  a n o t h e r
c o t t p u t e r  v i a  t h e  R S 2 3 2 C  p o r t .  T h i s  p r o g r a m  o n l y
requires that the connected terminal have a terninal
progran that 1s capable of uploading and downloading
d a t a  f i L e s  i n  A S c I I  f o r n a t .

T o  u s e  t h i s  p r o g r a n ,  t h e  u s e r  c o n n e c t s  a
t e r r i n a l  c o  L h e  R S 2 l l C  p o r L ,  p n t a r s  L h "  M o n i t o r
a n d  t y p e s  " C " ,  0 n  t h e  s c r e e n  o f  t h e  c o o p u t e !
w i l l  a p p e a r

T h e  e x c  L a m a t i o n  m a r k  i s  t h e  p r o m p t .  T h e r e  a r e
t r o  c o n m a n d s  t o  r e c e i v e  o r  s e n d  d a r a  r o  t h e  r o b o t .
To send data to the robot,  the connand is

RXXXX, YYYY <CR>

T h i s  c o m n a n d  t e l L s  t h e  r o b o t  t o  r e c e i v e  Y Y Y Y
b y t e s  o f  d a t a ,  s t a r t i n g  a t  X X X X  i n  h i s  m e m o r y .
The robot rr i l  l  respond

READY TO RECEIVL

A t  t h i s  p o i n r  c h p  u s p r  w o u l d  g . t  h i s  r i l e  a n d
c r a n s l p r  i t  t o  c h e  r o b o L .  A t L e r  r p c e i p L  o I  t h e
f i I e ,  t h e  r o b o t  \ ^ , i 1 1  r e t u r n  v i t h  R O B O T  R E A D y
FOR CoMMAND and the prompl ( !) .

COM}IAND ?

I t  i s  a l s o  p o s s i b l e  t o  r e q u e s t  t h e  r o b o r
t o  s e n d  d a t a  t o  t h e  u s e r ' s  c o m p u t e r ,  I n  t h i s
c a s e  t h e  l e t t e r  S  i s  s u b s t i t u t e d  f o r  R  a n d  t h e
r o b o t ' s  r e s p o n s e  r i l  I  b e
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READY TO SI'ND

A  c a r r i a g e  r e t u r n  n u s t  t h e n  b e  g i v € n  t o  i n i t i a t e
u p l o a d i n g  o f  t h e  f i l e .
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PARALIJL T'ORTS

PRINTER

T l r o  t y p e s  o f  p a r a l l e l  d a t a  t r a n s f e r  p o r t s
a r e  i m p l e n e n t e d  u s i n g  a  6 5 S C 2 I  c u O S  P e r i p h e r a l
I n t e r f a c e  A d a p t e r  ( P I A ) .  O n e  i s  a  C e n t r o n i c s
s t y l e  p r i n t e r  p o r t ,  J 8 ,  a n d  t h e  o t h e r  i s  a  d u a l '
h i g h  s p e e d ,  d a t a  t r a n s f e r  p o r t ,  J 2 .

T h e  p i n o u t  f o r  t h e  p r i n t e r  p o r r  i s  g i v e n
be I  ot{ .

CENTRONICS PR1NTER PORT

STROBE
DATA DO

D I
D2
D3
D4
D5
D6
D7

ACK
NC
NC
NC

T h e r e  i s  a  r o u t i n e  i n  t h e  M o n i t o r ,  P R T o U T
( $ 8 4 6 c )  t o  h a n d l e  o u t p u t  t o  a  p r i n t e r .  T h i s
r o u t i n e  c a n  b e  u s e d  b y  c h a n g i n g  C I I R o U T  t o  p o i n t
t o  t h i s  r o u t i n e  a n d  t h e n  c a l l i n g  t h e  s t a n d a r d
o U T c H R  (  $ E 4 l B )  r o u t i n e .  s i n c e  a l l  R o M  b a s e d
r o u t i n e s  i n  G E M I N I  u s e  O U T C I I R  f o r  o u t p u t ,  a l l
o u t p u t  f r o n  a n y  o f  t h e s e  p r o g r a r n s  w i l l  t h e n  b e
p a s s e d  t o  t h e  p r i n t e r .  T h e r e  i s  a l s o  a  m o n i t o r
c o m n a n d  ( P )  w h i c h  w i I l  s e t  u p  t h e  v e c t o r  t o  t h e

I
2
3

5
6
1
8
9

t 0
t l
t 2
t 3

1 4  N C
15 GND
16 GND
17 CND
18 GND
T9 GND
20 GND
2I GND
22 CND
23 CND
24 GND
2 5  N C
26 NC
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DUAL PARALLEL

T h e  d u a l  p a r a l l e l  p o r t  i s  a  s p e c i a l  a n d
i r n p o r t a n t  a d d i t i o n  t o  c E M I N I .  I t  p r o v i d e s  a
n e a n s  f o r  r a p i d l y  t r a n s f e r r i n g  d a t a  b e t t  e e n  t h €
r o b o t  a n d  a  d e v e l o p r n e n t  c o r n p u t e r  e q u i p p e d  r i t h
a  s i n i r a r  d u a l  p a r a l r e l  c h i p ,  A  p a r a l l e l  " c o n m u -

n i c a t o r "  c a r d  f o r  t b e  A p p l e  I I  s e r i e s  c o m p u t e r s
a n d  t h e  I B M  P C  s e r i e s  c o n p u t e r s  i s  a v a i l a b l e
f r o r n  A R C T E C  S Y S T E M S .  T h i s  e q u i p n e n t  p r o v i d e s
t h e  c a p a b i l i t y  t o  r a p i d l y  d e v e l o p  s o f t n a r e  f o r

T h e  n o n i t o r  " x "  c o n m a n d  e n t e r s  a  s e t  o f
r o u t i n e s  i n  t h e  n o n i t o r  t h a t  w i l l  h a n d l e  t h e
u p / d o w n l o a d i n g  u s i n g  c o m n a n d s  s i m i l a r  t o  t h o s e
d e s c r i b e d  f o r  s e r i a l  u p l o e d / d o l r n l o a d  v i a  t h e
R S 2 3 2 C  p o r t .
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AIIALOG TO DICITAL CONVERTtrR (ADC)

T h e r e  i s  a  N a t i o n a l  S e n i c o n d u c r o r  ( A D c 0 8 l 7 )
C U O S  l 6 - c t a n n e I ,  8 - b i t  A D C  o n  t h e  n a i n  c o B p u t e r .
T h i s  c o n v e r t e r  u s e s  s u c c e s s i v e  a p p r o x i n a r i o n
as the conversion technique and wi l l  do a conversion
i n  l e s s  t h a n  l 0 0 u s .  I t s  u n a d j u s t e d  t o t a l  e r r o r
i s  +  I  L S B .  A n a l o g  s i g n a l s  s u p p l i € d  t o  t h i s
chip l f lST be single ended and }IUST NOT fal l  outside
t h e  r a n g e  - 0 . 1  <  V A N A L O G  <  5 . 1 .  T h e  c h i p  \ i i l l
be destroyed i f  this range is exceeded,

ADC channel assignments are as fol lo$s:

ADC CHANNEL HEX ADDRESS USE

0
!
2
3

5
6
7
8
9

B
c
D
E

F

E040
E04t
8042
E043
E044
8045
E046
E047
8048
E049
004A
EO4B
E04c
E04D
EO4E

EO4F

PERIPHERAL SLOT I
PERIPHERAL SLOT 2
PERIPHERAL SLOT 3
PERIPTIEML SLOT 4
J l  -  P I N  2 8  ( S P A R E )
Jl  -  PIN 29 (SPARN)
Jl -  PIN 30 (SPARE)
Jl  .  PIN 3I (SPARN)
LEFT MOTOR BATTERY
RIGIiT MOTOR BATTERY
LOGIC BATTERY
SOUND LEVEL DETECTOR
BAROMETER
LIGITT LEVEL DETECTOR
TE}IPERATURE LEVEI,
DETECTOR
MAIN RAM BATTERY
BACKUP

input channel s avai lableT h e r e  a r e  e i g h t  ( 8 )  a n a l o g
for exper imenta t  ion.
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T h e  n o n i t o r  c o n t a i n s  a  c o n v e r s i o n  r o u t i n e ,
A D c o N V  ( $ E 4 8 1 ) ,  v h i c h  w i I l  d o  a  c o n v e r s i o n  o f
the analog vol tage on the channel nunber contained
i n  t h e  Y - R E G  a n d  r e t u i n  t h e  r e s u l t s  i n  t h e
a c c u n u l a t o r .  T h i s  r o u t i n e  s e l e c t s  t h e  c o r r e c t
c h a n n e l ,  t a k e s  8  r e a d i n g s  o f  t h e  v o l t a g e  a n d
r e t u r n s  t h e  a v e r a g e  o f  t h e s e  r e a d i n g s .  T o t a l
convelsion t i ine is on the order of 800 us.
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BIT II{P(N PORTS

There are trenty-four (24) bit inputs inplemenred
u s i n g  a n  8 2 C 5 5 A  P r o g r a n m a b l e  P e r i p h e r a l  I n r e r f a c e
( P P I )  c h i p .  T h e s e  b i t s  a r e  l o c a t e d  a n d  u s e d
a s  f o l l o w s :

ItEX
ADDRTSS

TRUE
BIT WHEN USE

8050
E050
8050
E050
8050
E050
8050
E050
E051
E05 l
E05 t
E05 l
E05 t

E051

805  t

E05 l
8052
E052
EO52
E052
E052
8052
EO52
E052

* hthen smoke is detected,
bettdeen high and lol{ .  I t
i s  p r e s e n t .

0n Charge
IR Beacon Detector
Door Re f  lector Detector
Srnoke Detector
M o t i o n  D e t e c t o r
R C S  C a r r i e r  D e t e c t o r
Right Head Stop
Left  Head Stop
S I o t  B i t  I n p u t  2
S l o t  B i t  I n p u t  I
Not Used
Not Used
Internal Baud Rate
S w i t c h
External Baud Rate
s w i t c h
External Baud Rate
Swi tch
Terl t r /Keyboard Se lect
S p a r e  r o  S S S
S p a r e  t o  S S S
S p a r e  t o  S S S
Funct ion Key 5
Funct ion Key 4
F u n c t i o n  K e y  3
Funct ion Key 2
F u n c t i o n  K e y  I

t b i s  l i n e  o s c i l l a t e s
is low when no smoke

0
I
2
3
4
5
6
1
0
I
2
3

7
0
I
2
l
4
5
6
7

hlgh
hish

h ish
I o\t

lor.'
N / A

N/A
sw4

sI,]3

sln2

sl,Jl
N/A
N/A
N/A
Iow
I olt

Iow
Iow
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BIT OUTPUT PORTS

T h e r e  a r e  t w e n t y - f o u r  ( 2 4 )  b i t  o u t p u t s
implemented using an 82C55A Prograinnable Peripheral
I n t e r f a c e  ( P P I )  c h i p .  T h e s e  b i t s  a r e  l o c a t e d
a n d  u s e d  a s  f o l  l o w s :

HEX TRUE
ADDRNSS BIT WHEN U S E

E060 0 hrsh PRoC0N Enable
E 0 6 0  I  h i g h  V 1 0 S  E n a b l e
E060 2 Loi,  Battery Cround Connected
8 0 6 0  3  h i g h  S o n a r  P u l s e  E n a b l e
8 0 6 0  4  t o w  N a v i g a t i o n  S e n s o r s

E n a b  I  e
8060 5 low Sonar Por,rer Enable
E 0 6 0  6  h i g h  M o t i o n  D e t e c t o r  E n a b l e
8060 7 high RCS Modem Enable
E 0 6 I  0  N / A  S I o t  B i r  O u t p u r  2
n 0 6 l  I  N / A  S l o t  B i t  O u t p u t  3
8 0 6 1  2  v a r i e s  B i t  S e l e c t  3  (  R O I ; I

\ _  E 0 6 1  3  v a r i e s  B i t  S e l e c t  2  C A R D
E 0 6 l  4  v a r i e s  B i t  S e l e c t  1  S E L E C T )
E 0 6 l  5  h i g h  S e r i a l  S p a r e  2  E n a b l e
E 0 6 l  6  h i e h  S e r i a l  S p a r e  I  E n a b l e
E 0 6 t  7  l o w = l M H z  C P U  C l o c k  S p e e d  S e l e c t

high=2MHz
8 0 6 2  0  v a r i e s  S o n a r  T r a n s d u c e r  S e t e c t - D
8 0 6 2  I  v a r i e s  S o n a r  T r a n s d u c e r  S e l e c t - C
E 0 6 2  2  v a r i e s  S o n a r  T r a n s d u c e r  S e t e c t - B
E 0 6 2  3  v a r i e s  S o n a r  T r a n s d u c e r  S e l e c t - A
I . 0 6 2  4  v a r i e s  P h a s e  3  S t e p p e r  M o r o r

winding
E062 5 var ies Phase 2 Srepper uoror

Winding
E O 6 2  6  v a r i e s  P h a s e  I  S t e p p e r  M o t o r

winding
E062 7 var ies Phase 0 Stepper Motor

l , l inding
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BIT SEIJCT TUNCTIONS

B I T  B I T  B I T
SEL 3 SEL 2 SEL I RA}T/ROI.{ SELECTED

Ios low lor RAII 0N l,lAlN BoARD
Ioe lo!. higb ROll/RAx I ON ROM EXPANSION

CARD
low high lov ROM/RAH 2 0N ROM EXPANSIoN

CARD
low high high RoM/MM I 0N RoM EXPANS1oN

CARD
high los loi, Ro}1/RAM 4 ON ROM EXPANSTON

CARD
high 1ov high ROM/RAM 5 ON ROM EXPANSION

CARD
high high low R0M/MM 6 oN RoM EXPANSToN

CARD
high high high RoM/RAM 7 0N RoM EXPANSI0N

CARD

\.- SOI{AR TRANSDUCER SELECT FUNCTIONS

SEL A SEL B SEL C SEL D SONAR SEi,ECTED

LOW LOW LOW LOW HEAD
LOW LOW I,OW EICIT LEFT SIDE
LOW LOI,I  BICH LOW RICHT S1DE
LOII LOW HIGH HICH LEFT TOP FRONT
LOW HIGIT LOW LOW RIGHT TOP TRONT
LOW HIGH LOI,I HICH ],EFT BOTTOU FRONT
LOII HIGH HICII LOW RICHT BOTTOM FRONT
LOW HIGH HICH HICH FRONT CENTER

HIGH LOW I,OW ],OW BACK
HICH LOII LOI '  HIGH SPARE-NO TRANSDUCTR

WARNITG: DO NOT USE ANY OTHER COMBINATION OR
,_ You l , t ILL BURN oUT THE SONAR CONDTTTONTNG BOARD

ON THE SSS BOARD
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RANDOI.I NIII.IBER GENERATOR

T h e r e  i s  a  h a r d v a r e  r a n d o n  n u n b e r  g e n e r a t o r
o n  t h e  n a i n  c P U  v h i c h  c a n  p r o v i d e  a n  B  b i t  r a n d o n
n u m b e r  f r o m  0 0  t o  F F ,  T h i s  r a n d o n  n u n b e r  c a n
b e  o b t a i n e d  b y  r e a d i n s  $ E 0 7 0 - E 0 7 3 .  c a r e  s h o u l d
b e  r a k " n  , , r h p n  u s i n g  m d c h i n -  l a n g u a g e  r o u r i n e s
t o  o b t a i n  a  s e q u e n c e  o f  r a n d o n  n u n b e r s .  T h e
r a n d o m  t r a n s i t i o n s  f r o n  t h e  n o i s e  c h i p  a r e  i n p u t
t o  a  r i p p l e  t y p e  c o u n E e r  w h i c h  t a k e s  t i n e  t o
propagate through the counter.  Sequent ial  readings
s h o u l d  n o t  b e  l e s s  t h a n  a b o u r  I  m s  a p a r t ,

KEYBOARD I}ITERFACE

T h e  k e y b o a r d  t r a n s n i t s  i t s  d a t a  i o  t h e  n a i n
c o r n p u t e r  s e r i a l l y .  T h e  s e r i a l  s i g n a l  i s  c o n v e r t e d
t o  p a r a l l e l  d a t a  u s i n g  a  H D 6 l 5 0  C M O S  A s y n c h r o n o u s
Conrnunicat ions Interf  ace Adapter (ACIA).  Subrout ine
R D K E Y  ( $ 8 4 6 0 )  i n  t h e  m o n i t o r  g e t s  t h e  c h a . a c t e r
f r o m  t h i s  c h i p ,  a n d  I e a v e s  i t  i n  t h e  a c c u m u l a t o r ,

BELL

' I h p r p  c  a  . i e z o . l - c  t  r i .  b u z z e r  a L L a c l e d
t o  J 4  o n  t h e  n a i n  c o n p u t e r ,  B y  r e f e r e n c i n g  $ E 0 7 8 -
E 0 7 B ,  t h e  b u z z e r  c a n  b e  c a u s e d  t o  c l i c k .  P r o g r a n s
c a n  b e  r r i t t e n  t o  c a u s e  t h e  b u z z e r  t o  n a k e  v s r r o u s
s o u n d s .  O n e  s u c h  p r o g r a m ,  B E E P ,  i s  c o n t a i n e d
i n  t h e  M o n i t o r .

75



III.II RESET

S h o u l d  a n y  o n e  o f  t h e  b a t t e r i e s  f a l l  b e l o ! '
a b o u t  1 0 . 5  v o l t s ,  c i r c u i t r y  o n  t h e  S S S  b o a r d
l J i 1 1  g e n e r a t e  a  I o n  b a t t e r y  s i g n a l  t h a t  w i l l
c a u s e  a  f l i p - f l o p  o n  t h e  n a i n  c o n p u t e r  t o  c h a n g e
state. This change of state \r i l l  force a non-naskable
i n t e r r u p t  ( N M I )  o f  t h e  C P U .  T h e  N I ' l  I  s e r v i c e s
r o u t i n e  i n  t h e  L i v i n g  l , l o d e  o p e r a t i n g  S y s t e r n  l r i l l
t h e n  c a u s e  t h e  r o b o t  t o  i s s u e  a  c r i t i c a l l y  l o w
b a t t e r y  w a r n i n g ,  I f  a f t e r  o n e  m i n u t e  t h e  u s e r
d o e s  n o t  r e s p o n d  t o  t h e  ' , a r n i n g ,  t h e  r o b o t  ' i l l
r e t u r n  t o  i t s  c h a r g e r .  T o  r e m o v e  t h e  N I { 1 '  t h e
m e m o r y  L o c a t i o n s  S E 0 7 c - E 0 7 F  i s  r e f e r e n c e d  w h i c h
r e s e t s  t h e  f  I i p - f  l o p .

7 6



EXPANSION SI'TS

The nain conputer board contains four peripheral
c o n n e c t o r s  t h a t  a r e  p h y s i c a l l y  i d e n t i c a l  r o  t h o s e
o n  A p p I e  1 I  (  t m )  s e r i e s  c o r n p u t e r s .  T h e  s i g n a l s
brought out to these pins, hosever,  are not ident ical
t o  r h e  A p p l e  I T  ( t m )  s e r i F s ,  a l r h o u g h  r h e y  a r e
s i n i l a r .  T h e r e  i s  n o  g u a r a n t e e  t h a t  a  p e r i p h e r a l
f o r  t h e  A p p l e  I I  ( t n )  s e r i e s  c o n p u t e r  w i l l  w o r k
o n  G E l , l l N I  a l t h o u g h  s o n e  d o .  E x p e r l n € n t a l  ( b 1 a n k )
c a r d s  a r e  r e a d i l y  a v a i l a b l e  f r o m  n a n y  s o u r c e s .
F i g u r e  l 0 . l  s h o r s  a  t y p i c a l  c o n n e c r o r  a n d  p i n
I a b l e s ,  T a b I e  l 0 . I  p r o v i d e s  a  d e s c r i p t i o n  o f
e a c h  s l g n a l .

l ,?hen designing peripherals for this conpurer,
y o u  r n u s t  k e e p  i n  n i n d  t h a t  a l l  l o g i c  s i g n a l s
are CMoS level s ignals.  CMOS and LSTTL/TTL logic
l e v e l s  a ! e  i n  g e n e r a l  n o t  c o n p a t i b l e .  U s u a l l y
t h e r e  i s  n o  p r o b l e n  l r h e n  a  C U O S  o u t p u t  s i g n a l
d r i v e s  a n  L S T T L  i n p u t  b e c a u s e  t h e  C M O S  l e v e l
exceeds the requirebeuts of the LSTTL inpur signal.
H o l r e v e r ,  C M O S  c u r r e n t  d r i v e  c a p a b i l i t i e s  a r e
u s u a l l y  n o t  t h e  s a n r e  a s  L S T T l ,  s o  i t  i s  e a s y  t o
overload the cMoS output signal.

W h e n  a n  L S T T L  o r  T T L  o u t p u t  s i g n a l  a t t e n p r s
t o  d r i v F  a  C M O S  i n p u t  s i g n a l ,  t  h e r e  i s  a  s e r  i o u s
i n c o m p a t i b i l i t y .  U s u a l l y  L S T T L  o u r p u t  v o l t a g e
I e v e l s  a r e  i n  t h e  " u n d e t e r n i n e d "  r e g i o n  o f  c M O s
l o g i c  v o l t a g e .  P u 1 1  u p  r e s i s t o r s  c a n  h e l p  t o
overcone this problem.

I f  y o u  p l a n  t o  i n t e r f a c e  L S T T L  t o  t h e  n a i n
cornputer,  then you should give careful  considerat ion
to the above and nake sure yolrr  s ignals are properly
b u f f e r e d .  I a ' h e n e v e r  p o s s i b l e ,  v e  h i g h l y  r e c o r n n e n d
the use of high speed C}OS logic ( the "t tc, '  ser ies).
T h i s  l o g i c  f a m i l y  c a r r i e s  t h e  s a r n e  d e s i g n a t i o n s
as LSTTL and is easy to work with.
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F  I G U R E  I O  . I

E X P A I { S  I O N  C A R D  C O N N E C T O R  P I N O U T S

D A V  I C E  S E L B C T

B D 7

B D 6

B D 5

, D 4

B D 3

B D 2

B D I

B D O

+  l 2 v

B I l  I  I N

B I T  2  I N

frTi
i&

TT

! t T  s E t  I

B I T  S E I  2

A I T  S E L  3

S E L E C T  6

B a l

a T c  0 0 7

B a 2

B I T  I  O U T

B I T  2  O U T

'EI

$ c o o 0  D  1 s A  B r ,  E

B R / F

t A 1 5

a a l 4

B A I 3

B A I 2

D A I  I

B A T  O

aA9

BA8

a A 5

t l f

BA2

B A I

i/d-FEITtT

2 6

2 7

2 A

2 9

3 0

3 l

3 2

3 3

3 4

3 5

3 6

3 1

t 8

3 9

4 5

5 0

2 5

2 3

2 2

2 I

2 0

l 9
l 8

l 7

l 6

l 5

1 3

t 2

l l

l 0

9

I

1

5

3

2
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EX?ANSION SLOT

NAME

TABLE I O.I

SIGNAL DESCRIPTIONS

r /o DTSCR]PTIONP I N

I o

B A O . B A  I 5

t 9

o

o

o

r io sELEcT T h r s  t  i n e ,  n o r m a l l y
h i g h ,  w i t  I  b e c o m e
Ion when the CPU
. e f p r p n . p < , n v

o f  r h e  1 2 8  a d d r e s s e s

t h i s  s l o t ,  T h e
s i g n a l  i s  a c t  i v e
d u r i n g  o n e  c  o m p l e t e
CPU cyc le .  See
T a b l e  1 0 . l A  f o r
a d d r e s  s  a n d  F i g u r e
I 0 . 2  f o r  t i m i n g ,
T h e  b u  f  f e r e d  a d d r e s s
b ' r s .  T h e  s e  I  i n e s
a r e  t r r - s t a t e d
w h e n  D M A  i s  a c  t  i v e ,
Bu f  fered read/f i i iG
s  i g n a  l .  T h  i s
I  i n e  i s  v s l i d
at the sane t  ime
a s  t h e  a d d r e  s  s
b u s  a n d  g o e s  h  i g h
d u r i n g  a  C P U  r e a d
cyc 1e and low
d u r  r n g  a  w r i t e
c y c  I e .  T h e  I  i n €

v h e n  D M A  i s  a c . i v e .
A f i i i t  e- s ignal.
T h i s  l i n e  i s  a
l t r i t e  e n a b  l e  s i g n a l
t h a t  i s  a c t i v e
o n l y  d u r i n g  t h e
h a l f  c y c  l e  v h e n

i 8 BR/W

ItR

19



P I N NA}1E

READY

BIT OUTPUTS

a5V

r / o DESCRIPT]ON

2 0 SCOOO DISABLE

2 l

o o  i n  i s  h i g h
and R/! ,J is I  o!r .
I t  i s  n o t  p l a c e d

when Dl4A is ac t  ive.
I t h e n  t h i s  s i g n a l
i s  h  i g h ,  i t  d l s a b l e s
the 8K RAM of
S C O O O - D F F F .  I t
i s  u s e d  f o r  b a n k
s v i t c h i n g .
T h e  6 5 C 0 2 - s  R D Y
i n p u t .  P u l L i n g
t h l s  I  i n e  l o u
d u r i n g  e t  w i l r
h a l t  t h e  C P U ,
e i  t h  c h e  a d d r e s s
b u s  h o l d i n g  t h e
a d d r e s  s  o f  t h e
c u r r e n f  l 0 c a E  1 l ) n s
b e i n g  f e t c h e d ,
P , , l  I  i n o  r h .  "  l i . .

l o u  h a l t s  t h e
CPIJ and places
t h e  a d d r e s s  b u s ,
d a t  a  b u s ,  B R / f ,
Be2, and BOt in

T w o  b i t  o u t p u t
I  i n e s  a v a i  l a b L e
t o  a l l  s l o t s .
$ 8 0 6 1 ,  B i t s  0
a n d  l .
+ 5 V  p o v e r  s u p p t y .
T h e  s r i t c h i n g
r e g u  I a t o r  o n  t h e

23-24

2 5
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PIN NAME r / o DESCRIPTION

polrer  suPpty board
1 s  c a p a b  l e  o f
sourc ing 2 anp s.
C a r e  n u s t  b e  t a k e n
t h a t  a l l  p e r  i p h e r a  I s
d o  n o t  c a u  s e  t h i s
v a  l u e  t o  b e  e x c e e d e d .

2 6  G N D  N / A  L o g i c  e l e c r r i c a l
g r o u n d .  C o n n e c t e d
( o  m o t  o r  g r o u n d s
only vhen robot
o n  c h a r g e r .

2 l - 2 8  B I T  I N P U T S  I  T w o  b i t  i n p u t
r  r n e s  a v a  l  l a b  t e
t o  a l l  s l o t s ,

9E051  '  B i  t s  0
3 n d  l .

29 Nfri  I  Non-Maskable
I n f  e r r u p t .  t n h e n
p u  l  I e d  I o w  t h e
CPU beg ins an
i n t e r r u p t  c y c  l e
a n d  j u m p s  t o  t h e
i n t  e r r u p t  s e r v  i c e
rout rne at the
l o c  a t  i o n  d e s i g n a r e d
b y  t h e  c o n t e n t s
of memory toc at ions
$ 1 6 , 1 7 '

r u  I K q  I  l n L p r r u p r  R e q u e s r ,
I then pul led iow
t h e  c P U  b e g i n s
a n  i n r c r r u p r  c y c  l e
( provided the
C P U  - s  i n t e r r u p t
d l s a b l e  f l a g  i s

8 l



3 3 - 3 5 B I T  S E L  1 ,  2 , 1

n o t  s e t )  a n d  J u n p s

s e r : v  r c e  r o u t  1 n e
a t  t h e  L o c  a t  i o n
d e s i g n a t e d  b y
t h e  c  o n t e n t  s  o f
n e m o r y  l o c a t l o n s

$ 1 4 , I 5 .
i t h e n  p u l  l e d  l o w ,
t h e  C P U  b e g i n s
a  r e s e t  c y c  l e .
T t i c  i  n f p r r ,  ^ f

i s  n o t  v e c t o r e d
b e c  a u s e  t h e  m o n i t o r
R O M  m u s  t  e x e c u t e
c e r t a l n  i n s  t r u c  i  i o n s

equ ipment come s

A  R E A D  s  i g n a  l .
T h i s  t  i n e  i s  a
r e a d  e n a b l e  s i g n a L
t h a t  i s  a c  t  i v e
o n l y  d u r  r n g  t h e
h a l f  c y c  I e  r h e n
@o in re bigh
and R/I , \ I  is high.
I t  i s  n o t  p l a c e d
i n  t r r - s t a t e  w h e n
DllA is act ive.
T h e s e  l i n e s  a r e
f o r  u s e  i n  b a n k
s w i  t c h  i n g  t o  R O M / R A M
ON the ROM EXPANSION
BOARD, See Tab Le
1 0 . 2 8  f o r  t h e
s e  l e c  t  i o n  c h a r t .

3 t

P ] N NAME I / O  D E S C R I P T ] O N

o

o

R-E SET

rr 6i
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P I N NAME

DEVICE SELECT

r / o DESCRI PTTON

T h l  s  l  i n e ,  n o r n a l t y
h r s h '  e r L  I  s o
l o w  w h e n  t h e  C P U
r e  f e r e n c e s  a n y
a d d r e s  s  i n  t h e
$ C 0 0 0 -  D F I  F  r a n g e .
T h e  s i g n a l  i s

A n  i n p u t  t o  t h e
a n a  l o g  t o  d i g i t a l
c o n v e r  t e r .  s e e
T a b  1 e  1 0 . 2 c  f o r
s e  l e c  t  i o n s  a n d

B u  f f e r e d  e l  o u  t p u t
o f  r h e  c P U .  T h e
I  i n e  i s  t r i - s t a t e d
w h e n  D M I  i s  a c c i v e .

fron the Real
T r m e  C l o c k .  S e e
T a b I e  1 0 . 2 D  f o r
f r e q u e n c y  s e  l e c t  i o n

B u  f  f e r e d  e 2  o ! t p u t
o f  t h e  C P U .  T h e
l i n e  i s  t r i - s t a t e d
v h e n  D M A  i s  a c t i v e ,
T h i s  L i n e  n o r n a l l y
h i g h ,  r i l t  b e c o n e
lor when the cPU
r e  f e r e n c e  s  a n y
o f  t h e  3 2  a d d r e s s e s

ADC

38 B9l

SELECT 6

RTC OUT

3 6

3 l

3 9

40

o

o

o

o

BQz
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P ] N NAME

BDT.BDO

r / o DESCRIPTI ON

p e r t a  r n l n g  t o
t h i s  s I o t .  T h e

d u r i n g  o n e  c o m p l e  t e
C P U  c y c  l e .  S e e
T a b I e  1 0 , l E  f o r
a d d r e s  s e s  o n  F l g u r e
1 0 . 2  f o r  t i m i n s .
T h e  b u  f f e r e d  d a t a
b u s .  T h € s e  l i n e s
a r e  t r r - s t a t e d
w h e n  5 E  i s  a c r i v e .
A  n o n - r e g u l a t e d ,
n o n i n a l  l y  l 2 V
s u p p l y  d i r e c t l y
frorn the Iogic
b a t t e r y .

4 2 - 4 9 r /o

5 0 + l 2 V

a4



TABI,I  IO. lA

EXPANSION SLOT I/O_SELECi ADDRESSES

SLOT HEX ADDRISS

I  5 E 1 0 0 - E 1 7 F
2  S E I 8 O - E I F F
3  $ E 2 0 0 - E 2 7 F
4  9 E 2 8 0 - E 3 F F

T A B L E  I O . 1 8

EXPANSION SLOT
R /RAX BOAXD BIT SELECTIONS

s E 0 6 l  c H r P
BIT 2 BIT 3 BIT 4 SELECTED PROGRAM

O O O RAM O MAIN CPU
I O O ROM I LMOS
O I O ROM 2 SCHEDULER
I I  O ROM 3 BASIC
O O I ROM 4 NAVICATION
I 0 I ROM 5 VOCOL
O I I ROM 6 CATALOC
I i  I  ROM 7 SECURITY
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TASLE IO.IC

EXPAIISION SI,OT
AI{AI-OG TO DIGITAL PORT ASSIGNITENTS

slor /l A/D PORT /T

2
J

0
I
2
3

I o  u s . :  L o r d  r \ p  ' y "  t . g i s r " r  ! i t h  r h p  A / D  p o r L
n u n b e r  a n d  j u n p  t o  t h e  s u b r o u t i n e  C O N V R T  ( $ E 4 8 1 ) .
T h e  A / D  c o n v e r s i o n  v a l u e  i s  r e t u r n e d  i n  r h e

T A B L E  I O . I D

EXPANSION SLOT
RTC SQUARE WAVE FREQUENCIES

B I T  7 B I T  6  B I T  5  B l T  4  W A V E  P E R ] O D

;
0
0
0
0

0
1
I
I

1
t

I
I

0
0

;

t

I
0
0
0
0
I
I
I
I

0
U
I

6
0
I
I
0
0
t
I
0
0
I
l

0
I
0
I
0
I
0
I

0
I
0
t

;

I

D ISABLE
4 8 8 .  2  u s
9  7 6 . 5  u s
I 9 5 . J . I  L r s
3 9 0 6 . 2  u s
7 8 1 2 . 5  u s
i 5 . 6 2 5  m s
1 1 . 2  5  n s
6 2 .  5  n s
1 2 5  m s
2 5 0  m s
500 ns

m i n u t e

d.v
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T A B L E  I O . I E

EX?ANSION SLOT
DEVICE SELECT ADDRESSES

SLOT HEX ADDRES S

t
2
3

$ E 0  8 0  - E  0 9  F
$EOAO. E OBF
S E O C O - E O D F
S E O E O - E O F F
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F  I G U R E  I O . 2
E X P A N S  I O N  S L O T  S I G N A L  T ] M I N G

!T

in

i - / o f f i

N O T E :  T h e  6 5 C 0 2  u s e s  t h e  f a l l i n g  e d g e  o f  i 2
t o  c l o c k  d a t a  i n t o  ( r e a d )  t h e  c h i p  f r o m  a  p e r i -
p h e r a l  o r  n e n o r y  d e v i c e .  I r  a l s o  " a s s u n e s ' t

a  p e r i p h e r a t  d e v i c e  o r  m e n o r y  d e v i c e  w i  I  i  u s e
r h i s  e d g e  r o  c  l o .  k  i n  d a r a  ( u r i r p ) .  D o  n o l
L s e  I / O  S T L E C T  o r  D l V l c t  S E L E r  T  a s  a  " w r  i r e "
s t r o b e  a s  t h e  p e r i p h e r a l  d e v i c e  w i l l  n i s s  t h e
d a t a .  U s e  W R  i l s t e a d  f o r  t h i s  p u r p o s e  a n d
e l t h e r  I / O  S E L E C T  o r  D E V I C E  S E L E C T  t o  e n a b l e
t h e  p e r r p h e r a  I  c h i p .
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CIIAPTBR II

XIYBOARD A}ID DISPLAY

XNYBOA-RD

T h e  k e y b o a r d
a n d  s e r i a l l y  t r a n s m i t s
key to the main cmputer,
ei ther through a \r i re or

r e a d s  t h e  k e y  y o u  p r e s  s
t h e  A S c I I  c o d e  f o r  c h i s

S e r i a l  d a t  a  i s  t r a n s m i t t e d
v i a  i n f r a r e d  I  i s h t  w a v e s ,

T h e  k e y b o a r d  c o n t a i n s  a  H i ! a c h i  H D 6 3 0 3
C M O S  n i c ! o c o n p u t e r ,  2 K  C I I O S  R O M '  I R  t r a n s n l s s l o n

k e y s  a n d  n i s c e l L a n e o u s  C M O S  s u p p o r t  c h r p s .  T h e
k e y b o a . d  i s ,  i n  e s s e n c e '  a  c o n p u t e r .

T h e  k e y b o a r d ' s  m i c r o c o m p u t e r  d o e s  n o t
c o n t l n u a l l y  s c a n  t h e  k e y s .  I n s t e a d  i t  p u t s  i t s e l f
t o  s i e e p  ( t o  c o n s e r v e  p o u e r )  a n d  t h e n  a w a k e n s
u h e n  a  k e y  i s  p r e s s e d .  T h e  n i c r o c o n p u t e r  t h € n
q u i c k l y  s c a n s  t h e  k e y b o a r d  t o  d e t e r n i n e  v h i c h

\ -  k e y  ( o r  k e y s  w h e n  t h e  S H I F T  o r  C O N T R O L  k e  y  i  s
a l s o  p r e s s e d )  \ r a s  p r e s s e d  a n d  t h e n  t r a n s n i t s
t h e  A S C I I  c o d e  f o r  t h i s  k e y .  T h e  A S C I I  c h a r a c t e r s
c o r r e s p o n d  i n g  r o  e 3 ,  h  k e v  a r e  g i v F n  i r  T r b l p
1 1 . 1 .  T h e  k e y b o a r d  d o e s  n o t  u s e  l o 1 . ? e r  c a s e .
S e r i a l  d a t a  i s  t r a n s m i t t e d  u s l n g  o n e  s t a r t  b i r '
s e v e n  d a r a  b i t s  a n d  t w o  s t o p  b i t s .  T h e  d a t a
t r a n s r n i s s i o n  r a t e  i s  2 5 5  b i t s  p e r  s e c o n d .

T h e . e  a r e  f i v e  1 . 2  v o l t  A A  (  1 8 0  n a )
n i c a d  b a t t e r i e s  i n s i d e  t h e  k e y b o a r d .  I , i h e n  t h e
k e y b o a r d  i s  c o n n e c t e d  t o  t h e  r o b o t  a n d  t h e  r o b o t
i s  o n ,  l h e s e  b a r r " r i F s  w i  l l  b p  c n a r B p d .
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l f  t h e  k e y b o a r d  c o r d  i s  d i s c o n n e c t e d
f r o m  t h e  r o b o t ,  i t  c a n  b e  u s e d  t o  t r a n s n i t  k e y s
t o  r h p  m a i n  c o m p u t e r  v i a  t h F  l R  l i n k .  l h  i R
r e c e i v e r  ( o n  t h e  r o b o t )  i s  l o c a t e d  d i r e c t l y  a b o v e
t h e  L C D  a n d  t h e  I R  t r a n s n i t t i n g  d i o d e s  a r e  l o c a t e d
a t  t h e  r e a r  o f  t h e  k e y b o a r d .  T o  u s e  t h e  k e y b o a r d
i n  t h e  I R  n o d e ,  i t  m u s t  b e  p o i n t i n g  a p p r o x i n a t e l y
a t  t h e  L C D .  Y o u  w i l l  n e e d  t o  e x p e r i n e n t  v i t h
t h e  p r o p e r  h e i g h t  a n d  d i s t a n c e  t o  o b t a i n  r e l i a b l e
t r a n s n i s s i o n s .  I R  t r a n s m i s s i o n s  a r e  a c c o m p l i s h e d
t h r o u g h  1 0 0  p e r c e n t  m o d u l a t i o n  o f  a  l 3  K h z  I R
s i s n a l .
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TABLE I I . I

TfltrIR TRANSI.IITIED ASCII CODESI(BYS AI{D

KEY

! t
, , 2

It3
$ 4
z5
&6' 7
( 8
) 9

- =

t
E S C

a
!/

E
R
T
Y
U
I
o
P

t
S
D
F
G
H
J

ALONE CTRL SHIFT

3 t
3 2
3 3
34
3 5
36
3 1
3 8
3 9
3 0
3A
2D
'E

5 l
5 l
4 5
5 2
5 4
5 9
5 5
4 9
4F
5 0
0 8
0 9
OA
4 t
5 3

4 l
48

NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE

I E
I B
I I
t 7
0 5
t 2

t 9
t 5
0 9
O F
l 0
7 F
I C
OA
0 l
t 3
04
0 6
0 l
0 8
OA

2 l
2 2
2 3
24
2 5
2 6
2 l
2a
2 9
20
2A
]D
JE
1 B
5 1
5 l
45
5 2
54
5 9
5 5

4F
50
] F
7 C
OA

5 3

4 7
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KEY

K
L

+ i
' @

RETURN
z
X
C

B
N
M

? /
SPACE

CTRL S H I F T

4B

3B
40
OD

5 8
4 3
5 6
4 2
4E
4D
2C
2 E
2 F
2 0

O B
0c

NONE
NONE

O D

l 8
0 3
t 6
0 2
O E
O D

NONE
NONE
NONE

2 0

4B
4C

6 0
OD

5 8
4 3
56
4 2

4D
3 C
3E

20
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LIqUID CRYSTAI, DISPLAY

T h e  L C D  i s  a  4 0  x  8  a l p h a - n u n e r i c '  5  x  7
d o t  n a t r i x  E p s o n  E A - Y 4 0 0 8 0 A T  t y p e  o f  d i s p l a y
w i t h  a  h i s h  c o n t r a s t  a n d  a  \ r i d e ,  a d j u s t a b l e  v i e v i n s
a n g l e .  T h e  d i s p l a y  c o n t a i n s  i t s  o w n  C M O S  s e g n e n t s
d r i v e r s ,  c o n t r o l L e r s  a n d  d i s p L a y  d a t a  R A M ,  T h e
L C D  c o n s u n e s  v e r y  I i t t l e  p o w e r  ( 5  o a  a t  + 5  v o t t s ) .

T h e  L C D  i s  c a p a b l e  o f  d i s p l a y i n g  9 6  A S C I I
c h a r a c t e r s  a n d  6 4  J a p a n e s e  K a t a k a n a  c h a r a c t e r s .
T h o s e  c h a r a c t e r s  v h i c h  c a n  b e  d l s p l a y e d  a r e  g l v e n
i n  r a b l e  1 1  . 2 .

T h e r e  a r e  f o u r  s e p a r a t e  . o n t r o l l e r s  u s e d
i ,  L 5 e  L C D  r o  d i s p l s y  d a t a .  t a . h . o n L r o L  " -

c o n t r o l s  t w o  s e p a r a t e  I i n e s  ( r o w s )  o n  t h e  L C D .
T h e  a d d r e s s e s  o f  t h e s e  c o n t r o l  i e r s  a n d  t h e  L i n e s
t h e y  c o n t r o l  a r e  a s  f o l l o w s  ( s e e  a l s o  F i g u r e
t t . t ) .

HEX ADDRESS L]NE NUMBER

E000-8003
E004-E007
E008  -  E00B
E00c -E00F

0 , I  ( 0  =  t o p  i i n e )
2 , 3
4 ' 5
6 , 7

E a c h  c o n . r o L l e r  n u s t  b €  g i v e n  c o n n a n d  o r
c h a r a c t e r  d a t a  i n  o r d e r  t o  d l s p l a y  c h a r a c t e r s
a n d  c o n t r o l  t h e  c u r s o r .  C o n n a n d s  a r e  l i s t e d
i n  T a b l e  l l . 3  a l o n g  i r i t h  t h e i r  m e a n i n g .  A  \ r r i t e
o f  a  h e x  c o n n a n d  b y t e  g i v e n  i n  t h i s  t a b l e  t o
$ E 0 0 0  ( o r  E 0 0 2 )  w i l r  g i v e  t h a t  c o m n a n d  t o  t h e
c o n t r o i l e r  o f  l i n e s  0  a n d  l .  A  w r i t e  o f  a  h e x
A S c I r  c h a r a c t e r  b y t e  t o  $ E 0 0 1  ( o r  E 0 0 3 )  \ r i 1 1
p l d  p  r l ^ a  h e x  A S . l l  c h d r a . r . r  b / r e  i n  l h .  d i " p  a /
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d a t a  R A M  a t  t h e  c u r r e n t  l o c a t  i o n  o f  r h e  c u r s o r
a n d  a u t o n a t i c a l l y  l n c r e n e n r  o r  d e c r e m e n r  t h e
c u r s o r  d e p e n d i n g  o n  t h e  S E T  C U R S o R  D I R E C T I O N
s t a t e .  L C D  l i n e s  2 - 7  a r e  s i n i l a r l y  a d d r e s s e d :

COMMAND
ADDRESS NUMBERS

CHARACTER
ADDRESS

LCD LINE
NUMBERS

E000 ,E002
E004 ,E006
8008 ,E00A
E00c ,  E00E

E 0 0 t , E 0 0 3
E005 ,  E007
E009 ,EOOB
E00D,  E00F

0 , 1
2 ' 3
4 , 5
6  ' 7

T h e  c o n t r o l l e r s  t a k e  t i m e  t o  e x e c u r e  c o n n a n d s
a n d  s t o r e  d a t a  s o  i t  i s  n e c e s s a r y  r o  d e t e r n i n e
i f  t h e  c o n t r o l l e r  i s  b u s y  b e f o r e  ! , , r i t i n g  d a r a
t o  i t .  T h i s  c a n  b e  a c c o m p l i s h e d  b y  r e a d i n g  f r o n
a n y  o f  t h e  a d d r e s s e s  g i v e n  a b o v e .  I f  a  c o n t r o t l e r
i <  b u s v ,  r h F  h i g h  b i L  ( b i l  / )  o t  L h .  d a r a  b y r e
r e a d  \ r i l l  b e  h i g h ,  o t h e r w i s e  i t  w i l l  b e  l o w ,

T h e  n o n i t o r  c o n t a i n s  n a n y  r o u t i n e s  u s e d
t o  m a n i p u l a t e  c h a r a c t e r s  o n  r h e  L C D .  A t  t h e
l o w e s t  l e v e l  a r e  s u b r o u t i n e  s  C o M D A T  (  $ E 4 A 2  ) ,
\ rhich gives the comnand conrained in the accumlator
t o  t h e  L C D ,  a n d  C H R D A T  ( g E 4 A 5 ) ,  w h i c h  g i v e s  t h e
c h a r a c t e r  d a t a  i n  t b e  a c c u n u l a t o r  t o  r h e  L C D .
A t  t h e  h i g h e s t  l e v e l  i s  s u b r o u r i n e  L C D O U T  ( 9 f , 4 5 D )
w h i c h  s i 1 1  d i s p l a y  t h e  c h a r a c t e r  d a t a  i n  t h e
a c c u m u l a t o r  a n d  s c r o l 1  d a t a  o n  c h e

A  n e w  i m a g e  o f  t h e  L C D - s  d i s p l a y  d a t a  R A M
t s  k e p t  i n  n a i n  R A M  a t  S 0 4 0 0 - 0 5 3 F .  T h i s  a r e a
o f  n a i n  R A I ' 1  i s  s p e c i f i c a l l y  r e s e r v e d  f o r  u s e
b y  t h e  m o n i t o r  a n d  i f  d e s r r o y e d  b y  a  u s e r  w i l l
r e s u l E  i n  g a r b a g e  d a t a  o n  t h e  L C D .
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T A B L E  I  I . 2

LCD CflARACIER CODE I{AP
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COMMAND BYTE

TASLE I I .3

LCD COI.IUANDS

COMMAND

SYSTEM RESET
-  d r s p l a y  o n / o f f  =  o f f  ( e n a b r e )
-  c u r s o r  s u p p r e s s  o n / o f f  =  o f f

CLEAR DISPLAY DATA - a1l  display
d a t a  R A M  i n  L C D  i s  s e r  t o  A S C t t
s p a c e  c o d e  ( $ 2 0 )  a n d  c u r s o r  r e t u r n s

p o s  i  t  i o n  ( S e e  F i g u r e
t t . 2 )

C U R S o R  H O M E  -  c u r s o r  r e t u r n s  r o
, , h o m e , ' p o s i t i o n  (  S e e  F i g u r e  1 1 . 2 )

C U R S O R  R E T U R N  -  c u r s o r  r e t u r . n s
t o  b e g i n n i n g  o f  c u r r e n r  l  i n e  ( S e e
F r g u r e  I l . 2 )

S F  I  ( U R S O R  D  R E C 1  l , , N  -  0 L  =  r o r u a r d ,
0 5  =  r e v e r s e .  N o t e  d i s p l a y  s u p p r e s s
o n / o f f  =  o f f  ( d i s p l a y  c L i r s o r )

C U R S O R  I N C / D E C  -  0 6  =  i n c r e n e n t
( r i s h t  ) ,  0 7  =  d e c r e n e n t  ( l e f t )

S E T  C U R S O R  F O N T  -  0 8  =  u n d e r l i n e ,
0 9  =  5 x 7  b l i n k i n g

UNDERLINE CURSOR BLINKING ON/OFF
0 A  =  o f f ,  0 B  =  o n

D I S P L A Y  0 N / O F F  -  0 C  =  o f f  ( e n a b l e )  r
0 D  =  o n  ( d i s a b L e ) .  D i s p l a y  d a t a
RAI' I  is not c leared

CURSOR SUPPRESS oN/OFF - 0E =
o f f  ( e n a b l e ) r  0 F  =  o n  ( d i s a b l e )

0 l

0 3

02

0 4 , 0 5

0 6 , 0 7

0 8 , 0 9

0 A , 0 B

0 c , 0 D

O E , O F

t 0
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COXHAND BYTE COI.'I}IAND

- underl  i f le cursor bl inking
o n / o f f  =  o f  f

-  s e r  c u r s o r  f o n t  =  u n d € r l i n e
-  d l s p t a y  s u p p r e s s  o n / o f f  =

o f f
-  s e t  c u r s o r  d i r e c t i o n  =  f o r r a i d
D i s p t a y  d a t a  R A M  i s  n o t  c l e a r e d

44,45 DISPLAY SUPPRESS ON/OFF
-  4 4  =  o n  ( s u p p r e s s  c u r s o r )  w i t h

cursor d rrect ion forward
-  4 5  =  o n  ( s u p p r e s s  c u r s o r )  w i t t r

c u r s o r  d  i r e c  t  i o u  r e v e r s e

8 0  - A  7 , C 0 - E  /  S E T  C U R S O R  A D D R E S S
-  8 0  =  c o l u n n  0 ,  A 7  =  c o l u n n  3 9

o f  I  i n e s  0 , 2 , 4 ,  b
-  c 0  =  c o l u n n  0 ,  E 7  =  c o r u n n  3 9

o f  l i n e s  1 , 3 , 5 ,  7
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SECTIOT{ VI

LITE OPERATII{G SYSTET{
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IITTRODUCT IOI

T h e  s o f t s a r e  c o n t a i n e d  i n  R O l , r  o n  t h e  n a i n
a n d  a u x i l l a r y  c o m p u t e r s  l r a s  d e s i g n e d  a s  a  l i f e -
i m i t a t i n g  o p e r a t i n g  s y s t e m .  O n c e  t h e  r o b o t  i s
p o r e r e d  u p ,  t h e  s o f t u a r e  a r t e n p r s  t o  k e e p  t h e
r o b o t  I ' a l i v e "  ( b a t r e r i e s  c h a r g e d ) ,  w h i t e  c o n s r a n t t y
m o n i t o r i n g  b o t h  i n t e r n a l  s e n s o r s  f o r  p o s s i b t e
p r o b t e n s  a n d  e x t e r n a l  s e n s o r s  f o r  p o s s i b l e  u s e r
a c c e s s ,  T h e  s o f t w a r e  p r o v i d e s  a  m e a n s  f o r  a
u s e r  t o  e n t e r  t a s k s  f o r  t h e  r o b o t  t o  a p e r i o d i c a t l y
o r  p e r i o d i c a l l y  a c c o n p l i s h  a t  f u t u r e  s p e c i f i e d
t i m e s ;  s o m e t h i n g  h u m a n s  d o  a l l  t h e  t i n e .  T h e
s o f t w a r e  a l s o  p r o v i d e s  r h e  r o b o t  n i r h  a n  i n p o r t a n r
h u n a n - l i k e  q u a l i r y ;  t h e  a b i l i t y  t o  n o v e  f r o n
room to room and pass through open doorways.

T h i s  s o f t u a r e  i s  d i v i d e d  i n t o  s e v e r a r  a r a j o r
p r o g r a n s  u h l c b  a r e  f u l  l y  i n t e g r a r e d  a n d  w h i c h
m a k e  u s e  o f  o n e  a n o t h e r .  I n  t h i s  s e c t i o n ,  s e v e r a l
of the najor prograns are descr ibed in sone detai l
in order to al lolr  the user access to the subrout ines
c o n t a i n e d  t h e r e i n ,  I n  a d d i t i o n ,  c o m m e n t e d  s o u r c e
c o d e  l i s t i n g s  o f  m a n y  o f  t h e  m a j o r  p r o g r a n s  a r e
a v a i  l a b t e  f o r  p u r c h a s e .
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CEAPfiR 12

}'EI'ORY ORGINIZAT ION

A  f u l l y  e q u i p p e d  G E M t N l  r o b o t  c o n t a i n s  l 0 7 K
b y t e s  o f  6 5 C 0 2  n a c h i n e  l a n g u a g e  c o d e  s p r e a d  a m o n g
a I l  o f  i t s  c o n p u t e r s .  T h e  M A I N  c o m p u t e r  a n d  t h e
R O U  E x p a n s i o n  C a r d  c o n t a i n  6 3 K  b y t e s ;  t h e  v I O S
c o n p u t e r  c o n t a i n s  3 2 K  b y t e s ;  t h e  R C S  c o n p u t e r
c o n t a i n s  8 K  b y t e s ;  t h e  P R o C O N  c o n p u t e r  c o n t a i n s
2 K  b y t e s ,  a n d  t h e  K E Y E O A R D  c o m p u t e r  c o n r a i n s
2 K  b y t e s .

}IAIN CO}'PTITER TrOU AND ROU EX?ATSIOI CARD UTILIZATIOII

T h e  6 3 K  b y t e s  o f  R O M  o n  t h i s  c o n p u t e r  a n d
card 3re distr ibuted snDng several  najor sub-programs
a s  f o l l o w s :

MEMORY
IIEX ADDRESS ALLOCATION PROGRAX (ABREVIATION)

E40O -EFFF

COOO.DFFF

COOO.DFFF
C O O O .  D F F F
COOO-DFFF

C O O O - D F F F

COOO. DFFF

COOO- DFFF

6K

8K
8K
8K

EK

8 K

8K

Systen uoni tor ( l , loN)
Bank I  -Liv ing } Iode

o p e r a  t  i n g  S y s t € n  ( L M o s )
B a n k  2  - S c h e d u  t e  r (  S C H )
B a n k  3 - B a s i c  ( B A S  )
B a n k  4 - B a s i c /

N a v i s a t  i o n  ( N A V )
Bank 5 -Voice connand

L a n s u a s e  ( V O C ) / R e m o t e
C o n n u n r c a t r o n s  S ) ' s t e m
( R C S  )

B a n k  b - M e s s a g e
c a r a  l o g  (  c A T )

B a n k  7  -  S e c u r i  t y  ( S E c )

1 0 1



}IAII{ COI{PT}IER RA}I UTILIZATION

A l l  o f  t b e  p r o g r a n s  u r i l i z e  n e a r l y  4 K  o f
R A H  o u t  o f  t h e  t o t a l  o f  5 6 K  a v a i i a b l e  R A M .  I n
a d d i t i o n ,  b o t h  t h e  S c h e d L r t e r  a n d  B a s i c  p r o g r a n s
u t i l i z e  R A M  t o  s t o r e  o s e r  s c h e d u l e s  a n d  p r o g r a m s .
T a b l e s  1 2 . 1  t h r o u g h  1 2 . 4  p r o v i d e  R A M  n e n o r y  m a p s
s h o v i n g  t h e  u t i l i z a t i o n  o f  R A M  b y  r h e s e  p r o g r a m s .
Z e r o  p a g e  m e n o r y  o n  a  6 5 C 0 2  i s  v e r y  v a l u a b l e
r e a l  e s t a t e r  d u e  t o  t h e  a d v a n c e d  a d d r e s s i n g  m o d e s
o f  t h i s  m i c r o p r o c e s s o r .  A  d e r a i l e d  m a p  o f  t h i s
r r e a  i s  p r o v i d p d  n o L  i n d d v e r r e n r  I y
d e s t r o y  c r i t i c a l  v a r i a b l e s  i n  t h i s  a r e a  w i t h
your proSrarns.

TABLD 12. 1

RA}I USAGE I{AP (55K CONFICIJRATION)

1 0 0 0  B e  g  i n n  i n g  o f  f r e e
t o  h e r e  b y  n o n i t o r ,
b e g i n  h e r e ,

B F F F  E n d  o f  f r e e  R A M  (
( $ 1 0 , 9 1 1 )  s e t  t o
a t  $  c 0  0  0 -  D F F F  i  s
o r  C E M T O S  i s  n o t
l o c a t i o n  a v a i l a b l e

R A M .  L o l . l E M  ( $ 1 2 , $ 1 3 )  s e t
B A S I C  p r o g r  a n s  n o r m a l  l y

5 6 K  c o n f  i g u r a r i o n ) .  H I M E M
h e r e  b y  L M o s  i f :  (  I  )  R A M
i n s t a l l e d ,  a n d  ( 2 )  G E M D O S
i n s t a l l e d .  H i g h e s t  R A l 4
t o  B A S I C  p r o g r a m s .

C 0 0 0  S C H E D U L E R  l o w  m e m o r y  ( S C H L L M - $ 7 9 , $ 7 A )  f o r
a  5 6 K  R A M  c o n f i g u r a t i o n .

D F F F  S C H E D U L E R  h l s h  n e n o r y  ( S C H L H M - g 7 8 , S 7 c )  f o r
a  5 6 K  R A U  c o n f  i g u r a t i o n .
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TABLE 12.2

RAX USAGE HAP FOR VARIOUS
RA}{ CONFIGIIIATIOT{S

RAM
CONFTCURATTON HI}IEM SCHLLM SCHLH}'{ BASIC

PROGRAM

RAM FOR

3K
t0K
I 7 K
24K
l 1 K
38K(  1  )
42K

8K
l6K
24K
32K
40K
48K
56K

IBFF ICOO IFFF
3 7 F F  3 8 O O  3 F F F
54FF 54OO 5FFF
6FFF TOOO TFFF
SBFF SCOO 9FFF
ATFE A8OO BFFF
BFFF COOO DFFF

( l )  I f  G E M I o S  o r  G E M T O S  i s  l n s t a l l e d ,  H u . t E M
wil l  be shi f ted doun in rnemory. See the
GEMDOS/GEMTOS manuals for memory naps when
e i t n e r  o f  t h e s e  s y s t e m s  i s  i n s t a l l e d .
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TABtt 12.3

RtrSERVED MU UILIZATION

HXXIDECIMA],
MEMORY RANGE

0000-00FF
0100-  02FF
0200-  02FF
0300-  03FF
0400-053F
0540-  05  70
a 5 J O - 0 5 1 7
0 5 7 8 - 0 5 7 F
0580-0587
0588-058F
0590-059F
0600-  06FF
0700-07FF
0800-08  7F
0880-08FF
0900-097F
0  980  -  09FF
0A00 -0A7F
OASO-OAFF
OBOO -OBFF
0c00-0cFF
ODOO -ODFF
OEOO.OEFF
OFOO -OFFF

USAGE

Z e r o  P a g e  ( S e e  T a b l e  I 2 . 3 )
C P U  S t a c k
L i n e  B u f f e !
Mes sage Buffer
LCD Dis play Inage
Moni tor var iab le s
Ll , lOS Variab les
scH
BAS
NAV
RCS
I n t e g e r  M a t h  P a c k  V a r i a b l e s

LMOS Var iables
SCH
BAS
NAV
RCS
VOC
D i s k / T a p e  B o o t  B u f f e r
Tape VTOC Buf fer
T a p e  C a  E a  l o g  S e c t o r  0
T a p e  C a t a t o g  S e c  t o r  I
T a p e  R e a d / W r  i t  e  B u f f e r
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TABLE 12.4

ZERO PAEE RAI,I U1ILIZATION

HEXTDECIMAL
MEMORY

! LOCATION( S ) NA},IE USE

OO-OF - RESERVED
l 0 - I l  H l M E l {  H i g h e s t  R A M  r o c a t i o n  a v a i l a b l e

ro BASIC progran
1 2 - 1 3  L O U E M  S t a r t  o f  B A S I C  p r o g r a i n s
1 4 - 1 5  l R q L o C  I R Q  v e c t o r
1 6 -  I 1  N M I L O C  N M I  v e . t o r
1 8 - 1 9  A L M I R Q  R T c  a l a r n  v e c t o r
lA- I  B CLKIRQ RTC c lock out vec tor
I C -  I D  C H R o U T  O u t p u t  c h a r a c t e r  v e c t o r
l E -  l F  C H A R I N  I n p u t  c h a r a c  t e r  v e c  t o r
20-21 CHARPL lnput character

( P o I L i n g )  v e c t o r
2 2 - 2 3  U S R M O N  M o n i l o r  U - c o m a n d  v e c t o r
2 4  C O L D A D  C o I d  s t a r t  ( a r k e r
25-28 TIMBUF RTC buffer
2 C  D O h J B U F  D d y  o f  w - - k
2D CLKMOD Clock node
2 E  B U F C N T  L i n e  b u f f e r  c o u n t e r
2E ROWCNT LCD row counter
l 0  C U R A D D  C u r r e n t  a d d r e s s  d i s p l a y e d

b y  , o n i t o r
3 L - 3 6  T E M P O  T e m p o r a r y  v a r i a b r e s
] 7 - 3 8  I N D E X I
3 9 - 3 A  A D R P T R  A d d r € s s  p o i n t e r  f o r  B A N K

0 ram ACCESS
3 8 - l C  D S P t i ' 1 c  D i s p L a y  i n a g e  p o i n t e r
3 D - 3 E  E N D I } I G  E n d  o f  d i s p l a y  i m a g e  p o i n t e r
3 F - 4 0  A D D R O I  T a r g e t  a d d r e s s  f o r  b l o c k

4 l - 4 2  A D D R o 2  E n d  a d d r e s s  f o r  b l o c k
nove

4 3 - 4 4  A D D R o 3  S t a r t  a d d r € s s  f o r  b l o c k
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4 5

4J  -48
49-4 A

4 C
4 D
4 E
4 F
50
5 l
52 -53
54-  56
5 7 - 5 9
5A
5 B
5C-  5E
5F
60
6 l
6 2 - 6 4
6 5  - 6 1
6 8 - 6 C
6D-6E
6F-  70
7 I - 7 2
l 3
l 4
1 5
1 6
1 1 - 1 8
t 9 - 1 A
I R - 1 C
1 D - ] E
l f
8 0
8 t - 8 2
8 3 - 8 4
8 5 - 8 6
8 7  - B 0

ROMSTA
RAMSTA
PCL
PCH
REGA
REGX
RECY
REGP
REGS
HDSTAT
CPUFLG
},ISGNUM
Qc
T C
FLG
FLH
RC
TIlP
CNT
ACX
A C
S C

iISRI-TV
LIFEAD
USRVOC
DEMST
ROSTAT
STAFLG
TRNST
IISCPTR
SCHLH}I
SCHLLM
BUFBAS
S C H S T A
SENBYT
DATA
PRTNUM
CURRENT
NOT USED
RESERVED

R O M  s t a t u s  b y t e
RAM s Eatus byte
P r o g r a n  c o u n t e i  L o  b y t e
P r o g r a n  c o u n t e r  H 1  b y t e

I l  o  r . l  c r . f " s  f l . o e

C P U  s t a t u s  f l a g s
M e s  s a g e  p o i n t e r
M a t h  P a c k  v a r i a b l e s

L i f c  L o o p  u s e r  v e c t o r
L i f e  L o o p  c o l d  s t a r t  v e c t o r
V O C O L  u s e r  v e c t o r
D E M O  s t a t u s  f  l a g s
R o b o t  s t a t u s  f l a g s

N a v i g a t  i o n  s t a t u s  f  l a g s
M e  s  s a g e  p o i n t e r
SCHEDULER HIMEM
SCHEDULER LOMEM
T o S / D o S  b u f  f e  r  p o i n t e r
S C H E D U L E R  s t a t u s  f  l a g s
A c t i v e  s e n s o r  f l a g s

M e s  s  a g e  p o i n t e r

Roon lable poinrer

BAS IC
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CEAPTER 13

SYSTETI UONITOR

T h e  p r i n c i p a l  " w o r k  h o r s e "  o f  a I l  s o f t ' a r e
^ "  '  r . .  - r i "  . . - " ,  r , /  i  r a l e r r e d  t .
. c  ' r . a  r r n ^ - i r ^ , r '  r r  i c  r a . n ^ n c i h l 4  r ^ r  c r . r '  i n o

u p  t h e  r o b o t  a n d  c o n t a i n s  n u m e r o u s  u t i l i t y  r o u t i n e s

w h i c h  h a n d l e  e v e r y  b a s i c  f u n c t i o n  o n  t h e  r o b o t .

I f  y o u  r . r i s h  t o  d e v e l o p  m a c h i n e  l a n g u a g e  p r o g r a n s
f o r  G E M I N I ,  y o u  s h o u l d  b e c o m e  i n t i m a t e l y  f a m i l i a r
\ . , i r h  t h .  r a n )  ' . F f L l  s u b r o u t i n - s  i r  r h i s  p r o g r a m .
a n d  l e a r n  h o v  t o  u s e  i t s  c o n n a n d  l a n g u a g e .  T h e
m a t e r i a l  i n  t h i s  n a n u a l  o i t t  p r o v i d e  y o u  w i t h
3  B J o d  s r s r f  : n  r n i s  e f t o r r  b , t .  e v e n L ' o l l v ,
y o u  s h o u l d  s t u d y  t h e  s o u r c e  c o d e  a s  w e I l .  T h e
s o u r c e  c o d e  i s  a v a i L a b l e  f r o n  A R C T E C  S Y S T E M S .
f d b I .  .  j .  I  p r o \  i d . "  a  d .  r a i l . . d  |  . r : ^ d  o l  F . f r )
p o i n t s  f o r  s o n e  o f  t h e  n o r e  u s e f u l  r o u t i n e s ,

MOI{ITOR COI.IMAND LATIGUAGI

T h e  M o n i t o r  c o n t a i n s  a  s i m p l e ,  y e t  v e r y
p ' . u - r r u l ,  p r o g - c n  t u  a s . i s t  y o  r  w i L h  p r o g r a r
d e v e l o p n e n t  a n d  d i a g n o s i n g  p r o b l e m s  l r i t h  t h e

" ' ,  '  r h i -  "  - ,  v r / - l

v a y s .  T h e  e a s i e s t  l a y  i s  t o  s i n p L y  p r e s s  l ' u n c t i o n
K e y  5  ( o r  K e y b o a r d  K e y  5 )  r h e n  t h - .  r o b o t - s  " L i f e

1 4 " n u "  i -  o " i - C  d  " t l d y - d .  f r i  I ,  r r . "  d  
- u l  

p
t o  t h e  M o n i t o r - s  G E T C  D  r o u t i n e  a t  E 4 0 3 ,  0 f
c o u r s e ,  a  B A S I C  p r o g r a n ,  o r  a  u s e r - s  m a c h i n e
L a n g u a g e  p r o g r a m ,  c a n  a l s o  c a l l  t h i s  r o u t i n e .

c E T C U D  s e t s  u p  E h e  M o n i t o r - s  p r o n p t  ( ) )

s n d  r \ " r  '  s l l s  L F - L l \  r L , L 1 8 \  r o  g - r  -  u r r a n J
l  i n e  i n t o  t h e  I  i n e  b u f f € r  f r o m  t h e  c u r r e n t  i n p u t
d e v i c e .  G E T C M D  t h e n  t r a n s f e r . s  c o n t r o l  t o  D o C M D
( E E 7 5 )  t o  h a n d l e  e x e c u t i o n  o f  t h e  c o m m a n d .  D O C M D
i s  a n  a l t e r n a t e  e n t r y  p o i n t  a v a i l a b l e  t o  y o u .

'  '  l -ne bJI Ier  onl - in
t h e  c o n m a n d  t o  b e  e x e c u t e d  p r i o r  t o  i t s  c a l l .
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I ' l o n i t o r  c o n n a n d s  c a n  b e  d i v i d e d  i n t o  t h r e e
g r o u p s .  T h e r e  a r e  s 1 n g 1 e  l € t t e r  c h a r a c t e r  c o m a n d s ,
s i n g l e  a d d r e s s  c o r n n a n d s ,  a n d  m u l t i p l e  a d d r e s s
c o m n a n d s ,  T a b l e  1 3 . 2  e x p l a i n s  t h e  u s e  o f  t h e s e

T h e  M o n i t o r  d o e s  n o t  c o n t a i n  S T E P  o r  T R A C E
c a p a b i l i t i e s .  I n  o r d e r  t o  d e b u g  n a c h i n e  I a n g o a g e
p r o g r a m s ,  y o u  s h o u l d  i n s e r t  B R E A K  ( $ 0 0 )  o p c o d e s
a t  t r o u b L e s o m e  p o i n t s  i n  y o u r  p r o g r a n .  I t h e n
t h e  C P U  e n c o u n t e r s  a  b r e a k  o p c o d e ,  t h e  M o n i t o r
\ r i l i  d i s p l a y  t h e  a d d r e s s  a t  w h i c h  t h e  b r e a k  o c c u r r e d ,
a n d  t h e  c u r r e n t  c o n t e n t s  o f  t h e  C P U  r e g i s t e r s

P C

$xxxx zz

X

zz zz ZZ ZZ

l / h e r e  P C  i s  t h e  P r o g r a m  C o u n t e r ,  A  i s  t h e
a c c u n u l a t o r ;  X  i s  t h e  x - r e g i s t e r ;  Y  i s  t h e  y - r e g i s t e r i
P  i s  t h e  p r o c e s s o r  s t a t u s  r e g i s t e r ,  a n d  S  1 s
t h e  s t a c k  p o i n c e r .

Y o u  n a y  t h e n  u s e  t h e  M o n i t o r  c o m m a n d s  t o
e x a m i n e  m e m o r y  L o c a t i o n s  a s  \ r e l I .  T h i s  n e t h o d
o f  d e b u g g i n g  p r o g r a m s  i s  v e r y  e f f i c i e n t  a n d  a l l o v s
t i n e  c r i t i c a l  r o o t i n e s  ( w h i c h  m u s t  b e  r u n  a t
n o r m a l  s p e e d  t o  p r e v e n t  d a m a g e  t o  t h e  r o b o t )
t o  e x e c u t  e  n o r m a l l y .
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TABLE 13. I

S(XE TISEFTIL I|()I{ITOR SUBROUTI}IES

MNTRO

8403 CETCMD

8400

E 4 0 6

E 4 0 9

RET INT

MEMMOV

ADDRESS NAME DESCRIPTION

W a r n / c o t d  s t a r t  n o n i t o r
I f  C o L D A D  ( $ 2 4 )  c o n t a i n s
$ 5 A  t h e n  \ r a r m  s t a r t ;  e l s e

C e t  a  n o n i t o r  c o n n a n d ;  g e t
a comnand l ine fron cur-
rent input device and try
t o  e x e c u t e  i t .

R e  c u r n  f l o m  i n t e r r u p t  -
R e s t o r e  A ,  X  a n d  Y  r e g i s -
ters and perform RTL

M o v e  a  b l o c k  o f  n e n o r y .
M o v e  r a n g e  o f  n e m o r y  s t a r t -

a n d  e n d i n g  a t  c o n t e n t s  g 4 l ,
4 2  t o  l o c a t i o n  s t a r t i n g  a t
c o n t e n t  s  o f  $ 3 F , 4 0 ,

T e s t  n o n i t o r  a n d  b a n k  r o m s .
P e r f o r m  c h e c k s  o n  c a l c u l a t i o n
on nonitor rons and roms in
B A N K S  l - 7 .  S e t  b i r s  i n  $ 4 5
( o = n o n i t o r j  l = B A N K  I  ,  e t c .  )

C l e a r  L C D  d i s p l a y  a n d  R A M
i m a g e .  F i I I  L C D  d i s p l a y  R A U
and RAM display image \r i th
$ 2 0 .

c l e a r  t h e  i i n e  b u f f e r ,
F i 1 1  $ 0 2 0 0 - 0 2 F F  v / i t h  5 2 0  a n d
i n i t  i a  l i z e  B U F C N T  ( S 2 0 )  t o
0 .

E 4 0 C

E 4 O F

RO}1CHK

C L D I  S P

E 4 t 5 CLRBUF
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E 4 l 8 GETLIN

RDCHAR

E 4 I  B OUTCHR

c e t  a  l i n e  f r o m  c u r r e n t  i n p u t
d e v i c e .  C  L e a r  l i n e  b u f f e r ;
s e n d  p r o n p a  t o  c u r r e n t  o u t p u t
d e v i c e ;  g e t  c h a r : a c t e r s  f r . o n
c u ! r e n t  i n p u t  d e v i c e  a n d
r e t u r n  o n  r e c e i p t  o f  a
c a r r i a g e  r e t u r n .

O u t p u  t  c h a r a c  t  e r  i  A S C I I
c h a r a c  t e  r  i n  a c c u n u l a t o r  i s
s e n t  t o  c u r r e n t  o u t p u t  d e v i c e .
R o u t  i n e  v e c t o r s  o u t p u t  t h r o u g h
c H R o U r  (  $  1 c , 1 D  )  n o r m a l l y  s e t
t O  L C D O U T .

c e t  a  c h a r a c t e r  f r o n  c u r r e n t
i n p u t  o . v i c "  i n  , h p  a , ,  , r r l r r . r .
R o L r  t  r n e  v € c t o r s  i n p u t  r h r o u g h
C H A R I N  ( S l E , l F )  n o r n a l l y  s e t
to RDKEY.

P o l l  c u r r e n t  i n p u t  d e v  i c  e .
C e t  a n  A S C I I  c h a r a c t e r  i n
t h e  a c c u m u l a t o r ,  i f  a n y .
0 t h e r l r i s e ,  r e  t u r n  v i t h  $ 0 0
i n  a c c u m u l a t o r .

O p e n  L o g i c a l  s e r  i a  1  p o r t .
P o r t  n u m b e r  (  1 - 6 )  m u s t  b e
r n  a c c  u m u  I a t  o r .

S e n d  a  c h a r a c t e r  t o  o p e n
s e r i a l  p o r t .  C h a r a c t e r  t o
s e n d  i s  i n  t h e  a c c u m u l a t o r .
A c c u n u  L a t o r  i s  n o t  d e s t r o y e d .
R o u t i n e  w i l i  n o t  r e t u r n  i f
r e c e i v e r  - s  

c l e a r  t o  s e n d ;
d o e s n ' t  g o  L  o l r .

O p e n  t h e  d u a l  p a r a l l e l  c o m n u n -
i c a t i o n s  p o r t .

S e n d  a  c h a r a c t e r  t o  t h e  d u a L
p a r a l  l e l  p o r t ,  C h a r a c t e r  t o
s e n d  i s  1 n  a c c u n u l a t o r .  R o u t i n e
w i l l  n o t  r e t u r n  i f  c h a r a c t e r
i s  n o t  t a k e n .

E42 L

E421

E 4 2 0

]NCHAR

OPENP

OUTCH

E43 0

E433

INTAPL

SNDClIR

1 1 0



8436 RECCHR Get a character fron rhe duat
p a r a  I  l e  I  p o r r .  C h a r a c t e r
r e r u r n e d  i n  a c c u n u l  a t o r .  R o u t i n e
w i l l  n o r  r e r u r n  i f  c h a r a c t e r
i s  n o t  r e c e i v € d ,

E439 GETFNC Get the funct ion key. Returns
I ' i t h  z e r o  i n  a c c u m u i a t o r  i f
n o  k e y  p r e s s e d ,  o r  0 t - 0 5  i f
a  k e y  r s  p r e s s e d .  A l s o  s o u n d s
b e  l t  o n  k e y  p r e s s .

E43C GETIISG Get a message from catalog;
unpack and put in message
b u f f e r  a r  9 0 3 0 0 .

E43F MSGXMT Send nessage to VIOS and/or
c u r r e n r  o u t p u t  d e v r c e .  M e s s a S e
i n  n e s s a g e  b u f f e r .  B i t  f l a g s
i n  D E M s r  ( $ 7 3 )  a r e  u s e d  r o
d e t e r n i n e  t y p e  o f  d i s p l a y
a n d  m "  s s a g e  r o L r  i n g .

8442 SETCLK Set the RTC fron memory, BCD
t i n e  d a r a  s t o r e d  i n  9 2 5 - 2 9
(  s  e c s  / m i n s / h r s / d a y s  / n o s  )  .

E445 GETCLK Put the r ine fron RTc into
n e n o r y .  B C D  r i m e  d a t a  s t o r e d
1 n  9 2 5 _ 2 9 .

E448 SETALM Set the RTC alarn fron nenory.
B C D  t i n e  d a t a  s t o r e d  i n  9 2 5 -
2 7  (  s e c  s / n i n s  / h r s  ) .

E44B ALMOFF Turn off  RTC alarm.
E44E PRNTAX Send contenrs of accunulator

a n d  x - r e g i  s  r e r  t o  c u r r e n t
o u t p u t  d e v i  c p .

E 4 5 l  H E X O U T  S e n d  c o n t e n t s  o f  a c c u n u l a t o r
t o  c u r r e n t  o u r p u t  d e v i c e .

E454 ASCHEX Convert  ASCrr
a c  c u m !  t a t o r  a n d  X  r e A i s t e r
t o  h e x i d e c i n a l .

E451 HEXASC Convert  to hexidecinal nibble
r n  a c c u n l a t o r  t o  A S C I I .
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E 4 6 F  I N I T H D  I n i t i a l i z e  t h e  h e a d  s t . p p e r
m o r o r  ( s e e  H P a d  S t e p p e r
Rout ines )  .

E 1 7 2  L F T H D S  F i n d  L h e  I e f L  h e a d  s t e p  ( s e e

H e a d  S t e p p e r  R o u t r n e s ) .
E L 7 \  S T P O F F  T u r n  o f f  a i l  s t e p p e r  m o ( o r

l ' indinss (  see Head Stepper
R o u t i n e s  ) .

] i 4 l 8  O N E S T P  T u r n  n e a d  o n e  c ( e p  / 5 p p  H e a d
S t e p p e r  R o u t i n e s ) .

E 4 7 R  P O S H D  M o v e  s t e p p e r  m o t o r  t o  p o s i t l o n
i n  A - r e g i s t e  r  ( s e e  H e a d
S t e p P e r  R o u t l n e s ) .

E 4 1 E  T U R N H D  T u r n  h e a d  1 . 5  d e g r e s s  ( s e e
Head Stepper Rout r .nes )  .

E 4 8 l  A D C O N V  C o n v e r t  v o l t a g e  o n  c h a n n e L
i n  y -  r e g i  s t e r  t o  h e x i d e c i n a l .

. 4 8 4  R D R A N G  R a a d  r a n g a  o n  s o n a r  i r  x -
r e g i s  t e r  ( s e e  S o n a r  R o u t i n e s ) .

E 4 8 7  E N B S N R  E n d b l e  s o n a r  i n  \ - r p g i s t p r
(  s e e  S o n a r  R o u t i n e s  ) .

E 4 8 A  D I S O N R  D i s a b l e  s o n a r s  ( s e e  S o n a r
R o u t i n e s ) .

E480 CETRNG Get range on enabled sonar
(  s e e  S o n a r  R o u t r n e s ) .

E490 AVGRNG Cet average range on €nabLed
s o n a r  ( s e e  S o n a r  R o u t i n e s ) .

I  K U U  |  5 4 n o  a  c a r r l a g F
c u r r e n t  o u t  p u t  d e v i c e .

E496 SETTIM Set the RTC.
E499 GETTIM Get t ine fron RTC.
L , 4 c C  S P C o L I  f l o v e  L u r s o r  r i g h '  n u m b " r  o r

s  p a c e  s  i n  )  . r p g i  s '  F r .
E 4 9 F  T A B O U T  T a b  t o  c o l u n n  2 0  o f  L C D  d i s p t a y .
E4A2 coMDAT Send conmand to LCD control lers.
E 4 A 5  C I T R D A T  S e n d  c h a r a c t e r  t o  L C D  c o n t r o l l € r s .
E 4 A 8  B T T H A F  l , ] a l t  o n e - h a 1 f  a  s e r i a l  b i t

t  i n e .
E4AB BITWAT \, la i l  one ser ial  bi t  l ine.
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E4AX
E4B8
E4C2

E4CA

E4D6

E4EO

E4E8

E4F2

E4FA

E 5OF

E524

E52E

E5 36

E540

E548

E552

E55A

E5AI

E5BC

SAVALL
GATALL
SNDSER

RCVSER

PRCOUT

PRCIN

VIOSOT

V I O S I N

RFMOUT

RFMIN

EXTOUT

EXTIN

E)(PIOT

EXI IN

EXP2OT

E X P 2 I N

BANKSI'

SWBANK

SAVBNK

S a v e  a l I  C P U  r e g  i s  t e r s ,
G € t  a l l  s a v e d  C P U  r e g i s t e r s .
Send character in accumulator

t o  s e r i a l  p o r t .
Receive charac ter in accumu-

l a t o r  f r o m  s e r i a l  p o r t .
Send character in accumulator

to PRocoN.
Receive charac ter in accunu-

lator frorn PROCoN.
S e n d  c h a r a c t e r  i n  a c c u m u l a t o r

t O  V I O S .
R e c e i v e  c h a r a c t e r  i n  a c c u n u -

l a t o r  f r o i n  V I O S .
S e n d  c h a r a c  t e r  i n  a c c u n u l a t o r

to RF nodem.
Receive characte r  in accurnu-

Iator from RF moden,
S e n d  c h a r a c  t e r  i n  a c c u n u l a t o r

t o  e x t e r n a l  s e r i a l  p o r t ,
R e c e i v e  c h a r a c t e r s  i n  a c c u m u -

I a t o r  f r o n  e x t e r n a l  s e r i a l
p o r t .

S e n d  c h a r a c t e r  i n  a c c u n u l a t o r
t o  e x p a n s i o n  s e r i a l  p o r t  l .

Rece ive character in accumu-
l a t o r  f r o m  e x p a n s i o n  s e r i a l
p o r t  l .

Send charac ter in accunulator
t o  e x p a n s i o n  s e r i a l  p o r t  2 .

Receive charac ter in accurnu-
Iator frorn expansion ser ia I
P o r t  2 .

Run a subrout ine in another
BANK.

Juop to a Iocat ion in another
BANK.

Save a byte in BAN( 0 RAM.
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E5E5 LODBNK Cet a byte from BANK 0 RAU.
E 6 0 E  S E T L S P  S e t  C P U  d e f a u l t  c l o c k  t o  I M H Z .
E 6 l 8  S E T H S P  S e t  C P U  d e f a u l t  c l o c k  t o  2 M H Z .
8 6 2 2  L o S P D  S e t  C P U  c l o c k  t o  I M I I Z  t e n p o r a r i l y .
E62A HISPD Set CPU clock to 2I '1EZ tenporar i ly.
A632 RISMSP Resume default  CPU clock speed.
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TADLE 13.2

ItoltrToR c00tAnD sul,[,fARY

SINGLE LETTER CO}.IMANDS

COMMAND FUNCTION

T Send the cur:rent t ine fron the RTC
t o  t h e  c u r r e n t  o u t P u t  d e v l c e .

S Send t ine entry format to current
output device and get t ine fron
current input device.

X  E n t e r  t h e  D u a l  P a r a l l e l  D a t a
Trans fer Program.

C  E n t e r  t h e  R S 2 3 2 C  S e r i a l  D a t a
Trans fer P!ograrn.

P  S e n d  o u t p u L  t o  p r i n l e r  p o r t .
E Enter the Living Mode Operat ing

S Y s  t e n .
U  E n t e !  a  U s e r  P r o g r a r n  v h o s e  s t a r t i n S

a d d r e s s  i s  s t o r e d  i n  $ 2 2 , 2 3
(USR}ION).

SINCLE ADDRXSS COMMANDS

COMMAND TUNCTION

S X x x X C  J u m p  ( C o )  t o  r h p  p r o g r a n  s t a r t i n g
at address XXXX.

S x x x x l  D i s a s s e m b t e  ( L i s t )  s i x  l i n e s  o f
6 5 C O 2  c o d e  s t a r t i n g  a t  a d d r e s s
X X X X  a n d  s e n d  r o  c u r r p n t  o u t p u t
d € v i c e .  T h e  " L "  c o r n m a n d  n a y  a l s o
b e  u s e d  a l o n e  a n d  w i l l  d i s a s s e i n b l e
c o d e  s t a r t  i n p  a i  r h e  a d d r e s s  c o n -
t a i n e d  i n  $ 3 F ' 4 0 ,  A f L e r  € x e c u t i n g
S X X x x L ,  s u b s e q u e n t  " L "  c o m n a n d s  w i l l
c o n t i n u e  t h e  d i s a s s e m b l y .

I t 6



SxXxXD send (Display) eight sequent ial  hex
c h a r a c t e r e  t o  t h e  c u r r e n t  o u r p u r
d e v i c e  s t a r L i n g  a t  a d d r e s s  X X X X .
The "D" connand may also be used
a l o n e ,  a n d  v i  I  I  s e n d  d a t €  s t a r t i n g
a t  t h e  a d d r e s s  c o n t a i n e d  i n  9 3 F , 4 0 .
After execut ing $XXl(xD, subsequent
"D" comrnands wi l l  cont inue rhe
d  i s  p l a y .

$XXX)(:YY YY YY Store the hex characters (YY)into
r n e n o r y  s t a r t i n g  a t  a d d r e s s  X X X X .
T h e  h e x  c h a r a c t e r s  n u s t  b e  s e p a r a r e d
b y  a  s p a c e ,  a n d  c a n  b e  o f  a n y  l e n g r h
u p  t o  t h e  l i m i t s  o f  t h e  l i n e  b u f f e r ,

MUI,T]PLE ADDRESS COMMANDS

COMMAND FUNCTION

S x x x x . z z z z D  s e n d  ( D i s p l a y )  t h e  H e x  c h a r a c r e r
l n  n e m o r y  r o  t h e  c u r i e n t  o u t p u t  d e v l c €
start ina at Xy'XX and ending si th ZZZZ.

< X X X X . Z Z Z Z t Y y  F i I l  r h e  m a T o r y  s r a r r i n g  a t
X X X X  a n d  e n d l n g  ' i r h  Z Z Z Z  v i t l ] .  t h e

H e x  c  h a r a c  t e r  Y Y ,
FXXXX<vtyy.ZZZZU Move the Hex characters star. t-

ing ar address Y\\Y thrn ZZZZ La
nenory s tart  ing ar XXXX.

$ X X X X < y \ \ Y  . Z Z Z Z V  V e r i f y  t h e  m e n o r y  c o n r e n t s
at YYYY thru ZZZZ \ t i rh memory con-
tents start ing at XXXX. I f  the
memory contents natch, Ehe Monitor
returns with i ts pronpt.  Menory
locat ions ehich do not match are
d i s p l a y e d  s t a r t i n g  w i t h  t h e  f i r s r
n o n - m a t  c h  l o c a t i o n  b e g i n n i n S  a r
X X X X ,  T h e  c o r r e s p o n d i n g  n e n o r y  i n
t h e  Y Y Y Y  t h r v  Z Z Z Z  r a n g e  i  s  g i v e n
i n  p a r e n t h e s i s .

1t7



BANK ACCESS UTILITIES

T h e r e  a r e  f o u r  r o u t i n e s  i n  t h e  M o n i t o r  i r h l c h
h a n d l e  j u m p s  a n d  s u b r o u t i n e  c a I I s  b e t i r e e n  b a n k s
a n d  r e t r i e v i n g / s t o r i n g  o f  d a t a  i n  t h e  B A N K  0
RAM by programs stored in BANKS l-7. These rout ines
a r e  b r i e f t y  d e s c r i b e d  i n  T a b l e  1 3 . 1 .

T o  r u n  a  s u b r o u t i n e  i n  s n o t h e r  b a n k ,  a n d
r e t u r n  t o  t h e  b a n k  f r o m  w h i c h  t h e  s u b r o u t  i n e
u a s  c a l ] e d ,  y o u  m u s t  u s e  s u b r o u t i n e  B A N K S W  ( $ E 5 5 A ) .

LDY SUBLO
LDX SUBHI
LDA BANKN
JSR BANKSW

LDY J}IPLO
LDX JMPHI
LDA BANKN
JMP SWBANK

L o w  b y t e  o f  s u b r o u t i n e  a d d r e s s
H i g h  b y t e  o f  s u b r o u t i n e  a d d r e s s
Bank nunber "N"

M o n i t o r  r o u t  i n e  a t  S E 5 5 A

A f t e r  e x e c u t i o n ,  p r o g r a n  f l o w  w i l l  r e t u r n  t o
t h e  s t a t e m e n t  f o l l o \ r i n g  t h e  J S R  B A N K S W ,  A i  L
C P U  r e g i s t e r s  a r e  d e s t r o y e d .  V a r i a b l e s  t o  b e
t r a n s f e r r e d  n u s t  b e  p u t  i n t o  R A  n e n o r y .

r o  j u n p  t o  a  P r o g r a n  i n
a  P r e s e n t  b a n k r  y o u  r n u s t  u s e
(  S E 5 A I  )  .  F o r  e x a n p l e :

a n o t h e r  b a n k  f r o m
s u b r o u t  i n e  S W B A N K

L o w  b y t e  o f  j u n p  l o c a t i o n
H i g h  b y t e  o f  j u n p  l o c a t i o n

M o n i  t o r  r o u t i n e  a t  E 5 A l

A f t e r  e x e c u t i o n '  p r o g r : m  f l o w  w i I  i  c o n E r n u e
in BANKN 3t the local ion JMPHI,JMPLO.

T o  s a v e  a  b y t e  i n  B A N K  R A M  f r o n  a n o t h e r
b a n k ,  y o u  r n u s t  u s e  s u b r o u t i n e  S A V B N K  ( $ E l 5 c ) .
F o r  e x a m p l e :
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T h e  X  a n d  Y  r e g i s t e r s  r e n a i n  i n t a c t ,  a n d
\ . -  t h e  v a l u e  f € t c h e d  i s  i n  t h e  a c c u m u l a t o r .

LDA MEMLO Low address of Bank 0 Menory
L o c a t l o n s

STA ADRPTR (939)
LDA MEMIII  Hlgh Address of Bank 0 Menory

Locat ions
STA ADRPTROI ( 93A)
LDA VALUE Value to be stored in I IEUHI,

MEMLO
JSR SAVBNK

' l h e  X ,  Y  a n d  A  r e g i s t e r s  r e m a i n  i n r a c t .

To fetch a byte in BAN( 0 RAM, you nust
u s e  s u b r o u t i n e s  L o D B N (  ( $ E 5 E 5 ) .  F o r  e x a m p l e l

LDA uEI.{LO Lov Address of Bank 0 Menory
L o c a t  t o n s

STA ADRPTR
LDA MEMHI High Address of Bank 0 Menory

Locat ions
STA ADRPTR+I
JSR LODBNK Value Ferched in Accumulator

TRACTIONAL INTEGER MATH PACK

Located in rhe uonitor f rom E645-EAIA is
a  2 4 - b i r ,  s i g n e d ,  f r a c t i o n a l * ,  i n t e g e r  n a r h  p a c k
! , ' h i c h  i s  u s e d  e x t e n s i v e l y  b y  t h e  N a v i g a t i o n  p r o g r a n ,
a n d  i s  a v a i l a b l e  f o r  y o u r  u s e .  T h i s  m a t h  p a c k
i s  r e g i s t e r - o r i e n t e d ,  a n d  h a s  o n e  3 - b y t e  a c c u m u l a t o r
( A C )  a n d  t h r e e  3 - b y t e  w o r k i n g  r e g i s r e r s  ( R C , Q C
a n d  T C ) .  T h e s €  r e g i s t e r s  a r e  l o c a t e d  i n  z e r o
page menoly in order to obtain nininun po6sibte
conputat ion t  ine.
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E a c h  r e g i s t e r  i s  s t o r e d  i n  n e n o r y  i n  r e v e r s e
order fol  lor,r ing the 65CO2 convent ion. The fract ional
p a r t  i s  i n  t h e  l o w  b y t e ;  t h e  l o r  b y t e  o f  t h e
i n t e g e r  p a r t  i s  i n  t h e  m i d d t e  b y t e ,  a n d  t h e  h i g h
b y t e  o f  t h e  i n t e g e r  p a r t  i s  i n  t h e  h i g h  b y t e .  T h e s e
r e g i s t e r s  a r e  I o c a t e d  a s  f o l  I o w s .

HEX ADDRESS

63
64
5c
5D

54
5 5
5 6
5 7
58
59

Nunbers can only range
ro  +32767  .9961 .

The sma I les t fraction
rep resen ted  i s  . 00391 .

NAME

ACL
ACU
ACH
RCL
RCM
RCH
qcL
QCM
QCH
TCL
TCM
TCH

f r o n  - 3 2 , 7 6 8 . 9 9 6 i

nunber which can b€
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* A  s i g n e d  f r a c t i o n a l  i n t e g e r  i s  r e p r e s e n t e d  a s
fo l1or. ,s :

s r g n 2
2 2

l 3
2
2 l

I I
2
l 9

l 0
2
l 8

2 2
t 7  1 6

t 2
2
20

7 6 5 r r 3 2 1 0
2 2 2 2 2 2 2 2
1 5  1 4  1 3  1 2  l l  l 0  9  8

2
0

i - t - ; i . ; 1 "
- 7 6 5 4 3 2

High Integer Byte

Low Integer Byte

Fract ional Byte

tlTICI'IT
B I T
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Many nathenat ical  operat ions can be perforned
o n  t h e  c o n t e n t s  o f  t h e s €  r e g i s t e r s ,  a n d  t h e s e
o p e r a t i o n s  a r e  l i s t e d  i n  T a b l e  1 3 . 3 ,  a l o n g  l r i t h
t h e  r o u t i n e s  i n  t h e  M o n i t o r  w h i c h  p e r f o r n  t h e
o p e r a t i o n .  A l s o ,  i t  i s  p o s s i b l e  t o  m o v e  t h e
c o n t e n t s  o f  o n e  r e g i s t e r  t o  a n o t h e r ,  t o  s t o r e
c e r t a i n  r e g i s t e r  c o n t e n t s  i n t o  n e n o r y ,  a n d  t o
l o a d  c e r t a i n  r e g i s t e r s  f r o m  m e n o r y .  A  s p e c i a l
m e m o r y  s e c t i o n  c a l 1 e d  v A R  ( 9 0 6 0 0 - 0 6 F F )  i s  s e t
a s i d e  f o r  t h e s e  v a r i a b l e s .  L o c a t i o n s  $ 0 6 0 0  t h r u
S 0 6 3 5  a r e  u s e d  b y  r h e  N a v i g a t i o n  r o u r i n e s  t o
s t o r e  c o n s t a n t s  a n d  0 6 3 6  t h r u  0 6 A 4  f o r  v a r i a b l e s .
Y o u !  p r o g r a m  s h o u l d  n o t  d e s t r o y  t h e  c o n s t a n t s
a t  0 6 0 0  t h r u  0 6 3 5 .  I f  y o u r  p r o g r a m  u s e s  t h e
Navigat ion rout ines, you should not use the var iable
I o c a t i o n s .  T h e  s p a c e  f r o n  0 6 A 5  t h r u  0 5 F F  ( 2 0
v a r i a b l e s  o r  c o n s t a n t s )  i s  f r e e .

U a t h e m a t i c a l  o p e r a t i o n s  a r e  p e ! f o r n e d  o n
t h e  c o n t e n t s  o f  t h e  A C  r e g i s t e r  a l o n e  ( u n a r y
o p e r t i o n s ) ,  o r  o n  t h e  c o n t e n r s  o f  b o t h  t h e  A C
a n d  R C  r e g i s t e r s  ( b i n a r y  o p e r a t i o n s ) .  t h e r e  a r e
t w o  e n t r y  p o i n t s  f o r  n o s t  u n a r y  o p e r a t i o n s ,  a n d
t h r e e  e n t r y  p o i n t e  f o r  n o s t  b i n a r y  o p e r a t i o n s
in each subrout ine,

I n  t h e  l o v e s t  o p e r a t i o n ,  t h e  m a t h e n a t i c a l
operat ion is performed on the AC register contents,
I n  t h e  h i g h e s t  u n a r y  o p e r a t i o n ,  t h e  c o n t e n t s
o f  V A R  s t o r a g e ,  p o i n t e d  t o  b y  t h e  Y - r e g i s r e r ,
i s  f i r s t  l o a d e d  i n t o  t h e  A C  r e g i s t e r  a n d  t h e n
t h e  i n d i c a t e d  o p e r a t i o n  i s  p e r f o r r n e d ,  I n  t h e
h i g h e s t  b i n a r y  o p e r a ! i o n ,  t h e  c o n t e n t s  o f  V A R
s t o r a g e ,  p o i n t e d  t o  b y  r h e  Y - r e g i s t e r ,  i s  I o a d e d
into the AC and the contents of VAR storage pointed
t o  b y  t h e  X - r e g i s t e r  i s  l o a d e d  i n t o  R C .  T h e n
the indicated nathenat ical  operat ion is perforf ,ed.
T h e  r e s u l t s  e r e  I e f t  i n  t h e  A C  r e e i s t e r .



F o r  e x a m p l e ,  t h e  f o l l o t  i n g  r o u t i n e  m u l t i p l i e s
t h e  v a r i a b l e  A  a n d  t h e  v a r i a b l e  B ,  w h i c h  a r e
b o t h  s t o r e d  i n  V A R  s t o r a g € ,  a n d  s t o r € s  t h e  r e s u l t
r n  c  b a c k  i n t o  v A R  s t o r a s e .

B
c

'EQ9oo
.EQ$03
.  EQ$06
LDY 7IA

LDX IIB

J S R  M U L . 2
LDY /IC

JSR STR

N u n e r i c  e q u a t e s

Y  p o i n t s  t o  A  v a r i a b l e
VAR storage

l (  p o r n t s  t o  B  v a r i a b l e
VAR storage

A C = A C * R C
Y  p o i n t s  t o  C  v a r i a b l e

VAR storaSe
S t o r e  A C

W h e n  u s i n g  t h e  n a t h  p a c k ,  k e e p  i n  n i n d  t h a t
t h e r e  i s  n o  e r r o r  c h e c k i n g  o f  o p e r a t i o n s .  Y o u
n u s t  k n o w  b e f o r e h a n d  t h a r  t h e  r e s u l t s  w i l l  n o t
o v p r t l o w  t h F  r p g i s ( e r s .  A l s o .  I n e  l C  r p g i s r e r
1 s  u s e d  b y  s o m e  r o u t i n e s  a n d  w i l l  d e s t r o y  i t s

T h e  r r  i 8  f u n . (  i o n s  u s e  d e g r e F s  f o r  r h F i r
a r g u m e n l .  P o s i t i v e ,  a n d  n e g a t i v e  a n g l e s ,  a n d
a n g l e s  g r e a t e r  t h a n  3 6 0  d e g r e e s  c a n  b e  u s e d .
F r a c t i o n a l  a n g l e s  a r e  c o n v e r t e d  t o  t h e  n e a r e s t
w h o l e  d e g r e e .  T h e  i n v e r s e  t r i g  f u n c t i o n s  h a v e
I  i n i  t e d  a c c u r a c y .

The b€st ray to learn hos to use these rout ines
i s  t o  e x p e r i r n e n t  a n d  p r a c t i c e .  T h e  r o u t i n e s
a r e  v e r y  p o w e r f u l  a n d  w o r t h  t h e  e f f o r t .  T h e  s o n a r
r o u t i n e s  s t o r e  t h e i r  r e s u l t s  d i r e c r l y  i n t o  r h e
A C  s o  t h e  d i s t a n c e s  c a n  b e  o p e r a t e d  u p o n  b y  t h e s e
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TABII 13.3

IIIIEGER UATIT PACK ROUTII{ES

E 6 9 F  C L R . A C  c l e a r  A C  ( A C  =  0 )
E 6 A 8  l N C , l  I n c r e n € n t  A C  ( A C  =  A C + l )  a f t e r

t o a d i n g  A C  ! r i t h  v a r i a b t e
d e s i g n a t e d  b y  Y - r e S i s t e r .

E6AB INC.AC Increnent AC
E 6 B 2  D E C . I  D e c r e m e n t  A C  ( A C  =  A C - I )  a f t e r

l o a d i n g  A C  \ . I i  t h  v a r i a b l e
d e  s  i g n a  t e d  b y  Y - r e g i s t e r ,

EGB5 DEC. AC Decrenent AC
E 6 c l  I N T . I  T a k e  i n t e g e r  v a l u e  o f  A c

( A c  =  I N T )  ( A C  + . 5 ) )  a f t e r
I o a d i n g  A C  w i t h  v a r i a b l e
d e  s  i g n a t e d  b y  Y - r e g i s t e r .

E6C4 INT Take integer value of AC
E 6 D 0  r N c . l  T r u n c a t e  A c  ( A c  =  I N T ) ( A C ) )

a f t e r  l o a d i n g  A C  ' i t h  v a r i a b l e
d " s i  g n a r - d  b y  y _ r p B i s L e r

8603 TNC Truncate AC
E 6 D D  A D D . 2  A d d  A C  t o  R C  ( A C  =  A C + R C )  a f t e r

I o a d  i n g  v a r i a b l e  p o i n t e d  t o
b y  Y - r e g i s t e r  i n  A C ,  a n d
v a r  i a b  I e  p o i n t e d  t o  b y
X -  r e g i s  t e r  i n  R C

E 6 E 0  A D D . I  A d d  A C  t o  R C  v a r i a b L e  p o i n t e d
t o  b y  Y - r e g i s t e r  i n  A C

E6E3 ADD Add AC to RC
E 6 F 0  S U B . 2  S u b t r a c t  R C  f r o m  A C  ( A C  =

A C - R C )  Y  v a r i a b l e  i n t o  A C ,
x  v a r  i a b  l e  i n r o  R C

s u b .  I  s a m e  F x . e p r

E6F6 SUB Sane except no fetch
E 7 0 3  S G N . I  A - R E C  =  s l G N  ( A c )  ( A = 0 0  f o r

AC=O, A=l for AC)o, A=FF
f o r  A C < o . Y  v a r i a b l e  i n t o  A c

ADDRESS NAME DESCRIPTION
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E 7 0 6  S G N  S a m e  a s  S G N . I
E7l1 CL!P.2 Compare AC vi th RC (A=00 for

AC=RCJ A=0I for AC > RC, A=FF
f o r  A C < R C )  Y  v a r i a b l e  i n t o
A C ,  X  v a r a a b l e  i n r o  R C

E T I A  C M P . I  S a n e  e x c e p t  o n l y  Y  v a r i a b l e
rnro AC

E T l D  C l l P . A C  S a n e  e x c e p t  n o  f e t c h
E 1 4 O  C H G . I  C h a n g e  s i g n  ( A C  =  - A C )  Y

v a r i a b  l e  i n t o  A C
t l / - D  C H C  S a n e  e x c e p L  n o  f P r . h
E l 4 6  A B S . I  A b s o l u t e  v a l u e  o f  A C  ( A C  =

A B s  ( A C ) )  Y  v a r i a b l e  i n t o
AC

I'749 ABS Sane except no f€tch
E 7 5 C  M U L . 2  M u l t i p l y  A C  b y  R C  ( A C  =  A C *

R c )  Y  v a r i a b l e  i n t o  A c ,
X  v a r i a b l €  i n t o  R C

E l 5 P  M U L . I  S a m e  e x c e p t  o n l y  Y  v a r i a b l e
i n t o  A c

I , 1 6 2  D I V . 2  D i v i d e  A c  b y  R c  ( A C  =  A c / R c )
y  v a r i a b l e  i n t o  A C ,  X  v a r i a b l e
into RC

E T A D  D I V . I  S a n e  e x c e p t  o n l y  Y  v a r i a b l e
r n t o  A C

L / 8 0  D I V  S a m p  e x c e p L  n o  f e r .  h
E T F C  I N V . I  I N V E T t  A C  ( A C  =  T / A C )  Y

v a r i a b  l e  i o t o  A C
ETFI INV Same except no ferch
E 8 l 2  S Q R , I  S q u a r e  r o o t  o f  A C  ( A C  =  S Q R

( A c ) )  Y  v a r i a b l e  i n t o  A c
E 8 l 5  S Q R  S a n e  e x c e p t  n o  f e r c h
E 8 8 C  S r N . t  S i n e  o f  A C  ( A C  =  S ] N ( A C ) )

Y  v a r r a b l e  i n r o  A C
E 8 8 F  S I N  S a n e  e x c e p t  n o  f e t c h
E E C D  C O S . t  C o s i n e  o f  A C  ( A C  =  C O S ( A C ) )

Y  v a r i a b  I e  i n r o  A C
E 8 D 0  C O S  S a n e  e x c e p t  n o  f e t c h
8 8 0 6  T A N . I  T a n g e n t  o f  A C  ( A C = T A N ( A C ) )

Y  v a r i a b  l e  i n t o  A C
E8D9 TAN Sane except no fetch
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E 8 F 8  A S N .  L

ESFB ASN
E 9 2 C  A C S .  I

E92F ACS
E946 ATN.I

E949 ATN
E99O LET.2

E9AI TMA

E9BI TMR

E9BF STR

E9CB TAR
E9D5 TAT
E9DF TAQ
E9E9 TTA
E9F3 TTR
E9FD TQA
EAOT TQR
EAl I  TRA

A r c s i n e  o f  A C  ( A C  =  A S N ( A C )  )
Y  v a r i a b l e  i n t o  A C

S a m e  e x c e p t  n o  f e t c h
A r c c o s i n e  o f  A C  ( A c  =  A C S ) ( A C ) )

Y  v a r i  a b  l e  i n t o  A C
S a n e  e x c e p t  n o  f  e r c h
A r c t a n g e n t  o f  A c  ( A c  =  A T N ( A C ) )

Y  v a r i a b  l e  i n t o  A C
S a m e  e x c e p t  n o  f  e t c h
Var I  = VAR 2 Y points to VAR

l ,  X  p o i n t s  t o  V A R  2
F e t c h  A C  ( A C  =  V A R )  y  p o i n t s

F e t c h  R C  ( R C  =  v A R )  X  p o i n r s

S r o r .  A r  ( v A R  =  A ( )  \  p o i n r s

Trans fer AC to RC
T r a n s f e r  A C  t o  T C
Trans fer AC to QC
T r a n s  f e r  T C  t o  A C
Trans fer TC to RC
Trans fer QC to Ac
Trans fer QC to RC
Trans fer RC to AC

SONAR RANGING ROUTINES

T h e r e  a r e  s e v e r a l  s u b r o u t i n e s  i n  t h e  l . t o n i t o r
e h i c h  h a n d l e  g e t t i n g  r a n g e s  f r o m  a  s e l e c r e d  s o n a r .
SubroLrt  ine RDRANG (8484) enables rhe sonar indicated
b y  t h e  c o n t e n t s  o f  t h e  x - r e g ,  g e r s  t h e  r a n g e
a n d  d i s a b l e s  a l l  s o n a r s  r o  c o n s e r v e  p o v e r .  T h e
r a n g e  i n  n i c r o s e c o n d s  r o u n d - t r i p  i s  s t o r e d  i n
t h e  n a t h  p a c k s  A C  a s  f o l l o v s t

A C L = O
A C M  =  L o u  b y t e  o f  r a n g e  ( r o u n d - t r i p  t i n e )
A C n  -  H l g h  b y t e  o f  r a n g e
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l l  t a k e s  s o u n d  a p p r o x i m a t e l y  1 7 7 5  ( d e c i m a l )
u s  t o  t r a v e l  o n e  f o o t  a n d  b a c k  ( r o u n d - t r i p  t i m e ) .
T h u s ,  d i v i d i n g  A C I t , A C M  b y  r h i s  t i n e  w i l l  g i v e
t h e  r a n g e  i n  f e e t .  0 f  c o u r s e ,  i t  i s  u n n e c e s s a r y
t o  m a k e  s u c h  a  c o n v e r s i o n  s i n c e  d i s r a n c e  c a n
b e  n e a s u r e d  i n  " s o n i c "  m i c r o s e c o n d s .  T h i s  u n i t
o f  d i s t a n c e  i s  u s e d  t h r o u g h o u t  t h €  N a v i g a t i o n

S u b r o u t i n e  A V c R N G  ( $ E 4 9 0 )  r i L l  t a k e  t h e
a v e r a g e  o f  e i g h t  r a n g e s  o n  a n  e n a b l e d  s o n a r  a n d
p l a c e  t h e  r e s u l t  i n  r h e  m a t h  p a c k  A C .  y o u  m u s r
f i r s t  e n a b l e  t h e  d e s i r e d  s o n a r  t h r o u g h  a  c a l t
t o  E N B S N R  ( 8 4 8 7 )  w i t h  t h e  s o n a r  n u n b e r  i n  t h e
X - r e g i s t e r .  T o  c o n s e r v e  p o o e r ,  y o u  s h o u t d  c a l l
D I S o N R  ( 5 E 4 8 A )  a f t e r r a r d s  t o  d i s a b l e  a 1 l  s o n a r s .

HEAD STEPPER ROUTINES

T h e r e  a ! e  s e v e r a l  r o u r i n e s  i n  t h e  M o n i r o r
for control l ing che head stepper notor.  In addit ion,
t h e r p  a r e  s F v F r a l  b y L e \  a n d  b i r  f l a g s  L o  s r o r -
d a t a  a n d  s t a t u s  r e l a t i v e  t o  t h i s  m a r t e r .  T h e s e
v a r i a b l e s  a r e  d e s c r i b e d  i n  T a b l e  I 3 . 4 .

Subrout ine INITHD ($846F) is used ro ini t ia l ize
t h e  h e a d  a t  t h e  l e f r  h e a d  s r o p .  T h l s  r s  r h e  c o u n t e r
c l o c k v i s e  n o s t  p o s i t i o n  o f  r h e  h e a d .  T h e  v a r i a b l e
C U R H D  i s  s e t  t o  z e r o .  P r i o r  t o  c a l l i n g  t h i s
r o u t l n e ,  t h e  h e a d  s p e e d  v a r i a b l e ,  M S P S T P  ( $ 0 5 6 7 ) ,
n u s t  b e  s e t  ( s e e  T a b l e  I 3 . 4 ) .

Subrout ine POSHD (E47B) can be used ro posit ion
t h e  h e a d  a t  a n y  p l a c e  w i t h i n  i t s  r r a v e t  r a n g e
( 9 0 0  <  C U R H D  <  s E F ) .  T h i s  r o u t i n e  e i I l  i n i t i a l i z e
t h e  h e a d ,  i f  n o t  p r e v i o u s l y  d o n e .  T o  u s e  t h i s
r o u t i n e ,  l o a d  t h e  a c c u n u l a r o r  w i t h  t h e  d e s i r e d
p o s i t i o n  a n d  t h e n  c a I I  t h e  s u b r o u t i n e .  O n  r e t u r n ,
t h e  c a r r y  $ i l 1  b e  c l e a r  u n l e s s  a  p o s i t i o n  ( g F O - 5 F F )
h a s  b e e n  o r d e r e d .
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T h e  s t e p p e r  m o t o r  t s  c a p a b l e  o f  t a k i n g  s r e p s
a s  s n a l l  a s  0 . 3 3  d e g r e e s .  S u b r o u t i n e  o N E S T p  ( 9 E 4 7 8 )
t a k e s  o n e  p h y s i c a l  s t e p  i n  t h e  d i r e c t i o n  i n d i c a t e d
b y  t h e  D I R I C  b i t .  O n  f i r s t  c a l l  t o  r h i s  r o u r i n e ,
S T E P N O  ( $ 0 5 6 9 )  s h o u l d  b e  s e t  t o  z e r o .

T h €  h e a d  p o s i t i o n  i s  d i v i d e d  i n t o  2 3 9  ( d e c i n a t )
p o s i t i o n s  w h i c h  a r e  1 . 5  d e g r e e s  ( 5  p h y s i c a l  s t e p s )
a p a r t .  T h i s  r a n g e  o f  3 5 8 . 5  d e g l e e s .
A t  p o s i t i o n  " 0 " ,  t h e  r o b o t ' s  h e a d  i s  a g a i n s r
t h e  l e f t  s t o p  f a c i n g  t o  t h e  r e a r .  A t  p o s i t i o n
7 8 ,  t h e  r o b o t  - s  h e a d  i s  c e n t e r e d  f a c i n g  f o r o a r d ,
a n d  a L  p o s i t i o n  E F ,  L h e  h e a d  i s  a r  c n e  r i g h r
s t o p  f a c i n g  t o  t h e  r e a r .  S u b r o u r i n e  T U R M D  ( $ E 4 7 E )
i s  u s e d  t o  t u r n  t h e  h e a d  o n e  l o S i c a I  s r e p  ( f i v e
p h y s i c a t  s t e p s ) .  O n  e n t r y  r o  t h i s  r o u r i n e ,  t h e
h e a d  n u s t  b e  i n i t i a l i z e d ,  h e a d  s p e e d  n u s r  b e
s e t ,  a n d  h e a d  d i r e c t i o n  m u s r  b e  s p e c i f i e d .  I n
a d d i t i o n  t o  s t e p p i n g  t h e  h e a d  f i v e  p h y s i c a l  s t e p s ,
t h e  n a v i g a t i o n a l  s e n s o r s  a r e  e n e r g i z e d  a n d  c h e c k s
n a d e  a t  e a c h  p h y s i c a l  s t e p  t o  s e e  i f  a  d o o r  e d g e
r e f l e c i o r  b e a c o n  v a s  d e t e c t e d .  S t a t u s
b i t s  B I C R E F  a n d  D O R R E F  ( s e e  T a b l e  1 2 . 7 )  a r e  s e r
a c c o r d i n g l y .
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TABLE 13.4

IiEAD STEPPER FLAGS ATD VARIABLES

LOCATION MI1E FUNCTION

$ 5 0  H D S T A T  S  t a c u s  B i t s

BIT NAME USE

0 HDINIT 0=Head not
i n i t i a l i z e d

l = H e a d  i n i t i a l i z e d
D I R E C  0 = S e t  c l o c k v i s e

h e a d  r o t a t i o n
l = S e  t  c o u n t € r -
c  l o c k w i s e
h e a d  r o t a t  r o n

B E C R E F  0 = B e a c o n
not found

I = B e a c o n  f o u n d
D O R R E F  o = D o o r  r e f l e c t o r

not found
l = D o o r  r e f l e c t o r

found
I. ISPSTP Head Stepper Speed

M S P S T P  S T O P  T O  S T O P  T I M E  ( S E C S )
0 8  t 0
0 9  I  I
o A  t 2
0 B  1 3 . 5
oc  r4 .5
o D  1 6
oE t ]
o f  l 8
t 0  1 9 . 5
l 1  2 0 . 5

50567

$0569

s05 6A

STEPNO

CURHD

L a s t  l o g  i c a l
( 0 - 3 )

( $00-EF )
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CTiAPTER 14

],IVING HODI OPERATIIIG SYSTE}T (L}'IOS)

B A N K  I  o n  t h e  R O M  E x p a n s i o n  C a r d  c o n t a i n s
a  l i f e - i m i t a t i n g  G E M I N I  r o b o t  o p e r a t i n g  s y s t e m .
A f t e r  t h e  S y s t e m  M o n i t o r  p e r f o r n s  i t s  h o u s e k e e p i n g
c h o r e s ,  p r o g r a n  c o n t r o l  i s  t u r n e d  o v e r  r o  t h i s
s u p e r v i s o r y  p r o g r a n  w h i c h  i r i l l  r e t a i n  c o n t r o l
o v e r  r h e  r o b o (  u n L  i l  a  . o I d  r e s e r  i s  p e r r o r m e d .

t h e  h e a r t  o t  r h i s  o p e r a t i n g  s y s r e m  i s  a n
e n d l e s s  p r o e r a i n  l o o p  w h i c h  c o n s t a n t l y  n o n i t o r s
a  n u n b e r  o f  s e n s o r s ,  p e r i p h e r a t s  a n d  u s e r  i n p u t
d e v i c e s .  W h e n  G E U I N I  i s  i n  t h i s  I o o p ,  a  L I F E
M E N U  i s  d l s p l a y e d  a n d  t h e  c u r s o r  n o v e s  b a c k  a n d

r , r J U L s r y  '  i  r , '  y o u  k n o w  r h e  r o b o l
i s  r e a d y  f o r  y o u  t o  u s e .  T h e  s e n s o r s  m o n i t o r e d
a n d  t h e i r  f u n c t i o n s  a r e  d e s c r i b e d  i n  T a b I e  I 4 . L
W h F n  L \ p  p r o B r d r  r e d c n e c  r h F  p n d  o f  r h , s  l o o p .
i t  i s  v e c t o r e d  b a c k  t o  t h e  b e g i n n i n g  t h r o u g h
t h e  a d d r e s s  c o n t a i n e d  i n  n e m o r y  I o c a t i o n s  S 6 D , 6 E
( U S R L I V ) .  Y o u  c a n  c h a n g e  t h e s e  I o c a t i o n s  t o
p o i n t  t o  y o u r  p r o g r a m  s o  y o u  c a n  a d d  a d d i t i o n a l
m o n i t o r i n g  f u n c t i o n s .  T h i s  v e c t o r  w i l l  b e  r e s e t
b y  L U O S  o n  a  c o L d  s t a r t  b u t  n o t  o n  a  w a r m  r e s e t .

I n  a d d i t i o n  t o  t h i s  l  i f e - l i k e  e x t e r n a L  a n d
i n t e r n a l  s y s t e n  m o n i t o r i n g  p e r f o r m e d  b y  t h e  r o b o t ,
t h e r e  i s  a  l i f e  s u s t a i n i n g  n o n i t o r i n g  f u n c t i o n
b u i l t  i n t o  t h e  r o b o t .  S h o u I d  a n y  o n e  o f  i t s
b a t t e r i e s  f a I l  b e l o w  a  c r i t i c a l  l e v e l  ( I 0 . 5  v o l r s ) ,
t h e  h a r d \ , r a r e  c i r c ! i t r y  w i l l  f o r c e  a  n o n - m a s k a b L €
i n t e r r u p t  ( N u I )  o f  t h e  n a i n  c o m p u i e r ' s  c P U .
T l  i s  u j  f . r . e  n -  ' e r / r  ,  o i r r o l  L o  a  s . L '  i  .
r o u t i n e  F h i c h  v i l l  c a u s e  E h e  r o b o t  t o  i s s u e  a
s a r n i n g  t h a t  i t  w i l l  r e t u r n  t o  i t s  c h a r g e r  i n
o n e  n i n u t e  u n l e s s  y o u  p r e s s  o n e  o f  r h e  F u n c r i o n
K e y s  o r  c o r ) : e s p o n d i n g  R e y b o a r d  k e y .  I f  y o u  d o
p r e s s  a  k e y ,  t h e  r o b o t  n i I I  n o t  r e s e t  i t s  N M I
f r i p / f 1 o p  a n d  y o u  v i l l ,  t h e r e f o r e ,  n o t  g e t  a n o t h e r
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LIFE LOOP

SENSOR/PERI -

P H E  R A L  S C A N N E D

TASLE I4.I

IO}IIToRING FTJIICTIONS

ROBOT'S ACTION TAKEN WHEN
D E V I  C E  I  S  A C T  I V E

S n o k e  D e t e c t o r

Fl rnct  ion Key

S o u n d  D e t e c t o r

S o u n d s  b e I I  u n t i l  s n o k e

A s  l n d i c a t e d  o n  L I F E  M E N U :

r  - -  Junp co DEMO Progran
2 - -  Junp to SCHEDULER

.J - -  Junp to BASIC Program
4 --  Junp to Remote Comnunl-

cat  ion s System Cornputer
Cent  ra1 Program

5  - -  L , m h  r .  c n - r ; h  M ^ n i  t s ^ ,

Connand Progran
K e y s  I  - 5  h a v e  s a n e  f u n c t i o n

a s  F u n c t  i o n  X e y s  l - 5 .
K e y s  A - U  \ r i l 1  r u n  i n d i v i d u a l

s y s t e n  c h e c k  r o u t i n e s ,
a s  l i s t e d  i n  T a b l e  1 4 . 2 .

Enters VOice Connand Language
( V O C O L )  i f  i n s  t a l  l e d  w h e n
sound leve I  A/D reading
e x c e e d s  v a t u e  c o n t a i n e d
i n  t h e  v a r l a b l e  S N D L V L
( $ 0 5 7 0 ) .

E n t e ! s  R C S  c o m p u t e r  c o i n n u n i -
cat ions software progran

Run progran entered by
SCHEDULER at designated

Report bat tery vol tage when
a n y  o n e  A / D  r e a d i n g  f a l l s
b e l o w  v a r u e  c  o n t a i n e d  i n
t h e  v a r i a b l e  B A T L V L  ( $ 0 8 0 0 )
f o r  f i v e  c o n s e c u t  i v e  n i n u t e s .

r 3 1

R C S  C a r r i e r

R e a l  - T i m e  c l o c k

B a  t t e r y  L e v e l s



q a r n i n g .  Y o u  n a y  e n d a n g e r  t h e  I i f e  o f  t h e  r o b o t ' s
b a c t e r i e s  i f  y o u  d o  t h i s ,  I f  y o ! r  d o  n o t  p r e s s
a  k e y  w i t h i n  o n e  m i n u t e ,  t h e  r o b o t  \ r i I  I  r e t u r n
t o  i t s  c h a r g e r ,  r e s e t  t h e  N y I  f l i p / f l o p  a n d  r e t u r n
t o  t h e  L i v i n g  L o o p .  Y o u  m a y  i n t e r c e p t  c h e  N M I
b y  c h a n g i n g  m e m o r y  l o c a t i o n s  $ 1 6 , 1 7  ( N M t L O C )
t o  p o i n t  t o  t h e  b e g i n n i n g  o f  y o u r  p r o g r a n .

i t h e n  y o u  f i r s t  p o w e r  u p  a  n e s  c E M t N l  r o b o r ,
o r  v h e n  y o u  h o L d  F u n c t i o n  K e y  5  d o v n  a n d  p r e s s
t h e  R E S E T  K e y  ( a  f o r c € d  c o l d  s r a r r ) ,  t h €  r o b o t
r i I L  r u n  a  s e r i e s  o f  p r o g r a n s  d e s r g n e d  t o  ! e s t
o u t  i t s  s y s t e n s .  T h e  r o b o r  d o e s  n o c  h a v e  t h e
a b i l i t i e s  t o  c h e c k  o u t  a i I  o f  i r s  s y s t e n s  b y
i t s € l f  s o  i t  v i I I  r e q u i r e  y o u r  a s s i s r a n c e  a n d
a t t e n t i o n .  T h e  s y s t e n  c h e c k s  p € r f o r m e d  d u r i n g
p o a e r  u p / c o I d  s t a r t  a r e  d e s c r i b e d  i n  T a b l e  1 4 . 2
w h i c h  a l s o  i n d i c a t € s  t h e  i n d i v i d u a l  k e y s  r o  p r e s s
t o  g e t  t h e  r o b o t  t o  p e r f o r m  t h e  c o r r e s p o n d i n g
c h € c k  f r o m  t h e  L i v i n s  L o o p .

A f t e r  t h e  s y s t e n  c h e c k s  h a v e  b e e n  p e r f o r n e d ,
t h e  r o b o t  \ r i L l  r u n  t h e  D E M o  p r o g r a m  ( p r o v i d e d

V I O S  a n d  t h e  k e y b o a r d  a r €  \ r o r k i n g ) .  l l h e n  y o u
a r e  f i n i s h e d  v i t h  t h e  D E M 0 ,  c E l . r I N I  w i l  L  a s k  i f
y o u  w i s h  t o  e n t e r  n a v i g a t i o n a l  r o o m  d a t a .  I f
s o ,  p . o g r a m  c o n i r o L  i s  r o u r e d  r o  t h e  p r o g r a m
w h i c h  h a n d l e s  t h i s  f u n c t i o n ;  o t h e r w i s e ,  t h e  r o b o t
e n t e r s  i t s  L i v i n g  L o o p .  Y o u  n a y  e n t e r  t h e  r o o n
d a L d  a t  a n y  r i n "  " i r D  \  b v  n r p s q r n g  ^ o y  R  o n
l h e  k e y b o a r d  w h i l e  r h e  r o b o t  i s  i n  i t s  L i v i n g
L o o p .
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TANLE I4.2

l,l.{0s RoBoT sYsTE}ts cmcR

KEY OPEMTION
\-

A check VIOS
B  C h e c k  B a t t e r l e s
C Check ROM'S on ROM Card
D  C h e c k  R A M  ( e x c e p t  $ C 0 0 0 - D F F F )
E  C h e c k  f o r  M a s s  S t o r a g e  D e v i c e i  b o o t

GEI' ID0S/GEMT0S i f  avai lab1e
F Check Keyboard
G  C h e c k  R e a l - T i n e  C l o c k  ( o n l y  i f  K e y b o a r d

is \rorking
H Check PROCON
I Check Base Bunpers
J  C h e c k  S o n a r s
K  C h e c k  H e a d
L  C h e c k  R o o m  B e a c o n  D e t e c t o r  ( o n L y  i f

h e a d  i s  w o r k i n g  )

\  M  C h e c k  D o o r  E d g e  R e f l e c t o r  D € t e c t o r
-  ( o n l y  i f  h e a d  i s  q o r k i n s )

N  C h e c k  M o t i o n  D e t e c t o r  ( o n l y  i f  h e a d
i s  w o r k i n g )

O *Speak Tenperature
P -rspeak Tine
Q  * S P e a k  P r e s s u r e
R  * E n r e r  R o o m  T a b l "  E n l r y  P r o g r a m
S *Enter V0C0L

*  N o t  p e r f o r m e d  d u r i n g  p o w e r  u p  o r  f o r c e d  c o l d
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COLD/WARM START VARIABLE SETTINGS

T h e r e  a r e  s o n e  v a r i a b l e s  w h i c h  a r e  s e r  o n l y
o n c e  d u r i n g  p o r e r  u p / c o l d  s t a r t .  S o n e  o f  t h e
v a r i a b l p s  r r p  c h a n g e d  b v  t n e  r o b o r  d u r i n g  i r s
l i f e .  O t h e r s  m a y  b e  c h a n g e d  b y  y o u  t o  y o u r  l i k i n g
s o  f u r t h e r  v a r m  r e s e t s  t r i l l  n o t  a f f e c t  t h e m .  T h e s e
v a r i a b i e s  a r e  g i v e n  i n  T a b l e  1 4 . 3 ,  a l o n g  ! r i r h
t h e i  r  f u n c t  i o n s .

T h e r e  a r e  a l s o  v a r i a b l e s  v , r h i c h  a r e  s e t  a f t e r
e v e r y  w a r n  r e s e t .  T h e s e  v a r i a b l e s  a r e  c r i t i c a l
t o  t h e  " L i f e "  o f  t h e  r o b o t .  T h e y  a r e  d e s c r i b e d
i n  r a b l e  1 4 . 4 .  r h e  v a r i a b l e s  l o c a t e d  i n  $ 0 6 0 0 - 0 6 3 5
a r e  F r a c t i o n a l  l n t e g e r  M a t h  P a c k  c o n s t a n r s  u s e d
b y  t h e  N a v i g a t i o n  r o u t i n e s ,  a s  d e s c r i b e d  u n d e r
S Y S T E M  M O N I T O R .  I f  y o u  u s e  M a t h  P a c k ,  y o u  s h o u l d
b e  c a r e f u l  n o t  t o  d e s t r o y  t h e s e  c o n s r a n t s  a n d
y o u  s h o u l d  n o t  u s e  t h e  R E S E R V E D  v a r i a b l e s .

JUMP TAILE ROUTINES

There are certain rout ines in the LMOS lrequent ly
u s e d  b y  o t h e r  B A N K  R o M ' s ,  i r h i c h  \ r e r e  a s s i g n e d
t o  a  J U M P  t a b l e  d u r i n g  p r o g r a m  d e v e l o p n e n t .
Y o u  n a y  u s e  t h e s e  e n t r y  p o i n r s  \ r i t h  t h e  a s s u r a n c e
t h a t  f u t u r e  p o s s i b l e  v e r s i o n s  o f  L M O S  w i I l  r e t a i n
t h e s e  e n t r y  p o i n t s ,  T h e  e n r r y  p o i n t s ,  a n d  r h e i r
r e q u i r e n e n t s  f o r  p r o p e r  r u n n i n g  o f  t h e  r o u t i n e s ,
a r e  p r o v i d e d  i n  T a b r e  1 4 . 5 .
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TABLE I4.3

POIIER.UP/COLD START VAR1ABLES

VARIABLE LOCAT1ON
NA.I{E

FUNCTION

U S R L I V  $ 6 D , 6 E  s e t  t o  b e g i n n i n g  o f
Liv ing Loop
( L V L P  .  $ C 2 B D )

U S R v o c  5 7 1 , 1 2  S e t  t o  b e g i n n i n g  o f
vocol ( sc000)

S N D L V L  5 0 5 7 0  T h r e s h o l d  A / D  s o u n d
c h a n n e t  r a a d i n C
f o r  V O C O L  a c c e s s

( $ D 0 )
BATLVL 50800 Threshold A/D battery

c h a n n e l  I  e a d  i n g s
f o r  f i r s t  L e v e l
\ r a r n i n g s  ( $ c 0 = i l . 2 5 v )
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VARIABLE
NA}TE

LIFEAD

},ISP STP

SPEED

NMILOC

T A B L E  I 4 . 4

WAR}{ START VARIABLES

LOCATION

$ 6 F , 7 0

5056 7

$057r

$ r 6 r r 7

s 1 A ,  r B

$0600-0635

$0600-0602

FUNCTION

Default  set to I1NLVLP
( S C 2 9 D )  u s e d  b y
otner programs

r o u t e  c o n t ! o l
H e a d  s  t e p p e r  s p e e d ;

d e  f a u l  t  $ 0 F
Procon Motor Speed

( A S c I I  8 )
Non-Maskable Interrupt

v e c t  o r ;  d e  f a u  I t
i s  $ 0 8 6 4 ,  A n  i m p o r t -
ant Part  of  the
N M I  s e r v r c e  r o u t i n e
i s  c o p i e d  f r o m
RoM to RAM beginning

R T C  a l a r n  i n t e r r u p t ;
d e  f a u l t  i s  $ C 2 2 E
in Ll , lOS ROM. Used
to Prov ide one
mrnu te lnterrupt
for checking SCHEDULER
g e n e r a t e d  t  a s k s

Integer I ' lath Pack
Cons tant s used
b y  N a v i g a t i o n

D i s t a n c e  f a c  t o r  u s e d
to convert  soni c
n l c r o s e c  o n 6  r a n g e s
to PROCON t rans lat  ion

CLKTRQ

VAR

D] SFAC
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DEGFAC

N . 0 . 5
N . t . t 1 8
N . 1 . 5
N . l o
N . 3 0
N . 6 3 . 4
N . 7 5
N . 9 0
N . 1 8 0
N . 3 6 0
CHGDST

$0603-0605

s0606-0608
$o609-0608
s060F-061 I
$060F-0611
$ 0 6 r 2 - 0 6 1 4
9 0 6 r 5 - 0 6 1 7
90618-061A
$06  tB -061D
9061E-0620
s 0 6 2 r - 0 6 2 3
$0624-0626

D e g r e e  f a c t o r  u s e d
t o  c o n v e r t  d e g r e e
c orninands to PROCON
rotat ron comrnands

T h e  c o n s t a n t  0 . 5

t 0
30
63 ,4
7 5
90
180
360

D i s t a n c e  f r o m  h e a d
s o n a r  t o  w a I  I  w h e n
a t  c h a r g e  r  + 0 , 5
f t .  (  i n  s o n i c
n i c ! o s e c o n d s  )

The c onstant i  FT
( i n  s o n i c  r n i c r o s e c o n d s )

The c onst ant 2 FT
( i n  s o n i c  m i c r o s e c o n d s )

The c onstant 4 FT
( i n  s o n i c  n i c r o s e c o n d s )

N ' , m h p r . f , l - . r . . "

N a v i g a t  i o n  v a r i a b l e

N . l F T

N . 2 F T

N . 4 F T

NDPR

RESER\/�ED

$0621-O629

5062A-  062C

$062D-062F

$06  30 -063  3

$0634-06A4
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TABII I4,5

LI,{OS JTN{P TABLE ROUTINES

c000 I N ] T O

c003 JMP ( LIFEAD,)

c006 CHK. BATS

HEX]DECIMAL
ENTRY

ADDRESS ROUTINE MME
USE & ENTRY
REQUIREMENTS

Co Id/warrn start  LMOS.
C o I d  s t a r t  i f  b i t
0  o f  R o S T A T  ( $ 7 4 )

Indirect JU1"IP through
5 6 F , 6 E .  N o r m a l l y ,
t o  M N L V L P ,  r h e  c o l d
e n t r y  i n t o  t h e  L i v i n g
L o o p .

Speak and output
( o n  L c D )  t h e  v o l t a s e s
o f  t b e  t h r e e  b a t t e r i e s .
Vlos rnus t  be enabled
a n d  i n  T e x t - t o - S p e e c h
Mode on entry.

Enter DEMO Progran. V10S
enabl€d and in Text-
t o -  S p e e c h  M o d e ,

S p e a k  a n d  o u t p u t
(on LcD) f ive randonty
generated Poens. vlos
enabled and in Text -

t o - S p e e c h  M o d e .
Speak and outpu t

( o n  L c D )  f i v e  r a n d o n r y
g e n e r a t e d  s e n t e n c e s .
VIOS enabled and
i n  T p v f - F ^ - q n p p . h

M o d e .
Enable PRoCoN
Disab Ie PRoCoN
E n a b I e  V I O S
D i s a b  l e  v I O S

c009

c00c

DEMO

POEMS5

c00F STRYS5

c 0 I 2
c 0 l 5
c 0 t 8
c0tB

ENPROC
DSPROC
ENVl0S
DSVIOS
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C O I E

c02 l

c024

coz1

DO. T]UE

TEMPERATURE

BAROMETER

DETECT. SMOKE

Speak current t  ime
and sound gong. VIOS
enabl ed and in Text-
to- Speech Uod€.

Speak and output

i n  d e g r e e s  c .  V I O S
enab led and in Text-
t o - S p e e c h  M o d e .

Speak and out put
(on LCD) the Barometr ic
P r e s s u r e  i n  m i l l i b a r s .
VIOS enab led and

M o d e .
Check for snoke. S}IKFLG

(  9 0 E l A ) = 0 0  i f  s n o k e ;

d e t e c  t o r  n u s t  b e
e n a b l e d  ( B i t  6  o f
$ E 0 6 0  s e t  )  .

Same as POEMS5 except
only one poen.

Sane as STRYS5 except
o n l y  o n e  s e n t e n c e ,

C O 2 A

C O 2 D

SPEAK.A.POEI' I

SPEAK.A. SENTf,NCE
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CEAPfiR 15

SCIIEDT'LER

B A N K  2  R o M  c o n t a i n s  a  v e r y  p o w e r f u  I  a n d
e x t r e m e l y  e a s y  t o  u s e  p r o g r a m  f o r  e n t e r i n g  a
s c h e d u l e  o f  a c t i v i t i e s  f o r  t h e  r o b o E  t o  p e r f o r n
a t  f u t u r e  t i n e s  i n  p r e s c r i b e d  I o c a t i o n s .  T h e
p r o g r a n  i s  n e n u  d r i v e n ,  a n d  c o n l a i n s  t w o  p r i n c i p a l
s e  l e c  t  i o n  m e n u s .

T h e  f i r s t  m e n u  p r o v i d e s  o p E i o n s  t o :  ( l )
a d d  a  s '  n F d J l F ;  ( 2 )  I r s t  a n d  d e l e f e  p n r r i a s :
( 3 )  a d d  B S R  n o d u l e  n a m e s ;  ( 4 )  I i s t  a n d  d e l e t e
r o d J . F  n a m F s ;  r 5 )  a d d  r o o r  n a n e " :  1 b )  l i s t  " n a
d e L e t e  r o o m  n a m e s ,  a n d  ( 7 )  e x i t  ( t o  t h e  L i v i n g
L o o p ) .  T h F  s e c o n d  r e n u  p r o v i d e s  s c v F r a l  o p r i o r s
w h e n  t h e  " a d d  a  s c h e d u l e "  o p t i o n  f r o m  t h e  f i r s t
n e n u  i s  s e l e c t e d .  T h e s e  o p t i o n s  i n c  I u d e :  (  I  )
k a k "  J p  . a l l s ;  ( ' )  s e c u r : r y  m o o F  o r f i g u r a r i o n :
( J )  p o e t r y ;  r , )  s L u r i e s ;  ( ) )  s o n g s :  { 6 )  d a i l
r e m l n d e r s ;  (  7  )  B S R  m o d u L e  c o m n a n d s ;  ( 8 )  r a n d o n
o r  a u t o n o m o u s  b e h a v i o r ;  ( 9 )  s e n s o r  r e p o r t s ;  (  L 0 )
n o v e n e n t  f r o m  o n e  r o o n  t o  a n o t h e r ;  ( l l )  h o n e
( g o  c o  c h a r g e r ) '  a n d  ( 1 2 )  r u n  a  B A s I C  p r o s r a n .

There are tso pr incipal parts to the SCHEDULER
a n d  e a c h  h a s  i t s  o v n  e n t r y  p o i n t  t h a t  i s  u s e d
b y  L M O S .  T h e  f i r s t  p a r t  p r o v i d e s  t h e  n e n u  d r i v e n
d a t a  e n t r y  c a p a b i l i t i e s  j u s t  d e s c r i b e d .  T h e
" . c o n d  p a r l  p r o v i d e s  t h e  m e a n s  o f  e x P ^ r r i n g  l h .
d a t a  f i l e s  c r e a t e d  b y  t h e  f i r s t  p a r t .  L M O S  e n t e r s
t h e  f i r s t  p a r t  ( S C I t E D L O  -  $ C 0 0 0 )  w h e n  y o !  p u s h
Key 2. r t  enrers rhe second part  (T]I{ED.TASK,IIANDLER
-  $ c 0 0 3 )  e v e r y  n i n u t e  t o  d e t e r n i n e  i  f  t h e r e  i s
a  s c h e d u l e  t a s k  t o  b e  e x e c u t e d ,

t , ,  ' r o  f  i . < t  ^ . t r  ^ r

r h e  p r o g r d m  a r F  b u i i t  d o u n w a r d  i n  r e m o r y .  - L a r  r  i n g
a t  t h e  a d d r e s s  c o n t a i n e d  i n  l o c a t  i o n s  $ 7 9 , 7 A
( S C H L H M ) ,  A s  d a t a  f i l e s  a r e  e n t e r e d ,  S C H L H M
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r s  a p p r o p r i a t e l y  d e c r e n e n t e d .  S h o u l d  S C H L H M
r e a c h  S C H L L M  ( $ 7 B , 7 C )  '  a n  O U T  O F  u E } l O R Y  v a . n i n g
r i t l  b e  i s s u e d .

T h e r e  i s  a  J U U P  t a b l e  a t  t h e  b e g i n n i n g  o f
t h F  R O M  w h i c h  p r o v i d e s  a c L e s s  c o  c e '  r a i n  r o u r  i n e s
o h i c h  n a y  b e  u s e f u l  t o  y o u .  T h e  e n t r y  a d d r e s s ,
n a m e ,  a n d  e n t r y  r e q u i r e n e n t s  o f  t h e s e  ! o u t i n e s
a r e  g i v e n  i n  T a b l e  1 5 . 1 .

T h e  S C H T D U L L R  n d k e 5 . x t e n s i v e  r s e  o f  r h e
b a n k  s w i t c h i n g  r o u t i n e s  c o n t a i n e d  i n  t h e  S y s t e n
M o n i t o r ,  s i n c e  i t  b u i l d s  i t s  d a t a  f i l e s  ( i n  a
5 6 K  R A M  v e r s i o n )  s t a r t i n g  i n  R A M  w h i c h  o c c u p i € s
i t s  s  a r n e  a d d r e s s  s p a c e .  Y o u  w i I I  f i n d  n a n y  i n t e r -
e s t i n g  a n d  e d u c a t i o n a t  s u b r o u t i n e s  i n  t h i s  p r o g r a n
f r o m  a  s t u d y  o f  t h e  S o u r c e  C o d e  a v a i l a b l e  f r o n
ARCTEC SYSTEMS.

TABLE I5.]

ENTRY
ADDRESS

SCIiEDULER JT}'P

ROUTING NA}}{E

TA3I,E ROUTINES

USE & ENTRY REQU]REMENIS

M a i n  e r t r y  p o i n t  t o
the build file subprograr.
N o  e n t r y  r e q u i r e m e n t s .

s u b p r o g r a m  w h  i c h
e x e c u  t e  s  d a t a  f  i l e s .
N o  e n t r y  r e q u i r - . n e n t s .

Speak a mes sage pornted
t o  b y  c o n c e n t  s  o f
M S G N U M  (  5 7 7 , J 8 ) .
N o  e n t r y  r e q u i r e n e n t s .

G e n e r a  t e ,  s p e a k  a n d
o r s p r a y  o n  L L D  r r v e

e n t r y  r e q u i r e n e n t s .

c000

c003

SCHDLO

TI} lED. TASK.
H A N D  L E  R

sP(MSCc006

c009 DOPOET

1 4 I



C 0 0 C  D O . S N G  P l a y  t h e  s o n g  g i v e n
b y  t h e  n u m b e r  i n
T E M P  (  5 0 8 8 0 ) .

TEMP SONG
O STAR SPANCLED BANNER
I HAPPY BIRTHDAY
2 HAPPY ANNIVERSARY
3 J]NGLE BILLS
4 EASTER PARADX
5 AULD LANG SYNE
6 h'IIEN IRISH EYES ARE SMII,ING
7 STAR WARS
8 ROBOTS ARE A MAN'S BEST FRIEND
9 HUSIC BOX DANCER

IO THE ENTERTAINER
I t  D A I S Y ,  D A r S Y
12 MINDROPS KEEP FALLING ON

MY IIEAD
13 HAVAH NAGI],AH
14 O CANADA

C 0 0 F  D O S T O R  G e n e r a t e ,  s p e a k  a n d  d i s p l a y
o n  L C D  '  f i v e  r a n d o n
s p a c e  t r a v e l  r e l a t e d
s e n t e n c e s .
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CEAPTER

IIAVIGATIOI{

l 6

SYSTEX

BANK 4 ROM contains a set of  prograns, beginning
a t  9 C 5 B 0  ( p a r t  o f  t h e  B A S I C  i n t € r p r e r e r  a l s o
o c c u p i e s  t h i s  R O  ) ,  r h i c h  y o u  $ i l l  p r o b a b l y  f i n d
t o  b e  t h e  m o s t  i n t e r e s t i n g  p a r t  o f  c E } l I N I .  T h e y
w e r e  t h e  n o s t  d i f f i c u l t  r o u t i n e s  t o  r r i t e  a n d
r e q u i r e d  c o n s i d e r a b l e  e x p e r i n e n t a t i o n  a n d  e f  f o r t
t o  d e v e l o D  t h e m  t o  t h e i r  D r e s e n t  s t a t e .

T h e r e  a r e  t s o  n a j o r  p r o g r a r n s  r h i c h  m a k e
u p  t h e  N a v i g a t i o n  S y s t e n  r o u t i n e s .  T h e  f i r s t
r o u t i n e ,  c a l l e d  l ' 1 0 v 8 .  r o .  R l . t N  ( $ c 5 B F ) ,  w i l l  n o v e
t h e  r o b o t  f r o m  i t s  c u r r e n t  r o o m  ( C U R R l , t - $ 0 9 9 7 )
to the desired roon (DESRl, l -$0999) using rhe shortest
p a t h  (  I e a s t  n u n b e r  o f  d o o r s )  f o u n d  f r o r n  a  s e a r c h
o f  t h e  r o o m ' s  n a v i g a t i o n  d a t a  c o n t a i n e d  i n  R M T B L S
(  $ 0 7 0 0 - 0 7 c 3 ) .  T h i s  p r o g r a n  c a l l s  n u m b e r o u s  s u b -
r o u l i n e s  s h i c h  v i I I  b e  d e s c r i b e d  b e r o e .

T h e  s e c o n d  m a J o r  p r o g r a r n  i n  t h e  N a v i g a t i o n
S y s t e m  s o f t w a r e  i s  c a l l e d  H O M I  ( $ C 5 B 3 ) .  T h i s
r o u  t  1 n e  f i r s t  d e t e r m i n e s  I ' h i c h  r o o m  t h e  r o b o t
i s  i n  ( s e t s  C U R R M )  a n d ,  k n o v i n g  t h a t  D E S R M  =
0 l ,  c a l l s  } I O V E . T O . R M N  t o  g e t  i t  t h e r e .  r t  r h e n
p r o c e e d s  t o  c a l t  s e v e r a l  r o u t i n e s  r e q u i r e d  t o
d o c k  t h e  r o b o t  t o  i t s  c h a r g e r .

ROOT.I TABLE DA1A FORXAT

B e f o r e  t h e s e  r o u L i n F s  c a n  f u n c r i o n ,  i r  i s
necessary to have al l  hardware (Door Edge Reflectors
a n d  R o o m  B e a c o n s  )  i n s t a l t e d ,  a n d  d a t a  c o n c e r n i n g
t h e  l a y o u t  o f  t h e  h o m e  o r  o f f i c e  i n  t h e  r o o m
l € b  L e s .  T h e  f o r n a L  l o r  L h i s  o a r a  i  s  g i v e n  i n
T a b l e  1 6 . I .  N o t e  t h a t  t h e r e  a r e  u n u s e d  b i t s
f o r  a d d i t i o n a l  i n f o r m a t i o n ,  s h o u l d  y o u  d e s i r e
t o  e x p e r i m e n t  i ' i t h  t h e s e  r o u r i n e s .  A  r o u t i n e
i n  L M O S  p r o v i d e s  a n  e a s y  v a y  t o  e n t e r  t h i s  d a r a .
A s  y o u  g a i n  e x p e r i e n c e  r i t h  C E M I N I ,  y o u  n a y  w i s h
t o  e n t e r  t h i s  d a t a  d i r e c t l y  i n t o  n e n o r y  f r o n
t h €  n o n i  t o r .  V 3



TABLE 16.I

ROOI{ TABI,E DATA FORXAT ($O7OO.O7C3)

BYTE MEANTNG

0  L o  b y t e  o f  a d d r e s s  o f  n e x t  t a b l e  e n t r y ,
I  H i  b y t e  o f  a d d r e s s  o f  n e x t  t a b l e  e n t r y .
2 Beacon code /room/ ha I  lway number (and

o r h e r  i n f o r n a t  i o n  a s  f o l t o w s ) :

B]T

7  |  =  A I I  r e f l e c t o r s  c a n  b e  s e e n
fron near beacon

0  =  A I I  r e f l e c t o r s  c a n  b e  s e € n
frorn room center

6 I  = "ha1lway' ,

0 = I 'normal" roorn
5 Unused
4 Unused

0 - 3  H e x  r o o m  b e a c o n  c o d e  l - F
( l  = charser Room)

\ 3 Nunt€! of  doors in this roon.
4  W i d t h  o f  d o o r  # l  i n  s o n i c  u s  c l o c k w i s e

a r o u n d  r o o n  f a c i n g  b e a c o n  ( i n  i n c h e s )
5 Beacon code of room on othe! side of

t h i s  d o o r  a n d  r e f l e c t o r  l o c a t i o n s .

BIT USE

7  |  =  R e f l e c t o r  o n  r i g h t  s i d e  o f
door

0  =  R e f l e c t o r  o n  l e f t  s i d e  o f
door

4-6 Unused
0-3 Hex roorn beacon code

6 Same as Byte 4 for Door #2
7 Saroe as Byte 5 fo!  Door /12

NCIm: Last entry in table rnust be designated
l r i t h  0 0  b y t e s  f o r  B y t e s  0  a n d  I  ( a d d r e s s
o f  n e x t  t a b l e  e n t r y ) .
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S u r f a c e s  v a r y  f r o n  r o o n  t o  r o o n  i n  a  t y p i c a l
home or off ice and this affects the turning accuracy
of cnl lNt.  The navigat ion rout ines have a " learning"

n e c h a n i s n  b u i l t  i n t o  t h e n  r h i c h  c a u s e  t h e  r o b o t
t o  c o m p u t e  t h e  d e g r e e  f a c t o r  o h e n  i t  e n t e r s  a
r o o m  f o r  t h e  f i r s t  t i m e .  T h i s  i n f o r n a t i o n  i s
stored in the Degree Factor Data Tab]e at 07c4-07FF.
F o u r  b y t e s  f o r  e a c h  r o o m  a r e  a l l o t e d  a n d  p r o v i d e
t h e  f o l l o w i n g :

DECREE FACTOR DATA TABLE

USE

I  =  D e C r e e  f a c t o r  h a s  b e e n  c o m p u t e d .
0 = DeCree factor not knosn,
F r a c t i o n a l  p a r t  o l  d e g r e e  t a c t o r .
L o  b y t e  o f  d e g r e e  f a c t o r .
H i  b y t e  o f  d e g r e e  f a c t o r .

BYTE

0

I
2
3

N o t e  t h e  d e g r e e  f a c t o r  f o l l o l , s  t h e  3 - b y t e
d a t a  f o r n a t  o f  t h e  F r a c t i o n a l  I n t e g e r  M a t h  P a c k
d e s c r i b e d  i n  t h e  S y s t e r n  M o n i t o r .

PRINCIPAL OF GEMIN]-S NAVICATION SYSTE}I

A  b r i e f  e x p l a n a t i o n  o f  t h e  n a v l g a t i o n  c o n c e p t s
u s e d  o n  G E M I N I  w i r l  h e l p  y o u  b e t t e r  u n d e r s t a n d
a n d  u s e  t h e  N a v i g a t i o n a l  S y s t e n  s u b r o u t i n e s .
T h e  r o b o t ' s  h e i g h t ,  u i d t h ,  c o n i c a l  s h a p e ,  a n d
l o c a t i o n  o f  s e n s o r s  w e r e  a l I  c a r e f u l l y  d e s i g n e d ,
based on a study of a typical  hoip/off ice envirof lnent
a n d  t h e  p r i n c i p l e s  u n d e r  w h i c h  h u m a n s  n a v i g a t e .
T h e  r o b o t  u s e s  t h e  r o o m  b e a c o n s  t o  f i n d  o u t  w h a t
r o o m  i t  i s  i n  r n u c h  r i k e  r e  u s e  o u r  e y e s  a n d  p a s t
e x p e r i e n c e  t o  d o  t h e  s a m e  t h i n g .  T h e  r o b o c  u s e s
d a t a  i n  t h e  r o o r n  t a b l e s  t o  d e t e r m i n e  c o n n e c t  i v i t y
re Iat  ionships between rooms.
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D o o r  e d g e  r e f l e c  t o r s  r e r e  f o u n d  n e c e s s a r y
t o  p r a c t i c a l l y  i f t p l e m e n t  a  r e l i a b l e  n a v i g a t i o n
s y s t e n  w i t h  i n e x p e n s i v e  ( r e l a t i v e l y )  s o n a r  r a n g i n g
s y s t e r n s ,  b e c a u s e  o f  t h e  ! , ' i d e  b e a m  w i d r h  o f  t h e
s o n a r s .  I f  t h e  s o n a r  m o d u l e  i s  m o r e  t h a n  a p p r o x -
inately f ive feet away fron an open doorway 28"-30"
w i d e ,  t h e  s o n a r  r a n g e r  d a t a  c a n n o t  b e  u s e d  r o
d e t e c t  d o o r  e d g e s .  T o  g e t  a r o u n d  t h i s  p r o b l e m ,
d o o r  e d g e  r e f t e c t o r s  a r e  u s e d .  T h e s e  r € f l e c t o r s
a l s o  i n p r o v e  t h e  r o b o t ' s  n a v i g a t i o n a l  e f f i c i e n c y
b y  n a k i n g  i t  r e l a t i v e l y  e a s y  t o  c o u n t  t h e  d o o r s
i n  a  r o o m  f o r  c o n p a r i s o n  w i t h  t h e  r o o m  t a b l e
d a t a .

W h e n  t h e  r o b o t  i s  d i r e c t e d  ( o r  d i r e c t s  i t s e l f )
t o  m o v e  t o  a n o t h e r  r o o n ,  i t  f i r s t  d e t e r m i n e s
w h a t  r o o n  i t  i s  i n  b y  m a k i n g  a  f u l l  3 5 9  d e s r e e
s c a n  o f  t h e  r o o n  u n t i l  t h e  b e a c o n  i s  f o u n d .
o n c e  f o u n d ,  i t  e x t r a c t s  t h e  c o d e  a n d  s a v e s  t h i s
in CURRM. During this scan, the robot also counts
t h €  n u n b e r  o f  d o o r  r e f l e c t o r s  a n d  c o n p a r e s  t h i s
\ r 1 t h  t h e  d a t a  g i v e n  f o r  C U R R U  i n  t h e  r o o n  t a b l e s .
I f  t h i s  d o e s  n o t  m a t c h ,  t h e  r o b o t  v i l l  n o v e  t o
another posit ion and repeat the search.

T h e  r o b o t  t h e n  u s e s  t h i s  i n f o r n a t i o n  t o
p e r f o r m  a  b r e a d t h  f i r s t  g r a p h  s e a r c h  o f  t h e  r o o n
t a b l e s  t o  f i n d  a  " p a t h "  o f  l e a s t  n u n b e r  o f  d o o r s
to the desired roon (DESRM). This path (PATH-$02C2
&  u p )  c o n s i s t s  o f  t h e  d o o r  n u n b e r  i n  u s e  o f  C U R R M ,
r o o m  n u n b e r  o n  t h e  o t h e r  s i d e  o f  r h i s  d o o r ,  d o o r
nurnber to use in that room, etc.

The robot then turns i ts head to rhe designated
d o o r  ( d e t e r n i n e d  b y  c o u n t i n g  c l o c k w i s e  f r o n  t h e
b e a c o n )  a n d  p r o c e e d s  t o  a l i g n  i t s  b o d y  s o  i t
s q u a r e l v  f a c e s  t h e  r e f l e c t o r .
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T h e  r o b o t  t h e n  t a k e s  r a n g e s  ! r i r h  i t s  h e a d
s o n a r  t o  d e t e r m i n e  h o w  f a r  i t  m u s t  m o v e  t o  g e t
w i t h i n  f o u r  f e e t  f r o n  t h e  d o o r .  I t  o r d e r s  P R 0 C O N
t o  m o v e  t h e  c o n p u t e d  d i s t a n c e s  a n d ,  v h i l e  P R o C o N
i s  d o i n g  t h i s ,  i t  t r a ( k s  r h e  r e f l " c ( o r  w i t h  i r "
h e a d  v h i l e  r a n g i n g  c o n r i n u o u s l y  u i r h  i r s  F r o n t
c o  I  I i  s i o n  a v o i d a n c e  s o n a r s .

I f ,  d u e  t o  a n  o b s t a c l e ,  t h e  r o b o t  c a n n o t
n a k e  i t  t o  w i t h i n  f o u r  f e e t  o f  t h e  r e f l e c t o r
b y  f o l l o e i n g  a  s t r a i g h r  l i n e ,  i f  w i l l  t r y  L o
t  i n d  a  p a t h  a r o u n d  i t .  l n  o r d e r  r o  d o  L h j s ,
i t  l r i I l  m o v e  i t s  e n t i r e  b o d y  w h i l e  t a k i n g  a  s e r i e s
o f  r a n g e s  r . , i t h  i t s  f r o n t  s o n a r s  a n d  c a l c u l a t e
t h e  c o u r s e  r n h i c h  d e v i a t e s  t h e  i e a s t  f r o m  i t s
p r e s e n t  c o u r s e .

O n c e  t h i  s  c o u r s e  h a s  b e e n  f o u n d ,  t h e  r o b o t
t u r n s  i t s  h e a d  t o  t h e  r e f l e c t o r ,  o r d e r s  P R 0 C O N
t o  m o v e  h a l f  o f  t h e  n e i ,  c l e a r  d i s t a n c e ,  t r a c k s
t h e  b e a c o n  w i t h  i t s  h e a d  a n d  w a t c h e s  f o r  c o l  I i s o n
i r i t h  i t s  b o d y  s o n a r : s  a n d  b a s e  b u n p e r s .

T h e  r o b o t  t h e n  t r i e s  a g a i n  t o  n a k e  i t  t o
w i t h i n  f o u r  f F e r  o f  t h F  d o o r  r e t l e  o r ,  L f  n e ( e s s a r y .
t h e  p r o c e s s  i s  r e p e a t e d  u n t i l  t h e  r o b o t  f i n d s
i t s e l f  w i t h i n  t h e  d e s i r e d  r a n g e  o f  t h e  d o o r .
H o w p v e r ,  i f  i t  d e t e r n i n e s  t h a t  a  c l e a r  p a t h  i s
n o t  p o s s i b l e ,  t h e n  i t  a b a n d o n s  t h e  a t t e m p t  a n d
r e t u r n s  a n  e r r o r  c o d e  t o  l h e  c a L l i n g  p r o g r a m .

A s s u r n i n g  t h a t  a  c l e a !  p a t h  i s  f o u n d ,  t h e
r o b o t  t h e n  u s e s  t h e  r i g h t / l e f t  s i d e  i n f o r m a t i o n
a b o u t  t h e  d o o r  r e f l e c t o r  t o  c a l c u l a t e  a  p o s i t i o n
a p p r o x i m a t e l y  o n e  d o o r  \ r i d t h  i n  f r o n t  o f  t h e
d o o r .  T h i s  i s  a c c o n p l i s h e d  b y  f i r s t  d e t e r n i n i n g
t h e  i n c l u d e d  a n g l e  o f  d o o r  e d g e s  u s i n g  t h e  h e a d
r a n g e r  a n d  t h e  r a n g e s  t o  E h e s e  e d g e s .  T h i s  i n f o r -
m a r i o o  i s  u s e d  L o  c o m p u L e  L h e  n e w  p o " i L i o n  u s i n g
t h e  l a w - o f - s i n e s ,  c o s i n e s  a n d  t a n g e n t s  f o r  o b l i g e
t r i a n g l e s .  T h e  c o n p u t a t i o n s  a r e  e x t e n s i v e  b u t
are perforned very quickly and vi thout any not iceabte
d e  1 a y .
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T h e  r o b o t  m o v e s  t o  t h a l  p o s i t i o n  a n d  u s e s
a n g l e  d a t a  t o  E h e  r e f l e c t o r  t o  m a k e  p r e c  i s e  t u r n s
a n d  n e c c e s s a r y  c o r r e c t i o n s .  O n c e  i n  f r o n t  o f

t h e  d o o r ,  t h e  r o b o i  t a k e s  a  n e w  s e t  o f  r a n g e s
w h i . h  w i | |  b -  L s e L l  r o :  |  )  l i n F  r J n e  i r c  p a \ c a d r
c o u r s e  t h r o u g h  t h e  d o o r w a y i  a n d  ( 2 )  t o  m a k e  c e r t a i n
t h e  d o o r  l s  o p e n .

T h e  r o b o t  p r o c e e d s  t o  t h e  d o o r w a y  c e n l e r
a n d  t h e n  n o v e s  t w o  f e e t  i n t o  t h e  n e x t  r o o m .  T h e r e
i t  s t o p s  a n d  m a k e s  a  L i m i t e d  s c a n  o f  t h e  n e w
r o o m  f o r  i t s  b e a c o n .  I f  i t  c a n n o t  f i n d  t h e  b e a c o n ,
i t  w i l l  n o v €  a n o t h e r  t w o  f e e t  i n t o  t h e  r o o n  a n d
t r y  a g a i n .  I f  t h e r €  i s  s t i l l  n o  b e a c o n  t o  b e
f o u n d ,  t h e  r o b o t  a i l l  b a c k  u p  c h e  - . x a c t  d i s t a n c e
i t  \ r e n t  f o r v a r d  a n d  t r y  a n o t h e r  d o o r  .  l f  t h e
b e a c o n  w a s  f o u n d ,  t h e  r o b o t  p r o c e e d s  t o  s c a n
t h a t  r o o m  a n d  t h e  p r o c e s s  r e p e a t s  u n t i l  i t  r e a c h e s
i  t s  d e s t i n a t i o n .

A L t h o u g h  G E M I N I  i s  n o t  a s  f a s t
i t  i s  a n  i n c r e d i b l e  e x p e r i e n c e  ' a t c h i n a  t h e  r o b o t
n a v i g a t e ,  T a b L e  1 6 . 2  g i v e s  a  b r i e f  d e s . r i p t i o n
o f  t h e  r o u t i n e s  o s e d  c o  p e r f o r n  t h e  a b o v e  t a s k s .
Y o u  c a n  c a l l  t h e s e  r o u t i n e s  d i r e c t l y  f r o n  y o u r
p r o g r d n ,  o r  y o u  r s y  . o p y  t h e r  ; n t o  s  R A M  .  h ; p
o n  t h e  ' r R 0 M t r  E X P A N S t 0 N  C A R D  s o  y o u  c a n  a L t e r
a n d  e x p e r i m e n t  v i t h  t h e n .  W e  h i g h l y  r e c o n n c n d
y o u  o b t a i n  a  c o p y  o f  t h e  s o u r c e  c o d e  f o r  t h e s e
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TA3Lf, 16.2

IIAVICATION SYSfi II SUBROUTINES

ENTRY
ADDRESS ROUTING NAME FUNCT]ON

C B 6 8

CC2I

F I N D .  R I .  B E C

DO9A MOVE. TO. RI l .CTR

c c 6 l FIND. PATH

Move robot  to  room
conta ined in DESR|1.

M o v e  r o b o t  b a c k  2 -
f r o n  c h a r g e r .  C h e c k
i f  b e a c o n  g i v i n g
c o d e  0 l ;  i f  s o ,  e x i t
$ i t h  C = O .  E l s e  g o
back on charger  and
e x i t  w i t h  C = I .

S e a r c h  h e a d  p o s  i t  i o n
A - r e g  (  l o )  t o  X - r e g
(h i ) .  F ind  RMcoDE
ANd BECANC.
E x r t  r r t h  h e a d  a t
BECANC & C=O, C=I
i f  n o t  f o u n d .

Find approxina te roon
cente r  f rorn head
r a n S e s .  C h e c k  w i  t h
backup ranges and
t h e n  n o v e  t h e r e .

F i n d  n o s t  e f  f  i c i e n t
PATH betreen CURRM
and DESRM us ing RUTBL
d a t a .

Move robot fron CURRM
room to ADJRM,

F e t c h  d e g r e e  f a c t o r
(  $ 0 6 0 3  )  f o r  t h i s
roon from Degree
F a c t o r  T a b I e .

F e  t c h  d o o r  c o u n t  f o r
C U R R M  i n  A - r e g .

S e a r c h  X - r e g  s t e p s
o n  e  i t h e r  s i d e  o f
A - r e g  f o r  d o o r  r e f l e c t o r s .

UOVE.TO.R}1N

LEAVE.CHARGER

c9c7

cE l3

CF4B

D082

c86  5

ENTER. ANJRM

GET. DEG.TAB

CET. DOOR. COUNT

SEN. SCAN
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!  D23D MOVE.THRU. Move robor thru
DOORWAY door and 2 f t .  inside

D 6 E 4  P A S S , T H R U . D O o R  P o s i t i o n  r o b o t  i n
c e n t e r  o f  d o o r
i f  d o o r  i s  o p e n .

C62A TMCK.AVOID Track the door edge
r e  f  l e c  t o r  o r  b e a c o n s
v h i  I e  r a n g i n g  w i t h
b o d y  s o n a r s .

DBFo HOME l , love robot fron
CURRU and place

D C T I  i I O O K . U P  D o c k  r o b o t  o n  c h a r g e r .

D3BC MOVE.4FT.FM l , love the robot to
w i  t h i  n  4  f t .  f r o n
d o o r  e d g e  r e f L e c t o r
t o  b e a c o n .

C l D l  F I N D . D O O R . E D G E S  S e a r c h  t h e  s e c t o r
f r o n  A -  r e g  t o  X - r e g
and f ind NDREDS
a n d  o r d e r  o f  d o o r s
in DEBUF.

D 9 9 7  D O O R . S E C T O R , S C A N  F i n d  d o o r  € d e e s
a n d  a n g  l e  s  u s i n g

D l 6 D  R E P O S I T I O N  T u r n  r o b o t  7 5  d e g r e e s
i n  s p e c  i  f i e d  d i r e c r i o n .

DIFD ORDER.DOORS Order door edges
found and arrange
i n  C i i  d i r e c t i o n
f r o n  b e a c o n s .

D 5 . 0  I l o v E . T 0 . D R . C l R  S o l v .  I o r  p o s i r i o n
u s i n g  d a t  a  f o r
DOOR. SECTOR. SCAN
and nove th r ! .
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