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 refers

particul arly, though not exclusively, to a nmethod and apparatus for the
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 | yehy SRl JAHIGTsHorsHENCERHEpIRKDe control led by a

conput er system I's conmputer systemis operated separately to the other
systens operating w t BUALPING BINGCHONALYNES as, for exanple, security,

i ghting, elevator, heating, ventilation, air 15 conditioning, fire
detection and fire extinguishing. This can cause significant problens as
the PAgEofibaInAYner ating in a nanner inconsistent with other building

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

i ndepepde n;ra%img,e @%g@{,ﬂmaxsivﬁgﬂaamoé 5:AGhaRRS foRlhe LAHGOISARR fb™e. Al so, it

IS not possi e FFLIS to be controlled renotely, especially
renotefys-fromthe building in which they are installed. 20 It is therefore
the principal object of the present invention to provide a nethod and

apparaétclksgf;g%ﬁtf.{}g“f&gntrol of building functional elenents such as, for

exanpl € %N unl ts. Summary of the Invention 25 Wih the above and
U

ot Her Asbicesattfan filier writy(GFRUSD ayspeed dnipduptria) Ex¥ities whise gamqB & 16 EGnT®r t er used in an
appar akaipief Qdan GRMAL ik inithGemi-iohdlttirgnabuiihonalstry Biolethnolbdyecsepmver t er bei ng
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FFUs may be operating in a manner inconsistent with other building functions. This may be due to
the building operator having to independently control many separate functions at the same time.
Also, it is not possible for the FFUs to be controlled remotely, 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



is for connecting to a network port; and the chip may be a NEURON chip. The
at | east one nenory nmay be one or nore selected fromthe group consistin
of: flash menory, 35 ROM and SRAM and the microcontrol | er mad &d Gl il
controlling data flow, data storage, and conmunication with external ports.
Preferably, the mcrocontroller is a single chip mcroconputer r8 OCT 2003
having an internal SRAM a data bus, two operating states, |inear address
space, independent blocks with on-chip selections, interrupt control, and
timers. The NEURON chip may includg one or nore functions required to

acquire, and proce i.nformation, ke deci.sion r Quf puts, and
propagaf‘%’“é&‘gwe&a?mh&ﬁgﬁ Y é}’af%n% Stlgtgscplﬁearead%rgssgﬁ%%rg’aﬂe v o% processi ng
uni t's oblockhivith onAbly selertioge oeesrhygt congolf 4nd merpr ocessi ng unit executes a user
application program controls 110 parts, tine events, and drivers SPI

devi ces; a second processing unit controls g gonver sion %r ot ocol, and
encodes ThenEVRR $hiz PaYsEadpissone frdnog fFeR FABERdE i 38 AR Po&Shtrol s a
COMBINI Bfbkrhafith, PeMeldecisiobs, gdneratt buymits, &t propeaowrd nfmsdien; weimayimipdbe sel ect ed

froma group,g @%%gfs&ig 09sQh-cnif. ARRRUOMMy, Al HRDREELNEm AltkeSa BRN-1 SOl at i On

transcef Ver. eSent 1 nvention al so provides apparatus for controlling
bui | di napplicatraprogmaey cofreistl parts; me qusnts, apsiirixgry 1 [dpNiqes; ASTEPIPTEEHRE ol system for
cont 1 ol JuyitREhtrb i & coR PP o oRidolCrd ehcqtled ndlidcbags Bdssas] dnd b Miiyd processingoital  uni ts, at

| east one of the building functional unit operating on a first protocol
with th‘é’““‘ﬁ%‘r’?ﬁ’f"ﬂ'f“ﬁﬁ“"ﬂﬁ?'?di ng functional units operating on a second
protcol , the apparatus further including at |east one server; and at

| east OfiR GAMMELIEHA FPLccGQN YR bk RPeckid GRval § oahip tcbisfidgr & a pépelogcol to the
second protocol, and fromthe second protocol to the first protocol, to

enabl e TREEEAGBIOEPYBFFEEYD0 control the at |east one of the building
functional units The at |east one converter is preferably as described

above; ARGdlf iRintbEaRe pRVBesOlppiii® B kdrttbilg bliMAE bl whiti,lBe | S a
plurality of fan filter unit
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at least one server; and 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 control system to

20 control the at least one of the building functional units.

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.



| east one of the building functional unit operating on a first protocol
wi.th the remaining building functional units operating on a sezcond
protocol, the nethod including using at |east one converter f&rOCT 2003
converting signals of the first protocol to the second protocol, and from
the second protocol to the first protocol to enable the control systemto
control the at |east one of the building functional wunits. The at | east
one converter nay be as described above; and the at |east one of the
buil ding functional 35 units is aplurality of fan filter units. The
control stem have renote access to the server. 2 8 OC T 2003

Descri pPF%r'P“S? Irg wm?]gs In order that the invention may be fully understood
and r eabhiokdgr thay the jinventorppayce fidly poderiped-and geprly eutgrﬁ‘aprrctm%ﬁfrc‘d%moséé ri bed by way

of non- [jwiel@dcied bf %Wlnen mﬁﬂaﬁveaexaﬁ;w‘ By Efefarc eflboariht @thetpheenpr esent

i nvention, the description w.th ref ere cOpRanyi ng
i || ust r &Yt %%Wﬁ@gge"igﬁ“ eé‘f’rlge 10 e prcompany nlﬁ’% alt% %W?nﬁgﬁi ration of a
typi c£al Flgnyést1em1ll|st:ra1:gn6ﬂa@ppaleﬁemusmmmtsrmm_\’enﬁ‘rngure 2 is a schematic view of
the ovepghl, sy ahaMAGNIMEGHISHiaus | S a detailed schematic
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illustration o renote contr system sing the es nventi on;

Fi gur e Pigys3 ina defalledsphematisdlfustpion of pregeR “H‘F %’I“S‘ﬁ”tag?r 'gmiv%m%r ’syst em bl ock
di agranh@i‘reilhesyaaﬂwﬁ)ﬂlblockliﬁgr&,gure 6 is a bl ock di agram of the

mi cropr CeS 5}19:“ L Stiod Igfmo}“]é,kystratr on of the states through which a
comran ssa passes, ure I's an illustration of the various states
of wfaﬁmﬁmebloﬁmmﬁwle%m%ma flow chart of the main |oop; Figure 10

(a) is ﬂg&éﬂ%ﬁiﬂ@ﬁa&mﬁfﬁﬁg&ﬂt&ﬁ@&h&hﬂéoﬁxhﬂxﬁp@gdpaaésr on procedure for the

convert I &Nagt of a second part of the
app! i caf%%slb‘f“df&“gﬁaﬁ'?'e°]f%o&”%° S§“&“6‘r’1‘f?§?9‘¥ﬁér and Figure 10 (c) is a flow chart
of a t Hiigut Qias lowhart dighe maivlidopiat | on procedure for the converter. Description

of the IPMJ ﬁr(:{ ﬁqmlofm&p%fiﬂeﬁﬁﬂmaﬁﬁﬂﬁdcdﬁfefﬁlﬂgltblﬁreﬂer, there is shown a
control m. 1 era ively er: a@0 _CONverter 12
2b) 183 fv I‘ Tg 0 ap%ﬁc%tmﬁ glfokerdﬁrg BJP e E&G&J ar%

that’ iF many such FFUs such as,
f or exlagupdl@(c)upﬂmcmOf@hﬂfha@hfWQ?tPEPYO%Qne%’@%‘E’B ®pr ot ocol converter
14 is also used for controlling a nunber of FFUs. There nmay be nany

protocaol converters suc rotocol converters 12, 14, with each protocol
conver tREePYe Y ek i’ﬂﬂ"“f%"g"’d ....... n FFUs. The nunber of converters

To first consider Figure 1, there is shown a control system 10 operatively connected a first protocol

20  converter 12 that, in turn, controls FFUs 16, 18. There may be many such FFUs such as, for
example, up to 32 for each converter 12. A second protocol converter 14 is also used for
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.



12, 14 may be any nunber up to, for exanple 32. 25 The control system 10 is
shomn in nore detail in Figure 2. The control systens 10 uses a2d}dﬂﬁfaﬁﬂ3
user interface 20 that is used as the functional interface for the
nmonitoring and controlling of many functions of the FFUs. These functions
i nclude, but are not limted to: error recording 22; a replaceable
background | ayout 24; fan status nonitoring 26; a "tree" display 28 of al
the FFUs 30 under control by building and/or floor and/or group; a ful
functional on-line controlling ang nonitoring of all FFUs 30; fan speed
control 32 for each fan individually as well as by building and/or floor
and/or group; atinme swtch 36; and a broadcast control 34 fir a broadcast
SlgnaJ'm@c@hmswﬁﬁumrmmdsmm¢m3m£0ﬂmmaﬁmﬁmS%@mﬁﬁdmdgyéﬁﬁﬁfﬂb“eThe br oadcast

control | gg@nph Qfbi s‘aen;haﬁ aR6| Lk e htefrabn same change to
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be madé taneously. For e shut down,
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operate throu 4l TGt S sSRMY 6 aBYonkie a dat abase
42 and ! ﬂé*t%ﬁ"gptgilcé‘fré% it er ate éfgm %Se cont r olglys ﬁztem 10 may al so use an

i nt egralielopmt:ond@chﬁmamnﬁbakﬂﬁﬂégﬁﬂﬁyﬁﬁwpeﬁ Jefie The control system 10
exercises its control of the FFUs over a network 50. The FFUs are each

pol I ed continuously over, the n rk 0 e usel0 1S awar e of
t he curFiearss sk thg gpegionof d °T—’f—’ﬂe% F'P&%béah& %'ﬂ}é]&g%ﬁlt??o {fyugt em 10 can al so

CONfor Olthe Hitbraet SP@IEaih hess fsersardh thEmeh pHfireypl S Vh"tqﬁl’ép%‘ﬁ'f"b‘l‘ef”"? M&¥i on and speed

., of each ERUL FLOHEE RreSiPYnphBe BB Ecttiphte nottbodk Remen tpersdnalfdigiah a r enot e
| ocat i g)ﬁ %dggr?g]lgta I?e(r)sﬁ de pce 38 uses 10 the Internet 52 to gain access

to ser \SiaBoPr AN G RmEREIP} 54. The conputation device 38 may be a
desktop conputer, personal corrputer | apt op conput er, notebook conputer,

per songl i ij ,ﬁ% r %ﬁﬁﬁngst %ﬂtvhlcprmeamUsO&h%at&prmmﬂ&weoas Geviecdor | n t he
bui | di ng or d

Ings I'n which t FUs are heg.net 58 is used
foris 150@9WW6’3{!’P56§1 Bt P gl al?’ﬁ‘g Hsﬂ 'é%r %Ia%'g\% q"ﬁ@ E%st conputer 56
and a RbinBkddko HOsciver 402 ABOrMBTIES b tha(ﬁﬂ!ehlet 5§ére\ﬁlé?rsenfe‘3 oregrkAdwKECct ed to the
Et her n%% 5%0 \flﬁchsc%oﬁglbm%ﬁé o@fout@r@%ﬂ\ofhkre aePRtaBy Rumb&df roéas fowbnewhi ch control s

a plurali 0 . There " fromone up
to a re‘PH’tqr@MV?Yh'B'gW“ﬁﬂﬁfféFs %Wﬁg S"‘P’o eee%é‘gm%b% afl t&%ﬁ,\% routers 64.

Each r quufiber ¢prot@alicomvbrirs 12 Agaivbbere oy perant we’bﬂ OEQPHYFQP“? fom@ete Again, there
ma'y20be 23 oHtivE ly”ﬂﬁﬁrnmglier glgﬂ\égrf&ree&énpiez sifct@-@cfﬂ, Qht€eadhOrouter 64. The number of

routers.64 may be the same as the number of the converters 12, or may be different.

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.



20 a relatively high nunber such as, for exanple, sixty-four, for each
router 64. The nunber of routers 64 may be the sane as the nugté b 3f ﬁ)dzi
converters 12, or may he different. To refer to Figures 4 and & h2

the converters 12 has a DC-DC Power Converter 66, first transceiver
connecting to an 1/0 driver serial port 72, second transceiver 70
connecting to a 25 network port 74, and a chi pset 76. The chipset 76 may

i nclude a NEURON chip 78, Flash nenory 80, ROM 82, SRAM 84,

m crocontroller 86. The microcontioller 86 is the processing unit of the
converter 12 th contr ol f r ommuni cat es
Wi th ex?‘&f"?‘?éqmrplgﬁ‘??mg?ﬁl daliaereafﬂaﬁe m?Jeﬁ’Vyelecqegltfﬂ e gn?ogg%éggoagorrput er havi ng
an i nt etdal hSRAM pregraiadan dipgty, actte%me@plérﬂaltl‘i’ch‘g The hag V@S‘*“qul“ﬁ@h‘f“éddress space,
i ndepe g&g} ‘Jﬁ%' 2 Yhd JeQRa Bl B ss@dfhlalaRnS, interrupt control, and tiners.
OCT 20 converter 12 has program and data files so the node is

sel ected for the CPU node that has an address bus so the program can

di r gCt |'¥c ARMADEmOE MRA Yhtetral ixmoglssch aF e eampld BRAM foryees’sdatd. i Whep the| ock  as
user’s Bgéé)gzlgarrgdatﬁe @SR AR rﬁa% s@ﬁ: ﬁb%%a&swﬁ)’t‘ﬁé El‘ﬁdi@tae’#nga&ca@daﬁ The i nternal

menory ternal menory for  exa for. user's data.
When t We fifEbiock, gndcthe SRAM bﬂl‘&wlﬁcafeﬁtabﬁhﬁﬁ‘méﬁm}f n%b“’é“‘?’p °i°f“p| Y¥8®t wo parts,

W th t REnRERM: BekRe, ine eﬁmafts and $plichfion Sinciiing eley alsnebciph sheSRAM bei ng
| ocat ed}?az e Se&%gg ik ana vmgfbﬁyawa BO QL RILLYhch iy aloGRTTUNI CAL i On

functi & TP H°ET & ication functions may al so occupy the
first risbromior spitdm deycddpment dert fatur f“P‘é'é“S AR FERROM oy \Pg ied ) ¥ Ky use t he

seconddm%lgymmb,pﬁgumym Ratke 10 reserved for system devel opnent and
feature functions. An EEP may he uséd to store key data and system

configurations if applicable. The NEURON chip 78 general Iy provides a
rel ati ves NEURGN chirs18 sewrrlly plovides b yatiely lawdoshenpurel metpprland ey nglsls £ ynct i ons

requir gflgl ﬁméﬁﬁk%qlﬁﬁ‘ed%‘éi e ARG RRest RfoRhaiRd, in%,dediﬁﬂﬁf,‘ afligeicmieconpys;and gener at e
out puts; 15 as

ropagate control infor gpg %wﬁdg ﬁy fa standard
t v
pr dBocdt el #rip BEgpReale W“H%l PR, Vi f S ‘P Tk PE e EklﬁaRDO\l chip 78 has
a nunbestworkmedier ably three 8-bit CPUs on chi p. One CPU executes the user
application programsuch as by controlling 1/0 ports, tine events, driving
SPI devices. The . . h
The NEURON chlp 78 has a number, preferably three 8-bit CPUs on chip. One CPU executes the
user application program such as by centrolling /O ports, time 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.



20 second CPU controls the protocol, properly encoding and decodi ng the
nessage to be sent over the network. The third chip controls thg gerwyy
comuni cation port that physically sends and receives the packets. It Is
preferably a single NEURON chip with on-chip nenory, programable 1/0 pins,
and two 25 tinmer/counters for frequency and tiner 1/0 network

communi cation port The Menory Map has |inear space for both on-chip
utilities and user program which provide full data bus and address bus
for external menory. 30 The interpgal EEPROM contains network configurations
and addressing infornmation, NEURON. chip identdfi I 5 and EEPROM
The EEWH%&NB'@}P fEudss P B%OEPPR%INSI&(E%B%%%tgoqgéméoglgﬁ&{ng%st I yptdat a. It is

pr ef er radiictshad alitligaiikEPROM | s not used for user data storage. The internal
SRAM is preferably for user's data, which default |ocation may al so be used
to store 35 systemdata, stack se rrentE, and g\fgl ibcatt(jnsp&]g\%a. 23 0CT
2003 6 ThpesenpRiREten B19Bm e Eah eRons et ROBEPH °F BIPIPAE™ ¥ommuni cat i on

f ungt i PROM) @M, GIEPROMEE Fibtpimemban t the @nand, this hredl is @elrablyaiped forThe user

appl i cation. program,exte I nory space can be occupi ed by conbinations
of RAMaPPI'ﬁQEme%?HI:?&Q/fME‘E'&%%\ﬁ“gﬁd Fl ash menory. In the converter, this area
is preferably used for application programand constant data only. This

al | ows 4 M0nsROIG @80i@f of hARSIE! MEhe Enriuiieation boath inchitiing e pology | ncl udi ng
free topolQ ranscei ver, and N | i ¥ th
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15 @0 Iphysicélclsnwehgriterinhe converters 12 can receive informati on and comrands
relating to the FFUs in a protocol unacceptable to the FFUs in protocol

unacceptable to the FFUs covert. theminto a pro I ble to the
FFUs, dhiriss@ndhe W&Yﬂ‘?’%‘%ﬁ&"f‘—“f‘—‘fﬁs‘?’}"@?aﬁ%"l & °mm“9§sor%19rr‘g’ it%trlllg%r?gs?nﬂ]t% he FFUs can be

arl’y i n
recei V@d)tdayuﬁanptMQEFEIS@mﬂpcotwmt@b@'g s pvet Bewinto aprdspl abl e to one

or 1mor g flNenS BN Shd 4R thdiDis the §PIPUL er 56, and sub-server s/ net wor k
adapters 62, and send it to them As such, the FFUs can be incorporated

wi tH the full managenent and
Similarly information from the FFUs can be received by the converters 12, converted to a protocol

acceptable to one or more of the server 40, host computer 56, and sub-servers/network adapters 62,

and send it to them. As such, the FFUs can be incorporated with the full management 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.



reporting system To now refer to Figures 8 to 10, the fan contraql protocol
converter 12 is a mcroprocessor-based controller. It is able td 8 i O&T 903
to 31 fan filter units. 2 8 O CT 2003 The fan control protocol converter 12
consi sts of node object and 3l FFI _ controller objects. Each object
consists of a set of network variables for setting and nonitoring FFU
speed and status. 10 Cbject status request support: actual speed, target
speed and maxi mum speed; resetting fan; fan status; setting rating factor;
and f address, The node object is used for comunicating with the node
and its objects. The object. request input network variable is used to
request aTipafahi oufrdrproed choerter lﬂ&n@ﬁﬂétdfﬁﬁﬂeﬂ.bbjafﬁjaﬁttt%]VﬂFthi:dShtt@lldﬂOde

i ncl udi ng_,nor e sta report mask. The ect S us out put
et vor k. el et hisEidheRl 8 b pinepteet GrabBRy isiikayS BRPGEPErRa node.
The val i dspeadugé siaisany val ue within defined linmts. 20 The manuf acturer
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 | Objedtstatubheqeandgioar Yo kyved kalgar peddl d Ontxhiim SfdetiyOredetingr | abl e

rovi des he actual FEU fan s eed he valid_ran W t hin

ﬁanuf act U fog Sé"’[.r)‘égf:|5?tf“&gaﬁ“8%sfa Uc ﬁ“‘hga“ ?@Fesﬁexé[rl]i‘f)lngge GEQ@ ‘B%%f‘frpnl and is
preferablqomdnttaﬂngrxﬁmﬁleﬁ&kuﬁd @objetike target speed input network variabl e
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 abiliThe dt@ecdeéqeésmn{]ﬁt héwvefknadnaalbag meaqadbqueﬁrbsparamﬂdian&lélfosuch as 30

hi gh tenper at jntern onmmuni cation error, thernmnal
" Nover | Bad p&ftlcugf‘g:@‘fcf F8§“ at“dé‘fl‘HE“B‘V’é‘ I“B St%ﬁﬁ%mp%ﬁa% error between
the fan control protocol converter and the FFIJ, fan not operati ng,
t her mal le}%é) pad of notor, ilure, seize sqQ forth. 15
t

hal | f
The rese SFhTRTES RGBT ARriaks i ‘}SE‘EE’trgp%'ﬂe e g‘?’ ahe E’jleﬁl‘? Rer OFF or
ON O CT 2008 Tthe vili€rangd it iy vahew@thinvRfihaillingitsset s the rating factor of the
fan filter unit that influences the
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



operation target value of the fan. The valid range is 0 to 100% The
maxi mum speed vari able sets the nmaxi mum speed at. which the Fﬁ%?mp
required to run, The valid range is within manufacturer's spec atlons
such as, for exanple, 0-65535 rpm preferably with 1 rpmresolution. The
fan. address output network variable provides the address of the FFU. The
valid range is 1-31. If the address is O it nmeans the FFUis not linked to
a fan control protocol converter. The configuration property is used to

rovid | ocat i i pformati n of n nit. 15 Wth

rpef er eﬁﬁcgli]%/ P fﬁ%’é V%“ﬂ(tgg iy tﬁ%g‘% Ethﬂgr%‘} bﬁerl “émaflt"‘]‘ SrBGRdsS s,

backgr ounﬁbetgnpe tadfet value bf the ghrir €he WhH har@e a0 b | wep Tlé’tﬁﬁlaﬁﬁﬁeﬁthb&i t ge driver
and applicat| Qn ¢ de repeat edl ication code is anj sed as a

st agepfchﬁrﬁ le zptp "’4’“@?’5‘1“8§Pe°6£lei‘klcgl\¥@5rﬁﬂl§?e regaifef | tPI‘{H*ER%@g"a 4END COMVAND
GET_RESPQEe Thevithint efam&hcnbawve@aalfmmrbd&l ia§, fhr Céxahipld, 0)6553%e rfals pr ot ocol .
It may be, ég@ %ﬁU? BE 25 the range 1 to |l Oris, preferably 4ns, The
interval F8iE" pgese 'fonse is set at 50mns. Sendlng and receiving the
dat a nn/fron1the FFUs is carried out within the serial interrupt service

routine. er cal | such as ery seconds n off-line FFU is checked
to see if flf‘n ‘HJQEGS% LB Pikyaria “rﬂge E’e ﬁ%itﬁFQs The ¥elid Angene

appl i catiien Zﬁr eIf tiNa BRirxf iy arii Abine e/ PEU Emﬁlot[)ﬂﬁ(sd kdPh it cdREb) prodeaim ¢ Array
of Protocol rter_objects. (.jndexed from1l) PC Area() Dynanlc Array
of User- a%’f’}’%'@a ’%PpC@n BB LEPCBLT esd iR Provide @wS(%Ha%&leramfmmmo

Col PCUnAstii¢ fanditte:Qalitl ecti on obj ect containing references to Protocol
COnveﬁter obj ect s

' ) 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




ColFFlIt Coll ection object containing references to button objects 2a OCT
2103 Col Not Set Pool

Pr ot oco
Pr ot oco

to Protoco

pr ot ocol
tile.

Converter
Converter

converter.

Col1Set Pool

9 Col | ection object containing reRed ehes003

obj ects Coll ection object containing references to

obj ects PC(;)
Converter ("PC') objects.
The size of the array is determ ned
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B isrfe dyrapic aFayutataing mréerenses @n’i’fv@c‘l]k@m’@@mﬁeﬁq’éwbﬁﬁt&m an area,
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phayna reewnd ar ther log et then will &g addedyén @'@t es the

partlcula?3%QHW%¥€@¥“ﬁ &leen assigned to mhlch area. array This is the

I ndex array where the particular converter'
software can track which converters requlre mampulatlon due to user action.

Imtla]iy, all converter references are contained in the unassigned collection, but once the
user assigns a converter to an area, that converter’s reference will be removed and added
to the collection of the particular area. Likewise, if the user should decide to remove the
converter from an area, then its reference will be removed from that area’s collection and

15
added to the unassigned.
20
name
caption
area
25
array
button
30 node

R

40

45

The converter contains the several attributes and methods, including:

This stores the device’s name

This is the number shown on the converter’s button

Indicates the particular converter has been assigned to which
area.

This is the index array where the particular converter’s
reference is stored.

Contains a reference to the command button representing the
converter,

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
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

Old Status

Actual Speed
Target Speed
Rating Factor
Max Speed
Status

Fan Address
Reset Fan

- Indicates whether the command button for the FFU js
visible.

- Keeps the previous status value,

- Holds reference to network variable “Actual Speed”.

- Holds reference to network variable “Target Speed”.

- Holds reference to network variable “Rating Factor”.

- Holds reference to network variable “Max Speed”.

- Holds reference to network variable “Fan Status”.

- Holds reference to network variable “Fan Address”.

- Holds reference to network variable “Reset Fan”.



reference is stored. button - Contains a reference to the command button
representing the converter, node - Contains a reference to the ﬁdr”z& Ige
tree for the converter. Each Fl-'U class has the several attributes 0
including: Fan Index - Unique nunmber assigned to each FFU, for sorting
purposes. Tinme Switch Enabl ed I ndicates whether the FFU is tinme-swtch
enabled. Fan On Line - Set to True whenever an FF1J cones online. Fan
Error - Indicates whether the F'F U j faulty Fan But t on \fsi bIe I ndi cat es

f h FFU K th
brevi aus. i E%‘m" °q“&<§f P el od, 7 g rt%rfgg §r%rla 3% var| abl e
"Actual Speed . o fb es “ﬂ“ 7 0 REARST VAT Bl e " Tar get
Speed". %a? 5 (]l'—edcf‘%r yEszp A Pevﬁr 1f‘6alf’?e ¥R vari abl e "Rati ng

Factor". refcr nce to ari ab| g . : Speed".
St at ug, - ﬂzge cf W&E varlzebrllegq artga ‘FiI?Ct\?tﬁ ftwol&ga repﬁ PYAddr ess -

0
ttl:re ametme alus, dlsag 3 ) ing
Hol ds refer et K % (59 ara d drom EeppTing; o) g
r ef er ence’t exc "lg Wart %lfg Iflyf—egﬂmg Mg OC 9003 10 For each
Pr ot ocol FFU st atus n rk variables to he

moni t or edﬁp&fﬁgéét%ég‘?t%vgrblr%%%ﬁes 2ye r?%lgélrng tqeﬁépl§ft§?a§§m%¥vr"§é‘&eﬂlogﬁu, andI an event
v eir val ues
thanghs. &8 eeg'%tee e o Pﬁ%glﬁ’trt %‘fengg Wﬁg bt GRS bt 21 s

are set tcémyer eerlgrc?mﬁ egﬁ’(? RORpEs ame t| rre the fan status for

[ 1 FFUs bI d.f and | be polled
gy expl i Cth g laE eg%an Wl[ e%&‘er&faﬂg‘ %é_exce %&ﬂneﬁ%e reag
usi ng,t he ee m%t z§ﬂ’d F {hg IR PAsaeec E’s Anot her event used is the on

>at tac msnlt‘herevles n&léplayed a progress RGr O\cflaf(iag bfogetgbu%: cate\,\ﬁ]gnp?c\)/gress of opening the

database and retrieval of the references to the network variables from the database. Once
this is done, setting up of the nodes for the tree view is loaded.

25 A timer control is used to schedule the time switch function. After that, the program
reacts to events generated by the user 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



converter is connected to or disconnected from the network. The program
starts execution and will gathers all the configuration infor matd @nQ Mt 2053
will then pronpt the.user to login. Once the user has |ogged in. ?0 There
is displayed a progress bar dialog box to indicate the progress of opening
the database and retrieval of the references to the network variables from
the database. Once this is done, setting up of the nodes for the tree view
is |oaded. A timer control is used to schedule the tinme switch function.
After that, the program reacts to,events generated by the user and events.
V%lls;ﬁ@hﬁﬁe has been described in the foregoing description a preferred
enbodi nERtBF  t he present invention, it wll|l be understood by those

skilled in the.teGhRo! AN abdihs BRbMrofRl dkih@ hh@Bl wfits 08 Sinlexeof desi gn,
construct | OfeiRd udd ok Rbv@iing ENald6r IEEtDroMchING WignatbegFarstdodprothdonhet he present
invention. ThReRf @oRBhe b MY Bhis@Rerd X tsEIORLS trinseeitr] akdeathims@stheicdsptiosed bot h

i ndi vi dual | Yincludifigla b, Sthicrocqpiad, bldet lpatronasbadoyons and conbi nati ons. OCT 2003
"File Gainms 10 Il A converter used in an apparatus for controlling

bui | di rig f urctoeriales elaiingdsin clpiel. whaniiethe Byt tapssriyey isfeErmeeipe CORVEr ting signal s
of a first rivstsodport snddhegerandrapspeiver is % empreiinedt DEBIk Pife  converter

i ncludi ng a first transceiver, a, second .transcei d a chi pset: the

chi pset> inc"lcﬂ%a%{’lﬂﬁdﬁ',ci‘;{“?T?rf}ag'&%ﬁv??ﬁﬁme&lp%%%&g%o %&St onepmam’)ry. A

converter a 'c%rllval madcl:l' nedqlll gl?%é‘dfdé@m@ﬁ%ﬂ“hlé}gn{hhatsisasttoﬁéﬂéﬁﬂ Nege 1s for
gpﬁibdﬁ‘o Vfu

4
connect’l ng {9, p SGbiktRE oPRsh meritdl ROMEnESEONd tTansceiver is for
congecting to a network part. A converter as clainmed in claiml or claim?2,

wher ei it he AChhwrtirSas @laNEWROMy Ghé PE clAmE DBy iteteinate micataedlei i3 fany one of

“Yclains 1 tocdiolkiaraiiow,daestabee) wdeinmonictivewitreyteing potsie  or nore sel ect ed

fromthe group consisting of. flash nenory, ROM and SRAM 15
3

A converter as claimed in any one of claims 1 to 5, wherein the microcontroller is a single
20 chip microcomputer having an internal SRAM, a data bus, two operating states, linear
address space, independent blocks with on-chip selections, interrupt control, and timers.

7. A converter as claimed in claim 3, wherein the NEURON chip includes one or more
functions required to acquire and process information, make decisions, generate outputs, and
25 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



A converter as clained in any one of clains 1 to 4, wherein the

m crocontroller is for controlling data flow, data storage, and? 8§ OCT 2003
comuni 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 q@nverter as clainmed in claim3,

wherein the NEUl?lge}ImCh QC L{ﬁi %rs? rotocol to the sec Ctl ocosl re(ﬂlflrl ~ tO acquire
and process infor g
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encodes al- deAEEL! g@ﬁ '% L iy 9 toi\‘@; b VRS RIARE R By “one of
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of the bulisl. di ng meH’xgﬁ ta§ 8%§Jed lﬂ”;l%u?n 17, wherein the at least one converter is as claimed
in any one of claims 1 to 12,
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and second pr

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.



to 14. Apparatus as clained in claim13, wherein the at |east one converter
is as clained in any one of clains 1 to 12. 15. Apparatus as cl B”E%Tiz 3
claiml3 or claim14, wherein the at |east one of the building unctiogm
units is a plurality of fan filter units. 16. Apparatus as clained in any
one of clainms 13 to 15, wherein the control system has renote access to
the server. 17. A nethod for controlling building functional units by use
of a control systemfor 15 controlliipg the operation of a plurality of
buil ding functional units, at |east one of the building functional unit
operatingAgﬁﬂﬁLLbﬁst protocol with the remaining building functional units
oper ati ng and ‘second protocol , the nethod including using at |east one
converter % in i o] h [.rs t ocol cond

prot ocol , ]\iﬁg@?ﬁgnﬂim "g%@é%a#ﬁ%t%@h ep%ht @ﬁ&%&oﬁpb@t m—kﬁ?ﬁénabl e the
20 cont r oFUNGFKONAL BRI S0l the at | east one of the building functiona
units. 18. A nmethod as clained in claim17, wherein the at |east one

conver t er Ajconygsterfog corygrting sigagly ofom Brsbprotordli targignals gf 4 secondyprofgcplethiiod as

cl ai med i pPoeertsr ncludingy a frshitppsegiyernp epond tiapweiner, pecha chigprs e chimset bui | di ng
f unct i onainclyding 8 chig, agmisrogpmrollery angrat jeass op¢ memeryuni ts. 20. A met hod as
clain®d in any one of clains 17 to 19, wherein the control system has
renote ackigyreko the server. ABSTRACT METHOD AND APPARATUS FOR THE
CONTROL OF BUI LDING FUNCTIONAL UNITS A converter 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 mcrocontroller, and at |east one nenory. Figure 1




