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A major f a c i l i t y fo r manufaatorlng
research ir being ort8bl i rhod a t tho
Nat iona l Bureau of standard8 (m8). IBS
I s addrersing the mearuremoat and 8-O
dardr needr f o r thr rutoaation O f tho
smal l batch, d i r a ro to p u t 8 84nUf.C-
t u r i n g indurtrie.. %he Automatod
Manufacturing F I~raruhE a o i l i t y UlMM')
i s br ing develaprd t o WRIu a Uctkb
and deron8tr&l -ion CaeUity tn 8
rero8rch by worker8 Cco8 mOr
academia, end o t h r qwer
The f a c i A i t y con t ro l arch i toatoro bar
been 8dopted from tho robot control
sy8tem and ir 8 nodular b io r~ rch ia& l
feedback ryrtem. Tho uaiquo feature8 o f
the con t ro l r y r t e m of tho AHRb aro tho

* number o f h l e r a r c h i c a l fOV.18 and tho
amount of r e a l - t i m e CompotatiOll and
s a n a o r y - i n t e r a c t i o n a t oach &oro f .
Ma jor rerearch .team tha t at. di.au880d
are (1) the Oeoelapaeat of tho mmaofaa-
tu r ing planning mnd contro l 0Oftwar0,
and (2) the system harduaro Antogration
pro jec t r . I n 8UppOrt of t h i s r080arcb~
simulation and enulatioa aro k i a g u8od
f o r design, dooefopront .ad tortinq.
Emulation technique8 are. k i n g 0mploy.d
t o 8tUdy the operat ion of the G O B t r O l
software o f t h e ALIELC. The Hieram3hiocrt
C o n t r o l S y r t o m E m u l a t i o n I%C88),
presently in GOO a t mS, I 8 d 0 8 c t l k d

*The Emulat ion P r o j e c t i r Bponrorod by
the A i r ForcdDARPA XTII Project.

*The I 0 S A u t o m a t e d X8nuf8ctUrin9
mrearch F a c i l i t y ir part ia l ly rupport.6
by funding from the U8oy IaaUf&CtUring
Technology Program.

**Contribution of the National Sureau O f
Staadardr. l o eubject t o copyright.

t o 88rirt l a tho development o f t h o r e
rtand8rdr necerrar f o r t h e

B 8 r i c 8nd o x p l o r a t o r y r e r e a r c h i s
a r r i o d out, 88 naedod, t o rupgort there

I automat ion o f 1ndurtry.

8. jO r fW i C t h Q 8 0

I n p8 r t iCU la t r RBS i 8 8ddre88ing
tho moaruromont and rtanhrdr noedr f o r
t h e a u t o r 8 t i o n o f t he .mall b8tch r
d i r c to te part8 m.nufacturing indU8trfe8
8UCh 88 tho80 8Upplplng p a r t 8 f O t





(Figure 1). The two dirttibutad hi0r.r-
chic.). data bar68 conta in 811 f a c i l i t p
planning 8nd con t ro l information. ?mo
planning data bacr contaiaa 812 data
necerrary t o manufaatore tha ro2aetod

t h e p r o c a r a plan8 f o r rout ing 8nd
rchodullng, a# w a l l 8. cott.t l O C 8 t i O n
f i l e r needed fo r parforming tho vuioor
machinory oporatioar. Tb0 aoatrol d8U

information, including man8 o r m t infor -

robotr, urd camputerr &t tho hierarchy,

I n f o r r8 t i on i r parrod f r o m 000
con t ro l l o w 1 t o mother 8n on.
computing module t o motbar ab.
data barer whicb m r v e 8. ao111.00 8 0 8 0 C Y e
The dirtr ibuted d8t8 8.NQaB
o f t h e A R R ? - i r bared on 8 b i e r
task &corporition modulo#
proeerroro t h a t rcbn the rpproprbrts
l e v e l 8 o f tbe da ta bare 8ad ax t rac t tbo
i n f o r m a t f o n needed by t h o V.rioP8
control modular. Eighor low01 Control
modules decompose complex t8 rk r i n t o
s i m p l e r ones. The r l m p l a t a r k r &fa
isouod ar command. t o control lera a t tho
nex t lower leve l . Peedbaok procer ror r
rcan the appropriate l e v e l r o f tha 6.t.
bane, and o r t r a c t 8nd grocer8 renror l?
And status informatfon nee6.d by control
nodules a t higher level r . Thin procerred
8ensory feedback data ir &Is0 p888.d

bare C O n t A i n r dyn88iC factory 8t8tU8

mation 6.t.. Also included fa tho 8t8tol
O f a11 the C O Q t Z O l l 8 t O B l r t0018r

8. Wel l 8. mch work 0 C d . r irr ptOc#l.8.
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monitoring) I and 1ong-r.nge rahedulbg,
Shop l e v e l functionr inaludo rhosta t -
range product ion 8ChedUliBgv r e r o u r ~ a
al locat ion, production tark mn8qement,
and rupport a c t i v i t i r r management. C e l l
l e v e l functionr include produation ob
analy8i8, reporting, routing, I Ci!e-
duling, dirpatching, and W O r k 8 t 8 t l O n
monitoring. Support r c t i v i t i e r include
a variety o f functionr such as material
ot o r age, t.ranspor tntion, t o o l aeremb1yl
c lean ing and debutring. WOrkrtatiOn
l e v e l c o n t r o l linClUd88 the ruperv i r ion
and coord ina t i on o f bare machining,
handlihg, and mearurrment operatioar.

A t t h e c e l l C o n t t O l 100.1, tho
c o n c e p t o f t h e group t e c h n o l o p

t h e d e v e l o p m e n t o f ro f tware - br red
product ion management r y r t ~ m r(virtual
c e l l a ) vhooe c o n f i g u r 8 t i o n v a r i e r
dynamically according t o the procarrlng
resource rqui rcmonte o f 8 batch doting
t h e production procesr. These v i r t t u l
c e l l s willbe rarponribla f o r ranaging
t h e production of pa r t8 that b8vo bee8
batched us ing 8 group techno

e r i a t r o l e l y as l cont ro l grocer
t h e durat ion o f the productioa rua of

8
of
V.

had @ t A t i C control 8QUCtIJre8 th8t Wet0
n o r m a l l y arao 'c ia ted with 8 f i t e d
phyr i ca l grouping o f 88ChiaOry. Tho
c e l l c o n t r o l l e r will maintain 8 PmZ-
t y p e ne twork t o t r a c k p r o g r e r r 8ad
predict when itwillneed t o r oor t the
assignment of specif ic work8t.tst008 from
the rhop con t ro l l e r i n order t o proms8
it8 batch O f part.. Y O t k 8 t 8 t i O n 8 W i f l
be a l l o c a t e d t o c e l l 8 by the rhop l e v e l
re60urce a l l o c a t o r only vhrn they 8re
required. I d l e VOrk8t8tiOa8 will ba

con t ro l l e r . %hi8rtruutnro roa l ro r t o
provida much of the f ledbl l ! ty found i a
manual j o b shop8 w h i l e taare8r ing
e f f iciency through automation,

manufactur ing c e l l willbe erteaded Ep

C l A 8 E i f i C . t i O n acbere. The C e l l

the batch. Phi8 approach r e
conridarable change in the ph
C e l l C o n t r o l a8 i n the p88t

arr igned t o 8 workr ta t ion -01 081%

I)iltribsrtcdAutamlttdOraor..PI.nniaa
The o b j e c t i v e of t h i r recea t l y

tn i t i a ted rubproject ir t o (1) identify
and p r o v i d e t h e p roce r r plrnaing
function8 t h a t murt be per fo r red i n 8
t o t a l l y autom8ted f a c i l i t y , and (2)
inoert igate a r t i f i c i r l intalliganam and
e x p e r t y s t e m t e c h n i q u e 8 f o r
distributing planning function8 wi th la
the AIRF. Local i n te l l i qenae will bo
deve loped f o r each c o n t r o l nodule.
Standard techniques willk developed t o
a l low modules a t d i f fe rent leva18 i n the
h ie ra rchy t o a c c e r r the plannin
C a p & b i l i t i e 6 and knowledge barer 01
o t h e r module8 as necemary, t o por for8
distr ibuted pluming.





v OK k 8titi o n t ox ten8 foe ure o f rearor11
a b i l i t y of t h e p r o q r r m t o ad8pt t o
changes i n utschlne a v a i l a b i l i t y , par t
des ign8 and batch r i t e a t and r t a t u r
reTor t lng t o higher coutrol levelm,

The w o c k e t a t i o n tace!vea KLU
mater ia lo, Q O ~ U ~ Uf ixtrrrinp! coorponontr,
and cobot and NC tool ing from hveneory,
machines batchom of parts, and releaser
a l l m a t e r i a l a t o inventory. Coor-
dinat ion 00 t h e m oporation8 w i t h i n tho
w o r k s t a t i o n 18 c e n t r r l i r a d l a t h e

. w o r k e t a t i o n con t ro l l e r . k8 a &ere1 l a
the b l e r a r c h i s a l con t ro l oystua of tho
AnRP, t h e work r t o t i o a c o n t r o l l e r
receives product ion copcr8nbs f r o a tho
c a l l c o n t r o i l c t , daeorapcsoam tho ro
commaadr, aitd i r o u a 8 commando t o
manufacturing equipaont coat ro l lera t o
c o o r d i n a t o t h e i r o g e r 8 f t o a r . It
p t r f o r m e thecc Function# end repot to
work a t a f t o n uteitue b8ck t a the ae12
c o n t r o l l e r onca each control cyoJr.---

IQachlne tccl nrtroltsgy rore8reb fa
concorned with tho improremnt o i
mcaeurommt rnd machining 8ccrraay l a
8Xi8 t ing hardware. An aoto8ated ryrt.8
p t O V i d a 8 g r e a t e r rep roduc ib i l i t of
behavior than A manual r y r t eR In &at,
if an automated 8yrtem 88klm a good
p8r t8 and it?n o m o f t h o proceor
p a r r m e t o r t cbonger, tbea it will
c o n t i n u e t o aaka good parer. Th io
concrpt undez l iee t h e philocophy of
determinist ic metrology, which ooncea-

measuring and ad juo t inq proccmr para-
meter . r a t h a r than an aeablariag a
comp lo ted pnzt. 8peCf f iC o f f o r t o
include (a) improvorent
point positioning ~ C C
numerical contro l
through the ura
modeling and proce
development o f qurantiti
cvaluatlng and improving the port!otmauo
o f coordinuto mcaasuring uchiaer.

The machining 8CCur8Cj? .nhUtC88Oat
tosearch i r be ing por tormcd with Q
v o r t i c a l rp ind le C#C machining aeater 8

taming a dual minicornputor r y r t e a &ad
l a s e r i n t e r f a t o m e t o r rg8tam. Tho
e n h a n c e d m e c h i n o t o 0 1 Will bo
benchmarked by prodUCilL9 8Pit Of high
prec i r i on , high rpeed,
stamp p e t f o r a t i n g cyl indero or tho
Bureau o f Engraving and Ptiatbng. The
euccescr fu l manufactur ing of t h e r e
c y l i n d e r 8 r e q u i r e 8 a p o s i t i o n i n g
accuracy of 2 2 nr icroaetar over l one
m e t e r l eng tb f o r t h e peck dr i l l ing O f
a p p r o x i m a t e l y 50 ,091 hollen (1 Dm
diameter) i n the pair of cylbder..

t r r t e o on making 8 000d p8r t by

pas-

Severa l apprOoChoR t o machining
accuracy enhancement at0 u",litmd. There

Tbir detoc t ion method ir b8red on
t h e c h 8 r r c t e r i r t i c d o t l ~ c t i o no f a
Calura w i t h oao r i g i d cupport on tho end
O p o r i t 0 an a x i a l load. When t h e

ruch a8 a worn cu t t ing edge or a hard
Spot on the workpieco, tho m a t e r i a l
ernnot be rerovod 88 f a r t a r t h e d r i l l

brbQfed i n t o it. When thir oCCUr8t

drPl l i n g i o improper, due t o f a c t o r r





requirearnt t o name objeat r f a ft, 8)
the need t o make inCor8rtioa f t o s tbir
model avr l lab lo , i n real- timo, t o l
con t ro l r y r t e a a t many hierarchica l
l e v e l r of organitatton, and 3) the n o d
f o r multi -modal analyrer in tegra t ing
many renrory procerrer. There ate UDO
un i ue aspect8 o f robo t renrory

advantage. For example r the renrory
syrtem may obtain predictive 1nforma);lon
about the n e x t viewingporitioa from th.
r o b o t c o n t r o l ryrtem. It f 8 8180
character i r t ia of robot
t i o n 8 t h a t m o r t o t t h e 8
p r o c e r r i n g t i 8 0 will bo rpoat en
problems of renrory nervolnq, rather
than on o b j e c t ident i f icat ion. Thi8 $8
bccaure almoat a l l o f the imager w i t h
which it d e a l 8 are reen i n a hirtorical
context a8 member8 o f a r a t rucaoeriv.ly
a l t e r e d by object and observer 8 0 t i O n e

envPronment8 which may be uoed t o

A8 8 r e m l t of this aoat iaolw in
t h e world being 8enald r tba
8Yat.m a m empZoy m y kin& of
dependent and con tex t - i ndo
knowledge i n generat ing a t t e n t i o n
proce88er urd expoctaacies uith which t o
guide procrrr inq o f incomlaa data, and
thur fac i l i ta te real - time oprrtioo. In
out approach, a b e r t o r r i b l a model O f
tho e x t e r n a l wor ld 9. maintained
rarvoing t h @ model'r prediction8 r0.irut
relactr rd, o p t i m a l l y diO~?i8inbbfOr
8 r p e c t r o i t h e data. IntormatiOU
roquired by the control rprtrm1.pu#d
t o the control a y r t e r d l
80delr lndepeadeatly o f

interp r e k t ioe procau e a
model t o tbe external data.

The preren t v i r i o n 8pUt.8 Pro8
8tructured projected 11 ht roorae8 t o
quickly obtain 8iniul d O r 8 8 t i O n .boot
the n i x degree8 of freedom o f an object
r e l a t i v e t o the robot. Tho a b i l i t y o f
the %- D m robot vir ion yrt.8 t
unknown three - diaenr ional
a r b i t r a r i l y por i t ioned fa 3-a
been deaon8tr&tedt it Call guide the
robpt in - ureful in teract ion with the
object.. A n o b j o c t unknown t o tho
r o b o t ' r r o f t w a r e can be placed i n l
random l o c a t i o n w i t b a rand08 3-D
or ien ta t i on . U8ing f l ood f fa rher t the
r o b o t can d i n c o v e r t h e o b j e c t ,
A l t e r n a t i n g f l o o d f l a r h e r with i Ia8her
which p r o j e c t two pl8ner 0: l i g h t # it
approachem the object and dtrcoverr the
3-0 or ien ta t ion of i t a 1arge.t 8urt8CO -
The robo t then p o r i t i o n r i t r e l f norm81
t o tha t rurface. Oring the combiaed

d a t a Which i 8 an41

(b) In8ttU8Ont.d Gripper - tach work
rution i n the UIW may require rcveral
d i e f e t e a t t p e r o f gr ipper& .The
current development e f f o r t ir 8 two-
fingored ~ e u m a t i c a l l y actuated gripper
which c8n bo reromd on finger porition
and gripping force. Thin gripper will
ba used on the hor i son ta l m8ahinin9
amtor robot.
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B8u%atiear aro r l r o k i n g writ ton
t ooatrol m d v i r ioa q r t a m r

thrt r g r k h g dovol0p.d a t m8.
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~ = p i & j m a c 8 L ~ o r b 8 l o
Of the AIR? i m t o be emulated uith mob
module (e+, workrtatiorr) on uab lwol
d l r t i n c t l y r i 8 i b l e t o f 8 a i l i t 8 t o
roplaooment with the aatoml hrcdue58.
The 6.- b.80 rtructure w i l l
t h a t ant ic ipated f o r tb0 M

Yillbe reprrmentrd. Co88uniaatioa and
corn ut ing de l ry r are omolated r Uong
wit! t h e 8 I l o c a t l o n o t sodolor t o
differant p h y t i u l proaouora. .

tr ibute6 l o c a l C O D p U t a t & O ~wo#m8

80th aODtinUOU8 -8iW
and deai8ion -makiag ptOa88800 e t 0

.birity t o toa t the t O t U l t 8 0% & W Z O t O
includod in the emulatian Jon riththo

and r.,ntinuour rourc08 of ortot. m o
looe l o f d e t a i l in tho ora lat ion i 8
under the control of the uoor, LO that
c r i t i c a l operat ioor ma bo repre8oatod
with g rea t accuracy & lo only toogh
rpprorim8tioru o f other oabmyrku &go

Data L8 ontarad f o r the e8alatioa
ent i fe ly by uriting modulo 68ariptiocu.
Each module har a aommon format kaod on
a 9onrraliaed s ta te - uchbe da8ctiptton
with named o a t i r b l e r ( l igure 4). 9ho

d e c l 8 t e input, output and intarn81
v a r i a b l e namer and typ.8. T U 8 ir
f o l l o v o d by a mequenoo of aoadition -

UrOd.

f i t s t p a r t C O n r i r t 8 O t l i n e 8 rh ioh
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t h o in to rp ro ta r will prrrlt tho
u8.r t o d y n a r i o r l l y b u i l d 8nd
laterehaago 8t8tO-tablO8. Ituill bo
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T h i 8 paper ha8 boon prop8tod t o
eummarfro t h e prelfain8ty t O O U l L 8 .nd
Integrated repor t8 by many m8 at8f f .Id
AMRF pgoject tu8 mOmbOt8r too amorom
t o f i a t and proporly crodit hero.

Tho NBS kUt088trd UanUf8atUring
Rarearch Fac i l i t y i m partially 8upport8d
by funding f r o n t h e Iavy Wanuf8ctoting
Tec&ology pragru.

Tho Emulation Pro ject Ir aponm0t.d
by the A i r Force/DARPA ITA Projeat.


