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Hom. AutoMlltton I.....rfac. to IS·10&
-nle lollowin2: sections will present the H.-\ Interface dr.:vice as a Decoder devic-.: under
rS-105. lor the purpose of ~xploring th~ circuitry blocks which ar~ required.

Betore examining that approach we tirst present the logical alternative. as described in the
Summary. above. Rder to Figure 2. below. In this approach the TV contains the HA
int~rtace circuitry and logic. For reasons stated previously \ve believe that this is the wrong
approach. However. it should be clear that there are no inherent economic advantages for
CEBus over other protocols in this approach. since no H.-\. messaging is delivered on the
IS-lOS bus. (\\11ether IS-I05 should use a CEBus subset at all is a different argument. as
all implr.:mr.:ntations will share this cost ~qually )

CATV

Receiver (TV)

HA Communu:allons
Medium

Figure 2. TV as Home Automation System Interface

We should note that Figure 2 is shown at a high level of abstraction. There are additional
processors used in the communications interfaces. tor example. The following Figures will
move toward more detail. as we pursue the most likely architecture for HA Interface
devices.

Figure 3. below. depicts the basic Receiver/Decoder pair. with a second Decoder serving
as the HA Interface device. The HA Interface registers itself with the other devices on the
bus. so that they can coordinate their interactions. The User must be supplied with a
remote control which can generate a standard set of Decoder tokens. In addition. the
remote must be able to select a particular decoder to which the tokens are to be addressed.
With these features standardized. the l'ser may direct commands to the HA Interface
device when any of its features are to be accessed.
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\\-b~n the user directs a token to th~ H.\ Intertac~. it in tum takes action to cause the TV
screen to come under its control.

CATV

ReCeiver (TV)
~

Descrambler
HA Interface

Decoder

Video/Audio' ,
Source ~ . : : .. .1 uP

HA Interlace J
Circuitry

Decoder

IF ut IF/AGC Oescrambler
~--+-...,A,.:,:G..,:C~'"y.,~;.;.;.;:::=+~ ior othen _ uP I

I I
.., I User
: ! Commands HA Commutllcatlons

MedIum

Figure 3. IS-lOS Decoder as Home Automation System Interface

Once IS-I05 is comptete there may be a standardized way to use the character generator
of the Receiver to place menus on the screen2

• In the generalized case the Interface box
will contain a video generator of its own. and potentially an audio generator which would
allow voice prompts and sound effects to accompany the information display and user
actions. In this case. when the user sends an initial token to the HA Intertace the Int~rface

must obtain the use of some of the lines on the bus. and must direct the TV to us~ these
lines as the source of intonnation tor the screeOlspeakers.

Some of the hus lines may already he in usc. For example. the VCR (another Receiver on
the bus) may be recording a program which is being received by the satellite receiver
(another Decoder on the bus). We would not want to interrupt this session by taking over
these lines. IS-lOS addresses this issue by providing a "Data Channel Locking" teature.
which permits devices to guard lines which should not be interrupted. However. if the
User were watching a scrambled program trom the Cable Decoder. and then wanted to
switch to the HA Intertace for a time. the Cable box will relinquish its lines for that
purpose as they no«l not be maintained while the User is not watching that source. Since
these allocations are managed automatically they should not interfere with the L~ser's

perception of the equipment behavior.

l The HA Interface may be able to access the character generator of the TV, such that the Interface device
sends text characters to the TV. and the TV places these characters on screen. In this case the Interface deVIce
need not contain any VIdeO generatIon circuitry, and need not gain access to IS-I 05 bus lines to carry the VIdeO
to the TV This wtll be a practical alternative only if aU receIvers are required to support this capability, so
that a decoder manufacturer IS guaranteed that thIs facility will be present.
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ItIhtrf80e Onioe 8IOck Diagrams
This s~ction will ~xamine the d~sign of the 15-105 H.-\ Intertac~ Decod~r in mor~ detail.
with ~mphasis on those features which will ditf~r in two impl~mentations as ~xamples-an
Interface to CEBus power line, versus an Intertace to on~ of the LonWorks pow~r line
verSIons,

Figure 4. below. ddpicts one possible generic IS-I 05 I-L\ Illterfac~. TIle shaded blocks
indicate the sections which are variable across ditf~rent home automation syst~ms, This
mod~l will be used for both CEBus and LonWorks jnt~rtaces, to ~valuate obviolls
difl~rences in equipment costs.

MultI-pin Connection

I Video/AudiO
i Source CIrCUItry,
. Memory Buffers

Command Line
Interface

I I
18-105 Sus

i Commur1ICftCll'1S I
! Processor '

Me."
Application
Processor

I Device Powe~
t---~ Supply'!

Power Line

Figure 4. .\ Generic IS-l 05 Home ,\utomation System Intertacc

Betore moving on to HA-protocol-specific examples, let us review those circuit blocks of
Figure 4 which will be common to any implementation. Figure 5 presents a more detailed
diagram of the circuit dements which are unchanged by the selection of HA protocol. The
following paragraphs refer to both Figures 4 and 5,

The Command Line Interface constitutes the physical layer interface to the IS-105 control
bus. It uses a straightforward differential serial line to carry control messages between
devices. and a differential driver and receiver circuit are needed to support this interface.

The IS-105 Communications Processor is responsible for controlling this interface, to send
and receive messages on the bus. This function requires a mid-range to high-end 8-bit
microcon1roller, and some non-volatile RAM to store configurations in the event ofa loss
of power. The processor relays received messages to the Main Application Processor for
disposition. and accepts messages from the main processor for transmission on the bus.
Since the main processor is likely to require NVRAM as well, these requirements may be
consolidated in the main processor's hardware. (There is no need to maintain separate
NVRAM stores for both, since the processors will be tightly coupled.)
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The \lain Application Processor is probably a mor~ capable device. maintaining larger
butfers and therelore requiring more memory. and pertonning more complex tasks (such
as supporting the COser Interface at the T\ 0). and thus perhaps needing a more powerful
rnicrocontroller. There are high-I;md 8-bit and 16-bit controllers which offer large RAM
and RO~'1 options. which may eliminate the need for external R.'\.M and ROM. This
processor also manages the intertace to the Home Automation system. through the HA
Interface Processor. 'nle main processor is likely to r~lfuire significant resources to
manage the system-level issues associated with the 111\ interface.

The Video Generation circuitry is the hardware which the main processor uses to control
the TV screen. in order to present menus and other infonnation to the user. This circuitry
will \ary in impkmentation. depending upon the lev~l of lfuality d~sired in the on-screen
display. and single chips are available which implement much of this "character generator"
functionality. The video Buffer presents the video signal to the IS-105 bus. The buffer is
controlkd by the main processor such that it is tristate-able and can use nne of two or
more video lines on the bus. in order to shan: the bus with another simultaneous session.

Finally. the device must contain a power supply. and since the box is not compl~tely
insulated (because of the connections to the other devices on the bus), the power supply is
required to be line-isolated for safety reasons.
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Figure 5. Common Elements in Home Automation System Interface (no audio)

The architecture described above is a straightforward approach which separates the real­
time demands of the 15-105 bus from the application processor. by use of the IS-105
communications processor. It is certainly possible that the functions of both of these
processors could be serviced by one microcontroller with sutlicient processing capacity.
Figure 6 presents a diagram illustrating this approach.
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Figure 6. Common Elements, HA System Interface, Main and 105 Processors Combined

The features discussed thus far will be common to arty implementation supporting the
functionality outlined, independent ofttle HA system involved. This is an important point
in the ~valuation of the competitiv~ dfects of th~ proposed standard on various HA
systems vendors-they will all share this base of hardware as a common r~quir~mcnt.

Th~ selection of a particular HA system interface will determine the dctails of the HA.
protocol processor and associated PL interlace cIrcuitry. and will also an~ct the code in
the main proc~ssor. 'nlC extent of this elfect on the main processor is dctenllincd hy the
general requirements of that IL\ system. Other tactors atlecting this processor include the
teatures which are to be supported by the interlac~ device. Since the TV is such a
convcmient and capable display device. examples of such t~atures include almost any
feature which an installation and contigllration tool might provide. as well as teatures
associated with c~ntral controller dc\'ic~s in IL\ syst~ms.. \.mong thes~ are: .\lltomatic
discovery of all devices in the home network: .\ssist~d installation of n~w HA devices~

Detailed reporting of de\'ic~ configurations: Diagnostic t~aturcs to help in locating failed
units: Recall and presentation of data collected by sensor devices: Direct manipulation of
control values such as thermostat settings. lighting controls. sprinkler system controls, etc.;
and Recall and manipulation of schedules for various automated subsystems. This list is
only a sampling of the teatures which could be built into the HA Interface Decoder. The
main processor would requesVstore and manipulate all of the data associated with these
features. and present the formatted information on the screen.

Much of the resources required to support these L's~r Interlace features are comparable in
different H/\ systems. It takes the same amount of m~mory to hold a Lighting schedule in
one system as it does in the other. lor example.. \nd because the interactions with the User
(mediated by 15-105 bus messages) are handl~d with HA language-independent tokens
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which simply report r~mote-control blltton-pr~ss~s. the main proc~ssor will ha\'~ an
equivalent task in p~rfonning translations into l1~c~ssa~' 11.\ system m~ssag~s r~gardless

nf the type nf H.\ s\'st~nl.

We tum next to protocol-specitic ddails nftwo ~xample HA system int~rtac~s: CEBus
and LonWorks.

CEBus InteFt.e Device Block Diagrams
rigure 7 depicts the.: o\'~rall I IA interlace device with a CEBus Power Line interlace.
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Figure 7..\n 15-105 to CEBus PL Intertace

The communications processor in the case ofCEBus communications is likdy to ~ an
~ght bit machin~ on the ord~r of an ~OC51 or 68HC 11. Some non-volatile memory is
required to store address assignments. device ~tt1ngs and U s~r preferences. Ikpending on
the implementation. the 8k to 12k of internal RO~'I of the mid-range versions of these
chips mayor may not be adequate tor a comph:tc.: solution. _\ high pertormance node also
may require more than the 128/2S6 b~1es ofR\M availabl~ internally on mid-range 8-bit
processors. High-~md 8-hit microcontrollers m~et thes~ requirem~nts.

Figure 8 presents one possible block diagram illustrating the circuitry associated with the
CEBus Power Line intertace. The circuitry is compo~d of a processor and its support
circuitry. and the PL ~Iedium Access Control (MAC) data pump controll~r. which deals
with the transmission and reception of the spread spectrum symbols which comprise the
PL messaging in IS-60.

The processor handles the higher levels of the Data Link Layer (OLL) CEBus protocol,
perfonning error detection and correction. and duplicat~ packet rejection. Although it is
conceptually necessary tor this device to maintain non-volatile storage as shown in
Figure 8. in reality the ~VRAM of the main processor can provide this function.
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CEBus Power Line Home Automation Interfacl
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Figur~ X. C[Bus PL IIorll~ .\utomation Interfac~

LonWorks Interf8ce Device .Iock Di..rMns
Figure 9, below. depicts the equivalent interface device but with a LonWorks POWdr Line
interface. The IS-105 Interface is unaffected by the selection of LonWorks as the main
home automation bus standard.
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Figure 9. An IS-lOS to LonWorks PL Intertace

The hardware associatdd with the LonWorks HA svstem interface is considered next.
Figure 10 presents one possible implementation. The communications processor in the
case of LonWorks communications \vill be an Echelon :-.Ieuron. Since the main application
processor handles all the heavy lifting the ~euron may require no external RAM or ROM.
or an additional microcontroller.
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It is possibl~ that the b~st g..:neral d~sign l(Jr th~ LonWorks y..:rsion \'would includ~ a
\'1icroproc~ssor Interface Program (\IIP) ~nhanc~ment to th~ main proc~ssor. so that the
main proc~ssor would hI.: more tightly coupkd to th~ IL\. syst~m. In this case the main
processor \vould he lInlikdy to also handle the \L\C and protocol layers of the IS-105 bus
as shO\vn in Figure 6. but instead \vould tnak~ lise of a s~parate IS-105 processor as
illustTat~d in Figure 5 °
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\--------- -----------,
I LonWorl\s PL InterfaC~ I LonWorl\s Comm Processol1

I Power Line Data I : Either senl. :
I ~i-"'I- Neuron or MIP
I

Pump (Echelon)"" ° II ,nterface

I ttl L oJ

I C Transmit and I
I Receive Amplifiers' I
I --f r-I
I··· - ° ~I
I I PasSIve Flltenng i I

1;=1 CI
I Line Isolation . I
I 'IL J

To Main
Appllcallon
Processor

Figure 10. LonWorks PL Home Automation Interface

Conclusion
We bdi~ve that the cost of a practical implem~ntation of a Home Automation interface to
the proposed IS-105 bus will be substantially unan~ct~d by th~ choice ofth~ It\. system.
-nlis conclusion is supported by the demonstration of the large proportion of circuitry
which th~ \Oarious versions would hav~ in common. as d~scribed in Figures 5 and 6. as
well as by the substantial equality of the actual HA system interfaces required. as
illustrated by specific example in Figures 8 and 10.

Tht: [S-105 Decoder Interface is a reasonable and appropriate design. Although the use of
a CEBus protocol subset on the bus may appear at first glance to favor this protocol over
others. the truth is that the proposal favors no particular HA system.
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