; {| e3eeDb\. 06TD?F2 *@00002* 1 5 METHOD AND APPARATUS FOR THE CONTROL OF

BUI LBI NG FUNCTI d of the Invention This invention relates to
a met hod and appa M Mﬁmﬂﬁﬂ[ m& control of building functional 10 units and
refers particul arl not exclusively, to a nethod and apparatus for
the control of fan fi I‘E“@‘f" units. Background to the Invention At present fan
filter units ("FFUs") are used in industrial facilities where clean air is
15 required. For exanple, clean roons usled in the sem -conduct or

manuf act uy i ng i ndust rMETICOD AND'APPIRATUSFOR THECONTROIZO® so forth. At
present a relatively small controlled by a
conputer system This conput §W§§ﬁéﬁmﬁg¥£§par ately to the other
systens operating w thin the building such as, for exanple, security,
l'ighting, elevator, heating, ventilation, air-conditioning, fire detection
and fire 20 Bild @‘!ﬁEWF'HQ’" Thi s can cause significant problens as the FFUs
may be oper athif ghvieRtich ﬂmﬂ:lecs alrﬁ’lﬁlﬂﬂsdnﬂta@ﬁérat\&é ] tlﬁH &'lﬁifrolbbﬂ builiding fhnblichdions.
This may be due to the bujld q(g&grator havi ntg ﬁg{sndently contr ol
many sepH} at ¥t #ae ¢ Srﬁé’aﬁ'P“]l‘%é boyigh npt ?ﬁSl“s‘/l(F'gooa}F‘e‘ihg appaREsHPtheor t he
FFUs to be capubnifitadfikeamise! y, especially renotely fromthe 25 building in
which they are installed. It is therefore the principal object of the
present invention to provide a nethod and apparatus for the control of

bui | di ng fung;d@p(ajnd%m;,&tﬁych as, for exanple, fan filter units. 30
Summary of the I'nventign 35 t he above an(g“;oth r ob &ﬁts in mnd the

present invefit P@FF“bf%\/ﬁE‘éS““&%(fﬁ%ﬂt”é? ugedy inIpFRstlal ‘Y'iljmg efF £legp 2 i st

protocol 14 0 gh@iral $‘o@Exa§’np$@@E&drd@ﬁ1@h@&iQh ithd dihi-CErAMEIbE ﬂanufmirmghmstay first
transceiver, a second transceiver a chipset; .the chipset | udi ng a

chip, a nicrbietspinolney meeardfgniss, ?‘\93?&? é"tmﬁre‘ﬁ‘%‘yﬂ"‘? P“‘P‘i’eéﬁ ¥ehver may
be for connegtidgnalbe edshulodléa c& | &/ Qbmféri glstemor tThisadtshputee sy‘aa@n.d dpéraegcei ver

¢ | cast  onceRURERy il SUTOREBY HppEhisabe Ba IGM SHO G OB CONR oL i ng
of : flash 40seqmitp) NghtimENievatdr, HehMg, aadildtian, 4i-conaitioning,Ofire Rletetfiy 4nd firor
controll %Ong gx%tng'ulzhllr?gw Tl(ljlzsﬂca?'n cause significant problems as the 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.

25
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.

30 Summary of the Invention

With the above and other objects in mind the present invention provides 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 microcontroller, and at least one memory.

35
The first transceiver may be for connecting to on 1/0 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
40  memory, ROM and SRAM; and the microcontroller may be for controlling data flow, data



2 storage, and communication with external ports. Preferably, the

m crocontroller is a single chip mcroconputer having an internal SRAM a
data bus, two operating states, |inear address space, independent bl ocks
with on-chip selections, interrupt control, and tinmers. The neuron chip may
i nclude one or nore functions required to acquire and process 10

i nformati on, nake deci sions, generate outputs, and propagate control
information; and may include a plurality2of processing units on chip.

Advant ag@USLtMnaF@} ahd EHIMBIQAEES Hith BxtbihllpoRX Prdfér@Sly, IndAfiRFocaRIMIECiRh sAPle
program congyighficrobdaier thaving bBntEMANFAMAR datd 'tuy, &WS opEilatithedthtes Jined Second
processi ng Upddres§ ks, Fdpéhder? BIRKsSWig orPEr Rftions GNErrBR cOHHRS aAdmelgcodes
nessages; and a third processing unit controls a comunication port. 15 The
first and segpndedrbfRRipShaCmelulBYnd6r ok finbiibnk TQMrad & iRire ANPIpadcbig of : a
topol 0gy ¢ I aRFGHaH&], mak HedsiBR) gbiplt@ bhtBhts,! i RERLME Contrb] EnfBnBBSH and

i nvention al 39y ke FESuARR TG bR sk unfte Bh lefifp! WBGnRigEdudiynd fity %F&cbé%ﬂ;?'

units, the 20, 2pRAGEE ' Gset AIiEHOR ProgranRtbhtRlls BODhINitR vl bAdHriveRISETNE
operation of 4&;dak.ur@tdnliprdebssiip uhi Lalrols WREAVeRIH protBicl, ind fcod 8 aRd dQ@B&sO! t he
bui | di ng fungiQnal addRlthirdH6Leadidd \hitQBntfold 4 EcrimBi@LGEY. W th the remai ni ng
bui I di ngy§ uncti onal units operating on a second protocol, the apparatus
further incl ygl 5Qt Alg R UrafREVESMEGbe s@BRedrorh 8 3Rdup ABRiERE YL b kEFoldeg"
converting sigiadiverOhdhhenisolafitn #4deRep! to the second protocol, and from
the second protocol to the first protocol, 25 to enable the control system
to control ti#ge fbschERvdntiONRsPhrotile dpprhitld 8 cdnttBfihl BMflingUhdtional Ik, A | €ast
one convey t efndasnRhRIRARD Wbnft sk for REHroARG VRS opeiafiod &Y phiralltp8Stuiizg Of the
bui I di ng funginb@Ral ulil d1Sedsford 'kt Rlitaing fOfctibRN uhit bb&sting P taSfirst[R6to€ANt 1 O
system may hgug ie58MhiRing 66ikESe fufctiolf vARY YfeFating On A Bechnd prBdLolfRE ApphRfisPT esent
i nvention praymeesciadilehfieskt b serRBdndlat 1629 oRLIERERS o3 drAdigddlki JrS DY
use of a CoNnfye@hst 5)’0’%&:%[%“&% se& pFdRbdol, Bk £ER 1HRREIAH bRIbCOI to et prdtddoy, Of

bui | di ngy§ ungtdn@lethe dBtto? systeim toeortbol Gt Rhst bitcord dufliing fnbtinbl WiRtgl uni t
operating on a first protocol with the remaining building functional units
operating onTRe sCEANInPEMNVEER]is pleftablPAN@Acribed abseUsHd e STl od of B@St One

converter fopuipvRhdtionsl it %24 plupflity Befahifliet ulfsOTRE Qntrb syl BB ARA
protocol, angnfcidedshe i886Re protocol to the first protocol to enable the

control gystemto control the at |east one of the building functional

units. The atn d @3 forPBe oM @tioNBYviass PmetEBfoF LdA@AIIAR BYiRlingifktioha at

| east one of yiRebybike|otianN@ntd] shiers tibOfbRtrolling the dpsrafodbius phutalily &f bufildigf i | ter
units. The cppbtidhal sG] &P TVIR HFIREFuReicRE Snit Opdrithg DRVt prbl38dr i ption
of Drawi ngs {yith Met@mainfidtbuillifg éastal OltsBpYratty dnild L&owﬁeros&,omep it eadi |y
put into3prapkiv@l uBink A€ leadtnk REKRrt&MNRE borfVeMing QighAS 6f the afist Pyot¥@dY tdthe
non-1imtati wRoRKsoRk&, il fond tHer REME pestoIrarfle 1 proddcof d&nhlIE 8RR Tontrol
invention, tgeedfdeontl tient &t Bk oFitkdbuileig ifoGeal vhithe acconpanyi ng
illustrative drawings, in which: Figure 1 is an illustration of a typical
syst em usi NgThd'& 1QEESRRbnveR¥EY K hs dedctibédEabdvd; andiths GHRAMbACON theEMIildingt he

overal | &yst fikcidnanidi®GE W phRirality 3f San ikt Rits The Sonttel YisleRUmBE hpIBEMGte
il lustrationaRRbssdo heR@v&. control system using the present invention; Figure

4 is a system functional block diagram Figure 5 is a system bl ock di agram
of the convepe®riptibh gfDAavlingss a bl ock di agram of the m croprocessor; 10
Figure 7 is an illustration, of tkhegrﬁ@?te t hrough whi ch a command nessage
passes; Fi guffieorder; thatthe mvention ruay; upqdsestepd and eradily gytdato gractica! gffegt; | ¢ of
unit; Fi gureQrel Shall hdvoVieC B@tdibedf by Ry Hor-RARativET SdmBle16hlf ) preferadf | oW
chart of a first, part of the agpl ication proc,edurg for the converter;
Figure 10 (Db§mbedigent| ofi\theBipentyfinvantiqtie dhy deseriptioty being Wighorsfereiceof? Bocedur e
for the 15 caRumpiing iRRtativedtdvandDin(which: s a flow chart of a third part of

the application procedure for_the converter. . .
Figure'1 is an illustration of a typical system using the present invention;

Figure 2 is a schematic view of the overall system architecture;



Description of the Preferred Enbodi nent To first consider Figure 1, there
s shown a control system 10 operatively connected a first 20 protocol
converter 12 that, in turn, controls FFUs 16, 18. There may be many such
FFUs such as, for exanple, up to 32 for each converter 12. A second
protocol converter 14 is also used for controlling a nunber of FFUs. There
may be many protocol converters such as protocol converters 12, 14, wth

each protocol converter controlling 1, 23 3, ....... n FFUs. The nunber of
converters 1%%1;1&13 P58 ddislled RoheMdiidBlbstkiBlon 6f a FeiotLooatiBll §stdd usid@ theyeedenint r Ol
system 10 is own in nore detail in Figure 2. The control system 10 uses a

gr aphi cal usdVentiilerf ace 20 that is used as the functional interface for

the nonitori IF%UW‘S@Q &R RdnktihaDio ragminctions of the FFUs. These
functions include are not limted to: error recording 22; a

repl aceabl e E&‘k‘bﬁ”&&ﬁﬂ“?"&?@&‘fde%amPﬁﬁeﬁ?fHFﬁ%{ nonitoring 26; a 30 "tree"

di splay 28 ofFlng,H6fsgq,ldgﬁuﬁaggﬂp&rtheq@,@;ob%esw bui I di ng and/or floor and/or
group; a ful unctional on-line controll and nonjtoring of all FFUs 30;

fan speed0cofiguE 7 I2an flBistration of the staten thrapieh Wa}cw coramagge mesgage §Issefi | di ng

and/or floor pahel @i agﬁlﬁié@atloﬂoﬂh%arﬁi%ﬁtﬁt@séﬁlfa@ﬂﬁer%ni}?r oadcast control 34 for
a broadcast signal to all FFUs under the control of ‘cont r ol system 10. The

br oadcast coﬁ!ﬂ“fﬂ9!§4ﬂ°¥°@§'épﬁ‘lhem@ﬁo% event occurs that requires the same
35 change toF%%fe”ﬁ)d(@) 9 R nitbls ﬁ’strﬂdhtoﬁﬂl@ ifatﬂﬂcytlon p%ceﬁff@%p{h% cofeftért - UP,

shut down, an ast shut down in the even o fire or other event placing
noxi ous funesigure {Hdby Bomflowneharpft & seeand parg of the, applission girocsgure i 115 rmay
operate throdghegedBiipgement system 41, and the server may use a database
42 and network systeminterface 48, The control system 10 may al so use an
integration Fagre Wacking flgrapmt el hird paresf wwlwmwweé@ﬁberwvwét em 10
exercises its control of the FFUs over a network 50. The FFUs are each

pol I ed continuously over the 10 network so the control system 10 is aware
of the curremesaiptionof gre RrgferredEmbodiment i nes. The control system 10 can

al so control ThhiRsteaRiRE Fi‘gﬂreqf th8rR G4 shbWwh/a coritfol BRteld 30 dpbRtiRlY Qnhecktednchirkon and
speed of each FFU, Figure 3 shows the operation of the control froma

remot e | 8@at Petocohcanyersytl A thab in te comr °¥Ef FJsd 6 e sThereanayhedpangsudof BUYs gaj n

access tO0 SekydlasAor b bp o $1 fo@‘é@dh'coﬁébrter'rhze A QB3RHA BlotRBl @aVIreR 18iB may
be a desktop corrput er, ger sonal uter, lapto nput er, not ebook

conput er, perseHsed fof gop %Jlmga%%qr%hea FFUsy Therg n@vﬁém%wﬁt?e%{t%‘ﬁﬂeré\w@e I'n

the buil di NG a® protdeol EdnR@gers M2, Va1 Glih e piotdeoladoBvérRE 8bi@lling N, Bt Bernety 58 i's
used for 20 cammuni cati on tﬁcur poses, This may also allow the host conput er

56 and a pri BFEF 60F TRbEROLCORYSEES d & 1 gnayths agwpupeher wpito, fof BmMPlidect ed to t he

Et her net 268 are sub-servers or network

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 include, but are not limited
to: error recording 22; a replaceable background layout 24; fan status monitoring 26; a

30  “tree” display 28 of all the FFUs under control by building and/or floor 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

35  change to be made to all FFUs simultaneously. For example, start-up, shut down, and fast
shut down in the even of a fire or other event placing noxious fumes in the room, and so
forth.



adapters 62, each of which controls a plurality of routers 64. There nmay be
any nunber of routers fromone up to a relatively high nunber such as, for
exanpl e, sixty-three routers 64. Each nuter 64 controls a nunber of

protocol converters 12. Again, there may be any 25 nunber of converters 12
fromone to 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 nunber of
the converters 12, or may be different. 4o refer to Figures 4 and 5, each
of the cosiverters 12 has a DC-DC Power Converter 66, 30 first transceiver
68 connecting to an 1/0O driver serial port 72, second iran ei ver 70
connecting t dh&coneliystem ) @maypperatg o MpRagemeng sysigL %ﬂ?‘ﬁ@%fe% Ay

i ncl ude a neygeQidatdbase 425nd ke yewRmriNtedite 4BOVS 2ontoRAMeRA10 MhLsIOC ot r ol | er
86. The mi crocontroller afals th rocessing unit o he converter 12 that

e f
control s t hea¥itegratign fqobdd and graphics Hﬁs%l%syéﬁﬂ‘ 4&0%&&?%@[ yster; IO xergises ifsal

ports. 5 5S¢l 6 AOFYUL bver 8 ndtwtSl. CFHRIFHUs A CEa0K PoTRA (cBiitinlausly@ved the
internal SRAM a data bus, two gperating_ states, | addr ess,  space,

i ndependéht BetERsode ¢eniplsyey 104y avars oi ?cwméf»t?th%?fa %&*htFIF& at all timep npr g,

The conver t efrhd ondBsyRieROr0dih ARG cBht tel dpBatisiPoft da6h FPUE primasift] @6 baAff or the
CPU node 10 that has an address bus so the programcan directly access

menory in bl §EREon and pesd phcask EFYses a first block as user's program area,
and a second bl ock as systemdata area. The internal nenory is an internal

menory such as, for exanple, SRAM for uger's data. 15 Wien the EMC i s
cleared, theFighiedrshars BRaperaiapet thespatiol framag rempfe ipepticn. Agamputagien gsvigen bei ng

| ocated a8 tBudek HiRlintein@Co, to 2MH abde& tSEANMrae itRGughQaRbwl B ThBRompaan@ bl ock.
The systen1boot-qﬁ%rout|ne conmuni cati on frnctlon, i nterrupt handl ers and

appl i cation fgHiRe 1Y bay? daskiop GEmRNiSH Persone] FURPUrolaRiop KpMPUlers matebepks o

files, tabl egorigiflerVkdonklldastalm@yistitit CorlahLoti@ComPutbiidacdeviehi ch may al so be
reserved for system devel opnment and feature 20 functions. An EEPROM nay be
used to store key data and system configurations if applicable. The neuron

chip 78 genenaihk Ybupdiay iofl 86ildings 8h Mhichahy FrOWakasdated0 i Elernee$ 8\ Ised &td Nay
include all the functions required to ?c ujre and pro gss |njor?$t|on, make
deci si ond? afRPREEALAR prpeses, ey alsallpdithe b fog by Peearetnty e
i nf ormation, cotingetéd it @aretl 4RT Als6 CotinectédoahIPtherniti S8 re/Abiserivyrs Of ndt@bMOr K
medi a. adapters 62, each of which controls a plurality of routers 64. There may be any number of

routers from one up to a relatively high number such as, for example, sixty-three routers

64. Each router 64 controls a number of protocol converters 12. Again, there may be any

25  number of converters 12 from one to a relatively high number such as, for example, sixty-
four, for each router 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,

30  first transceiver 68 connecting to an /O driver serial port 72, second transceiver 70
connecting to a network port 74, and a chipset 76. The chipset 76 may include a neuron
chip 78, Flash memory 80, ROM 82, SRAM 84, microcontroller 86.

The microcontroller 86 is the processing unit of the converter 12 that controls the data

35  flow, data storage and communicates with external ports.



The neuron chip 78 has a nunber, preferably three 8-bit CPUs on chip. One
CPU executes the user application programsuch as by controlling 1/ 0O ports,
time events, 30 driving SPI devices. The second CPU controls the protocol,
properly encodi ng and decodi ng the nessage to be sent over the network. The
third chip controls the network communi cation port that physically sends
and receives the packets. It is preferably a single Neuron chip with
on-chip nenory, programmable 1/0O pins, a&nd 35 two tiner/counters for

frequencys anpretekdbBy it lid SseleWRIpkmieRIBMAIt&GHabRR aR Bhtbrnal RAMTHathBARWoMBP has
| i near space for  both on-chip utilities and user program which provide

full data bu¥PerAtiae atpisse dineyy address sa%teermfiapeqﬁié@foblycksmhm@rmafle%epmw
cont ai ns net yRkdpCRRrdigaddined)s and addressing information, neuron chip
identification code and EEPROM The EEPROM can be used for user 10 program
code or read-nostly data. It is preferred that the EEPROM i s not used for

user data st @ﬁeaaﬁver&hqzlhm g:'b@ﬁln Ml flesioth& M ¥ EREted &R theSCPA trdodeWhi Ch
default |location my al so be used to store system data, stack segnents, and

appl i cat 1%n that bas %adrlrrés PEY 59 thecpgrampgan st Y PespBringBYY b Hlackyt e,

comuni cat i OfydWiE W&y il BHAEMN usel BP@@FaHPEreJ‘aaHE’ Iaes@&narb%cﬁla; sydténh qﬁt‘aVer S.
The user application program external nenory space can be occupi ed by

conbi nati onsaréd 20 RAM PROM EPROM EEPROM and Fl ash nenory. In the
converter, this area is preferably used for application program and

const ant data only. This allows two choices of transceiver on th

conmuni cat i oRhBKFE! MERETYUE PhteRa 1emepoTuel s, forsraerle V%AMzi?fd‘SPfoﬁdqt%ol ation

transcei yer . wieh nd Eﬁf@cseéwﬁé& tR¢ %tahmmdmame%%m ﬂﬁ@waﬁ@sblvﬁthp{wm cal
channel criteria. In e converters can receive information

e et befmg 10csteg = BLsE botle Ahde SRAM baisEICE A IF a0t DIREE FFUk. i n

protocol unaggegkrpl Fooi@p?&ﬁnf%bﬁnﬁﬁ%ﬁfoh ﬂuﬁbﬁﬂﬁ'n%ﬁuﬁ hRhdMr@ & a ;%ﬁ@a@i@ﬁam eto
the FFUs, and send themto the IarIy information fromthe FFUs

can be recei %al%ymhels‘eewaf%mklzck cfblh%wmt% Gles, tahlesrand yariakles B9Y abl e to
one or nore @k thd'coR MBEK, %chhagt alsP B s & ve Ofor E@% ﬁgﬂmra&arf@&mr K
can

adapters 62, and send it fo them As such, the e incorporated

with the¥ul funﬁmageﬁqaeﬁﬁl’%w P b psdgtossye dpy dats and system configurations 1t
applicable.

The neuron chip 78 generally provides a relatively low-cost control network, and may
include all the functions required to acquire and process information, make decisions, and
25  generate outputs; as well as to propagate control information, via a standard protocol,

through a wide variety of network media.

The neuron chip 78 has a number, preferably three 8-bit CPUs on chip. One CPU
executes the user application program such as by controlling I/O ports, time events,
30  driving SPI devices. The 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

35  two timer/counters for frequency and timer I/O network communication port



To now refer to Figures 8 to 10, the fan control protocol converter 12 is a
.m cr.oprocessorbased controller. It is able to link up to 31 fan filter
units. s The fan control protocol converter 12 consists of node object
and 31 FFU controller objects. Each object consists of a set of network
vari ables for setting and nonitoring FFU speed and status. 10 Cbject status
request support: actual speed, target speed and nmaxi mum speed; resetting
fan; fan status; setting rating factor; 6and fan address. The node object is
used for SCOWQM&@&I‘E\;Q&aﬁ’\hishllﬂeﬂxesﬁa&d%r%ﬂfﬂ drtchiP RilRfRS %nd 1588 RIS twhigguest

i nput network variable is used to request a particular ge for al s
particul ar oBpedfulldetbps andaddress bpnfor exeray Me8IoMal , update status and report
mask. The object status output network variable is used to report the
status for any object in a node, The valid range is any value wthin

defi ned | i ni%ths, inteonal FEPREM fcptains aretvek jcaefiRupsiong ard \?é‘%PSﬁ’@B einforypationnet wor k

variable is iaeh b REARMGAS! (L@ THBNAPROM A TheERROMNan (Rl sth e, fOr

fields is any value wthin defined limts. The mandatory network variabl e
out put rét mmrqxgrvaﬁp@mreeqslrr@wlméstat Heis feefang tatthefEEPROM esnot yeed forwser] r ange
is within mpufacidrer' s specifications such as, for exanple, 0 2s 65535
rpm and is preferably with 1 rpmresolution. The target speed i nput
network vari able receives value to control the fan speed. The nanufacturer
defined net wafknahi sfii?)il@ id ?refél%%@ fBPusQPQth&’%vh‘iéﬂ%e%ﬁﬁ&hﬁ&f}ﬁi alodeUied! the
FFU. It provides the abil determ ne internal al armcondltlons in the
FFU such as tg@ﬁomsgﬁeméﬁaém seementspaf applisgiondataj nt er nal communi cati on
error, tjgermal overload of electronics heat sink overload, conmunication
error between the fan control protocol converter and the FFU, fan not
operating, tHernearonoshin insidessystas Bpot-unaohtinea cpmmanicasion Aurptignt pretocelnd so
forth. 3s ThegehfR BindiddladddAUio HiRfWOr k variable resets filter unit either
OFF or ON 8 5 The rating factor variable sets the rating factor of the
fan filter unit that influences the operation target value of the fan. The

val id range g AR Vahi R b m speed
at which theﬁhlgg%er\t?mpg]kg@%ﬁ)ﬁreé}%rred %ﬁ?%ce@g&a Pg&rp ?ﬁgﬁ cl 'gﬁ\?mﬁﬁbap

manuf act2lr erRAMg BB@MHQ?&QM{]EEE%QM #nd, Flpshr mementip| I8, the cgysda. Mmprepiief er abl y

wWith 1 rpm resahstlnQia f 8ok GhE Shs@itl datat twork variabl e provides
t he address of thg FFuorli%ﬁe vg 1|§lﬂag‘r%§1lnge |sS 1- 31. onpfe the address is O it

nmeans the FFU is not |inked to a fan control protocol
This allows two choices of transceiver on the communication board, including free

topology transceiver, and non-isolation transceiver. Both transceivers are supported by

25  interoperable physical channel criteria.

In this way, the converters 12 can receive information and commands relating to the FFUs
in a protocol unacceptable to the FFUs in protocol unacceptable to the FFUs covert them

into a protocol acceptable to the FFUs, and send them to the FFUs.

30
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 reporting system.

35

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

based controller. It is able to link up to 31 fan filter units.



converter. The configuration property is used to provide physical |ocation
dinformation of the 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 repeatedly. The
application code is organised as a state machine with 4 states: CHECK DATA
STRUCT 20 WAI T | NTERVAL SEND COMVAND GET RESPONSE The interval between
commands is dictated by the bus protocot. It nay be, for exanple, in 25 the
range 1 o | 0Onms preferably 4ns. The interval for the FFU to response is set
at 50ns Sending and receiving the data to/fromthe FFUs is carried out
within the déeifan controbpraipsel sepgie el ensipthof npde phyestear 13, FE{ entipdlevery 5
seconds, an ogefs| EnG oEJ:eu dofsi@D Lo fnRwdRevdrihblkd fob 83tz QRE ndRitdringFB0 The
maj or varlables used in the application are: Nane of variableT a and

Descri pti onPEgeipph#sie Array of Protocol Converter objects. (indexed from
1PC Area()Dynam c Array of User-defined Type, Protocol Converter Area

i ndexed from 1Col PCUnAssi gned Col | ecti on obj ect contalnlng ref erences to
Pr ot ocol10 CorRhiget stptug pgasest SGPPRTRIEHI Freedi targetopedcand JBARITARR isPR§Cr Bpdtighces to
button obj eqis fan Ytaf] mﬁ%guf’ﬁglf&@drl & ieMNadaRis® C tThe HB&ioBjeRTis’ REEENCes to
Prot ocol Convérterobject | Set Pool Col | ection object containing references
to Protocol CQEW@PQ‘@BOB]@EQ@‘*F’@‘)ltSiQ*;’Jeatdenam c array containing references
to Protocol Converter ("PC') objects. Each PC object represents one
protocol converter. The size of the array is determ ned fromthe database
file. The i ﬂﬁlerqlmﬁ AUESH inh BefwWPtkoYAriable iy asedifaseayest ¢ oppiadlerdmode fr10 t hose
in the 1,99 fohiiRniar'difect HiRR %Ba@mctua,ng nga‘al lipdatd ddrudiBidkGohagd 1 there is a
mat ch. For those devices that do not have a record in the |log ale, they

wi |l be added to the col PCUnAssi gned collection. The software can track

whi ch convergr; e&es?da&sr&uﬁwnwuwahme SuRed R MEGT th@<;£ahfarror obpktinal 1y, all
converter references are cont ai ned t he unassigned col |l ection, but once

t he user asslp'éfhsThaVé‘éfhmecléﬁnﬁ‘@m&n‘“@rﬂe‘!ﬁﬁ“‘tﬂwltsconverter s reference will be
renmoved and added to the collection of the particular area. Likew se, if

t he user should decide to renove the converter froman area, then its

ref er en@@ wiTihp mesufagtuisy defired eiworinarishle Anpt agwodkcvarighle At Hsed del BEpadesst he

unassi gned. ZAmih 15 ANFEDE. SFhe GRId @hitSol {IEGIR'SIR vaRE WithWeifedaslisMBt hods,
including: name - This stores the device's name ' caption - This is the

nunber shown on the converter's button
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, 0-
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, internal 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



area - Indicates the particular converter has been assigned to which 25 30
35 40 45 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 converter. Each FFU cl ass has the several
attributes including: Fan Index -Unique nunber assigned to each FFU,
forsorting purposes. Time Switch Enabl eg -1 ndi cates whether the FFU is
time-sw tchrenabl ed. Lineq.- r . ne

onl i ne. Fan Elr?er %?mg %ﬁgﬁ?ggﬁg‘a’ %&e?’ﬁgz?&gﬁgdilﬂﬁ?e\gﬂﬁ gﬁﬁ\éﬁﬁ]—lgﬁmgﬁy t %n%e 1Si bl e
-1 ndi cat es ugeedtior targdtevalue wirthedfatn u The malfdorangehie 0REW00%y i Thie haxin@iml s@Btedt us

- Keeps the preyiou t s val ue. Ac I 2 Hol Jreferen t 0,.network
vari able " A{gﬁrﬁé#e S?%é‘ied%%‘ a}nélgstp gﬁ‘gp‘{‘e%e"sd1 l{%?ggﬁggpe@ erg é're 50 Hglt' V\c/@}ek‘pa\lllgri abl e
"Tar get Spemdge Ratwithin Emoufa:tureﬂmlsﬂsciﬁcaﬁmsemt 4sp fqeﬁfmdte&/\é@ﬁgﬁbl 3mi', gati ng
Factor". Max_Spe - r rence to network vari able "Max Speed". St at us
-Hol ds refe rgﬁcr:%%‘t‘gh?{e&v%nore%h\?}gr%i abl e "Fan Status".Fan Address -Hol ds
referente to network variable "Fan Address". Reset Fan -Holds reference to
net wor k vari.ab " Re Fan' 10, For P v L. fhere are
many FFU st ?eutlsagﬁ%c{?%%rg\%p\l}é]re t|Wa ]f‘éasrgpg%ﬁ)é’?%%tﬁle %Cfr?éesgsp'%lﬁggg' ?réér ?aé "EE°wi | |
report the sthailusIlfothe addressHE, it anednsathe F&Nts not llihkddetoge faarcatied rotoent
"report by exception” enever thei.r val ues .changes. The network variabl es
Carbet - specth it ad b s BRRE ot vt G B BORER ok BTN
exception". th8fantfiiersdtre tinme, the fan status for all FFUs will be disabled
from"r Soorti ng by exception" and will be polled by explicitly reading
them THe rest of the network variables are read using the explicit read
and wite nBtithoefsrende3o Rignteds&rio ¢ thetsofissarel designtihe fopeprant dobkgamdéyrentt. Thi s
w || provide f.eedback,whenever cQn t j. e to.or disconnected
from the n&t }\}{%rc e Wkltg apggg\r{%(’r% tgf‘taér;‘ és{ﬁ%sxtgéc’:ﬂﬂt“%(r)%gggp@%\%ﬁs 1%{1 cﬁ%ﬁ% ?aée all the
confi gur at i ©ire dpplicwtioméadeis organisad hd a stéte maghirgrwith 4 dtdesuser to | ogin. Once the
user has | o I Rara0 is displayed a progress bar dialog box to

i ndi cate thgﬁgglégir}égé—s ﬂQgggni ng the database and retrieval of the

ref erenzies WAIThINTERMAIY k vari abl es fromthe database. Once this is done,
setting up Qé ]It)hg for the tree viewis |oaded. 25 Atimer control is
used to schedrﬂ e ? e tinme swtch function. After that, the programreacts
to events g6RErRESRDNSE t he user and events. Whilst there has been descri bed
in the foregoing description a preferred enbodi nent of the present
invention, it will be understood by those skilled in the technol ogy that
many 30 var Theinensl batwebatcainingndsfis dictaied hy the bnsprotgedli lomap be, dpreexamplorinnay be

made wi tho | f r A YE B LeS dhyvention
ext endsis!:ou%lf%ggg%dug%)ss’ éf?@éﬂ&’g@gg g%?ﬁ&el nd(glyvi Ju@lﬂjlzt;? g(l?]rg an%rt? possi bl e
pernut ati ons and conbi nati ons. 35

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




11 10 The Cainms 1. A converter for converting signals of a first protocol
to signals of a second protocol, the converter including a first

transcei ver, a second transceiver, and a chipset; the chipset including a
chip, a mcrocontroller, and at |east one nmenory. 2. A converter as clained
inclaiml, wherein the first transceiver is for connecting to on 110
driver serial port, and the second transceiver is for connecting to a
network part. A converter as clained in claiml or claim2, wherein the
chip is a neuron chip. 4. A converter 8s clained in any one of claims 1 to
3, wher ei n Qoidot&¢tPddast one nenpLylléctornatgech contaiming wédrencesad Proatogwl Chmevegrioup
consisting of: flash nmenory, 15| BSiddtand SRAM A converter as cl ai ned inf any
one of cl aidwSeiPdob 4, wher ei n t h€ohdcdoroatgett camkding teferdnoes to Prdtocal Comgriekal a
flow, data storage, and communi cabje@h with external ports. 20 6. A
converter as clainmed in any one of clains 1 to 5, wherein the

m crocontroller is a single chip mcroconputer having an internal SRAM a
data bus, tpQ)apardhhmie siaft@stainingn@frenddhdido Ef6tobd) aCverted depEn ddfttsbl ocks

wi t h on- chigacis etesbidcORpresénty @ferpigtbcdt @BikveAtr, HidGidei oTBKSarra35Sis Geternii@nvert er
as cl ai med fioh tHeadatbase fWLEMaE infbiatioe vb@ined bR thé) Qhtblshes isOddenpared ite

functi aos nesiuliit §e 16g0filaC qHé informatbonDindce e willfbe ré¥irddoifl therepik @ nikehl, Fbons,

gener at e oukqebtdevicéNthapdopagahe &aedordlin el PENEE, Moy vill bd fldayes iy as

cl ai med i n celP@iUmASsigled @blddction/, wherein the neuron chip includes a 30
plurality of processing units on chip. 9. A converter as clainmed in claim
8, wher ei n Thef dofiSiarePtMC @K MBich NdchverteRC tighise Mmaipllatip@bé aatusana@iongr am
controlis | Axipay, bB colvielt® reféRmntd areddddtaihed WEhS uidskigibd\coll&Sion, bat drde tiy
converter aserGkagn¥Rictohveret @i awafeapthatcdoieels refdi@ice will Be feaROeandradaaissi ng
uni t contr @b theaolisxtive b5tho Parfititiraedl LilendsepiigiRdRér shadld daidede seni@s siges. | 1.
A convert ercomerterl Roiiael aleh) thehyitsGofereade WilldefemdVell GomGhat wheatsebllection lid d
processi nNg addddito @RAhAsSighedd communi cation part. 40 12. A converter as

cl ai megpi n any one of clains 1 to 11, where in the first and second

t ranscei verThe abivefié conthinglthe koRTahatirivRfes gidni@haie iadiadingdg of : the topol ogy
transcei ver and namBon-i sol at iThi storanecdeviée® nandd 13. Apparatus for

control l'ing bui lcdptiog funct i orrals isithe hembér Bigowamaliedotterief1Sbutbhng a contr ol
system for contrmgdal i ng t-he opsdiGidsalie @tticalaptanverter hys tebn bugigheli togvHishnct i onal
units, 2at | east one of the butdadi ng functional unit operating on a first
protocol with the&ayemai ni ng sl Bi thg ihdexcbrraynaherd nhé yanioaiancomgrtersd second
protocol , the apparatus fur tréferendericétordd.ng at | east one server; and at

| east one converbuidn for - 12 Containgue¢fereng ts thgrainmand hitloe répresaitingtiat ocol to
t he second protocol, and frorviveaersecond protocol to the first protocol, to
enabl e 3the cont medle Syst em t 0 (oofains alreféramcead the eadetin the ereofor theeolvertbrdi Ng
functional units. 5 14. Apparatus as clained in claim 13, wherein the at

| east one converter is as clained in any one of clainms 1 to 12. 15.

Appar at us &EaclcFE nlash hanthe saieral difibates tlchidimg14, wherein the at | east one of
the building fuFahimdeal units i-s a@Infxjuehambdryssiphed wreadh FRBforuni ts. 10 16.
Appar ats3gs as cl ained in any one ofsorgthgpwrpos¢3 to 15, wherein the control
system has renotlimafwizdsErablet he s dsdictes whétherAhalUhidinfeasvitcloedablad.l i ng

bui I di ng functi ®aaDnlsiet S by use Gkt ta TaentheadvesansiRihednes odlmecontrol | i ng the
operation of a [FanEabtty of bui-l dilmiicates mdibtherthd FRUhistfaultyat | east one of the
bui | di ng functi damButtien Visibper at-i ndndicatea whethatthgoammnd butwintfbr thé\BFW &mai ni ng
bui l di mg functional units operati rigitknd second protocol , the nethod

i ncl udi ng usi ng (ad Staeest one cenv&ebwrthd peviosnrisastvalaog si gnals of the first
protocol to the AvaabSgkedpr ot ocol-, doilisfreferendehenaeakvarigbledtiranl Sgead’t he fir st

protocol to enalllagget $yeed - 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 “Reset Fan™.



20 control systemto control the at least one of the building functional
units. 18. A method as clained in claim1l7, wherein the at |east one

~ converter is as claimed in any one of claims 1 to 12. 25 19. A nethod as
claimed in claim17 or claim18, wherein the at |east one of the building
functional units is a plurality of fan filter units. 20. A nethod as
claimed in any one of clains 17 to 19, wherein the control system has
renote access to the server. A% A9a 215 A N_. ALNL. A&u % A
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co" "y converter as clalmed in claim 1, wherem the first transceiver is for connectin
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A converter as claimed in claim 1 or claim 2, wherein the chip is a neuron chip.
10\ 4410% & () 110% & ()-.10% & ()-S -110% & () >q???7? Emb@""!110% & ()-f
mL0% & () -f30% &( édnfvb’ﬂ‘g%&la(n)xed‘rﬁrp%)&m{e) of 1888’ 1 do- SQMMeiBAR<R1e4AR" " ! 10%
& () - @ Y10% & () memory is one or more selected from the group consisting of: flash memory,
1110% & ()-)! N RofEakd SWARY0 & () - &10% & ( <BBECCCDaBnb@" "h[0"10% & ()- @

10% & ()-3-10% & ()-,10% & ()-)10% & () - f' N$' 10% " & () - SDDDDTD[ D\ Df DgY?@" "
h[ 0" 10% & (}- @" ARl /eH3Y a1 Aine g 'oAOEP ain} 1 @[ heddd¥ihé nlidrodhtddlibr 4 0% & ()

- @ DDDDDDEE]R3 @ bl Qorkfirs datar BN, Qitd H¥paic, (ahd @HMhhi %4 ith k@B Rr30% & () - @
"h[0"10% & ()- @[ 0"10% & () - @& EENEOCEP QERESEUE~S h]< ,t10%W3$M' ()- 10" 10
10° h[ 0" 39% & () - @cohldel &1dmed in@hi loRe 40aiks ( ko @&MF&;:EEEEE&E&%%]I&S 10%Ws$M
& () - 34" 13" 10%WE Migle)chip3nit RUDMENE Haying 4n SitckhRMRBNE o datadhis LiWUNBeMEing ) - SEEEE
EFFFsX7h] < states, linear address space, independent blocks with on-chip selections, interrupt
yr10% 9%, & () - 3" &&%’\{$A&,ﬁ)rs34" 3" 10%WSME' () - 33" 10%WSME' () - 34" 3" 10%WSME! (
)-3FG-HI JSJJ|[:7h]< ¢ f11099$& ()- c f110% & ()- f!10%@@& () -

25 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 propagate control information.

8. A converter as claimed in claim 3 or claim 7, wherein the neuron chip includes a
30 plurality of processing units on chip.
9. A converter as claimed in claim 8, wherein a first processing unit executes a user

application program, controls 1O parts, time events, and drivers SPI devices.

35 10 A converter as claimed in claim 8 or claim 9, wherein a second processing unit
controls a conversion protocol, and encodes and decodes messages.

11. A converter as claimed in any one of claims 8 to 10, wherein a third processing
unit controls a communication part.
40
12. A converter as claimed in any one of claims 1 to 11, where in the first and second
transceivers are selected from a free group consisting of: the topology transceiver
and a non-isolation transceiver.

45  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 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 least one converter for
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93] c" A " Def auI t Pasiagneapasthanet csiitier 4dr; dBLdrkidyl kiphalpof the AjrktSprotaddlae AEBCDE
cmg "$6' (* second protocol, and from the second protocol to the first protocol to enable the
357*9= >@(BDf DEUEEEdﬂﬁoﬂ.MbWMtﬂkﬂehamaﬂ dfthd\BDB R BRI Yiits] " abcdef ghi
j kI mopqgr st uvweTi mes New RomanAri al Courier New'h Root EntryWrdDocunent D

I #SYR () * +, 18./ 01 2A3AE6IBA: claimed in claim 17, wherein the at least one converter is as claimed
<=>7?@ABCDEFGHI JKLINGyQrSH{ MY [ty }2. " abcdef ghi j kIl rmopgr st uvwxyz

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.



