1 A MODULAR CONTRCL UNIT FOR CONTROLLI NG BUI LDI NG FACI LITIES FIELD OF

| NVENTI ON 5 The present invention relates to a nodul ar control unit for
controlling building facilities and a data storage nedi um contai ni ng
conput er readable code neans for instrticting a progranmable controller
nodul e- of a nodul ar control unit. 10 BACKGROUND In nodern buil dings,
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of the soft wiBACKGRQUNDchanges are required for a particular 30 function
such as the addition of a control panel, the controller has to be
reprogrammed and this nay affect other functions also controlled by the
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One notable restriction of existing control systems for building facilities is that such
systems are of a single Central Processing Unit (CPU) design. This means that only
one controller is used and a single software application controls all the functions
such as controlling the air conditioner reference temperature, on/off lightings etc.
20
' In existing control systems, building facilities controls for different in-room layout
typically require customization of the software of the control system before the
control system can leave the manufacturer’s site and be delivered to the installation
site. In many instances, further modifications are still required after the system has
25  been delivered. However, modification of the software cannot be made on site and
can be changed only at the manufacturer’s site. This creates a problem because the
system has to be sent back to the manufacturer's site.

During customization of the software, if any changes are required for a particular
30 . function such as the addition of a control panel, the controller has to be
reprogrammed and this may affect other functions also controlled by the software.
Time spent to change the software and quality of work depends very much on the
programming skilt of the software programmer. Typically, the programming time is
long and changes in the configuration cannot be immediate.
35




35 2 Furthernore, when tasks such as upgradi ng, nmai ntenance and/or repairs
to the systemare required, they are tinme consum ng and al nost al ways
require the technicians of the manufacturer of the systemto carry out the
t asks because the functions controlled2by the systemare in conplex
integration and is unfamliar to 5 other technicians. Mreover, when there
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communication protocol and complexity in the procedures/programming involved to
set up the device for use.

Passive bus usage on the other hand can provide more flexibility, however,
20 individual devices in existing passive bus systems perform functions separately and

~are mostly hard wired to only perform the dedicated functions, e.g. lighting switches

hard wired only for switching on/off lights, air conditioner panel hard wired to operate

only the air-conditioner, etc. There is no interconnection between the various

devices not to mention any scalability in system design for controlling all the building
25 facilities.

7 A need therefore exists to provide a modular controf unit for controlling building

facilities that addresses at least one of the above-mentioned problems.

30
SUMMARY

In accordance with one aspect of the present invention, there is provided a
modular control unit for controlling building facilities, the modular control unit
35 comprising: a passive bus; a plurality of controller modules connected to the




35 conprising: a passive bus; a plurality of controller nodul es connected
to the 3 passive bus, each controller nodule arranged for controlling at

| east one function associated with one or nore of the building facilities;
wherein each controller nodule conprisgs a data comruni cation unit for
broadcasting protocol packets over the passive bus, and a processor unit
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conpri se one MAdulter e control panels coupled to respective ones of the
controller nodules, for providing a user input 35 to the controller

nodul es.
15 Each controller module may execute an error checking mechanism on protocol

packets received via the passive bus and if an error is detected, a retransmission
request is broadcasted via the passive bus.

The error checking mechanism may comprise updating a counter for each
20 retransmission request and only repeat broadcasting the retransmitted request
until a preset counter value has been reached.

A new controller module connected to the passive bus may broadcast an initial
message using a default address of origin.

25
The default address of origin may be changed by the new controller module in
response to identifying a same existing address being used by another controller
module.

30 Each controller module may be coupled to a power supply module via the
passive bus.

The modular control unit may further comprise one or more control panels
coupled to respective ones of the controller modules, for providing a user mput
35 to the controller modules.




4 Each controller nodules may identify whether a user input received from
the control panel coupled to said each controller nodule is destined to
said each <controller nodule or to another controller nodule, and said each
controller 5 nodule relays said user input via broadcasting over the
passive bus if the user input is destined to another controller nodule.
One or nore of the control panels may conprise a display element for
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15 One of the plurality of controiler modutes may be a Service Controller Module for
controlling a privacy status and room service status of a room.

" The modular control unit may further comprise a remote panel coupled to the

Service Controller Module and for location outside the room for enabling

20  sounding the doorbell based on a privacy status or a room service status of the
room.

The remote panel may further display the privacy status or room service status
based on the privacy status or room service status of the room.

25
The Service Controller Module may further control activation or deactivation of
electrical utilities supplies in the room.

The modular control unit may further comprise one or more card readers
30 coupled to respective ones of the controller modules for data input into the

modular control unit.

The data input may be used for access control to functionalities of the modular
c_:ontrol unit.
35




The one or nore card readers may be coupled directly to respective
controller nodules or are coupled via the passive bus. One of the
controller nodules may be an air-conditioner nodule for controlling 5 an
air-conditioner. The nodul ar control umgt may further conprise a
tenperature sensor coupled to the air-conditioner nodule for sensing the
room t enper atTiheeonel Or ﬁmee@tard headeos tmayl be coupldd Idasctiyaio lEapactvel egntrotidtl e
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readabl e fodenmiacenditmner.nstructing a 20 programmabl e control |l er nodul e of
a nodul ar control unit to execute a nethod for controlling building
facilities, the nmethod conprising: instructing controller nobdules to
control at | dhetmoddar cordtal onit mottirtbbedorwbtim amemperanuresetnfsot tmupldditd di ng
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the received 25 protocol packets needs to be acted on at said controller
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packet s recebtigbtnessotlightpassi ve bus to det erm ne whether the received
prot ocol packets needs to be acted on at said controller nodule. 6 BRIEF
DESCRI PTI ON OF THE DRAW NGS Enbodi nents of the invention will be better
under st odd anberextaindlydexmesmaay inchideon ezrodte arodirobagvick fdr luseninpheings thef r om

‘the foll ow n%o‘ﬁruila{rtcgﬂtr&%?t“ ption, by way of 5 exanple only and in
conjunction wt he draw ngs, in which:

In accordance with another aspect of the present invention, there is provided a

data storage device containing computer readable code means for instructing a
20  programmable controller module of a modular control unit to execute a method

for controlling building facilities, the method comprising: instructing controller

modules to control at least one function associated with one or more of the

building facilities, to broadcast protocol packets over a passive bus, and to process

protocol packets received via the passive bus to determine whether the received
25 pr_otoco! packets needs to be acted on at said controller module.

In accordance with yet another aspect of the present invention, there is provided
a method for controlling building facilities, the method comprising: instructing
controller modules to control at ieast one function associated with one or more

30 of the building facilities, to broadcast protocol packets over a passive bus, and to
process protocol packets received via the passive bus to determine whether the
received protocol packets needs to be acted on at said controller module.




Figure 1 is a diagramof the systemarchitecture of an exanpl e enbodi nent
of the present invention. 10 Figure 2 is a diagramof a Power Supply
Modul e according to the exanple enbodi nent of the present invention.
Figure 3 is a diagramof a Service Contgoller Mdule according to the
exanpl e enbodi nent of the present invention. 15 Figure 4 is a di agram of
an Air-condi tBRIEF DESCRIPTION OPTHEDRAWINGSNg to the exanpl e enbodi nent
of the present invention. Figure 5 is a diagramof a Relay Controller

Modul e according to the exanple 20 enbodi nent of the present invention.
Figure 6 is &rdbadimentsodf the Dhvention Gdlhbediditer uhietlstondaarabradidilg appareheto
exanpl e enbadi nent of the.present. Jdnventign. .25 Fogure 7.i.s a, di agram of
Qur Lo Cont 0! BroBant SRULENE Al % sevise et e dbshrmint oin o g
present i Averbaople énlgand i cosjuactitinagitratheafrawinigeyinGatiidh:Hol der according to
t he exanpl e enbodi mrent of the present invention. 30 Figure 9 is a diagram
of a Guest Service Panel according to the exanple enbodinent of the
present i nverfigua.l iFiagliagraiOofi the ystemgraiteofura oDamo exdhplasenitaierhera of thedi ng
to the exarrpl? esagg?r{wjgodi ment of the present invention. 7 Figure 11 is a

di agr am of al A °f'i oner Control Panel accor di ng to the exanple
enbodi nent of the present invention. 5 Figure 12 is a diagramof a Curtain
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exanpl e enbedibodimendbf thbgrgseatianentionvent i on. 10

Figure 3 is a diagram of a Service Controller Module according to the example
embodiment of the present invention.

15
Figure 4 is a diagram of an Air-conditioner Controller Module according to the

example embodiment of the present invention.

Figure 5 is a diagram of a Relay Controller Module according to the example
20  embodiment of the present invention.

Figure 6 is a diagram of a Dimmer Controller Module according to the example
embodiment of the present invention.

25 Figure 7 is a diagram of a Curtain Controller Module according to the example
embodiment of the present invention.

Figure 8 is a diagram of a Key Card Holder according to the example embodiment of
the present invention.

30
Figure 9 is a diagram of a Guest Service Panel according to the example
embodiment of the present invention.

Figure 10 is a diagram of a Door Chime Panel according to the example
35 embodiment of the present invention.




Figure 14 shows exanples of Light Switch Panels according to the exanple
enbodi nent of the present invention. Figure 15 is a diagramof a Light

D nmer Panel according to the exanple 15 enbodi nent of the present
invention. Figure 16 illustrates a diagramof an arrangenent of the exanple
enbodinent in a hotel. 20 Figure 17 is a flowhart illustrating the
procedures for nodules to conmunicate in their allocated tine del ays

according tothe anpl e enbodi nent . Ei.gure. 18 s a,.flowchart .illustrating
e br ocadur EISTR VSIS Baaarah o oAl ot ireiol Bpdhh e SRR o e ool
exanpl e enbodimbedimers obtheqsesent mveridndat a protocol 25 packet. Figure 19 is
a flowhart illustrating the addressi ng procedures during addition of new
nodul es to the system according to the exanpl e enbodi nent. 30 Figure 20

illustratés #&iguattdld ar diagchm ef a Quriginn ©ontrolt Ranexadcgotding nid dbé nedample

DETAI LED DESCRI, P Wth reference to Figure 1, the control system 100
of the exarrplgglbé)%%tﬁgw ptr%s r‘i‘gﬂn?’%‘ﬁ?“a Main Control Unit (MCU) 102 and

nunerous Auxiliary Panels (AUX) 8 120, 122, 124, 126, 130, 132 and 134. In

t he exanpl e iyent, t 102. and 0,, 122, 124 26, 130, 132
and 134 are ﬁ%%einﬁt'eaaiér}lg%gﬁg%la i'gra%ugm gr‘i”\'/‘lélr SSRYANY: Iy T PEBIPIY ng
room f aci |l i t eedodsnari obthegpreseabindéritiooner, |ighting, curtain, security etc.
Every roc?gﬂn the hotel has a MCU 102 and all the 5 AUX installed. It is
appreciated that the control system 100 may be inplenented in other

~envi ronment s Figued 1als showe ,examptesr of alghbBwitthnBandiacdooondingr td fiee léxkample Each

nodule in th tIME;‘I:TJ is f j ly unique. A power supply nodule 104
powers 't he cgn rollnqeg'ggttﬁﬁ]p}l}%h{'Eg%hloﬁ’odul e in the MCU 102 can be "pl ugged"
10 into the control system 100 to provide the function associated with the

MCU 102. New nmpduf an. "plugoged’, tnto t control.system 100 w t hout
Any ohanges T 1B Bt diebterafor Biba B Rat ol RSl Arel o
separ at e1¥ i r emhodimenbpf the ipraseohintardiod. m cr opr ocessor (s) and

Figure 16 illustrates a diagram of an arrangement of the example embodiment in a
hotel.

20  Figure 17 is a flowchart illustrating the procedures for modules to communicate in
their aliocated time delays according to the example embodiment.

Figure 18 is a flowchart illustrating the procedures involved when a module of the
system according to the example embodiment receives an erred data protocol

25 packet.

Figure 19 is a flowchart illustrating the addressing procedures during addition of new
modules to the system according to the example embodiment.

30  Figure 20 illustrates a controiler module according to the example embodiment.

DETAILED DESCRIPTION

35 With reference to Figure 1, the control system 100 of the example embodiment
comprises a Main Control Unit (MCU) 102 and numerous Auxiliary Panels (AUX)




15 the rel ated peripherals for carrying out the function of the nodule and
has wunique data inputs and outputs that are attributed to the function of
the particular nodule. Al though sonme nodul es may be linked to each other
in sone function, each nodule can stilg function independently from one
anot her. A passive bus 138 interconnects all the nodules in the MCU 102.
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module. Although some modules may be linked to each other in some function,
each module can still function independently from one another. A passive bus
138 interconnects all the modules in the MCU 102.

20
A system network protocol (details will be provided later) governs how each

module communicates with one another in the passive bus 138.

The system network protocol advantageously allows controls specifically for a

25  particular module to be directed through other modules. That is, if a module is
not capable of performing a function, the user commands to perform the function
will be directed to the module capable of performing the function.

Furthermore, the system network protocol advaniageously enables new
30 modules and new control means (e.g. control panels, buttons, triggers, levers,
etc.) to be added to the control system 100 without having to upgrade the entire
operating software that governs the controls of all the modules and the auxiliary
panels connected to the control system 100. This will allow technicians or
engineers to make immediate on-site modifications to the control system without




perform ng the function that the new control neans are intended for. The
link 15 between the actual nodul e(s) for performng the functions intended
for by the new control nmeans and the new control neans can be established
t hrough on- site software progranm ng uwping a progranm ng device (not shown
in Figure 1). The progranm ng device stores the settings in a database
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fromthe control neans in the 'passive bus 138. Upon receiving a
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| i ghtings 136. The SCM 106 is connected to an external contactor relay
304. The 8 j nnect e 0, an air conditioner unit (1804.in Figure
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a Light D r Panel (L 134 Figure 1 hows an_ex | e ;arr.ang nt of
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vi ew of &5 hobetwaenotiimel80al nhibeuld{sl) faOgeifermihg diad @dhdtiona itengded foremt theB02 i n
the room 18096w control means and the new control means can be established through on-

site software programming using a programming device (not shown in Figure 1).

The programming device stores the settings in a database maintained at each

module. [f the module connected to the new control means is not a module

20 dedicated for performing the function the control means is intended for, the

module will broadcast the commands originating from the control means in the

passive bus 138. Upon receiving a broadcasted message in the passive bus 138,

the modules connected to the passive bus 138 refer to the database to

determine whether they are the modules intended for executing the commands.

25  Only the modules programmed to perform the function will act accordingly.

The MCU 102 comprises a Power Supply Module (PSM} 104, a Service
Controller Module (SCM) 106, an Air-conditioner Controller Module (ACM) 108,
a Relay Controller Module (RCM) 110, a Dimmer Controller Module (DCM) 112,

30 and a Curtain Controller Module (CCM) 114. The RCM 110 and DCM 112 are
connected to lightings 136. The SCM 106 is connected to an external contactor
relay 304. The ACM 108 is connected to an air conditioner unit (1804 in Figure
18) with an air conditioner motor (406 in Figure 4), water chiller valves (408 in
Figure 4) and a temperature sensor {412 in Figure 4).
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10 The KCH 120 is | ocated near the entrance 1810 inside the room 1800 and
Is connected to the SCM 106 through el ectrical cables (Not shown in Figure
16). The DCP 124 is |located near the entrance 1810 outsi de the room 1800
and is connected to the SCM 106 througfp el ectrical cables (Not shown in
Figure 16). The GSP 122 is 15 |located at a |l ocation inside the rest area
1816 of the rdvemAL3Deompdsées ac KapelAre Hdlder (HEHPA01 6 Guesb $ghvied Eainel cal

bl in Fi . .Th i ed i
condi ti oner S 18,3 APREGhMe £EE) (5bL B0 8n BB e YA Shrgt 16)
The ACP 126 i(ACPpdabed hatain Coatral Pared(dCP) dGO; a WigHt SUBRA PRI AGP)i 32

connected to i cal cables (Not shown in Figure
16). Wth reg:%rgﬁa @ﬂé’gﬁﬁ%{ﬁ%@%[&‘@%ﬁﬁ%l of curtains 1808 by the w ndow
1806, theSCCP 130 is |l ocated near the curtains and is connected to the CCM
114 through electrical cables (Not shown in Figure 16). 25 As regard

| i ghtings 13Fjgurédbeshawe aa dxempleShrdridg2meanef the MCUNO2amidrthe @d/X0120,H22r oom
1800 for the e t,Q~C I e room l.i ghti 136 _upon terdn he room
1800, one erg%fh?rG’i@& g@?ﬁ%&%&"‘ ? 2! @f%agﬁ?lﬁomo 5y lgﬁ%ﬁdoq %5 1S
control ling tdvateddoan cohipghttrienty$8Q236 tenkboonBOOUst out si de t he entrance of

t he vvashqgom 1814 for controlling 30 the lightings 136 in the washroom
1812. Al "the LSPs 132 may be connected to a single RCM 110 or sone of

whi ch is sepdhatleCh tihiseloceddt mean the catrdacey 1BOMihdidé theé soahst30fazrtd &f t he

MCU 102, whi ' I [ shroam.lighti control.. T SPs 132
are connect egg?%e%%%to%éﬁgqgéw ?lﬁthﬁﬂhca E&é&??ﬁ%qw%gﬁ'gge?%&tﬁes hown
i n Figure 16PCPTH2 ikDiRall¥indas theoerttamde A10 batside she soea1d@4ndoé cotrescteziom
1800 35 and | h 112 thr h electri a t
shown 1 i g\t BRI 08 tbfof SRefio cebite ol bR d i Bh TRy T 422 %
i nt egr at &3l | htcetetllat aviaddtion insins the esstabed 1816 ofdloenrddd® 0800 ahdisleednéotedato
control pane I i Ly, acgessible a ,fechnician wanting to
upgr ade, nai F’l%?‘é’“&%?ﬁ%&gﬁetéﬁﬁéﬁ}dﬁ%ég.ﬁ"%sn?wg "&E@ﬁé “di agram of the PSM
104 is shown in Figure 2. The function of the PSM 104 is to convert the
high Alter natﬂ'l@%C%lj "6& rlls:[ ccgn'%gz‘,ted to an air conditioner unit 1804 through electrical cables

(Not shown in Figure 16). The ACP 126 is located near the air conditioner unit 1804

20 andis connected to the ACM 108 through electrical cables (Not shown in Figure 16).

With regard to the movement control of curtains 1808 by the window 1806, the CCP
130 is located near the curtains and is connected to the CCM 114 through electrical
cables (Not shown in Figure 16).
25
As regard lightings 136, there are a few LSP 132, one near the entrance of the room
1800 for the guest to control the room lightings 136 upon entering the room 1800,
one further inside the rest area 1816 of the room 1800 for controlling the room
lightings 136 and one just outside the entrance of the washroom 1814 for controlling
30 the lightings 136 in the washroom 1812. All the LSPs 132 may be connected to a
single RCM 110 or some of which is separately connected to a secondary RCM that
is also part of the MCU 102, which is solely used for washroom lightings control. The
LSPs 132 are connected to the RCM 110 or RCMs through electrical cables {Not
-shown in Figure 16). The LDP 134 is located in the rest area 1816 of the room 1800
35 andis connected to the DCM 112 through electrical cables (Not shown in Figure 16).




voltage of the mains to low Direct Current (DC) voltage so as to provide
suitable and stable power supply to the control system 100 (Figure 1). The
i nput voltage 10 202 fromthe mains to the PSM 104 in the exanple

enbodi ment is ranged between 220 - 240MAC @OHz and the PSM 104 is capabl e
of delivering an output voltage 204 of 12VDC and +5VDC to the control
system 100 ( i ig@peretiated fhiabthaddl@UI19@ rdayabe dntegratetifeto See wialt str@dates aif ity

Modul e (SCM 15 Fi n th a enhodi t, the
nar duar & of | (981 007 36 A i, s i 08, S BRrHY PR R RoPl B =0a° o
DC power suppdaqhnlcmlw@fﬁildgi@dpwﬁd@mmmntamoraephntuhe MiKdrichel | speakers (SPK)
310. The SCM 106 is also connected to the Guest Service 20 Panel (GSP) 122
(Figure 1), the Key Card Hol der (KCH) 120 (Figure 1) and the Door Chine
Panel (DCP) Ik detaitpdrdiagram d¥dhe PShmMOsiicsiioveminufigare 2312, 314 and 316 are
provi ded for connecting to the GSP 122, KCH 120 and DCP 124 respectively.
The Data conmunication units 312, 314 25 and 316 nay for exanple be RS485
serial i nter flheetinctiond obltfssn PEMIIE isrtoactrevetti the high Adtemmaiingl Cpaeke(ACY rom

t he SCM 106 f. 10

i set o cont roIR’8 %‘3@?’61 %/fgﬁ%jo?’ Wlé%?&c%% "g(éb Hg] ?e% %Jclg]g%:té)&é)uéds Qﬁ%@% The
SCM 106 acti ‘aad@elahiheowpesapmmm tfe d:dr&rodispstbm 100G (Fagkrer1y. Bl inpd® valtager di ng
t f I P

viosiufg:sﬁ) g 2@? et-ﬁgr {OI va{ ié’bﬁ/ﬁ (r)ligr Ic?xgnﬁééker&g&g%ﬂt%rgﬁoé)or bel |
is rang by peHmeZ&—bZAQ\MiC (@3018z iandRhg P @M 1104 BncapableDobdelBlering #Panel

(DOP) 124 AceepUGdinssd SuAin BB SEYROR (8 st S 306 SBRLAY L e

room service s tus privacy Vi ce
Panel (GSP) 122 (Figure 1) aI |l ows 12 guests to si gnal a room serV| ce

et on '8 el aarhh, B G RATEBEeF Yool (SEMT el Sl 1S

indication in |cat| room service

room Th&d SCHgue63.di spl ays the room service status and privacy stat us on
the DCP 124. The room service status and privacy status signals fromthe
GSP 122 5 (Figure 1) are sent digitally to the SCM 106. A third function of
t he SCM 106 Iirs titeo ezartiple senebalireenty itheahandiviake tof dise SMMpI1Y6tie angessd to an

external contactor relay 304, a DC power supply i.e. PSM 104 (Figure 1), and to
door bell speakers (SPK) 310. The SCM 106 is also connected to the Guest Service

20  Panel (GSP} 122 (Figure 1), the Key Card Holder (KCH) 120 (Figure 1) and the
Door Chime Panel (DCP) 124 (Figure 1).

Data communication units 312, 314 and 316 are provided for connecting to the GSP
122, KCH 120 and DCP 124 respectively. The Data communication units 312, 314

25 and 316 may for example be RS485 serial interfaces, and also enable broadcasting
of protocol packets from the SCM 106 to the passive bus 138 (Figure 1).

One function of the SCM 106 is to control the operation of door chimes or doorbell of
guest rooms. The SCM 106 activates the operation of the doorbell speakers 310

30  according to user preference. The Guest Service Panel (GSP) 122 (Figure 1) allows
visitors to activate or deactivate the doorbell speakers 310. The doorbell is rang by
pressing a button (1108 in Figure 11) on the Door Chime Panel (DCP) 124.

A second function of the SCM 106 is to signal and display the room service status
35  and privacy status of a room. The Guest Service Panel (GSP) 122 (Figure 1) allows




room Wen a guest enters the guest roomand inserts a key card (910 in
Figure 8 into the Key Card Hol der (KCH) 120 (Figure 1), the KCH 120
(Figure 1), which has 10 the function of a card reader, verifies whether
the key card (910 in Figure 8) <containgzaccess rights to activate the
electrical utilities supply to the guest room It is appreciated that the
key card (91QuestsFiogrigral &) rovey séreicdi gtticdtloy nooctsections po eénaeint roomagertics | sed

e eor e ron R by U R AR RERE et e ol B A BB MR L)

302, whi ch t ripgtherrsoinhEhe SCat Mad displaps det monT sdreiye 3Bust anceprivalce sttwescon i cal
tiliti I i cal tiliti I |

cont i nue to B Dol shanHaSTh Ry T EaH hi%ey e brES PR 12
slotted i@ tHEigEH! )26 séiftidigitatly tb)the \BGM 106e key-card is renoved fromthe
KCH 20 120 (Figure 1), a Light Emtting D ode (LED) indicator (906 in

Figure 9) on the KCH 120 (Figure 1) will start flashing. After a preset
period, for iA$himnivection addeha @AM skt is g achfat8@ieswicandilities lsappn-td @agukst el ay

302 will be - achyate ntrollin xt er nal actor relay
304 to di sabit oD Wnfecalest PfriRE o8 bRy ahd Fosel cRelbard BPIoTR ARt B

i ndi cat or (90@oithe Keyaed Bpiden(KCid) KITH FiiOe (1FitigrI KEHL) 200MRidure At whiclehd
flash 25,unty ey - ' ' | Sepl.N in.

et ai 1 ed 19 achfhstBl itk loder, e CulndsT el R R RN 0B £
shown i n Fi goning acg8@ssTightsAGM cliGle litwseletidcd| aliliti@aisnpply tmthiei guest roomAltiis con
Fan Coil Mot Qr (o) i ' . Co Two: pi pe
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13 I n the evasptherisadiemdeéssent, t he hardware of the ACM 108 conprises three
fuse- protected interlocked relay outputs 402 (i.e. switches) for Air-con
fan speed control. The three outputs 402 correspond to the |ow, nedium and
“hi gh f an18§pedidhe ke pardthas elcyessAighds) yat signel isosdny digitallydodnp thie MCHI 120r(BigLicke

Al ternating Q)"t& ?ﬁé s@:’l\\ﬂoé 48 l:{lrigger an on-board relay 302, which triggers the external
contactor relay 304 to enable electrical utilities supply to the guest room. Electrical
utilities supply will continue to be supplied to the guest room as long as the key card
is slotted in the KCH 120 (Figure 1). When the key-card is removed from the KCH

20 120 (Figure 1), a Light Emitting Diode (LED) indicator (906 in Figure 9} on the KCH
120 (Figure 1) will start flashing. After a preset period, for instance, a default setting
of 30 seconds, the on-board relay 302 will be de-activated, thus controlling the
external contactor relay 304 to disable electrical utilities supply to the guest room.
The LED indicator (906 in Figure 9) on the KCH 120 (Figure 1) will continue to flash

25  until a key-card (910 in Figure 9) is inserted again.

The detailed diagram of the Air-conditioner Controller Module {ACM) 108 is shown
in Figure 4.

30 The ACM 108 has the following functions: -

. Air-con Fan Coil Motor speed control

. Water Chiller Valve On/Off Control (Two-pipe System}
. Room Temperature Reading

. ' Switching of reference temperature

35




5 to the fan coil notor 406, hence the fan speed will only be running at

| ow, mediumor high speed. A pair of dry contact 408 is provided for water
chiller valve on/off control in a two- pipe air-conditioner system For a
four-pipe air-conditioner system an adfftional 10 Valve Control Mdule
(VCM 410 conprising another pair of dry contact 408 is required to control
t he addi ti ondh theabxaraplé rembedinienir thei heedwdre of dinel ACMI168 coprptisen thiee fuse-

t enperature i t Qnt . ur. i room
t enperature ﬁ)ﬁ&é‘grg% ﬂﬁ%r(l)dr(r:lﬁe‘i g&%‘ﬁgﬁtﬁﬁs @8 AE%%&Q %&%’E’Sgﬁ %i'n‘lﬁegg '&Eﬁ?ol 126
(Figure 1) i dheotimestasthbutd 402c co@pspondsio Tiee lovai metliunctdndnhigh fame speeid 126
(Figure 1) i i I r . t f t he
G 1 Jcondi 11 ongPupeB: A EoNERE B Une e UAL b LS ATE B EREE R b TRV
accor di ngot o te ke farceil mgtor 406, hEinee AeMan GBeddswitllonty konneiog @tllowo nedeinP&M 104
(Figure 1) fqF h%ée wer supply. The detail ed diagramof the Relay
Controller I\/bogu ? 110 is shown in Figure 5. 25 Data comrunication
units 404 and 414 are provided for connecting to the ACP 126. The Data

conmuni cati o j . i.al

i nterfaces, g‘n@gf’i%&%ﬁgg"igg4@%@%‘8{9?rrﬁ%ﬁ@%@t’%?éﬁ%gﬁ%@? éﬁt?c’r! c')nmathﬁoe' ACM

- 108 to the psstiteonsliione88y§tpingdnoe aljour-pPeTaiecénditneosystemt lae &RAiHobal i s
for on/o |} i | e i i LNg .Jights

(136 10 1 qura) S Madlle (V2w o™iishe SRR BANLE o) ephiaddedt is | 2

| i ke. The RCKgaquired fmepntiebthiegiddibimhalyaiveainithe Sour-pipe air Rwiditipneusystens 502 with

comon incomng line 504 for Alternating Current (AC) nmains for on/off

switching of lights at a location. Digital inputs 506 to be converted into

anal ogue si gRalempemturgcsansar #h3is cormecieday tbetAEM st 0Bdfos wies bringnthef rooini ght s

accordi ng totén%r&u/eqf]feagm@orﬁ_nput S received.

15
The Air-conditioner Control Panel (ACP) 126 (Figure 1) is connected to the ACM
108. The main function of the ACP 126 (Figure 1) is to provide means for setting
reference temperatures for the air conditioner (air-con) system and activating the air
conditioner according to the settings.

20
' The ACM 108 is also connected to the PSM 104 (Figure 1) for DC power supply.
The detailed diagram of the Relay Controller Module (RCM) 110 is shown in Figure
5.

25  Data communication units 404 and 414 are provided for connecting to the ACP 126.
The Data communication units 404 and 414 may for example be RS485 serial
interfaces, and also enable broadcasting of protocol packets from the ACM 108 to
the passive bus 138 (Figure 1).

30 The function of the- RCM 110 is for on/foff lighting control. In the example
embodiment, lighting or lights (136 in Figure 1) refer to fluorescent lamps,

incandescent lamps or the like.

The RCM 110 has the following features: -




5 The nunber of inputs and outputs wll depend on the amount of |ighting
being controlled at the |ocation. In the exanple enbodi nent, the hardware
of the RCM 110 conprises four digital 10 inputs 506 and four
fuse-protected (e.g. 7.5A fuses) relay qutputs 502, which controls the
lighting in a guest room The four digital inputs 506 correspond with the
four on/off ld ght sw tRéigps cbffutd 150L heittc eomeinethcbimiigt li@M504 HoPaAealibdP)

132 (Figure . Digital. lighti on/foff signals are sent fromthe LSP 132
(B gur e 1) t Cirestidol Maing i Bl tEkdPhin of BHSR BBk ot he' PSM 104 (Fi gur o
1) for DC power suppl yDigildh ingutd SORRPbE ebRiceRdti@dtaralcye eRhalsyfoRedivhiify or
m)rerraybeq to the. s

de st em 00.in Figure to,control nore
" Ght f n. - Datte o PaSEs SR rvobeads 2ocordie Gufé o Bt Apesc: ne Lsp
132. The Bata 20 conmmunication unit 508 may for exanple be a RS485 seri al
interface, and also, _enabl es brpadcasting of protocol packe fromthe RCM
170t o the pade UENBRISh SRt B ans) wiagrribt o Wt anantiat hghing: being
further appreontbdled 4 fted lotdtenRCM 110 can be used for 25 controlling any
ot her type of devices requiring on/off switching. The detail ed di agram of

the Dimrer Controller Mdule (DCM 112 is shown in Figure 6. 30 The
function of tinehdEkérigid ensbddimerttother idréiwarg dfhtRe IRCIGMtI0ESIIked Falrtdigital The

DCM 112 s the. f ow f eat ures: Tr ai tputs 602 wi.th c _
Cnoon ng 1B i 0B 40 feur bt REecer (e T DRRe) 189 otz Wich
bri ght enijng @bnirolg :tﬁéligmin@ i mlgaésit@dibm.lﬂwe folk Gigﬁﬁli?];iuwawc&fb%pbﬁd beh thed _
converted into an S gna o[ activati Trai ¢ outputs o dimor
br i ght en |1 g0 SACIRAT Atge saedr hecronped Bt Swiery B (S ieHriote
bri ght ness | ayeDigital lihtngonbe Isignbisi 418 Weht ROM BELISH $32VHigurd ep e theoORCIMIE
amount of 11 q%l ﬂge IQEMn‘pIO ig %grtxrge%te!detg ti?et Pénﬁ ()|4O(?-'%tulreo%' for DC power supply.
15
it is appreciated that a secondary RCM 110 or more may be added to the system
(100 in Figure 1} to control more lighting.

Data communication unit 508 is provided for connecting to the LSP 132. The Data

20 © communication unit 508 may for example be a RS485 serial interface, and also
enables broadcasting of protocol packets from the RCM 110 to the passive bus 138
(Figure 1).

By virtue of its design, it is further appreciated that the RCM 110 can be used for
25  controliing any other type of devices requiring on/off switching.

The detailed diagram of the Dimmer Controller Module (DCM) 112 is shown in
Figure 6.

30  The function of the DCM 112 is for controlling the brightness of lights.

The DCM 112 has the following features: -
. Traic outputs 602 with common incoming line 606 for Alternating
Current (AC) mains for dimming or brightening of lights at a focation.




In the exanpl e enbodi nent, the hardware of the DCM 112 conprises four
digital inputs 608 and four fuse-protected (e.g. 7.5A fuse) Traic outputs
602 for dimmng 10 up/down the lighting and switching off the |ights when
tuned to the | owest brightness level. Ti® four digital inputs 608
correspond with the four light dimer switches 612 in the connected Light
D mer Panel *( LDP) 134igiEl inpués 808 toBpe gbmhveeted ihte\aehloglg signals far actvetig f r om

the LDP 134 i : . 12 is conpected to.th SM 104
(Fraure 1) 1o a8 oot ISR wlel Mt ektob B Foctims” rbf o5 e

f or connect i ragseaatedhwith DAgBdss @va. Data conmuni cation unit 610 may for
exanpl e be a RS485 serial interface, and al so enabl es broadcasti ng of
protocol packets fromthe DCM 112 to the passive bus 138 (Figure 1). 20 By
virtue of 9i t dheerunger ¢ft inpats cangr ectpatsewiilt deptent hen BEVahbAntc ain lighding Stesdng or
control ling t . 0f devices requiring intensity setting. 25 The
detail ed di ag}c?ﬁt\égl%*i%ﬁhéa I@a?'tog’l n Controller Mdule (CCM 114 is shown in
Figure 7. In the exanple enbodinent, it is assuned that there are two sets

f t ai 1 i i i which all
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two curtain ﬁ;gwq@(ﬁggﬂeﬁ)vépgp%zgpgﬁyor closing the day curtain and/or 5

the night curtainr ec digital inputs 712 correspond with
the four15
Data communication unit 610 is provided for connecting to the LDP 134. The Data
communication unit 610 may for example be a RS485 serial interface, and also
. enables broadcasting of protocol packets from the DCM 112 to the passive bus 138
(Figure 1).
20

By virtue of its design, it is appreciated that the DCM 112 can be used for controlling
any other type of devices requiring intensity setting.

25  The detailed diagram of the Curtain Controller Module (CCM) 114 is shown in Figure
7.

In the example embodiment, it is assumed that there are two sets of curtains by a
window in a room, a thinner day curtain, which allows limited daylight through the

30  thin layer, and a night curtain, which blocks out daylight completely. The function of
the CCM 114 is to control the movement of the day and night curtains.

The CCM 114 has the following features: -

. Relay outputs 702 for day curtain motor control and night curtain motor
35  control.

. Digital inputs 712 for both day and night curtain opening/closing control.




curtain novenent switches 710 in the connected Curtain Control Panel (CCP)
130 (Figure 1). Curtain novenent signals are sent fromthe CCP 130 (Figure
1) to the CCM 114. The CCM 114 is connected to the PSM 104 (Figure 1) for
DC power supply. 10 Data communi catiomainit 704 is provided for connecting
to the CCP 130. The Data conmunication unit 704 may for exanple be a RS485
serial interface, and also enables broadcasting of protocol packets from

the CCM 114 49 [ virtue o si gn,
it is appreci at%%stzﬁﬁ@é eﬁ%%rﬂ!’l% crg{a ﬂeu%éﬁeé)(ﬁ/l ﬁtcromqnsﬁ%fro rﬁ{jg't(? her
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slotted in aseepld sl ot 908 of the KCH 120. The 30 PCB conprises a card
reader fegf reading the data stored on the key card 910, a mcro-switch for

enabling/disabling electrical utilities supply and a Light Emtting Diode
(LED) i ndi caDsta cmamunipation dnita&liels prinddechior kegnectingitd thei OGRrBedTheDetat he

slot 908 -an 21 e t 908.
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power, the K@k#%@ conprlse one or nore on-board m croprocessors to
control the %ader such,

By virtue of its design, it is appreciated that the CCM 114 can be used for controlling
any other type of devices requiring continuous user activation for a period of time to
perform a particular function.

20  The detailed diagram of the Key-Card Holder (KCH) 120 is shown in Figure 8.

The function of the KCH 120 is to verify the identity of a key card 910 utilizing

Barcode, Radio Frequency IDentification (RFID) Technology or the like and

determine whether the key card 910 is the authorized key card to enable electrical
25  utilities supply to a guest room.

In the example embodiment, the hardware of the KCH 120 is made up of a printed
circuit board (PCB) (Not shown in Figure 8) mounted behind a plastic cover 904.
The key card 910 to be verified is slotted in a card slot 908 of the KCH 120. The

30 PCB comprises a card reader for reading the data stored on the key card 910, a
micro-switch for enabling/disabling electrical utilities supply and a Light Emitting
Diode (LED) indicator 906, which flashes when no key card is inserted into the slot
908 and stops flashing when a key card is inserted into the slot 908. The KCH 120

- controls the SCM 106 to perform electrical utilities on/off functions.
35




the KCH 120 may be directly connected to the passive bus 138 in Figure 1 as
a separate nodule to take away sone data processing burden fromthe SCM
106. 5 The card reader of the KCH 120 is able to recognise different types
of card inserted. Base on the recognitipn of the card type, the room
facilities will be adapted accordingly to provide the roomconditions
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activated, ity e'l:%'rc??etaﬁéré AL KBS bl ty?gcqgﬁ% dﬂfgeggrﬁéfp%fy,%‘gﬁr% ié%"%@r t he

di sturbed at t room and Foom Servi ceé sho
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(310 i n Fi gumpee-ggtermined rdmem a@mdl’uﬁmtfeda typetof carddabereinBiter ¢atied heomromiddect i ng
functionggof the room privacy 25 indicator and room service indicator, only
one of the two indicators can be activated at anytine. In the exanple
enbodi nent , tlihe detailddudiagrash of the GEBRt 3@Rice PamadGIR) 18R issshmwnrih Edyuredr cui t
board (PCB) (Not shown in Figure 9) nounted behind a plastic assenbly 30
facepl ate 1010, which conprises two buttons 1002, 1004 and two LED

i ndi cat ors- Tbedynctionsf theud$ln22 G0R irditate edoms sevicerstadus and privagy istatlisg it or .

The LED i ndi 006 0 0 t hts u nI y
when but ton Pa0guRG B adfale6r Lo ARTH roni ey ieB0f of o iy oAk

" PRI VACY1®L EASE}atOIOWBICheajm:I adtivateditedeadtivade Gt dodrbelt speaké®q310 in Figdiecd) e
t hat button ég%dihﬁly.f or activating the room privacy indicator.

When the room privacy indicator is activated, it indicates that a guest in the room
does not wish to be disturbed at that room and room service should not be provided
20  for the room. The doorbeli speakers (310 in Figure 3) will also be deactivated.

When the room service indicator is deactivated, it indicates that the guest wishes to
have room service provided for the room. The doorbell speakers (310 in Figure 3)
will be activated in this case. Due to the conflicting functions of the room privacy

25 indicator and room service indicator, only one of the two indicators can be activated
at anytime.

In the example embodiment, the hardware of the GSP 122 is made up of a printed
circuit board (PCB) (Not shown in Figure 9) mounted behind a plastic assembly

30 faceplate 1010, which comprises two buttons 1002, 1004 and two LED indicators
1006, 1008.

Button 1002 activates the room privacy indicator. The LED indicator 1006 is located
above button 1002 and lights up only when button 1002 is pressed or when button




Button 1004 activates the room service indicator. The LED indicator 1008 is
| ocated 5 above button 1004 and |ights up only when button 1004 is pressed
or when button 1002 is deactivated. A "MAKE UP ROOM' 1014 | abel is adhered
beneath button 1004 to indicate that bygton 1004 is for activating the
room service indicator. Software interlocks are utilised to ensure that
only one of tH&4lEDeactatedt Ar'PRIGABY PLEASE)OR 12 dabdl ghbdickreg baneatnpuitore. The

GSP 122 t b t tel t t

Funct  ons. - 150e 1 BRishAreb BRE I RRARE I e S5 Pl T P55, Ty e
oper at ed vi a rermte control. The detailed d| agr am of the Door Chi rre Panel
DCP) 124 i f 4.
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i ndi cat or 110404 o inHDalertbiatdatton 100086 fooactivaithigethé irowgn sewite deficdtae r equest ,
and a door bell push button 1108 for allowng a visitor to ring the
doorbell. 19 The DCP 124 is electronically wired to the GSP 122. Wen
but t on (1002 Sofiwereyimtezlodhs aesutiisats eehsutdthal Bl \BhEGT Fd-INSE indi¢dtoismdiogat or

1104 on e %gﬁ I p and the LED indicator 1106 will be
swtchedt]gff isznrdgny%dl%?ét(a%g%ﬂgl n Figure 9) is 5 pressed, the LED
i ndi cator 1106 vv| |1 1ight up and the "PRI VACY PLEASE" LED indicator 1104

\rl\’g Inlgl ﬁg E\émsé F; 152%_[] | n s 0 ¥ ﬁc(%g @%RZQ&q§Wdégr§6{g aé:élvélﬁ@ga&ﬁlgfe t he

controls on tfllﬂEtIDJQHD 124 may be operated 10 via renote control. The

detail ed diagram of the Air-conditioner Control Panel (ACP) 126 is shown in
Figure 11. 15 The function of the ACP 126 is to adjust and indicate air-con
fan speedb andt istapppeiated tietrtbadionsls anthenGBP tZhpeaydicu bperatedt viagemote

control.
The detailed diagram of the Door Chime Panel (DCP) 124 is shown in Figure 10.

20 The function of the DCP 124 is to ring the doorbell if the doorbell speakers (310 in
Figure 3) are activated and to display the privacy status selected by the GSP 122.

In the example embodiment, the DCP 124 is made up of a PCB mounted at the
back of a plastic faceplate 1102. The DCP 124 comprises a “PRIVACY PLEASE’

25  LED indicator 1104, a LED indicator 1106 for indicating room service request, and a
door bell push button 1108 for allowing a visitor to ring the doorbell.




In the exanpl e enbodi ment, the ACP 126 is made up of a display contro
board (Not shown in Figure 11) and a switch-button board (Not shown in
Figure 11) 20 nounted together on the flip side of a plastic faceplate
1202. Connected to the display control dward are two digital 7-segnent LED
di splays 1204, 1206 for showi ng tenperature in C 1210, and four LED

i ndicators 1208 for indicating the air-con fan speed, which are Iocated

Conor OFF (Stuareqzs iy edrifaw puR tE e %ﬁhl ibsfign (oG HRREY ot 1 o
t he swi t ch- bus pressdsh dred PRIVACY RLEASE” aEDpindinatoc dt04empibe TR 134vinlidighbup t on
down) 1204, AL RGPS Bbafr {i wiyteoswidba dir b BT M TR D 14 1 <
for increasi mgesskd, thenplEb dodicatos tl 30& avilbiightt e ahevdhel 'BRIACY £ EQSEN L HDED

di spl ays 1204ndléa%%%goﬁgﬁirbe’%lt ?{ég?}o%w is for decreasing the tenperature

and push button I'hg the air-con to fan node. 20 There
is a progranm ng switch (Not shown in Figure 11) connected to the switch-

button board sehb gl n t he hot res tel ture,
fast cool /vvaﬁh?n regg‘ltil etﬁ)p?é;rhgt%@@ ﬁ’gff% %‘?’r g%ee?'?ﬂ”?ﬂ @8?8&'@%9 i ng.
5 The ACP 126he:6ﬁPr V3% It iheppEiat@Biha theecdninohn ari rhednommoney bbaperted
function I ated that the controls on the ACP 126 nay be

oper at edﬁ\gl ar"'raler%mtogeo%ﬁtﬂrol In the exanpl e enbodi nent, the ACP 126 has

nunmer ous buttons/di spl ays to control i.e. two digital 7-segnent LED

1216, 1218 cApgaFinss U R M SHEReE ot B LAGAN TR nge.

As t he many (Ecgmmdﬁs Wi II require much data processing, the
Air-Condi tioner Control Panel 126 nmay conprise one or nore on- board

M croprogess e e, di rectl connect dto

pass ve e TheuitRECer I3°ACET 2 ds IBYait A bicHict PERG D cuneet o
control ling temepaiaiuee neaplngs ab8 nodket temperatyre Battingsn s and data outputs to the
di spl ays, thereby taking away data processing burden fromthe ACM 108. The
detail ed diagram of the Curtain Control Panel (CCP) 130 is shown in Figure
12. In the example embodiment, the ACP 126 is made up of a display control board

(Not shown in Figure 11) and a switch-button board (Not shown in Figure 11)
20  mounted together on the flip side of a plastic faceplate 1202.

Connected fo the display control board are two digital 7-segment LED displays 1204,

1206 for showing temperature in °C 1210, and four LED indicators 1208 for

indicating the air-con fan speed, which are located adjacent the corresponding fan
25 speed labels 1212, HIGH, MED (Medium), LOW or OFF (switched off).

Three push buttons 1214, 1216, 1218 connected to the switch-button board are
located adjacent corresponding switch-button labels TEMP UP (Temperature up)
1220, FAN 1222, TEMP DOWN (Temperature down) 1224. As indicated in the

30  corresponding label, push button 1214 is for increasing the temperature stated on
the two digital 7-segment LED displays 1204, 1206, push button 1218 is for
decreasing the temperature and push butfon 1216 is for switching the air-con to fan
mode. '




20 The function of the CCP 130 is to control notor novenent for opening or
closing day and night curtains. In the exanple enbodi nent, the hardware of
CCP 130 is nmade up of a switch- button board (Not shown in Figure 12)
nounted at the back of a plastic faceplgie 25 1302. Four push buttons
1304, 1306, 1308, and 1310 are connected to the switch button board. Button
1304 is for Ofemns iwgapm:-aiamlr[gjswlajhrmobammmlBi@Eirei $1)f¢mnne¢t96itmg1e :ivh&hday

curtain, butt the ht ,curtain and ,butto i's
For  “cllosi ng Tiet it Yo cRpaRRRAR e Sotlid B, obe ol el PR AT e
buttons to icodiearheprebet tpupeadsee offfsthiemipetdtue andlreasdtRsetidy. control s t he
CCM 114 to perform 30 curtain novenent functions. It is appreciated that
the controls on the CCP 130 nay be operated via renote control. The

detai | ed i agitemA@R 126 eohtrghtheShChicto8Ramelfolm. Sicohdiflones babedfunctionsi Gis e 13.
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oper at ed vi aAr'Heéor@eﬂBglgﬁtééﬁtpol %fgel % h %pré%?arﬂﬂeesorofnq_?gﬁp %dt ch

Panel s wit h dii¢rbproeessoralideace, dﬁeAﬁm tzﬂmay b@dirsmﬂytaohhetged)tdtbébai;élmms at a

particul ar h tall L.agram of the Light Di P

134 is shom1|§§1‘]qzégﬂaée?fg% ééﬂ?gé{?%‘ﬁré |”§W°§ ”{“ﬂ‘g“'i %EOIﬂTEI’F{h@ cgqq pﬁ)‘l_ﬁ ght en

or swi t cihdof bf theemanyg Hiufons aad rdatanoatputst to theydigplayd, duéraby dakdey aR8y data
processing burden from the ACM 108.

The detailed diagram of the Curtain Control Panel (CCP) 130 is shown in Figure 12.

20  The function of the CCP 130 is to control motor movement for opening or closing
day and night curtains.

In the example embodiment, the hardware of CCP 130 is made up of a switch-
button board (Not shown in Figure 12) mounted at the back of a plastic faceplate

25  1302. Four push buttons 1304, 1306, 1308, and 1310 are connected to the switch-
button board. Button 1304 is for opening the day curtain, button 1306 is for closing
the day curtain, button 1308 is for opening the night curtain and button 1310 is for
closing the night curtain. Labels 1312 are adhered adjacent to the buttons to
indicate the purpose of the button. The CCP 130 controls the CCM 114 to perform

30  curtain movement functions. It is appreciated that the controls on the CCP 130 may
be operated via remote control.

The detailed diagram of the Light Switch Panel (LSP} 132 is shown in Figure 13.




In the exanpl e enbodi nent, the hardware of LDP 134 is nade up of a
switch-button board (Not shown in Figure 15) nounted at the back of a

pl astic faceplate 1702. Four push buttons 1604, 1606, 1608, and 1610 are
connected to the switch-button board. dgach button is responsible for
dimming or brightening lights at different 25 location in the roomor any
particul ar arlée.fubctivel of théldiSPsh3Rus ionswitahuere od blf theayighte in adloemedr adamcent
to the butto gla'raﬁzi cate the dinmng or brightening of lights when the
button is pr sse € LDP 134 controls the DCM 112 to perform i ght

di mmi ng/ brightening functions. It is appreciated that the buttons may be

tati he 11 O.ln th
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pssi st anfo ( PRSP 128 doffbGERERI @10 BerbRif idtlt SRiorTaRUHARS TR SHPRcAT hags:
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act i vat i ng/ déwcadniralsiamghe hEP 132 mayrhef grerdtietivesrermielencipitres of t he feat ures
and programmabl e effects of the programer device are as follow 10
Setting a Wl cone Mbde Lighting Pattern, e.g. a special lighting effect
when a guest Irf Figire ddabhayss ekaoples odl Lighti Sivitche Pasalspwigh tdifferérd maoolber of
Setting an V] 1 ' turning down the air-
condi tigoner Eg\gn aS%d%“ﬁn’érgﬁh'hB%m?m@hfga&]é Pﬂcuﬁﬁgﬁe lights strategically to
save enetyy and yet provide sufficient illumnation to the room 15

Setting a N gt al{-800 aib§ahtokndLGRE bt &4 i {LoF 194 iLHNY Ftlgrﬁ?e hgtensity

‘The function of the LDP 134 is to dim, brighten or switch off the lights in a room or at
any particular area.
20
in the example embodiment, the hardware of LDP 134 is made up of a switch-button
board (Not shown in Figure 15) mounted at the back of a plastic faceplate 1702.
Four push buttons 1604, 1606, 1608, and 1610 are connected to the switch-button
board. Each button is responsible for dimming or brightening lights at different
25  location in the room or any particular area. Labels (Not shown in Figure 15) may be
adhered adjacent to the buttons to indicate the dimming or brightening of lights
when the button is pressed. The LDP 134 controls the DCM 112 to perform light
dimming/brightening functions. It is appreciated that the buttons may be rotating
switches, operated via a remote control or the like.
30
In the example embodiment, all the building facilities such as Lighting effect, air-
conditioner settings, curtain movement etc. in each guest room are programmed
using a programmer device. To program the controller modules, the programmer
connects directly with any module via cables or through wireless means such as
35  Bluetooth, infrared, HomeRF, Wireless LAN or the like. All the settings directed to a




of the lights and only swtching on |lights at a particular corner of the
room for instance, by the bed. Setting a Tinmer for N ght Light feature,
e.g. the time period of the day where the N ght Light feature would be
activated. 20 Setting a Tiner for Energy Saving feature e.g. the tine
period of the day where the Energy Saving Lighting feature would be
activated. AwjrisdarngodulReat Joreel € ackatabasdataitthivet i 4t sgeraimoah lccmt r ol

nodule is sy, | i t traI cloc
pr ogr ammed fuérz:@'i;g cﬁé@%ﬁ@g ipg?ﬁqﬁ@ 8%1”0?151%2’&%@85 en&'é'}lvﬁetSé"ﬁﬁ§S agﬁ‘ Sénal
assigning a ;ﬂglttala,‘\sblatant (EDA)I ghm'ptmg csam;:mtdn onﬁmrllkbhleﬁmg makiag @éttm@a the@om t o
switch on onl ntr of ,the r . Assi gni ng
type of cont r%?é tnL Enge §§V,8{% SE‘J éi %ICBPI 3"" aﬁg@tlw@e%\rﬁtpﬂzhg
swi t ches &an rbemtia@dleso control, e. g settl ng a switch to increase the
speed of drawi ng the curtains by continuously pressing the switch many
times within a 30 predeterm ned short period of time. Check statuses of
al | the nodulEamiplestéféhe/@atiré® and Sevgramenableceifentnointbd prégramtriee deyipe aed car d
detected by t%g K1 120.  The system communi cation protocol of the exanple
I

enbodi nent w now be 35 described. 23 The comuni cation protocol is
based on a Multi-Master System Transm ssions fromeach nodule are

broadcastgd to all th e he si ve bus le is
capabl e té fi'ltering g’ﬁ a ewgt%s&ﬁqﬁ?‘iesﬁgh@gaﬁﬂf%’ﬁ@g raeg‘b%‘ﬁ‘?ﬁgﬁﬁ@n&% et
recei vi ng a whensnjwest first eliablestedattical ufilitied mﬁdmetoeh@rqﬂne enbodi nent, a

t ! i f t t t h
S CommndCsr to  per POWRY EnEndak SelinS doitne I eﬁb}aé’i@e}?ﬁq%oﬁaﬁr?ﬁ g
statuses, pregnditionendan ard tingidg the inteidity ot GheMigita ehal@BRIROR $@et§r@f’?§ﬁaSt ed
to all the oth polling

of each i ndi \?Pgﬁgn&%%%ﬁ’gﬁ%ﬁ%%“ (r}g tr?é%?éhggt :dt ot gecogglmnmugrjiat ed to
other nodsles is advagéwggeMight LagHsirgle Lighting Pattern, e.g. dimming the intensity
of the lights and only switching on lights at a particular corner of the room, for
instance, by the bed.
. Setting a Timer for Night Light feature, e.g. the time period of the day
where the Night Light feature would be activated.
20 o Setting a Timer for Energy Saving feature e.g. the time period of the
day where the Energy Saving Lighting feature would be activated.
. Adjusting a Real Time Clock so that the timing at each control module
is synchronised with a central clock for timely execution of programmed functions.
J Assigning Lighting Pattern to switches, e.g. assigning a particular
25 lighting switch near the entrance of the room to switch on only the lights located at
the entrance of the room.
. Assigning type of control method to switches, i.e. assigning a way of
how the switches can be used to control, e.g. setting a switch to increase the speed
of drawing the curtains by continuously pressing the switch many times within a
30  predetermined short period of time.
. Check statuses of all the modules in the MCU 102.
. Setting the room mode for the type of card detected by the KCH 120.

The system communication protocol of the example embodiment will now be
35  described. '




When the nodul e needs to send data to one or nore nodules in the system
the 15 nodule firstly checks whether the passive bus is idle or not. If
t he passive bus is not free because another nodule is broadcasting a
transm ssion, the nodule will wait wuntpd the bus is idle before it
broadcasts its transm ssion. To avoid collision of data, all nodules are
given individual tinme delays to respond, 20 so that no two nnduIeS\MII

t t at t ho deI and the
cor espondi ng Hecy nubisdfon BRRE) f+ BEHRLOR S Wi IRsleh e, BfoBERafs
Table 1: 25 fmm@aeh Auiutes srei broFdcastadietoasil thebothérembypies Hm(ttnhepamb bus.
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SCM gsgyvi c;q%ﬂgir:]g‘t gﬁ%b%ibqll\_"/gg%l g@toézéhp%&é?bﬁtﬁg %} F?’B%FE&%%UI e)
70H 1400ps (B@WD(@uﬁt @aricdiant funkcliar, NMbdaikE) m-ﬂnddlﬂ@psta‘tﬂsese mEog@atmingACM
two RCM and q % eqgh other nodules in the exanple systemsetup. The

nunber of bytes ocated for nodul e addressing is one byte i.e. the
. system can take up to 256 nodules. It is appreciated that nore bytes can be
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to continuous polling of each individual module that does not have data to be
communicated to other modules is advantageously avoided.

When the module needs to send data to one or more modules in the system, the

15 module firstly checks whether the passive bus is idle or not. If the passive bus is not
free because another module is broadcasting a transmission, the module will wait
until the bus is idle before it broadcasts its transmission.

To avoid collision of data, all modules are given individual time delays to respond,
20  so that no two modules will transmit at the same time. Table 1 below shows the time
delays and the corresponding device addresses of modules in an example system

setup.
Table 1:
25
Module Address in Time delay
Hexadecimal | (Milliseconds = ms)
Module Type numbers where X = | (Microseconds = ps)
1,2, 3, ... etc. 10ms +
ACM (Air-con Controller Module) | 2XH
ACM1 20H 400us
ACM2 21H 420us

RCM (Relay Controller Module) 3XH

RCM1 30H 600ps
RCM2 31H 620us

KCH {Key Card Holder) 40H 800us




In the exanpl e setup, each nodule type has a fixed range of addresses for
addr essi ng nodul es of the sane type. For exanple, ACMtype nodul e has an
address range of 20H - 2FH and RCM type nodul e has an address range of 30H
10 3FH. The first and second ACM ACML agnd ACMR, have addresses 20H and 21H
respectively. Simlarly, the first and second RCM RCML and RCM?, have
addr esses 20H [offeP dr-den Cestp:Beaneliel y. | Fot¢ r esponse tlitoeodel ay di ffefence
bet ween nodulles of the same type is|20ps, whereas [the tine del ay
di fference bet e (3dnece CondolleeMoalie)di Bbter ent type 1]s2g§BPS. 15 TT A
collision occurs between two or norejnodules transritting a nessagp at the
sane tinme, nmodubEs (Miminer Qoo &odlieyTE7GIET ay can det[aagokhe cof risipn and
will wait for [.the passive bus to be|lidle again tojattenpt another
transm ssion. [ 1) bifePviod [etay witt—T<uomhhfige to send—data as
I f no collisi onmﬁ\gs oc@ﬁﬁpgg@g%d% ééa‘?a pr ot ocol 33% L!gt of the exanple
enbodi nent is [shown in table 2 below XXH and YYHjindicate that the val ue
of the packet field is variable and depends on the dest :_Bl(t |Ron mlzdul e and
the length of-the data c ept . Tahl e 2:_ Description . Remarks - -
LT TSN O a7 i Rilne Bej REJ agsnecor oS pites rEASHIn R e R
byt es -f r om DAysterrESetip. TZheBwnﬂ)e(?/Af btes @&ﬁﬂ‘a'telg';l*?'r ml?dme;éﬁ@pes%iﬂg W ehe ts%téd.@rE $§( S,
1 Byte Data { _YYH nma ssa a Len - en -
Lengt ) Byt od o ey P GRE P 10,0 TIOCh{As: 1B SPRFCEIeA et e Botethcen bo

(Excl usi v& OmRped to increase the number of modules supported by the system.

In the example setup, each module type has a fixed range of addresses for
addressing modules of the same type. For example, ACM type module has an
address range of 20H — 2FH and RCM type module has an address range of 30H ~

10 3FH. The first and second ACM, ACM1 and ACM2, have addresses 20H and 21H
respectively. Similarly, the first and second RCM, RCM1 and RCM2, have
addresses 20H and 21H respectively. The responée time delay difference between
modules of the same type is 20us, whereas the time delay difference between the
modules of different type is 200us.

15
If a collision occurs between two or more modules transmitting a message at the
same time, modules with a higher time delay can detect the collision and will wait for
the passive bus to be idle again to attempt another transmission. The modules with
lower delay will continue to send data as if no collision has occurred.

20
The data protocol packet of the example embodiment is shown in table 2 below.
XXH and YYH indicate that the value of the packet field is variab‘le and depends on
the destination module and thé length of the data content.

25 Table 2:

Description HEX Remarks

STX 02H | Start of Text, 1 Byte




fromSTX to ETX, 1 Byte The first field (STX) of the protocol packet in
Table 2 is the Start of Text. The STX is one byte length with a specific
val ue of 02H. Being the first byte to be received at the receiving
nodul es, the STX is an indication to alpsthe nodules in the systemthat 5
a transmssion is taking place. The second field (DL) of the protocol
packet in Table 2 ingicates thg%g{it aDatariginbth (NUnthed af ByteefgiNDArNC| udes t he
nunber of bytes in the DA, the a toddENt Bytend the ETX. In the exanple
enmbodi nent, one byt q)%s used tg(&'l)_gdi@ét‘matid]eowelerModméeAd@‘éas, 10 | ength.
The third f|<=ld (DA)~"of the pr |1 Baigket in Table 2 is the mydul e
address of the est tion 1 Cominand Me353Y S (PAAQAGN pAflhe DA is
e o o

one byte | en Stour ¢ d.e(n@&taEmmeﬂgﬂh) Bgigsthe protccol packet
in Table 2 contains_data. The Tength of this fieldTs DC mnus|the | ength

of DA and ETK. In tFRéXexanpl e O8RbodinreeftTextidiByteont ent conprises comand
codes for flopw control of the ~COMUMIRT LG F UX@RUI(EXC{REHI/J@ ti on

speci fic messages fd&Scontrolll iKPﬂj q frdth 530 x Wi the air-con
t enper at ur e, swtchonm the +ghts,updating-rodtte—20—status ete. Exanpl es

of Command codes for flow control are shown in table 3 below. Table 3:
Conmand ComThedirtdgld (SmXpefstbe ipmtbmi patiest adEahlerfllis therBiant of NSK DEHBSTX is

Acknow ed
Negat | ve Ack g R, B SR Pae 802 REBL IR HsF Bl b PRl e
t o the transihe ecayinguehdulest ther$B% isdarpindicatinnstodidittbe produles i thepysleet tha)

5 atransmission is taking place.

The second field (DL) of the protocol packet in Table 2 indicates the data length.

The data length includes the number of bytes in the DA, the data contents and the

ETX. In the example embodiment, one byte is used to indicate the value of the data
10  length.

The third field (DA) of the protocol packet in Table 2 is the module address of the
destination module. In the example embodiment, the DA is one byte length.

15 The fourth field {Data Content) of the protocol packet in Table 2 contains data. The
length of this field is DL minus the length of DA and ETX. In the example
embodiment, data content comprises command codes for flow control of the
communication protocol, and function specific messages for controlling a curtain
drawing motor, set the air-con temperature, switch on the lights, updating module

20  status etc. Examples of Command codes for flow control are shown in table 3 below.

Table 3:
Command
Code in oL
Command Hexadecimal Description
number
ACK 06H Acknowledge the receipt of a previous data
protocol packet
NACK ' 15H Negative Acknowledge

PWR 99H Power Up




ND OOH New Device, i.e. a nodule is newwy added and it sends this comuand
code to request for the addresses of nodules with the sane address
prefi x. ADCRA 25H I ndi cates Address Crash between nodul es ADSTAT 16H
Address Status CVMDSTAT 17H Conmand Statzes The fifth field (ETX) of the
protocol packet in Table 2 is the End of Text. In the exanple enbodinent,
the ETX is griN@yte | engthOsilt h a speEnduiry, v.al ae rafuetBitb tHd aranEmMting| an
i ndi cation tjo all the nodul es in thel mydilentot hedent hprevioomsadata piratdoot | 5
nmessages have_ended. The sixth fi el d gacggt(sif t he protocol packet in [Table 2
is a check §WMPproduced flo@OHcycl i c |rNeelurdiatey i.ehackod@RGS .nee adderksum i s
cal cul ated hased on the Data Cont entarfd ielsdnd tHisheorpmahd @obie packgiesand
appended to |the protocol packet at t|hfer @ dddperses tof innglulssduitiethe TdaeneCheck
Sumis one hyte length and is used floaddvessigrefixag received data integrity
at receivingARCRAes. Flo rt 190Q Indichtegtidreds Oradhtsdtwvedremotitias
conmmuni cat i QrADSTATocol of| 16k exanpl|eAddeedecstaent . 15 At step 1902, tthe
systemis iniGMRETARd. Al 17Zthe nodul|eSorimBRESisgs t0 the system perfjorm
i ndi vidual start-up initiali zat | on. The nodul'e address of each nodule is
dul e addresses determ nation for new

d d
modul 65 up. dRe it T4 KETK) Pl PPUSSE! GRet Moaabct Bvineabtar Toxt. i the

initiali sat | @Rampla@mbaiitiée, ihe EBaiyonthyite !etn@ﬂﬂ%ﬁﬂ b spBéific e4188 BEoBW OfReol
packets from fromcontro s or devices that are

connected to 'Sn%Hlﬁ'gE;aF@i&) ﬁé@m@upﬁéna%é@ﬁﬁmethéhm NBERdHIndaich
modul e when measajeddeiveeadé®t is received froma broadcasted packet in the
passive bus. 25 Figure 18 illustrates the procedure at step 1904. 27

The sixth field (CS) of the protocol packet in Table 2 is a check sum produced for
cyclic redundancy check (CRC). The checksum is calculated based on the Data
Content field of the protocol packet and appended to the protocol packet at the

10  transmitting module. The Check Sum is one byte length and is used for verifying
received data integrity at receiving modules.

Flowchart 1900 in Figure 17 illustrates the communication protocol of the example
embodiment.
15
At step 1902, the system is initialised. All the modules connected to the system
perform individual start-up initialization. The module address of each module is
determined at this step. Details of module addresses determination for new modules
up on initialisation will be described below. After initialisation, each module is ready
20 to transmit and receive protocol packets from other modules, and from control
panels or devices that are connected to the module.

Step 1904 is the procedure carried out by each module when a protocol packet is
received from a broadcasted packet in the passive bus.

25
Figure 18 illustrates the procedure at step 1904.




At step 2002, the received protocol packet(s) is stored in a data buffer at
each receiving nodule. The receiving nodule also starts a counter at three
in the described exanple, which counts down the nunber of tines the
receiving nmodule wll request for resemd of the protocol packet should the
cal cul ated checksum of the 5 received packet be incorrect (see below).
Next, the reddistem@ofddineerectieak pratbmml plaekd(ss usnstadd i at daia boffet beepetot ocol

packet at s : I sumi s correct, th | e checks
whet her the Eg%éﬁ@%;}?%ﬁe‘f fré% Eg%eﬁvr?'?chgno ﬁt!eotaisgols aﬁtg&eciouggﬁ{%?lﬁgeea%&es age
or command atdestriged20@61pld, fwhidtecalmtsadownten hembér oihtimetathe ereiving ohoduke ket
contain a ne i t P Lt equired. to
-update a tas Eﬁ'g%%g £ getgg'é%ggﬁégﬁh% rs%°t§r€°§ g’égget is@omﬁﬁgwenéaéég%teﬁ 85%%8%1 eoq'| éhef ask,
t he neces8ar yeatined pacbetdmsnenyrachises bploage and the task is performed by the
nodul e at step 2010. If it is not needed to update a task, the nodule
continues its nornmal operation. After step 2006, if the data content of the
prot ocol packext,itle pecetyingemokjule hieeck? Ghes cmaoltrstii salolatoked tled pretozpl 20kat t o
see if it is ?E‘teB%Hhry or acknow edgenent. At step 2014, the nodul e takes
[

action accorg ng to the command received. If the check sumis not correct
at step 2004, the counter is decrenented by one at 25 step 2016. The

counter k§ C [ Y t Zar t step
2018, 307+ TGS Efled bR R darebl o oltie SRS RG0S BB R RAER B vt
via the pas$rolecahpgcketieontainy amgesshge or comsmand atsjepr®@id.e fr om which t he
protocol packet was received and requesting for the re-transm ssion of the
prot ocol packet at step 2020. After sending the ENQ conmand, the nodul e

wai ts for a Hdbpdasecontants oitbe datzaaprefricol panfeheattdie aanestagp, th6 2dessagel isupon
recei pt of t =1 } 55 : S C i ar st 2004.i s
per f or med ongﬁ%%(gget{’fsr%gnq}sﬁ’lﬁésg%'ﬁégrtgﬁ‘@%{% gg%’i%;& agﬁfﬁgﬁe&é@%ﬁfeﬁg?%%er i's
zer o, nol1% ur neededdotupdate) sstask kb nacebsatysiata drdcessing takas plaoe and the task is
performed by the module at step 2010. If it is not needed to update a task, the

module continues its normal operation.

After step 2008, if the data content of the protocol packet is a command, the
20 command is checked at step 2012 to see if it is an enquiry or acknowledgement.

At step 2014, the module takes action according to the command received.

If the check sum is not correct at step 2004, the counter is decremented by one at
25 step 2016.

The counter is checked to see if its value has been decremented to zero at step
2018.

30 If the counter number is not zero, the module sends an ENQ command via the
passive bus identifying the transmitting module from which the protocol packet was
received and requesting for the re-transmission of the protocol packet at step 2020.
After sending the ENQ command, the module waits for a response from the
transmitting module at step 2024, and upon receipt of the re-transmission,




5 normal operation state. Stopping the sending of retransm ssion requests
after three 'tries can avoid bl ocking the passive bus and free the passive
bus for other comunications. Referring back to Figure 17 and with
reference to the exanples in Table 1, eagh 10 nodule of a particular
nodul e type takes turns to transmt protocol packets within a pre-fixed
del ay tinme peshegesum pEacepsing @6 staphad04 ke peniormedasn éher redeahshussien pododad t o
transmt prot&&g t packets, the nmodule checks whether it has to transnmit
any protocol packets at step 1908. 15 If the nodule has to transmt a
protocol packet, a counter is started at step 1912. The counter counts
down the nu . r Y is free
for the m)dEJIq g{hte 8;0%1 ﬁ%ﬁg}rjnﬁﬁ) Qﬁ%%?@gﬁﬁ f%@fﬁ%? ts'alﬂ;ﬁt@?eé’patn?gﬁ%%ﬁlet %&Pg%toe anpl e
enmbodi men®, tneEMabeperation; statg eStopping itihee eendingeof retrengraission ecduestsiadtec tieek ed
only three ti ik d s f | p i 1s. free, 1h
nodul-e proceggssxétcrgﬂtégﬁdan%&%ﬁeﬁgr é?ogzvo EB%QEE'& ?é? tK%o*n)at%gﬁvﬁi %lg'gs '(t? reo%'gfa
message or co@mamdhicatioss.ep 1916. 25 If the passive bus is not avail able,
the counter of three is decrenented by one at step 1918, hence indicating
t hat one check has just been perfornmed. At step 1920, the nodul e checks
whet her t he dirigrrieg bagk feFigure 30 anfl witrereferenteeto the oenp)es ineTatbel |, each

t erm nat t hSisil r.J .e. checks
whethor the. poaleBeThambaa; mbdub MhcTBE: Bind & Ptk itocd dBoRRE WiigHh 52
29 Next, thérpfisaddalay froe pering atgtep 168. rodul e wi th addressi ng scheme, 3XH
wth a prefix '3 and variable suffix "X, is described belowwth
reference to Figure 19. At step 2102, the new nodule is connected to the
passi ve bus &Weernpthgeitiehagp arrived for a module to transmit protocol packets, the module

checks whether it has to transmit any protocol packets at step 1908.
15
If the module has to transmit a protocol packet, a counter is started.at step 1912.

The counter counts down the number of checks performed to see whether the
passive bus is free for the module to transmit protocol packets at step 1914. In the

20  example embodiment, the counter is set to three, i.e. the passive bus is checked
only three times to see if it is free.

If the passive bus is free, the module proceeds to transmit the protocol packet(s)
containing the data message or command at step 1916.

25
If the passive bus is not available, the counter of three is decremented by one at
step 1918, hence indicating that one check has just been performed.
At step 1920, the module checks whether the counter is zero.

30

If the counter is zero, the module terminates the transmission.

If the counter is not zero, the module checks whether the passive bus is free again
after a time delay at step 1922. |
35 '




At step 2104, the new nodule is set with a default address of 30H during
this initialisation. At step 2106, a new nodul e nessage i s broadcasted by
t he new nodul e where the 10 data content field of the protocol packet
cont ai ning the new nodul e nessage is O% which indicates new device (See
Table 3). At step 2108, nodul es of nodule types with DA having a prefix of
"3 will respéerd the protheol feaddioe lacnave sxdgle witht eddriehsing sclespe cIXV evith a

pre-fixed del ays.t [ B 2D b Sl recei vij reggonses from
the respecti \ggfﬁogﬁﬁsﬁg?ag%‘gﬁ'éa%rb's(rir]%gﬁ%dﬁ%’g%ﬁ?heéerﬁ@% #‘?Dr}g%tfrgﬁgt ores the
recei ved nodul e addresses in a buffer at step 2110. 20 At step 2112, the
new nodul e ¢ ot i .he, recej resses in
t he buffer. %mﬁ??]a d@g&%ﬁ@ﬁ{)@lé@{oﬁ@é@%&ﬁ t}ﬁ% %E S%'ﬂeeb%ﬁe%gc{#@%ﬁ%‘aﬂﬁbdul e
address 30H is increnented by one at step 2114 and conpared with the next
address in t f Fesfis K&l X] A f.the. new
modul e addrggs_g%(_:zﬁgtr‘r’eﬂr?tgs%ce st 338, Séz}n@ﬁ'{ %e&%%@:gég'%ﬁge%sf :’.(SfreI ﬁ'ﬁft"} 81éﬁl t he
recei ved 25 inirligaoraddr esses in the buffer have been conpared. Once no
address in the buffer is the same address as the current address of the

new nmodul e, the new nodul e stores the current npdule address in its Flash
menmory for péMstansditibsa oewgeodule pespagelis brandtadted by ithe nee exslaleywhere theange

the 30 agdr ' I . f..pr il
now be. dedor Cagy gt iR B8 rBio0bi sRpkdt Rl 1ng he W R R BIRET POl et o
of the Air-comithtindgeates newdedce (Sge Tad¢ 8de ASCI | code representing the
status of the Air-conditioner nodule and its settings such as: 5 - Lowest,

typi cal and hi ghest Air-con Fast Cool /Warm Mode preset tenperature;
Lowest, typi ddbteard]OBi ghddes pbmedwadypes avithddmbhavieg Rarefaunfddiatill cospempter at ur e

chil er °§é?83‘§f‘?‘9@”%§2‘#%%§%9§2%“% B3 bt Hro i€ el TR bRl
val ves; collision.

Upon receiving responses from the respective modules of the same module type,

the new module stores the received module addresses in a buffer at step 2110.

20 At step 2112, the new module compares its default address 30H with the received
addresses in the buffer. If the address exists, the suffix of the default new module
address 30H is incremented by one at step 2114 and compared with the next
address in the buffer. If address 31H also exists, the suffix of the new module
address increments once more, and the process goes on until all the received

25  module addresses in the buffer have been compared.

Once no address in the buffer is the same address as the current address of the

new module, the new module stores the current module addréss in its Flash

memory for permanent storage at step 2116 until it is necessary to change the
30  address again.

Examples of data content of protocol packets will now be described.




10 - Lowest, typical and highest Guest preset tenperature; - Lowest,
typi cal and hi ghest Hotel preset tenperature (default Hotel tenperature) in

the case of Hotel Industry; - Lowest, typical and hi ghest offset
tenperature setting for calibrating the3gtenperature sensor; 15 - Fan Speed
(OFF, LOWN MEDI UM and HI GH); - Season setting for activating air-con to use

2- pi pe or 4- giggexaypleethef data chrtentafitioa protembpaciets afrttle ivaestifiongrphadlie and

hi ghest Room r . . t.he pr.otocol cke of
t he Service ﬁt ro q%tegéﬁ}é3§$%£L&gen8%ﬂ{l]€9cﬁ§§i§{i§@%e @%%“é’?’P@B?%’éB%@FH%"CE ﬁ%
status of theelipggiseeh @ontroller Mdul e and the connected panels such as:
Al l services unavailable; "Do Not Disturb" privacy status; 25 - "Make Up
Room' service status, e.g. for indicating to Hotel staff to make up the

room - S€rvi-dewRelytwinal andihighest Airdcon Fagh EooFWaos dksle presht tengmrata; i nt o t he
Key Card Hol dey _ 8@% h [ ol pack f the Relay
Controller Nbdlﬂcf%e%ga%ﬁﬁgl%hgeﬁ E{}Ffeg%ngé féé'g’ o ?e’éstgr tl#oﬁggﬁ%'ﬁgtch gcetr?ger%tyr% he
Rel ay Cont r olcoaditininiyisettingsch as the switching on/off of individual relays
connected to_ | Lgr i gi.tally or otherwise. 31 The
data content %P%@%%%@%ﬁ&%%bﬁ%%%‘“%ﬁ‘é?‘yeéomro| | er Modul e can

i ncl ude ASCI + Qped@nddpessseatus 0ftherayr enditioserdfeatenealesrer Control | er Modul e
such asqphe_$LERW fBicl nﬁ'ﬂ@{gsf . the dimer setting. 5
The data content Q%Ylf ﬁgpﬁp{r ot 0co gggéctﬁ’@?%t‘%%‘?@“ rtain Controller Mdule
can i ncl ude-hS@kst, typigel ansbhighash Hote)preiset tetrpersuref(defbelt Batel wimpeCarte) ol | er
Modul e such ﬂ'?écaséo?"l—lloteq:'i’r{otﬁw‘ Mot ors deactivated; - Daytine curtain

openi ng node; ’
- Lowest, typical and highest offset temperature setting for calibrating the

temperature sensor;

15 - Fan Speed (OFF, LOW, MEDIUM and HIGH);
- Season setting for activating air-con to use 2-pipe or 4-pipe system for the various
seasons; and

- Lowest, typical and highest Room temperature;

20~ The data content of the protocol packets of the Service Controller Module can
include ASCII code representing the status of the Service Controller Module and the
connected panels such as:
- All services unavailable;
- “Do Not Disturb” privacy status;
- 25 - "Make Up Room” service status, e.g. for indicating to Hotel staff o make up the

roont;
- Service Request status; and

- Type of access card inserted into the Key Card Holder.

30  The data content of the protocol packets of the Relay Controller Module can include
ASCII code representing the status of the Relay Controller Module such as the
switching on/off of individual relays connected to the Relay Controller Module
digitally or otherwise.




- Daytime curtain closing node; 10 - Night tine curtain opening node; and

- Night time curtain closing node. The data content of the protocol packets
of all the controller nodules can include ASCI| code representing the
status of the Real Tine dock running synchronously at 15 each nodul e. The
data content of the protocol packets of one of the controller nodul es can

i ncl ude ASCI ITheodiareoptent oftthey gretheol spaskets aff tharDisinsernCaiteder Meatler earsuch

05 2 AT ol oL, 388 g G R Pz

On. Figure 20 shows a contr I'n an exanp

the present &asibestepwise iNdrmetidecsnant vaiue of he2080er setitme of a plurality of
controller nodules 25 2030 of a nodular unit for controlling building
facilities. The controller nmodule 2030 conprises a data conmmuni cation unit
2032 and a Jihecéaia grontamt 1of Zosprotthel prekatscointhenCuordain cBonimiler RB8Aleccamect s

the controll %c]udéo/g‘%%lgc%é(?%g?e%eﬁtir@atﬁéidaqu@{)’@hg%ﬁaﬂ oLy I\%cg Q8uch as:

controll er nodul e 2( )roadcast protocol packets “over e passi've
bus 2038. The AldtustairoMetars deactiveried;unit 2032 nmay be serial communication

interfaces sugp SR gﬁg@ .the |like. The data communi cation unit

2032 al so connegﬁge?ﬁg _cgﬁt_ro ﬁggg'rmdul e 2030 to an external device 2036

for control | i Rgytime cudain clopiegimadet i on associated with one or nore building

facilitigg. Thﬁ’%r@ﬁﬁ\%c%ﬁgfﬂ%iaﬁiﬁ In4eUlhd 2032 is coupled to the 35 processor
C

unit 2034, which processes protocol’ packets received via the passive bus 32
2038 to det er Mg tieeUrain cdsingrreedd.ved dat a contained in the protocol

packets needs to be acted on by the controller nodul e 2030. The controller
nodul e 2030 _enpl oys the comruni cati on protocol as previously described. 5
The al gori t hitBefdsta eententi aighenrotednd peckstsiof etthicononirtieromotividesen iimddiecan be

the. cont 1ol 1 5 odct e ot Ay AuE AT R TRASCRA FEIE, SHERBP AL

each module. .

The data content of the protocol packets of one of the controller modules can
include ASCII code representing the status of an Alarm Clock feature such as:
- Alarm Status OFF;
20 - Afarm Status ON; and
- Alarm Status ON, Buzzer On.

Figure 20 shows a controller moduie 2030 in an example embodiment of the present
invention. The controller module 2030 is one of a plurality of controller modules
25 2030 of a modular unit for controlling building facilities.

The controller module 2030 comprises a data communication unit 2032 and a
processor unit 2034. The data communication unit 2032 connects the controller
module 2030 to a passive bus 2038 and enables the controller module 2030 to
30  broadcast protocol packets over the passive bus 2038. The data communication
unit 2032 may be serial communication interfaces such as RS485, RS232 or the
like. The data communication unit 2032 also connects the controller module 2030 to
an external device 2036 for controlling at least one function associated with one
or more building facilities. The data communication unit 2032 is coupled to the
35 . processor unit 2034, which processes_protocol packets received via the passive bus




conduct the comunication protocol of the exanple enbodinment. 10 In
addition to the data comuni cation unit 2032 and a processor unit 2034, the
controll er nodul e 2030 conpri ses a Random Access Menory (RAM 2040 and

Fl ash Menory 2042. The application proggamis typically supplied to the
user of the nodular unit 15 encoded on a data storage nedium such as a

CD- ROM or f | 2088 rte mistgrminsy wbethearibe recaivadt dédta stontpimeds or fhes pritstioh gadketsa

st orage nedi ' f ' he, appljcation, pr mis
Fead and cont et i Be Heich 8747 17} BLANGor RILEC0abe JLBRBIKSR Rl AT o
storage of prespieystiacemmayinatiac postptélssqueviassingesiide?040. 20 Exanpl e
enbodi nents of the present invention may have the follow ng features and

advant ages. _Function |ocking capabilities, e.g. disabling bell buttons in
guest roohs The algdritbmisvior earmyingt peintheocorsmeicatien pgtestlsdéscribédk capdres and

the private ; | | ' | e C n to be
di st ur bed. éﬁpﬁﬁéﬁg&z?wr%’ﬁ‘ﬁ@ ?%cbﬁﬁhsa:' %éué:ogg rt%'{ ?}og?abr.ﬂtl%e(iﬁ F 5?‘?@%% wﬂ%n

ai r-condi ti otlee aootroler] madulen 2080mamd msirudiing thé mointrdliery nueiule A036ver f an
speed as wel | . i i ' copntral for adjustnent
of di mess aﬁgﬁ&g%ﬁlﬁ%‘?ﬁrhmgcgtugrﬁ%ﬁtéﬁéléﬁ;ﬁﬂe %xr d%n%g'}bq(éﬁr%?@r ng, ..., etc.
Security capabilities, e.g. access key card for authorised initiation of

t he contpol ' ' '

Frequency | DAREEFRBh b the el FRbEnERURE UAE 2082 W o Bicpgekor [ HBa. e

Scal abi | i ty, cAbiielles siedule 2030 sobdeds arRandam Acdesshblemudry ¢RAM)@0403mdt he

nmodul e(s) cagq ' g% or controlling any 33 function/devices/settings
wi t hout any cust ol\?né@g i on 2]:')f the controlling software. Conbinations of the

nodul es to be added are expandable. The nodul e(s) can be plugged and
played wi t hogtot e Bk Eﬂfgré’rﬂyissﬂ){cw %up&%’&f {IHPLES of the modular unit
15 encod'ed on a data storage medium such as a CD-ROM or flash memory device
and read utilising a corresponding data storage medium drive of a data storage
device. The application program is read and controlled in its execution by the
processor 2034. Intermediate storage of program data maybe accomplished
using RAM 2040.
20
Example embodiments of the present invention may have the following features and
advantages.

» Function locking capabilities, e.g. disabling bell buttons in guest rooms
25 and private function rooms so that guests in the rooms and the private
functions will not be disturbed if the guests choose not to be disturbed.
= Building or room facilities control, e.g. centralized air-conditioner control
in a room or building, including control over fan speed as well as
temperature, centralized lighting control for adjustment of dimness and
30 brightness of lights in a room or building, ..., etc.
» Security capabilities, e.g. access key card for authorised initiation of the
control system of the example embodiments via Barcode, Radio
Frequency |Dentification (RFID) Technologies or the like.
e Modular Scalability, modules(s) can be added on site and the buttons for
35 the module(s) - can be assigned = for controlling any




5 Many nodifications and ot her enbodi ments can be made to the system and
its nethods by those skilled in the art having the understanding of the
above described disclosure together with the drawings. Therefore, it is to
be understood that the systemand its 3gility is not to be limted to the
above description contained herein 10 only, and that possible nodifications
are to be incl udedunefionfdevigesisettings wiboutdasy | custereizaien ofLiNeMBodtrolling
nodul ar control u I 5
control unit corrp;yioztr‘%gé @&ﬂﬁ:@g{:%/des tPé'HéHu{l%. tfgl ééaée‘%de%on P{Qﬂé‘ ﬂ‘EFuI es
connected to the pﬁ@@ﬂ%@) l§aﬂ beepiuggeccand plahleérvvltmdbtf@ reedhiog @dy fsoftware
controlling at hf@m%méﬁnctlon associated with one or nore of the

bui | di ng faC|I|t|es erein each controller nodule conprises a data
communi caPi on unit for broadcasting protocol packets over the paSS|ve bus,
and a proces C i . 0 i

passi ve bus ?@é Xé'ﬁgglﬂ‘%&r\% nspén% &ﬁéll ﬁ@b?@@%ﬁ&eéﬂp?}gbﬁéﬁ Eoeﬁ%ké?sgeﬁ{ne% ﬁ% 0 be
acted on at é‘éﬁtﬂo%id@ihth@@mﬁkl'dﬂd Iérthemr(ﬂba‘ﬂng e Lmdeirﬂwdm;joﬂthe abovet desicribed t  as
claimed in clgcPBsdre Wg@fh%'r YiheHB &9\%’:@9 ! Jl'ﬁére{g?%)dl'tnlse toeég%tdgﬁstc?oddﬁll E¥he
mechani sm prior to broadcasting proto assive in
response to FY¥E@cN imullisy 5 nddeibedimitey taribe Iabova:dmmpiadrecontmmrem a the

passive S e d 0, c

it as o ai oo’ (el BoBkog, woBRRARRE el pe imduagdldn B Ednen B 1
based on a t yij€losfreeach controll er nodul e. 4. The nodul ar control unit as
clainmed in any one of the preceding clains, wherein each controller nodul e
executes an error checking nechanismon 3 25 protocol packets received via
the passive bus and if an error is detected, a retransm ssion request is

broadcasted via the passive bus. 5. The nodular control unit as clained in
claim4, wherein the error '




checki ng mechani sm conpri ses updating a counter for each retransm ssion 30
request and only repeat broadcasting the retransmtted request until a
preset counter val ue has been reached. 6. The nodul ar control unit as
clainmed in any one of the preceding claggrs, wherein a new controller
nodul e connected to the passive bus broadcasts an 35 initial nessage using
a default address of origin. 35 7 The nodular control unit as clained in
clai m 6, wher, gmadefault address of origin is changed by the new
controller no uIe In response to identifying a sane existing address being
used by another controller nodule. 5 8. The nodul ar control unit as cl ai ned

coupl #d 1o a power Sery St SO ReRauBE WeRL Rty Bednfail o

control ufit C&Btrolllmlirmmnprmrm‘ly one of the preceding clains, the nodular
control unit furt?ieé si ng: one or nore control panels coupled to
respective ones o Ef'ne con tol ler modul es, for providing a user input to

t he controller no@bhsahtﬁ&flcﬂhntr‘éhe rrmdiwll@r coomgated torthé @sstleaburdeach cl ai m
9, wherein e t I | f I

recei ved fro%g’[q Eélfgé'orh a"a gal fgra% rﬂgﬂ oé@%f"]%{n(g'gecﬁ"ngg%'!t‘jfagf'?cé&gﬁo% eis
destined to saedreaxwh Qtﬂmbwldirgfammbd e or to another controller nodule,
and s d16ach. ConiihdifleafRUhFolf RIS BoolSEL o JefP Uil BB RRTARTL N0
over the passi ve bus I'n u ano er

controller nbmﬂdeastmg pﬂih:e:ohpdci-tetbs om'enttinealpaamve hais, ahdlarfmiomssod ahiro9 or

For i apl ayi Aeepine BRGeP badiaf GRBVER Vi A RSTEBRE I Gadptihe BBheE L™
\The nodul ar cenel\nedlprmmml pasketd metbdo ba aafed arad seid ddeh cpntediedimodulel ai ns,

further conprising one or nore display panels coupled to respective ones of
t he .

15 2. The modular control unit as claimed in claim 1, wherein each controller
module executes a delay mechanism prior to broadcasting protocol packets via
the passive bus in response to protocol packets received by another controller
module via the passive bus at a predetermined response time.

20 3. The modular control unit as claimed in claim 2, wherein a delay time of the
delay mechanism is based on a type of each controller module.

4. The modular control unit as claimed in any one of the preceding claims,
wherein each controller module executes an error checking mechanism on

256  protocol packets received via the passive bus and if an error is detected, a
retransmission request is broadcasted via the passive bus.

5. The modular control unit as claimed in claim 4, wherein the error
checking mechanism comprises updating a counter for each retransmission

30 request and only repeat broadcasting the retransmitted request until a preset
counter value has been reached. |

6. The modular control unit as claimed in any one of the preceding claims,
wherein a new controller module connected to the passive bus broadcasts an
35  initial message using a default address of origin. '




controller nodules, for displaying status information of the nodul ar
control unit. 30 13. The nodul ar control unit as clainmed in any one of the
preceding clains, wherein one of the plurality of controller nodules is a
Service Controller Mdule for controllasg a privacy status and room
service status of a room 14. The nodul ar control unit as clainmed in claim
13, further conprising: 36 a renote panel coupled to the Service

Control |l er ul e ;and for |ocation qutside the.ropomfor enabli undi ng
t he door bel :\/bfgasedﬁ(?n W%ﬁqrv%%ri}mit%obgs qua: ﬁr 8o aér'@r@i ¥ eE%"étth %&a@ﬁe
room 5 15. Eueressdof arigihoig changed byathec hawneshtrdliec Inaoduld 4n nebporedentd he

based on' tne pAED Srie e Bk wis by aoBtel SBMSRE ks | "

nodul ar céntrol unit as clainmed in any one of clains 13 to 15, 10 wherein

t he Service ntraoll e le further ntrols_activation or deactjvation

of elect ri cal®uti 1ine BobBEEsPrtd diCos, SRMETIT 98 ok B fif aPbec R PRI Lo
as clai med i nwhamginosachoforitrodlep nemrhil sy coligledrdo a poweheupplpmodde nga tlied one
or nore car dLP{ag%g rbaFcoupI ed to respective ones of the controller nodul es

for data inp he nodul ar control unit. 18. The nodul ar control unit
as clainmed in claim17, wherein the data input is wused for access control

uni 1 s dPar fea | r"e1apAEeR BRI R ofR Glimet o S el reBBilh BiaifiRcr o

are coupl ed dhe rodular contrelyméduithver coomdrisdid: er nodul es or are coupled via

t he passive bus. . e lLar _gontrol. unit .cl al ' ne of
the preceding cl ai%?r‘%,zoq n\?\%—'teér %ﬁ%ﬁ%%% wg?ecdotﬁ F%P%gtp}én%ﬁgg{q%s&ga}ﬁmﬂer
af r - condi t i omesdutesd fidreprévidingeniseslihputdo trencaitmolleomddulesner . 21. The nodul ar
control unit as clainmed in claim 20, the nodular control unit 30 further
conpri si ng:

15  10. The modular control unit as claimed in claim 9, wherein each controller

modules identifies whether a user input received from the control panel coupled

to said each controller module is destined to said each controller module or to

another controller module, and said each controller module relays said user

input via broadcasting over the passive bus if the user input is destined to
20  another controller module.

11.  The modular control unit as claimed in claims 9 or 10, wherein one or
more of the control panels comprise a display element for displaying status
information in response to the user input.

25
12.  The modular control unit as claimed in any one of the preceding claims,
further comprising one or more display panels coupled to respective ones of the
controller modules, for displaying status information of the modular control unit.

30 13. The modular control unit as claimed in any one of the preceding claims,
wherein one of the plurality of controller modules is a Service Controller Module

for controlling a privacy status and room service status of a room.

14.  The modular control unit as claimed in claim 13, further comprising:




a tenperature sensor coupled to the air-conditioner nodule for sensing the
roomtenperature. 37 22. The nodular control unit as clainmed in any one of
the preceding clainms, wherein one of the controller nodules is a relay
nodul e for controlling lights on/off. & 23. The nodul ar control unit as
clainmed in any one of the preceding clainms, wherein one of the controller
nodul es is a di msr ramnialpzanfebcoumdx-m tcoﬂhbiSu;vMé)orinmi!ghMDdsle amd for patition 24.

The nodul ar [ |m 2 n the external 10
devi ces i ncl uogné'ggkhen%togn %ir?f'ragllmr%s ?dﬁgﬁ:}ell%ﬁﬁ SNt BMYAYE S %ﬁﬁ%%r
control uni ta ro@bh séxvidatstatas of thgaodewv i ce cont ai ni ng conput er readabl e code
means for instructing a programmable controller nodule of a nodul ar

control unit to 15 execute a nethod for controlling building facilities,
t he met ho8 cdpri Sihegmadoktreontiohgnit cagt ciairhed imudhied4t ohecsin itbé ramoteeast

one function n of the buildi C|I|t|e

br oadcast pr &aa @%gﬁ]rﬁgg%f p\é\é%sv@?e 8”‘% gs "T‘t\% %Jgo%aﬁ%rvpg %3%‘& r%rf i}&)
packet s r eceiprigdcyw$tatushe rpalsmemcé)atatms)oftﬂetrmrm ne whet her the recel ved
protocol packets needs to be acted on at said 20 controller nodule. 26. A
met hod for controlling building facilities, the nmethod conpri sing:

i nstructing dént r diheemodobiul @ntriob unidnas claiméd | irasty one cbfuolatrhsm:%aﬂnsdaj ated
W th one,gr f d ackets
over a 2400, diereifind Serleh CEMBENC AR e AR R LR ChER e e
passi ve bus oh elegtrical ulilities shpplieerin theerooetei ved prot ocol packets needs to be
acted on at said controller nodule.

17.  The modular control unit as claimed in any one of the preceding claims,
further comprising:

15 one or more card readers coupled to respective ones of the controller
modules for data input into the modular control unit.

18. The modular control unit as claimed in claim 17, wherein the data input is
used for access control to functionalities of the modular control unit.
20
18.  The modular control unit as claimed in claims 17 or 18, wherein the one
- or more card readers are coupled directly to respective controller modules or are
coupled via the passive bus.

\) -~ 25 .20. The modular control unit as claimed in any one of the preceding claims,
wherein one of the controller modules is an air-conditioner module for controlling
an air-conditioner.

21.  The modular control unit as claimed in claim 20, the modular controf unit
30  further comprising:
a temperature sensor coupled to the air-conditioner module for sensing
the room temperature.




10

15

20

25

37

22.  The modular control unit as claimed in any one of the preceding claims,
wherein one of the controller modules is a relay module for controlling lights

on/off.

23.  The modular control unit as claimed in any one of the preceding claims,
wherein one of the controller modules is a dimmer module for controlling the

brightness of lights.

24, The modular control unit as claimed in claim 23, wherein the external
devices include a remote control device for user input into the modular control

unit.

25. A data storage device containing computer readable code means for
instructing a programmable controller module of a modular control unit to
execute a method for controlling building facilities, the method comprising:
instructing controller modules to control at least one function associated
with one or more of the building facilities, to broadcast protocol packets over a
passive bus, and to process protocol packets received via the passive bus to
determine whether the received protocol packets needs to be acted on at said

coniroller module.

26. A method for controlling building facilities, the method comprising:
instructing controller modules to control at least one function associated
with one or more of the building facilities, to broadcast protocol packets over a
passive bus, and to process protocol packets received via the passive bus to
determine whether the received protocol packets needs fo be acted on at said

controller module.




