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WORKSTATION CONTROL I N A COMPUTER INTEGRATED
MANUFACTURING SYSTEM

The Manufacturing Systems Group o f the Nat ional Bureau o f Standards has developed
a rea l - t ime c o n t r o l system t o coordinate the equipment i n a machining workstation.

The con t ro l concept used i s that o f decomposing high l e v e l tasks through several
l e v e l s of workstation cont ro l in to commands which can be issued from t h e lowest l e v e l
and acted on by the equipment components i n the workstation. A f i n i te s ta te machine
has been implemented t o perform the task decomposition a t each l e v e l o f workstat ion
control. Reference 1 discusses th i s con t ro l concept further.

The Workstation Cont ro l le r (WSC) archi tecture was designed using the fo l lowing
guidelines:

1.

2.

3.

4.

5.

6.

7.

0.

9.

The WSC uses the task decomposition techniques previously mentioned f o r
contr01.

A f i n i t e s t a t e machine implementation o f task decomposition i s employed.

Although the current implementation o f th is USC i s i n a hor izontal machining
workstat ion (see Section 21, the arch i tec ture i s generic. That i s , the con-
t r o l l e r i s appl icable t o other real - t ime control tasks.

Consistent with #3, a set o f software too ls was developed f o r building such
cont ro l systems, and then used t o create a Hor izonta l Machining Workstation
Con t ro l l e r (HWSC). All o f the too ls are avai lable i n the completed contro l -
l e r , allowing easy modification.

The cont ro l system i s par t i t ioned i n t o modules that each do a small and
comprehensible amount o f processing and that have c l e a r l y defined in ter faces
t o other modules.

The system i s highly interact ive. All modules are ind iv idual ly executable
from the keyboard t o a id i n debugging. This i s t r u e f o r the low l e v e l
modules and f o r the higher l e v e l modules that execute groups o f low l e v e l
modules. Control l e ve l s may be single stepped and the e n t i r e cont ro l le r may
be single stepped.

In te r faces between modules a re easily examined during development and
execution.

I n mu l t i p le - leve l c o n t r o l l e r s ( the HWSC has three leve ls) , a l l l eve ls have
t h e same architecture.

The arch i tec ture su’pports changes i n the equipment components i n the work-
s ta t ion and i s e a s i l y extensible t o incorporate new sensor systems and such
software add i t ions as new equipment component commands or status feedback
information.
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Figure 3 shows the organizat ion o f these l e v e l s and some o f the commands provided t o
each l e v e l . Each l e v e l functions the same way. During each c o n t r o l cyc le each l e v e l
examines the command from the l e v e l above, the status feedback from the l e v e l below,
any sensory in fo rmat ion avai lable, and i t s i n te rna l state. Then based on th i s informa -
t ion , It issues a cormand t o the next lower l e v e l and a status repor t t o the next higher
l e v e l , and updates i t s i n te rna l state. This i s repeated each contro l cycle f o r every
l e v e l . The s e l e c t i o n of the proper outputs based on the input information i s performed
v i a a s t a t e t a b l e search (Ref. 10). F igure 4 shows how a s t a t e tab le i s used t o
implement such a con t ro l decis ion leve l .

As an example o f the task decomposition, consider the execution o f a "MAKE-BATCH
partname " command rece ived by t h e HWSC.

L e v e l 0 i s responsible f o r coordinating the r e t r i e v a l o f cont ro l data (s ta te
tab les) with the production o f the part. Since the state tables are essen t ia l l y the
task program f o r making th is par t icu lar part, they must be re t r i eved from the Data Base
System b e f o r e any other operat ions take place. This r e t r i e v a l i s performed by the
Process. I n i t i a l i z a t i o n Module. When the cont ro l data r e t r i e v a l i s complete Level 0
issues a MAKE-BATCH command t o Level 1.

Leve l 1 decomposes the MAKE-BATCH command i n t o pieces that r e f l e c t major portions
o f t h e o v e r a l l task. These are LOADing the pa r t i n t o the machine, one o r more
MACHINEing operat ions on the par t , REFIXTUREing the part if needed f o r various machin-
ing operations, and UNLOADing t h e par t i n t o an outgoing tray. These commands are
issued t o Level 2 when appropriate.

Leve l 2 decomposes the par t icu lar command received i n t o equipment l e v e l commands
needed t o per form it. For example, when a LOAD command i s received by Level 2, an
APPROACH command i s sent t o the f ix tur ing and a POSITION PALLET B command i s sent t o the
machine t o o l . A f t e r a few more commands t o the robot and fixturing, the par t i s
f i x t u r e d i n the machine and the LOAD operation i s completed. The status being sent t o
Leve l 1 i s then changed from EXECUTING t o FINISHED.

The many d i f f e r e n t ind iv idua l operations and the sequences o f operations tha t
might. be needed t o make d i f f e r e n t parts are speci f ied by information i n the s t a t e
tab le , n o t by code i n the Workstation Cont ro l le r software.

Figure 5 i s a block diagram o f the Workstation Contro l ler showing how the three
c o n t r o l dec is ion l e v e l s fit i n t o the WSC architecture. The software arch i tec ture o f
each o f these l e v e l s i s i d e n t i c a l and will be discussed next. The other major func-
t i o n a l b locks shown support the in ter fac ing o f the WSC with other con t ro l systems. In
t h e case o f t h e HWSC, these are the c e l l con t ro l system, the robot cont ro l system, t h e
machine t o o l c o n t r o l system, the f ix tur ing cont ro l system, and the mater ia ls transfer
i n t e r f a c e . These funct ional blocks are discussed l a t e r (Section 4.3).

4.2 Leve l A r c h i t e c t u r e x

Each cont ro l l e v e l o f the Workstat ip Contro l ler has the same architecture. This
i s shown i n Figure 6. The Input In ter face contains the cur rent information on the
basis of which each con t ro l l e v e l makes i t s decisions. The Search Handler obtains a
copy of t h e Input I n t e r f a c e in format ion and searches the inputs side o f t h e s t a t e t a b l e
fo r a match. When a match i s found it copies the corresponding output informat ion t o
t h e Output I n t e r f a c e . The s i z e and f i e l d d e f i n i t i o n s of the Input I n t e r f a c e and Output
I n t e r f a c e are spec i f i ed during c rea t i on of the par t i cu la r cont ro l le r . This i s descr ib -
ed i n S e c t i o n 7.
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l LOWER -- the name o f the input i n t e r f a c e o f the next lower level , o r t he name
o f t h e common memory communications in te r face below

Leve l Def in i t ions a re used t o create simi lar data structures f o r each con t ro l
l e v e l o f t he WSC. Note tha t the Level Def in i t ions describe the re la t ionsh ip between
l e v e l s by specifying, f o r each leve l , the input in ter faces o f the next higher and next
lower leve ls .

7.4 O f f s e t De f in i t i ons

O f f s e t D e f i n i t i o n s are used t o speci fy the meaning o f the various items i n the
data s t ruc tu re created by the Level Def in i t ion . Figure 11 shows the Offset Def in i t ions
f o r Leve l 1 o f the HWSC. The defining word "(LEVEL) " i s used t o create a pointer t o an
i t e m i n the l e v e l data structure using a byte o f f s e t f o r tha t item. For example, f o r
Level 1, LOWER i s the f i r s t i tem i n the l e v e l data structure (0 bytes away from the
beginning o f t h e l e v e l data structure), HIGHER i s the second item (2 bytes away from
t h e beginning o f the l e v e l data structure), CONTROLDATA i s the third item, OUTPUTS i s
t h e fourth, and INPUTS i s the fifth. ( In the HWSC, two bytes are used t o store each
i t e m i n the l e v e l data structure.)

Offsets can be defined once and then used f o r a l l con t ro l levels, or the system
programmer can def ine a separate set o f offsets f o r each control l eve l . If d i f f e r e n t
sets o f O f f s e t Def in i t ions are used, a d i f f e ren t number o f Items can be stored i n each
l e v e l data structure. This fea ture i s especial ly usefu l a t the lowest cont ro l l e v e l if
the WSC i s used t o communicate with several other control lers. For example, Level 2 o f
t h e HWSC sends commands t o several equipment control lers rather than t o another WSC.
con t ro l leve l . The in ter faces through which equipment commands are sent are a l l con-
s ide red "LOWER" i n t h e Level Def in i t i on f o r Level 2 (Fig. 10B). The names o f these
i n t e r f a c e s --ROBOT-INTERFACE, MACHINE-INTERFACE, and FIXTURE-INTERFACE -- are a l l in-
cluded i n the data s t ruc ture f o r Level 2. The Offset Def in i t ions f o r Level 2 a re used
t o loca te t h e names o f a l l t h ree LOWER in ter faces i n the l e v e l data structure.

.. By speci fy ing new Level Def in i t ions and O f f s e t Def in i t ions, the system programmer
can change the number o f other control lers with which the WSC can communicate, rede f i ne
the re la t i onsh ip between the cont ro l leve ls , or even add or delete control l eve ls from
the WSC.

7.5 F i e l d Def ini t ions

The Input and Output Inter faces o f a control l e v e l are made up o f a number o f
f i e l d s , each o f which contains a d i f f e ren t kind o f input or output data. Fie lds are
def ined f o r each in ter face using a se t o f F ie l d Definit ions. Each F i e l d Def in i t i on
creates an index which gives the r e l a t i v e posi t ion o f a f i e l d within an interface.
Since a f i e l d i s def ined as an index rather than a spec i f ic locat ion i n common memory, a
single se t o f F i e l d Def ini t ions can be used t o describe several d i f fe ren t in ter faces.

Figure 12 shows the F i e l d Def in i t ions f o r the Input and Output Inter3aces o f Level
1 o f the HWSC. The def in ing'kord nNUMERIC w i s used t o create a tuo-byte f i e l d for t h e
given f i e l d name. Other defining words are used t o create f i e l d s o f d i f f e r e n t sizes.

7.6 Data Access

To access any f i e l d within the Input or Output I n t e r f a c e o f a l e v e l , the system
programmer uses an English - l ike phrase which selects a l e v e l , an i tem within tha t
l e v e l , and a f i e l d within that item. For example, t o access the status feedback f i e l d
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examined by the diagnostic modules during every control cycle, providing extensive
diagnostic and status - reporting capabi l i t ies . Since the diagnostic modules have ac-
cess t o the system dict ionary, they use the same English - like phrases used i n the
Handler modules.

The Level Display module (Fig. 13) displays the contents o f the Input and Output
in te r faces o f any con t ro l leve l . (The Level 0 display also includes the contents o f
the C e l l I n te r face ; the Level 2 display includes the contents o f the Equipment Inter -
faces.) The input and output f i e l d s shown i n the display correspond t o input and output
columns i n the state - table o f the l e v e l that i s displayed. The user can se lec t one
l e v e l a t a t ime f o r display. The display i s updated i n real - t ime, allowing the user t o
see the incoming command and status feedback information and the outputs generated as a
r e s u l t o f the state - table search. The user can display another l e v e l by pressing a key
a t the user terminal.

The Mailbox Display module displays the contents o f any mailbox used by the WSC.
The Cell -Status Display i s used t o display the status messages tha t are sent t o C e l l
Control by L e v e l 0 during every cont ro l cycle. The display i s updated i n real - time.

The WSC Monitor was designed t o emulate the operation of any or a l l o f t h e
Equipment Control lers or the Data Base System during real - t ime execution o f the USC.
The Monitor enables the user t o enter status information that would normally be sent t o
the WSC by the Equipment Cont ro l le rs or the Data Base System, thus allowing f u l l
operat ion o f the WSC i n the absence o f any o f the interfacing control systems.

The Monitor detects a l l new commands that are sent by the WSC t o the control .
systems being emulated and displays appropriate status -request sareens so the user can
type i n status information. Example display screens are shown i n Figure 14. Status
information entered through the Monitor i s deposited d i r e c t l y i n t o the appropriate
communications mailbox. Thus, the USC responds exactly as it would have i f the
emulated c o n t r o l l e r had sent the status information. The uaer can enter status infor -
mation f o r an emulated cont ro l system even if a new command has not been sent by using
t h e Mai lbox Menu shown i n Figure 15.

The Monitor allows e f f i c i e n t ve r i f i ca t i on o f cont ro l data since status informa-
t i o n ind ica t ing tha t an equipment component has completed a command can generally be
furnished much more quickly by the user than by the equipment component ac tua l l y
performing the command.

Y



Examples of Monitor Display Screens

""'Robot Needs Attention""'

Robot Command MBX Contains ))) Transfer
Hous
Buffer PED-V
PED 2

Build Robot Status Mailbox )))
'left-justify all fields'

I l*"l I I I I

Robot-Stat M# 81 62 83 64

""'Data Base Needs Attention""'

DB Command MBX Contains ))) Select Resource
Where PTGEOM EQ
HOUS

Build OB Status Mailbox )))
'left-justify all fields'

Y

I0"l I I I

Figure 14
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