
P

4 CONTROL SYSTEM FOR AN AUTOMATED MANUFACTURING RESEARCH F A C L I T Y

by J a m e s S. A lbus , Anthony J. B a r b e r a , M.L. F i t z g e r a l d , E r n e s t
K e n t , C h a r l e s McLean, H a r r y McCain, H o w a r d B l o o m , L e o n a r d Haynes,
C i t a F u r l a n i , E d w a r d B a r k m e y e r , M a r y M i t c h e l l , H a r r y S c o t t ,
D o n a l d B l o o m q u i s t , R o g e r K i l m e r

P r e s e n t e d a t :

R o b o t s 8 C o n f e r e n c e and E x p o s i t i o n
D e t r o i t , M i c h i g a n
June 4, 1984



ABSTRACT

A ~ c r r r c ~ c a larc~s~tecturefo r i e a l - t b ptaerainl and controt UB been Smplrsrmted
i n the firrtCello f m Automated Hmnuf&ctuxkrg &lurch h c i l i t y a t the bt. t iorul
bureau of Standardr. Three vorbtationr (A boriscmtal d l l i o a , a turning, and a
ortrrialr handling uorkrtatiorr) have been Amplemeated. The horizontal urd the
turning vorlutrtionr h8ve robotr, and the borirmtal hr a 6 4 robot virion e y m t e m
in ter faced vith a RCS (Rea l - th b n t r o l Syrtm) robot controller. A c ~ i c ~ t l o n r
nemrk, a dirtributed data b8m urd a mimulator/mul.tor have a180 been LPplrwnted.



A CONTROL SIISTEH FOB AH
AUTOHATED HABUFACTURIBC RESEARCH FACIL ITY

James S. Album, Anthony J. Barbera, W.L. F i t t g e r a l d , E r n e e t Xent,
C h a r l e s McLean, H a r r y KcCain, Howard Bloom, Leonard N a p e s , C i t a
Fur lwni , E d w a r d B a r k m e y e r , Wary M i t c h e l l , H a r r y S c o t t , D o n a l d
B l o o m q u i e t , IBoger K i l m e r .

T h e c o n c e p t o f a h i e r a r c h i c a l c o n t r o l s y e t e m f o r an a u t o m a t i c
m a c h i n e s h o p h a s b e e n d e s c r i b e d i n a n u m b e r o f p r e v i o u s
p u b l i c a t i o n s . [ 1,4,5] The c o n t r o l h i e r a r c h y e h o w n i n F i g u r e 1
h a s b e e n d e s i g n e d f o r an A u t o m a t e d H a n u f a c t u r i n g R e s e a r c h
F a c i l i t y ( A M R F n o u b e i n g b u i l t a t t h e B a t i o n a l B u r e a u o f
Standards. [8,13 3 The c o m p u t a t i o n a l a c t i v i t i e s p e r f o r m e d a t each
l e v e l o f t h i s h i e r a r c h y a r e shoun o n t h e l e f t o f t h i s d iag ram.
F i g u r e 2 i s a d iagram o f t h e p a r t o f t he c o n t r o l h i e r a r c h y which
has b e e n i n t e g r a t e d t o d a t e . T h r e e w o t k e t a t f o n s h a v e b e e n
i m p l e m e n t e d w i th vary ing degrees o f comp lex i t y .

TURNING WORKSTATIO I

T h e tu rn ing w o r k s t a t i o n r e p r e s e n t s t h e f i r s t d e g r e e o f
c o m p l e x i t y . The turn ing w o r k s t a t i o n c o n e i s t e o f a w o r k s t a t i o n
c o n t r o l l e r , a turn ing c e n t e r , a turnPng c e n t e r c o n t r o l l e r , a
r o b o t , a r o b o t c o n t r o l l e r , and a r o l l e r t a b l e m a t e r i a l 8
l o a d e r / u n l o a d e r . The w o r k s t a t i o n c o n t r o l l e r p r o v i d e s c losed -
l o o p c o n t r o l o v e r a l l t h e e l e m e n t s i n t h e t u r n i n g c e n t e r
w o r k s t a t i o n . S o f t w a r e f o r t h e w o r k s t a t i o n c o n t r o l l e r i e w r i t t e n
i n PI,/#, a s t r u c t u r e d language.

The w o r k s t a t i o n c o n t r o l l e r r e c e i v e s commands f r o m t h e c a l l
c o n t r o l l e r v i a an RS- 232 l ink. Theee commands d e f i n e w h i c h i t e m s
a r e t o be made and how many o f each. The w o r k e t a t i o n c o n t r o l l e r
r e t u r n s e t a t u s i n f o r m a t i o n i n d i c a t i n g t h a t t h e commands have been
r e c e i v e d and that t h e commanded process e i t h e r i s execut ing , i e
c o m p l e t e d ? o r has f a i l e d . The w o r k s t a t f o n c o n t r o l l e r c a n
r e q u e s t p a r t p r o g r a m s f o r t h e turn ing c e n t e r f r o m t h e AHRF
database. T h e s e p r o g r a m s a r e t h e n down loaded d n t o t h e tu rn ing
c e n t e r c o n t r o l l e r v i a an RS - 232 l i n k f o r execu t i on .

T h e w o r k s t a t i o n c o n t r o l l e r a l s o c a n send commands t o t h e
tu rn ing c e n t e r c o n t r o l l e r t h rough a keyboa rd i n p u t a i m u l a t o r
w h i c h was d e s i g n e d and c o n s t r u c t e d a t IBS . T h i s a l l o w s t h e
w o r k s t a t i o n c o n t r o l l e r t o p e r f o r m a l l t h e mach ine t o o l keyboa rd
e n t r y f u n c t i o n s t h a t a human o p e r a t o r must o t h e r w i s e p e r f o r m t o
l o a d a n d u n l o a d p a r t s and s e t t o o l i n g . T h i e i n t e r f a c e a p p r o a c h
i s eomewhat s l o w because t h e turning s t a t i o n c o n t r o l l e r r e q u i r e s
80 m i l l i o e c o n d a t o a c c e p t each c h a r a c t e r . The d e l a y i s due t o a
c o n t r o l l e r e y e t m k e y b o a r d e n t r y r o u t i n e which checks t o see t h a t
t w o k e y e a r e n o t d e p r e s s e d s imul taneous ly .

I n t h e p r e e e n t c o n f i g u r a t i o n , t h e r o b o t c o n t r o l l e r i n t h e
t u r n i n g w o r k s t a t i o n can on l y b e programmed i n t h e t e a c h mode, and
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t h e w o r k e t a t i o n c o n t r o l l e r can only command t h e r o b o t c o n t r o l l e r
t o e x e c u t e one o r a n o t h e r o f t h e taugh t programs. T h e r o b o t
c o n t r o l l e r r e t u r n s a DOHE sta tus when t h e r o b o t p rog ram e x e c u t i o n
r e a c h e e an end-of-program atatement . The w o r k s t a t i o n c o n t r o l l e r
a l s o can r e a d a t r a y - a r r i v a l s i g n a l f r o m t h e l o a d / u n l o a d e r end
can i s a u e a LOCK-TRAY command t o pneumatical ly a c t u a t e l o c a t i n g
p ine benea th t h e incoming tray.

MATERIALS HANDLING VORKSTATIOH

The m a t e r i a l e hand l fng w o r k e t a t i o n c o n e i s t s o f an i n v e n t o r y
r e q u e e t t e r m i n a l , a r o b o t c a r t c o n t r o l l e r , a c a r t r a d i o
f r e q u e n c y c o m m u n i c a t i o n modem, and a r o b o t c a r t with an on- board
m i c r o c o m p u t e r . The m a t e r i a l s handl ing w o r k s t a t i o n c o n t r o l l e r l e
i m p l e m e n t e d i n t h e H i e r a r c h i c a l C o n t r o l Sys tem E m u l a t o r on t h e
AHRF V A X - 1 1 / 7 8 0 r e s e a r c h computer.

T h e m a t e r i a l e hand l i ng w o r k e t a t i o n c o n t r o l l e r r e c e i v e s
c o m m a n d s f r o m t h e c e l l c o n t r o l l e r o f t h e f o r m : STARTUP,
REPLENISH, RESET, and SHUTDOWN. It reeponde with s t a t u e r e p o r t s
o f EXECUTING, DONE, o r FAIL.

When t h e m a t e r i a l s hand l i ng w o r k s t a t i o n c o n t r o l l e r r e c e i v e s
a REPLENISH command f r o m t h e c e l l , it acceeees t h e AWBF databaee
t o r e t r i e v e a k i t t i n g o r d e r , v e r i f i e s t h a t t h e o r d e r can b e
f i l l e d with t h e e t o c k c u r r e n t l y i n inventory , and d i e p l a y e t o t h e
human o p e r a t o r a t - t h e Inven to ry t e r m i n a l t he r e q u i r e d l a y o u t o f
t h e t r a y t o b e loaded . The o p e r a t o r u e e s t h i s d i s p l a y t o
d e t e r m i n e w h i c h r a w m a t e r i a l blanks t o p l a c e i n what s e c t o r s o f
t h e p a r t e t r a y . I n t h e n e a r fu tu re , a e l m i l a r s e t o f commands
and d i s p l a y s will be i m p l e m e n t e d f o r t o o l t r a y s t o i n d i c a t e what
types o f t o o l e shou ld be p l a c e d i n what s e c t o r s o f t h e t o o l t r a y .
I n t h e m o r e d i s t a n t f u t u r e t h e human o p e r a t o r a t t h e i n v e n t o r y
r e q u e s t t e r m i n a l rill b e r e p l a c e d with an a u t o m a t i c a t o r a g e and
r e t r i e v a l a y e t e r n w h i c h will h a v e s u f f i c i e n t a r t i f i c a l
i n t e l l i g e n c e t o l o a d p a r t and t o o l t r a y s wi th t h e r e q u i r e d
m a t e r i a l e and t o o l e and r e s p o n d wi th t h e a p p r o p r i a t e s t a t u s
r e p o r t a .

T h e w o r k e t a t i o n c o n t r o l l e r decomposes I t s i n p u t command8
i n t o c a r t command8 o f t h e f o r m : I B I T - C A R T , SET- TRACK, GOTO-
MAGNET, GOTO - STATION, LOAD, UNLOAD. Upon t h e r e c e i p t o f t h e
app rop r i a t e command, t h e c a r t n e g o t i a t e s a n e t w o r k o f g u i d e - w i r e
pa thway6 t o p i c k up and d r o p o f f t r a y s o f p a r t e a t t h e d e s i g n a t e d
l o a d and u n l o a d e t a t i o n e .

T h e c a r t r e p o r t s s t a t u e o f t h e f o r m : READY, F A I L ,
UNRECOGNIZED COHMAND, M O V I I G , TRAY - ON- CART, T R A Y - A T - S T A T I O N ,
SAFETY - STOP, WAGNET -STOP, STATION - STOP, GUIDEWIRE - LOST. T h e
w o r k s t a t i o n c o n t r o l l e r i n t e r p r e t s t h e a t a t u s feedback f r o m t h e
c a r t t o d e t e r m i n e if i t s c o m m a n d s h a v e b e e n e u c c e e e f u l l y
completed. If i t f i n d s t h a t t h e c a r t path i e b l o c k e d o r t h e r e i s
some o t h e r s i m p l e p r o b l e m , it will a s k t h e human t e n d e r t o
i n t e r v e n e . Ift h a t l e n o t p o s s i b l e , t h e w o r k s t a t i o n will r e p o r t
a f a i l u r e t o t h e c e l l .
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-HO’RIZOBTAL HACHIRING WORKSTATIOB

T h e h o r i o ; o n t a l m a c h i n i n g w o r k e t a t i o n I s t h e m o s t
s o p L P s % i c ~ t e Bw o r k a t a t i o n c u r r e n t l y imp lemen ted i n t h e AMBF. It
c o n a f s t ~o f a w o r k s t a t i o n e o n t r o l l e r , a h o r l t o n t a l mach in ing
c a n t e r , an indu ts t r i a l r o b o t , a a e e s o r y - I n t e r a c t i v e r o b o t c o n t r o l
r~9~3%ern ,an a u t o m a t e d f i r t u r i n g system, h igh l e v e l m a c h i n i n g
c o n t r ’ 0 1 1 ~ r * a f i x t u r e c o n t r o l l e r , a r o l l e r t a b l e l o a d funloader, a
a s f ~ t ynye tem, a a r r i a t mounted v i e i o n system, and gr ipp ing f o r c e
B ~ ~ X I R O ~ ~on r o b o t f i n g e r t i p e .

T h e u o r k s t a t i o n c o n t r o l l e r r e c e i v e s commande from t h e c e l l
o f t h e f c r m HAKE-BATCH. It decomposes WAKE-BATCH commands I n t o
ueqeencse s f commands:

t o t h e r o b o t o f t h e t y p e
TRANSFER PARTS;

ACQUIRE, WOVE, BELEASE, o r

t o t h e machine t o o l c o n t r o l l e r o f t h e t y p e EXECUTE PART
PROGRAM, P O S I T I O N TABLE, FEEDHOLD;

and t o t h e f i x t u r e c o n t r o l l e r o f t h e type:
LOCK, UNLOCK, OPEN, HOME.

M o a t o f t h e e e commande c a r r y p a r a m e t e r s w h i c h d e f i n e t h e
l o e a f i o n e o f p a r t e , t o o l e , and f i x t d r e e . The r o r k e t a t i o n
c o n t r o l l e r h a s a - c o m m u n l c a t l o n e i n t e r f a c e t o t h e AMBF da tabaee
w h i c h it use8 t o r e t r i e v e r e a o u r c e plans and c o n t r o l programs f o r
m a k i n g t h e d P f f e r e n t p a r t s uhich make up t h e batchea. The
w o r k e t a t i o n c o n t r o l l e r c o o r d i n a t e s a l l a c t i v i t i e s wi th in t h e
w o r k e t a t i o n through commun ica t i on with var ioue equipment l e v e l
c o n t r o l l e r s i n c l u d i n g t h e I B S b u i l t r o b o t c o n t r o l l e r , high l e v e l
mach in ing e o n t r o l l e r and t h e f i x tu r ing c o n t r o l l e r .

The w o r k s t a t i o n c o n t r o l l e r r e c e i v e s l a t a t u s r e p o r t e f r o m each
o f t h e e p u i p m e n t e it c o n t r o l s o f t h e f o r m :

EXECUTING, DOBE, PAIL.

It r e t u r n e a t a t u s r e p o r t e t o t h e c e l l o f t h e fo rm:

C O M M A N D V A L I D , L O C A L / R E W O T E - I O D E , BEADY,
SETUP, PRODUCTIOH, TAKEDOWN, NOT-BEADY, BATCH -COUIT,
PART-BUFFER -STATUS, TRAY - IDENTIFICATIOB.

The r o b o t c o n t r o l l e r i s a R e a l - t f m e C o n t r o l S y e t e m (BCS)
[2 ,3 ] w h i c h c o n s i e t e o f f o u r l e v e l s o f t a e k d e c o m p o s i t i o n . It
has an i n t e r f a c e t o a v i s i o n p r o c e s s o r [15,16] w h i c h a n s w e r s
q u e s t i o n s about t h e i d e n t i t y , p o s i t i o n , range, o r i e n t a t i o n , and
s u r f a c e n o r m a l v e c t o r o f p a r t e l o c a t e d i n v a r i o u e s e c t o r s o f t h e
p a r t 8 t r a g a . B o t h t h e v i e i o n s y e t e m and t h e r o b o t c o n t r o l l e r
c o n t a i n da tabaeee w h i c h d e s c r i b e t h e g e o m e t r y of t h e p a r t e . They
U R & t h i a i n f o r m a t i o n t o s e l e c t g r i p p o i n t s and d e f i n e p a r a m e t e r s
f o r t h e v i e i o n eystem. I n t h e n e a r fu ture, t h e e e databaeee will
b e i n t e r f a c e d t o t h e A X R F d a t a b a s e e o t h a t p a r t g e o m e t r y
i n f o r m a t i o n c a n b e a c c e e a e d a u t o m a t i c a l l y f r o m t h e C A D
i n f o r m a t i o n c o n t a i n e d i n t h e f a c i l i t y da tabase .
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The RCS r o b o t o o n t r o l l o r a l s o i s i n t e r f a c e d t o a w a t c h d o g
sa fe ty computer [17] r h i c h m o n i t o r s t h e pe r f o rmance o f t h e r o b o t
eo as t o d e t e c t e x o e s r i v e v e l o o i t y o r a o c e l e r a t i o n . T h e s e f e t y
c o m p u t e r has s t o r e d I n it a s e t o f f o r b i d d e n vo lumes , w h i c h i t
p r e v e n t s t h e r o b o t e n d - p o i n t f r o m e n t e r i n g . T h e w a t c h d o g
c o m p u t e r c u r r e n t l y m o n i t o r s t h e p o s i t i o n v a l u e s o f t h e r o b o t
j o i n t s as w e l l am t h e s t a t u s o f t h e B C S r o b o t c o n t r o l l e r and u s e e
a HOLD -SET input t o t h e m a n f a c t u r e r ' s r o b o t c o n t r o l l e r t o s t o p
t h e r o b o t if an unsa fe c o n d i t i o n i s de tec ted .

I n t h e f u tu re , t h e e a f e t y c o m p u t e r will have a number o f
a d d i t i o n a l eenso rs , such as e a f e t y m a t s and u l t r a s o n i c s o n a r
s y s t e m e , t o d e t e c t o b s t a c l e s and i n t r u d e r e . These will e n a b l e
t h e w a t c h d o g t o i n f o r m t h e R C S c o n t r o l l e r o f t h e p o s i t f o n and
v e l o c i t y o f o b s t a c l e s o r i n t r u d e r e 80 t h a t i t can move t h e r o b o t
t o a s a f e p o e i t i o n u n t i l t h e o b s t a c l e o r i n t r u d e r i s removed .
T h e w a t c h d o g will r e t a i n t h e a b i l i t y t o do a n e m e r g e n c y s t o p o n
t h e r o b o t i n t h e case o f any d e t e c t e d system fa i l u res .

T h e H i g h L e v e l M a c h i n i n g C o n t r o l l e r a l l o w e f u l l
f u n c t i o n a l i t y and t o t a l c o n t r o l o v e r t h e H o r i s o n t a l M a c h i n i n g
C e n t e r f r o m a r e m o t e s i t e . It u t i l i e e s b o t h c o m m e r c i a l l y
a v a i l a b l e machine vendor oommunicat ions o p t i o n s and s,pecla l w i r e
l i n k s added t o o x e r t c o n t r o l o v e r a11 machin ing and c o n t r o l l e r
f u n c t i o n s . I n a d d i t i o n , it a l l o w e a l l s t a t u e messages a t t h e
m a c h i n e c o n t r o l l e r t o b e r e p o r t e d t o h i g h e r l e v e l s o f c o n t r o l .
T h e H i g h L e v e l H a c h i n i n g C o n t r o l l e r a c c e p t s commands f r o m
U o r k s t a t i o n C o n t r o l a s t o w h i c h m a c h i n i n g sequence t o e x e c u t e ,
r e q u e s t s t h e n e c e s 8 a r y I C p rograms f r o m t h e AMBF d a t a b a s e ,
downloads t h e m i n t o t h e IPC machine, and i n i t i a t e s e x e c u t i o n v i a a
CYCLE START command.

The f i x t u r e c o n t r o l l e r can o p e r a t e e e v e r a l c lampe t o h o l d a
v a r f e t y o f p a r t e f o r mach in ing . T h e m a t e r i a l e t r a n s f e r s y s t e m
c a n r e c e i v e commends t o move t r a y s and r e p o r t s t a t u s o n w h e n
t r a y s a r e p r o p e r l y p o s i t i o n e d .

THE- CELL- CONTROLLER.
T h e f u n c t i o n o f t h e c e l l c o n t r o l l e r i s t o manage a n d

c o o r d i n a t e t h e p e r f o r m a n c e o f a l l p a r t p r o d u c t i o n and s u p p o r t
t a s k s i n t h e t h r e e w o r k s t a t i o n s c u r r e n t l y c o m p r i e i n g t h e A M R F
161. I n p e r f o r m i n g . t h i s f u n c t i o n , t h e c e l l l e r e q u i r e d t o a c c e p t
o r d e r e i n p u t f r o m an o p e r a t o r command t e r m i n a l , t o e n t e r t h e s e
o r d e r s i n a queue, t o g roup t h e p a r t s i n t h e q u e u e i n t o b a t c h e s
t h a t can b e l o a d e d i n t r a y s , t o s e l e c t t h e t o o l i n g needed by t h e
v a r i o u s machining w o r k e t a t i o n e , t o r o u t e t h e t o o l s and p a r t e f r o m
o n e w o r k s t a t i o n t o a n o t h e r , and t o m o n i t o r t h e p r o g r e e a o f t h e
b a t c h e o through t h e v a r i o u s w o r k s t a t i o n s t h a t compr i se t h e c e l l .

The c e l l c o n t r o l l e r i o composed o f t h r e e l e v e l s a8 shown i n
F i g u r e 3:

1 ) Queue c o n f i g u r a t i o n m a n a g e m e n t -- T h i s l e v e l a c c e p t s i n p u t
f r o m an o p e r a t o r command modu le ( w h i c h e v e n t u a l l y will become t h e
Shop C o n t r o l l e r ) . It a n a l y s e a t h e c e l l c o n f i g u r a t i o n r e q u e e t e d ,
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i s s u e 8 t h e a p p r o p r i a t e commands t o t h e works t .& t lonr ; and r e p o r t 8
a c t a o n s b a c k t o t h e s p a r a t o r command modu le . It a l s o a n a l y s e e
o p . e r a % o ~r e q u e s t s f o r e n t e r s those r e q u e s t s i n t h e queue,
r s l ; r i e v e e f r o m t h e d a t a b a e e t h e o p e r a t i o n a t h a t n e e d t o b e done
t o each p a r t , and ass igns t h e tasks r e q u i r e d t o t h e app rop r i a t e
e c b e d u l e r s . It r e c e i v e s feedback f r o m t h e machining w o r k s t a t i o n s
e c b e d u l e r s , and u s e e t h a t f e e d b a c k t o u p d a t a t h e r e q u e s t queue
a n d c o m p u t e m a t e r i a l r e q u e s t s t o t h e m a t e r i a l 6 h a n d l i n g
w o r k a t a t i o n . Future v e m i s n s of t h e queue c o n f i g u r a t i o n manager
will d e c i d e what p a r t e shou ld be b a t c h e d t o g e t h e r , what t o o l i n g
will be r e q u i r e d f o r each batch, and will compute rou t i ags f o r
t t o t s o b a t c h e s t h a t make m o s t e f f i c i e n t u t f l i e a t i o a o f w o r k s t a t i o n
reldcuPceE e

2 ) S c h e d u l i n g - - T h e r e i s a s c h e d u l i n g m o d u l e f o r e a c h
w o r k s t a t i o n . Theoe s lehedu l ing modules g e n e r a t e t h e 6eguence o f
t a s k s t o 'be p e r f o r m e d a t t h e r e s p e c t i v e workatatAons, and i e s u e
t o t h e c o r r e s p o n d i n g d i s p a t c h e r m o d u l e s t h e n e x t t a s k i n t h a t
sequence . T h e y a l s o m o n i t o r t h e d i a p a t c h i n g module, c l e a r t h e
s c h e d u l o r queue o f a l l c a n c e l l e d and comp le ted taeka, and update
t h e s t a t u s o f new and i n - p r o c e e s tasks.
3) D i s p a t c h i n g -- T h i s l e v e l c o m m u n i c a t e s w i t h e a c h o f t h e
w o r k s t a t i o n s w i t h i n t h e c e l l ' s s p h e r e o f c o n t r o l i s e u i n g t a s k
commands, r e c e i v i n g a t a t u s r e p o r t s , and m o n i t o r i n g how w e l l t h e
schedu le i s be ing f o l l o w e d .

T h e c e l l i e s u e s c o m m a n d s t o t h e m a t e r i a l s h a n d l i n g
w o r k s t a t i o n t o SETUP -PART-TRAYS, SETUP-TOOL-TBAYS, ROUTE-TRAYS;
and t o t h e m a c h i n i n g w o r k s t a t i o n s t o WAKE -BATCHES -OF-PARTS. It
r e c e i v e s s t a t u s r e p o r t s o f DONE, EXECUTING, o r BAIL.

COHMUI ICAT IOBS

Da ta commun ica t i on b e t w e e n comput ing processes i n t h e AMBF
t a k e s p l a c e aria a commun ica t i ons n e t w o r k t h a t i s t ransparen t t o
t h e compu t i ng p rocesses [7]. Each process m e r e l y w r i t e s t o and
r e a d s frorrm w h a t appear8 'to it (to b e common m e m o r y l o c a t i o n s .
Each p r o c e s a t h a t has i n f o r m a t i o n i n t e n d e d f o r a n o t h e r p r o c e s s
a w r i t e s ' t h a t i n f o r m a t i o n i n t o a *mai lbox* i n a c o n c e p t u a l AWRF-
w i d e database, f r o m w h i c h t h e i n t e n d e d r e c e i v e r areads. "

I n r e a l i t y , m u c h o f t h e A M R F - w i d e d a t a b a s e c o n s i s t s o f
m e m o r y a r e a s i n t h e c o m p u t e r s y s t e m s w t i e h c o n t a i n t h e c o n t r o l
and s e n a o r y p r o c e s s e s . T h e s e n d i n g p r o c e s s s t o r e s t h e
i n f o r m a t i o n it wishes t o send P n a b l o c k o f memory des igna ted as
i t s " mai lbox. " I n t h e case w h e r e b o t h t h e sending and r e c e i v i n g
p r o c e s s a r e r e s i d e n t o n t h e same c o m p u t e r , t h e r e c e i v e r s i m p l y
r e a d s f r o m t h e ' m a i l b o x " a r e a o f memory i n t o w h i c h sender w r i t e s .
I n t h e c a s e w h e r e t h e s e n d i n g arid r e c e i v i n g p r o c e s s e s a r e
r e s i d e n t on d i f f e r e n t computers , a commun i ca t i ons p rocess c o p i e s
t h e a m a i l g r a m " f r o m t h e s e n d e r ' s ' m a i l b o x * i n t o t h e r e c e i v e r ' a .
A N e t w o r k I n t e r f a c e P r o c e s e ( N I P ) , d i a g r a m e d i n F i g u r e 4,
p r o v i d e s t h e c o m m u n i c a t i o n s p r o t o c o l s needed t o make t h e message
p a s s i n g t r a n s p a r e n t t o t h e send ing and r e c e i v i n g p r o c e s s e s [7].

The a d v a n t a g e o f t h i s type o f c o m m u n i c a t i o n sys tem i s t h a t
it e n c o u r a g e s t h e d e v e l o p m e n t o f s tanda rd f u n c t i o n a l i n f o r m a t i o n
f o r m a t s f o r i n t e r p r o c e s s c o m m u n i c a t i o n . One o f t h e m a j o r g o a l s
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o f t h e ALWRF i s t o deve lop i n t e r f a c e 8tandards b e t w e e n computing
machines and procea res i n an automated manufactur ing environment.
The d e f i n i t i o n o f m a l l b o x e s uhich appear t o t h e s e n d e r and
r e c l e v e r t o be simply areas i n ooamon memory ir,a m a j o r a t o p i n
t h i s d i r e c t i o n .

T h e r e a r e , o f c o u r s e , some d i f f i c u l t i e s wi th t h i s f o r m o f
c o m m u n i c a t i o n . F i r s t , t h e r e must b e aome m e c h a n i s m t o p r e v e n t
t h e r e c e i v e r f r o m r e a d i n g a m a i l g r a m w h i l e a s e n d e r l e r r i t i n g
it, o r v i c e ve rsa . T h l e c a n be s o l v e d e i t h e r by e y n c h r o n o u e
r e a d l w r i t e t i m e a l l c e s , o r by a e y s t e m o f semapho res . B o t h
methods have been used i n t h e AMRF. Second, t h e r e c e i v e r p r o c e e e
may run s l o w e r than t h e s e n d e r , and h e n c e may m i s s s o m e
ma i l g rams ; o r run f a s t e r than t h e sender, and hence may r e a d some
m a i l g r a m s t w i c e . T h e s e p r o b l e m s can b e e o l v e d by h a v i n g t h e
s e n d e r encode e a c h message w i th a unique number, and having t h e
r e c e i v e r echo t h e r e c e i v e d meseage number back t o the sender.

T h e f i r s t i m p l e m e n t a t i o n o f t h e n e t w o r k shown I n F i g u r e 5
u e e s 9600 baud s e r i a l R S - 2 3 2 C l i n k 8 u s i n g HDLC l i n k c o n t r o l
p r o t o c o l . Future v e r s i o n e o f t h e AMRF will u s e a highspeed l o c a l
a r e a n e t v o r k . The m a i l b o x e s and N I P p r o t o c o l will a p p e a r t h e
same t o t h e u s e r p r o c e e a e s . 0.nI.y t h e s p e e d and r e s p o n s e t i m e 8
will i m p r o v e .

DATABASES

The A M R F i s s e r v i c e d by a d i s t r i b u t e d D a t a A d m i n i s t r a t i o n
S y s t e m ( D A S ) [ 7 ] w h i c h p r o v i d e s a u n i f o r m m e t h o d o f a c c e s s t o
d a t a f o r a l l t h e mador c o n t r o l modules. Data r e s i d i n g I n t h e DAS
I n c l u d e : 1 ) M a t e r i a l s t o b e k i t t e d a n d d e l i v e r e d t o a
w o r k e t a t i o n f o r f a b r i c a t i o n o f a b a t c h o f p a r t s . 2) I n v e n t o r y
c o n t r o l i n f o r m a t i o n and i n t e r m e d i a t e v i e w e o f p a r t s i n procese.
3) T r a y names and c u r r e n t s t a t u s . 4) T r a y l a y o u t s , c u r r e n t
c o n t e n t a , and p a r t p o s i t i o n and o r i e n t a t i o n i n t h e t r a y e . 5 )
Data r e s o u r c e s r e q u i r e d by r o r k s t a t i o n c o n t r o l l e r s b e f o r e b a t c h
p r o d u c t i o n c a n begin. 6 ) N u m e r i c a l c o n t r o l p rog rams (and
v e r s i o n numbers) f o r m a c h i n e t o o l s . 7) S t a t e t a b l e d e c i s i o n
l o g i c (and v e r s i o n numbers) f o r c o n t r o l modu les . 8) C u s t o m e r
o r d e r s f o r p a r t : f a b r i c a t i o n .

The t y p e o f d a t a t h a t 18 r e q u i r e d by t h e v a r i o u s p r o c e a e e s
a t t h e equipment, w o r k e t a t i o n , and c e l l l e v e l s i s ehown i n F i g u r e
6. I n t h e fu tu re , t h e database will a l s o c o n t a i n CAD i n f o r m a t i o n
w h i c h f u l l y d e s c r i b e s p a r t s t o b e m a n u f a c t u r e d i n t h e AMRF.
E x t e n t i o n s t o C A D d a t a a r e b e i n g d e v e l o p e d s o t h a t t h e d a t a b a s e
will I n c l u d e I n f o r m a t i o n about how p a r t s shou ld be f i r t u r e d f o r
mach in i ng , how t h e y s h o u l d b e g r i p p e d and m a n i p u l a t e d by t h e
r o b o t s , w h a t t o o l i n g will b e needed t o manu fac tu re t h e par ts , and
o t h e r i n f o r m a t i o n such as s u r f a c e f i n i s h , h e a t t r e a t i n g , and
i n s p e c t i o n r e q u i r e m e n t s and t o l e r a n c e 8 . Work i s a l s o p r o g r e s s i n g
o n e t a n d a r d i e a t i o n o f t h e s e e r t e n s f o n e s o t h a t t h e y c a n b e
i n c l u d e d i n a n a t i o n a l s t a n d a r d such a8 t h e I C E S g r a p h i c 8
exchange s p e c ~ f t c a t i o a [181.

The s t r u c t u r e o f t h e i n t e r f a c e b e t w e e n t h e da tabase and t h e
c o m m u n l c a t i o n s n e t w o r k i s a h o w n i n F i g u r e 7. T h e d a t a b a s e
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i n t e r f a c e 8 with t h e ne twork through mai lboxe8 3u8t l i k e a l l o t h e r
p r u c e s ~ e ~i n t h e AMRIS. Each use r procerrs o f t h a DAS e s t a b l i e h e a
6 , h r a e ma2Pboxea: 1) A command m a i l b o x r h e r e r e q u e s t s f o r
~ a l - - ~ r : c e8':e w r i t t e n . 2) A s t a t u e ma i lbox where t h e DAS responds
w d t k t h e s t a t u o o f t h e r e q u e s t . 3) A da ta m a i l b o x w h e r e t h e DAS
w r f t ~ et b e d a t a a a t i e f y f n g t h e request .

CoamPinds i n c l u d e : SELECT, INSERT, UPDATE, and DELETE. The
e y e t s m p r o v i d e s a f u l l s e t o f l o g i c a l and b o o l e a n o p e r a t o r 8 f o r
s p e c 3 i y f a g t h e s e t 8 o f da ta t o b e manipulated. The DAS presen ts
d a t a i n t h e f o r m a t m o s t d i r e c t l y u s a b l e t o t h e c o n t r o l p r o c e s s
t t ~ 1 ~ r - a . D a t ~r e q u l r e m u n t e a r e no r raa l l eed i n t o r e l a t f o n a l t a b l e s
w3%cB p r o v i d e a un i f o rm I n t e r f a c e so t h a t any one o f a number o f
c o i x a e r c i 8 1 database management systems can be used i n the AMRF.

STHULATIQA/EMULATIOB

A H i e r a r c h i c a l C o n t r o l S y s t e m E m u l a t o r (HCSE) ha8 b e e n
d e v e l o p e d i n o r d e r t o f a c i l i t a t e t h e i n t e g r a t i o n and t e s t i n g o f
t h e A M R F b e f o r e a l l t h e h a r d w a r e p r o c e s s o r 6 a r e r e a d y f a r
I n s t a l l a t i o n [9,10,11,12,14]. Th is e m u l a t o r waB u s e d i n t h e
f i r s t t e s t i n t e g r a t i o n run o f t h e A X R F t o i m p l e m e n t t h e c e l l
c o n t r o l l e r , t h e m a t e r i a l h a n d l i n g w o r k s t a t i o n , t h e d a t a b a s e
manager, and t h e I n v e n t o r y c o n t r o l system. F igure 5 shows wh ich
p a r t e o f t h e f f r s t i n t e g r a t i o n t e s t run were imp lemen ted i n t h e
e m u l a t i o n mode on t h e VAX.

The HCSE h a a - t h e c a p a b i l i t y t o d e f i n e modu la r pcoce8ses, t o
pees commands and s ta tus through common memory mai lboxes, and t o
run i n r e a l - t i m e . T h i s e n a b l e s 8ystems d e s i g n e r s t o t e a t
s o f t w a r e and e y s t e m i n t e r f a c e s b e f o r e hardware c o n t r o l modu les
a r e i m p l e m e n t e d . When hardware module8 e v e n t u a l l y become ready
f o r i n t e g r a t i o n , % h e y c a n t h e n b e p lugged i n t o t h e s y s t e m i n
p l a c e o f t h e i r emu la ted counterpar ts .

The c u r r e n t v e r s i o n o f t h e HCSE i s c o m p i l e d and o p t i m i c e d t o
FUR P n r e a l - t i m e ao t h a t it can support t h i s 6ystem i n t e g r a t i o n
and f n t e r f a c e t e s t r o l e . A s e c o n d v e r n f o n o f t h e HCSE 1 8 now
b e i n g d e v e l o p e d t h a t will b e i n t e r p r e t i v e and o p t i m f a e d as a
p rog ram d e v e l o p m e n t t o o l . Ph is v e r s i o n will n o t a t t e m p t t o run
. in r e a l - t i m e , b u t will b e highly I n t e r a c t i v e wi th a w i d e v a r i e t y
o f e d i t i n g , debugsing, and d i a g n o s t i c t o o l s . Code d e v e l o p e d o n
t h i s v e r s i o n - 2 i n t e r a c t i v e HCSE c a n t h e n b e c o m p i l e d t o run o n
t h e v e r e l o n - 1 r e a l - t i m e HCSE.

T h e BBS A M R F p r o j e c t i s n o u t w o y e a r s I n t o a s i x y e a r
e f f o r t , land c o n s i d e r a b l e p r o g r e s s h a s b e e n made. X f i r s t
i n k e g r a t t o n t e s t run o c c u r r e d d u r i n g a n AHRF o p e n h o u s e i n
November o f 1983, and numerous a d d i t i o n s t o t h a t i m p l e m e n t a t i o n
h a v e b e e n made i n t h e s u c c e e d i n g m o n t h s . The h i e r a r c h i c a l
a r c h f t e c t u r e h a s p r o v e n i t s e l f e x b r e m e l y p o w e r f u l i n d e f i n i n g
i n ? t e r f a e e s b e t w e e n m o d u l a r p r o c e s s e s 80 tha t , c o m p o n e n t s c a n b e
d e v e l o p e d I n d e p e n d e n t l y and t h e n i n t e g r a t e d i n t o a system. V e r y
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f e u changes .hare
publ ished prev iour
t o a c c o m o d a t e a

b e e n made I n t h e o r i g i n a l myratern c o n c e p t .I
11y. The f n t e r f a c e o developed have proven a b l e

r i d e v a r i e t y o f d i f f e r e n t m a n u f e c t u r e r ' r
p r o d u c t s , and a number O f I n t e r f a c e r h a v e been l h e n t i f i e d a8
c a n d i d a t e s f o r f n t e r f a o e standards. Huch a d d i t i o n a l work i s y e t
t o be done, bu t t h e p r o g r e s s t o d a t e sugges ts t h a t a a y s t e m o f
i n t e r f a c e s tandards r a y be poss ib l e f o r i n t e r c o n n e c t i n g computer -
a i d e d d e a l g n , p r o c e s s and p r o d u c t i o n planning, s c h e d u l i n g ,
m a t e r i a l s t r a n s p o r t , and a o n t r o l sys tema , w i t h m a c h i n e t o o l s ,
r o b o t e , oensors and a e n r o r y prouesaing, databases, model ing, and
c o m m u n i c a t i o n s systems. If so, It may become p r a c t i c a l t o
i m p l e m e n t compute r I n t e g r a t e d manufacturing sya tema I n c r e m e n t a l l y
uaing components f r o m a v a r i e t y o f vendora.
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c o o p e r a t i v e r e a e a s c h programe. The H i e r a r c h i c a l C o n t r o l Sys tem
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FIGURE 5. A c o m m u n i c a t i o n s n e t w o r k d i a g r a m o f t h e c u r r e n t l y
i m p l e m e n t e d p o r t i o n o f t h e A I B F . T h i e n e t w o r k t o p o l o g y
eo -r rewpouds t o t h e c o n t r o l c o n f i g u r a t i o n shown i n F igu re 2.
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