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A Man-Machine Intprfacp

For Energy Monitoring a4nd Control Systems

SECTION 1. INTROflUCTION

B ackground

In -nergv monitoring and control system (Fmr(') is a syst-em desiqn'd *r

implemen+t the concept of computerized e-nergy management-. Since late 11076,

an effort has been underway in DoD to downIe o i *ri~qprVj ce onde1

specification to be used by government procuroment officrrs as an ai,< in

proparing contract. Specifications for Arqui.ifinn ()f in FMCS. This (itidp

specificarion covrs il', work af,;ocijfed ,ijth previding sbopd*'n

plains, r-rjui npmenf ldhor ,'ot eq'''n*C~'1 O fl

'Yvnsn~w'atiri necoss;acv 1-n ftir-r~c -- d inc7<" 1 f>' 1j.

Frn n pHi L''>rifrw i'1 P r,

rs' qg -n lIaval Facilities nneioeerin- Command and the Ar!: '. C-rps o~

Enciineers (Huntsville District) with nrenaration of tnic cui-ne specl fica 20f.

h f 'J)J 
'w

The cfinrifictjoi 1,seriafd -!ith pro\'''iflg in int-vwz7 hrntj,-e th)n

l him 'n cipera or. The rin,1 of flt, ,efnrf qi( Ise~n v m~r rep--'1p

opr no t orfae-( and prov ide rrccomend, fior 41:fo,- h, n-r: A l (

* v'~ rV, fem!i. ptr n ' r irif crfa',-r -4 ie j he i 4,

goal nf the i nsta1l 1 e systr-m, thp si 7' (If Th" s)ys; -!-dr roes, j,;- 1 ')n

* ~ ~ ~ ~ a an' the Ino 0ec i .hirh the sysfnm avdn'l fer,fnr ron '- ,rw' mv-e

installelA with any one of sePveral goalIs in mini, ' 1 limf'4 1 fO pp' '

nnpw-r usage, n'ior-1l daily induiction of energy w-,ge, smoothing ol lii'
surges and lapses in enrg deader. The gidi se i r P+ii p

r Pnrqy ( mad ; _,pr i



intended for qeneral application and thus does not attempt to address

sperific goal optimized systnms. Accordinqly, the rpsearch did not

consider interface specification differences associated with specific

system applications and goals. The guide specification includes discussion

of three sizes of systems--small, medium, 4nd larqe. The number of data

points monitored dnfine the size of a qivnn system. The nPcessity for 4nd

level of system/operator interface will vary as a function of system size.

This research focispd on the most difficult problem of onerator in+erartion

with large systems.

It is presumed that .hrpe skill levels of individuals miqht interat

with a fielded EMCS; programmers or systems analysts, enqineers, and waf-h

supervisors or opFrators. Proqramners or systpms analysts arn primarily

concerned with maintenance and upkeep of EMCS software. They -an be

assumpd to have ,a hi gh I -v l of skill in dealing with computc'r syst'; so

that pro-iding for a "friendly" interface environment is not so important

a' th;s lovel as with the other two types of system oneratinns personnel.

Specifications for prograrmer/system analyst interface with EMCS worn no,

addressed by this offort. Since ,nginPrs and watrh suprvisorz or

operators are both likely to have less skill at interacting with real-timp

romputrr sstePms than proqrarumprs or analysts, the rnsear-h Pmphasi 70 the

nepds for inferfacinq betweon the system and the two lower skill le,,lI,

ePsnci-illv t-he ,wr.rOr lvoe.

':I



SECTION 11. PROBLEM DESCRIPTION

EMCS Description

RY definition, a n EMCS is in enerqy mananement systnpm which employs

off-the-shelf minicomputers, microcomputers, associated peripherals,

instriimentation, rontv'ol equipment, and appli iation praqrarns writ~on in

high level languages such as FORTRAN, BASIC, or Pascal, configured into ai

network with control functions at multiplo locations and a central point of

operator control and suipervision.- EMCS's arp classified into four

ca~pqories related to the total number ofmntrcnrlpo int (7onnected

to the system:

e Lirqo FMP. in excess of ?,000 points

* Mediutm EMCS 500 to 2,500 points

* 1m~ I'rs 11)n 1- 750 v)oi ntr

e Micro~ [M(S 1loss than 125 pni rp-

ThV, j :rjo W' ni r-jred in Fi qure nsn ')1

(CC'U) (with its assorniated computer (CPIJ) memory,~c nr ~ trpl (I0)

I cn~fri roTmmn3ir,ons rorollnr iC( CommIjrv~tjrn ic,nr iflte

foyrmirVor (rLT) , fi'1d Pde-rf,1cP devices, (Fin) rnul 41)nxer )annls (MUX I

nrte 11 iqn u ilmJ~ ~e MX) , instrumnnt lt ion, :m,!oerl h

rCCtj cnlins, a minicompujter or mjiroconmpuiter (CPH). wIitb -.I in leroonrv f r
r, r atir t sst m so~.aeadimplrmont af-ion ef inn'~r, rv ee ,at ionn

nroqra ms,. nl , iux i 114 ry mass s toraqe niemory f or rocord'nq &. The P,

exrcI-),)"!T ~71 io-n al qori thins used to prc 'n*'!iroejjprrt, -r nvv finns,

ind r,-ter of ipower consumption. ilinulate, eqtii pmnn operatinq oints, ln

nrnjro, '-nonrnl eiqnlc to ernrfm Cnijipft in +h,,rf 1
-i1( n'rnp

T h -i * 1 r-rl ,nd 1.oqqjin pr. i t11 s rovlidP perma nontf r nv 0~ Sys! n,

nr" i qvc- 'Ird hisCt0oric'3 1  l The onn Ierv-,t+-r s : on'a z, i o'~

oprator interactive element in the svt In crp* prt+rc~iad

Hi sl iys lata , ind qraph ill1v disol avs systve -nnt Y )11 r, or mon itored hy

+-h- FrV Thn systems teormi nal i s used~ tor Involop progra-m, run

II
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diagnostics, and support background procoessing. The CCC is a mini or micro

comput~er with sufficient memory to execute the softwarp required to

reformat, transfer, and perform error checks on data between the CCU and

the FIDS, and to pro~lide limited backup in the nvent of CCU failure. The

failover contrrllprs al'e automaitic switches which Put the system into a

backujp modle of operation in the event of CCU or CCC failure.

The CLT provides an interface between the CCC and whatever data

.m ,smiissinn mo Ms(TM) is uised tFo connpect the centril system cont-ol

elements with the FInS. A FID is a microcompuiter based device with memory.

1 10 a nd cnmiu nlira'Ii o n c .a pa b ility i an a powe r su )pIly. The, FI pOrrov ides a or

inteorfarce t o the controllod Pquipment and environment, perfoorms,

r~cj~*ee nd 'Inqical nr)-trions. acceppts ind pror-ssres cciiU rnands

ind is c~ap-lnln of eVuand-,il one operatlion in the, v-'mn rf '72, -q,

~ O1' ~ #~~1 1 ,r, The r) * 'I ' 4,n of n jer anro -s

s oq ,,; i- n

The MIX panl it funr ii if -- ' fteVBa'1~ h r h

. Th r !'' rInn) iy fixr n r~ Ene ,,n the-h iti ili iP it- 4hr- cm .,,

ihp) h'n rdi .d The 1 X a r rs no s -Pf rin , n r- dv) ' r 1 X'

jy 4To nor- v in n T

plr , 'hejr (lneral, rin roor 1n V tO J prc- '1r f'-"(I(-

4 orer +Ibp rr)-onnOt ion of enerny.

0'
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Operator Functions

While an EMCS i s primarily a comput Pr- control led, sel f-operafing

device, there is still a need for human operator intervention. The EMCS

does not include the enerqy consuming devices, thems-lvps, suich as motors,

water chillers, fans, etc. The EMCS monitors and controls these devices

and reh--ys an alarm to t.he opereator when 9 device failujre occurs. Operator

intervention is required to contact and dispatch maintenance personnel, and

possibly to adjust operaiting modes or controller set points in thp EMCS as
a result of component failujre. 5 ectinn 12 of the draft Corps of Enginpers

Guide Specification contains a doscription of commands which an on' erat or

should he ihle to einter throujqh the oprator's console. Considerat ion of

this list- will give( an appreciation of the scope of Opprator interaction

wit-h the EMCS. In ?c cordancp with t-he draft quide specifiration, 30

onerator should be, able to perform the following tasks.

*Renijeslt display of inv diqita,' or analog noint or iny

l og i calI group of rml ated, poinets in the system

*+ 5art up ind shut+ down mny seetdsystepms or devices

Intitiate rpports

*Requenst nraphic lispnlays

Mo~dify 1.me and eve(nt scheduling
* MAodifv alr og l imits,

*Adjutst sr- points of selected roni-rollers
-r I" 1 n anua 1 or 1iutomat i c rootrol modes,

* nabl h 3r nd disahle individii1 p4-nt.s

e "n a nrl d;,_iahle individuail fFfl'I

e F nihl I d disahl indi',i1diill M'JX,TM'IJX panels

Th-, ciol wi intecic*tqrns -e,-1hnd hovo are' t-heren' r he

I oer 4 1 1 ''el q' watch unrisfoartrcategory. The next
h;nhnr ci I-ve1  1h)' )'F' 'he ,y-fem ngineer whoi woul be cl'd upon

to make changes, in qriphir displays, rewrite optimizaltion algorithms, and
nerrarm ehe fur'os M' C5 rnain'-'nne or uprdat+ing. Th- guiide

specificit ion c;4lls for nigh' level s of system access;, with each higher
level inrreasing the allowed inforirt inn hy Theo user. nt-ry t-o the various,

levels is control led by t-he isc of passwords.



SECTION 111. PROCESS CONTROL AND THE MAN-MACHINE INTERFVT.

I ntrodijc*in

Prorpss ron+-rnl ;; nd stnirontatioo) ha\'e hpen qrrnlv onhan-~d diir-Ig

the past twonty ypars by th'n incorporation of ni nicommnuers Pnd

mirroprocosso-s in ront-ol svs'Pms. In the futurre this trpnd will prohahly

ron'-nuce and may oven jrrolor-to~ in t~rms of numhrr of applic irV o arpas

an x-nslons of arciura-y ,, pr(r'sinn. This qrow~nq osp r)- commi--

control systnns, with lh-i r 1 aeqe, information and control da.>, 'aasoe.

fnussi-q .)tr io on s- :)-0,-11of inrrf ( nr t-he hun rmpor- 'ivn

svs-tm, with the procoss uinder control and the no-rss ontrol nue'r

Tk- I~ Ori~r

o -vT f,11 McAr 47 t\,r0 lk n''ri
Vv

s ue n 'rv rr n' c, vn c r-J '~ i ri;n rr o ns r r 1 1

-~ CONTROL SYSTEM

(EMC S)

.2MAN PROCESS

(OPERATOR) < IFR4TO 1 (HVAC)*

*Heating, ventilating and Air conditioning

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

1. Control System/Process Interface

2. Man/Control System Interface

3. Man,/Drncess Interface.

The rooochrported herein restrict,; itsel f +-o the Mn-centre' Sys em

interface.

Intera4ctivp Syste-m De-sign

Ben Shineidprman. in his recepntly published hook entitled S o'Fwa-p

Psychology", has done a c~redible ~Job in nulling together and gliving some

fraimework, to a ronsidprahl- collection of work on design of devirs- 'er

in'Praction between human beings and compuiter syste-ms. 4 Sulccessful

iridutri il design unites, reqnired( functions and apprnpriiln -sthrti-s whilo

keeoping costs . low. Providing useful tools to comiput-r ujsers who have a

,vi +,!v v iryingq -v-1 of experie-nce. p roblePms,. sk i IIs ain' oxpr',:,, ios'), C!

chall1enge, to scientific competence and onginee-ring ingenuity, in addition

~O equirnqa ueaurr, of ;;rti-tic tale-nt. IrrtierOmputerP-hqased

systemis for procenss control musis bp carofujlly ines~qnod "npovd

-ffic er', odei. rnliable and effect+ive, servir while, ofter'na tic-

satisfartinn. Regular uisers qucky as through the cadget+ fliseinAtion

stae ~d e~non e-mding uisers wlho rxruect The, sysf-m to Iidi 'heIn

qeorforiiirnrp o~f 'h-i r work.

I In +'Ii In, I V. -hr xirts no n-' r hlqo i fo)r'9 uj w 'e

n 94 oV q ti lrtrecar. ,r Stm desi n1ners '- s c'eL iqert 'h

r ovioF'I Ins t 0 1arn hujt aqppealr n to xnori-ncri per, .1,nd fa r i t

erro h 0 n q wh *1 1~ 1 nwi eq somel( f r-edm *)f rx pc-,s 4 nn. The- f- 're CIV

i i- tn,ton i wh ich i nteractive syste+ ms may he tusd ma kei vir'-y diff icl

'J" Io np '& ir 'I sf of '10" 1 q u s7ystemI-of des i gn. Fven o, nujmrou

rreseicrhers hav' 1attempteid to prpscrihe so-ca lled "tnivrs,l" goal1 sts,.
711- roilr-inn )fofr ses hus nrdqe into The li~erafut- entries wqhich

3



are not independent and somptimes are in conflIict, make contradictory
reconinendations, and arn larqply unme;1surable as desiqn qoals. !f any

single consideration is apparent among these various lists, it is the

dictum "know th usor".

*In an at+,rmnt to providr- an informal integration of this p-xtan+. body of

dosign principles, Shnpiderman has bravoly s-t. forth four mostly

indpendent, fairlY thorough, interac~tive system dpsign goals.: simpl icitv,

power, user sat isfact ion, and reasonable cost. An interactive system ;s

sajid1 to hr, simplA if it has, fow commandcs ind if the ormmands hv

consistont struct ure. Coimmand structures should fit thc- nroblem diomain and

15cr thought processes (know thc, user). 1Simple sv-trswe ~ t 1 .r0.

oalsy tn remenmh---, rasyv to us(-, a1nd easy to modify and repair. POnr of

qrvthonef~lr of ijsinq rnmputors is i-hr rnor Thyoq~r -no' tv, I i

dfes iqn invr I -i o poworfti I (:omiaInds wic h rn .,I,)Ie is'r; 'n In,)r o "i iy

s -Tn h theo i - qn"1 Th nh '01T~Ii 1+0 701'- y5 T 5~ I-i Mt! 'c tvn f,.-

4 1 V f he i.a n 1  Sy StfeM . n re r t , or teir~ c

(" cys *'2 "!, y h' *Ifte' *o hy rY wl y-

ic;vmnq hi1t i nef f (,iv'. Thr' romi' " hoiild i;)!i.iY ' ntu

idi i r up ls'r y eformanco nf fhoi r tVsks I~ .vs ri s i n kwh Irk

I),;- or) jIrh is f-i i tIro .

!n~prac \U- Tn'rfar 1 rquC'5

-.~1, In f SC' 1'r, i hi' i' j(,nrr tpz -1 ;sfvirq fn-'4,! - rendI 4' - er

q f V+s 1-'r 'i p ,.F efnC Ii v IIv . Y- $I~j' 'hh"--'

r4n~n ~ire.teC I I 0Ijo r l c, oj "),e-

a n FM4Cc h zrdwiace ot tin ns ,psychol nq i rtfl 'ae tors I, Isn S I

-w'Jo re ) in inn 1e Ide s 1ch1 ft' r r"r

mani pul at ion dev ices, and graphic:s oujtpt, i nput nd i nt nrirt ion.

Ask...- -,.- - ,- -r 7 -



Soft v. Hard Copy

Hard copy displays provide permanent records of system/operator

sessions, whereas soft copy displays provide an electronic window which

eliminates cumbersome and costly paper consumption. Hird copy can be

produced by noisy impact devices, such as Selectric balls, daisy

wheels, cylinders, or a matrix of pins; or hy quiet nonimpact thermal,

electrostatic or ink spray printers. Imprint clarity and typinq

surface visibility, which may be obscured by the tvpinq device or

cover, play important roles in user acceptability. Soft copy may be

provided by a cathode ray tube (CPT). light emitting diodes (LEn),

liquid crystal diodes (LCD), or a flat plasma screen. Display rates

can be thousands of characters per second. Glarn from the ,rr.en,

flickering images, lack of contrast and limited number of lines may

detrat from CRT usage. However, silent operation, inlimitpe charactnr

sets, blinking, multiple intensity lovels, black/white reversal,

multi-rolor. erasing, insertion, cursor action, scrolling, and multiple

windows are attractive features. The choice is properly dependent on

th- application, hut lower rost, hiqher reliability, o0iet-r

operations, and higher speeds give the advantaqe to soft displays.

* Manipulation Devices

Maninulalinn drwic-s ar f he physical moans hy which tho prncrss

opertor transmits commands to the control system or process. The goal

in desiqninq the maniulativP ,nrtion of a man-marhin- interfacr, should

he 1-n avoid imposinq unnatural mrhine lnquaqe constrints on the
hnnr ' r. ni ul ye sct14ns should rPflr rt as nearlv a nnssihl-

the iisors common or nfi,r lanquaqe and traditional (stereootyppd)

nrnr-rs-,- r '1nnn ,r na
1"i in (ly. Drnnrm ron rnllr- F1 manuili-itiNV y r"'!ices

h h n- r , l nr#rVo I llV-fflrmTt+(,d display !ie,,ices which

,-an. - , ,h' sql .v *- liqa.'a f u 1 inf ormtio i uu in pri larv -)n-l inc

-no , r r ()nr nr -1A,.

in



Fixed function keyboards

Variable function keyboards

Light pens

Track balls ind joystirks

Touich Scrpens

Snporh vecoqnitson.

Fixed Function Keys-A fixed ftinction key is on- which ha,, a sinqie.

dediraepd function, identified by a label affixed on or adjacent +o "ho

k'~v top. Thpe, ar'1 two qpnnral types of fixpd -:unction knvho;rds:

Universal format (ASCII, etc.), and custom format.

Variable Function Keys-A variable funrtion koy is one whn~

funct inn i s not f ixed , hut varies according to di splay ol rd~inn-,

r)Y is Irt i on o'l iother koy, octr. V ' r j , 1) 1 v- f i n on 1, rOn rd s

i it i rnimon irruinq emont of h I a n 1 ke(Y wh i rh mi havve ~n i r I iho 1

rh~nr'd ~ ~v>'~Iiff41r,,nI wa.VS

Overlays-0ir-tc~, oni -h jrh I Tihe 1~ ' 1); - nq+

hn-iw-it ten 'i posi ienp't by hind to he adimnnt In or nv41r

Filmstrip k eys - -,r k , v cm A' r)' (inv V )f o- 1

Inien-1- lr1nnngn nn the polsitinninul of a filt'iy'nc'-y-in

41 fj.- crI of alte-n'' fin" 1onq 1 A)-'N!C-0 ' 1

CRT Label inq-h'T1141-ihl~~ v'

ri prjue', r Of 1 abel , 1 5, '' 4~ - 1 1 1 y Y iIio

1e'ocerd iror, car he rnpl rtr -1Y5,1 f ox r' v

riirrnnt 1 ihrl F, f ol low f rom erci' i oi c 1 *i , "1 1 '(,q

a(7 'on!s - n ho ol imi na I d by ' i-pl avit onl I vhnn 1 1!

P-1rt i nont. t.o c urront d isplay cond jt fe n,.



Light Pen-A Ilight pen is a hand-held device that is used to s-lnrl- i

location or symbol on a CRT display by pointing at t-hat lorition -4n,!

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 dotorrnino the, addresod function.

Track Ball and Joystick-are a means for positioning a cursor or

indicator to i Particular part of the CRT sree(n and thproby indicatinq

in some way the data of that Ilocal ion. The trackball operates by

movinq the cursor with a rolling b,1ll. Normally any direction is

possible. Joysticks come in two types, proport-ional and incremental.

The proportional type uses the stick position to determine the rijrso-

position. Full forward for instance, is the middle top of the srreen.

Thi,; sik remains fixed whon the opraltor relnr;sps it. Th r,

incremental type is much more popular, and determines the angle, ind

rate of cursor movement hy I-hP anriep and rfistance from the riin

* Touch Screen-A toucrh sreen is, rssentially the inverse of a light pen.

V 'is'sn "pasivo sfylijs" (finqor, penil. -fr.) for noinlin iot thn

desire d'islv position. Th'- pointinq a-tiWes one P1erfronicillv

snn,,itiv , ir- in is~hml-rix" whi'-h is; ripovnd nvrr The disH Wi.
This is, dncodcd to determnen thr addrrsse fucto inamno Imi

o 'ho of~ 'tho li1 Don e

Voice Recognition- Thmpw!ft-n7a'11 tnchni qu' ar' homi o .'iqh

can rocoqlni7 soken miit i syl 1ahi c words, and jihras~s %qi h lood

v-c)j.)ry. lint--r- , n~j~~nr r-qri rti ors -w it on vnrihul irv. 'r00Ii

of morhino indl~ min, nfr. This technique his bee(n t15erl mloY tv in

nonpr''"5ront ro ,n. i ronninf- vi-o tho motor roS[ponc- wio'< 1

ovor 1n pad (both hands ful 1 u-1 i nq park aens , with rep' iiiremnn f0

d ,rril Inke - a rntfral data processi ng syrt (m) , or not -- ,ila1,bler

(cont rol i npts bei ng made over a voicocommunicat-ionns channel.



9 Graphics Output, Input and Interaction

Perce-ptual psychologists hav'- demonstrated that imagery can offer A

decided advantage over words or numbers, within certain applications.
Wi~h pronnir q1raphic presentation, error -atne, and roartion time -an he

substantially reduced. The success of graphics interaction hinges upon

;idh-rencn, to a narrow application dom;;in, nafijral roprosentation of

real world phenomena, and acceptability of the set of operators.
0-sn-rhrcs hav- identifiedf five poeni)~rh'm rois with

interactiv(e graphics applications:

1. Rnrntdom - impropor pnarinq

2. Panir - unexpectedly long delays,

3. Friusfratinn - inability to convey infpntiori- or infloxibin a-'d

unforqgiving systom

4. rnnftirion - xcess0ie detail or lac-k of ftictiicrr

1) . fi~romfort - inappropriate physical en' i cnmon*i.

2n0i e,1fnrt In vnidi hos ohlnm lra cv r(,,-oc 'n,~~je;hy

been "ormulatod for :ntoractive syste-m develonors.

1. I"ITInqr, te'X+ 'nd qrcihir symbols on eChri nro,f$jirIf

-stahlish in explicrit context for iise(r action.

2. When 1.secr n-rcess is; rot knowqn in .l~ee ~ ---

'lis~p1 yabl e dat.a rpprnsent at ions and '-hon des iqo rorait

flesiqn theic rys~rm lo !rov. ido in nxp 1) 1ir 'F-,i7ionys'o

--~n-seet- aI on,;.~e n~ne, q i <'s y- i' ir~iiv

In summir'v, in intnrit ivn~ qrapbic:s wsvI'em ho- , ern, i

rppirpson',a ior and sf-indird operitions.

"M ffmiL - - -~ - - ~ ---



Psycholoqical 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 r-portod by George

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

limited to a number of units equal to 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 process of continuing organization and reorganizlion of

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

the somingly unlimited capacity, durability of knowledge, and rapid recall

enable human beings to perform remarkable feats. For graphics terminal

interaction, the number seven plus or minus two concept implies that the

processing capacity of individuals is limited and in constant danger of

being overloaded. 5of- copy terminal interactions whirh start with a

display requirinq thn user to memorize twenty options will probably

overloai the user's short-term memory. A printed li st of options or

off-line training to embed the knowledge in lonq-term memory might he

preforahle.

On- o the hvproducts of +he limitation on hum-an shnrt-term mnmorV ic,

that thare is groat relief when information no longer needs to he rotainod.

This produces a no,.iorfil dnsire to complentr a +ask, reduce our memTorv Ioa.

and gain relief. closure is fo-b completion of 2 task lealinq to relief.

* nro I rminil ,isers sriv- for closI r- in Their wrk, n Ycr-ir' inn- C o'ld

he defined in ser ions so comple~oinn can be atiiod nd information

rnleasd, rvnrv im . s, n ,orle4-es ?diing r line n,- qods nn -1 ifinq

session with an FX!T or SAY[ conimnd, there s r ief , 'i h

como l rion and 1+'aininq -lsurn.

The prossllr- for rlosuIre means that users, nxpecial 1 v novirs, may

prefer mIlfiple smll operations to a ringle large operation. Not only ran
they monitor proqr-ss and ensure that all is going well, hut they can

release the derails of coping with the early portions of +he task. One

14



informal study showed that users preferred three separate menu lists,

rather than three menus on the screen at once. Althouqh more typing -nd

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 acknowledqes or the RETURN key is hit.

Studies have demonstrated that user attitudes can dramatically impact

Ilarninq and performancP with interactive vsstems. Researchers have shown

that novices with negative attitudes towards computers learned editing

tasks more slowily and made more errors. Anxiety, qenprated by fear of

failure, may reduce short-term memory capacity and inhibit performance. If

ujsers arp insncure about their ability to use the system, worried about

destroying files or the computer itself, overwhelmed by volumes of details

or pressurd to work rapidly, their anxiety will lower performanc-o. Mild

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

r-esuIan' hiqrh 1 vels r -)nxiety interfea- with rnmpntront work.

In designing i Vstem for novices, every attempt should be made to

make thn user at Pas-, without heinq Datronizinq or too obvious. q messaqe

tellinq 'tsers not to be nervous is a hid idea. Hlsprs will feel best if the

instr'i-'1r)Fs arn lrid. oxnrssr-d in familiir ferm-', id n-,sy to follow.

Thev shouid ho qivon simple tasks ind qain tho confidence that comes with

sil pcqfo 1 qv nf ry *onl r r marhinn. Ciaqnesir -sreq sh',i r, h

undr-rslindahle, nonthe .Pninq, and low-keLy. If the inijf. is incorrect,
S, -i h!  -,, eh .r q ns rh FE'~ lUU'P . . . -1. ' ,'M r ¢., AI?;- II I.Fqj..I arvH ir,'pl v

54 , , " ' 'res~, 'v " '1,1!- 'i'qs ,iht 'M11NT!IS AFUElE fY NAME'

.* 1noJiv r1 luV ,  navn powprful needs to attain aud fi l COI rii, tin The

t-tA environomont, othrr ; e% Srebq lpV Cfrn O1N )+' .- A 4r -4 'tie.

S oo.'. " . r -, , r r , ,s i eq rn/nnlil4'4r. h'

1'
'5i

I [ 1 .. . . . ..,,. .: / - "



desire for control apparently increases with expe'innc-. Novice termina'

users are pprfectly willing to follnw the comn jir's 4nstructions and

accept thp computer as the controlling agent in thp interaction. With

experi-nce and maturity, users rnsent the computpr's dominance and prefer

to use the computer as a tool. These users percpie the cnnnpjter as mpraly

an ,i , in ,ccomplishirq heir own Job or personal ohl.ec)ves and resent

mpssages which suggest that the computer is in charge.

Resnonsp time is the time required ror a system +o respond to a

command. Acceptable response 'imes are properly a function of the command

type. Typically, interactive system users are not disttirbed to wait

several seconds for the loading of a file or large program, but fhey expect

immediate response to editing commands or emergency requ ests. A- the same

time researchers have shown that increasing the variability of system

response time generates poorer performancp and low-rs user satisfaction.

Thus, holding responses to minimize response time variance may actually

improve user perforimauice and s.;tisfaction.

Installers of time-sharing systems report user dissatisfaction in two

situations where response time variance is a factor. In The first case,

when i new time-sharing system is installed and the work load is light,

response times are low and users are pleased. As the loa, incrnasps, The

.rpsponsp time 14,il 1 deterioratc, to normal ! -v-l s and produce

diss,tisfactinn. qv slowing do.m the qystem when i- is irst installed,

the change is eliminated and users seoem contpnt. A Sprrnd -ase occurs when

the load on a time-sharing sVstom vari.s suibs#inti.,!Iv 4 lirino the day.

Users hecnme aw.are of the fast and slow periods and t-y t cram their work

into The 'gn perinds. M1thouqhl This apprn,ch do-s ho!n o bhlance the

load, users ,,nd ,to make errors while working quiickly 1,: hnat 'he crowd.

,nvi-y is incr-ased, rompi-!ints rise, ind proqr.aimmors n~r o erminal users

may even be unwilling to work during the slow ppriods. ,y liminafing the

vrianre in response time, serice 15 {erceived to he mw' reliehln ,nd nn.

, source of anxiety can be reduced.

I
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!n suTmmir'. *he interac tivP-Systm rdspi-lner has sevpril goalz 'n

considnrinq system response times.

1. Thnrtor rpsoonsp timres are better than longer rpSponsp times.

2. Viriance of response time should be mimimized, even at the

exponse of some increase in mean rsp-_onse time.

3. System performance should be invariant over lime.

171
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SECTION IV. EXISTING SYSTEMS

tnt roduction

An important, part of the rese-arch conductePd involved visits to sites

with EMC. s installed. There where three primary goals in conducting the

visits:

1. To determine what tyno of personnel were Doing employed as

operators.

2. To determin,- what are typical operator functions or

responsibilities.

3. To determine what type of operator int-rface, was he-inq

emplo0yed.

Visits were planned to provide a vieq, of qpvpra' different commrc ial

and development typo systems . Sites v is ited i ncl Uded Vanderbil1t
*Uni versity. Nashv ille o. TencesseeP (Honeywell 1 WO) , Warnor-Rohi ns 4FB

(Johnson jC-8l)1 Htjrlburf Field, Ft . Walto- Beach., Florida (AVCO) , ond

Georqi-i Instfiftte of Tpchnoloqy ( in-houjse development.).

Georgia Institute cf Terhnology

qnn'-iia Tech's, in-houset FW developmentf proiect- heqan 4n irlte ln',7

after the Pubhlic Services roission had placed the Institute tunder *hn
el ectri-cil demind -t sfrr~jtI)r of the- C-orqi 3i Power Comrpany. A-mTirnn, to

a~~ oiTr -et~ ronnr i a 1 s vten ;sippl cv- whose productf iire per'-

decide ~ dcu'opa sytmus4ng a.n in-house teom of computer r' sorch--
iedfc~lesvnq~eer. re piry oheteof the C~r itjp,

ys ,[ (FS)desgn as o pdtrfenegyconsumption. Secondar-y
ohirtj"esi ccl idn improvend sPriri v t hrough -Ot ro1 1 el rccos-nil

e ihihr,ien* of ai facil ity-wido fire-alarm systeIm. This; devolopnn
pc)'10 r IrT h I-) -eP 1 I Pd n i frilly f~inct 1i nn,11 FMS -i,i h tr fr1 l1 i nq



capabilities: electric demand limitinq. clo,,sed-loop process control

i M(! f0V Sedl i -j, v-l+h a I Ty oV)"iMi 7.a*'i On em qe rnul- not;, ;1 ?rm
detection. trend-point. system logs and profiles, stand- lonp ca ' abilIit-y.

global P,epn+ initiation. operatonr interaction, ind a hiqh-level pl ant

enqinee-rinq compiler.

The cpnlri zspre, controllor is -)n Interdat>- '3? The prin-inle,

operator interface is a mono-chrome CRT with a fixpd function keyboard.

flperator 7omm;ands consist of ecoded Plpha)numeric input vii t-he kovboari.

The comnand structure is heavily comnputer or~ented and bears lit'I

res,-mhl enr to corun user or nrocpss; ruInt rol I Inqijaqe. Addit -i nna1

devel1opment work in this area oudho re~quired to make the( operator

int(nrfic- friendly to nroposed opr'Otors.

Purinq rir'vol opiir- , t hr systeml has eno hod1 h)v Cnompl;r on r-jr

( rr~c~(-nhn r s. The iliori'n i, b'~'rrn n 4  ~ nsr

'1ant !pr)rt ors run the sys t cm. h ir.1 lntoe os
kne1 renll 2in HVAC systemTS, hi~ 1,x' 'y X;-i',r Onee ,-jih rt),IpuItto5/S '

v Cnc'In Typca (v,-ratu 1.o Flnctions i ncl ude rosun i nq to ~1 -i

*adj us -i rnr s('- -poi nt s. and cntfrolIi nq a ir- ha ndle(rs,.

Th<' F"') inst illif3ion at Hiinlhiin' Fi-1A Ft. 'Ailttn.h Fj !riW!- c

hvi ng p-!-formed by IVFC1 forporat ion. Tlesn 5dni je ri ec'

by iin Force( A 's if- Hurvlhiit. Th- systemn rosist-r of a CoCP' '2'

nnini ~nu r nner 'u t hrouiq 'AM n~nel r) i o nhou u Ppoin +~~o
* I ~ 1110$ ion. ?ncey'*i4ntv ner inilc, jr in edci~oao 'scc 1

n Vst2*i 'l:'y c V' pp r peforms or~ 'j y1' YV r u~ r 1 f' e! nn c '

FMFS).

The r,,--rat1,or interfacre wi 1 1 he ' iic 'i 'ni mnuni di-ni ;vs , n

al phinumlnric coded cornmands input via a keyboard. A color graphic CPT

+n he, included, but the operator wiill not intpric' in real t-ime, with + hi4'



graphics terminal. A major problem of the Base Engineer is locating

personnel to fill sys*nmr operator slots. !+ is felt That svstpm operation

cannot be handled by personnel currently being used in HVAC operations.

They are sekinq individuals with a backqround in HVAC and digital computer

systems. If such oxperienred individuals ran he located, required salary

levels to attract and retain them will he higher than for typical HVAV

opera+ors. Due to limited system capability, operator interactions will

likely consist of only monitor functions and manuvl control of air

handlers.

Warner-Robins AFR

Warner-Robins AFB has a Johnson Controls, Inc. ((C-80) svstem

installed and operating. The installation was bequn in September 172 and

turned over to the qovernment for Joint occupancy in April 1Q76. During

the first year of operations the system was plaqued with reliability

prohlorns, hut th-sre were solved ,nd thp system has hen oporating

satisfactorily since April 1977. The heart of the system is a Modcomp

mimicompuiter, with a paper tape system. This central computer is tied to

.hout 3,5M) points in 25 facilities. The system performs monitor funrtions

on chillrrs (no rnntro)l; and provi'Or monitor and control ranabilitv on

107 air handler units. Some iutmatic load shedding, meterinq, optimi zed

ctarf/,nop, ,nthilry Pconomiers-r%,n totali7atinn arn bino, inrnrpor td

into the operation. The sys+em has an unusually large number of monitor

* nints o help idr1nifv and a4nalyze maintpnance problems on +he coneed+Pd

equi pmpnt.

The oneraor jr*rfrc, to the syrtem is a innnorhrome RT -,ilh a

comhintion of fixed and variable funclion keys. The oporator controls the

,yc'm by nntering highly sfriur',red alphantimeric rommands Throuqh thcf

keyboard. The system conmand library contains over 16(0 distinct entries.

There are no graphics provided with the interface. The system is manne on

an around-the-clock basis with personnel from th, base Systems Management

Section. System operators are electrical technicians, and electronics and

air conditioninq equipment mechanics. It was noted that while these

20
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ooer.ltors had been trained and had operated t-he system for some time t~hey

hdso m ,- indors.indabl diffirulties in rera 1 1innq ~nd Pntprinq ; ys fm

comminds from the considerable command library. floerator functions

i nfritdpl ,-s:)ond inq +-o alarms, 4dj ust inq spt-noi nts and ot hor pa rampf ors ,

nd manually controllino HVAC devices.

Vandlerhilt 11ivoKrsitV

Vandpl-h'P Univeorsitv, Nashvil, "renoson h.~s rvic of the- iniiq

ns-1~1 il ions of Hloneywell1 s newest -1'ildi nq rnanAement syst~.(,1 the P(-!

0 e . Thi ; 1)(, a 5600f i nstal 1 at- --on 4 f ~n n t vi r4) on (1 %. r

* nd i- indu1-~n ibeiil I /Y poin- sill eiqoht n co hc

*1Ic Th- or: mary lio oion hnh i nd Th i , s vsterni install ati on w as to

O~ ~ nr~w -nv V rwi-m' 1 1 ori n1 4 r Cnw

Th (5y 11: hl q s n;2'i : 'V s~r o n (2 h' .i r'~' c.i ,4 o , o rw r)rn r

2 ~~~ 5l >91 1c '1, 1 Zj() ';'IC) ~ '' ' h '

r~~~~~ 1 ~~~~ I44 4 4 C c l'r ~ * ,4

YC) 1 ' r )-,r4 4rwl :)n i n s I-4~ i (4* r, .q-,-, , in i c

V -4 nf~

qh' k'5 4 .4-

'- osr 1v0 s 2 A-oT the, nne4 - ion wrnl;mo 11O fli r1 i, 1' ' 0 m!s

,) r

~'?
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DPur qiq normal working hours. h P system w il e m P ,nned by 9

con~~r~ri edooe)r--tor. (riftside of normal worki nq hours; I-h sys'-pm will

h-~ oprvie'1 hy firr. .,nd Secjrrfv Ovprrcnnpl, most of whom have no experience

with n~ompwuer operations. The day system operator will r(espond to alarms

-1i tlvr -4' hl v f-o rhanoc r\'5+Pm ,);irneI--rs, !norlify lrrihs ale

orahicdiarars, tc. The off-hours opqratorr will -,onil-or alarms n "i

or f cs ordknowi -d qoah I e wa' ntnanrp (eon nt or V~ -h VS+'

qr;ra o rs,

QM*1
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SECTION V. PROPOSED SOLUTION

-Intprfac-n Definition

Nono ')f 1-ho EMCSs rrorortori upon in th- 'ar-vinirs section h~d J n

oner~ifor i -ierf qce Ahi rh -pf ;;llI t hp requi remonts diescri bpd Par' -e r fo .i-

friendly opnrat or interfirco. Thp ohscrved sysl-prs mip t the re oui 4rorent s in

varyinq deqrees of course, and the, Honeywell Dplta 5600) came as close -as

~any n f-an ideql . However, I-herr is -Prhnnlr)(l ival1 lahl r i to fl-pro.n ua on
the Honeywel Ioperator i nterf ace, coocept and mov- c~lose('r to an i d a I
nan-machine intenrface.

Pn pt1S i s ! ic-wed is a hi qhly atitonia )td pro-cs, whirh by des i q

shou~ld nol- r-qui re a (WCoi a *ea of at ~onlio 00y lho 1 av-es I p-~ ln

fllc~rtene( Oor a t i onr vi -.h h" r orilrat 'ar dnz !rr-Fni lu tb an

iay nd nitiiral asrosbes a)ep'al-'s'~'uamr.j.nr by

llnn r'rte1P art .ne 4 ed i' Cd,! C T, I O rih~l n5 c;nd se~~ v

the FM'S ac ty-ansparpn4 ' as, nossiblo. i r.e, thp nioeraor -,hould nn+ ho

burdenod iib interfac-noecu1 ie !i niml at i 'ns, f~se id hive na'i'-l r

in ITaT ic n,4 po+r is r) 5 1 1, 1,z ic r- r, -II r s-n'b - - ; + ~ a Cc V a'n

1ssiclohservain in Thaf "ano nicturn, ias 1,ior 1 a IC1'12(l rad~s

'o'a a' n~ iiort ant i'- 4r M v:;rP ~;*' f +r-r i

betweenn vairious t-ypesc of fli rid flows , n Thusi-, ho e irfynasnd i rnYf ir.'
7sheild( rhave t- sali -rrla- ip-;hr I- rai .~ a 'in 5'c

notal no nov. ')ro[)os(,d, a)- thp Delta 56001 and the '\,,:n sys4'em-s both hi.-
dno trphics rnaahility. The 'ni-ssinri -Inement wjhi these svcu ferns, and *<'

2 .-- ' T7



proposed feature to be implemented, is direct operator interaction with the
co.rlor-graphics display. It miqlht he argued that t-he flelta 5600 system

offers diroct operator interaction with the graphics display, ais o.perator

commands may he entered while graphics are displayedl. However, the

commnand s are entered via a keyboard using interface-peculiar ilohanumeric

i nputfS. The, oh~jert*ive- here is -.o use avail able technology to make, t he

g raph ics diagram itself directly in t eractive with the oper-ator, minimizinn

use of . keyboard.

Thrc- teAchnol ogies,- which Come to mi nd for e n ahIi rq morce dror'

operator/di splay interaction are the l ight pen , voicev recognit-inn, And
touch .;creePn. The basic concept of a 1light pen was described in l)roviolus

sect ions . It was one of the first direcrt-display-interact-iver dovires ;n~i
do-s nrovide, i fairly rapid way of selecting CRT fuinctions. Th-re irn.
howe-ver, i number of drawbacks associated with light pen isage. Tliore w

numeroujs arm mnot inns regui red, such as reachingq to 'ho pon rt nra n,
position, unstoring the pen, moving the pen to the CRT screen. carefully
Aliqni og tho pen on the target area. actuatino the ipnf, .1(1C5 W0(

*Penl. No matter how the tennlinal is configujred, the ,wire, whirl, -nnrrt th..

light pen to the de ode logic circuit always seems Io be in ''it way.

Finally, the ligjht pen itselIf is a fairly fragilfe item. and hi-cause it j5)

siuj~ rt tn i qria lea f l o )f handl i q indl~ opnrV or Tis ,r, horen w

rel iabilIity problemis wi th the device. Vo ice r, r c)qoin n 15 i o

technology for rompter systeml intprac t inn. Tho -npelktO in-pes

mirrophoine ind t he comni iteor progjram recognnize05 t ho hum ~a n rnoe or t 11

i 1nt rriprm.' Th-' -ommand by reference o a funct ion libhrary. Thic tec-hnologly

A~j has not yel reachend o state of development where it can be p1 iced into

q rn (,r., c~ Pres'; nt st i I, ,-f- thre .lt rIiuirrs highly traiinod onerat or,

using -,I',ri fir vocahul aries and carefully rae peech potfero,. Present

irnplom.rit ,, insi of voi'- recrgni ion -rhnolny 're 'l * ery :~e 0 c

work,,s q i i nst t h, hati, desi gn goal. of rv asenahle -svs f or cost

Toiich panel] technology appears to offer the greatest pot enl i,1 for

prov idi ng a re-asonable cost , effective, ,i mple r to iiso interactiveo
interface. To uise a touch panelI, the operator simply touches a finger to

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
different t.,chnoloqircal means of implementinq a touch canabil ity on a CRT

screen: Grosswire overlay, voltage gradient* substrate, cecho rangina
overla. nd be-am interruption. 6

0 Crosswire Overlay - Th- crosswirp overlAy touch locator

consists of vertically and horizontally snaced wires uinder

tension forming a square matrix array. Typically, the wires

are mounted approximately 3/8 inch apart. The vertical set

of wires is separafied from the horizontal set by a thick

plastic sheet with holes at the crossovers. The ent ire
matrix of crossed wires is enclosed between two plastic

sheets which may be seal-d to form an enclIosed environment
fnr the wires. When a finger presses, against the outer

sheet at a crossover, the outer sheet is, deformed and th',

outer wire- is prncsed a q a inst t he in nenr w ireP, ma ki nn

contact. Appropriate circuitry qenorates a diqitil1 otptji

of Ihn touch loc~t ion. The rrol55-fi r overl iv 'toes not

at tenuate I iqht frot-m th- CR, however, thi- tecloly i s

not commercially available.

0 Voltage Gradient Substrate - This nenOsivo positinn sens-or

consists of a curved qi ass sheet coated 'iith , trinspjarPn+

'r-5St ive Smhct raite, lnd1 9 p1 Mt c rovel- shoe !vied~o ',v

trinsparent conductive layer. F inqar pressure caues,

cntirt hetween The, ronrfive.ij, liver in' I,) ;ijh-1ri1--. The

ronductive layer finct ions as a vol taqe probe fot oh 'ai ni nq

the rrrnsnondiriq X ;r,! Y coorr-ts fri-i 'ho is

ini the) voltaqes; or rat ins, ilro tliii7d hy in! 11ssoci1"'

-rji ho-,r for lrnson~ ho llos'c -5-r

'sol W~ i on of ). 00,' i rich ca:,n he -1i i c !ed by 1.1 is 'o~v
to(e.er, te 'e !.iy rines- '5P -,!t,, l 'iiri ( onu ion of

liqht from the CRT display.
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* Echo Ranging Overlay -The echo-ranglinq overlay system

ronsisf-s of two parts; a qliss screen with, intoor-0ed

electronics mounted directy on the glass, and a spa-ite

digital controller which provides the proc;?5s'nq .i0(1

interface signals. Acoustic standing wvevfs iro qenne'ied )v

!)ieztelec~rir transducers locateod alonq "ho' t wo sidocs if +hP

diqitizinq slirface to sense the positi,)n qf an obu',- 4n

coot act with the glass. An ic:ousti C stand i o wa/Cl (RIv 1 H ph

111ve) travnls ilong the free boundary of ? solid, rt:rh JLtV'

a ripple, rn the surface of i pond. A user s tou-h set- -wn

echo signals in both direactions which irn interpretoed as, *he

conrd ina te s of th, tuch point. Tho icous ir w-iv-, ,

rof ; ected by i passive probe and irp i;secl in an echo rcmnl iw

system to ronvort the time taken for the acoiislic -)ho In

re+t urn 0nto dist a nr intfotrmatio~n for Ih- t a rqe- Posol, tn!

fec i ech rlnlog ystnrm is relateid to the prgn ln

wo mdiJjaCrlei of the t ransducer and rpei vor ms

This vpeo of overlay ho b kept clean an'! iSsu rihrt to

d'aeby scrotching . Becauise the p1 ass noen ;y i f 1 at

there iro parallax problems due to tho curvedl rRT scr'on.

* Beam Interruption -Abeau i jn-~rrcupt-on over) v sy' ic ses.

scainnin opnfr,i red beamil technology. This toch-iq~ +)or'd.~ rot

place-( anythingi in The ointical Vio".1inu patlh of +h ' I15'w

nIt fher q15' I oH, n p I Ic I i ,r, cVefr-';I The ! 1 pt 1

1 f P11) lII" 1 0(1-s A re mou10nted aprroxwia' H (,y 1,

41,Nnq tw ;d~ali alr-r sj (1e of ,rrt anngelar fr tule h ' h

'he 1i sil iv not-rinltor. Phot e , (:f cor.s 1I Yre f the V1 1

two irle'; nrrdiino ) qril 'I f infrireod ieitIms5. The .

'li5'n l 'soctn d by t h- ii ser's finopen corresnronI

coo'1 in.esof the t muhed point . The beamt tit '-r- '~ lo

systefm rosol tit i on depends; on t he spac ing of Ithe rmi t n tnt

4detectors,. Parallax problemns can he miinimize0d by curvi ng
*J the, rows of IR diodes ind detecto-rs to match the cunrvat ire

of the CRT face.



Spam interruption t'Achnoloqy is well develo)ped, in qenpral use in +-hp

field, relat+Iively inexpe~nsive , and reliabln. For these rnasons it is

chosen as the means to i mplePment the desired touch pAnpl interactive

capability.

7o summarize, the recommendPr form~ for t-he FYCS orprator interface is

d col or qrahics CRT with an infrared tour+ panel as t-he orimary operat-or

interacfion device. The color-qraphirs display 1.il 1  include simplified

system schematics similiar to those contained in the EMCS Desiqn Manual.

arvd an al eh--nilmnric Sk rip) It thr' hottom for displ ayi ng nec-ssarv cun~s 'o

the operator. '~keyboard (with rmimeric keynad) is eilso i nclutded. becauiso

somep ,f t-he operitor functions ccannot ho irrOMMOrlateOd by *h'n CRT/tou'h ,

* pu' Il co:,mbinalion without seri ous ly cof;ip I cat, -iq 'he npra ion o-F the

-i ei' ce t,,n d therehy maki no the i nf i 1o friendly ind slow 4 noq

inrae''a'ion f ite1. I n c I i i) o f v V t-)r I ,qi 1 1 i zo main'- n~ F
f 1 xr f i I-,i iy b -vhy p rr) v idrin an ah. i ty f r r low vir e v ),t r2- tri

oriln n 11r o be sed for othoc eutrpo,;ss'c r-Id

lnf-PrFac- Disoley Desripio

Th' K'u'cal1 anuj' of T-he, qr.,n)- 0 ),.I:: i son 'o Fiqure ' ho'

CRT sr~nis eIec(-ronically divided tea info four w.indows, labeled DTrl.

N T 7!C 'P"F., S PFC! L FUNQT! n'1 KyEW. n(I TFXT AQ.Er.. The, ),rr i ,, t

d~so as o rur'-en' day, date, a nr! iin M.- OIt+n(rs ja' ~ ai;! ~h-

utr-onl flnorafl-lirn iOd doiporli tit . Then TFXT rPE A ':1 od-aw p-ri ts 4I)- d i-sol iv

of ext' l fonaa-.td nssaos eroeracs uese~. ,to t-n o'r'to.

Th'-,-' -in ;vi ndnlvn, r- not d r,,r i r fa i "i r, ji t h ' nv. h n inc'

4*oI h i-anel i n'orlc ti io port ions 'if Ph lisply. Wh"~P IC R

displajys sc hematic-like dliagr-ams of The HVPICF svsl-rti i'vl components beino,

* cntrol let by the EF CS. Figure 4, taken from -h.- ('uris of I!nrine--rs drafl

F MCS Dosign Manuial , il. An e~xample, of the type of 'liagrain wqhich migh+ t be

d displ ayed . These graphics diagrams would be qenerafed by installation A&E
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personnel. usinq a simplified graphics generation capability included with
thp- in*Prfac- hirdlqarp/software nackaqe. Each diagram might rnprresent *

building, a data environment, or any other logical set or subset of points.
Thp SPECIAL FUNCTION KEYS window wjill allow the implementation of
use-r-defined special function keys to accomplish any ippropriate operator
task from the list. described in previouis sections. On 1 19" diaqional

measure tube, there is adequate space for about 11 keys with a target arpa
3/4" x 3/4" in size. The IR touch panel frame, which surrounds the CRT

face, holds the IR-emitting diodes and photo detectors which form a grid of

IR beams over the face of the CRT. Figure 5 shows an axamplo of in

IR-touch panel frame manufactured by Carroll Corporation.

Interfa ce Operations

* Operation of the- interface wilt bo discussed within the fr:1mework of
requi red operator tasks, taken from the draft tni-service quid('

sPecifi i'on. The list of reqijred ope~rafor tasks inc7ludes-:

(a) Request a display of any digital or analog point or any
logical group of r-laterd points in the system.

h(b) Start up and shut dowin any selrctod system,, or devices.

(r) Initiate roports.

td) Requtc' graphic diispliys.

1 e V oi f v mi~w nd venn' -,ch-dul ing.

* f) Modify ana)log limits.

(g) Adjust. set points of snl~cted controllers.

(;,) Select manuial or automatic control modes.

30
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(I

(i) Enable and disable individual points. Disabling shall take

precedence over all other actions.

(j) Enable and disable individual FIDs.

(k) Enable and disable individual MUX/IMUX panels.

With the proposed interface configuration, tasks (a) and (d) becom-

one and the same. As described above, a "graphic display" and a "loqical

group of related points" corresponds to a schematic-like diagram of a

portion of the HVAC system undPr 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 finqer, the

key backlight illuminates to signal system reaction, and a table of diaqram

name, ippears in the GRAPHICS AREA window (see Fiqure 6). At 'he s,-me

time, a cue appears in the TFXT AREA window telling the operator to "Toich
sqiare beside described diaqram name". Touchinq the selected square with ;

finger causes the GRAPHICS AREA and TEXT AREA windows to be erased,
oxtinqiiish-r the hackliqh+ on the "Display Diagram" kPy, and rauses -he

selected graphics diagram to be drawn in the GRAPHICS AREA window. To

display additional information on a givon point or device cnntainvd in *h-

schematic graphics diagram, there is a variable funrtion key lahled

"Disolay Mor' Info". Touching this kov with a finqer causes the kp"

backlight to illuminate, signaling system reaction, and a rue aprnears "I
the TEXT N EA window tellinq Ik- operator to "Tnuch desird d-vicc rVIT~hnl

on diagrim". When the operator touches the, desired symbol, such is

tempvrature controller, the variable functinn key h-cql i'ht is extinnmmirh!,d

and all inform&tion appropriate to the devicn, such as ,Pt ciint' . e c. 4c

dirpllve, in The" TEXT ,RE ,widnw.

T4 LT h is ccomplished wit .,x srli va thi- fiv, w in, 'V 1 ed

"Star," ind "Stop" (this task can h pert on)rue(I urly v,,hen a schemat -.

di.agrrn is disolayed),. To manually strr a d-v1ir, su ch as fan, *he

onprator touches the "Start" section of the key. This ac'in ca,-s, *he

touched ser+ion of the key to hacklight, indirl' inq system rospons, .nd

displays a cue in the TEXT AREA window telling the operitor to "Touch

33



desired device symbol on diagram". Touching the fan symbol in the diagram

causes th- symbol to be backlighted, indicating an on or enprgized statp.

extinguishes the backlight on the "Start" key. and erases the cue in the

TEXT AJREA window. The manual stop sequence for a device is conducted in

the same way.

TFsk (-) is initiated by touchinq a variable function 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 squar- beside desired report". Touching the square causes tho

report to be generated and run, erases the GRAPHICS AREA and TEXT AREA

windows, and extinguishes the backliqht on the "Print Report" kv.

Task (e) is initiated by touching a variable function key labeled

"Modify Schpd". This action hacklights the kev. displays P +ahlp of

building or dati environment names (see Figure 6) in t he GRAPHICS AREA

window, and prosents a rue in the TEXT AREA window instructinq Thp operafor

to "Touch the square beside the area name whose schedulp is to be

modified" Touchinq the desired sQu.rn orases the GRAPHICS AREA and

displays the operating schedule for the selected area. A series of cues in

The TEXT AEA window will quide th- onp',rator +hrmiglh The process nf

scanning the schedule, selectinq lines to he, modified, rnterinq parameter

v ilups through the numeric kpypad, and rlosing miit the schedule

modification process.

Tis!:s (f and (q) are performed in thp saan manner, by first touchinq

variablh' function key , abelod "Change Set Values". These tasks can hp
p)nrforie o)nlv wih srhemtic ar,-a diagrm displaywd. Thf, +-hmhd k-v is

back iqht edi, and cue is displ, wvri in the TEXT ,REA window tellini th-

onrjtor Ie "Tourh "h" dnsired d'.ice symbol on the diaqram". Toinhinq 'he

device symbol causes the adjustable parameters and their current val ies to
he displaVnd in the TEXT AREA window. A series of rues uide the operator

* through the setting process, incl iding entering parameter "alues through

* the numeric keypad and closing out the setting operation.
3

Ii.. -. . .. ...= - ...



Task (h) is accomplished by a split variable function key labeled

"Manual" and "Auto". To change operating mode Lhe 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), (J) and (k) are all accomplished in the same manner. These

tasks can Y? performed only with a schematic area diagram displayed. There

is a split variable function key labeled "Enable" and "fisable". To enable

a point, FID or MUX, the operator touches the "Enable" area of the key.

This action backlights 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 th, device symbol to indicate its active status, and

extinguishes the backlight on the "Enable" key. "Disable" works in a

similar manner.

T ntrrfaco Characteristics

The EMCS man-machine interface implemntation described above meets

all of the goals for good interactiva system design which were discussed in

previous ser ions. The majnrity n the inter-lcion h.,etwPn the ol-r.itor

and the system is accomplished by merely tulriq the CRT display w.ifh a

finqpr. There is almost no tyninq renuirnd on the keyhoard and th- few

arame*er v, ljes required are entered via a numeric kev pad. Thn CRT

di-play shows she,1a ir like systOm di aqra [i whirh are familiar Io H\V/AC

onqineors nd meichanics, and his opfritor cues which are nhrased in simpl
,qq h . TL,I the , 'S i n+-orfIr i s l f takes -,n .,r/rv rain 1iqr.,, , f

tran pironcy to .h( operator, givinq the desirtle imress ~e t', th

* r'v~r rn-';ront roll ing t~- 1lk1t\V vstc,-i, no+ lvlemAP
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Additional Interface Requirements

Stm forpgoing discussion referred almost exclusively to the lowest

level system operator. The next higher level of operator is the

o rofessirnl A?,E who is required -o nroduce graphics liagrams and make

changes to automatic control algorithms. Generation of system qraphic

diaqrams is most easily acconmplished usinq a combination of hardware and

software features which will allow generation of a symbol library and ease

tho task of huilding a diagram. The interface hardwre must be equinped

with necessary graphics implementing capabilities to ensure rapid drawing

of graph'cs. The graphics generation capahility could he acquirod on a

system by system basis, or it could be developed separately as a standard

and specified for all svstem installations. Specificatinn of a standard

graphics package or language has the potential to savo considerable sums of

money over +.ho acquisitinn of great numbers of syste nms.

Beciuse thoro art onoraitors on the EMCS with v)ryinq levels of skill

ond roqu red oproy-t i ns, there noeds to be Some 'yoe of sysfem access

restriction. Tho Iraft tri-sorvice e 1r, s porificaton ca1s for eqht

levels of acces, each with password protection. Thir seoms to be an

unnecessary conmplirtion in that only thrpo levels of onerators hve hen

dofi ned. It shoiul be adequ ite tn prnv ide 1hre 1 ev, of icres, %whe, i n

earh syql-nn op(erafor is restricted to 'iso of in ,xplhit y den- subset

Ssvseom comrands. rvnIywrl 1 ' flel a 5nflf svs em hsua swords

incorporated into the software, sn th ,,iwhen an nn-r,nr 1oqnz or' V. i.

nine ind -, s-cret rodo niimbor iminie o fhit name, Ph- v,,Ir(- onnr'l s

S,)orator access level aiiftoaticallv.

.36
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SECTION VI. RECOMMENDATIONS

Based upon the research cond ucted and reportePd i n th i s report, the

followinn recomiendations are offered.

a M1odify the tri-service guide specification to incorporato

the EMCS man-machine interface defined herein.

* Modify the tni-service quide specification +to include three

levels of operator access and use embedded oasswords as in

the Deltoi 5G00o (4siqn.
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