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ABSTF'ACT

F ind i n g f l ex i b l e and c os t e f f ec t i v e ways of interfacing microcomputers for
data acquisition and control has been a s tumbling block for many
appl i c at i ons .

The avai l a b i l i t y of l o w cost Single Board Computers a nd i nt e l l i ge n t
input/output systems provides exciting new capabilities for the automation
of sy s t ems and en t i r e f ac i l i t i es .

This paper describes an applications command language known as the Raster
Control Program. Supported hardware presently includes the Optomux family
o f i n t e l l i ge n t i nt er f a c e b o a r d s . The advantages, system performance, and
l i m i t a t i o n s o f t hi s f or m of networked distributed control are reviewed.

Introduction

Widespread practical applications of microcomputers seem to lag the
t echnology b y sev e r a l ye a r s . The majority of computer installations are
e : eluded f r o m m any aux i l i ar y a ppl i c a t i o n s du e t o l i mi t ed I / O . I np u t s a re
typ i c a l l y l i mi t e d t o ke y b oards and outputs to displays and printers.

The interface with environment and real world systems is crucial for many
appl i c a t i o ns . T h e l i nk bet w een computer l o g i c a n d t h e r e a l w o r ld i s easi l y
h andled w i t h opt i ca l l y i so l a t e d i n p u t / o u t pu t modules . Bu t d i st r i but i n g t he
c cmputer l o g i c i s r ar e l y a straightfoward task.

I nte l l i ge n t , of f - t he- s h e l f interface systems are now available. Such
systems ar e app r o ach i ng refinement to the point where time is saved in
developing the interfaces, allowing one to spend more energy on t he
a ppl i c a t i o n .

Ny previous experiences with I/O boards and kludge-it-to-the-buss schemes
w ere no t a l wa y s r e ward i n g . flany appl i c a t i o n s do not lend themselves for
computer interfacing. Industrial grade programmable controllers a re f i n e
f or simple relay type logic but presently do not have the smarts for
adaptive systems. After blowing up a computer w i t h l i ne vol t a g e , I f i gur e d
there must be a better way!
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System Description:

About two years ago, Opto 2":, a company well known for high quality solid
state relays and I/O boards, introduced a family of Networked based
inte l l i ge n t cont r ol l e rs k n o w as O p t omux" 1 (Fig 1 ) , A n y c omputer w i t h a
serial port can be the host network controller with the help of a RS-232
t o RS-422 co n v e r t e r . RS-422 s e r i al communications standard provides
excellent noise immune and long distance remote links via 4 wi r e ( t wo
t wis ted p a i r s ) b a l a n ced l i n e o p e r a t i o n . A s i ng l e h o s t se r v e s mu l t i p l e t ask s
located thousands of meters apart. Up to 256 boards may be addressed per
line for a total of 4096 channels.

Either input or output modules can be plugged into each of the 16 positions
on the board. Each position is configurable for a certain functi on such as
a timer, counter, latched input, etc • Nodules are a v a il a b l e f or a wi de
range of voltage levels. The PC host can be remotely located in a
protected environment thereby lowering c ost and enh a n c i n g syst e m
rel i a b i l i t y . Ad d it i o n a l p oi nt s c a n b e a d ded a t a n y t i m e a t ve r y r ea s onable
cost .
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1 OPTOHUX is a trademark of OPTO 22
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Sof tulare Envirooment:

The Master Control Program was developed with Ltll's Forth 83 PC/Forth 3. 1.
Network communications is performed by a resident AS DOS assembly language
device driver. The customi ed driver functions in any PC or AT Compatible
environment. Upon execution of an I/O command, six data arrays pointers are
pushed onto the stack and the driver is c al le d v i a an i nt er r up t . Th e
command kernal could easily be ported to any version of Forth. Nany of the
advanced propriety system features of PC/Forth such as multi-tasking and
window support h a s p r o ved i n v a l u a bl e i n t he f i r st i nst al l at i on .

The command language is comprised of over 100 commands providing control
structures tailored for automation. These commands f a l l i nt o sever a l

categories: Optomux Digital, Optomux Analog, Optomux Network Control,
System Control, and Application Tools.

The Digital Commands perform:

I

Input/Output
Pulse Generation
E vent La t c h i n g
Event T i ming
Event Count i ng

The Analog Commands p erform:
Input/Output
I nput Averag ing
Threshold detection
Temperature Conversion to Degrees
Thermocouple Linerazction

Network Control Commands perform:

System security
Setting of communications parameters
Network diagonistics
E rror h and l i n g

A ppl i c a t i o n T o ol s i nc l u d e :

Autoincrementing counters
Scheduler
L ogical c o n t r o l b l o c k s
t1ouse menus

Extensive HELP commands guide the user in building applications.
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System Per f ormance and Securi ty:

I

tetany complex tasks may be performed concurrently. tlany of the critical
tasks such as high-speed counting, timing, latching, pulse generation, etc
are performed by a single-chip micro on each OPTONU1 board.

How fast is fast ??

The maximum communication rate of the Network is 19200 baud. Except for
very long runs or very noisy environments, 19200 baud is the recommended
rate for maximum throughput. Typical throughput is over 10 0 I / O c ommands
per second on a 6 N h z AT , v e r s u s 8 0 c ommands per second on a " vani l l a " P C .
tetany commands process all 16 I/O channels per board. While not the speed of
a direct connection, it is fast enough for most applications • Up to several
hundred I/Os can be used while s t i l l kee p i n g s can t i m e under 100 ms f o r any
particular point. Using a separate processor for the network communications
would improve throughput of the system considerably.

Repeatabi l i t y of t i me - c r i t i ca l
are performed by a dedicated
a nd Counter s cou n t u p to 100
f or t w o m i l l i se c onds t o assure

For integrity checksums verifies data in both directions before any command
i s processed. 4 f ou r - pass p ro t oco l i s sup por ted t hat echos and ve r i f i es
each character, but I' ve never found this mode necessary. Watchdog commands
program outputs to deactivate if the network goes silent. System security
h as been adequate even i n c r i t i c a l ap p l i ca t i o n s .

functions are e:cellent since such functions
CPU. Programmed timers have 10-ms resolution
Hz with 25 / d u t y c y c l e . I np u t s must b e v a l i d
l atch i ng .
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A S i m p l e Ap p l i c a t i o n s Ex a m p le :

The Wye-Delta Starting arrangement is commonly used for
starting three-phase motors for demand reduction. This simply
involves swapping contacters after a certain time period.
A similar arrangement can be used f o r t w o s p eed conveyer
start up so that items are not thrown off.

3 CONMF'ORT
RO PUCLEAR
4 0 1 $. 2 5
RO 4

192 BAUDRATE

4 0 2 E 500
AO 3 L 500
40 4 F.

3 h CONFIBOUT
CONFIGIN

S elect and I n i t i a l i ze c o mm por t 3
Power Up Clear Optomux at 4ddress 0
Nodules 1,2,3 Configured for Output
N odule 4 Configured for Input

Delay 5 sec when instructed ON
Stay ON for 5 sec when instructed ON
Latch any input for ON

SET DEL4YON
SET TIMEON
LATCH-ON.':OFF

1 5 " 5 3 5 ; K Define Address and Nodules for PumpP UMF A O

Typing from console or executing WITHIN a defination

PUMP ON Turn Pump on for 5 seconds Y connection
Automatically transfers to Delta
connect ion i n 5 sec

Vil l t he p u mpPUNF' OFF

To control the level in a tank:

TANV HIGH". ( - - f TRUE I F T ANV LEVEL IS HIGH)
AO 4 R E 4 DLRTCH 1= ( check l a t c h )
DUP IF RO 4 5 CLE4RLATCH THEN ( reset if true)

T4N); HIGH"..
IF PUM P ON
ELSE PUMP OFF
THEN

The word "RO" selects 4ddress 0 and clears the data arrays.
The word "5" adds the Nodules to an array which selects the
channels for the following command.

Donald C. L o ng , J r .



Summary :

I
form. The most difficult phase of the project the development of an

In the first application, a single host PC is performing the work of
many large programmable controllers at a fraction of the cost without
the inherent limitations. A background task may control entire machines
or processes. If single-board computers were utilized instead of full
blown Personal Computers the cost could be reduced further.

Examples and techniques found in the Forth journals were instrumental in
de;eloping a working knowledge of Forth.

Over a year of effort went into developing the system to it's present

i nte, rup t c a l l zb l e r es i d en t d e v i c e d r i v e r .

T he pr i mary go a l w a s
contro l s chemes,
programmibi l i t y , and
c omplexi t y . T h e hi gh
turnkey applications
the concept to their
a ppl i c a t i o n s .

P resent l y , t he Pr i m ar y l i m it at i on of t hi syst em i s t he c o mmunicat i o n s
r ate o n t h e ser i al l i nk . 4 hi gher r a t e l i nk ( >5 0 0 Kbaud) o r p o s s i b l y
even fiber optics would allow such a system to be used for even the most
demanding data acquisition jobs. For now one must wait until the network
chiip sets become available or invest in the higher speed factory
automation protocalls such as HAP ( manufacturing 4utomation Protocol).

One of the most exciting aspect of this system is the overall cost

several future applicatzons including automating entire manufacturing
f ac i l i t i es. A gene r a l p u r p os e ver s i o n o f t he l an g uage i s a v a i l a b l e f or
those who have applicatior,s arid wish to be spared time and development
costs of des''gning an interface.

to develop a system not only replacing existing
but a syst e m pro viding ample resources,
e xpandabil i t y f o r app l i cat i o n s o f e v e r i ncr e a s i n g
level commands allow even non programmers to
quickly. Programmers familiar with Forth can adapt
system or extend the language to handle many

t
effec t i v e ness . The l a n guage i s c o n t i n u ousl y e v o l v i n g an d w i l l be us e d i n
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