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i1« Introduction

An autdmated fuel fabrication capability for fast
breeder reactor fuel is being developed at the Hanfcrd-
Engineering Development Laboraﬁory (HEDL) in Rlchland,,
Washlngton on behalf of the U.S. Department of Energy. ,The
Secure Automated'Fabrlcatlon (SATF) llne-lncorporates a
centraliied compﬁter Syetem liﬁked to a distributed pfocess
control syetem;as‘shoﬁe in Figure 1. | |

i
|
i

The Procees Instumentation and Control System (PICs) is
comprised of déal minicomputers witﬁ supporting mass Storege
and'additional dual minicomputers acting as commﬁnicatidns
Processors.. These;;omputers, as well as the unit operation

dedicated controllers, are Hewlett Packard HP-1000 .

minicomputers.

_The fabrication line is being deveieped such that,it
can be operated remotely Ey a small staff located in the
control center. -éo support this goal, the control center
makes extensiie‘use ef several integrated control etétions
consisting of color graphies terminais with touch sensitive-

screens (touchscreens) applied over the Cathode Ray Tube .

{CRT) face.
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2. Interactive Color Graphics in Process Control

A computer-based process coﬁtfoi‘appliCation; such as
SAF, benefits gre&tly from a friendly interface for the
'operator who ultimately controls the‘actiQity‘of the system.
Graphic§ displays allow the operator to selectively'%iew all
required process’data in varying degrees of detail at.a
compact control_stafion; Instead of having a control
console comsisting of‘many'&ediCated signal indicators laid
out in a large area, he receives the information he needs‘in
the form of graphic displajs on color CRT's. The use of
color graphics provides increésed flexibility for the system
engineer responsible'for designing and implemehting é data
display -and process control schemne. Compléx data
:elationships are communicated efficientlj and clearif with
graphical displays, while the use of color significantly
~increases the'density of information which can be displayed

and comprehended by the operator.

Most control schemes based on interactive graphics
suffer from one serious drawback: the operator is required
to communicate with the system through a keyboard entfy”“
scheme. During systeﬁ fransiehts or off;normal conditions,
when their skills aﬁd jﬁhéement.are most'severely'taxéd,‘
‘Jthey are‘required to divert their attention from the pfocess

-

display and concentrate on manusal command entry functions.

-
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Most implementations make an effort to alleviate this
problemvby using special funcfion keys for common éommand
entries. While these efforts have had some Quccess, they do
not address the root of the prbblém.ﬁ The approéch'to this

' problembbeing taken at HEDL is to minimiie thé need for a
keyboard by integrating todbpscreens with the displsy
devices. This:allpws the opérator to direct his attention
at the process display instead of alternating between the
display and the keyboard. When control actions are
necessary, they are initiated by simply touching an
appropriate location on the process display. This technique
is more natural~£o an operator than the other common methods

of interacting with graphic displays, such as trackballs or

joysticst
2.1 Touchscreens

Several different technologies exist fof applying'

‘ touchscreens.to display terminals. The sensbr arrangements
lfall into oné of three brosd 6iéssifications: {1) Sensors
which detect the interruption of a reference signal; (2)
Sensors which detect the reflection of a reference'signalgy
or (3) Sensofs’which directly sense the presence of the

object touching the screen.

A signal interruption device typically consists of a
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matrix of light-emitting diodes and fhoto-detectors mounted
parallel with the CRT face. When an object touchiﬁg thé
screen interrupfs these beams, the coordinates are |

' determined by the loss of signal on one or more of the
'pho;o-detectors. vThis type of device is generally‘of .
relgtively low cost, mounts easily, aﬁd has 1gw‘resolution.
If fhe diodes apd detectors operate in the infra-red region,
the iight beams do not degrade the dispiay contrast. One
éerious drawback in a developmental application is thét the
resolution is not adjustable. Further, since the Sensing
elements are typically mounted some distance from the screen
to allow for CRTAcurvature, parallax errors become a
significant problem.

A signal reflection device typically comnsists Sf a pair
of signsl sourcés and defectors mounfed on the edge of the
CRT screen. When an object touches the séreen, sohe of ﬁhe
. energy in the reference signal is reflected back to.the
detectors. By measuring thevtime duration between the
ipnitial and reflected pulses, the location of the object can
be determined quite accurately. These devices are génerally
expensive since they must be fabricated for a specific CRT

geometry. They offer high resolution, are adjustable and do

not degrade the display.

A direct detection device ty?ically consists of a
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transparent overlay on the CRT face which senses the

" presence of anm object. Such'ﬁ device is used in this

- application. The overlay consists of twobmylar sheets -
placed omne atop the otherf The sheet nearest the CRT face

" supports a reéistive layer terminated gt éonnectors on éqch
of the four edges. The outer sheef supports a conductive
~layer mounted so that it is not normally in contact with the
resiétive_layer. ;When-thé overlay is touchedAit_causes
contact to be made between the resistive and conductive
‘layers, forming a voltage divider network. - Voltage pulses,
alternately applied to oppbsing sides of the overlay
generate lineér voltage gradiepts on the overlay. VWhen the
overlay'is touched, Qoltagés fépresentative of the touch

location are picked off by the conductive layer.

This type of touchséreen is generally of moderate cost,
simple to mount and has adequate, adjustable resolution. It
does intérfere with'the light transmiésion,frdm the terminal
to some extent, buf'our~experienc§ has been fhat this is not

a Significant problen.
2.2 Previous Work
An earlier effort at HEDL demonétrated the usefulness

of touchscreens and color graphics terminals in suppbrt of

process control. 4 simulation of a two-locop heat transport
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sysfem ﬁas'cbntrolled from a graphics terminal with a
touchscreen. The te?minal was used to display graphical
representations of the process status. In addition to a
summary display of overéll status, dfher displays detailed
various aspects of:the simulated process. ‘The graphics
terminal was periodically uﬁdatéd to maintain a displgy of
the current prodess variable values;‘ The operatér waé‘able
to control proéess conditions, such asfopening and Elosing
valf@s or turning devic;s on and off, by touching the
appropriate device and a cﬁrresponding action button on the
display. By touching éppropriatg.areas on the display, the
operator was able to bring up neﬁ‘displays showing differént

aspects of the process status.

While no effort was made to make fhis demonstration
either faéf or effiqieﬁt, it did perform as expected and
provided a test-bed for various communications schemes. It
proved the fundamental cdncepfs while providing much useful
data on'the‘system behavior. ‘The impleméntation'reéuiréd a
large amount of memory in the host computer to handlé the
termihal display and thé touchscreen. This resulted in
contentibn with thevsimulétion code for systém-resources as
well as séheduling problems.. As»a.result, the,respﬁnse'timé
of the sys£em vas very foor:, a delay of 3«7 seconds in
fesponding to a touch and an(additiénai 7-18 second delay .to

change the display.
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In evaluating the fesults of this experiment, it was
noted that much’of the poor performance éould be eliminated
by making better use of the microprocessor in the display
terminal. The microprocessor, in this case, an Inte} 80804,
could provide;the’interface with the touchséreen és well as
performiné th; bu:k of the work asspciated with the
- processing of status displays. Thi;-method'woﬁld eliminaté
mnuch of the contentidn:ih the host computer while making
better use of éxisting capaéity in the graphics terminal. A

beneficial by-product would be a significant reduction in

the communications load between the terminal and the host
| . ’

computer. The following sections describe that

implementation and the results which have been obtained.
3. Integrated Control Station

The control station is construéted from an intelligent
colof graphics terminal and a touchscreen. Figure 2
illustrates the major componenés of the staﬁion. The
display generator, communi¢ations inierface, keyboard,
Centrol Processing Unit (CPU), read;only memory, random
access memory and color CRT weré already availabié in the
graphics terminal. The screen overlay and touchscreen
interface were commerciallj available and readily integrated

with the terminal. The overlay was compatible with the
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Fig. 2. Control station block diagram

specific CRT used and the interface card was designed to

plug into the existing cardcage in the terminal. As a

result, physical integration was quickly completed.

The normal mode of operation for the touchscreen is to

‘provide a single coordinate report for each touch. While

this is the preferred mode of operation for most activities,

it was-antidipated fhat some operator functions would best
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be implemented if the capability exisfed to provide a
continuous stream of coordinate reports if contact with the
screen was maintained._ A poséiblevusevfor such a gapability»
would be the implementation of paréméter rampihg'functions
in which a pargmeter would iﬁcfééée in value while thei.
screen'waé tpu;hed andéstop‘changing when the touch was
'reﬁoved. A minor change iﬁ~£he igferface electfonics was
ﬁecessary to implement that»bapabiiity and to enable ﬁéde
switching under:software control. XNo othér physical changes
to the‘touchscg;en were nécessary during the development of
.the integratéd;control station.

The control software_in the graphies terminal was
supplementetho provide addﬁ%ional graphics capabilities.
Sevefal internal tables wéré defined which are used'to
interpret commands generéted from the touchséreen or from

the host éomputer and -to update the display.
3.1 Graphidé Capabilities

The color graphics terminal used in thé control stafion
is a wvery inéxpensive device which provides only basic
graphics capabilities.‘ The terminal ié capable of
displaying éight foreground and background-colors:‘ black,
white, red, green, yellow, blue, magenta and cyan. Cufsor

" and screen control include horizontal and vertical cursor
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positioning, reading cursor pbsition, ceursor hoﬁing and
screen clear. The device is capable of plotting with a
vertical resolution of 192 points gnd & horizontal

resolution of 160 points.

. The terminal is normally used in a_semigraphics'mode.
In this mode, the terminéi.is capable of presénting 48 lines
of 80 characters. Each character éonsists of a dot mgtfix
which can be configured to represent any combination'of the
a?ailable colors. Iﬁ this Way; graphics symbols can be
defined-and used iﬁ combination fo compose appropriateA
disflays. Bach character can.also be assigned a blink or
non-blink attribute..‘Since thiS'sémigraphics capability is
adequé%e for.mOSt status diéplays, the normal graphics mode

is rarely used for our application.
-3.2 Logical Buttons

fLogicél buttons are the primary mechanism for most
operator action requests. .The host computer defines logicai
buttons during display iﬁitializafion and aésigns them to
specific locatiéns on the screen. Attributes which may be
spééified include color, size df sensitive area, blink and
étatus (either touch enabled or disabléd). A maximum §f 64

logical buttpn aésignments is allowed.
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The display area is divided into 960 physical locations
vreferred to as "Physical Button Numbers®” (PBN) beginning at
the upper left corner of the screén with PBN 1-and ending at
the idwer right corner with PBN 960. Since the displayra:ea

 c0ntains 3840 normal size charaéteré, each PBY occupies 4

character positions as shown in Figure 3.

PBN PEN PBN . .
1 2 3 1

PBN PBN .
42

PBN |
920“
PBR
960

A'single PBN consists of 1 2

4 normal small character

positions. ' 13 4

Fig. 3. Physical button coordinate system

3.3 Logical Meters

Logical meters provide a method of displaying
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alphanumeric information in real-time at a specific'screen
location. These "meters” are referred to in terms-df
logical units, similar to logical buttons, with the variablé
value displayed at the specifiea screen location. Graphics
.characters may also be transmitted as the update striﬁg in
order to change symbols. (Changing the color of g,félve to

indicate a change in status, for exqmple.)
4. Command Language

The command language which was implemented in the
confrol station consists of a very simple synta?. Each
command starts Wifh ;[two letter mnemonic folloﬁed by
required and optional péramétg;sc ’The separation Character
is thé comma. The cdmmapds féll into several'broad
categories: initializa%ion/maintenance commands, touch
commands, logical button and meter commands; and
communications commands

-

4.1 Initialization/Maintenance Commands
These commands are used to perform display station
calibrations, assist with routine maintenance, and

initialize the control station characteriétics.

When power is turned on, the graphics terminal comes up
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in native mode. The terminal will respond to keyboard and

- bhost computer input as if its firmware had not been
mddified. The enhﬁnced (command) node is entered upon
receipt of = cpntrolwb."Command'modé accepts only the new
’commands described here and rejects all escape sequences
recognized in the native mode. Tﬁe Nafive Modé (NM) command
disables the command interpreter and returns the gfaphics |
termiﬁal to the unenhancéd, or ﬁative, mode of operaticn.
It is possible to switeh back and. forth between the two
oferating;modes‘in this manner and selectively alﬁer the
display or modify the internal tables; this capability is
especiaily useful for developing new displays ih.an on-line

manner..

“The Calibrate Screen (CS) command initiates an
interactive diélogue Wifh the usér to calibrate the
touchscreen interface when syétem power is applied. The
.operator is first prompted'bj a small target in‘the lower
left cornér of the screen with the message:"touch héré,"
"When he téuches the target,'thé origin of the screen
coordinate system is_established. .A target is then placed
in the upper right cdrner of the screen ﬁﬁd the Qperation
repeated. Thié sequence sets the sdale factor needed to

finish the calibration sequence.

The Visible Numbérs'(VN) command enables the display of
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touch coordinates'on the lower right corner of the screen.
The data displayed includes the raw éoordinate data received
‘from the touchscreen, the normalized x,y~location
coordinates and the cor#esponding physical button number.
This capability is particularly ﬁseful when‘calibrat;ﬁg thé
touchscreen interface electronics. The Disable ViSiglé
Numbers (VX) command removes thié‘display of touch

coordinates from the screen.

The Initialize Screen (IS) command is used té clear
current table assignﬁents and remove all active touchscreen
areas. This command is normally issued és the first command
when a new display is to be genérated. It is followed by an
Erase Page (EP)’command whicﬁ'erases the_firét’4; lines of
thé display, but does not erase the boftom four-lines which

are reserved as a ccmmand/message area.

The Enable Message Display (EM) command‘causes fhe
transmitted and ;eéeived meséagés'to be displayed on the
message area of the screen. This capability is particularly
useful‘whilé debugging system operations. This display is
‘disabled with the Disable Message bisplay (DM) command. The
Eﬁéﬁle Alarm (EA) and Diséble Alarm (DA) commands are used

-to turn the audible tone (beep) of the terminal on and off.
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4.2 Touch Commands

The touch commands are used to specify the oPerating
characteristics of the fouchscreen. Only the éeneéal
characteristics of the screen are affeéted; ‘behavior of
iécal areas 1is ‘defined when the actiyé areas are
" established. Th; Set $tream Mode (Sé) command places the
touchscreen in "étream“.mode. In this mode, the 1ocati§n of
the touch is continuously reporggd to the miéroprocessor as
ylong as contact is maintained. A visible echo will follow
.the operator touch asvhis finger is moved over the screen.
This mode is nofmally used to provide control of ramping
functions. The Set Point Mode (SP) command is used to place
the touchscfeen i£ Fpoint" mode. In-this ﬁode, theyloéation
~of a touch is réﬁorted only wheﬁ the,cbﬁtact is firs#'made(
In order to gef a sgcond-report, the contact must be broken
and reestablished. If an inactive afea’of the screén‘is'
toﬁched, a visible echo appears atvthe touched location for
a fraction of a second. If the 1ocati6n is active;'the echo
remains on thé scfeen as é reminder until the completion of
a valid command sequence. In the event of a touch error,
this echo can be c¢leared by touching an inactive aréa or

moved by touching the correct active area.

The Enable Screen (ES) command is used to enable the

touchscreen electronics and start an interval timer which
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interrupt5~the microprocessor at a 60 Hertz rate. This
interrupt initiates a routine to check for an 6perator
touchQ This command vill not be executed unlesgs the
Calibrate Screen (CS) command has been previously executed.
A correspondiég Disablé Screenv(DSj command is used to
disable the touchscreen electronics and stop the interval

timer.

4 .% Button Comﬁands

{
1
!

A logicalfbutton number (LBN) can be assigned to any
physical button number (PBN) with the.Assign Button (AB)
command. This command defines a logical button, its
éssociated physicai location 6n the éhfeen and i%s
attributes. The attribut;s whichICan be assiéned are the
colo;ﬁof the button, whether or not it is blinking, whether
or not it’ié sensitive to a touch, ﬁhether or not it is
buffered, whether it is a "transmit-immediate” or a
“transmit-oﬁ—enfer" button and the button mode. The
character codes specifying_button atfributes may be entéred

in any order since the code for each attribute is unique.

As expected, the color attribute specifies the color
assigned to the buttonm. One especialiy useful color
provides for "invisible" buttons. When black is assigned as

the button color, an "invisible” button is established.
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This feature allows assignment of buttons to areas of the
screen which correspond to symbois such as a valve, as shown

in Figure 4, without disturbing the symbol.

:3//’—_-VALVE SYMBOL .

n l
| I |

\—'—-BLACK BUTTON IS "INVISIBLE"

Fig. 4. "Invigible" buttons

The blink attribute specifies whether or not the bdttoﬁ
is to Ee blinking. This characferistic should be used
sparingly in order to .direct the operator's attention to an
abnormal item on thej&isplay which may require his immediate
attention. Aétive afeas are indicated by sblid buttons on -
the display while ipacti&e buttons are holldw. ¥hen a touch
israccepted by -the control stétion; an audible beep sounds
to provide feedback to the operator and the solid button

becbmes hollow.

The buffer attribute is used to enlarge the semnsitive
area aroﬁnd a LBN by assigning the 8 PBN's immediately
surrounding the visible bufton indicator to the same LBN as
showﬁ in Figure 5. A touch on-any of the PBN's within a.

relatively large area will be associated with touching a
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ADDITIONAL

: - BUFFER PBR'S
ACTIVE R ‘ ’ S
TOUCH o o o—

AREA ,

VISIBLE
P BN ~

\\T‘f:

-
s T S ReeY

Fig. 5. Buffering of logical buttons

specific LBN. This buffer zone is invisible to the

operator, but azallows less critical touch positioning;

Most buttons are defined as "tranSmit-on-entei"
buttons. When the*o?erafor,presses an enabled button, a
visible echo indicates that he has pressed aﬁ active aresa
‘and that the station is ﬁaitiﬁg for further éction. He then
presses an "énter" button at which time.the,actién’
associated with the previous button is initiated. If,
during this sequénce, the operator decides that an incorré;t
button was selecteq, he can either press the corfect buttop,
which moves the visible echo to the new button, or he can
touch any inactive area of the screen to clear the previous
touch. The visible echo provides positive operator feedback

and the two-step entry mode reduces the probability of
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accidentai touches resnltiﬁg in unintended actions.
"Transmit-immediate” buttons do not require that the
operator press the "enter” buttén to initiate the
corfesponding actioﬁ; the action'ié inifiafed as soon as
the button is pressed. This type of button is used

infrequently. .

The mode attribute is simply a shorthand method of
specifying button color and blink combinations. The

currently defined button modes are:

normal . green, no blink
wWarning yellow, blinking
warning acknowledged yellow, no blink
alarnm ' j.red;’blinking
alarm acknowledged '.red, no.blink

The Assign Space (48) coﬁmand is used to establish
additional touch sensitive areaé around a logical button
beyond those éssigned by buffering.:'These additional.
physical buttonskcan be assighed to a logical button in any
pattern énd'quahtity. The Update Button (UB) commﬁnd is
normally sent from the‘host computer to change the
attributes of any currently definéd'logical button. Any or
all of the attributes may be modified without affecting the

remaining attributes.
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4.4 Heter Commands

The ﬁeter'commands, Assign Meter (AM), Update Héter
(U¥) and Release Meter (RM), are,similar in fgnctidn to the
button commandé. Heters ére ﬁ&t assignéd additional.éctive
areas sinée th;y are sufficiently large without them; The
"attributes associated ﬁith-a logical metér are its.stafting
location, length, forégroﬁnd color, backéround'color; the
size of the chafacters dispiayed, whether or not blink‘gnd
touch are enabl;d, mode and the‘string fo be displayed. All
meters are "tra%smit—on-énter“ types.

The cdordinate system uéed in assigning logical meters
to~specific'screen>locatiéns is the terminal's standgrd X,¥
(80X4é) coordinate system where (0,0) is {he ﬁppef left
co;ner of the screen aﬁdv(79,47) is the lowerjrightvcorner.
The mode’&ttribute is simply a shorthand methbd of o
specifying common foregroﬁnd and background color and blink

combinations. The meter modes currently defined are:

normal o _‘ ' . white on black, no blink

warning | | yellow on black, blinking
- warning acknowledged  yellow on black, no blink

alarm - red on black, blinking |

~alarm acknowledged  red on black, no blimnk
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‘4.5 Communications Commands

These éommands are used to control communicatio#s
characteristics with the host computer. The Epablé.Checksum
(EC) command initiates a checksum fOutine which verifies xhe'
inteérity of messages sent between the control station and
the host qomputer. The Diséble Checksum (DC) command

disables this checksum routine.

The Transmit Status to HoSt'(ST) command is issued by
the host computer periodically to check for any.operator
action at the control stétion. When the request is made,
one of four responses is expected. If no action has
transpired since the last status check, the méésagé "CL"
(Clear) is returned to the host. If a logical button or
meter has been pressed, thé#message "TB,n" or "TM,n" is
returned, where n is the number of the_logicél buttén or
meter. The other expected response is a host compuféf.7
dommand entered through the confrol‘statiOn keyboard; Any
function which may be initiated by touching the screen may
alternétivelj be entered as a keyboard command. This"
capébilitybprévides a measure of redundancy to the command
entryféystem and enablés operation'to continue in a dégraded

mode in the event of a touchscreen failure.
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5. Control Station Command Interpreter

The graphics’terminélrﬁas modified té provide two new
basiC'capabilities: to accept and process the cdmmands
previously dé%cribed and to'deteét touchécreén éontacts and
correlate them with éppropriate actions.  The interpretation
ofrtﬁe cémmand set is accompiished simply with a command
ﬁuffer, parSE foutine,-jump'table and a set gf command
handlers; Thegincoming cohﬁand-is placed in the command
buffer and the# parsed into the qommand mnemonic and
associéted par%mete:s.' The‘cbmmand mnemonic is the,entry
intp a jump table which transfers control to the ap?roPriate
routine for each command. Each such routine accepts»the
required and optional parameters from the pérse routine and

performs the necessary modifications to the internal tables.
5.1 Control Station Internal Tables

- Two taﬁles are used to specify the location and
attribﬁtes of each of the 64 LBN's and fheir associated‘
PBN's. PBNTBL is a table of sihglé'byte elements mapping
directly‘to asSéciated PBN's on thé display. Each element
{(byte) of this table contains two items: bit 7 is set on if
" this element maps toia "visible” PBN associated with a LBN
ahd bits 0-6 cohtain the binary equiv#lént‘of the LBN

associated with the PBN. Each LBN assignment causes at'



. 'j page 24

least one entry in PBNTBL and, if buffered, causes 9 such
eniries. There can be more than oné visible PBN‘for a given
LBN through multiple button assignments using'the same LBN.
ATRTBL is a 64 bdyte tabdle which maps directly to a given
LBN. As shown;in Figure 6, an.element (byte) in this fable
contains éll i;fo;mafion necessary to défine the attributeé

~ of the LBN.

ENTRY IN ATRTBL

T{6|544{312]1]o
Y L3 Blink om or off

»- Color’

> Buffer on or off

Tbuch enabled or
disabled

Y

Pransmit on "enter"”
or immediate

1

- Set if this LBHN is
the "enter"_button

Fig. 6. Information coding of ATRTBL table

Foﬁr tables are used to define the location and
attributes of the 128'logical meters. MXTBL and MYTBL are
each i28_byte long tables confaining the x- and
‘y-coordinates of the logical meferé. The nth element of
MXTBL contaips the x screen coordinate.for LMN n. ©Note that
logicai meter positions are in terms of the screen

coordinate system rather than in terms of PBN's. LENTBL is
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glso 128 bytes long and contains tﬁo items of information:
bifs 0-6 contain the length of the logical meter and bit 7
is used as a flag to indicate whether or not the meter is
touch enabled. As shown in Figure 7, MTRTBL is similar t;

- ATRTBL for but@ons in that it contains flags for all
attributeg (ex;ept touch) of a particular meter. Again,
this table is 128 bytes long énd maps directly to a specific

LHN.

ENTRY IN MTRTBL

71654 (3]2]1 40

[N % )

v v

. L___q_.Foreground color

—»-— Background color

3 Blink on or off

- Large or small _
characters §

" Fig. 7. Information coding of MTRTBL table o ;

5.2 CommandAGeneration from Touchscreen

In order to illustrate how a "TB,n" .or “"TM,n" méssage
is-generated when a LBHE or LMN is touched, assume that the
operator has Jjust touched an active LBN. The touchscreen
interface card gaptures x and y analog values and converts
them to 12-bit digital datsa. A screen handier routine which

is scheduled every 16 milliseconds reads the digital data
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and saves it in a temporary buffef for conversion. Thié
digital data is converted first into étandard x and y screen
coordinates and then correl&ted»to the PBN touched. The
cursor is then moved to the>x and y coordinate positibn
calculated to estaﬁlish’a viSiﬁle echo of the touch. EBNTBL
is accessed, using the PBN as an index, to;detérminé’ifvthe
PBN ié currently assigned fo an LBN. If thé PBN is not
éssigned, a’short delay routine is called to allow =
reasonable time period for'écho retention and then the
cursor is removed, resulting in the appearance of a

momentary echo when unassigned locations are touched.

B If, on the other hand, the PBN was assigned, then the
LBN'data is retreived f;om the PBNTBL'entry and LBNTBL is
accessed to determine.if‘tyg button is touch enadbled. If
the buttom is disabled, the'ecﬁo ig again reméved after a
short delay. If the button is enabled, bit 6 is checked to
determine the button_fransmission mode. If the buttén is a
- "transmit-immediate” button, then the host message buffef is
immediately adjusted to include an appropriate "TB,n"
message. If the button is a‘"transmit—pn;enter" button, thé
LBN déta is stored in é'temporary memory lbcation for

retreival if the.opefator'next touches the "enter” button.

Note that in this discussion, many details have been

omitted for simplicity. Checks would alsc be made for
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logical meter touches, checks for the "enter” button, etc.
6. System Operation

The utilization of fhe controlystation in the SAF
control scheme is illﬁstratgd in Figure 8. The host
computer task ;SCUP provides é periodié-update of thé
control statibn,diSplay based on the current process data
recorded in file DATA. ISCUP examines the Update Déscriptor
Table (UDT) to obtain format info;ﬁation needed to_cénstruct
and send the proper update button and meter commands. Task
ISCt performs the initialization of the control station
display, builds UDT and handles communications with fhe

control station. Task DEVICthandles communications with

PHYSICAL
DEVICE

CONTROL
STATION

COMMAND
~ FILES

process?
controlj
commands
& data

| DEVICE |4

command

Fig. 8. System level data flow
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the»physical device controller. DEVICE(periodically issues
status commands and receives the current values of all
process variasbles for updating file DATA. GAGE also
receives process commands from ISC1 and transmits them to

" the device controller for execuition.
; !

There is a host program similar to DEVICE for each UOP
in the SAF linefto send“cbmmands to‘and receive dafa from
the process. Tﬁere is a hoét program copy of ISC1 for each
‘control.stationjin the control center. Only ISC1 and DEVICE
are shown in F%gure 8 to simplify the diagram. A singie

copy of ISCUP handles the updates-pf all control stations.
6.1 Host Generation of Control Station Display

ﬁhen a new display is'}irst called up, foutine ISCH
reads a cémmand file which contains.commands specifying the
background file to.display and'defiﬁitions of logical
buttons and.meters as well as the commands to be issued when

active buttons or meters are toughed.

1h order to display the requested background, thé
control station SCréeh is first,erased with an EP command
and placed into native mode with a N'M'Ao‘:ommando The
background‘display file is a frame image file consisting of

3840 character/status byte pairs. (7680 bytes total). A
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se#ies ofveécape sequences‘ié sent to the graphics {erminal
to position the cursor in the‘upper left corner of the
display and set the status for the first character. The
first character is sent'and the cursor'movgd to.the next
screen position. If the status for the next character has’_
changed,.an escape sequence is sent to sét the proper status
and the next character is sem‘t_.r This seguence of’changing
thessfatus, if fequired, and sending a character is fepeatéd
until the entire screen has been updated.> A control-D |
character is then sent to return the control station to
"COMMAND" mode. An IS (initialize screen) command is then
sent‘to initializevéll internal tables, cleariﬁg any -

‘previously defined buttons or meters.

ISC1 then continues reading button and meter assignment
commands from the command gile. ‘AB (assign button) and AM
(assign;meter) commands are sént to the control station to
set up the iﬁternal tébles with the locations aﬁd atfributeé
of iogical buttons and meters. XB an& XM commands in fhe.
command file generate entries into file UDT which is used to
assoclate process variables with logical buttons and meters.
.SB aﬁd SM‘comménds generate entries into a file‘named SOFT.
This file is acceéessed Byvlogical bﬁttbn or meter number and v
contains a command_string to be executed when that button or
meter is touched. ﬁpon~completing exeéution of the command

file, the file is closed.
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6.2 Host Update of Control Station Display

ISCUP,periodicaily scans file DATA as directed by_UDTj-
and checks for changes in process variable values. When ;
change is detected, the current UDT entries described are
accessed using the variable number to gef the associated
logical bution ér meter number and the ty?e of data
trénsformation’required. Severai routines exist to
t¢ransform various typés of raw data into the format
necessary for transmission to the control station.” When the
required transformations have been accomplished, & routine
is called which generates either an Update Eutton (UB)‘
command or an Update Meter (UM) command which is sent to the

control station.
6.3 Host Response to Contrdi Station Input

In order to monitor the status of the control station
touchscreen, ISC! requests a status report, with an ST
(status) command,'at one second iﬁtervalsa The control
station response indicates whether or not a valid touch
seéuence has been executed or, alternatively,Aif a command;
has been entered -via the control station keyboard. The
response will be a "CL", “TB,nJ, “TM,n", or a keyboard .
command. (Reference section 4.5) A "CL" message iﬁdicates'

that no action hés.beenfrequested from the control station. .
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If a "TB,n" or "THM,n" message is received from the éontrol
station, the éorresponding soft command is retrieved from
filé‘SOFT and replaces the TB or TM command. If the command
specifies that a new display be processed, acknowledges a
‘_wérning or ala?m condition or éhangés‘the unit o?efation
that the éontrbl sfation is assigned to, then ISC1 performs
 the necessary steps to compiete that command. Any command
which is not rebogﬁized‘is assumed to be a unit operation
command and is éént to the éppropriaté UOP task, such aé
DEVICE, to be {ransmitted to the unit operation for
processing. If the unit operation notes a command error, it

i

returns an error message and the operator is notified.

7. Performance e

The initial applica%iéh of the systen déscribgd in this
report haé proven satisfactory and, in most cases, resulted .
in solutions to the problems encountered in the eérlier
approach. The.host computer has been relieved of most of
the "bookkeeping” functions associated with the touchscreen
and, as a result, is better able to handle the tasks of
opérating and ﬁonitoring the proceés eqﬁipment. Programmihg
of the host computer has been simplified by providing
display functions (buttons and méters) which, once
established, are maintained to a large degree by the control

station with minimal input from the host computer. By
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integrating the touchscreen with the terminal, typical

. resjonse times have been improved._ Response delays
currently experiénced are in the range of 1 to 3 seconds
with an average responseitime of 2 seconds. Changing

displays requires between 5 and 11 seconds.
8. Planned Enhancements

As noted previously, the host computer cufrently
transmits a character to each of 3840 screen locations in
addition to a large number of status change characters when
generating a new display. BEven with no status change |
characters, the minimum picture transmission time at 9600
baud is 4‘Seconds. The ma jority of the screen area, even
for a complex display, épnsists of blank areas. Currently-
available within the térﬁinal;Abut not utilized, is the
means to skip over these blank areas and move directly to =a
specified non-blank character position. It is estimated
that with a few, nof particularly complex, picture
transmission optimization routines, the time required to
generate a new display'can be reduced to less than one

second.

Current status requests by the host computer take place
at one second intervals with update routines running at

similar rates. ©Poor response times to operator touches are



page 33

directly attributable to this low polling frequency. With
the low demand on the host computer by the control station,
it is possible to increase these rates by a factor of 2 to 4

in order to improve response times.

Logical meters ahd buttons musf be considered a minimum
.graphics package. Even thoﬁgh these functions have proven
to be effective, additional functions will be developed to
provide additional process display types. Currently being
developed are several types of analog meters and floating
pointer indicators which may provide a display which is more

easily interpreted than an all digital display.

Finally, the current method of set'point entry
incorporatgsithe keyboérd as an input device. Sevéral
methods of entering setpoints for a process visa the

touchscreen are being investigated.
9. Conclusions

Limited initial demonstrations of the system described
took palace during September, 1980. A single CRT was used
es &an input device in the contrql center while operating a
furnace and a pellet inspection gage. These two process
line devices were completely controlled, despite the longer

than desired response times noted, using a single control
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station located in the control.center. The operator could
conveniently execute any function from this remote location.

-whiéh could be performed locally at the hard-wired control

| panéls.

With the inétallation‘of the enhancements described, it
is anticipated that,‘especiallf iﬁ a remote ﬁperatidn'
configuration, fhe infegrated‘fguchséreén/graPhicé_terminal
" will provide a preferable aitéfnative to normai keybbafd o

command input devices.



