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METHOD AND APPARATUS FOR PROVIDING 
DISTRIBUTED CONTROL OF A HOME 
AUTOMATION AND CONTROL SYSTEM 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/ 154,425, ?led May 22, 2002, Which 
is a continuation-in-part of US. patent application Ser. No. 
09/955,570, ?led Sep. 17, 2001, Which is a continuation of 
US. patent application Ser. No. 09/751,383, ?led Dec. 29, 
2000, noW abandoned, Which claims the bene?t of prior US. 
Provisional Patent Application No. 60/173,741, ?led Dec. 
30, 1999, each of Which applications is expressly incorpo 
rated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to the ?eld of home 
automation and control systems and, more particularly, to a 
method and apparatus for providing distributed control of 
dynamically created home automation and control system 
scenes. 

BACKGROUND OF THE INVENTION 

[0003] Home automation and control systems are used to 
control the behavior of an environment such as a home or 
of?ce building. Home automation and control systems alloW 
home occupants to automate and control the use of electrical 
products and appliances in and around the house. Home 
automation and control systems create and launch “scenes,” 
also called house scenes, involving one or more products 
and appliances. Examples of the types of products and 
appliances that can be automated and controlled are lighting, 
entertainment, cooking, heating, air conditioning, WindoW 
treatments, and landscaping. Examples of speci?c products 
and appliances that can be automated and controlled are 
lights, television sets, sound systems, coffee machines, 
ovens, furnaces, air conditioners, Water heaters, humidi?ers 
and laWn sprinklers. Each product or appliance can be set to 
a number of different states, i.e., on, off, and, if appropriate, 
an intermediate level. The controller of an electrical product 
or appliance, together With its effect on the controlled 
electrical product or appliance, Will be referred to as a 
“device.” The “load control button” on a device is the button 
on the device controller that directly controls or affects the 
electrical product or appliance. The controller may be a 
physically separate entity from the product or appliance 
being controlled, or the controller may be physically embed 
ded or integrated into the product or appliance being con 
trolled. 

[0004] A “scene” includes one (1) or more devices set to 
a particular state. For example, a morning scene could 
include the furnace set to 70°, the master bathroom lights on 
at 50%, the kitchen lights on at 100%, the coffee machine on, 
the television set in the kitchen on to a particular channel, 
and the front porch light off. This setting of devices consti 
tutes one scene, and may be triggered by a trigger event also 
de?ned by the user, such as the press of a button on a remote 
control. A different scene may set additional devices and 
some or all of the members of the one scene to the same or 
different states. Current home automation and control sys 
tems are based on controlling devices through device 
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resources, but these device resources are not interoperable 
betWeen unlike resources. Current home automation and 
control systems require someone or something in the pro 
gramming process to understand the details of the system 
device resources or each type of device resource in the 
system to create complex scenes. Current home automation 
and control systems create and launch scenes using several 
methods, each of Which has signi?cant draWbacks. 

[0005] One method used by current home automation and 
control systems is to divide the devices into groups that all 
respond in basically the same Way to a command. Some 
groups are composed of like type device resources, and other 
groupings alloW mixed type resources, but all like-type 
device resources are limited to the same actions, i.e., a group 
command received by like type device resources in the 
group Will force each of those devices to the same state. This 
method does not provide the ?exibility that in one scene 
some of the same type devices might be on and others off, 
While in another scene all of the devices might be on. Such 
an approach is, thus, limited to simple, synchroniZed scenes. 
In current home automation and control systems able to 
create more complex scenes, a central controller is com 
monly used, With a scene being launched, or triggered, When 
the central controller detects the trigger event. In response to 
detecting the trigger event, the central controller sends 
messages to the devices that are members of the scene 
directing them to go to their respective scene states. If the 
central controller fails, scenes can no longer be triggered 
because the controller can no longer send the necessary 
messages to the scene member devices to produce the 
scenes. In effect, if the central controller fails, the entire 
home automation and control system is rendered unusable. 
This single point of failure is highly undesirable to users of 
such systems. Additionally, the use of a central controller 
creates a heavy load of netWork traffic, since the central 
controller must send a message to each scene member 
device individually. The message traf?c on the communica 
tion netWork for a central controller based scene With many 
member devices groWs proportionally With the number of 
devices. For a scene With a large number of devices, this also 
causes a time delay time betWeen the start of the scene When 
the ?rst device gets its message until the last device gets its 
message. Such heavy netWork traf?c and delay in triggering 
scene member devices is also undesirable to users of home 
automation and control systems. 

[0006] Another method used by current home automation 
and control systems is to create pre-de?ned scenes some 
times called home modes. Examples of such home modes 
are “aWay” or “home” or “vacation” scenes. A device 
receiving a scene launch command Will knoW What state the 
device should be in for the chosen home mode, but the scene 
state is determined by the manufacturer for a particular 
device subtype. If the manufacturer de?ned home mode 
does not entirely produce the scene state desired by the home 
user, or different states are desired for the same device types 
(a night scene has all lights out except a nightlight in the 
bathroom, as an example) the scene can not be modi?ed. 
Furthermore, such home automation and control systems 
can have only one active home mode at a time, and the home 
mode affects all devices in the system. This is not desirable 
in a house With multiple users, Where each user may Want to 
select a different scene to control the user’s local environ 
ment at the same time, Without affecting any system devices 
not in the scene desired by the user. 
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[0007] In other current home automation and control sys 
tems able to create more complex scenes, a specialized 
central programming tool is used to create complex scenes 
that, once programmed, can operate in a distributed fashion, 
i.e., do not then require a central controller to send multiple 
messages to set the respective states of multiple devices each 
time a scene is triggered. HoWever, the central programming 
tool may or may not be a permanent part of such a home 
automation and control system; and if the central program 
ming tool is lost or fails, the system cannot be recon?gured. 
This can be a problem When the user of the home automation 
and control system Wishes to recon?gure the system, par 
ticularly When a neW home oWner ?nds the central program 
ming tool Went With the previous oWner’s computer or has 
otherWise been lost. 

[0008] Also, the central programming tool is typically 
specialiZed, in that it is limited to device types that Were 
knoWn or contemplated When the original home automation 
and control system Was installed. Thus, the central program 
ming tool cannot recon?gure the system to incorporate 
neWly developed device types, such as neW media players, 
environmental control devices, etc., for Which the program 
ming tool does not have the requisite programming instruc 
tions. Thus, adding such neW devices necessitates upgrades 
to the central programming tool. Furthermore, the addition 
of devices, Whether originally contemplated or not, may 
reach a number exceeding the central programming tool or 
central controller limitations for number of devices in a 
scene. 

[0009] Therefore, in light of the above, there is a need for 
a distributed and interoperable home automation and control 
scene method that provides dynamic complex scene creation 
but does not increase scene launch message traf?c propor 
tionally to the number of devices in the scene and that does 
not require someone or some entity in the programming 
process to understand the details of the system devices or 
each type of device in the system to create complex scenes. 

SUMMARY OF THE INVENTION 

[0010] In accordance With the present invention a distrib 
uted home automation and control system method and 
apparatus is provided. The method and apparatus creates and 
launches scenes in a Way that does not increase scene launch 
message traf?c proportionally to the number of devices in 
the scene and does not require someone or some entity in the 
programming process to understand the device type details 
of the system. Scenes are created system Wide and may be 
called “house scenes.”“House” in this case means any type 
of premises, including homes, offices, boats, yards, etc. Each 
device in the system knoWs its oWn device-type details and 
is capable of dynamically learning the current state of those 
device-type details such that it can duplicate the current 
device state in a scene at a latter time Without any external 
entity at any time knoWing the device type-details. Instead 
of a programming tool or central controller learning the 
scene trigger(s) and scene state for each system device, each 
individual device learns its membership status in each house 
scene and the load state of the product or appliance con 
trolled by the device. 

[0011] In accordance With other aspects of this invention, 
each house scene is assigned a unique house scene identi?er. 
House scenes are created by each individual member device, 
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When given an indication to learn a neW house scene, locally 
saving its membership status and the load state of the 
product or appliance associated With the house scene iden 
ti?er, the product or appliance load state being the current 
state of the device When the device is given the indication to 
learn a neW scene. When a non-member device is given the 
indication to learn a neW scene, the device need not save any 
house scene information for that house scene identi?er. 

[0012] In accordance With further aspects of this inven 
tion, scene launch commands are generated by the actuation 
of scene trigger buttons. Trigger buttons may have ?xed 
house scene identi?ers associated With them, or a trigger 
button may learn a system resource house scene identi?er to 
be associated With the actuating trigger button. Preferably, 
trigger buttons do not have prede?ned house scene identi 
?ers associated With them. Also, preferably, each trigger 
button obtains and learns the house scene identi?er at the 
time When it is associated With a house scene. When given 
an indication to learn a neW system resource house scene 

identi?er as a scene trigger, the device locally saves and 
associates the house scene identi?er With the indicated 
particular scene trigger button. When the scene trigger 
button that has learned or been associated With a house scene 
identi?er is activated, the activated scene trigger button 
launches the house scene by broadcasting a launch com 
mand to the entire netWork that contains the associated 
house scene identi?er. 

[0013] In accordance With yet other aspects of this inven 
tion, When a device in the netWork receives a broadcast 
scene launch command and the device membership status 
associated With the received house scene identi?er indicates 
the device is a scene participant of that house scene, the 
device recalls the locally saved scene state associated With 
that house scene identi?er. This alloWs one simple, short 
message containing the scene identi?er to launch a scene in 
normal operation Without regard to the number of scene 
members. The message does not tell the member devices 
hoW to implement a particular house scene, it only identi?es 
the particular house scene to be launched. In accordance 
With yet still other aspects of this invention, alternatively, or 
in addition, a house scene can be launched by another entity, 
such as softWare running on a personal computer or an 
external controller, that is able to broadcast a scene launch 
command containing the house scene identi?er for that 
particular house scene. While the system house scene 
resource is most desirable When the scene launch is broad 
cast to the netWork, those skilled in the art Will appreciate 
that for netWork protocols Where netWork broadcast address 
ing is not robustly supported or desirable, a scene launch 
identi?er message could be addressed to each scene member 
device, individually or in a combined addressing scheme. 

[0014] As Will be appreciated from the foregoing descrip 
tion, the invention provides distributed programming and 
control of a home automation and control system. Each 
system device maintains scene de?nitions describing the 
state settings of the device for each scene in Which the 
device participates as a scene member. Because the scene 
state setting and programming logic is embedded Within 
each device participant, the control and programming of the 
system is distributed, thereby eliminating the single point of 
failure found in previous home automation and control 
systems. While any device in the system may fail, the other 
devices Will continue to knoW their scene state settings and 
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operate normally When a scene launch command is received. 
While any device in the system may fail and not be repro 
grammable, such failure Will not prevent other devices from 
being reprogrammable. Other devices Will continue to be 
reprogrammable. 

[0015] One bene?t of the invention is a reduction in the 
expertise required to create complex scenes When compared 
to prior art solutions. Only devices need to knoW the details 
of their particular type in order to save a house scene state. 
No specialiZed knowledge of the devices to be included in 
a scene is needed by a central controller or centraliZed 
programming tool. There is no need for any entity outside 
the local device to ever knoW the local device scene setting 
associated With a particular house scene state, and no central 
controller is needed to create complex scenes. Each device 
can potentially be a member of many scenes. There is no 
limit to the number of system devices that can be members 
of a house scene. House scenes can include and exclude 

devices regardless of Zone and group boundaries. A neW 
device type can be incorporated into an existing house scene, 
even though that device type Was totally unknoWn at the 
time the original scene Was developed. No existing entity in 
the system outside the neW device needs to knoW the details 
of the type of neW device, and no upgrades to any existing 
device, central controller or programming tool are needed to 
add the neW device to a house scene. 

[0016] Another bene?t of the invention is a reduction in 
the netWork traf?c required to launch a complex scene as 
compared to central controller prior art solutions. Only a 
single trigger message With the scene identi?er must be sent 
to devices participating in a scene in order to launch the 
scene. There is no requirement for a central controller to 
send a “set device” command to each different scene mem 

ber, group, or Zone. No other message traf?c is necessary. 
Each device maintains its oWn scene de?nition for each 
scene describing the state of the device for the scene. 
Therefore, the launch scene command only needs to identify 
the scene to system devices in order for the scene to be 
launched. This message protocol alloWs scene control to be 
distributed throughout the home automation and control 
system, and also reduces the delay found in current central 
controller-based home automation and control systems 
betWeen the time a trigger event is received and When the 
last scene member is activated. 

[0017] Generally described, the present invention pro 
vides a method and apparatus for providing distributed 
house scene programming and distributed control of a home 
automation and control system. According to one embodi 
ment of the present invention, each device participating in a 
home automation and control system is embedded With 
control logic for providing distributed control. Through the 
control logic, each device maintains scene de?nitions 
describing the state of the device for each scene in Which it 
participates. 

[0018] When any device in the system receives a request 
to launch a scene, such as a scene trigger button press on one 

of the devices, the device broadcasts a scene state change 
message to all devices Within the home automation and 
control system. The scene state change message identi?es to 
each device a particular scene that should be launched. Each 
device in the system receives the message and determines 
Whether the device is a participant in the scene. If the device 
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is a participant in the scene, the device adjusts its state 
according to a scene de?nition associated With the scene 
stored in the device. In particular, the device may adjust a 
controlled electrical load, such as a light or appliance, 
according to the scene de?nition by turning the load on, off, 
or setting the load to some intermediate value. In this 
manner, a scene may be launched across an entire home 
automation and control netWork. 

[0019] In addition to providing a distributed home auto 
mation and control method, the present invention also pro 
vides a related computer-readable medium and system for 
providing distributed control of a home automation and 
control system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The foregoing aspects and many of the attendant 
advantages of this invention Will become more readily 
appreciated as the same become better understood by ref 
erence to the folloWing detailed description, When taken in 
conjunction With the accompanying draWings, Wherein: 

[0021] FIG. 1 is a block diagram shoWing an illustrative 
home automation and control system that provides an oper 
ating environment for an actual embodiment of the present 
invention. 

[0022] FIG. 2 is a block diagram shoWing a microcon 
troller and related circuitry that provides distributed control 
functionality and a simple programming interface in an 
actual embodiment of the present invention. 

[0023] FIGS. 3A-3C are block diagrams shoWing illus 
trative sWitch devices utiliZed in an actual embodiment of 
the present invention. 

[0024] FIG. 4 is a block diagram shoWing the softWare 
architecture utiliZed in an actual embodiment of the present 
invention. 

[0025] FIG. 5 is a How diagram shoWing a routine for 
locally capturing a house scene value in a device according 
to an actual embodiment of the present invention. 

[0026] FIG. 6 is a How diagram shoWing a routine for 
conditional local capture of a house scene value in a device 
if that device is a member of the scene being programmed 
according to an actual embodiment of the present invention. 

[0027] FIG. 7 is a How diagram shoWing a routine for 
capturing a house scene trigger in a device according to an 
actual embodiment of the present invention. 

[0028] FIG. 8 is a How diagram shoWing a routine for 
providing normal mode house scene operation in a device 
according to an actual embodiment of the present invention. 

[0029] FIG. 9 is a state machine diagram shoWing the 
normal house scene operation of a device according to an 
actual embodiment of the present invention. 

[0030] FIG. 10 is a state machine diagram shoWing tog 
gling a house scene launch betWeen the activate and deac 
tivate scene states of a device according to an actual embodi 
ment of the present invention. 

[0031] FIG. 11 is a How diagram shoWing a routine for 
processing a one-step resource capture indication message. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0032] The present invention is directed to a method and 
apparatus for providing distributed scene programming and 
distributed control of a home automation and control sys 
tem. According to an embodiment of the present invention, 
a device is provided for use in a home automation and 
control system that includes control logic for local storage of 
its house scene participation states. When multiple such 
devices are utiliZed throughout a home automation and 
control system, control of the system is distributed among 
the devices. Referring noW to the ?gures, in Which like 
numerals represent like elements, an actual embodiment of 
the present invention Will be described. FIG. 1 provides an 
overvieW of an illustrative home automation and control 
system 2 in Which aspects of the present invention may be 
practiced. It should be appreciated that the use of the term 
“home automation and control” includes, but is not limited 
to, home automation, home control, home networking, or 
connected home systems, Which describe a home Where 
products are not only connected or integrated With each 
other locally, but also across the Internet and via other 
netWorks. Moreover, although the home automation and 
control system 2 is described herein as being implemented 
in a home environment, those skilled in the art should 
appreciate that such systems may be similarly deployed in a 
business, boat, factory, or other premises Where environ 
mental automation is desired. 

[0033] The home automation and control system 2 typi 
cally comprises a number of participating devices connected 
together by a common bus 4, or some other communication 
means. In the actual embodiment of the present invention 
described herein, the bus 4 comprises typical household 
Wiring. Those skilled in the art should appreciate, hoWever, 
that other types of communications media may be utiliZed 
including tWisted Wire pair, coaxial 10 cable, ?ber optic 
cable, or other similar media. Additionally, Wireless com 
munications media, such as infrared (“IR”) or radio fre 
quency (“RF”), may also be utiliZed to provide inter-device 
communication. 

[0034] The devices connected to the bus 4 and participat 
ing in the home automation and control system 2 may 
comprise a Wide variety of devices for performing a Wide 
variety of functions. For instance, such devices may include 
a thermostat control device 6 for controlling temperature, a 
sensor port device 8 for detecting motion, light, sound, or 
other activity, a sWitch device 10 for triggering scenes or 
controlling an attached load, and a control port device 12 for 
controlling an attached load, such as a lamp, appliance or 
motor. Additionally, such devices may include a receiver 
port device 14 for triggering scenes based on IR or RF 
signals received from a Wireless remote control 16 operated 
by a user 18. EXternal controllers and systems 24 may also 
participate in the home automation and control system 2 
through the use of a PC Port device 22 produced by 
C-SMART LLC of Las Cruces, N. Mex. The PC Port device 
22 provides an interface betWeen devices compatible With 
the home automation and control system 2, and devices from 
other manufacturers that are not natively compatible With 
the home automation and control system 2. 

[0035] The user 18 may interact With the home automation 
and control system 2 through the devices. For instance, the 
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user 18 may utiliZe the sWitch device 10 to control a load 
connected to a control port device 12 or to trigger or launch 
a house scene. The user 18 may also interact With the home 
automation and control system 2 through the use of a 
personal or Internet gateWay computer 20. The personal or 
Internet gateWay computer 20 is connected to the bus 4 and 
may participate in the home automation and control system 
2 through the use of a PC Port device 22. The PC Port device 
22 provides bi-directional communication support for the 
personal computer 20. In this manner, a user 18 can interact 
With the home automation and control system 2 through the 
computer 20, Which is equipped With appropriate softWare, 
to interrogate devices, create or launch scenes, and perform 
other functions. The PC Port device 22 provides bi-direc 
tional communication support for the personal computer 20. 
In this manner, a user 18 can interact With the home 
automation and control system 2 through the computer 20, 
Which is equipped With appropriate softWare, to interrogate 
devices, create or launch scenes. The user 18 may also 
interact With the home automation and control system 2 
through the use of a tabletop controller 26 to launch scenes. 

[0036] User interaction for programming and controlling 
the home automation and control system 2 is described in 
greater detail beloW. 

[0037] The home automation and control system illus 
trated in FIG. 1 does not rely on a central controller. Rather, 
control is distributed by adding intelligence to each device 
and locally storing the state for all scenes the device par 
ticipates in. As Will be described beloW With respect to FIG. 
2, this intelligence takes the form of a microcontroller and 
other circuitry that provides functionality for distributing 
control of the home automation and control system 2 to each 
of the devices in the system. 

[0038] Turning noW to FIG. 2, an illustrative microcon 
troller and related control logic Will be described that 
provides distributed control functionality and a simple pro 
gramming interface in the actual embodiment of the present 
invention described herein. As mentioned brie?y above, 
according to the actual embodiment of the present invention 
described herein, the microcontroller and associated cir 
cuitry shoWn in FIG. 2 is incorporated into each device in 
a home automation and control system. By incorporating the 
same such circuitry in each device, control of the home 
automation and control system may be distributed to each 
device. 

[0039] Those skilled in the art should appreciate that the 
house scene programming method of the invention is pro 
tocol independent and may be implemented using many 
types of protocols, such as the Simple Control Protocol, the 
Universal Plug and Play protocol Which is run on a Local 
Area NetWork (LAN), the IEEE-1394 protocol, and other 
protocols knoWn to those skilled in the art. The current 
embodiment applies this system house scene resource 
method using as its base communication protocol the CEBus 
protocol and Home Plug and Play protocol (“HPnP”), both 
from the CEBus Industry Council, Inc. At the heart of each 
device is a CEBus® microcontroller 30. The CEBus® 
microcontroller 30 comprises a central processing unit 62 
and internal memory 64 for eXecuting user programs, paired 
With functionality for interfacing With a poWer-line netWork 
ing protocol, such as the CEBus® protocol from the 
CEBus® Industry Council, Inc. As knoWn to those skilled in 
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the art, the CEBus® standard (BIA-600) is an open standard 
for home automation that de?nes a common language for 
device communication over various media, including poWer 
lines. Those skilled in the art should appreciate that While the 
CEBus® protocol is utiliZed for device communication in 
the actual embodiment of the present invention described 
herein, other types of protocols may also be utiliZed. 

[0040] In the actual embodiment of the present invention 
described herein, the CEBus® microcontroller 30 comprises 
a CEWay PL-One from the Domosys Corporation of Sainte 
Foy, Quebec, Canada. The CEWay PL-One is a poWer line 
transceiver integrated circuit that integrates the CEBus® 
physical layer and embeds an 8052 microcontroller core. 
The CEWay PL-One includes 256 bytes of internal data 
memory, three 16-bit timers/counters, a full duplex serial 
port, and the ability to access up to 64 kb of external data 
memory and up to 64 kb of external code memory. 

[0041] In the embodiment of the invention described 
herein, the CEWay PL-One is paired With an external 
random access memory (“RAM”) 32, an external read-only 
memory (“ROM”) 34, and a Writeable non-volatile memory 
36, such as ?ash memory. As Will be described in greater 
detail beloW, the non-volatile memory 36 may be used to 
store and retain scene settings for the device When poWer is 
removed. These memory devices may also store computer 
readable instructions, data structures, program modules, or 
other data necessary for providing the functionality 
described herein. 

[0042] The CEBus® microcontroller 30 is also paired to a 
load 50 through a load controller 52. The load 50 comprises 
an electrical load, such as that provided by a lamp, electrical 
equipment, or other home appliance. The load controller 52 
may be capable of sensing the level of the load 50 and is 
capable of setting the load 50 to a particular level. The load 
controller 52 communicates to the CEBus® microcontroller 
30 so that sensing the level of the load 50 or setting the load 
50 to a particular level may be accomplished under pro 
grammatic control. According to the actual embodiment of 
the present invention described herein, the load controller 52 
may comprise a triac, for gradually varying the level of a 
load, or a relay for sWitching a load on or off. Other types 
of load control devices such as latching relays, bi-state 
relays, or other devices knoWn to those skilled in the art may 
be utiliZed. The load 50 and load controller 52 may also be 
electrically isolated from the CEBus® microcontroller 30 
through the use of a sWitch 54, such as an air-gap sWitch. 

[0043] The CEBus® microcontroller 30 may also inter 
face With an alternating current (“A/C”) poWer line 58 
through the use of a 2-Way bus communication driver 56. 
The 2-Way bus communication driver 56 receives data 
transmitted on the A/C poWer line 58 and converts this data 
to a signal compatible With the CEBus® microcontroller 30. 
The CEBus microcontroller 30 may be electrically isolated 
from the A/C poWer line 58 through the use of a sWitch 60, 
such as an air-gap sWitch. As knoWn to those skilled in the 
art, the CEBus® microcontroller 30 may also receive elec 
trical poWer from a poWer supply 38 and a clock signal from 
a clock 40. 

[0044] The CEBus® microcontroller 30 also interfaces 
With several input and output devices. In particular, the 
CEBus® microcontroller 30 interfaces With a light emitting 
diode (“LED”) controller 44. The LED controller 44 pro 
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vides functionality for driving one or more LEDs mounted 
on the device. As Will be described in greater detail beloW, 
the LEDs may be used to provide an indication to the user 
as to Whether the device is in a normal operation mode, a 
programming mode, or in another state. 

[0045] The CEBus® microcontroller 30 also receives 
input from a number of front panel sWitches 46. The front 
panel sWitches 46 may be mounted on a panel of the device 
accessible to the user. These sWitches may be utiliZed to 
control a local load 50, or to trigger a scene that includes 
other devices. Additionally, a dedicated setup button 42 may 
be provided for placing the device into HPnP netWork 
con?guration modes. According to the actual embodiment of 
the present invention described herein, the setup button 42 
is located behind a face plate of the device to prevent 
inadvertent selection of the programming mode. Other 
physical inputs 48 may also be provided to the CEBus® 
microcontroller 30, such as a timer. The front panel sWitches 
46 and the setup button 42 are described in greater detail 
beloW With respect to FIGS. 3A-3C. 

[0046] Referring noW to FIG. 3A, an illustrative sWitch 
device 10 Will be described. In the actual embodiment of the 
present invention described herein, the sWitch device 10 
provides a primary interface for a user to the home auto 
mation and control system. In particular, the sWitch device 
10 may be utiliZed by the user to control a local load, to 
program a scene, and to trigger a scene. In this regard, the 
sWitch device 10, including the CEBus® microcontroller 
and related circuitry, is mountable Within a standard Wall 
mount sWitch plate receptacle. Those skilled in the art 
should appreciate that While the sWitch device 10 is 
described herein as the primary interface to the home 
automation and control system, the functionality and inter 
face provided by the sWitch device 10 for controlling loads, 
programming scenes, and launching scenes may be similarly 
provided by other types of devices. 

[0047] As described above, the sWitch device 10 includes 
the CEBus® microcontroller and related circuitry for inter 
facing With the home automation and control system and for 
providing the user interface. The sWitch device 10 also 
includes one or more buttons 70A-70B. In the actual 
embodiment of the present invention described herein, one 
of the buttons, such as 70A, is dedicated for local load 
control. The local load control button may utiliZe a dimmer 
to gradually change the value of the local load to Which the 
sWitch is connected, such as a light. Alternatively, the local 
load control button may be utiliZed in connection With a 
relay for turning the local load on or off. 

[0048] If the local load control button utiliZes a dimmer, 
the load button may be held doWn to gradually ramp the 
local load up from its current state or to gradually ramp the 
local load doWn. The ramp up continues until the load button 
is released, or until it reaches its maximum value state. The 
ramp doWn continues until the load button is released, or 
until it reaches its minimum value state. The ramp direction, 
up or doWn, toggles each time the load button is pressed. 
Those skilled in the art Will appreciate that the indications 
and actions of the load button control may depend on the 
type of load being controlled. As Will be described in greater 
detail beloW, scenes may be assigned to the remaining 
buttons on the sWitch device 10. These buttons may then be 
utiliZed to trigger the assigned scene. Those skilled in the art 
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should appreciate that the switch device 10 may be provided 
in a three-button 70A-70C or four-button 70A-70D con?gu 
ration as shoWn in FIGS. 3B and 3C, respectively. Other 
con?gurations of the buttons on the sWitch device 10 Will be 
apparent to those skilled in the art. 

[0049] The sWitch device 10 also includes a visible LED 
74. In another actual embodiment of the invention herein 
described, the LED 74 comprises a tri-state LED capable of 
displaying the colors red, amber, and green. The LED 74 
provides a visual indication to a user regarding the current 
state of the sWitch device 10. For instance, one color of the 
LED 74 may indicate to the user that the sWitch device 10 
is in a programming state and another color may indicate 
that the sWitch device 10 is in a normal operating state. The 
LED 74 may also be ?ashed in patterns in combination With 
the colors to provide other types of noti?cations. The LED 
74 is controlled by the LED controller 44 described above 
With reference to FIG. 2. 

[0050] The sWitch device 10 also comprises a setup button 
42. As Will be described in greater detail beloW, the setup 
button 42 is utiliZed to place the sWitch device 10 into one 
or more programming modes. In order to avoid inadvertent 
selection of the setup button 42, preferably, the button is 
positioned so as to avoid accidental presses. In the actual 
embodiment of the invention the setup button is mounted 
behind a sWitch device cover 78. In order to access the setup 
button 42, therefore, a user must remove the retaining 
screWs and the sWitch device cover 78. If the local load 
control button utiliZes a dimmer then the sWitch device 10 
also includes an air-gap sWitch 72 for electrically isolating 
the local load from the poWer source. 

[0051] FIG. 4 illustrates a softWare architecture for imple 
menting aspects of the present invention. As described 
brie?y above, each device utiliZed in a home automation and 
control system according to the present invention includes a 
microcontroller and related circuitry for distributing control 
of the home automation and control system to each device 
and for providing a simple programming (SPI) interface. To 
provide such functionality, each device implements the 
CEBus® protocol 80 for loW-level communication. 

[0052] As knoWn to those skilled in the art, the CEBus® 
protocol uses 120 v, 60-cycle, electrical Wiring to transport 
messages betWeen devices. Particularly, the CEBus® pro 
tocol 80 uses spread spectrum technology to overcome 
communication impediments found Within electrical poWer 
lines. Spread spectrum signaling Works by spreading a 
transmitted signal over a range of frequencies, rather than 
using a single frequency. The CEBus® protocol 80 spreads 
its signal over a range from 100 HZ to 400 HZ during each 
bit in a data packet. HoWever, instead of using frequency 
hopping or direct sequence spreading, the CEBus® protocol 
80 sWeeps through a range of frequencies as it is transmitted. 
As mentioned above, the CEWay PL-One from the Domosys 
Corporation implements the physical layer of the CEBus® 
protocol 80. Other layers of the CEBus® protocol 80 may be 
implemented in softWare. 

[0053] One layer above the CEBus protocol 80 sits the 
Home Plug & Play protocol 82, also from the CEBus 
Industry Council, Inc. The Home Plug and Play protocol 82 
implements the Home Plug and Play Speci?cation that 
provides a uniform implementation for using the Common 
Application Language (“CAL”) (EIA-721), from the Elec 
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tronic Industries Alliance (“EIA”), as a language for inter 
device communication. CAL is a high-level command lan 
guage used by devices for communication over CEBus®. 
The Home Plug and Play protocol 82 provides uniform 
implementation rules for CAL, accommodates various com 
munication protocols so that it Works With multiple home 
netWork transports, de?nes common household objects 
through an object-oriented language, formaliZes status, lis 
tener, and request objects, uses loose coupling to share status 
reports, and provides other functionality as knoWn to those 
skilled in the art. 

[0054] A house scene system resource 84, a dynamic 
resource role model 86, and a simple programming interface 
(“SPI”) 88 all sit above the Home Plug and Play protocol 82. 
While the house scene system resource 84, the dynamic 
resource role model 86 and the SP1 88 can be implemented 
independently of each other, they are preferably used 
together. When used together, the house scene system 
resource 84, the dynamic resource role model 86, and the 
simple programming interface 88 maXimiZe the bene?ts 
provided separately by each of these elements. Therefore, all 
three are used in the preferred and actual embodiment of the 
present invention described herein. The house scene system 
resource 84 When combined With the SP1 88 creates both 
distributed programming and distributed control With no 
single point of failure. The dynamic resource role model 86 
enables a more efficient and compact implementation of the 
house scene system resource 84 and the SP1 88. 

[0055] The dynamic resource role model 86 provides 
resource management for subscriber-publisher based auto 
mation and control system protocols, such as the CEBus 80 
and Home Plug and Play 82. In a subscriber-requester based 
protocol, also called subscriber-publisher protocol, the sys 
tem consists of device resources made up of “objects” that 
interoperate With each other depending on their role. The 
subscriber or member role provides a Way for a device 
resource to be affected by other devices. The requester role 
provides a Way for a device to affect other devices. In normal 
operation, requester objects from one resource send com 
mands to associated subscriber resource objects. The 
dynamic resource role model 86 provides dynamic resource 
object role selection, enables neW roles, gives resources the 
ability to assign alloWed roles and provides for role protec 
tion. Preferably, the dynamic resource role model 86 alloWs 
the same resource object to have multiple roles. A resource 
object With both requester and subscriber roles can both 
affect and be affected by one or more resources. The ability 
for a resource object to function both as a requester and a 
subscriber simpli?es the implementation of system-Wide 
resources such as house scenes that, unlike device speci?c 
resource objects, need system Wide resource status feedback. 
The dynamic resource role model 86 provides ef?cient 
system Wide system resource status updating in the preferred 
and actual embodiment of the present invention. Further 
details about the dynamic resource role model 86 are dis 
cussed in US. patent application Ser. No. 10/153,419, ?led 
May 22, 2002, and entitled “Method and Apparatus for 
Providing a Dynamic Resource Role Model for Subscriber 
Requester Based Protocols in a Home Automation and 
Control System,” (Attorney Docket No. MSFT118857), the 
subject matter of Which is incorporated herein by reference. 

[0056] The simple programming interface (“SPI”) 88 pro 
vides a simple and consistent user interface for program 
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ming scenes and multi-Ways Within a home automation and 
control system. The SPI allows unlimited scene member 
adjustments before ?nalizing a scene and automatically 
keeps track of all scene members, thereby reducing scene 
programming time and error rate. The SPI creates uniquely 
identi?ed scenes by putting all devices in the home auto 
mation and control system in a system Wide scene program 
ming mode When starting a programming session. Each and 
every scene member device is adjusted as many times as 
desired in any order. When all member devices have been 
adjusted to the ?nal desired states, a trigger for the scene is 
selected, completing that programming session. At the end 
of a programming session, each device knoWs if its load 
button has been used to adjust an associated load since the 
start of the last programming session and not subsequently 
removed as a scene member. If this condition is met, the 
device knoWs that it is part of the scene being programmed 
and that the device load control state value in the house 
scene is the current device load control state value. Devices 
also knoW that if they have not been adjusted since the start 
of the last system programming session or have not been 
adjusted since they Were last removed from the scene, they 
are not part of the scene being programmed in this program 
ming session. The selection of the scene trigger initiates the 
capture of the created scene, ends the current programming 
session, and starts a neW programming session. Further 
details of the SP1 can be found in US. patent application Ser. 
No. 10/154,403, ?led May 22, 2002, and entitled “Method 
and Apparatus for Providing Distributed Scene Program 
ming in a Home Automation and Control System,” (Attor 
ney Docket No. MSFT118856), the subject matter of Which 
is incorporated herein by reference. 

[0057] The house scene system resource 84 is described in 
greater detail beloW With respect to FIGS. 5-10. The house 
scene system resource 84 draWs on both the standard Home 
Plug and Play protocol 82 and the CEBus protocol 80 to 
perform the needed functionality. The house scene system 
resource 84 also draWs on both the SP1 88 and the dynamic 
resource role model 86 to maximiZe the bene?ts of the house 
scene system resource 84 functionality. 

[0058] As noted above, those skilled in the art should 
appreciate that While the foregoing protocols are presently 
preferred and are employed in an actual embodiment of the 
invention, the present invention is protocol independent and 
may be implemented using many types of protocols, includ 
ing, but not limited to, the Simple Control Protocol, the 
Universal Plug and Play protocol for a Local Area NetWork 
(LAN), the Home Plug and Play protocol knoWn as HPnP, 
the IEEE-1394 protocol, Consumer Electronics Bus knoWn 
as CEBus, PoWerBus, and other protocols knoWn to those 
skilled in the art. 

[0059] The actual embodiment of the invention described 
herein uses as its base communication protocol the CEBus 
protocol 80 from the CEBus Industry Council, Inc. The 
CEBus protocol is expanded by the Home Plug & Play 
protocol 82, also from the CEBus Industry Council, Inc. The 
CEBus protocol expanded by the HPnP protocol provides a 
uniform implementation for using the Common Application 
Language (“CAL”) (EIA-721), from the Electronic Indus 
tries Alliance (“EIA”), as a language for inter-device com 
munication. CAL is a high-level command language used by 
devices for communication over CEBus®. The Home Plug 
and Play protocol provides uniform implementation rules for 
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CAL, accommodates various communication protocols so 
that it Works With multiple home netWork transports, de?nes 
common household objects through an object-oriented lan 
guage, formaliZes status, listener, and request objects, uses 
loose coupling to share status reports, and provides other 
functionality as knoWn to those skilled in the art. 

[0060] The CEBus de?ned CAL household objects are 
based on distinct device subsystems that are modeled as 
resources. Each resource subtype has its oWn different 
resource contexts and objects. 

[0061] The actual embodiment using the CEBus and HPnP 
protocol de?nes a system “house scene” resource also called 
a house scene context. The actual embodiment uses the 
HPnP de?ned context channel number method With the 
house scene resource for the unique scene identi?er. Each 
house scene stored by a device requires a separate house 
scene resource copy or instance in the device. To enable the 
device to be a participant of many different house scenes, 
Where the device load level in each house scene may be very 
different, the device requires an internal device resource 
instance for each desired house scene. These house scene 
resource instances are in addition to the applicable CEBus 
subsystem resource in a device, and act in parallel With the 
device speci?c subsystem resource. Each device has mul 
tiple instances of the house scene resource, and each 
resource instance is capable of being assigned a unique 
house scene resource channel number. The device internal 
resource instance most recently commanded to action, either 
one of the house scene resource instances or the subsystem 
resource instance, has control over the product or appliance 
controlled by the device controller at any moment. Since the 
scene “in totality” is the system resource, the devices only 
have to understand the house scene resource context and 
objects in order to launch and/or be a participant of a house 
scene. As long as a totally neW device understands the house 
scene resource, it can be included in a scene With any other 
subsystem device that understands the house scene resource. 
An existing device can trigger a house scene containing a 
neW device that may have been created, developed or 
thought of long after the trigger device Was deployed, 
because the existing device does not need to understand hoW 
to communicate With the neW device, only With the neW 
device’s house scene resource. No device speci?c subsystem 
instance is actually required in a device in order to be a 
participant of a house scene. 

[0062] This invention is different from traditional CEBus 
systems. CEBus subsystems cannot talk to each other With 
out an interpreter such as a central controller or a program 
ming tool. While an interpreter can overWrite the normal 
CEBus subsystem communication to control a different 
subsystem type, multiple different subsystem types cannot 
be controlled. CEBus attempts to reduce the number of 
resource commands needed for one scene by “lumping” 
together devices so that they all act as a group to achieve the 
same end state. To achieve individual independent state 
values, individual device control is required. The HPnP 
protocol Was created to solve CEBus problems, and makes 
it easier to group together separate resources into Zones With 
unique channel numbers assigned to each Zone. The Zone 
members act in unison in the same manner in response to 
commands sent With their associated Zone channel number. 
Devices of the same subtype cannot be in more than one 
Zone at a time. Thus, the HPnP extension only extends the 
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individual resource control mindset. For example, a scene 
launch source employing CEBus With HPnP that needs to 
activate 5 subsystems in a particular scene needs to send 5 
different messages originating in 5 different internal conteXts 
to individually control each subsystem type. The HPnP state 
vector alloWs one compound command to include sending 
all the sub-state information for each different subsystem in 
the scene at once. But if a neW subsystem type is added, the 
scene launcher must be upgraded to knoW or be programmed 
to knoW hoW to address the neW subtype, or the neW subtype 
cannot be added to the scene. 

[0063] In accordance With this invention, devices partici 
pate in house scenes as scene members or scene triggers. A 
device may both trigger a scene and be a member of that 
scene, only trigger that scene, only be a scene member, or 
not be a participant in a scene. 

[0064] FIG. 5 illustrates a routine 500 shoWing house 
scene member creation using a one-step indication accord 
ing to the actual embodiment of the present invention 
described herein. Routine 500 starts at block 502 Where a 
device is given an indication to learn or capture its scene 
member state for a house scene associated With the provided 
house scene identi?er. Routine 500 then proceeds to block 
504 Where the device saves the current device load state as 
the house scene load state scene associated With the pro 
vided house scene identi?er. The actual embodiment of the 
present invention described herein uses as the indication the 
receipt of a special message from the netWork, called macro 
21. Macro 21 is one of the available macro numbers de?ned 
by CEBus 80 as reserved for manufacturer speci?c func 
tions. Macro 21 contains Within it the house scene identi?er 
and house scene participation status, in this case house scene 
membership. Those skilled in the art Will appreciate that the 
eXact form of the indication provided may vary and may 
depend at least partially on the protocol implemented. 

[0065] Those skilled in the art Will appreciate that a 
manual indication may be given to a device to learn or 
capture its scene member state for a house scene. The 
indication used depends on the manual user programming 
interface implemented. The actual embodiment of the 
present invention described herein uses the SPI 88 as its 
manual user programming interface, Where the indication is 
provided in tWo parts. In SPI 88 programming, the device 
receives a device speci?c manual indication that the device 
is a scene member that sets the device to the desired scene 
state, and a later system Wide indication to member devices 
to capture the scene. 

[0066] FIG. 6 illustrates a routine 600 shoWing house 
scene member creation using SPI 88 indications according 
to the actual embodiment of the present invention described 
herein. Routine 600 starts in block 602 Where a device 
receives an indication to capture its scene member state for 
a house scene. In the actual embodiment of the invention, the 
indication that the SPI sends is the HPnP 82 macro 20 
binding macro containing the house scene channel number 
that is the house scene identi?er. The macro 20 command 
indication is broadcast by a device in SPI scene program 
ming mode after a trigger button on that device is pressed to 
capture a scene during a scene programming session, and the 
trigger device has acquired a house scene identi?er for the 
scene to be captured. From block 602, the routine 600 
proceeds to block 604 Where a test is made to determine if 
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the receiving device is a member based on previously 
received member indications, such as an adjustment on the 
load. If the device is a scene member of the house scene 
being captured, the routine 600 moves from block 604 to 
block 606 Where the device saves the current device load 
state as the house scene load state scene associated With the 
provided house scene identi?er. If the device is a not a 
member of the house scene being captured, the routine 600 
branches from block 604 to block 608 Where the scene 
capture ends because there is no scene membership to 
capture on the device. 

[0067] FIG. 7 illustrates a routine 700 shoWing house 
scene trigger creation using SPI 88 indications according to 
the actual embodiment of the present invention described 
herein. Routine 700 starts in block 702 Where a device is 
given an indication, such as a press on a trigger button on the 
device during a SPI 88 scene programming session, to select 
its trigger button as a scene trigger for a house scene. The 
routine 700 then proceeds to block 704 Where it acquires the 
house scene identi?er for the scene. As previously men 
tioned, trigger buttons may have ?Xed house scene identi 
?ers associated With them, or a trigger button may learn a 
system resource house scene identi?er to be associated With 
the actuating trigger button. The illustrated routine does not 
have a prede?ned house scene identi?er associated With 
each trigger button; therefore, the trigger button must obtain 
a house scene identi?er at the time When it is associated With 
a house scene. The house scene identi?er is acquired by 
using the identi?er of a copied house scene, if in SPI copied 
scene mode, or by hailing for an unused house scene 
identi?er in the standard method for acquiring a resource 
identi?er provided by the CEBus protocol 80 and HPnP 
protocol 82 standards in SPI neW scene mode. This process 
is referred to as resource channel hailing in the HPnP 
protocol 82. Those skilled in the art Will appreciate that the 
activities performed to acquire a house scene identi?er may 
vary depending on the protocol implemented. After a house 
scene identi?er is acquired, the routine 700 proceeds to 
block 706 Where the device associates the selected trigger 
button With the acquired house scene identi?er. 

[0068] The actual embodiment of the present invention 
also uses the receipt of a special message from the netWork, 
called macro 21, as an indication to select a trigger button for 
a house scene. As previously discussed, macro 21 is one of 
the available macro numbers de?ned by CEBus 80 as 
reserved for manufacturer speci?c functions. Macro 21 
contains Within it the house scene identi?er and house scene 
participation status, in this case as house scene trigger. 

[0069] FIG. 8 illustrates a routine 800 shoWing a house 
scene launch during normal operation according to the 
actual embodiment of the present invention described 
herein. The routine 800 starts in block 802 Where a test is 
made to determine if an indication to launch a house scene, 
such as pressing a scene trigger button on the device, has 
been received. If a launch scene indication has been 
received, the routine 800 branches to block 804 Where a 
scene launch command for the house scene associated With 
that trigger button is broadcast. Then the routine 800 pro 
ceeds to block 806. If a local launch scene indication has not 
been received, the routine 800 also proceeds to block 806. In 
block 806, a test is made to determine if a scene launch 
command has been received, either locally or from a remote 
source and, if received, if the device is a member of the 










