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I t’s that time of the year again. Flowers are blooming, people are sunning .

themselves at the shore, and CIRCUIT CELMR  INK is publishing its home automa-
tion special section. And what would that section be without a CEBus update?
The CEBus committee has been hard at work over the last year revising prelimi-
nary specifications released for comment and putting the finishing touches on
new specs. As a result, I’d like to bring you up to date on the latest in the CEBus
arena.

I don’t plan to cover
in detail any portion of
the spec which has gone
largely unchanged since
my last articles (CIRCUIT

CELLARINK  #lOand #15).
I’d start to sound like a
broken record. Those
who may have missed
my previous articles
should look them up for
a complete background
of CEBus. However, so

Figure 1 -The  waveform used by the new power line specification sweeps from 100 &Hz to 4Go k/-/z over
a ICUmicrosecond unit  symbol time.

Ideally, any CEBus-compatible remotes clustered on the arm of your
product will be able to communicate easy chair can be replaced by a single
with any other CEBus product regard- CEBus-compatible  remote that not
less of who made them. The immedi- only controls your TV and VCR, but
ateadvantagesofsuchasystemshould can also be used to adjust the room
be obvious: The herd of hand-held IR lighting and temperature, open the
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as not to leave those unfamiliar with
CEBus out in the cold, I’ll give a brief
overview of just what it is before gct-
ting to the good stuff.

THE BASICS

CEBusis the Electronic industries
Association’s (EIA) standard for home
automation. It has been slowly (ever
so slowly) evolving for about the last
seven years as a result of the efforts of
a committee made up of reprcsenta-
tives from companies in the clectron-
its industry. Its intention, once com-
plete, is to allow a unified method of
communicationbetween virtually any
electronic device found in a typical
home.
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Figure P-Data encoding is done by alternating between two states which dffer only  in
phase (they are 180” out of phase).
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rior state lasting one UST. If this all
sounds confusing, it will become clear
when I get to the actual medium defi-
nitions and some examples.

The CEBus committee decided
(wisely) that, rather than hold up the
entire spec for all the Physical Layer
definitions to be completed, they’d
release the spec in stages as it was
ready. The upper network layers plus
the power line Physical Layer were
released first, and a number of other
Physical Layers have been released
since. From this point on, I’m going to
concentrate on the details of those
Physical Layers.

To emphasize the same cautions
I’ve expressed in previous articles, the
details I present here are based on
preliminary specifications which still
must be finalized before they can be
used for production designs. I also
leave out a good deal of detail that,
while is boring and useless in the
context of a magazine article, is neces-
sary when designing a product that
conforms to the complete specifica-
tion. If you have any plans for design-
ing CEBus into a product, please con-
tact EIA directly to get the complete
text of the specs released so far and
suggestions for conformance.

POWER LINE

If you’ve been following CEBus
developments, you probably read
about how the power line spec used a
120-kHz carrier and ASK signaling to
achieve a paltry 1000 “one-bi t”-pcr-
second data rate (a UST of 1 ms).
Adding safeguards to prevent against
false triggering of X-10 modules
(which also use 120-kHz  signals) re-
duced the effective data throughput
even more.

Well, forget everything you‘ve
read. In last year’s article, I made a
comment that “perhaps a better
method will be suggested during the
comment period that will be enough
of an improvement to prompt the
committee to supplement or replace
the proposed method.” Fortunately,
enough complaints were lodged dur-
ing the comment period that the com-
mittee essentially threw away the
proposed method and started again

:igure  4-Twisted pair uses a signaling scheme that can be confusing at first.

from scratch. What we’ve ended up
with should assure quick acceptance
of power-line-based CEBus products
and will hopefully help stimulate its
growth in the very lucrative retrofit
market.

The new method, originally pro-
posed even before the first spec was
released, uses a form of spread spec-
trum signaling. When dealing with a
fixed-frequency carrier (e.g., 120 kHz),
thatcarricrisvcrysusceptible tonoise
since a burst of garbage that happens
to contain that particular frequency
will mask out any real information. In
the new spcc, the carrier is swept from
100 kHz to 400 kHz over a 100-1.~~  UST.
Since a broad spectrum of frequencies
is being used, a random burst of noise
is much less likely to cause errors. The
shorter UST results in a data rate of
10,OOO”one-bits”persecond  (whichis
consistent with most of the other
media).

Figure 1 shows the waveform
used.Thcswccpactuallyendsupback
down at 100 kHz by the end of the
period, as can be secnon the right side
of the waveform. The decreasing
amplitude at the higher frequencies is
intended to reduce RF noise to keep
the FCC happy.

The new spcc complicates  things
a bit by defining not just one but two
superior states: SUPERIOR01 and SU-
PERlOR02. The two are identical but
are 180” out of phase. In addition,
there is the normal INFERIOR state
which is nothing but silence. (Note
that this terminology is based on a
spcc which was virtually days away
from final rcleasc, so slightly different
wordingmaybeuscdin the final spcc.)

During the preamble period, SUPERI-
OR01 and INFERIOR are used for
encoding so that collisions can be
detected (by listening during INFE-
RIOR). Once the channel has been
seized and data starts flowing, encod-
ing is performed by alternating be-
tween SUPERIOR01 and SUPERI-
OR82 as in Figure 2.

Current plans are for Motorola to
produce the first chips to support this
scheme, with first silicon showing up
about when you read this. Tests with
working prototypes show the new
method far outperforms the older
method in terms of data integrity and
speed with an array of typical power
line noise induced on the line. Expect
to see some very impressive power-
line-based products showing up on
the market within the next year or so.

INFRARED

The first new spec to be intro-
duced after theinitial roll-outshowed
up around August ‘90 and was for IR.
Many observersexpect the hand-held
1R remote control to be the main user
interface to the house since it is al-
ready familiar to most, is easy to use,
is very portable, is inexpensive, and
can be used from virtually anywhere
in the house with receivers placed at
strategic locations. In addition, TVs
around the house can be used as dis-
play devices to offer the user feed-
back.

The signaling method for IR is
very straightforward. An IRcarrier in
the range of 850-1000 nm is modu-
lated with a lOO-kHz  subcarrier (most
hand-held remotcs these days use 40
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important whendealingwith
devices such as telephones,
intercoms, and even thermo-
stats and motion sensors.
These are all items which
have traditionally used a
single twisted pair to com-
municate through the house,
and they’ll likely stick to that
medium.

There really isn’t much more to it.
The spec is the thinnest so far released
simply because it’s the easiest to de-
scribe. There are of course other de-
tails related to duty cycle and trans-
mitter power, but 1 won’t get into that
here.

There are two key sec-
tions of the spec that I’ll con-
centrate on: one that defines
what the signalson the wires
look like, and the other that

defines the wire topology and connec-
tors.

kHz).  The presence of this subcarrier
represents the superior state while its
absence represents the inferior state.
The transmitted signal alternates bc-
tween the superior and inferior states,
with the length of those states rcpre-
senting the symbol being transmitted.
Like the new power line, a UST of 100
PS is used for an effective data rate of
10000 “one-bits” per second (which
probably explains why 40 kHz wasn’t
used). Figure 3 shows what the signal
looks like.

TWISTED PAIR

The next spcc to be released came
about two months later and is for
twisted pair. This one is going to be

All the CEBus media technically
have a control channel and a data
channel. On both power line and IR,
only the control channel is defined in
the first release of the specs. A data
channel for each may come at some
time in the future. With TP, though,
both control and data channels are
defined.

The TP control channel usesa  lOO-
~.ls UST for a data rate of 10000 “one-

:RACTEDT

SCENES
Create, combine, &
manipulate lractal  images:
* bushes, plants, trees
l mountains, landscapes
l planets, galaxies, etc.
- overlay images, zoom
l rotate, multiply, etc.

MPACT

IMAGE PROCESSING
l math functions
l Boolean operations
* zoom, rotate, translate
l threshold, edge enhance
l editable mask filters
l histogram-equalization
* 2-D Fourier transforms
s convolutions... etc.

ACTEDTand  IMPACT are designed to run on any PC/AT with 640K,  DOS 2.2
ater and an EGA or VGA Monitor. Both operate under an integrated windows
lironment with popup  menus, hot keys, windows editng,  full system file
sport,  PXC format, and on line documentation. Get FRACTEDTfor$69.95  and
‘ACT for the introductoty  price of $199.95. Please add $4.50 per package for
pping and handling.

TARDIS SYSTEMS
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Pioneer thedevelopment of this new growth industry
along with industry leaders. Why watch the market
when you can shape it?

Participate in trade conventions, exhibits, workshops,
and seminars. The Association will provide informa-
tion on trends, forecasts, and market activities to
support more intelligent marketing decisions.

The Association also plans to promote home automa-
tion in the widest sense, momtoring  the current state
of the art as well as the social, economic, legal, and
other effects of home automation on every level of
society.

For futher informationon membership, pleasecontact
Nicholas Pyle at:

Home Automation Association
Post Office Box 3731
Georgetown Station

Washington, DC 20007
(202) 333-8579

.
Reader Service#159

June/Julv  199 1 69



HOME AUTOMATION

I DC 64 /tHz 512kHz 1 MHz

Figure 5a-TPO  consists of DCpower,  a control channel, and 14 data channels. The other
three pairs consist of 16 data channels each.

P- Channel  _):
Spacing = 32 kHz

fLn ft;n

Figure 5b-  Each data channel uses 10 &Hz  of bandwidth with I I-&Hz  guard bands on
eitheru’de.  Adjacent channelsmay be combined when greater bandwidths are needed.

bits” per second. Rather than use dis-
Crete signal levels to denote the supe-

state. A transition once per UST dc-

rior and inferior states, transitions
notes a superior state while the lack of
a transition denotes an inferior state.

betweenlevelsareused todenoteeach As with the other media, signaling

alternates between superior and infe-
rior states with the duration of each
state representing the symbol being
sent. The example in Figure 4 shows it
much better than I could ever hope to
explain it.

The transitions occur around the
average DC level on the wire pair,
which is actually the power supply
for devices that wish to draw power
from the bus. The signal level varies
between the power supply voltage,
the voltage plus 250 mV, and the volt-
age minus 250 mV. The power supply
voltage can be between 16 and 18
volts depending upon the load.

The data channels are frequency
multiplexed onto the same twisted
pair. The control channel is defined to
occupy a region in the frequency spec-
trum from DC to 64 kHz. Fourteen
data channels are then defined start-
ing at 64 kHz and progressing up to
512 kHz in 32-kHz  blocks (10 kHz of
usablebandwidthwith ll-kHzguard
bands on either side). When there is
more than one wire pair installed
(more on that in a moment), TPO con-

Hands-on
CEBus automation.
Now  in its second
edition, the

manual contains

easy-to-use

instructions,

including

,qaphics  and

d&rams.

i

An
Installer3
Guide
to CEBus
Home
Autotdi~

Uses the new CEBus’” standard!
This manual provides detailed instruction on the backbone
wiring that will interconnect the electronic home of the 90s.

For installers of all types, and for all
applications.
Emphasizes CEBus and its application for security,
entertainment, lighting, telecommunications, and energy
management. Designed for on-site use, with clear, easy-to-
use instructions, including graphics and diagrams. It reveals
“insider” information on how to wire for current and future
automation products and services.

Second edition available now.
An Installer’s Guide to CEBus Home
Automation is $149, plus shipping. To
order, call Parks Associates at (214) PARKS
490-1113, fax (214) 490-1133. AsscQ3IATES
CEB”b  19 a trademark  of tilt. Flrctronl‘lnductrles  *s,wmt>on

Reocier  sawkx  X19(
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tains the power supply, control chan-
nel, and fourteen data channels. The
other pairs contain sixteen data chan-
nels each, starting at DC and going up
to 512 kHz. Figure 5 shows how the
channels are set up.

YousaylOkHzofbandwidthisn’t
enough? The spec allows for channel
concatenation for such situations.
When two adjacent channels are
combined, you end up with the lo-
kHz normally associated with each,
plus the guard bands that would nor-
mally separate them, for a total of 42
kHz. Concatenating four adjacent
channels would result in 106 kHz of
bandwidth.

On the wiring side of things, the
specification offers a number of op-
tions; which one you use depends on
your setup and type of equipment. A
full-blown CEBus-only system con-
sists of four twisted pairs running to
each room from a central location,
resulting in a control channel and 62
IO-kHz data channels. The connector,
shown in Figure 6, is an &position RJ-
type jack.

Tel 2

TPO

n

Tel 1 TPl

A A A
+-+-+-+-

1 2 3 4 5 6 7 8

TPO and TPl
Telephone line 1, 2

Figure 6-A single walljack can be used by
both CEBus-compatible  devices and old-
style telephones.

For those instances where you still
have conventional telephones, but
want to add CEBus twisted pair, the
spec calls for two pairs to be used for
CEBus and two pairs for use by con-
ventional telephones. The same 8-
position jack is used, with the CEBus
connections on the outer pins and the
telephone connections on the inner

pins where they would be in any
conventional installation (see Figure
7). CEBus devices with 8-pin plugs
can be attached and will use TPO and
TPI. Regular telephones with &pin
plugs will also plug into the same
jack, but will only use the inner two
(or four) wires, leaving the four outer
CEBus wires untouched.

In the last configuration, conven-
tional 6-position telephone jacks may
still be used for conventional tele-
phones, but since CEBus devices will
have8-pinplugs,  theycan’tbeplugged
into the 6-position jack (which would
be pointless anyway).

There is no requirement as to how
many pairs must be run in an installa-
tion. A single pair may be all you have
already installed and may be suffi-
cient to handle the load. Any number
of pairs up to four may be used.

COAX AND RF

There isn’t a lot to report here. The
last schedule I saw calls for both pro-
posed standards to be ready at about

WORLD’S LARGEST HOME AUTOMATION CATALOG --YOURS FREE!
Hello. My name is Barclay Brown. and ever since I was a kid. I

dreamed of having a totally automated home. Machines and
gadgets to do all of the work, leaving me to simply
enjoy life. Do you remember the cartoon show “The
Jetsons”? That’s what I wanted--the home of the
future. So it was only natural that I would get into ham
radio, electronics, computers, mechanics, and engi-
neering. And over the years, I’ve built my automated
home.

My friends saw some of my tricks and when I told
them how simple it all really was, they went out and
did some of the same things in their homes! I’d help
them, of course, and HAL was born. We believe in do-it-
yourself! You express your creativity in the design, furnishing
and decorating of your home, why not express your creativity in
the design of your own home automation system?

We bring together the very latest in home automation tech-
nology  .- you won’t find any close-outs or last year’s discontin-
ued “bargains!” This catalog is more than a catalog -- it’s your

security system that rivals the pros? Or for the X-10 experi-
menter, a direct serial interface for the lW523 with source
code software! Or an automatic indoor plant watering
system originally developed for NASA! Or a talking house
monitor that calls you if anything’s wrong! Not to mention
telephone systems, timers, even an automatic drapery
opener! We ship in stock items within 48 hours, and can
ship your order by air express for just a small additional

charge. HAL’s high volume buying means the lowest prices
to you--we guarantee the lowest price on anything we sell.

Everything we offer has a 30.day moneyback guarantee. If for
any reason you’re not satisfied with what you order, you can re-

turn it within 30 days for a refund or exchange, no questions
asked. Each product -carries  a full manufacturer’s warranty,
and we offer expert technical assistance FREE!

For your catalog, call,  write or FAX us. We look forward to
hearing from you and welcome to the HAL family!

Wishing you all the best,
complete guide to home automation, and how to use it in
your home. You’ll find diagrams instead of highly paid
models, and lots of explanation instead of expensive
photography.

So what WILL you find in the 1991 HAL Catalog? 52 pages, over 350 P.S. Don’t Wait! Our last catalog sold out before we
oroducts.  evervthina  from X-10 modules, controllers and comouter  inter- could mint  more!
faces to security syitems,  infrared entertainment controls and experimental ’
products not available anywhere else. A few of my favorites? How about a
system that lets you answer your front door from any
phone in the world? Or a complete 286-12  computer
the size of a shoebox  for under $500?  Or an 2 way c

infrared computer interface for your PC for the ultimate 5500 Hi!ahlands  Parkway - Suite 450 l Atlanta, GA 30082
in audio/video control? Or a supervised talking wireless Customer Service (484) 3196000 l FAX (484) 4382835
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the time you read this, but since most 1
of the others have come in behind
schedule (IR and TP were exceptions,
though), don’t expect to see these two
for at least a little while.

It really doesn’t matter if these
two take a bit longer, though. Coax
will likely be used mostly in new con-
struction or remodeling, so isn’t as
important in the retrofit market. I see
RFas being important in the long run, 1 1 1 2 3 4 5 6 7 8

,
: Jack Posi t ions

F i g u r e  7 - A  typical  Tf installa-
tion might include jacks for both
old-style telephones on/y and for

I\r’

combined CEBus/telephone : Typical Modular Connector

hookups. : Wiring. Shared TP and
; Telephone

especially-in ietrofits,  but not-right

start making products with built-in

away. Power line and IR will be the

CEBus.

big two, with twisted pair coming in
third. With these three in the bag,
manufacturers will finally be able to

Telephone (Only) Jack

BRIGHT IDEAS

So where are we with CEBus?
We’re a lot farther along than we were
a year ago, but not as far as I’d hoped.
It’s still going to take a few years bc-
fore you see CEBus built into prod-
ucts,and thecapability will likely start
at the high end and work its way
down in the product line. Just look at

MTS stereo in TVs and antilock brakes
in automobiles. I’ve been hearing
about some nifty products on the
drawing boards (none that I can talk
about, though), so I’m looking for-
ward to the next few years with a great
deal of anticipation.

As for a development that is here
today, though, Indianapolis Power
and Light Company and PSI Energy
have built what they call their “Bright

g-bit  communications modes found in the Intel 8051, Motorola 68HCll  and Zilog 2180, allow
for the development of efficient, simple and low cost embedded control networks.

NBS-10 Card - $249 Network Software - $199
l PC/XT/AT M-485/422 l Software tools for 9-bit protocol
l 9-bit network master development available
l Compatible with Intel p-LAN l Supports PC & popular
l Automatic Address Recognition micro-controllers

NBS-2 Card - $165 Cimetrics Technology
120 West State Street

l PC/XT/AT M-530/485/422 Ithaca, New York 14850
robust s&al communications (607) 273-5715

l 9-bit network master (607) 273-5712 FAX
- MasterCardiVisalCOD  accepted -

Home.” Cited as the nation’s first
CEBus demonstration home, it was
officially opened on March 20, 1991,
and will be available for six months
thereafter for “tours by the media,
consumers, companies, governmen-
tal agencies, and representatives from
academia.”

Companies supporting the proj-
ect with fully functional prototype
products include Johnson Controls,
Panasonic, Somfy Systems, Sony,
Square-D, Thomson/RCA, and Uni-
versal Electronics. The Bright Home
was introduced in conjunction with
the Ninth Annual International En-
ergy Efficient Building Association
(EEBA) Conference and Exposition
and is claimed to be so efficient that it
can be heated and cooled for $19 a
month.

Maybea trip toIndianapoliscould
be arranged soon.. . %b

Contact
Electronic Industr ies Associat ion
2001 Pennsylvania Ave.
Washington, DC 20006
(202) 457-4975

Thanks go to Tom Mock and George Hanover
of EZA  for their continued support of my efforts

to keep OUT readers informed.

IRS
416 Very Useful
417 Moderately Useful
418 Not Useful
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