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A Man-Machine Interface
For Energy Monitoring and Control Systems

SECTION I, TINTRODUCTION

Background

n enerqgy monitoring and control system (EMrS) is a system designes *g
implement. the concept of computerized energy management. Since late 1474,
an eoffort has heen underway in Dol to develop a *ri-gervire aqinde
specification to be used by government procurement offirers as an aid in
preparing contract specifications for arquisition of an EMCS.  This quide
specificatinon covers all work associated with providinag shop Adrawinne,
plans, cauipment | Yahor, matorialq enqinensrina tochnirsral sunervicion . ond

e
DTN

“vangpartation nerceacgsary ta furnich apd ingtail oA £y npovations)

- I8

oo Nauy Tagil Fnaineertng Laboritary at Pavt Hiysoaes

e ARS

1s<igt g +twe Haval Facilities Enaineerine Commnand and the Armv Corps  of

Encineers (Huntsville District) with nrenaration of tne cuine specifica*ion.

')b’. artivyn

Thn nhiprtiun af thic rogaarch offart vy rn addescg thas narticon af
the snocificatian associated with providing an antordsen hetyaen tha 0S
and 2 human aperatar,  The aoal of the offart wis ‘o A0 an an aprrgpe-ate
operator intarfare and provide recommondations £ar the voagaieed snte faco

that a4 he dincarparatad Snta tha quidn gparidicry e

Lronn

Thn aqugtem/operitar interfacn Aofinitjian ic 5 fyne “an Af thp deci A
qnal af the installed system, the <ize nf *the sqys 0 ey rangidoaritinn,
and theo Tnupl at whirh the Systom and annvator ramt e mat e, Any 0% oy he
installed with any one of several goals in mind, <. » ac limitarian of penlb

pover usaqe, overall daily reduction of enerqy us2qe, smonthing o haurly

sturges and lapses in energy demands, etr.  The quide specification i<
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intended for general application and thus does not attempt to address
specific gnal optimized systems. Accordingly, the vresearch did  not
consider interface specification differences associated with specific
system applications and gnals. The quide specification includes discussion
of three sizes nf sy<tems--small., medium, and large. The number nf Aata
points monitared Aafine the size of a3 qiven system. The necessity for and
ltevel of system/operator interface will vary as a function of system size,
This research focused on the most 4ifficult problem of operator interartinn
with large systems.

It is presumed that *hree skill levels of individuals might interact
with a fielded EMCS; programmers or systems analysts, engineers. and wat*~h
supervisnors or operators. Programmers or systems analysts are primarily
concerned with maintenance and upkeep of EMCS software. They ~an be
assumed *o have a high 1ovel of <kill in dealing with computer systems sn
that prociding for a "friendly" interface environment is not so important
a* this Teyel as with the other two types of svstem onerations personnel,
Specifications for programmer/system analyst interface with EMCS were not
addrossed by this eoffort, Since onginerrs and watch  supervisnre  or
operators are both likely to have less skill at interacting with real-time
computer systems than nroqgrammers or analysts, the resesrrh emphasized the

needs for interfacing between the system and the two lower skill Teuvelg

pepecially tha onaratar leyel,
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SECTION II. PROBLEM DESCRIPTION

EMCS Description

Ry definition, an EMCS is an energy management system which employs
off-the-shelf minicomputers, microcomputers, associated peripherals,
instrumentation, control equipment, and applination nroqrams written in
high level languages such as FORTRAN, BASIC, or Pascal, confiqured into a

network with control functions at multiple Tocations and a central point of

operator control and supervisinn.1

EMCS's are classified into four
categories related tn the total number of monitor-control noints connected

to the system:

e lLarge EMFS in excess nf 2,000 points

¢ Medium EMCS 500 ta 2,500 points

s Small EMCS 10 +o 750 nnints

o Micvo EMCS less than 125 pnints

Thn Targe 778 nictyred in Fiqure 1 rongicte nf s contve’ ~natenl anis

{cry) (with its assoriated computer (CPU) memory. and input/cutput (I0)
Anvirae) 3 roptval communircatinng raptrnllor (070 A communicaticne Yink
torminatar [(CLTY, finld intarface dovices (FIDY, mu'+tiplexer panels (MUX}Y,
intelliqent myltinloxer panels [TMUXY | instrumentatinn; and contrnlq.  The
CCU contains a minicomputer or micracomputer (CPUY. with mzin aemory for
apnratipng system snftwyare and imnlementatinn nf onergy r~nngprvatiaon
programs . nd auxilliary mass storage memory for recording dat-.  The £DU
axacitag aptimization algorithms used tn predict onuiranmental —renditinng
ind rate of power consumptinon, caleulate epquipment hperating points, and
nradirn cantral gignalq tn nnavate agipipment in the voadotime onvivanment
The alarm and logqgina printoers arovide & permanent canv 0f syst .
Apnvarinng  ard  higtorinal  Adata, The aperator's console de tha prime
aoperator interactive cloment in the systom, [+ accept. anorator comnands,
Aisnliys data, and qraphirally displavs svstems ~ontyoylled ar monitored by

the EMFS, The systems *terminal is used tn levelon proqrams, vun
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| diagnostics, and support background processing. The CCC is a mini or minro
computer with sufficient memory to execute the software required to
reformat . transfer, and perform error checks on data between the CCU and
the FINS, and to provide limited backup in the avent of CCU faiture. The
failover contrrllers ave automatic switches which put the system into a
backup mode of operation in the event of £CU or CCL failure.

. The CLT provides an interface between the CCC and whatever data
transmission media (DTMY is used *o connect the central system contrnl
elements with the FIDS., A FID is a microcomputer based device with memory,

. : /0 and communications capability, and a power sunply. The FID provides an
intarfare tao the controlled equipment and environment, performs
ralenlstions and lnqgir3l anerations. accepts and procosses 0 commands,
and is rapahle of s*tand-alone aperation in the event of OO, OF7 0
~ammpgnieatinneg Tint fastygra, The ~ailartingn of songnrg and ~antenlg

e gshned s v given TIN ig lnown 23 the A e snyvaironment (PEY for chos

Ao emn, Tha MY manal G s o mavdogivad crv spicvgneaescane chagoad s e kieh

( Fomiass dyta Teamoa nanhee af nadats i 0 NP cormanieates o v qingt e

Ranesl [ oand povfarmg derpiltintoevinn of commands vpcaiopd feae the U0
The "X panel g functinnallv 2 dart af +the FID and may he ir the B0

. cnctagies v oremntaly Tacarad . MUY panate enntingaagiy trapamice ety ¥eam
*ho DE ta *he FIN, IMUX panels are similsr ta MUY pannle | hut npperare in 2
rapartohyanveont ion mode,  TMUX panelg ~an perfarm 271 fonetdinne nfoa MY

nanel nd rin he cubstiiuted for MIX papels.  Tho MY panel ~ommunicateg

. Wit vha POCUOC(E by oxeoptian, thopahy Timiting the amonnt of ot e which
. Mgt ho handled,  The TMUX panel seing i*q DE . romparos the dat s coepivad

o Aaingt . provinng valyes oand report g anly tho dat s *ha' hac ~p naed,

'n sy, the general purpose oF o FMOS 95 to proc fos dee o tamar e
monitaving and rcaptral af snnray cangoming Aayicneg s o aetiemize e

rodien the cansumntion nf enerqy.,

-.oa . &ia
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Operator Functions

While an EMCS is primarily a computer-controlled, self-aperating
device, there is still a need for human operator intervention. The EMCS
does not include the energy consuming devices themselves, such as motors,
water chillers, fans, etc. The EMCS monitors and contrcls these devices
and relays an alarm to *he operator when a device failure occurs. Operator
intervention is required to contact and dispatch maintenance personnel, and
possibly to adjust operating modes or rontroller set points in the EMCS as
a result of component failure. <Section 12 of the draft Corps of Engineers
Guide Specificationz contains a description of commands which an operator
should be ahle to eonfter through the operatar's consnle. Consideration of
this 1is* will give an appreciation of the scope of operator interaction
with the EMCS, In ancordance with +the draft quide specifiration, an

operator should be able to perform the following tasks.

¢ Rerquest 2 display of 3sny digital nr analoq noint or any

logical group of related points in the systom

e Start up and shut Adown any solpcted systems ar devires

e [nitiate reports

8 Request qraphic displays

e Modify time and event schedyling

o Modifv analng limits

o Adjust set pnints of selected rontrollerg

o Solnct manual or automatic control modes

o ftnahle and disable individual pnints

o Fnabhle and Aigahle individiual FiDg

e Ffnahle and digable individual MIX/IMIX panels

Tha thagkbs and dintaractingng Aocrrihed shove are tha nravinea nf tha
Tnpost <y i1 douvnl 0 the watch sinorvigor/nperator category, The next

higher <311 Thayp! 9q that af thp qystam enqinerr who wnuld he callad upon
tn make rhanges in griphir displays, rewrite optimization algorithms. and
nerfarm nthor  funrtinng  af TMCS maintansnee ar  updating. Th~ qguide
sperifiration calls for eight levels of system access, with each higher

Yaurl incrveacing the allawed intaraction hy *he ser. Entry *o the various

Tevels is controlled hy the use of passwords.
4
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SECTION TII. PROCESS CONTROL AND THE MAN-MACHINE INTERFACE

Introduction

Proress contrnl apd “nstrumentation have been aqreatly enhan~sd doring
the past twenty years by the dncorporation of minicomputers and
microprocessors in contro! svstems. In the future this trend will prohahly
continue and may even accelorsto in terms of number of applica*ion areas
and ox*ensions of ancura~y arnd nrecisian. This grawing use n- compir or
control systems, with *heir large information and contral Aata Hasec. iz
focussing attention on the ovnhioam nf intnrfacing the human apers ar in “an
system, with the process under control ard the proress contrnl ~ramnptar s

sys*tem,

The Man_ Ma-hine "'ptoovf aen Coammit s np n% *he Tntapnsd e’ Dy
Aorkshas an Tndear e il Tonnnter Sygtemg Aafince fhs o riinamaek e preef s
TAMTLY e he B vcnd gy et iganan thn hopsy i ey o s cabgynt o

“aheyTiam areags whioh o e faen it Tan sed sant ea T aasne Y e O g

shyeica? Foarme | the MMTIE So rynically 3 mangals yho b cans yine 4 an] v ied
“ayhonyde ~F caviagn tynece | The hardyave and enfrygaye nohind ks Ayt e
voe e s e oayne !l b v an L F Y I TR o eant ey e e Rt ol Talat '
gt inta s Adeploaye Fare hemang, Figuen 7 oda 2oqinint Al danies ign
N tha eyt o and quhcegstro alemantc dicrpecod  alaoeAa i fey 5 Af thp

snprc e nreacroce and rant o1 quet om o gndoyr rongideration,

CONTROL SYSTEM
(EMCS)

1N INFORMAT ION PROCESS
(OPERATOR) (HVAC Y

N

* Heating, ventilating and Air conditioning

Figure 2. Man-Machine Interface
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In this simple diagram there are three definable interfaces:

1. Control System/Process Interface

2. Man/Control System Interface

3. Man/Prnress Interface.

The regearch reported herein restricts itself *to the man-contral system

interface.

[nteractive System Nesign

Ben Shneiderman, in his recently published book entitled "Software
Psycholngy", has done a credible job in pulling together and qiving some
framework fn a considerahls enllection of work on design of devices for
interaction hetween human beings and computer sysfpms.4 Successful
industriil design unites required functions and appropria*e ogthntincs while
keeping costs low. Providing useful tools tn computer users whn have A
widoly varving lovel of oxperience, problems. skills and oxpectations ic 3
challenge to scientific competence and engineering ingenuity, in addition
*0 requiring A measurn of artictic talent, Interactive computer-hased
systems fnr process contral must be carefully Adesigned to provide
officione, safe. reolirable and effective servire wyhile offering user
satisfartion, Reqular users quickly pass fthrough the cadqet fagseinatine
stage and heromn Ademanding users who exnect  the system to aid chem  n

norfarmance of *heir work.

In+tartinaroly  thpro oxigte nn nat alagorithm far  antsmal oy aven
caticfartary Adagiagn, Interactive gystoem dosigners st cerel bognrbabdne
“nmavarb e hetaeen canflicting degiqn anals,  Svgteme chayld hp o gimnto ke
povwerfyl o onagy to Tearn but appealing ta exnerianced yeors. and farilitata
orreor andting ghils Allowing some froeednm af exproscion,  The divercrty nf
sitpatinng in which interactive systems may be used makes it very di1€finyl+
‘n o dotine v miyergal gnt nf Apala far system decian, Fyen <o, numeyons

researchers have attempted to prescrihe  so-caltled "universal® qoal sets,

Tha rallectinn nf ants thus introdures into the literatiure ontries which

f
4
f
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are not independent and sometimes are in conflict, make contradictory

recommendations, and are larqely unmeasurable as desiqn goals. If anv
singte consideration is apparent among these various lists, it is the

dictum "know the yser",

In an attemnt *to provide an informal inteqration of this extant body of
design principles, Shneiderman has bravely set forth four mostly
independent | fairly thaorough, interartive system desiqn qoals: simplicity,
power, user satisfaction, and reasonable cost. An interactive system is
said to be simple if it has few commande ind if the commands have
consistent structure. Command structures should fit the problem domain and
user thought procnsses {know the yserd,  Simple svstems arn nasy tn learn,
2asy to remember | easy to use, and easy tn modify and repair. One of tho
qroat henefits of using computers is the power “hoy offnr, A gnnt cvetop
design incladfes  powerful  commands which eonahle asers ‘o more eaqily
wreomnligh their qoele,  The ramputecized qygtom mpct ho hortopr tn oo poy
wav thar ‘the manuyal systom, lisor satsfiction ie geparate iy

A

aftact rusnnge, Loqys’om may ho  nffaer on b mntascont b 1560, N

caticfying bt ipeffertive,  The compitor shoyld apnoar o 3 holpfgl tane
WAINg asors n the performance of their tacks, roosystom desian whicn

roste “an piirh dig g failarn,

Interartivn [n*arfara Tgqyeg

Loqnnd intaractiue qygtem not anly naens racnnes an o mal ag fho s aeatar

want Faogse 100 hgt it qeperatec cnrigfying foolinae and eond £ denen

anog "’D,""W‘"V oy 7t (\an(‘*iv(\]v. Ar bpitgt g yhserh ~vass s Fhe sy

Tonatity qystem inetgdn: e1en  nf Yaavnino, ~agc vE o an AR T
ratantinn  aramrtnega, cpliabhiticy ooyt ongenasce b Tapoa e
AifFicgTring arise, nd nffactiyannce e o ronl inoq Syaea g peahloneg
Thero rn soyprol eritical dgging voqapding the doeie o Vet o
an £MCS:  hardware options, psychnlngical fartors, ! voanense * o,
Havdyare  nntinpng  inclyde  sueh  fartars g i o0 hapd ege g

manipulation devices, and qraphics output, input and interaction,
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Soft v. Hard Copy

Hard copy displays provide permanent records nf system/operator
sessions, whereas soft copy displays provide an electronic window which
eliminates cumbersome and costly paper consumption. Hard copy can be
produced by noisy impact devices, such as Selectric balls, daisy
wheels, cylinders, or a matrix of pins; or by quiet nonimpact thermal,
electrostatic or ink spray printers. Imprint clarity and typing
surface visibility, which may be ohscured by the tvping device or
cover, play important roles in user acceptability. Soft copy may be
provided by a cathode ray tube (CRT). light emitting diodes (LED),
Tiquid crystal diodes (LCD), or a flat plasma screen. Display rates
can be thousands of characters per second. Glare from the screen,
flickering images, lack of contrast and limited number of lines may
detrart fram CRT ysage. However, silen*t operation, unlimited character
sets, blinking, multiple intensity levels, black/white reversal,
multi-rolar, erasing, insertion. rursor action, scrolling, and multiple
windows are attractive features. The choire is properly dependent on
the application, but Tower cost, higher reliability, aquietor

operations, and higher speeds qgive the advantage to soft displays.

Manipulation Devices

Manipulation devicns are the physical means hy which the process
operator transmits commands to the control system or process., The goal
in dAesiqning the manipulative sactinn of a man-marhin» interface shoyld
he tn avoid imposing unnatural machine lanquage constraints on the
anevatar . Mapninglative actinng chould veflart ag nearlv as nnssihin

the users common  or native lapquage and traditional (stereotyped)

procosc-dnanandnnt taveinaloay,  Praarim contrnlled manipylative Anyicec
which intoract yith Slactrgnically-formatted display devices which
camne i go the dignlay medingm Fae 1] infarmation used in primary on-line

~an* el o aparat fang inet Ao

10
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Fixed function keyboards
Variable function keyboards
Light pens

Track balls apd joysticlks
Touch Screens

Snearch recoqnition.

Fixed Function Keys-A fixed function key is an~ which has a single
dedirated function, identified by a Yabel affixed on or adjacent to the
kny top. There are two qenera® types of fixed <“unction ¥evboards:
Universal format {ASCI1, etc.), and custom format.

Variable Function Keys-A variahle functinn key is one whnee
function is not fixed, but varies according to displav condi*inng,
nrevians action of  nother kev, etc. Variabhle-function Povhoairds
utivize a common arrangement of blank keys which mav have *heir labels

chanaed in qoyeral diffaront wavs,

Overlays-cshepts nan whirh tabela  ve printed ar

handwritten ind nositioned by hand to be adiacent *n or aver

Voye,

Filmstrip keys-nach kov can talbn an any nf  coupesd
1eqends 4annpnding nn the positinning of a films*vip mnyntod

in hack of tho ey,

Shifting-shift ov “madn” Loyg are geod fo chongs e

v fivad gpr of alternats functinns, tah~'ed an oeeoadiarsne

SN A,\‘,(.
CRT Labeling-*hr act  wlagihlo and o pooe of ol oo
numpor of tahels s virtygoliy anlimit. . Gt e

menredires can he ecompletoly gl f axp’ nat oy whos e
riurrent  1ahels  follow from previous v anns., “Tlleas!
artions” ~in be eliminated by Aisplaving onlv thase 1Tab .«

pertinent to current display conditions.

1"
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Light Pen-A light pen i< a hand-held deviece that is used to selert 3

Yocation or symbol on a CRT display by pointing at that loration and
activating a switch., This identifies the corresponding CRT beam x-y
coordinates in the matrix of possible CRT beam positions, which is then

decoded to detormine the addresed funrtion.

Track Ball and Joystick-are a means for positioning a cursor or
indicator to 31 particular part of the CRT screen and thernaby indicating
in some way the data of that location. The trackball operates by
moving the cursor with a rolling ball. Normallv any direction is
possihle. Joysticks come in two types, proportional and incremental.
The proportional type uses the stick position to determine the rcursor
position. Full forward for instance is the middle top of the screen.
This stirk remains fixed when fthe oaperatnr releases it, The
incremental type is much more popular, and determines the anqle and

ratr of cursor movement by the anale and distance from the oriqin,

Touch Screen-A tourh screen is essentially the inverse of a Tight pen.
It nseg a "passive stylys™ ‘finqer, pencil, ote.) for nointing at the
desired Adisplav positinn, Tha pointing artuites one clpctronically
sensitive area in Uquiteh matrix" which ic deplaved aver the digpliyy,
This is decoded to determine the addressed function in a manner similar

to the e of the 1iaht pen,

Voice Recognition-Tomputerized tochniques are becoming 3vailobls whinch
can recoqnizo spoken multisyllabiec words and phrases with aond
arcwracy, Howover | numevons restrictinng avict an vocrhuelarv, ‘raining
nf merhine and man, ote, This trchrique has been used mnstly in
nonprocess contral  anvironments yhore the motor rosponee ot ppta ave
ovoerltnaded (both hands full loating packages, with requirement tn
drscritoa packaqe to a rentral data pracessing system), or nat 3y3ilahle

{control inputs heing made aver a voice-communications channel),




o Graphics Output, Input and Interaction

Perceptual psychologists have demonstrated that imaqery can offer a
derided advantage over words or numbers, within certain applications.
With proper qraphic presentatinn, error rates and reactian time ran he
substantially reduced. The success of qraphics interaction hinges upon
adharence *to a narrow application domain, natural representation of
real world phenomena, and acceptability of the set of operators.
Pasearchears have iddentified five npntential prah’em areas with

interactive graphics applications:

1. Baredom - improper nacing

2. Panic - unexpectedly long delays

3. Frustration - inability to convey intentions nr inflexible ard
unforqiving system

4. Confusion - excnrssive detail ar lack of structure

3. Niscomfort - inappropriate physical envircrmment,

In an rffart to vyeid thege nrabhlom arpas, sovsral  recymmandat iane hayn

been formulated for nteractive system developers.

. VYreangr toxt and araphic <symhals on pach nregentation *o
astablish an explirit context for user action.

2. When 2 nser nearess i nat known in advance . ~ancanptrato o
4isplayable data representations and then desiqn nperat o
*n rtounnn these roprpsentations,

. Noesign the system to arovide an explicic framowort  “ae
roprasentationg,  The framewory qivos 2 oanifarmity ¥

strnrtura within which  the  psor ~an gynthesiss penhtom

)

<t iang This feamnunrck can hn Adoayelansd o on thaannh

prablens themeelyes are gnstrurtieed,

In summarv, an dintaractiyve qraphics svetom chaols arnuidn s Saeiban
representation and standard operations.
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( Psychological factors include short and long-term memory, closure,
attitude and anxiety, and control. Short-term memory processes visual,
tactical, auditory and other raw sensory information and holds interpreted
units of information for up to thirty seconds. The retention period can be
extended somewhat by continued rehearsal. Experiments reported by George

Miller (1956) have suggested that information perceived by human beings is

ce

limited to a number of units equal te seven, plus or minus two.5 Long term
memory appears to be permanent, although some kinds of information may .
become mora difficult to retrieve as time goes by. Transferring |
information from short-term memory to long term memory requires time and
effort. The nprocess of continuing organization and reorganiz-+ion of

information in long-term memory is poorly understood by researchers, but j

the seemingly unlimited capacity, durability of knowledge, and rapid recall g2

enable human beings to perform remarkable feats. For graphics terminal {
' interaction, the number seven plus or minus two concent implies that the
processing capacity of individuals is limited and in constant danger of
being averloaded. Soft copy terminal interactions which start with 2
display requiring the user to memorize twenty options will probably
overload the user's short-term memory. A printed ligt of ontione or

£ off-1ine training to embed the knowledge in long-term memory might be

preferable.

One nf tho hvproducts of the Timitation an human short-term memory is
that there is great relief when information no 1onger needs to he retained.

This produces 2 rowsrful desire to complate a task, redure our memory lnad,

and qgain relief. Flosure is the completion of o task leating to relief. i
s Sinee *orminal usorg gtrive for closurn in their work, in*araciinng chald
~‘ be defined in sections so completion can bhe attained nd information
:]
roloased,  Every time 2 usoer rcomplotpg o~diting » line ~» andg an editing 1
:‘1 sessinn with an EXIT or SWT command, theore s relinf asseriated with
] completinn and attaining rlasure,
o
{

The pressure for closure means that users, experciallyv novirns, may
nrefer multiple small operations to a single larqe operation. Noat only can

they monitor progress and ensure that all is going well, hut they can
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informal study showed that users preferred three separate menu lists,
rather than three menus on the screen at once. Although more typing and

. more interactions were required for the three separate menus, the users
preferred doing one small thing at a time. With three menus at a time, the
information about the first menu decision must be maintained until the
system acknnwiedges or the RETURN key is hit.,

Studies have demonstrated that user attitudes can dramatically impact 4
1earning and performance with interactive systems. PResearchers have shown
that novices with negative attitudes towards computers learned editing
tasks more slowly and made more errors. Anxiety, generated by fear of
failure, may reduce short-term memory capacity and inhibit performance. If J
users are insecure ahout their ability to use the system, worried about
destraoying files or the computer itself, overwhelmed by volumes of details

ar pressured to work rapidly, their anxiety will Tower performance. Mild

pressure can act as a motivator. but if the pressure becomes too strong the

] rosyltant hinh Tayels nf anxiety interfear with competent work.

In designing 1 system for novices, every attemnt should be made to ‘
make the user at easo, without heing patronizing or too obvious. A message !
telling users not to be nervous is a bad idea. lsers will feel best if the
instrucrsinng are lucid., exnressed in familiar ferms, Ind casy to follow,
They should he qgiven simple tasks and qain the confidence that romes with :
su~ressfyl  pep nf ary *onl oar machine, Njannostic missanes shanld he
underst andable . nonthreatening, and low-key. f the input is incorrect,
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desire for control apparently increases with experience. Novice terminal
users are perfectly willing to follow the comruter's ‘nstructions and
accept the computer as the controlling agent in the interaction. With
experience and matuyrity, userc rosent the romputer's dominance and prefer
. to use the computer 3s a tool. These users perceiva the computer as merely

an 14 in accomplishirg *heir own iob or personal obiectives and resent

messages which suqgest that the computer is in charqe.

Rnsnonse time is the time required for a system +o respond to A
command. Acceptable response “imes are properly a function of the command
type. Typically, interactive system users are not disturbed to wait
several seconds for the loading of a file or large proaram, but they expect

immediate response to editing commands or emergency requests, At the same

' time researchers have shown that increasing the variability of system
response time genrrates poorer performance and lowors user satisfaction.
Thus, holding responses to minimize response time variance may actually

improve user perforimance and satisfaction.

, Installers of time-sharing systems report user dissatisfaction in two
o situations where response time variance is a factor. In the first case,
when 1 new time-sharing system is installed and the work 1onad is light,
response times are low and nsers are pleased. As the Inad increases, the

respanse time will deterijorate to normal lY-vals and produce

dissatisfactinn. 8y slowing dnvm the system when it ig firgt installed,
the change is eliminated and users seem content. A serend nase nccurs when
. the load on a time-sharing system varies substanticlly Auyripna the day.
Users become aware of the fast and slow periods and try tn aram their work
into the fast perinds, Althounh* this apprnach  dons helpn 0 balanee the
j 1nad, users *and to make orrors while working quickly *o heat *he crawd.
Anvioty ig increased, complaints rige, and programmers A torminal users
may even be unwilling to work during the stow periods. By ~liminating the
variance in response time, service is perceived to ho mors relizhle and one

source nf anxiety can be reduced.
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sSummary .,

+the

interartive-system

|
L considering system response times.,
|

designer

has

seyeral

gnale

Shorter response times are better than longer response times.

Variance of response time should be mimimized, even at the

expense of some increase in mean response time.

System performance should be invarian* over *ime.
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SECTION IV. EXISTING SYSTEMS

Introduction

An important part of the research conducted involved visits to sites

with EMCS's installed. There where three primary goals in conducting the
visits:

1. To determine what *yne of personnel were peing employed as
operators.

2. To determine what are typical operator functions or
responsibilities,

3. To determine what type of operator interface was being
employed.,

Visits were planned to provide a view nf <evera” different rommercial
and development type systems. Sites visited included Vanderbilt
University, Mashville. Tennrsser (Haoneywell 5A00), Warner-Robins AFR
(Johnson JC-80), Hurlburt Field, Ft. Walto~ Beach. Florida (AVGO), and

Georgia Institute of Technnloqy (in-house develapment ).

Georgia Institute cf Terhnology

Genraia Tech's in-house FMES Aayeloprmiont nroject hegan in late 1077
after the Public Services Commission had placed the Institute under +ha
electrical demand rateo structure of the Gnarqia Power Company. Attemntg tp
identify 1 rommorrial system supplier whase proaduct met perceived
reqivament s oot affordable cngt | ynrp pat quecngefil ., Thus 3+ g
anrcided o devnring a system using an in-house team of computer rasearchars
and fariliring ~ngineers, The nprimary abhjective of the Farilitipg
Management System (FMS) design was to reduce enerqgy consumption. Secondary
ahinctives incladed improved secqaritv through controlled accass, and

rs*ablishment nf a fanility-wide fire-alarm systom, This Adevelopment

proqram has vecylted in oy fully fimetional FMS with *khn fallawing




capabilities: electric demand 1limiting, closed-loop process control,
time/day  scheduyling, enthalpy optimization, emergency  voutines, alarm
detection. trend-point system logs and nrofiles, stand-alone capability,
qlobal event initiation, nperator interaction, and a high-level nlant
angineering rompiler.

Tha centriyl svstem controller is an Intardata 7/32, The princinie
operator interface is a mono-chrome CRT with a fixed function keybnard.
Aneratar rommands consist of «oded alphanumeric dnput via *the keyboard.
The comnand structure s heavily computer oriented and bears 1it*l1e
resenblence *o  common  user or  pracess  cantral languane. Additinnal
development work in this area would be required *to make the operator

intorfice friendlv to proposed operators.

Nuring drvelopment | the system has been o'tonded by computer orient o
rocpaveharg, Tho wlvimate intent 9g o hive ~yrvent Inctitptn Dhygical
“lant opsrators run the systenm. “hna Phyeical Plant ogperators 2eo
knowledarahTo in HYAC systoms, hut havs no oxperience with corput nr §ve? amg
appratinon, Tvaical nprrator functions  inclyde respondina te o alarme,

adjusting set-points., and enntrolling air-handlers.

Hurlburt Eield

Tha EM7S dinstallation at Hurlburt FinlA | Ft, Waltan Resch Flarids ig
heing porformed by AVCO Corporation.  The syetam wag decinned and snect € ad
by Air Forace ASE's a3t Hyrlhurt, The system cansistes of 5 OFF pRR_1t 22
minicomputer eannected  throngh MUX panels fo abeut 200 points on the
incetallation, tIncprtainty af apile in tha Adngiar phage hag vpgleaa Snon
TVstim which arinecipatly perfarms anrly HYAT moritering functipne e toes
ivect anramatic controll Ay handlors cop ho o lly centrptiod vis e

FMCS.

The  oneratnr  interface will he > "BT, ucina menn dieplaye and
atphanumeric coded commands input via a keyboard. 1\ color qraphic CRT ic

*n be included, but the aperator will not interact in real time with *his
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] araphics temminal. A major problem of the Base Engineer is locating
nersonne! to fill systom operator slots., '+ ic felt +hat svstem operation
cannot be handled by personnel currently being used in HVAC operations.
They are seeking individuals with a hackground in HVAC and diqital computer
systems. If such cxperienced individuals can be located, required salary

levels ta atfrract and retain them will he higher than for typical HVAC
aperators. Nue to Vimited system capabilitv, operator interactions will
likely consist of only monitor functions and manual control of air

handlers.

Warner-Robinsg AFR J

Warner-Robins AFB has a Johnson Znntrols, Inc. (JC-80) svstem
installed and operating. The installation was begun in September 1972 and
turned over to the qovernment for joint occupancy in April 1976. During
the first year of operations the system was plagued with reliability

problems, bhut thoege were <solved and the system has heen operating

satisfactorily since April 1977. The heart of the system is a Modcomp
mimicomputer, with a paper tape system. This central computer is ‘tied to
ahout 3,500 points in 25 facilities, The system performs monitor functions
on chillers (no enntrol); and provides monitor and rontrol rcapability an
107 air handler units. Some automatir 1oad shedding, metering, optimized
start/ctop, anthalpy ecanomizers, and totalizatinn are bheina incarpnrated
into the nperation. The system has an unusually large number of monitor
naints to help ideprify and analyze maintenance prohlems non the cannerted

equipment .

The nneritor diptorfacn to the system is 3 monochrome "RT with a
comhination of fixed and variable function keys. The operator contrals *he
svsteom hy onterinn hiqhly structured alphanumeric rommands  *through  the
keyboard. The system command Tibrary contains over 160 distinct entries.
There are no qraphics provided with the interface. The system is mannet on
an around-the-clock basis with personnel from the base Systems Management
Section. System operators are electrical technicians, and electronics and

air conditioning equipment mechanics. It was noted that while these
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operators had been trained and had operated the system for some *ime *hey
had  same  unders*andable difficultias in recalling and entering system
commands from the considerable command library. Operator functions
intluded ragnonding +to alarms, adjusting set-points and other parameters,
and manually controlline HVAC devices.

Yanderbilt tniversity

Venderhilt Uniyersity, Nashville, Teanccsen, hag nne of the initial
installations of Honeywell's newest “»uilding manajement system, the Deltv:
AA00,  This Nelra 5600 dinstallation is rontrollod wirth a Honeyyell Lpun? -
computer . and i< tied +to about 1750 points in eiaht huildings across tha
~anpue, The primary mo*ivation hebind  fhic system installation was to
aron e eentralized onvironmental contynl oand fave ad o soe ety orgtoct T
v the oy Miahaorigs Voandephile pgpiral ns o medieal vagnare rantor,
Thiq qystam hag sone very sophisticat e algosichmg fas olovatar eant el
CONTIm e averarassarizat inn A gnnko pemins 1 an Fipn eitont gonn gk
Tnad shadding tay Lann the hacnital fylly gorciced with olorteos oy e
cteam . and many nther gnocial raptines,

Tha  aaovatar antorfacs dg A enlar TPT 0 vk fovn] i sk
funct o toysand graphics  capability. Oppratar intovacsion with e
everom Gz randurted with o tancdagn memg npnetyatian e o Y b agine
1censs fa Tonical granns ind o dninte,  Onararos corpiindg aro in Unelson

Tortis ond o Fanely aaey o fallneg,

f\.‘\ ' ”‘./'v\‘\ N (W".j‘.l‘"’\v‘ v,.,”‘\j e N i L VR R T PUR NI P T
SamahiT ey uhick s neacided by Chieorot teg Doyt e SERRErS
Avankios gymhsT o iy ey gt ah alag e e '
ansnnk st ieatad  geny g Boilh o aeanhiie syt Y or e, The e
AdAvaagrvame o nat S thoagn !t ae IR T R ) IS I B A S IR VHE e st e

~ommands o Fap o hath the penetration mons mode and the aeeobics mode omast S

ant oyt e b ((r\\/hn\y«yi’.




During normal working hours, *he system will be manned by a

comouter-*rained operator.  Outside of normal working hours the system wil’
ho noperated bv firn and security personnel most of whom have no experience
with computer operations. The day system operator will respond to alarms
and hjyye tha 3hility +ta change svstem parametors, modify 2lanpithms, alter

araphic Aiaqrams, ntc, The off-hours operators will monitor alarms and

antify  decianarad bnowledgeahle maintenance neoplr or the doy svgten

nerators,
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SECTION V. PROPOSED SOLUTION

Interfaco Definition

Nonn Af the EMCS's roported pon in the narevinus section had  an
aperator iaterface which met all the requirements deccribed earlior for
friendly operator interface. The ohserved systems met the requirements in
varying deqrees of course, and the Honeywell Delta 5600 came as clnse 3s
any "o the ideal.  However, thera is technnloay available 5 improve opnn
the Honeywell operator interface concept, and move closer +o an ideal

man-machine interface.

An EMCS is viewed 315 a highly automated prorecs, which by decign
shauld no* require a qreat deal of attention by “he Towest Yevel panpator,
Howaor o thage gperations whish tha apnvatar done nervform must he made  3q
casy and natural as possible sn ac tn enahlio svsten aperatinn by
non-comnuter-ayionten individaala | quch ag HYAC moachanicg and qeerity
quards . Tha general obicctive shanld be ta make the apnararar interface tn
the EMCS A5 transparent 35 nossible, i.e.. the operator shou'd no+ he

burdened with dnterfaco-neciliav maniputatiang, b ghanld have pataral or

arncecgayrnlatad setigng o onnvfapm,

Vanninqg in mind +the foape hacie qnate nf dint avact e cygtanm dngian

Simplinivy, power . yser satisfantinn, and reagonahic cact | the fallawsnn
~anront fop thoe tpeiogapaica TMOT sanomsachine Intovface ic pranngnd, The
ctassical ohseryvation that “ane picture s owarth 10,000 wards® ig a5
ppranei ate whan dagling aith AT npnesnge eanten? HYAT qyarens g
aonerally  rearocontod A qoheratic Aiageome ging o gtapdaedizad gt
Aoeynhe vy s anpnsed to heane dagevdihiad e ina gt s e a e
Thus, *he bagier plagen' of tho sranegod Sptordgen e 5 rannieg Aiond o,

“ntos nlays oandmportant oeelo i YA cysten diageang . a0 T Eaeapt
hetween various types of fluid flows, ote. Thius, the proposed intoarface
should haye a mylti-calar granhics camahility, e far therr asg hern
nothing new oroposed, as the Delta 5600 and the &.c0 systems bhoth hiva a

celor araphics capability.  The misging nloament wi'h these systems, gnd +hn
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proposed feature to be implemented, is direct operator interaction with the
color-graphics display. [t might be arqued that the Delta 5A00 system
offers direct operator interaction with the graphics Adisplay, as operator
commands may bhe entered while graphics are disnlayed. However, the
commands are entered via a keyboard using interfare-peculiar alphanumeric
inputs. Tho objective here is *o use available +achnology to make +he
graphics diagram itself directly interantive with the operator, minimiziana

use of 1 keyhoard,

Three *echnologies which come to mind for enabling moro Adirect
operator/display interaction are the light pen, voice recognitinn, and
touch screen. The basic concept of a light pan was described in nrevious
sections. It was one of the first direat-display-interactive devires and
docs provide a fairly rapid way of selecting CRT functions. Thorn are,
however . 3 number of drawbacks associated with light pen usaqge. There are
numerous arm motions required, such as reaching to *he pen  starage
position, unstoring the pen, moving the pen to the CRT screen, carefully
21igning the pen on the target area, actuating the nen, and ros*aging the
pen. No matter how the terminal is caonfigured, the wire whirh ~onnorts the
light pen to the decode logic circuit always seems *n be in *ho way,
Finally, the light pen itself is a fairly fragile item, and because it is
subiect to o areat deal af  handling  and  aperator  apuse, thore  are
reliability problems with the device, Voice recognition ig 3 noy
torhnalany for rcomputey system interactinn, The oane-atar speake intn
mirrnphone  and  the computer program  reroqnizes  the  human  speech  and
interprots the eammand by roference to a function lihrarv, Thic torhnnlaqy
has not yet reached o state of development where it can be nlaced into
qaqeneral o, Prosont state-pf-the_aryt voquires highly trained oaperatore
using spocific vocabularies and carefully naced sprech patterns,  Precent
implemoant 2t inng of ynire recognitinon ' aschnalaay ra ipry oxnnngive | *hopg i

works 1g2inst the basic design qoal of reisonahle svetem cost.

Touch panel technoloqy appears to offer the qreatest potential for
providing a reasonable cost, effective, simple to use interactive
interface, To use a touch panel, the nperator simply touches a finger ton

the desired point on the CRT screen, and the touch panel locator decodes
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( the touched position and sends it to the computer. There are at least four

v Aifferent *“achnological means of implementing a touch capability on a CRT
. screen: Crosswire overlay, voltage gradient substrate, acho ranginag
i ' overlay, and heam interruption.

: ] Crosswire Overlay - The crosswire overlay touch locator
consists of vertically and horizontally spaced wires under {
tension forming a square matrix array. Typically, the wires
are mounted approximately 3/3 inch apart. The vertical set
of wires 1is separated from the horizontal set by a thick
plastic sheet with holes at the crossovers. The entire A
matrix of crossed wires is enclosed between two plastic
sheets which may be sealed to form an enclosed environment
for the wires, When a finger presses against the auter
sheet at a crossover, the oauter sheet is deformed and the
outer wire is pressed aqgainst the inner wire, makina

contact. Appropriate circuitry qencrates a 4iqital outpuf

[ of the touch location, The rcrosswive overlav dnes not
attenuate light from the CRT, however, this technology is

: not commercially available,

3 . Voltage Gradient Substrate - This sensitive positinn sensor
consists of a curved glass sheet coated with » transparent
rogistive substrate, and a plastic rcovor shert harked hy 3

transparent conductive layor. Fingor pressure cauyses

. contact hotwoen the ronductive Taver apd the quhstrate,  The
o condfuctive layer functions as 2 voltane probe for nhiaining
< . .

a the rorrosnondina X apd ¥ coordinctos fram fhe cubgtrate

and the yoltages or ratios are digitizod by In aggoriatsd!
. circgit bhosrd for Cvanemission tn rhe hncr o nwenengeny,
Tagalution of 0.002 inch can be ~rchicued hy this roehnigen, ‘
nove sor, the averlay panel ~aggen rfaicant S onpatjon of

Tiqht from the CRT display.
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Echo Ranging Overlay - The echo-ranqing overlay system
consists of two par*ts; a qlass sCreen with intearated
electronics mounted directy on the glass, and a separate
diaital controller which provides the processing and
interface signals. Acoustic standing waves are acnevated hv
ninszoerlectric transducers located along the two sides 2f *he
diqitizing surface to sense the position af an obect n
contact with the qlass. An 3coustic standing wave (Rivleiah
wave) travels along the free houndary of A solid, murh 1iio
2 ripple an the surface of a3 pond. A user's tourh sets n
echo signals in both directions which are interpreted ac ‘he
roardinates of the *tourh point. The Jcoustic wivog  aro
refiectedhy a2 passive probe and are tsed in an echo ranging
syvstem to convert the time taken for the acoustic o-ho 'n
roturn into distance information for the target., Resolyton
for an echn ranging system is related ta the sparing alonn
twn adiarent edaes of the transducer and receiver nairs,
This *ype of overlay st be kept clean and s euhivct tn
domage by scratehing., Because the alass overlay i< flat

there are parallax problems due to the curved TRT scronn.

Beam Interruption - A beam intorrapntion ovorlav qys® o uses
scanning infrared heam technnloqy.,  This technique dosg not
nlace anything in *the onrtical viewina path of *the oy
neither qlass nat pliastir rcayorg *he Adigplay  fars,
IR-emittna diodes are mounted approximately 174 Sneh e
Alana tun adiacront sides of 2 rertanqular frame which $ice
the Ai1gnlav peorineter, Photn detrctors Tire the ronsin-nag
twn sidos . nroducing o arid af infrared heoams,  The névareat
heams  intorspctod by the user's finger corrvesnand oy ne
canrdinates of the tnuched point, The heam intaregnt 1nn
systom resolution depends on the spacing nf *he emitteors ind

drtectors.  Parallax problems can be minimized by curving

the rous of IR diodes and detectors to match the coarvature
of the CRT face.




- .

Ream interruption technoloqy is well developed. in qeneral use in *the

field, relatively inexpensive, and reliable, For these reasons it s
. chosen as the means to implement the desired touch panel interactive

capability.

Tn summarize, the recommended form for the EMCS nperator irterface is
a color graphics CRT with an infrared touck panel as the primary operator
interaction device, The color-graphics display will dinclude simplified
system schematics similiar to those contained in the EMCS Design Manual.
and anp alpha-numeric strip at the hottom for Aisplaying necessary cues ‘o
the operatnr. A keyboard (with mumeric keynad) is also included, because
some of fhe operator functions cannot he acrcommodated by the ORT /+ouch
panel combination without serinusly complicating *he aneration of the
interfice and thereby making the interface less friendly and slowing
intorfare reaction timn. Inclusion of the Loybaard will alco maintain £¥7
cystpm flovihility by providing a ~anahility for tho lgwncr level aperator

forminal fn ohe used for other purposes oo reauired,

Interface Nisnlay NDescription

The dhyvsiral Taynut of the qgranhics dignloy i¢ shaun o Fiqure 2. Thoe

) CRT <ecreen is elocrronically divided un inta four windows, labeled D74,
GRADHTCC  ARTA D SPECTIAL FUNCTION KEYS, pd TOXT ARDA, Thr AOTH wipdny

Aisnlays *he current Aday, date, and time; the aperators name: oand tho

current Fomneratiea and dowpaint ., The TEXT ARPCA vinday perntits the displav

of toxtaacly formatted messages, noumonics, cues,etr,, fto the anersto;,

j; Thoge  fwye windows  are nant Airectly drtaractive with tho touch pane’
“ foatnrn,

)

b The GUAPHINS AR apd SPECIAL FUNCTION ¥YYS vindars ape the maier
": . toiuch-panel intersative portions Af the (RT Adisplay. Tno GRAPHICS ARET
'; displays schematic-like diaqgrams of the HVYAC systom nd components heina
» 3 controlled by the EMCS,  Fiqure 4, taken from *he Coras of Engineecrs draft

FMCS DNesign Manual, is an example of the type of diagram which might be
displayed. These graphics diagrams would be generated by installation AZL

Y
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{
, personnel, using a simplified graphics generation capability included with w
the in*erface harduware/software package, Each diagram might vrepresept - |
1
building, a data enviromment, or any other logical set or subset of points. i
: The SPECIAL FUNCTION KEYS window will allow the implementation of
! : user-defined special function keys to accomplish any appropriate aperator
4
task from the list described in nrevious sections. 0On 3 19" diagional :
measure tube, there is adequate space for about 11 keys with a tarqget area ?
3/4" x 374" in size. The IR touch panel frame, which surrounds the CRT |
face, holds the [R-emitting diodes and photo detectors which form a grid of
¥ IR heams over the face of the (RT, Fiqure 5 shows an example of an
[R-touch panel frame manufactured by Carroll Corporation. A
{
Interface Nperrations
Operation of the interface wilt be discussed within the framework of
f required operator tasks, taken from the draft tri-service quide
, specification. The list of required oporator tasks includes:
13
(a) Request a display of any digital or analog point or any
togical qroup of related noints in the system.
(b) Start up and shut down any selected systems or devices.
. (¢} Initiate reports.
\-’
o {d} Request graphic displays.
J fn) adify time and event schndiling. B
3
3
" q {fY Mndify analog limits.
\
3
< (9) Adjus* set points of selected controllers.
1
1 (h) Select manual or automatic control modes.

30
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(i) Enable and disable individual points. Disabling shall take
precedence over all other actions.

{i) Enable and disable individual FIDs.
{k) Enable and disable individual MUX/IMUX panels.

With the proposed interface confiquration, tasks (a) and (d) become
one and the same. As described above, a "graphic display" and a “logical
group of related points" corresponds to a schematic-like diagram of a
portion of the HVAC system under control. To initiate these two tasks,
there is a variable function key in the appropriate CRT display window
labeled "Display Diagram”. The operator touches the key with a finger, the
key backlight illuminates to signal system reraction, and a table of diaqram
names appears in the GRAPHINS AREA window (ser Figure 6). At ‘*he same
time, a rnue appears in the TFXT AREA window telling the operator to "Toich
square beside described diaqram name". Touching the selected square with A
finger causes the GRAPHICS AREA and TEXT AREA windows to be erased,
axtinquishas the backliqht on the “Display Oiagram” key, and rauses “he
selected qraphics diaqram to be drawn in the GRAPHICS AREA window. To
display additional information on a given point or device contained in +he
schematic qraphics diagram, there is a variable function key labeled
"Nisnlay Mora Info". Touching *his key with a finarr causes the Ley
backlight to illuminate, signaling system reaction, and a cue appears in
the TEXT AEA window telling *ho aperatnr to "Tauch desired Adevice gymhnl
on diagram”, When the operator touches the desired symbal, such ag >
temperatyre controller, the variable furction key backlinht is extinaniched
and A1l information appropriate to the drvice, such as set painte, ote, | Fg
displaved in *he TEXT AREA windnw,

Task (RY is accomplished with a split variahls fuartion Loy Taheled
"Start” and "Stop" (this rask can be pertarmed only when a schematic iroa
diagram is Adisplayed}. To manually starr a deyvice such as » fan, *he
apsrator touches the "Start" saction of the key., This acticn cansng the
tnuched section of the key to backlight., indica*ing svstem respons~, nd
displays a cue in the TEXT ARLCA window telling the operator to "Touch

KK
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desired device symbol on diagram". Touching the fan symbol in the diagram
causes the symbol to be backlighted, indicating an on or eneragized state,
extinguishes the backlight on the "Start" key. and erases the cue in the
TEXT AREA window. The manual stop sequence for a device is conducted in
the same way.

Task (r) dis initiated by touching a variable functinn key labeled
“Print Report". This action causes the "Print Report" key backlight to be
illuminated, displays the set of possible reports in the GRAPHICS AREA
window, and presents a cue in the TEXT AREA window telling the operator to
"Touch square beside desired report", Touching the square causes the
report to be generated and run, erases the GRAPHICS AREA and TEXT AREA
windows, and extinguishes the backlight on the "Print Report" kev.

Task {e) is initiated by touching a variable function key labeled
"Modify Sched". This action backlights the key. displays a tahle of
building or data environment names (see Fiqure 6) in the GRAPHICS AREA
window, and presents a cue in the TEXT ARFA window instructing *he operator
to "Touch the square heside the area name whose schedule 15 to be
modified”. Touching the desired square erases the GRAPHICS AREA and
displays the operating schedule for the selected area. A series of cues in
the TEXT AREA window will quide tho oporator through  *the process of
scanning the schedule, selecting lines to he modified, entering parameter
values through tho numeric keypad, and closing out the <cchedule

modification proecess,

Tasts (f) and (q) are performed in the same manner, by first touching
A variable function key labeled “"Change Set Values". These tasks can be
nevformed anly with 1 srhematic arca diagram displaved.,  The tanched Loy g
backlighted, and 3y cue s displayed in the TEXT AREA window tellina the
anergtor o "Touch tho desired device symbol on the diaqram”., Touching *the
device symbol causes the adjustable parameters and their current values %o
be displayed in the TEXT AREA window. A series of rues aquide the operator
through the setting process, including entering parameter values through

the numeric keypad and closing out the setting operation.
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Task (h) is accomplished by a split variable function key labeled
"Manual" and "Auto". To change operating mode ihe operator simply touches
the desired area of the key, the EMCS shifts to the selected mode, and the
backlight for the selected operating mode is illuminated.

Tasks (i), (i) and (k) are all accomplished in the same manner. These
tasks can he performed only with a schematic area diagram displayed. There
is a split variable function key labeled "Enable" and “Disable"”. To enable
a point, FID or MUX, the operator touches the "Enable" area of the key.
This action backliqghts the "Enable” key and displays a cue in the TEXT AREA
window directing the operator to "Touch the desired device symbol on the
diagram”. Touching the desired symbol on the diagram enables that device,
backlights the device symbol to indicate its active status, and
extinguishes the backlight on the "Enahle" key. "Disable" works in a

similar manner.

Interface Characteristics

The EMCS man-machine interface implementation described above meets
a1l of the qgoals foar good interactive system design which were discussed in
provious seatians.,  The majority of the intoeraction betycen the gperator
and the system is accomplished by merely touchi-q the CRT display with 7
finaer, There is almost nn tyning reguired nn the keyboard and the fow
parametor yvalyes required arc entered via a numeric key pad. Tha CRT
disnlay shows s-hematic like system diagrams which are familior ‘o HVAC
enginevrs and mechanins, and has operator cuas which are ohrased ir simple
Uanlish, Thys, the ™M0S interfaco dtgelf takeg on a unpry larae deqrae of

tran<parency to *tho oparator, qiving the desireable imnressinn that tho

ennratov g cantenlling the HVAC sygton ant tha TM9S,




Additional Interface Requirements

ine foregoing discussion referrad almost exclusively to the lowest
level system operator. The next higher level of operator is the
nrofessinnal A&F who is required +to oroduce graphics diagrams and make
changes to automatic control algorithms, Generation of system qraphin
diagrams is nmost easily arcomplished using a combination of hardware and
software features which will allow generation of a symbol library and ease
the task of huilding a diagram. The interface hardware must be equinped
with necessary graphics implementing capahilities to ensure rapid drawing
of graptics. The qgraphics generation capahility rould bhe acaquired on 3
system by system basis, or it could be developed senarately as a standard
and specified for all system inctallations. Specification of a3 standard
qraphics package or language has the potential to save considerable sums of

money aver the acquisition of qreat numbers of systems,

Because there are aperators on the EMCS with varying levels of skild
end required gperations, there nreds ta be some type of system access
restriction, The Araft tri-service quide specificaton cajls far eight
levels of accoss, nach with password protection. This serms +n be an
unnecessary compliration in that only three levels of onerators have heen
dcfined. 1t should be adequite to provide three levnlc of acress, wheroin
each system aperatar is restricted to use of an oxplicitly definesd subset
0f svystom commands, Honoywall's Del*a 5500 svstom has nacswords
incorparated into the spftware, <o that when an nnorator loac on with 3
nime and a4 servot code numbher uriaue +n that npame, the qystoem contrals

~yerator access Tovel automatically,
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SECTION VI. RECOMMENDATIONS

Based upon the research conducted and reported in this report, the
followina recommendations are offered,

) Modify the tri-service quide specificatiaon to incornorate
the EMCS man-machine interface defined herein.

] Modify the tri-service quide specification *to include three

levels of operator access and use embedded passwords as in
the Delta 5500 degign,
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