2 8 OCT 2003 I METHOD AND APPARATUS FOR THE CONTROL OF BUI LDI NG FUNCTI ONAL
UNI'TS Field of the Invention This invention relates to a netho? &ngiCT 2003
apparatus for the control of building functional units and

particul arly, though not exclusively, to a nmethod and apparat us for t he
control of fan filter wunits. Background to the Invention 10 At present fan
filter units ("FFUs") are used in industrial facilities where clean air is
required. For exanple, clean roons used in the sem -conduct or

manuf acturing i ndustry, biotechngl ogy research centers, and so forth. At

present a rel at'fﬁ%hlﬂfl SR 4 %m%s%mgﬁ%mybe control l ed by a

conputer system I's conp systemi s erated separately to the other
systenms operating wit rﬂlﬂLPMMqTapﬂgLyﬁé for exanple, security,
lighting, elevator, heating, ventilation, ai r 15 conditioning, fire

det ectl on and fire extinguishing. This can cause significant problenms as
the PatgehibaImyatyerating in a manner inconsistent with other building

f unct | ThixSinvenkioh Sclarmyo dmetthdend apparstiscfort dogtrah gf ldingnfuontionahwaith gpdt o

'”depe“f%“éré%iaﬁyog.gﬁgﬁh' ol RENSH AR Aefod B GHIaRNS foRlhe LhBOISANR Hik™e. Al so, it

IS not e FFLIE to be controlled remotely, especially
rermtelﬂslsfromthe building in which they are installed. 20 It is therefore
t he principal obj ect of the present invention to provide a nethod and

appar ntrol of building functional elenments such as, for
exarrplaé u"gf" ?otf'q%w"gm ts. Summry of the Invention 25 Wth the above and
ot Her A bjcesottian filter weitr(EFRUSS 15 meed ripduptria) SMTies vhese eleAp a és revEdnl®r t er used in an

appar akissplef Odan FRME (24 Inl tlihgsexbwohdilht&gnahtmﬁhhgmaistm Biotechpolbdyecsedver t er bei ng
o egers S st & PR By baldBl oPLOH ARl Bl 10F @ second

pr ot oS Fe° & Wits rst transcelver, écond
t r ans Geipeer sysamd Talswhmp#etsystemhe OWFPFGS§WFHG? thaiothgr Bysterps ?Pm%{‘g

M CT 0GR 'Y ﬂnﬁ&mg &iog! as’:ltfor| Kafe, @J&&;ty,nm@,yelev&& Thend iveiitatidnr aRscei ver may be

for. connectin O.driver. .seri ort transceiver is
f ol céﬂﬁﬁ‘Bﬁ%%’e ‘%te‘é“"ﬂé’?ei/\gm BB Ean 2 t'he chi S%”%cam%gﬁ%%%%%ﬁm chip. The at
| east FﬁﬁenmnmeyﬂmmyamennmovﬁtemféO@EIb@&%é‘“ﬁ%Tﬁlﬁ@lagP%ﬁ‘°conS| sting of:

f1 ash oemHing o r&é‘tﬁ@éﬁﬂﬁheﬁ%ﬁﬁy @febl il sBpafafecOfiidnt @ hefamBtipie.be f or

contr OI]sloI 1? 95 tgo?ax?sm le (}or the ?ll’l?s tg grcg g]’ledargncljote]y, especially remotely from the
building in which they are installed.

20
It is therefore the principal object of the present invention to provide a method and apparatus for

the control of building functional elements such as, for example, fan filter units.

Summary of the Invention

25  With the above and other objects in mind the present invention provides a converter used in an
apparatus for controlling building functional units, the converter being used for converting signals
of a first protocol to signals of a second protocol, the converter including a first transceiver, a
second transceiver, and a chipset; the chipset including a chip, a microcontroller, and at least one
memory.

30
The first transceiver may be for connecting to on IO driver serial port, and the second transceiver

is for connecting to a network port; and the chip may be a NEURON chip.

The at least one memory may be one or more selected from the group consisting of: flash memory,
35 ROM and SRAM; and the microcontroller may be for controlling data flow, data storage, and

communication with external ports, Preferably, the microcontroller is a single chip microcomputer



communi cation with external ports. Preferably, the mcrocontroller is a
si:ngl e chip m croconputer r8 OCT 2003 having an internal SRAM a data us,
two operating states, |inear address space, independent bl ock Bwiltl 200
on-chip selections, interrupt control, and tiners. The NEURON chip may

i nclude one or nore functions required to acquire and process information,
make deci sions, generate outputs, and propagate control information; and
may include a plurality of processing units on chip. Advantageously, a
first processing unit executes a user application program controls 110

parts, {inme event rivers SPI _device ! n uni t
control a@géﬁﬂ\fgpzﬁ%@’p?gmo%“& two PREEn D ei’“’e&‘ﬁaﬁﬁ% %% 1{1& eglgezl{geg and a
third pbloo:kegshmghlum]estlonﬁ;mmb@trd wdimani cati on port. 10 The first and
second transceivers may be selected froma group consisting of. a topol ogy
transcei ver, and a non-jsolation transceiver. ;{ resen i nvention al so
pr ovi deSheaNBHHON P e e BF | F TR PP EFAFi ct'i’l PAF BhPP° the 15
appas at Wrmaicd, sekie/deristons geatmte butlslyssztnépmﬁagate@mrm inGirhatioy abdyeryapldat i on of a
plurali t ]]uralf%b? Ilsrlocdeésﬂ umg%%tch'gaﬁti ar}t%koﬁ.lﬁ aaﬁrst gﬂn%ﬁ}ﬁ &écu&@@ué@w I di ng

functlon oper Fotocol remai ni ng bui | di ng
f unct i ospalicatin iprogragrenteplsi 1%@35% tigge %"é’é‘%ﬁ'ﬂi Jivest ’3’6 Gpvices; Hé“&’p‘i‘ﬂ’&F%ff‘Eﬁ’s further

i nCl udi Rt conrbis h ERSsicR PR M@Encodad ild AdcodeOBSIagRNMd 6 MY podedsing it converti ng
signals of the first %or?t ocol to the second protocol, and fromthe second
pr ot oc of*" % ARBMFUPPEL ot ocol , to enable the control systemto 20 control
theiat | east one of the building functional units The at | east one
convertffe f§ Jd %éc@tfdam.nyceiaé‘rs %ﬁ@éisa&ﬁdéﬁ%ﬁlvﬁ!,gmﬁﬁdoﬁsﬁ@gaﬁf kagslogone of the
bui l ding functjonal is a plurality of fan filter units- The control
syst em A SR f’]ét“’é\f:'?:’ﬁ%eé"“to the server. 25 1n a final formthe
present invention provides a nethod for controlling building functional

units by, ﬂﬂé&n %Tvelﬁmﬁfam l’pRdeéyafplaﬁmsf QF c&ﬂmlﬁgomlldmg fuld@on@p@itation of a
plurality of bui] di n%w‘)xnctl opa > pui 1 ding

t on
fundti cﬁﬁ@ﬁ"“t‘ﬁrﬂ‘cﬂ“dﬁ‘éé’r & F?"P@lmgp?%tog%agfm o H’(P %8’ Ofebr‘r'g?rﬁ ng bui I di ng
funct i oiationalninitss atd@etront piithe oidisg @mmwwmgpnaﬁ%@r?@?hwﬁl thhel udi ng usi ng

at | east Q06 teRMeSHidcEona it oBérath: &V@Je&dn@ﬁkoﬁéog mﬁlaﬁpaa&s tuRBer frlcludihg Pr ot ocol to
t he second protocol, and fromt eco%gn rotocp{h the{1 St protocol to

enabl e ¥ ffét E¥FVBL a”é‘f&fe?ﬁf"leom‘b"(ﬁ'ﬁ@flf%lcmiv yerpii sk e SREPTS ‘bui | di ng
f unct i cw@hd protorot, snd fbimahegstcohdyagtocobip the fiphretptob to grabje thecopizol ghsis i bed above;

andyd Ne,afor hEARs HREr B wkilihe frttibAi Rgs. T unct i onal

The at least one converter is preferably as described above; and the at least one of the building
functional units is a phurality of fan filter units. The control system may have remote access to the

SEFVeT.

25
In a final form the present invention provides a method for controlling building functional units by

use of a control system for controlling the operation of a plurality of building functional units, at
teast one of the building functional unit operating on a first protocol with the remaining building
functional units operating on a second protocol, the method including using at least one converter
30  for converting signals of the first protocol to the second protocol, and from the second protocol to
the first protocol to enable the control system to control the at least one of the building fimctional

units.

The at least one converter may be as described above; and the at least one of the building functional

35 units is a plurality of fan filter units. The control system may have remote access to the server.



35 units is a plurality of fan filter units. The control system may have
renote access to the server. 2 8 OC T 2003 Description of Drawings In
order that the invention nmay be fully understood and readily meIBIEB 2003
practical effect there shall now be described by way of non-limtative
exanple only a preferred enbodi mrent of the present invention, the
description being with reference to the acconpanying illustrative draw ngs,
in which: 5 Figure 1 is an illustration of a typical systemusing the
present invention; Figure 2 is a sghematic view of the overall system

archlteﬁturet\i, hﬂure 3is a detailed schematic illustration of a renote
e

cont r ol “EFIHAT UGt he present invention; gure 4 is a syls)tem

f unct i oakdebtha Gk intengign maybe fijlly yrdarsgod agd &a@yg‘etérﬁ? HP‘(S‘Eﬂl"%‘?"'afﬁﬁr%ﬁlﬁ f the

Conveftlﬁ'ol%be aritfeh g}lﬁv%(ﬁ'nbﬁhﬁtamecbﬁ&npw @W@iﬂf@fedbﬁ&dﬁﬂeﬁhﬁ}ﬁfe@msor Figure 7

is an illustration o tes t age passes;

Fi gur e Bvenidonghe deferipfiop P%‘{glwdtﬁ regefrenf 1Ii!‘\/ 4 m§t?l Efﬁn\% ‘E‘m@? ﬂm’?@l ter unit;

Fi guse ﬁgmésl laarhlhemmha‘mttypmmsystemumastheﬂrcmpquﬁil@ure 10 (a) is a flow chart of

a T11rstppaldi Plobifc ARPYbEBHANRRARAUGE, for the converter; 15 Figure 10

(b) is a owc second part of the ap atlo r cedure for the

conver t Egure @P\@ide‘ald?dg‘mc@a%@““f‘?)‘“ﬁ Ogagmfﬁﬁ SRR PR Y E‘Fg 'BH‘B §?nt’ of the

appl i Cahg;m;pﬁgaaﬁlﬂ,h@.oiaomom«hﬁgrmnverter Descri pti on of the Preferred

Enbodi r16nt To f| rs% %th (fé ofkE: 1. there is shown a control system 10
[

oper at %"i'y THRREL pr ot ocol 20 converter 12 that, in turn,
conﬂ&ol@gmamﬁkdmsm%@“ﬁ%e%‘é’ many such FFUs such as, for exanple, up

to 32 fRLuwEASH MRS dfeie sthids thrbugh SARNEcopiaideehgqanwerter 14 i s al so used

for trol.ling a.numer jmay be many protocol converters
such as]'[]%lfeé{‘i‘)‘(‘f'd&"s 5'?1“%?&35?"5"“”%;%?1{;; Ertq‘ﬁ ’each protocol converter

cont r ol Higurep id2 flg ch@t of the main ooy, FFUs. The nunber of converters 12, 14 may be
any nunffe 1'6I@a)§sq,ﬂo&a{anﬁf<@ﬁmbﬂt c&am applicatibhpraddicrf@lthesyistredm 10 i S shown in nore

det ai | & Fi e.contt ! L@PRieCala user interface
20 PhatPfe ]ﬂg‘;i(‘f aéwf’??gopsﬁwf’ ???FE?O%%O%?% rmnlet oring and

cont r ol Higureglo6d) ispeiny chaﬂafmturm O}iﬂ‘e Wﬁl‘éatFFRBgc“‘%@é'ée @HYFE?’I ons include, but
are not limted to: error recording 22; a replaceable background | ayout

24; fan_ status nonitori "tree" display 28 of all the FFUs 30 under
controlr"’ﬁ“;f"’ﬂfiﬂ‘Tf6‘!°r"é"f‘él’ﬁ"d‘;]ig'f""’$1 S%r and/ or group; a full functional on-line
controITqmsgeundtrFmitﬂmmmgovfafam#’lﬁﬁml%@m‘lwéblcgnﬁ@*g&acﬁ&ﬁ??%‘l“ 32 for each

f anyg Ndipefk!ah e @SnMElontrSFIYS 18U1d. OTHIG meibe sy fukiBFUsaself 8y fogr oup; a tine
sw tch e%e?mplearllg tcfjl 3? Ii"o(l?aeg ac%;[w er rﬁr 011‘ sg’:g'ndf plmgtoc%i PJHQQQF?HS ﬁéogﬂé‘y fof O al |

controlling 2 number of FFUs. There may be many protocol converters such as protocol converters

12, 14, with each protocol converter controlling 1,2, 3, ......n FFUs. The number of converters

12, 14 may be any number up to, for example 32.

25
The control system 10 is shown in more detail in Figure 2. The control system 10 uses a graphical

user interface 20 that is used as the functional interface for the monitoring and controlling of many
functions of the FFUs. These functions inclnde, but are not limited to: emror recording 22; a
replaccable background layout 24; fan status monitoring 26; a “tree” display 28 of ail the FFUs
30 under control by building and/or fleor and/or group; a full functional on-line controlling and
monitoring of all FFUs 30; fan speed control 32 for each fan individually as well as by building
and/or floor and/or group; a time switch 36; and a broadcast control 34 for a broadcast signal to all
FFUs under the control of control system 10. The broadcast control 34 is useful when an event
occurs that requires the same change to be made to all FFUs simultaneously. For exatnple, start-up,

35  shut down, and fast shut down in the even of a fire or other event placing noxious fumes in the

room, and so forth.



FFUs under the control of control system 10. The broadcast control 34 is
useful when an event occurs that requires the same change to b greE! t2803
all FFUs simultaneously. For exanple, start-up, 35 shut down, and fast shut
down in the even of a fire or other event placing noxious funes in the
room and so forth. 28 0OC '003 The control system 10 nay operate through a
managenent system 41, and the server may use a database 42 and network
systeminterface 48. The control system 10 may al so use an integration

tool 44 and graphics display systgm46. The control system 10 exercises its
control of the FFUs over a network 50. The FFUs are each polled
continuously over the network so the control system 10 is aware of the

CUr r entThs takbiSystin Wach opdry titoughl d manpasment sYFi 4ot HEFersy BFRF 310 can al so
control . the.,o | i “Flghe Rérdc OB stdny 10t aBohs0kd infeprahi on and speed
of eacﬁlatla—lfffi42&?‘gltyfra’yé’¥k%gsstﬁ£mm§ﬁfcﬁgfoper at i 0?1 of t.dri\hg. control . fHQma renote

| ocat i depl 49and graphics displesydan #& The SOl sustem Y epqiaset | %“rlnoe? S gai n access

t 0 SEr VgL afQwird 50 UghFRUshiclcan@blled Behtinubiny cvamhsuttatk snthelenid &188 may be a

deskt o, COPULEL, c Pl AN SRIRVL ik RhOMNEA LD anldlh B0k cOTPUL T,

per sondf* t°,or any ot her conput at i on device. In the
bui | di nigs operationofleath EfS — primarifyi therpniof Einptiopjand spegd ot 5 EY  an Et hernet 58 is used
for 15 conmuni cation purposes. This may also allow the host conputer 56

and a printer 60 to he cgnnect to var Al &Qiccyagcted to the
Et her ndieusg SHWé%ﬂﬁf@@?@g??“%ﬁ%&aﬁéﬁﬁgﬁg%f g&rcs0 pué%o each. of which controls

a plour alei thiym@ 52 foquit awcess Bkerver4e fheovging fpvall iy Thrraptatigh dovist 8P from one up

4o a r%%&i&sﬁgﬂ, Xon@ﬁt&bpe&%ﬁb@o&npﬁt&? RApt8S confpitér, RS cBmpuEsk peryontitdisia rout ers 64.

Each router 64 controls a nunmber of protocol converters 12.; Again, there
may be ARty Rl AR empioRit &t s 12 fromone to 20 a relatively high number
such as, for exanple, sixty-four, for each router 64. The nunber of

routers G4 f,;{mm%g, LRRmSATE wikh hernibe locaéd, th eEtnaiay 68 tensed ¥&, or may he
different. To reéfe [

To r to Figures 4 an each o taLs 12 has a
DC-15C Powaypnicatipn pupesst  6iHS g‘f’? P'sg fn"’f"r en}g%ﬂef(’\lln 6 %:ng%n%@{tgilﬁd “t0 an 1/0 driver

serial chfkded Wihe @AEOINM Alss anaced toabe EIGmEIH mecti-g et &F 5 RtRor k port 74,
and g&?&%ﬁ%@%& chyaﬁ 2 GBS BF rofiBis BRYTHer b ben PnddbLRENuek pm 48, F| ash menory

80, , mcrocontroller. The m.c S0 doioi86 s the
pr oces 9P ing relafively bigh pumber seeh g% for 8EmRIS SP‘S&“ “C 8‘% rSrngoalr ? 9‘%&%& (%Ig%'!aﬁﬁE Fow, dat a

St Or age nadkl: FpRIBRlicantres 1 Afpinotibre mprabe aporumber oBepnres BT B SPel% s a
Singl &L Rfh QRATP R s, 1 a2 B R IRhckSBAM 642 Tabantbust, (w0
operating - States, I1near addr ess space, |opggﬂeera%%t bl ocks with on-chip
sel ect iresss 64imay berthe sarpe 3 G pprpter o hegonveriefd - '

To refer to Figures 4 and 5, each of the converters 12 has a DC-DC Power Converter 66, first

transceiver 68 connecting to an YO driver serial port 72, second transceiver 70 comnecting to a

25  network port 74, and a chipset 76. The chipset 76 may include a NEURON chip 78, Flash memory
80, ROM 82, SRAM 84, microconiroller 86.

The microcontroller 86 is the processing unit of the counverter 12 that controls the data flow, data
storage and communicates with external ports.

30
Preferably it is a single-chip microcomputer having an intemal SRAM, a data bus, two operating

states, linear address space, independent blocks with on-chip selections, interrupt control, and

timers.



OCT 2003 5 The converter 12 has programand data files so the node is
selected for the CPU node that has an address bus so the progz)gnb%j,n
directly access nenory in blocks. The hardware uses a first blo¢€k 2003
user's program area, and a second bl ock as system data area. 5 The internal
menory is an internal nenory such as, for exanple, SRAM for user's data.
Wen the EMC is cleared, the internal SRAM naybe split into two parts,
with the EPROM being | ocated at the first block, and the SRAM bei ng

| ocated at the second bl ock. The gystem boot-up routine, conmunication
functiqn, interrupt handl nd | i catil RS S0 occupy the
first TBF B@W“er,ﬁl\lziﬂgﬂf’ﬁag‘rﬁ“g‘ﬁaaﬂ?e s (f'ﬁ%g?det%gég‘%geg f(glﬁ%q%ari a%!lﬁgglas'%y use the
second abdresbus savhé wheraragn diresity dowss P@mprydeiecky The pardypecrissie dBUA Y prent  and

feat ur %SLS%&E’A Sirea A FERRIMAR By, dap@dat 0 store key data and system
configurations 1 f applicable. The NEURON chip 78 generally provides a
relatively I owcost control network, and may include all the functions

r equi I etle fnRmAGH Mo 6 a8 Mtbral aesSudhng, Gir matplaSRANMokosae dits | Biestheand generate
out puts;, 15 as 1]l a . Oyt RO bdtip JoctkBata St andar d

pr ot ocSMC ¥ AFBHy e%t%aﬁ\%%ﬁgﬁﬁﬁoﬁmkﬁﬂ%g{ a, Tﬁ% NEURON chi p 78 has
a nurrbelre, firgs bistle prikthe/ SRAM deinglogstel aitb ey blopk: pThe M BRIt es the user
appl i CabhRhicRton HindtbonS ek upd Sanbiyrs Gadpplithtion fghctonf) mpy altesoccdpy e fesent s, dri ving
SPI devi ces,  The cond CPU [ : iy encodi ng and
decodi r‘?b"‘lf‘h@l W@‘%’Eé%%%ﬁ%%%s it a%}e?‘gtLﬁ%&p%ég\%gﬁoglg%ﬁ%%}ﬁ?%ﬁchi p controls
t helonetrasewdd foopmamderadapimen apleature fiagtiopsh i FERROM may b dsed istorg k¥ e ves t he
packet S, hfa stsBmRb@EeERRN Vapticii1gl € NEURON chip with on-chip nenory,
programabl e 1/0 pins, and two 25 tinmér/counters for frequency and tiner
1/0 network comruni cation port The Menory Map has |inear space for both
on- chi The!NEURON edp Ereneradlip propides g redatiyelxivepst panbelingfrorky fod mayjifeludey ;s ang

addr es §; BYfindiBhs ekt \Rhuird B bess ARrmTRE, infieQbdisadns, EEREGMEcoai NS net wor k
configurations and addr e;iﬁgi%%'i nf.or tJ AN, NEURON gmdg er?L@”in fication code
and S EEPRIRN ST EropepRe e ar BRI Ws 88 P81 “Uider  pr ogr am code or read- nostly
data. hétwbrkmpdief erred that the EEPROMis not used for user data storage.
The internal SRAMis preferably for user's data, which default |ocation nmay

al so be used to store 35 system datg, . Stack n plication
dat a. TheNEYRON dipy8 b 2Ebe; of fe;a)g‘l?‘tncl ﬁﬂ’ééﬁg@fg?nuﬁ%g%ﬂ% routine,

C OMMUN in@A triphdatidnipnegtaimonch a9 by taptaling YOritogts, tipp events, driving SPI devices. The
20  second CPU controls the protocol, properly encoding and decoding the message to be sent over the

network. The third chip controls the network communication port that physically sends and

receives the packets.

It is preferably a single NEURON chip with on-chip memory, programmable I/O pins, and two

25  timer/counters for frequency and timer IO network communication port

The Memory Map has linear space for both on-chip utilities and user program, which provide full
data bus and address bus for external memory.

30 The internal EEPROM contains network configurations and addressing information, NEURON
chip identification code and EEPROM. The EEPROM can be used for user program code or read-
mostly data. Itis preferred that the EEPROM is not used for user data storage.

The internal SRAM is preferably for user’s data, which default location may also be used to store

35  system data, stack segments, and application data.



handl ers and all 1/0 drivers. The user application program external nenory
space can be occupi ed by conbinations of RAM PROM EPROM EEBRDM)gmd2p03
Fl ash menory. In the converter, this area is preferably used for
application programand constant data only. This allows two choi ces of
transcei ver on the conmunication board, including free topol ogy

transcei ver, and non-isolation transceiver. Both transceivers are supported
by interoperable 10 physical channel criteria. 15 20 In this way, the
converters 12 can receive information and commands relating to the FFUs in
a protocol unacceptable to,the FEUs in prot : . to the FFUs
covert %ﬁ@%ﬂﬁﬁh‘%gﬂ}‘ ? YEGP booE clglgl#%’bcmé’m?%c%aﬁgwﬁtﬁoﬁfsna&gﬁgtug%ﬁg themto the
FFUs. Siatielsand afi lionfieersrat i on from t he FFUs can be received by the converters
12, converted to a protocol acceptable to one or nore of the server 40,
host conputer 56, and sub-servers/ netvvogk ad&ﬂ,ersbﬁzmn and.send it to
them Ade ugcinplication PrprPR e¥eppl BEMOT, R3FSFBT &t BEP cPRBTs P Miiagenent and

r epar t ipRGMS ¥BREV) EEPROMANE Fiesh etembrg. Fi tyucosen@, thip artis prefeesblyaredd@int r ol pr ot ocol
converter. 12 is a ar}p'dcornsqpr%g)%eo or-based controller. It is able to [ink up
to 31 PRI FEFMEHEE CT 2003 The fan control protocol converter 12
consi sts of node object and 31 FFI _ controller objects. Each object

consi stygisQliowd 96 tehdides Bt eHeKerVaar tha bingsmicabn seid, iimydiag dresTopologyr i ng FFU
speed and status. 10 Object stat ; : eed, target
speed IAFCHEKi ﬁ?"é'fi’éag?ﬂl, e |%°3h Er?"géréﬁ% gﬁusg a{t%is?ﬁg%t?lt%#errggr ating factor;
andiof aphaiddriess] crifdi@ node object is used for comunicating wth the node
and its objects. The object. request input network variable is used to
request a partjcular mpde for. a .15 particul a } ikt 0 .a node,

i ncl udidhgisasy A comFpgn {8 feéf'tfsm%ﬂ'&t'&eaﬁérc mmﬂaﬁﬁsskra%ggé glg?:giggt ﬂs? tatus out put
net wor lprottaslinalodepratilesto the BENstimproteqobimpcceriable 4 tha KFY's payert ey intogipedaceli n 3 node.
The val chpt;b%qgﬁeﬁﬁjsﬁgyseyﬁh&gommg defined limts. 20 The nmanufacturer
defi ned network variabl e i nput network variable is used to broadcast
conitands to all FFUs. The valid range for all fields is any value within
def i neimkijang hrmalidvefromethecUs Fap ba s ky haronyentre 12 canpiited RSPRR! vari abl e
provi dg‘?car}ﬁ%.t@% UBhorE Sthels@itr 48 RREmplirS6,\4d dublsdn@@ierwiok atpteRion,

manuf a(::x;[ld sl':el?g itsto fbggc IJISI s%((:j};[, Ith%n glilzgn eailsléorJor%{ed %)ftg %l 1%1’1 m%nagement and

reporiing system.

20
To now refer to Figures 8 to 10, the fan control protocol converter 12 is a microprocessor-based

controller. 1t is able to link up to 31 fan filter units.



“interVal 18t

25 65535 rpnl, and is preferably with 1 rpmresolution. The target speed
i nput network variable receives value to control the fan speed.Zﬂ%eSCT 2003
manuf act urer defined network variable is used to provide the operational
status of the FFU. It provides the ability to determne internal alarm
conditions in the FFU such as 30 high tenperature, |ocked notor, internal
communi cation error, thermal overload of electronics heat sink overl oad,
communi cation error between the fan gontrol protocol converter and the
FFI J, gan not operating, thermal overload of notor, hall failure, seized
notor,” and so forth. 15 The reset fan input network variable resets fan
filter unThe &ntdoatiol Préioan cCiNeferClR 269i8ts Bf nbhe olﬁj&fctilaﬁﬂ] gl a@tlbﬁomft@ﬂérabl e sets
the rating.factor qf the fan.filter unit that_influences the :gperation
Lar get  vaTEs o Eaph @b prThar st pRepitG rebion or SorggaN meHEeTREER fum speed
vari abl e getdantibatugaxi mum speed at. which the FFU will he required to run,
The valid range is within manufacturer's specifications such as, for
exanpl e, 0-65535 rpm preferably with 1 rpmresolution. The fan. address
out puto nebwyedt tandrregubitSuoRty hdle:s spdag, el Posl Ml ridkeminrbpeed;n@sertarlei d r ange
is 1-31. If %ge address is, ijt nggﬂ? the FFU | s nqt Ljnked to_a fan
contr ol p#%t oftuse St fape g PgfCESY o hbﬁ@%%P-@“i@‘ﬁ &t o provide
physi cal doa@inicating wittothéBdde @id @f objdcke fan filter unit. 15 Wth reference to
Figures 7 to 10 the software design is a foreground, background type of
architecture, with a main |oop that executes the driver and application
code repeHrieestistt reqhbi® igHIP hitGaiki AMiablOde uked 10rquRstSE ParBula HddRIBr BBChIi Nne with
4 states: CH\%glg DATA. STR .V‘AI T INTEEVA# SEND ND GET_RESPONSE The
RBETPIEH WHRA dQofes Ingiuding perpat JP{afrs AR e g B8t | T may be, for
exanple, in 25 the range 1 to | Oris, preferably 4ns, The interval for
t he FFU pﬁ§r§sgonse is set at 50 ..Squin an receiving Ehe_data to/ from
t he FFUs COLFY T8 BRU RPPATKAYAFIRRC SaiPhle FRATETT SpEs fE Ay rRE Bt i ne.
Per i odi calolly, TiRwakd AfgeY eiywame sGR N neddmigf f- 11 ne FFU is checked to see if
it has cone on-line.

20 The manufacturer defined network variable input network variable is used to broadcast

commands to all FFUs. The valid range for all fields is any value within defined limits.

The mandatory network variable output network variable provides the actual FFU fan
speed. The valid range is within manufacturer’s specifications such as, for example, (-
25 65535 rpm, and is preferably with 1 rpm resolution. The target speed input network

variable receives value to control the fan speed.

The manufacturer defined network variable is used to provide the operational status of the
FFU. It provides the ability to determine internal alarm conditions in the FFU such as
30 high temperature, locked motor, intemal communication error, thermal overload of
electronics heat sink overload, communication error between the fan control protocol
converter and the FFU, fan not operating, thermal overload of motor, hall failure, seized

motor, and so forth.

35  The reset fan .input network variable resets fan filter unit either OFF or ON



30 The major variables used in the application are: Nane of variable Type
and Description PC() Dynam c Array of Protocol Converter obj ect%O @UTnémsed
from1l) PC Area() Dynamic Array of User-defined Type, Protocol nvert er
Area (indexed from 1) Col PCUnAssi gned Col | ecti on object containing
references to Protocol Converter objects ColFFIt Coll ection object
containing references to button objects 2a OCT 2103 Col Not Set Pool

ColSet Pool 9 Col |l ection object contaigning references to Protocol Converter

obj ect obj e cont ai nin ref ces. .to Protaoc verter

Ob) eotD Pl $i5ie, Rbrop ShRte RGO el of T HE st i Gt g pet e

Converter o;(erdﬂﬁh Yargddjvelat sf the Eac thEGra(ﬁngﬁ@E i e py ement $h@iﬂ@u§ﬁﬁts@é‘dd| I ™
converter e e of .the arra et se tile. e
i nfor mat i B"’ﬁ’aglﬁtsfirtf a‘ml‘xruB'r‘ﬂ’tsﬁeéd gf"’b Adbe ﬁé‘gné”glﬁg%ﬁeéﬂlr% tPH“‘lO%E‘ ¥in the Iog
file. ThErahghfﬁn‘lmanmahuTadhﬁg'J speRifivhtidns h@cH @St @ Eftainple! D535 $png Mt ch. For
t hose devic do not . have a record in the log file, they will be added
to the cdF ﬁ%’éﬁ E‘Jesc?!ﬂ‘f”éctr on, The software can track which converters

requi ree nanrpulatron duo to user action 15 Initially, all converter
referencef ntained in the i,gned col | ctron ut once the user

ss
assigns a @%‘i‘/%@%@?%@ Hﬁwa’iké’é“abhma VigeS A ?S' thedfLr e alifiPrzche renoved

and addedis 1t11. t fehc ddr@ctid 0Nt Mfark iR PRU tid ot IRlke@ULA farl bdhBWI Si8iochlf the user
shoul d deci de to_Frermf:{e %‘ﬂog,p converter froman area, then its reference

will be reHTEH ERery 15 gpadde proyide ahr:rwa'aéaﬁrean prgermation tfassi gned.
35 35 40 the fan filter unit.

o 15

' ) With reference to Figures 7 to 10 the software design is a foreground, background type of
architecture, with a main loop that executes the driver and application code repeatedly.
The application code is organised as a state machine with 4 states:
CHECK_DATA_STRUCT

20  WAIT INTERVAL
SEND_COMMAND
GET_RESPONSE

The interval between commands is dictated by the bus protocol. It may be, for example, in

25  the range 1 to 10ms, preferably 4ms. The interval for the FFU to response is set at 50ms.

o ) Sending and receiving the data to/from the FFUs is carried out within the serial interrupt
service routine. Periodically, such as every 5 seconds, an off-line FFU is checked to see if
it has come on-line.

30

The major variables used in the application are:-

Name of variable Type and Description

PC() Dynamic Array of Protocol Converter objects. (indexed
from1)

PC Area() Dynamic Array of User-defined Type, Protocol Converter
Area (indexed from 1)

ColPCUnAssigned Collection object containing references to Protocol Converter
objects

ColFFU Collection object containing references to button objects




The converter contains the several attributes and nethods. including: nane
- This stores the device's nane caption - This is the nunber sh@wh ODT tA083
converter's button area - Indicates the particular converter has been
assigned to which area. array This is the index array where the particul ar
converter's reference is stored. button - Contains a reference to the
command button representing the converter, node - Contains a reference to
the node in the tree for the convert%r Each FI-'U class has the several

attri but Fan—ndex Uni-gge--nunbher assiaogned-to-each FFELL for
sorting )SP‘&S’;S&?&OLF i me Switch %ﬁé@f’@ﬂ\aﬁﬁﬁfﬁmt‘%‘gg fkseioes toiogeFConverter
i o il S

time- sw teh—epnabl-ed—Fan—Or—L Set—to True whenever an FE1J cones
onl i ne. —Q ISEPPYr - | ndi cat es MQFW@P Oiffd contginipg refergngey to\Pratoge! Gonverser
Vi si bl e Lndicates whether the roh}.??;ﬁnri button for the FFU is . . .visible]l Ad
St at us® - Keeps the previ ous status value. Actual Speed - Holds reference to
net wor k varj abl e "Actual Speed" Target Speed - Hol ds ref”erence to network
vari abl e 'P%)r et Sﬁeedmay R FEEEEEeS to ﬁq@toa@ Gaapertes {CRC™) @biseiswor k

vari abl e Eqhthnabieshaenpgsents ongaproipel sgnvertplo| The sizsfef tenereaytip defemviendk var i abl e
"Max S ee fom thasatabgse filepohgdnioanation wheined et the drtakase isaomparegtarithst at us”

Fan Atftr e¥ thgse.in o lgg filee (The dnferanation mdemBlervill e irestsired if there indamatobsFor Reset Fan
- | | ol dsthpsst Svisse éhat glornat By 2 viarran dhe' Resfile, thaywill begadded 0008 10 For
each Prot eftUessgesdicalectiher e are many FFU status network variables to he

noni tored These var| ables will ort the status of each FFU, and an event
will g&] 1 tigek which Wcrgv Esgpiep fapipuiptioph épe Je userhedtien.y al ues
chang lé‘s sy éﬂl\ﬁBP‘[@”?arFfe%F“ésa’ft gined anpthe anasvigned opliestions peeence g al | FFUs

are set tGer dSEBY ] copyerion ty @ aEw@p thF‘bf’rﬁm"er‘At s fefrsense il be yemovedpadfaddedst at us f or
all FFUs ®ithq cog%sr tigp 5 the @ertlgt}lgrﬁrear éﬁl@wqenlé the user should decide to remove the

converter om an area, then its reference will be removed from that area’s collection and

added to the unassigned.
20
The converter contains the several attributes and methods, including:
name - This stores the device’s name
caption - This is the number shown on the converter’s button
area - Indicates the particular converter has been assigned to which
25 area.
array - This is the index array where the particular converter’s
reference is stored.
button - Contains a reference to the command button representing the
converter,
30 node - Contains a reference to the node in the tree for the converter.
Each FFU class has the several attributes including;
' ) Fan Index : - Unique number assigned to each FFU, for
35 sorting purposes.
Time Switch Enabled -  Indicates whether the FFU is time-switch enabled.
Fan On Line - Set to True whenever an FFU comes online.
Fan Error - Indicates whether the FFU is faulty
Fan Button Visible - Indicates whether the command button for the FFU is
40 visible.
Old Status - Keeps the previous status value.
Actual Speed - Holds reference to network variable “Actual Speed”.
Target Speed - Holds reference to network variable “Target Speed”.
Rating Factor - Holds reference to network variable “Rating Factor”.
45 Max Speed - Holds reference to network variable “Max Speed”.
Status - Holds reference to network variable “Fan Status”,
Fan Address - Holds reference to network variable “Fan Address”.

Reset Fan - Holds reference to network variable “Reéset Fan”.



by exception” and will be polled by explicitly reading them The rest of
the network variables are read using the explicit read and writ gebl&c?d?

15 Anot her event used is the on attachnent event, This will provi 003
f eedback whenever a converter is connected to or disconnected from the
network. The program starts execution and will gathers all the
configuration information. It will then pronpt the user to login. Once the
user has | ogged in. ’70 There i s dispjayed a progress bar dial og box to

d t h d t f. th
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d rt fr.
ggtgn\élmst?gh afﬁq f flgﬁtpv 8”%%? Sreer SPR er?ﬁ {fi‘t(ﬁ‘i?glam/w“ S-all possible

res
t | OCT 2003 ..Fil A converter used
Pﬁr glrjrf%plp‘grroz i ev Sectés j OPJaﬁEﬁg Erg i PErh o Uk I?r?)‘ﬁ%qn&’ﬁ‘#’la‘fl%“'het“ﬁeer Eonverter
bei ng used {0 6”58?1‘\'/“3??(? g° %‘rs°g°ﬁ iy |Pt§’t° rotocol to signals of a
ond prQtocol con nc i.rst.trapsceive second
f?;nscepvﬁ] pr%g_ll' spart Pe?c‘: wnk ud Iaﬂgt}q 8?“@3?1?1 Ilalngiﬁlin?}'io\{l ft w1ﬂ
mcr ontro omp lffert qggia 8W5 9 nconverter as claimed in claim
110 r| ver serr al

O, wherer thed‘ LSty transceiver. | for co ing to on
t e 15 dis a ad f’l plo Y Fllaog tod (ﬁ(ﬁlg 0 art.
(F:)g:]verte(r]ig}g Sasz{?n %ISZV% %(%h:‘{ ﬁisffor?) #?eg‘iftrﬁ %1’?‘[{}% Tgﬁgﬁtgﬁﬁ %%"eg NEURO\I
chip. A CORvVEr Vi 11 =0 B = 0) VA1)~ St ) ol %1ms 1to 3, vvherernthe at

LF:SL 2506 WRIPL 0? 1501513%%%0% hn@g&ethe Eflfmeecs:[welgh fﬁlin% 1on. iﬂgr &ulp theoprll'gglrgrgll ng of.
MENR¥to s%elgera e the 1dsér and events.

Whilst there has been described in the foregoing description a preferred embodiment of
the present invention, it will be understood by those skilled in the technology that many

30 variations in details of design, construction or operation may be made without departing
from the present invention.

The present invention extends to all features disclosed both individually, and in all
possible permutations and combinations.
35



A converter as clained in any one of clains 1 to 4, wherein the
mcrocontroller is for controlling data flow, data storage, and g OCT 2003
conmmuni cation with external ports. A converter as clained in any one of
claims 1 to 5 wherein the mcrocontroller is a single 20 chip
m croconput er having an internal SRAM a data bus, two operating states,
| i near address space, independent bl ocks with on-chip sel ections,
interrupt control, and tiners. 7. A converter as clained in claimS3,
wherein the NEURON chip includes ofje or nore functions required to acquire
and pr Q@eéﬁ. i nfformation, nmake decisi ons, generate outputs, and 25
propagat e -é88trol information. A converter as claimed in claim3 or claim
7, wherein the NEURON Ghh RpdaRfl Whl @Snrdiling?builiad fuhotion wiils Of€&smieReg UNi ts on
chip. 30 9. ,AnERRY R ety Sehald Skt pratdedl siEnalddTarseiofid profoéol,sie processi ng
uni ts execut @envéreH $RIudiAP R Ifirse ahris@ver, prsegidmnsenal mdl schiptd; parkiset ti me events,
and dri ver s ioRlingleshipC £sicrbEntrolierc o wideabtene m@nogl ai med in claim 8 or claim9,
wherein a second processing unit controls a conversion protocol, and
encode2. and Adeswdess dupebigelsim 3Fheren thafisgrpeeivess rcoprdpsied?i® any one of
cl a{ons 8 t 0 diGr seritl perbp the secRRdTENSHEYSE IS &% PIIBFOUNSITR A REBREPBTs  a comuni cati on
part?, 12. A converter as. clainmed in any .ope of. clai .1o 11, where in the
first dnd sACORETer AR e | ghelaing. gé@?@%fhépds?@n@%?pée group consi sting
of the 4t OpO:AOL%sz%iEfc %gédvif Loy 32119 P 1o 3, SBLrah 0% HLRRSHERNES ode3_ Appar at us
0

for control [1nhg. diind G EnQRRL ot sk Semdrf) ROBRASIAMIS 1'ncluding a
confsrol system controlling thé operation of a plurality of building

functignal Wndeherterak claR@8 tn S @nODF didies 4% fHuwHedinnly hignodnirdikals fomi t oper ati ng
on a first pénabiaglta\iibw,dath Reage cln@toninmgicdtion With emigmilpertst | onal  units operating
and second protocol, the apparatus further including at |east one server,
and - at6. | eagtcommer gnyiajesd i pry 2ngofiaims 1o favhesin thegpigrenopoliey 53 ¥l s of t he
fir2t protoekip W@C?mteééﬁaﬁ%p?‘gﬁﬁé%ﬂtérf'dtafl?r"t%r?i"‘f m:“ége By “BPot ocol to the
first proto@¥res pae.duigpspdsnibioeks wgh pr-gp selodipns ntergptoafen & € at least one
of the_ building functiongls Wil s wieRinltle NAORON AhiSncd@ReCéi FGfdrd N Cl ai m 13,
wher ei A" t he gati hEashredi g S AN caS infcHnAibn, Hlald diBions, glneARYGUGRE a@f Cl ai MB 1 to
12.55 propagate control information.

8. A converter as claimed in claim 3 or claim 7, wherein the NEURON chip includes 2
plurality of processing units on chip.

30 9. A converter as claimed in claim 8, wherein a first processing unit executes a user application
program, controls I/O parts, time events, and drivers SPI devices.

10. A converter as claimed in claim § or claim 9, wherein a second processing unit controls a
conversion protocol, and encodes and decodes messages.

35
11. A converter as claimed in any one of claims 8 to 10, wherein a third processing unit controls

a communication part.

12. A converter as claimed in any one of claims 1 to 11, where in the first and second
- 40 transceivers are selected from a free group consisting of: the topology transceiver and a non-
isolation transceiver.

13. Apparatus for controlling building functional units, the apparatus including a control system
for controlling the operation of a plurality of building functional units, at least one of the
45 building functional unit operating on a first protocol with the remaining building functional
units operating and second protocol, the apparatus further including at least one server; and
at feast one converter



15. Apparatus as clained in claiml13 or claim14, wherein the at | east one
of the building functional units is a plurality of fan filter uhigt€CT18003
Apparatus as clained in any one of clains 13 to 15, wherein the control
system has renpote access to the server. 17. A nmethod for controlling
bui l ding functional units by use of a control systemfor 15 controlling
the operation of a plurality of building functional units, at |east one of
the building functional unit operating on a first protocol with the

erm 0 Pt 0l 0 1 o of'rtoatut D900, Secand, praforel | the
0d 1 ncl ua e% cF roto ?0 the%?% oc l oena he 8th1 S)Fn?etnhto con‘mg tlgsle% als o
E an e secon rotocol to

the first prot oLQ
%8ntro| systen1to control the at | east

the first prot%fi‘sglomfc'ft né@ﬁ@gﬁﬁg 1%
f_.th b Id f ti I 17,

whor aih R at AP éﬁﬁmf&%{wgﬁ%.ﬁ el Ry ORC B ai m | fo

12. 19. A neth@&nﬁgne fon Cla|n117 or cIa|n118 wherein the at | east

one of th bui, | di qctl nal, un r1 qﬁ e| units.
200 A et o sl %ﬁf mpg';;ﬁg A e e e #f BFe cont ol

syste has re Rﬁé‘FﬁACT NETHCD AND APPARATUS

FOR T OF .BUI L FUNCT| S f t
Gignal s ol a f PPEYE SCHIRE b ol o] Qe 13 € Lot BE GEBIS HHEn conver t er
i ncluding a f|$§fm? %ﬁ§%é '%? “¥second transceiver, and a chipset:; the

I(;Ihlggfet 1 7nC| ugl ne%lo% fC opltml?ngnb fdmg%t rtlglllah %xrn’ts baynu%e %}‘ a lcgn%r%} sy%{%% ﬁg? mory.
& controlling the operation of a plurality of building functional units, at least one of
the building functional unit operating on a first protocol with the remaining
building functional units operating and second protocol , the method including
using at least one converter for converting signals of the first protocol to the
second protocol, and from the second protocol to the first protocol to enable the
20 control system 1o control the at least one of the building functional units.

18. A method as claimed in claim 17, wherein the at least one converter is as claimed
in any one of claims 1 to 12,

25 19. A method as claimed in claim 17 or claim 18, wherein the at least one of the
building functional units is a plurality of fan filter units.

20. A method as claimed in any one of claims 17 to 19, wherein the control system
has remote access to the server.





