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A STUDY OF THE TECHNICAL art icle4 has indicated that a savings of S60 .000 for the
FEASIBILITY OF DEVELOPING most recent 30-day energy billing was realized through
A STANDARDIZED ENERGY the use of the newly installed computer-based ECS in
CONTROL SYSTEM SPECIFI- the HQ, U.S. Army Missile Command , Redstone , AL.
CALL Y FOR ARMY FACIL ITIES This economny was achieved by computerized cutoff

of airhandling units in 125 buildings for a total of 435
hours during weekends and at night. The savings might
have been greater except that the computer system had

1 INTRODUCTION several days of ”down tune.” Another recent study 5 by
the Navy Civil Engineering Laboratory has indicated
similar energy savings at (‘amp Pendleton . CA.

Background
The need to conserve energy , the increase in energy Energy conservation met hods range from localized

costs , and t he limited funding available for the opera- control devices such as time clock controllers to cen-
tion, maintenance , and staf fing of Army facilities have tra lized , computer-based systems. 6 The localized energy
necessitated the investigation of energy control systems control devices can be used economically and effective-
(ECSs) for use in fixed military facilities. ly in small or simple facilities to schedule automated

equipment and outside air shutoff ; however , when
Continuous energy monitoring with an ECS during applied to sprawling military facilities , localized control

a I-year period can help determine the location and poses a logistical problem 7 to the Facility Engineer
profile of energy consumption and identify areas where (FE). In addition, t he localized energy control system
additional energy may be conserved. It can also provide cannot provide the F E with readily available informa-
the necessary feedback to control and optimize energy tion about how, when, and where energy and other
consum ption in electrical , mechanical, and utility sys- resources are being consumed. Such information is
terns in fixed facilities. The capabilities of a computer- needed to upgrade present energy conservation and
based ECS include programmed automated equipment resource management procedures and to plan for more
shutoff, outside air shutoff , load shedding, system effective , reliable energy use in the future. Eurther-
perf ormance optimization , maintenance scheduling, more, the use of local controls has been curtailed b r
and other energy management activities. * political and technical reasons in some instances 8 in

favor of centralized computer-based ECSs.
Feasibility studies have already shown ECSs to be

profitable for many installations .’ 3  and energy savings The computer-based systems make it possible not
and the number of installations that can benefit from only to conserve energy but also to monitor and con-
ECSs will increase with increasing energy costs. A recent trol equipment and log its performance from a central

location, t hus saving “unproductive” manpower while
providing re liable , cost-effective utility service. Many
computer-based ECSs are commercial ly available for

eLoad shedding involves the shutdown and cycling of non- facility energy control. These conventional systems .
essential equipment during the peak electrical consumption
periods, thus reducing peak demand. Reducing peak demand
has a significant effect on the total billing from the utility
supplier since rate schedules incorporate a demand charge that “Computerization Cuts MICOM l-:lectrical Costs ”. A rms

results in increased rates for several months after the occur- Research and Dereloprnent .\ ews Magazine (Nov-Dec 1975),

rence of a large , short-term peak of usually 30 minutes. Sys- p 2.
tern performance optimization encompasses schemes such as Roger I. Staab, In-Service Evaluation of Camp Pendleton
enthalpy optimization, temperature reset , chiller load optimi- Monitoring and Control Ss-s r em , Technical Memorandum M-
zation, and filter pressure drop. 62-76-14 (Navy Civil Engineering Laboratory. July 1976).

l”easibil itv Studs ’ of -1 utornatic Load Control for Fort 6A utotnation and Centralization of Facilities .i fon, ror ing
Belvoir . Virginia (Reynolds , Smith and Hills, Inc., May 1976). and Control Ss ’rtems ( V. S. Army Facilities Eng ineering Sup-

2~ Feasibilit y Studs ’ of Automation and Surveillance port Agency, January 1976).
Ss ’sterns for Utility Plants at Fort Leonard Wood , Missouri 7Conversat ion with Mr. S. Sokalowsh i, MC UI.tnR.l l I f l pI
(Burns and McDonnell, 1975). fleer, TRADO( .

)~~ Report Ott the Lcono,nic l-’easihili ts ’ of an Lnerg v Con. 8A Report on (/ie L ( O P I O P ? l I C  F ’r a s t l t i l i t i  of -I t ’ / “re
tro l Siste,n b r  Fort Monroe (TR ADOC , Director of Facility C’ontro l Ss’ste,n for F ort Monroe (IRAI)O( , litre, lot ‘‘I
l.ngmneermng. 13 July 1976). Facility Engineering, 13 July 1976 ) .
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wh ich cons is l of i~ Iilote seilso rs and control points sta ndard must be designed specifically for Army facil-
lj isk~d to a c e t i t t a l  lotnict Iitputei , overcome many of lies. Such a standard would provide inure e tbec t ive
the disadvan ace of ir rrrcorl i lluter . localized systelits . and elilcient syslem design , operat ion . updating, and
W h en propel Iv des igned ,riid progi-a irr itied , they afford expansion . With the advent of microprocessors . the
greater contio l t1exihilit~ aisd resultant increased en- Army standard ECS would consist of a cen tralized
erg\ efticiemic ~ in addition . tI ,e~ provide a means of it t ucomn putei for supervisory control with distr ibut ion
recordi ng eueig~ usage patterns which may later be micropro cessors for monitoring and control of faci l i ty
examined to  id~i i t tb y areas having the potentia l for energy consumption.
greater econoiilv

To insure optimum ECS performance and cost ben-
Conventional computerii.ed I). Ss have som e limtta- c u t  rat io, this standardized syst e m must be prope r is

t ions. These s\ st ern s are generall y designed for applica. designed , evaluated , and specif ied. Al ter an ext c i istsc
thin its c inimercial buildings or plants where the sites to literature search through engineering journals. publi-
be controlled are closer together than those at military cations , and standards , it is apparent that there al-C
bases. When such sy ste m s are installed in military l’acil- no ECS hardware and software standards. This is
ities . t h ere may be hig her levels of data tramismiSsion attributable to two factors. First , ECS app lication has
interference because of the grea ter distances involved, been focused mainly on large commercial buildings
In addition , a conventional computerized ECS loses and private institutions where the owner/ management
all capability for monitoring and control from the is usually concerned with one or two ECS installations.
central site in case of ’ a breakdown of the computer As a result , no one has atte m pted to siandardii.e and
system unless a standby computer is provided , unify ECS application in building energy and utility

conservation , because the number of instal lations in-
- Other draw backs of such systems relate to their vo lved does not justify the need for an E(’S standard.
bulky physical contIgurat ion and the diff iculty of Second. the building’s functional requirement does not
expanding t h em . The field cabinet to which the remote change t hroughout its life ; usually the installation is
points are attac hed in each building is a bulky panel procured through a single action , and future expansion
approximately 7 ft (.2.1 in) high, and it is sotiletimes is minimal.
di! tlcuht to find enough space for such a unit. Further-
more , althoug h the field cabin ets are composed of The software programs used in convent ional l- (’Ss
standard com ponents . t he com ponent contIguration are not interc hangeable and the program listings and
(t he number and type ot hardsv ired printed circuit data communication formats are usually proprietary
boards and t h e  order in which thie~ are used) is custom- information. This makes verification and implemersta-
designed for each job. \ I t er  t he h eld cabinet is in- tiomi of the process control schemes and programs
stalled , adding sensors or controllers is difficult . For impossible; all future i m p lementations will thus have to
examp le. it a fie ld ca binet was ori ginally built to accept be performed by the original equipment manufacturer.
70 analog points hut 10 m ore will be added in the Furthermore , if three different types of systems are
future , it will he necessary to install an additional being used throughout the command , then three dift ’er-
field cabinet . ent implementations must be perfo rmed. In addition.

full hardware documentation ~ould be available in
Most irtiportant . there is presently no h ardware and the Army standard ECS to insure competitive system

software standardization am ong commercial LCS sys- expansion.
tems. because the manufacturers have no interest in
enab ling other compa nies to produce their com ponents. Only a few ECSs have been specified and reviewed
This situation poses ser ious prob lems for the F- F and by the Corps of Engineers and other military agenc ies .*
District desi gn personne l, because the l.(’S funding for so there is no broad base of experience upon w hich to
arm installation is requen t I~ programmed over a long
period of ’ time and invo lves several separate procure-
nter mt actions. Thus. wit h out industry statidard ii.ation . ~Among the present installations are those at the Johnson
luture expansion of an exist ing system is inevitably Space Center , Houston , TX ; West Point Military ~,‘ademv .
locked Into the origi n al F(’S manufacturer and usual ly ~Ve st Point , N Y , I ort Bcnning. Columbus. GA. I ott Lee ,

- . , . . Petersburg. VA; l ort l ust is . ‘,A - Pease A l- B, Hanover. ~st l
Co st s  t itor e t han the stein Install atIon. Since It is Fort Hood . Kileen. TX . l ort Bragg. NC:Camp Pcndteton . San
expect e d that tt los l I R\l )O( ’  and ot h er instal lations Diego . CA; and IIQ. Ii. S. Army Missile Command , Redstone .
wil l he equipped ss t b I t  Ss in the sear tu lure . art h-CS Al..
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draw whem i addressing thiest’ t asks. Eh’I’orts h ave been Mode of Technology Transfer
directed toward providing design guidelines amid spec i. The results oh’ this stud y will be published b~
hIcatiomis for District design personnel amid facility l)e part mn ent of t h e  Ar m y as design cri tem m a and guide
engineerimig groups. A design guidamice document specifications . The documentation may be a ui-service
prepared by time Facilities Emigineeri mig Support Agency publication it recom m endations by tine Office of the
(Fl SA ) provides information for evaluatim ig desi gns . (‘isief of Engineers are accepted.
estimating costs , and establishing hemiefits of l- .CSs
under consideration for existing facilities and new
constructio n.9 This doc unmetmt provides a step-by-step
procedure for the field engineer to use in est irnat imig 2 DESIG N CRI T E R IA FOR ARMY
the potential energy savings amid costs of several types ENERGY CONTROL SYSTEMS
of control systems having various levels of sop histica-
tion. Design cotisiderations are provided to aid District
desigmi personnel in preparing the scope-of-work state- An ECS designed to meet the Army ’s emlergy conser-
mnemit for stan dardized l’(’S designs. vat ion m ission should have the following at t r ibutes

Oblective I. It should m aximize the use of oft~thie-shehf
The objective of this study is to assess the feasibility electronic hardware such as sensors , contro llers , data-

of developing a standardized , distributed intelligence , acquisition modules with distributed intelligence, data
computer-based energy control system designed specif . communication modules , and a minicomputer for ease
ically for conse rvation of energy at Army facilities , of operation and cost-e ffective Iture expansion. This

requirement is necessary to ensure system update amid
Approach expansion with standard hardware f’rom suppliers ot her

This report examines mhe computer-based energy than the original equipment manufacturer .
contro l and monitoring s, ‘stems currently available
from commercial sources (designated here as “conven- 2. It should provide standardized software in a
t ional” systems), discusses the technical feasibility of high-level programming language (e.g.. standard FOR-
developing a standardized Army system using dis- TRAN), so t hat it is not necessary for  the user s~ stems
tributed microprocessors coup led to a centra l mini- engineers. instrumenta ion engineers, amid progr ammoem s
computer , amid outlines (lie present industry standards to know the basic machine language of ’ t he co m puter
for data transmission componem its which could be used involved or an assembly language for the mach s i tm e.
in the latter type of system. Chapter 2 outlines the These engineers should be able to: (I ) communicate
requizements for a standardized ECS, Chapter 3 re- with the system , (2) construct new programs and
views ECSs that are available commercially, Chapter 4 initiate or modify the sampling sequences to lit the
provides information on microprocessors and their specific need of the installation, and ( 3) perform data
potential for process contro l, Chapter 5 provides a m anipulation techniques through the use of ’ stan dard-
review of interfaces , and Chapter 6 presents a compari- ized high-level language, a specialized process control
son of the proposed system with aconventional syste mn. program th at can handle simple tabular f’orniats. amid ,or

Chapter 7 presents the pre liminary conclusions drawn an operator ’s console in some equally si m ple m anner.
from the study conducted to date . Furthermore . the programmiiing systems adopted should

have machine atid configuration indepemidence as their
Scope long•range goals. In addition , t hey should com itain

Since t he required economic data were not available , provisions for automatic or semiautomatic documenta-
this study has not fully assessed the cost-effectiveness tion of all changes to the system ’s programli and/or
of ’ developing a sta ndardized ECS b r  Army it sta hla - comifiguration. This requirem nemit is necessao to insure
lions . c m tii patibil it y and tmm i i flea t ion of ’ so It ss a re t Im ri ugh out

all Ar m y l’i’Ss; it will em iable case if maintenan ce .
updating, aiid expamision so t i nat  sof tware cl mat iges do
not have to be performed oil a syst e m basis.

9Automatio,m and Centralizatio n of Facilities Monitoring 3. The system should provide software s~ stems t h at
and Control Sis tem s , Report Number IL) 76-1 (Army l’acii- are deve loped in a modular fashion to t h e  rnaximnutn
ties l’:ngineering Support Agency, January 1976). extent possib le; the functions arid floss diagram ns of the

9
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ttio d uh~s sh ould he rigidly def ined. These modules dedicated telep hone lines or coaxial cab les Somt ie
sho uld conimmiuli icate t hmr omig l m tables as much as pus- exa m ples of th u s level oh’ com itro l are a I honeywell Delta
sibie . Table Format s imould permnit substitution of 2000 system , a Johinson Control J(’ -h OOO, or a Barber-
comttp le ii ’ blocks 10 acei tmi iiiod ate imewer . more cf ’ll- Colanin h:con VI .
c md ’ mm t Iom mmms .is t h ey are developed amid simou ld perm it
nc.isse m mi hfy of t i m ’ pt ogm ammi ss i ( h io ut tma smm i g to rework

I £vel (‘ is used for central compu te rmi .ed building
time oi lmen blocks. -cne mg v supervisory control amid m i amma gemim em it in large

-I l ime st e l n n should provide com itim iuo i is . reliable . buihditig comp lexes. Three basic timonit uring amid control
funct ions general ly pe rtornmt L’d by the level C s~ ~t e m ns

e af - t immi e  f ’acihR e mm e r y nm mol mitor hi g and control with
are remote start /slop, energy co imsumm lptiom n opt mmnn/ a-mm sax im nu mn overall sy s te m uptime. Further m ore , failure
tion . and building cquipm nent preventive nlaimitenance

of ;mm \ p irt ion of ’ U mc sys te msi sh ould not impair (lie
schedu limig. Remote start / stop can be initiated by the

operation of time meniaindcr of time system il .
operator or by (lie co m puter for energy conserva-
h u h and “nonproductive ” labor reductiom i. Manpower

~~. The s~ sten o should mimmiim u izc the skills necessary
sh ould be directed toward preventive niaimite nna nce:o make co m plex decisiom is. It sh ould perform pro-

gramiimed automated ediliipmnettt shmut.off , outside air of equipment , rather than toward “nonproductiv&’

shut-off , electric demand shedd imug. system perform - equipm ent status or logging activities that can be

amice optimization. sy stem ef t ic~ency monitoring. accomp lished by machines. ECSs cars use va mious sys-

temperature reset , amid equipm ent load optimization ; temn optimization schemes , such as outside.air ecom iomv

it should be capab le of readily expaiuding to include cycle or exhaust air reduction . to maintamm i optimal

water  treat mt ient. exh aust eft’luemit monitoring and system or apparatus efficiency: thts conserves energy
and decreases operating costs. Preventive maintenancecom itro h , and f ire amid building security tasks ,
scheduling can be used to properly maintain equipm iieti t
before cost ly equipm ent failure amid do ss miti mn e occur .6. Time system shmouid be cost-effec tive.

7 . T h e svs tem ii should be e ms\’ to operat e . Th is report is limited to t h e  com nputeri/ .eU mr ,00 mt ’ n -
ing contro l.

C O M M E R C I A L L Y  AVA ILA BLE ENER GY Centra lized Conventiona l Computer ’
~ CONT ROL SYSTEMS Based Energy Control System

A conventional computer-based i:(’S is a system in
which control is accomplished eit h er locally by hard-

Levels of Energy Control Systems wired logic or remotely by cemitral computer s ilty . are
There are three h-asic leve ls of ’ auto m ated energy logic. Centralized control refers to monitoring amid

control syst e ms: level A . localized independent equip. contro l of the on-off conditions of equipment. remote
niemit control ; level B. centralized noncomputer-based reset of the process conditions, amid system optimiza-
nioliitonng and control : amid level C. centralized corn- tion, etc. The term “centra lized ECS” not only refers
puter-based mnonitor imig and contro l. to the monitoring of operating status (omi-off ) and

process value (temperature . pressure . etc.) .  but also
Level A . which is used m ainly fo r localized inde- includes security/fire alarm and environ mnem itah condi-

pendent control accord imig to predetermined conditions tion annunciation, Data are transmitted bc t sseen m t he
and sc hedules. is the sim plest type of energy control remote sensing/control points aiid the miml icomputer-
availab le. An example is a time clock control used to based central coi,sole via locally distributed re mmio j e
s tar t / stop equipment at predetermined times , pane ls in the comlimumuications tietwork . (;e,ierail~ . t he

remote pane l/ loop is a tionintelhigetit input/output
Lcvel B is used in small’ to mediuni.sized building subsystem which consists of receivers , drivers , analog

cotti phexes for centralized emiergy monitoring and to digital (AiD) converters , digital to analog ~l) A)
contro l. This level electronically scans the operating converters , multiplexers , demuhtip lexers. modemt is. etc. .
parameters of remote equ ip it iemmt and converts them for data conversion amid transmission. Ti me conventiomial
to mise b ’uh in formation. This information is then trans. system can generally be categorized into Iwo class es .
mitted to t h e  central console t im roug f m permanent ly one with and one wit h out hierarc h y comifiguration.
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Centralized (‘op,~’e,itional / - C~
S.

Wit/i llier ar t-liv ( ‘onfigu rat ion
Th is system cam u be conhigured into a simighe- or rnuh- C-

tip le.loop syste m (l-igure f ). In a single-hoop systeni .
t h e Central I’iocessmg Umiit ((‘PU) operates the digita l
loop, In a multiple- loop system , t he (‘PU ulionitors the
operation of loops by communicati ng with each loop

~ L~4
comutro ller (L(’). 1 mc (‘PU cot isi sts of a real-time corn-
puter. core and disc mm me i i mory. and comniunicatmons
hardware . ‘i’hmc 1oop controller miiay use a m inicom puter CO~~ Cod.

LaoP R .  r.’~ a~fur its operation , whichi can be connected to the CPU
by dedicated wirim ug or leased telep h one lines. For a L~1” ”°  N /

single-loop system , eac h L(’ or CPU scans and monitors ‘—4 /‘

conditions of all remote points in its loop, and controls ~~~~~~~~ 
Lu

all imuformnat ion flow on the loop through the loop
re mote. in th ue multiple-hoop syste m , if the LC detects
a status ch ange in a monitored point , it transmits th at
information to time CPU. The LC sends commands
received from the CPU to the proper point and th en
mnon itors them for correct response. Time LC imuterprets
requests for information from the CPU and gathers
and transmits time information to the CPU. Figure 1 . Loop system for centralized conventional

ECS with hierarchy configuration.
C’entrali :ed Coni ’c,i tional E~S
Without !Iierarclim ’ Confi gu ration

Cu”
The cem utra hized comiventional l:CS without hierarchy

configuration is a nuulti-channel system (Figure 2). The
system sequem itiahly scarts rem ote data either by a higl)-
speed analog and digital scan ner or by a real’time
ce ntra l computer iti the central console timat uses
remote data-gat hierim ig panels. The centra l computer

I

provides rea l-time processing oh’ the data gathered and
m o n itors and controls re m ote points. Commands are
output to remote points by either t h e  central computer
or t he hardwired central processor under t h e  direction
of the central coniputer or computer operator. Each .4.~~~~~ L~s CI~~ut

tele phone line channel connected to the central con-
sole can serve a num ber of ’ remote panels. The capacity
of this type of system may vary greatly by mnanufac-

Figure 2. Centralized conventional ECS withoutttir e r ,
hierarchy configuration.

System Capabilities
In either class of centralized ECS , the centra l corn- implementation , maintenance , and training are there- V

t
puher or the loop controller is assigned time-consuming, fore locked into this manufacturer. In addition, all
repetitive , scanning tas ks for all time remote points. All conventional ECSs are incompatible with each other .
data must be processed in time central minicomputer
and/or hoop controller due to (lie lack of intelligence All systems can perform two basic functions: ( 1)  re-
in t h e  re mote panels. Furthermore , a lt commands are m ote start/stop, amid (2) energy opti mnizat iomi . Examp les
initiated at t h e  central computer and sent to t h e  of optimnization programs are equipmcmul optim izatiot i .
remote points . ent halpy optim izat iomu . chiller optimization , remote

temperature reset , boiler plant opt inuii.atiomu. lighting
All hardware and software is usually proprietary ma- optimization, demand limiting, and fan syst e m optinhi.

teria l supplied by one mammufacturer ; future expansion , zation,

Ii j
—‘V



4 DISTRIBUTED MIC ROPROCESSOR- data . This capacity enhances lime overall system mau i-
BASED ECS taim iabi lity because t h e  standardized h’(’S will cont au mi

f’ewi’i customized hiardwired logic circuits in cact i
remote panel . t hus decreasing system testing and

General trou i leshuoot ing time.
Sm ui c e g e m me m al-pur~’ s e  digita l coimiputers h ave been

applied to i mud mistr ies f or ) uikfi iug c’ t me rgy contro l. nieth- (‘umrent l y. microprocessors are mTiost commonly
ods to utm uh u iov e t im e s y s t et u i  pen lo i t nam ice oh eem m ralized tised as a dedicated con troller or as a low-level coin-
I’m. ~,s f ,ivc )ic,’cu i imi v cs t uga t c d ca mettuhi ~ - It Imits been ponemit of a h;nrger system. Popular m icroprocessors
noted ’ ’  t i ia t  s~. st eilu S ssi t it distributed umite hh i gence ca n are gem mera hl y produced by immure Oman one mim anuf ’actur er .
imi ipmove s y ste u tm pert oriml a uuce In time past , th is im met im od limos immsur ing parts availability. Time ma~or disadvantage
was too expensive to he e..ot mom m iicahly attractive due of ’ microprocessors is t h at the lack of high-level lamu-
(I) t ime h i g h cost of ’ co mim put im ig elei t i e mmt s; imuwever , since guage confines programming effort to  assen mbf y or
t he int roductiom i of time m imi c roco m mi put er , t h is niet hiod maclOne leve l language. In general , programming of
tm -as hee mn eo uss ude remi to be immure feasible by users amid muuicroprocessors is very difficult: however , mnanuf’ac-
umm anufac t um er s , am id li-as heem i further em mha nced by time turers are expending m ajor e ffort to provide high-levelcom mtinu ous imuu h ) rovcm mm e nt of nmicroprocessors . It ~ language support for th eir microprocessors .apparetit thu - at time t mimcr o processor with revolutionize
cem utra iii .ed energy eomitr nl  systems in tim -at supervisory Configuration and Description of Proposed System
control func t iot ms peu lonm ned h~ a smimg le unirmi-conmputer
and the nion itori umg , u mm l cotitrol f ’unct iomms wil l  be re- System IIierarchv
distribut ed zimong a umum i mb e m of microprocessor-based To enhance the operator ’s per for mmiance . the con-
renmute devices. Pre se mmtl ~ . time standardized ECS can ce pt of a centralized control room remains unchamuged.
be ass em mmh lcd f r o m ‘‘ of ’l- t ine-shel r’ electronic compo- The user will obtain a distributed system having a dis’
ime mit s , but Iu~ k of ’ ismg h-ievel language support for the play, access , and contro l ability in the central control
nmicm ocomn puters has made programming extremel y room and a monitoring and control capability in the
dilt icult . \ltmjor effort has been initiated by micro- field. The system will consist of different sized proces-
processo r manuf ’actu ier s to provide high-level language sors interconnected to form a fixed hierarchy (see
support f u n t ime ir products. tm m 

Figure 3). Remote controliers . which will be located
strategically over the entire military base , should be

\h icroproc essors are lmtmique ann omm g integrated circu its near tIme equipment they will control, To keep data
( I(s)  iii tim -at t h e ~ ca um be programnmed like computers. transmission costs down , serial data transmission stiould
Th is c a pahuim t \ etn ahie— : tradeoff of ’ sof twa re for h ard- link time remote controller to the central comput er The
wa le . wh ich im mc re aS cs system capabi lity and versatility. minicomputer at the central site will control t ime data
Whets time control set me mt u e or mumonitonng sequcuuce must tra nsmission to and from the remote controllers . wtuile
he updated. only time nTu mcro pnoces so r s iTietnory ~ the remote controllers act as loca l controllers. lnfor.
updated or meplaced. ‘l ime mass of utie mmiory chips can niation routed to t ime central processor from remotebe purchased on re pi’ogratnimme d at a low cost , and t h ere 

controllers is the data needed for logging. disp ia~ ing.are no circuits to be tested , or supervisory contro l calculation; renmote controllers
will perform most of time rudinientary niomu itorit me amid

lii additmon. w h en  nnmami y fu nctions must be per- 
control functions, If the central minicotmmpuler breaksformed , tim e microprocessors can be used economica lly 
down or there is a power failure , t u e renmote control-

to re place or upgrade random mm logic designs that involve 
hers can continue to operate on battery packs. Togeth uerutmany st ami m .lard I( s. In additioum . iiutcro processors U5C 
with time system ’s uninterrupted monitorimug amid con~fewer l(’ conuponents tii a um hardwired logic iii app lica- 
tro l abilities, these capabilities provide unmatched(nor ms ertmp ima sn ’ m m ng uaimdomn collection and routing of 
reliability on a security systenm. In additio n , fully
documented data transmnission protocol and hard sm. aretm0 Considine , et at ., I’r o ’ ,’.ss / ,, s rrm ,,m m ,’mu t r amid Control Fiend, will enable unmatched system expandabihitv .

hook. Second Ed. (~tcGrnmw.hlill h3ook Company, 1974), Chap-
ter 1 7. 

Svsie~n ~‘o,nponent Desc riptio nm m  Proc,’ .-Im , A.\ of (It.’ i’hj r ,J I t m ,m mtal .-l dm ’amucc ’d Con trol - 

Centra l Computer , Time syste mn ’s centra l comiiputer( ‘o, i t, ’r. ’n,” Sponsored t 5 C ontrol t mngutm ee ring and the Purdue 
will be a minicomputer. The microcomputer. which.ihoratory fur - 5, pphicd h i d  .51 r i m  I (‘oil trot (Con trot I’. nt ’it mecm -
had been considered for use as a cem itral processor.ins, 1976 1. pp l9-4~ .
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voltage , curr ent etc.
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——- i real world

A/D Converter 0/A Converter
(CAMAC Module ) (CAMAC Module )

I ________________________ I

Microproc essor Based
Remote Terminal
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______________
[Transmitter / Receiver

RS 232C Interf ace
Modem

Dedicate Muht ipoint Lines

T 

(2 sets of two-wire Circuit s )

Mod em

RS 232C Interface
Transm itte r / Receiver

Other 
___________ Center Memories

[ç~mput er I [ç~rnputer I I.

I

I Printer ,

[~~yb oord

L____ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

real world

Operat or

Fig ure 3. Fixed hierarchmy formed by various sized interconnected processors .
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Licks ‘.s ste in s . ( t s s a r e  (i m m g iu- les et language com imp ilers . a serious recovery problem. ‘[h is problem does mint
assorted rea l-ti u in ,.- o pe ratii mn s~ ste u mis . debuggimug s~ s- occur in a hour-wire h alt-duplex ce m itra h iz ed operat io mm .
teuss , ami d sof tw are l ib ra m I C S )  , iii addition , its ar it hmm metic in w h ich data between the central s tatu onm arid remote

optin t iz ati ou m -amid oilier supe mvms& ’ r~ fm m: m cti ot m s wiuich are
cap abil i t i es imm a ke it ur nst i it a bic t o m perf ’or muu i img complex stat ion s are transmitted in two separate dedicated lines.

mm os ~ mmiajo r i asks of t u e  cc mit r al umunicoumiput e m - II te
i i mt e r ta cmmmg rec luiremnent of such stammdard perip h eral
devices as time lirimiter . (‘RI . and disc also make time DEVELOPMENTAL CONSIDERATIONS
mmnieommmputer immure attract ive. since interfaces are 5 FOR ECSs DESIGNED SPECIFICALL Y
usua ii) -available as o t t ~thie-s hel f ’ iteiums. i FOR ARMY FACILI T I ES

Remote Contro ller. lime n~ iiiol,.’ co um iroffer is a m m m i -F - croprocesser ’based device. Iii con m pa mis .mmm to tim ,.’ immimmi- Genera lly. an interfa c e is a commmmomi bou m md am ~
computer. it nnn a~ have shorter word leu mgth m , himiuite d betwee mm compom ments of one system or several different

imustruction set , shower speed , fewer imitern a l registers . systems. it cormtains logic circuits necessary for signal

and less sop h isticated ititerrupt capabilities , but it still level transformation . co ding/decoding. data fo nm mmatting.

contains enough com muputimig power amid input/output sy mmclmronization , amid operations control. Optimall y.

(I/O) c~apability to perform um bot im status mmmonitor ing and the interface requmre mem its will conf ’ornm to  a set o f

contro l functions arid siumiple an ith mnmetic operat ions , industria l and governmm me imta l standards that wi ll pr usm d~’
Since monitoring and control fumm etions are programm imumed for cft Icmem mt future system expansions and modufIca -

into each microprocessor rnenmory . t ime renmote control- tions.

1cr can be readily adapted to diff ’e remmt applicatiomm
requirements by simpl~ re piogrammitig or replacing Input/Output (I/O) Interface

its nieniory clip. The input intert ’ace consists of A I) co m nvem ter m .
mnu ltiplexers . amid logic circuits w h ich iire niecessar ~

Communication Network , TIme comnmunieatiomi mmet- to contro l the converters and muhtip lexers and to

wor k is a m ulti-point line . T he conhIguration operates supply the computers ’ interna l registers wit h mm mfo r-
in a half-duplex m ode (two- ~~i~ alternate) and is iniple- nuationm in digital b ormmm Genera Il~ - time control output

memmted on a duplex four .wire circuit (an out-boum id interface consists of I H l)’.\ ~otn se rt , .-r s ,ind demulti-
channel f’rom a central point to all renmote receivers anm d plexers and (2) neeess.s r~ logic circuits to obtatim huimar~
an in-bound channel to be shared by t ime remote trans- digital values from time conmputer for convers ion to the

nmitters ), T ime four-wire half-duplex system im eliminates analog outputs which drive the controll ers or a c tu a t o rs ,
turnaroum id time and thins increases system efficiency .
The centralized nmimi icoumlputer controls the flow of In time past , analog I () interfaces ~ cre ,.ustom-bu mlt

informnatio mi to amid from each i-emote contro ller by and nimatc hed to a nt ic roproct’ssor t , r  ea~ ii app luca-

trans mimittin ’ an -address code to time selected rem ote Ihostese m - time re,.,.’ mmt adsanc~’ iii semmm iconductor

co nmtro l lcr. The selected controller thenm t ra mmsmi ts a tec hnology h:ms enab led nnian ot actu rer s amid e lectr om ise

signal back to the immini conmputer imidicat ing that it is equipnment vemmd &i r m t o produce ot f - t t m c  s h e lf d~ t .ic-

ready to receive instructions. quisitioim modules w huidi eamu he inter a~~’d ca smh ~ t o

Iiuicto prntcc ’ss ‘rs (Table I )  \ t iaiog I - (  ) i m it er I act ’ dc~
In contrast to tIme centra lized operation . notmce n- signed ton mmiicro ci tmt i po tc r s su~iu as Inte l ~l3( ~ I it )

tra hized operation allows all stations to receive signals and %lDS-~OO. ltmt eilec ~~ . % 1 t n m u ia I \OR , .m se r . ,umid

from an~ othser stat i t m i m amid al lows tnv stat ion to be Nationa l I~11’- I b(’ art’ available hrom u m st ihass~t tuhl ’, mis a im -
selected as the ‘‘cont ro l stat ionm .’’ One disadva n tage of ufact urers like Data Tm am msl atio mm . lmue - ‘  I ).m cl ~s stcms .

this is tin - at  omie statiom i t m ma y immterf c re wit h time t ramms- Inmc. . and Burn-Bro sm. t r (Table 2 t A t  the 
~ 

s ’ SCn l njlc t f ’

mui issiomm of data troni amiother. If part of time data being ch ectro mmic industry progress . standardmted t o  s~ stenms

tra m msnmitted coincides whim time address of anotimer which camm be interfaced direct l~ im uto iml icruco nimp ute rs
terni imial , time data will he garbled . -ami d t h ere will be will soon he available as ott-l he-s ime II mtenms I’rom 5111 1 -

assenm blv m m mammuf act nmr ens.

a ll. P. /.inseh tug. W . L tong, and J. ‘s. (‘onover . “(SI ~~‘ ) j  P. Zinmchlog, W I I ,o-r~ . mn ” ( oflovcr , ‘‘ 1St
and Process (‘ontrol ,” Instru~n mu ~’,u tatiot. 1ecl mno! og m- i N,,sernbcr and Process Control ,” Imnstru4nme? mtat mu ’, ~~~~~~~ I \.‘vettl(’e,
l97 5~. pp 47- 52. 1975 . pp 4 7 - 52 .
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Table I
Data Acquiaition Modules

‘ tn -

• Module State Channel
Manufacturer No. Input Range Output Throughout No. Kesolut ion Price

Analog Devices DAS I 12 11 50 kHz 16 12 bIts 295

Anidogic MP6812 ‘I0,’ 24vMAX Yes 30k H z  16 12 b its 295

I)’ata 
- - D’rs7 loA 0— lOv , ’ t Oy 

Yes 125 kl -lz 16 12 bits 675Tran sm issmon 0— 5v . • 5v

Dai a 
- , DTS 701 

0—tO y . ’ t Oy 
Yes 35 kH z 16 12 bits (75*

Transmission 0— S y, t5v

Datch Systems MDAS-t6 0—lOv,0--5v Yes 75 kHz 16 12 bits 295•lOv. ±5v , ’2.5v

Burr-Brown SI)MB5O 0— lOv.0 —5v 100 kHz 16 8 b’ts
‘l5v.~ 1Qv, t5v 50k Hz 12 bits

Mi cro Networks MN7ID() ‘jOy 90 kllz 8 8 bits 195
*Price lor 100-PC’ lots

Table 2
Analog Input/Output Systems

Input Output
Chan - Chan- Input Output Resolu- Throu gh- Mother-

Manufactu rer Model No. nels nels Range Range tion out board Priee*
Data Intel 1195
Translat ion DT1751 16 2 12 bits SBC80/tO (795)

Datel Sine Trae
Systems 800 32 12 bits 75 kHz “ 845

Sine Trac
800D 8 8 bits “ 695

Data ‘tO v,.Sv
Translation DT1722 16 0—lOv ,0 Sv 12 bits 25 kHz IMP-16 (’ 11 95

4-2OmA

Burr-Brown MP72 16 16 ‘tOy 12 bIts 33 uasec ’ Motorola 
(295 )

MP8416 16 “ “ “ s~c~o~to

MP 8216 16 “ ,, ,. Intehiec

ilO v •. 2 MotorolaMP7 IO4 4 l0~ sec ,O—IO v I’XOR emser

MP8304 4 
l v  SBC8OIIO

MP 11 104 4 ±2,5v ,, ,, intetlec
(“SmA 8

*Pnice in parenthesis is for lOOt
1 (’onversjon time
2Selnling time

15

-- 
- 

•



Communication Interface shin, t ime remote terrm m inmal trans m it ters must deactivate
The imm terface between the data term m min a h equipm ent the Request to Send Circuit (CA). Renmotc or central

(nmim s ico mm mputer) arid t h e  data comnnmmuni c-ation equip- te nmmmina l reception is l’acilitaied by insunimig that the
m ime i m t (nmodem or IX’E) in t h e  comnmunmicat ion n etwork circuit (‘ (‘ and the Received Line Signal l)”tector (‘n-
should be consisteimt whim the Hectronic Industries cuit (CI-’ ) are activated , 1:unti me nm mio re , t h e  cir cuit (‘A
Associatiomm (i-IA ) Standard RS-2 32- C . will be activated by the nemnote terminal w imeim tIme re-

mote terminal is asked to respond. Data are t ransm itted
Sn;ucc t ise miminicom imputer is the oily trammsmmmi t ter omi omm the Transm itted Data Circuit (BA) and received Ofl

the outbound ch annel , t ime type I- duplex interface the Received Data Circuit (BB), The Signal Ground
(Tables 3 and 4) cam i he used amid t h e uutbou mmd channel Circuit (AD) is required to eslablisim time common
line signal left activated (tu ri med on) at all tiimmes, As ground reference potential for the other interchange
soon as the D~ita Set Ready (‘ircuit (C(’) (Table 5) is circuits.
switched to “on ,” tIme transim iitted limme signal will be
switch ed to “on” and time (‘hear to Send (‘ircuit ((‘B) To minimize data transmission cable cost , serial
will he activated to iumdicatc “on,” The line sigmmals communication will be used between the central amid
can he removed only when the i ower to the nmodem the remote stations. Deve lopment of transnmitter/ re-
(D(’I-) has heerm deactivated. Simmce all the remote ceiver interfaces to convent parallel data to serial data
term inal tra m msmmmitters sh are time saumme in-bound telecom- and back to parallel is necessary to provide efllcient
munication channel . t u e  type 1) duplex (h ail-duplex data use by the minicomputer and the nmicroprocessors .
mode) interface can be used~ after each data transmis- Generally, a transmitter interface will consist of parailel

Table 3
Interface Types for Data Transmission Conf igurations

(From “Application Notes for EIA Standard RS-232’C ,”
Industri al Ekctrouu ics Bulletin , No. 9 IMay t97 11),

In terface
Data Transmission Conf iguration Type

Transmit Only A
Transmit Onty * B
Receive Only C
h alf Duplex D
Duplex * D

Duplex E
Primary Channel Transmit Only*/Secondary Channel Receive Only I-
Primary Channel Transmit Only/Secondary Channel Receive Only G
Primary Clmannel Receive Only/Secondary Channel Transmit OnIy~ II
Primary (‘hannch Receive Only/Secondary Channel Tramms nmit Only I

Primary Ch annel Transmit OnIy*/Half Duplex Secondary Channel
Primary (‘hannel Receive Only/h alf Duplex Secondary Channel K
Half Duplex Primary Channel/Half Duplex Secondary Channel L
Duplex Primary Channel*/DupIex Secondary Channels L
Duplex Primary Channel/Duplex Secondary Channel 51

Special (Circuits specified by Supplier) 1.

Note: 1)-at -a transmission configurations identified with an asterisk (‘) indicate
time inclusion of circuit CA (Request to Send) in a one w ay only (transmit) or
duplex configuration where it might ordinarily not be expected , bum where it
might be used to indicate a nontransmit mode to the data communication equip-
ment to permit it to remove a line signal or to send synchronizing or training
signals as required.

I 6
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Table 4

Standard Interfaces For Selected Communicat ion Systems Configurations
(From “Application Notes for EtA Standa rd RS-232-C ,”

Industrial I-,’Ir’c’tron6’s Bm4llm’ ti ,u , No. 9 ~May 19711).

Interface Type
Interchange Circuit A B C I) F F ( H I .1 K I St /

AA Protective Ground - - -

BB SignalGround x x x x x x x x x x x x x x
BA Transmitted Data x x x x x x x x o

Bit Received Data x x x x x x x x o
(‘A Request to Send x x x 0
CB (‘tear to Send x S x x x 5 5 5 x 0
(‘(‘ Data Set Ready S S X S x x x x x S S S 5 0
(‘I) Dana Terminal Ready s S s S s s s s S 5 s s s o

(‘F Ring Immdicator S 5 S S S S S S S S S S 5 0
( h  Received Line Signal Detector x x x x x .\ x - x o
CC Signal Quality Detector
CII/Cl Dat-a Signalling Raie Selector (DIE) / (IX’l:) o

DA/DB Transmitter Sig. Element Timing (DIE) / (DCL) t t t t t t t t m m o
DD Receiver Signal Elemnent Timing (DCE) 

— — 
I I I 

— 
t 

— 
t t t t o

SBA Secondary Transmitted Data S X x 5 x 0

SRB Secondary Received Data x ,
~,J x x x — x o

SCA Secondary Request to Send x x x ‘ x - o
SCB Secondary Clear to Send x x x x x ‘, o
SCF Secondary Received Line Signal Detector x 

— ,, ~J_,,, x ,,,~J x x

Legend: o - To be specified by the supplier
— - optional

- Additional interchange circuits required for switched service
- Additional interchange circuits required for synchronous channel

x - Basic interchange circuits, all systems

data input lines , a holding register to load and hold Peripheral Interface
input data , a shifting register to convert parallel data Generally, each perip heral device has its own way
to serial data , and control logic to supervise internal of transmitting and/or receiving data from the corn-
operations. Control inputs are generally provided to puter; thus, to make input/output compatib le, ther e
load the input data into the holding register , to enable must be interfaces between the computer I/O bus and
parity, and to se lect odd/even parity, character length, each peripheral device to relate the signals required
baud rate , and time number of stop bits. Control word by the I/O bus to the signals provided by the peripheral
from the minicomputer is required to drive these device, and vice versa. Minicomputer manufacturers
inputs. The transmitter usually has status outputs to offer standard interfaces that enable direct plug-in of
indicate full/empty status for both the holding and peripheral devices such as discs, tape cassettes , printers .
the shifting registers. The receiver usually has a shifting and cathode ray tubes to the minicomputer .’
register and a holding register to drive the parallel data Multipoint Line Contr oh m S

output lines. It also has control inputs to load the hold’ Since all the remote transmitters are connected to
ung register , to enab le parity, and to se lect odd/even t he same data bus, only one remote terminal can trans-
parity, character length , baud rate , and time number mit or receive information at one time. Line control
oh stop bits. 

_________________

S~ J p, Zinschlog, W, E. Long, and J. A. Conoven, “LSI
and Process Control,” Instrurn emntar ion Technologm’ (November

_______________ 
1975), pp 47-52,

W . Etcheveny. “Binary Serial Interface-Making the i S Teleprocessing Network Organization (Prentice’hlall .
Digital Connection,” 1:1).’,’ (April 20, 1976), pp 40-43. Inc., 1970).
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Table 5
FIA Standard RS-232.C Signals

Ground Data Control Timing
Interchange CCI’rr From To From To From To

Circuit Equivalent Description DCL DCL DCL I)CL DCL DCL
AA 101 Protective Ground X
Alt 102 Signal Ground/Common Return

103 Transnmimied Data X
BR 104 Received Data X
( - S  105 Request to Send X
( l u  106 (‘lear to Send X
( ( ‘ 107 Data Set Ready X
(‘1) 108.2 Data lerminul Ready X
(‘I’ 125 Ring Indicator X
(‘I- 109 Received Line Signal Detector X
(‘C 110 Signal Quality Detector X
(‘H Ill Data Signal Rate Selector (DIE) X
(‘I 112 Data Signal Rate Selector (DCL) X
h)A 113 Transmitte r Signal Element

Timing (DIE) X
DR 114 Transmitter Signal Element

Timing (DCI-:) X
DI) I I S Receiver Signal Element

Timing (DCL) X
SBA 118 Secondary Transmitted Data X
SBB 119 Secondary Received Data X
SCA 120 Secondary Request to Send X
SC B 121 Secondary Clear to Send X
S(’l- 12 2 Secondary Rec ’d Line Signal Detector X

[XE = Data (‘ommunications Equipment (Modems)
DTF Data Terminal i:quiprmm eim r (Terminal)

procedure is required to control and supervise remote mission error is detected , the central console will semmd
terminal communication with the minicomputer. In a control character to the terminal to request the data
the multipoint line orgammizat iomm , the central console again. The error checking procedure is done autoimmat-
polls the remote terminals individually to see whether ically each time data are transmitted.
they have any data to transmit. This process is called
“read poll.” If a remote termina l has notiiing to send , In the write poll, the centra l console selects a re-
a negat ive reply will be sent to the minicomputer, mote terminal and asks whether it is ready to receive
wh ich will then poil the next ternmina l . Otherwise , the a message . The terminal rep lies “yes ” or “no” h~
remot e termimmal will start transmitting data to the sending the appropriate signal back to the central
centra l console. When time central console receives the console, If the reply is “yes .” t he central console
data without any error , it sends a control character 10 sends the data to that ter m inal, If the remote termim mal
the rem ote term iminal to acknowledge that the remote detects no transmission error , it acknowled ges receipt
data imave been received and checked for error. At the of the message, and the central console continues time
completion of the transnmission process , the remote polling; however , if it detects a transnmiss ioum error , it
term im inal sends an end-of -trans m ission signal to the cen- will ask that the data be retransmitted. I error still
tra h eonsole~ wimen this signal has been acknowledged exists after the data have been retran ismmttcd a pre-
by time central console , the sending termina l relinquishes determined number of tinmes , the cen tral com msole will
the line by deactivating the Request to Send Circuit notify the operalor that the link is down,
(( ‘A) ammd goes into a standby mode , The central console
then pulls the otimer te r m mm i na ls individuall y. If a trans- Parity check is used to detect transm nission errors ,
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Standardized datawoy interface 
_______________________

Command

Response

Timing

______________________________ 

Module

Data (write )

Data ( read )

Universal Commands

Power

Figure 4 The basic dataway interface to a CAMAC module.

I
CAMAC (Computer Automated Measurement price. CAM AC , which represents a modular approach
and Control ) Interface System i 

~ to interfacing, is a digital interfacing standard that is
Modularity enables rapid system nmodif ications for particularly appropriate for a computer-oriented data

mmmee ling new demands and allows functional modules and control system. It has been adopted as an institute
to be tested independentl y before t imey are assembled of Electrical and Electronics Engineers(1EEE)standard,
into a comp lex system , thus saving valuable system
chec kout time . Furthermore , immodu les can be replaced The basis of the CAMAC system is the “cra te” that
ra pmd ly , which mininmizes system downtime . It’ stand- houses the interfacing modules. A dataway or mother-
ard ization is added to nmodu lar ity, t he advantages are board at the rear of the crate provides a digital patim-
greater. One standardized immodu le can be used for way between the modules. This da taway is carefully
many systems, resulting in higlmer volume of produc’ standardized to insure interchangeability of modules
(mon . less cu stom engineering, and eventually, a lower (Figure 4). yet it is generalized enough to perm it the

various functions necessary for the modules to control
—— - - - ari d/or measure physical process es. The internal make-7 l)alc Ilorelick and K, S. Larsen , “(‘AMA(’~ A Modular U~ of (lie modules is not specified. Time single interlace

Siandard ,” I/i.! Spectrum (April 1976), pp 50-55. to the external controll er is made via a module inserled
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al t u e  r ight side of the crat e (lime crate controller), With subsyste m s available are increasing rapidly in response
t he advent of mmmic ropm -ocess ors , a contro ller or m icro- to user denmand. Most suppliers respo mmd rapidly to
com puter can be housed iii time crate co mmtro h ler. demm mammd for new ite m s , es pecially functional modules ,

which quite of ten are developed in direct response to
user speciflcatioi is. Tisis , toge t iier with time advantages

lable 6 sh ows the comm mi t mem e ial l y .iviilable (‘AMAC of m odular standard , suggests t h a t  ( ‘A MA( may be
hardware. Although t h is table lists imma mmulac turers , use d in E(’Ss as a standard meth od of interlacing the
som e of t hese products are available directly trom n com im- physical phenoim memmoi i wit h t h e  co rmu putem or remote
pu rer l inus.  The types and variety of coimmponents amid controller ,

Table 6
Sampling of (‘onmniercia lly Available CAM AC Ilardwar e

- %loJ uk ’s general p urp ose 4 , (‘rate eo,mtro lh-r ,p iodult ’s
(‘ouniers Type A - I parallel
Counters-prese t Type 1-I serial
Tinme rs Dedicated single-crate
Input reeister-pasallel (type U) tor I
Input register-serial DI-(’ PDP-8
Input-output rci~istcr DEC PDP-l I
Input register-isolated DC Nova
(‘lock generators tIP 2100 series
Pulse generators V-arian 620 series
Word generators Mod comp
DV M mmmodu les ‘~l-,inual crate controller
Pulse duration demmmodu lator Autonomous or micro-
Output rce ismer-parallel processor single-crate
Output regisie r-’,erial controller
Output reg ister-isolated
Stepp itm g motor controller 5. Branch dri i -e rs . extenders
Output re~istes- rcIay l’ara llel branch drivers for:
Dataway display module DEC PEP-8
L5)Ok-at ’me (L-\M ) grader DEC PDP-9

DEC PDP-l 1
2. Multip k ’xers and con i ’crtcr umodu les DEC PDP-l 5

Amialog multiplexer HP 2100 series
Samnple-and-Imold multiplexer \‘arian 620 series
Analog-digital converter DC NovalSupernova
Time-digital converter Interdata 70 series
I)igital-analog converter Honeywell 316 /516
Synclmro—d igita l convert er Sicmi~ is 3 1G’330 , 404/3
Integrator-AIX’ General Automation
Digital multipk\er SPC 16
(‘ dc converter module Microdata 800/(’IP 2000

Autonomous Systems
3 . Periph er al interta e - m odules Prime Computers

Paper tape reader Parallel branch extender
Card reader Serial branch driver
Line printer Serial branch extender
C assette tape control Serial driver-manual
TTY control
(AM -\( -( ‘AMAC data link 6. crau’s a,md agsoc-jan-d hardware
(,raphmc display Crates , powered
Display plotter Crates. unpowered
Display vector generator Module kims
Display systems Power supplies
Serial I/O register
Butter mnemory
Maenet ic tape control

20



ADVANTAGES OF THE PROPOSED mote terminals and the central computer as well as
6 DISTRIBUTE D SYSTEM OV ER THE transmission distances are significantly decreased. This

CONVENTIONAL ECS reduces the probability of error correspondingly ’

4, Expandable. Modularity introduced by the dis-
General t ributed system makes total step-b y-step au momamm on

A conventiommal energy control system im is usually much easier m° This system can be expanded gradually
procured m m entirety from one nuanulacturer : thus , as deter m ined by the need and availability of capital.
contracts for future expammsion will be limited to the
original manufacturer, which usually increases cost. 5. Flexible design. When demand changes at a re-
Furthermore , data acquired at remote termina ls of a mote site , only the remote terminal is affected in
conventiona l ECS are transnmitted through a commun- the distributed system. Furthermore . nmicroprocessor-
ication network to t h e  central console for processing contro lled remote terminals may be added or removed
rat imer thamm being processed locally: this m a y  increase without disturbing the rest of the system. 2 i However ,
the probability of transmission error and may reduce in the centralized energy control system , the entire
system il re liability, system would Itave to be shut down and tested.

A systenm designed specifically for Army facilities 6. Additional benefits may be derived in having
can be inmp lemnented with off-the-slmelf modules, and systems for which maintenance and training are stand-
its imiteiligence distributed amnotmg remote ter m inals ardized and additions and parts can be obtained
to re lieve the miniconmpt iter of some functions and competitively.
inmprove overa ll performance.

7. System cost. In the conventional com puter-based
As compared with time conventional ECS, the ECS hav ing 1250 points, the average estimated initial

proposed distributed system offers six significant cost per point is approximately $800:2 2  one-third of
advantages: this amount is associated with remote point cost. It

has been estimated that using a system with distrib-
I . Standardized hardware and software. Hardware uted intelligence can decrease the system cost per

and software nmodules for the systems installed in mili- remote point to S550.2 3

tary bases will be unified and standardized to facilitate
use , implementation , and maintenance. System cost for a standar d ECS was estimated from

instrumentation and process control system informa-
2. Higher overall performance and overall reliability. tion (Table 7). After development , the production cost

The incorporation of microprocessors relieves the cen- of the system will be approximately $690,000 for an
tral computer from direct monitoring and control ECS having 1250 remote points, a savings of S310 ,000
functions so th at it can be used full-time for more per installation. At this savings, the break.even point
complex tasks: remote ternminals can perform the basic would be use of ECS at eight installatiom’.s .
monitoring and control functions, thus increasing over-
all perform ance, On tIme other h and, remote terminals
can remain operational while the central computer is
down, which assures maximunm uptime for real time ‘9 A. 3. Weissberger.
application ’8 , such as fire and security monitoring. In 20 ”Engineering Evolution of Industrial Computer Systems ,”
addition , redundant microprocessors can be included ComputerDesig n (A pril 197 2). pp 45-46.
to back up Ienm nimma ls which monitor and control crit- 21 A. I. Weissbergcr.
ical points, 2m Feasibilitt St~ds of ~4utomatic Load Co,mtro l for Fort

Behoir, Virginia (Reynolds, Smith and Hills, Inc.. May 1976);
3. hlig lmer system security. Since most data ternmina- A Feasibilit.s’ Stud;’ of Automation and Surs-eillammce S,s ’s tem ns

(ions and conuimiand origins are initiated at remno e for Utilit.t’ PIa,mts at Fort Leonard Wood, Missouri (Burns and
- McDonnell, 1975); and A Report on the Economic Feasibilit ytermina ls , t he volume of conmmun icatmons between re- of An Energs- (‘ontrol Sm-stem for Fort Monroe (TRADOC,

Director of Facility Engineering. 13 July 1976),
23Considine, Ct al., Process Inst ruments- and Controlte A J. Weissberger, “Distributed Function Microprocessor Handbook. Second Ed, (McGraw-Hilt Book Company, 1974)

Architecture ,” Co,nputer Design (November 1970), pp 77.83. Chapter 17.
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Table 7 need arises and capital becomes available , modules can
t -stima t ed Stan daid Army I-CS Prototype 1)evelop ment Coat be added without immmpairim ig t h e  rest of t he system.

Development Cost 3. Operational ammd mn aimmtenance procedures will bcIten i (Ihou~ nds $ ) 
-- sta m m da r dmzed.

a. Guideline for rei mmute lm , put/Output
.icm ivmmic s or gam sizati o rt (i. e ., ,issignmnciits of 4. Future implementation of time sof tware and hard-
devices to mi cropro ce ss ors ) so that System - - - - -

can be efficiently imuplemented . $ ~ 
ware for the standardized system will be m ore e lt ic ient .

- 
because tlsey will be unified.

b, lks ,’topme,im of so t m u arc and hard-
ware input /output interfaces. 125 - - - - - .. -5, The system is designed to tail “gracefu lly, in

C. Developmen t of communIcatIon that the distributed microprocessor-based devices willinterlace , 500 - -coimtinue to monitor ammd control energy conswnptiom s

- 
d. Specifications ut display and output w hseim the centralized mimmicomputer is down , t imus chum-

lormat . 150 m ating time need for an expensive backup nhinicOmfli)ut-
Development of distributed intelli- er. During power failures , t ime microprocessor-based

gent E(’S mm mi cr co mm ml uter , 400 devices can be run on battery pack . providing the in-
m . Syste m and control software stallatiom-, with uninterrupted monitor mi mg and control.

development, 1,250 When time nmonitoring and control demam md changes .
g. Sensors and installation, 500 only the nmicroprocessor-based device is a f fec ted  -

$3,000

6. The distribu ted m icroprocessor-based devices
should improve overall systenm performance by decreas-
ing t h e aimmount of data communicati omm tlmat h as  to be
performed be t wee mm the central minicomputer and time7 CONCLU S IO NS actual processing points,

Furt imerm imore . a staimdardized h-( ’S is esti m ated to be
A standardized energy contro l system (ECS) de- less expensive to build t iman a conventional system s - i .

signed for energy conservation in Army fixed facilities based on first cost data obtaim ied from cqu ipmnet mt
is feasible. The system consists of a centrally located mammufacturers and catalog sources. A commercially
miniconmputer for base-wide supervisory control and available system of 1250 points at an inmtia l cost ut
nummmerous strategically located microprocessor-based $800 per point would cost 51.000.000. Time proposed
devices capable of performing real-time uninterrupted system is estimated to cost 5690 .000 for 1250 points
energy and utility mnommitoring and control , It can be Deve lopnment cost for a prototype standardized F(S is
assem mmb led from “ott-the-shelf” components which are estimated to be $3 ,000 ,000. At a savimmgs of S310 .000
currently available and operationa l in time process con- per installation , the breakeven point s~ould be eight
tro l and immstrumnentatiomm industries. While software for installations.
t Ime system is not complete , major effort h a s  been ini-
t iated by the microprocessor manufacturers to provide 7. It can be concluded that a denmonstration of thmis
Imigh’Ieve l language support for their products. concept would be the appropriate next step.

The proposed standard ECS has several advantages
over a convemmtiomma l 1-CS composed of a centralized
nminicompu mer and num erous data gathering panels: CI ED RE FE R E N C ES

I. The use of standardized industrial input/output A Feasibility Studt’ of .-lutomation and Sun-el/lance
(I/O) interface specifications will enable the use of S,vste,ns for Ufi litm’ Plants at 1-ort l.m ’,)nard hood ,
subconmpomtenls from ot lmer timan the original equip- Missouri (Burns and McDonnell . 1975) .
tilent manufacturer.

A Report on the l:c -oimomic I- , ’asibi l it t- of an I:, zc r ~ i
2. Standardized hardware and software mmmodu les control St’stem for  l ’ort S lonros ’ ( TRAI )O( . I)i-

at ford t u e  system greater expandabihity oecause , as the rector of FaciIit~ Engineering. 13 July lnTt ).
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