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In the Keynote Address to ICBEMIB3, SzokoÌay made a caee for the
conslderatlon of both occupant control and t'obJectlvett (largely
nutomatlc) control of the envlronment, polntlng out that ocãupânt control
offered the greate6t conservatlon potentlal but was leee predictable and
that occupant controls had to be tallored to the occupantà, not vlce
versa (l), He looked forward to relevánt papers ln tire rhuman factors'
aeeelon, but ln easence there Lrere none, conelderatlon of occupante ln
auch papers le usually restricÈed to thelr role as recelvers of the
envlronment; lnstead paperS typlcally dlscuee the flne Èunfng of the
confort condltlons Èo be establfshed by a bulldlngrs plant. ihls patternof thlnklng domlnated the energy conferencee or tñe li70s where there was

nr8unent agalnst thls le that euch a strategy would lead to lncreaeed

i

i

I

I

i

tr

ilt

i

I

i



energy consumptlon. A slnllar árgument oPPoses surrenderlng some neasure
of enulronrental control to the occuPânts. It ls also argued that
occupånts would be less llkely to achleve 'optlnum' comfort condltlons'
although ft has been conJectured (l) that occupant acc€ss to controls 13

nore lmportant than the acÈuâ1 Physlcal state of the envlronment ln
ensurlng thãt the occuPants are satlsfled wlÈh thelr confort state'

The key to the success of such an approach ls ensurlng the
effectlveness of the occupant control actlons and thelr compatlblllty
wfth tlìc overnll enctgy efflclency of the bulldlng' Effectlve occupãnt
actlon requlres thelr understandlng how to use the controls, wltlch
tmplles an understandlng of the perfornance of the whole envlronmentel

"ontaol 
systen. 1t also requlres that the occuPants achleve satfefactlon

wlth the effects ol thelr ãctlons, whlch has lnpllcatlons for the

to overrlde the other). These conslderatlons wl11 be dlscussed ahortly.

to nodelllng thc nore complex systems wtll also be dlscuseed'
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Varlety ln the envlronmental con trol svstem

Â slgnlflcant attrlbute whlch occttpants brlng to the control of the
cnvlronrnent ls an ablllty to rleal. wtth systems, suclt ae the naturol
envlronnent, whlch dlsplay htgh varlety. The cybernetlc concept of
uaniety (2) ts a neásure of the complexlty and varlablllty of a system'
Each siaÈe of the envlronnental systen cãn be represented by the set of
values of all the system varlâbles for thât state. The varlety of the
systen wlll be the nrrmber of stâtes ln whlch lt may exlst' Thls nunber
will ,lepend upon tlte range of values of each o[ the varlables and on the
number of posstble conblnatlons of these values whlch ln turn depends

upon the amount oI lnteractlon between the varlables.

ln tlte case of tt 6ysten, stlclt as tlrat of the phyalcal environment'
wlrere the v¡rl¡bles flre contlnuolls ulthln tlrelr rnnges rnther than
adoptlng dlscrete values, a meásure of varlety nlght be obtalned by

tmpostng a steppetl scale on Èhe range of each variable, ânâlogous to the
.ailng ãcat". used ln Psychonetrlc studles' lf the number of steps ln
each scale corresponds to the number of sePâr¡tc lntervals of values of
the varl¡ble able to be dlscrlmlnated by the occlrPînts of a bulldlng'
thls neasure of varlety would become partlcularly neanlng[ul '

l.lhen the vnrlety of a system ls less than the naxlnum posslble
nunlrer 0f r.onhln¡tlons ol valUes, tlte systcn fs exhlbltlnR constrîlnt,
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The variety reduetion whlch thls constralnt brlngs about may be through a

decrease ln the ranges of values whlch the varlables take or through a

decrease ln the lnterrelatedness of the varlablea. In general, envlron-
mentá1 comfort requlres only varlety redtlctlon ln tlte forn of â restrlct-
lon of the ranges of varlables so that they lle wlthln the 'comfort
zone'. Confort per se does not depend upon a redtrctlon ln the lnterrela-
tlonshlps bethteen envlronmental varlables. Nor does 1t depend upon such
a restrlctl-on of tlre ranges of envlronnental varlables thât a slngle node
of 6yBten behavlour le sufflclent; that ls' that no adaptlve control
actlon fs necessdry (such as swftchlng on a llght or openlng a wln<low).
If varlety reductlon lncludes a reductlon of lnterrelatlonshlps between
varlables or the ellmlnatlon of adaptlve behavlour, 1t wtll be the result
of a requlrement or aide-effect of tbe control measures employed.

IÈ can be demonstreted (3) that á system whlch dlsplays adaptfve
behavlour nust conslst of weakly Jolned subsystems ln order to reach
equlllbrlum ln a reasonable ádâptatlon tlme. The terrestrial envlronnent
ls observed to conslst of spareely Jofned subsystems but much weaker

Jolns are found ln an fntetnal envlron¡nent whlch ls controlled by plant'
asslsted by the telattve responslveness of the bulldlng enclosure to eacll
varlable lncludlng the blocklng oI some lnputs and the provlslon of an

artlflclal sub6tltute. Complementlng thls, both the bulldtng occupanÈst
phyelologlcal aenaory mechanlsns and construcÈed monltorlng devlces
dlsplay dlsperslon but much more so ln the latter case. The connectlons
that exlst ln peoplete sensory mechanlsms produce a much rlcher
repertolre of behavlour. The epeclallzatlon of monltorlng subsytems
ensures greater efflclency for each devlce. The approprlateness of thls
speclallzatlon ls, however, dependent uPon the malntenance of constraints
on the envlronment.

Â formal way of statlng the above ls that' ln general, elecÈro-
mechanlcal controls possess responses of very low varlety. Slnce a

system dlsplaylng a partlcular anount of várlety can only be effectlvely
controlled by a systen dlsplaylng an equal or greaÈer amount of varlety'
1t ls clear Èhat low várleÈy controls can only effectlvely handle a low
varlety envlronment. Convereely, the htgh vârlety tnaturalr environnent
preferred by a bulldtng's occupants can be approprlately controlled by
the hlgh varlety responses of'tltosc occupînts' or by a comblrtntlon of
occupânt and automatlc control whlch retalns the htgh várlety contrlbuted
by Èhe occupants.

Nevertheless, butldlng occupants ãre ofÈen denled any rolc ln
envlronnental control. Thls decl.glon ls usually on the g,rounds thrt the
occupânts wlll elther cause the bulldlng and lts plant to per[orm less
efflclently (especlally ln energy terns) or mnke thelr own tâsk perIorm-
ance less efflclent by thls dlstractlon. llowever, tltls takes a very
nar¡ow vlew of the way tlrls role mlSlìt nanlIest ttse[[' ìn prlnclple'
the control model derlvetl from cybcrnetlcs lnrllcntes no tìegût lve eIlt'cl:s
Iron occupnnt lnteractlon, only the posltlvc ntlvnntngc of ltrcreaslng the
vdrlety of responses avallable. The appllcatlon of cybernetlcs concePts
wlll need to be extended to see hor¡ such occupant lnteractlon mlglìt
approprlately be achleved.
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Cond lt lons for occupant lnvol-vement fn envl ronnental cont rol

occupants.



^ntlclpated 
sãtl8factlon may be lncreased by a more elaborate.

control actlon whlch may take longer to lmplement' The two crlterla may

tlrerefore need to be counter-balnnced ln any control actlon declslon by

an occupant. Together they forn an elfeetiüenese crlterlon whlch ls
complemànted by ã thtrd baslc crlterlon' thát of the effieieneV of the
humàn lnput to the systen (the hunan energy fnPut compared to the slze of
change produced ln an environmental varlable or to tlìe length of tlme

thnt v¡rrlable ls nnlntnlned at n pre[erred value). lÌfflctency rnny be

enhanced by a form of hferarchlcal control.

augmenterl by the hlghly redundant resPonses of tlre bulldlng occuPrnts to
natch the level of varlety ln tlre envlronmentâl tllsturbances'
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lllcrarchlcal Iorms of envlronnental cotltrol

SuDerord lna te restrlctlon of control states

Both the sltuatlon state (the aet of values of tlle envfronmentâl
varlables) and the control state (the settlngs of the control mechanlsn)

can be evaluated as sâtlsfactory or unsatlsfactoty, Ân unsatlsfactory
control state could be one thát lnvolved a hlgh energy consunptlon, even

lf lt was able to achleve e satlsfâctory sltuãtlon state' The control oI
energy consumptlon mãy be cought sttperordlnâtely by constralnts placed on

the ãvatlable control 6târes through the deslgn of the bulldlng fabrlc'
ând the plant, or through an overrl-de placed on the controls (as ln some

present forms of llght swltchlng). llere, the butldtng deslgner or
butldlng, nanâgcr ls nctlng, ãs mrister control.ler to ensrlre energy crltcrln
are net.
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Computer-based control lnterf ace

source of dtssatlsfactlon wlth thls approach) '

ÂnpllIylng rcqulatlon

Local and backeround control

'Ihe s¡ttstâctlon clerlve<l from dlrect contact wlth controls and from

the lnmcdlacy of tlle effect pro<lttcetl wtl I he grentcr lf the local system



1s floor-sottrced, employlng a ralsed floor' rather than celllng-sottrced'

necessltntlng remote contrãls and sonetlnes less lmne<l1ate effects'
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Mode1llnq env lronnen ta 1 oerformance

Concluslons and ProsPects

1r has been sussested that the tî:":il: ::Ï:";::,:::ti3'llTTrTl, ..
ronmental performance of proposerl

nergY standards (ll)' If so' there
ableness of deslgns wlll bc

modelled' Occupant partlcipatlon ln
d bY the llmttatlons of the tesÈlng

procedure.

Modelllng occuPant control actlons ts dlfflcult ulthln the

conventlonal theorettcal framework' Âs ls typtfled by the conmon resort

to elther a fully exposed or a concealed envlronmental servlces system'

lt appears thât ln o.dã' to solve a problem whlch ls not well understood

the solutlon space ls usually retluceà substdntlãlly by a constralnt

i;;";;; i.ot olt"r¿" the svstem' To avold thls' a nuch sounder

theoretlcal framework i" iáqur..¿ whlch conslders tlìe dynamlcs of the

system comprlslnB not åify-ìfì" U"ffdlng and the physical envlronment but

aleo the nctions of the b;tldlngrs occuparrts- one nppronclr to tltls nore

general theoretlcal hase-ltas beãn outllned above' Â wlder ranglng and

iãre detafled dlscusslon 1s provlded elsewhere (12)'

Wlthout a slmulatlon nodel whlch recognlzes thât the occuPãnts are

an lntegral part of the lontrol system' thã search for new forns o[

envlronmental control i" t""ttl"t"tl to the workfng out of ldeas ln

arclìltecturál and engrneertng Practlce' Researclt ls restrlcted to flne-

trnl.g non-o"cupant iorns of càntrol' The key to slnulatlng occuPant

control actlons lles ln developlng adequate aigorlthms ln a su['routlne of

the computer model. 
^s 

wlth the occupant-"otput"t lnterface-descrlbed
eârller' thls ls best ãone wlth fuzzy set thPorv' The use on ltzz'y

algorlthms an<l the t"";i;; of fu"'y iodels has úeen well rlocumente<l (ll)

nnd the appllcatl.on to "niltnnt"nral 
motlels ls dlsctlssed elsewhcre (l/r) '

Baslc cybernetlc concePts ln comnunlcatlon and control have been

demonstratedtolea<ltothedevelopmentofdeslgnstrâtegl.esfor
;;;;;;i;; 

;;"iu."t', hlgher varletv envlronments ln bulldlngs wlth a

,1"g... ni occupant Partlclpâtton ln tlle control system' Encrgy

oiËf"f"n"y c¡n he malntafn"a Uy a hlerarchlc¡l strtlctttre ln thls systen'

and thls has the advantage of requlrlng l.ess understandlng by the

;;;";;;;" oi ttow t¡" whoie envlronmentâl svstem works' Technlqtres for

lncorporntlrrg occtrPflnt control ¿lcttons lrlto slmrrlntlorr modets oI

errvlronmentnl perf ornancc llave been vall<l¡ted' Sttcl¡ mo<lcls ¡trovltlc n

basts l)oth Ior cvalunttng ntt"'unttve cotltrol systems ¡ttrl,frlr rcsorrclt

i"oJfng to the developt"ia ot new control strntegles' lnclutì1ng less

plant-lntenslve f orns.
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The lnslghts ¡,alned fron setttng up the nodeI must be used to

examlne butldlng rãgulatlons wlth a;lew to thelr restructuring to

recognlze the lnterrelatlons ln a general envlronmental control model'

Thls"wlll ensure that Èhe regulâtlons do not lmpose a structure on a

destgned control =y"t"t"'nf"ä ls ln confllct wlth the 'naturalr control

systen. i\ comprehenslu" "nuf'ont"tta1 
nodel' developed to gulde both

ãå"ign "n¿.""à"r"h, 
*til h"ue only lts appllcatlon to research

unfeÈtered so long as Je"lgn ls constralned by regulatlons and 
.

p..i"."i"""r to.""(tn"iuáiig tht pt"s"nt demnrcatlon of professlonal

tasks) whlch are based on 
"ãn""ptà 

no longer consldered relevant to the

control situatlon. The construttlon of the model must therefore be

accornpanled by the rnvesii;;;it" o! wals.of ensurlng that the results of

ih" rL""r."h iay be readlli asstmtlzted lnto deslgn practlce'
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