CIARCIA'S CIRCUITT CELLAER

Steve Ciarcia

Build a

Trainable Infrared
Master Controller

This device can control all your home entertainment equipment

Firat of all, this is not the

second part of & (wo-part

article. As you will cometn

understand, this month's

project is the solwion o 3

problem 1 agpravated by
buslching kast momth’s project (an infrared
remose control for my home controd sys-
tem). Confused? Let me explain.

While people residing in warm climares
tend toward Jacuzzis and ot tubs, some
of us who live in eolder climates prefer
nat to temps fate and brave the clements
for about six momths of the year, Of
course, | could succumb to the winter
sports thing. You konow, skiing, skating,
smow this, and snow that, but it would be
miich 100 greatl a chore at this stage 1o
reoricnt my sedentary lifestyle o enjoy
noctbenst winters, | hibermate like mest in-
digenous mammaks and wait for the color
owpzide the window 10 metamosphese
from white 1o green.

Abaut a year ago, | decided that holing
up in the cellar for six months a year was
antisocial, White the isolation proved
beneficial in coming up with great proj-
ects for the summer and fall issues, 1 did
find that by the time March rolled around,
[ looked very much like & bear that was
leaving his cave, and [ communicated just
about as well,

In an attempt 1o improve the quality of
winter life and break the cycie of hiber-
nation, this last year 1 decided to spend
some of the tme aboveground (upstairs)
in an environment that allowed me o
abserve the realities of my existence
(hrough the windows) and absorb the
cumulative kpowledge of our culture
{watch TV).

In Toyman™s terms, 1 built a media roosm,
Mot ust a TV den, mind you, but 8 room
where | coukd be immersed in a synthe-
sized environment so far from the ice and
snow that six monihs seemed like over-
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night. Of course, this nudiovisual experi-
ence was tasiefully prodoced by massive
amounts of clectronic equipment.

The beautiful scene of the tropical
island was nccurately reproduced on a
Kloss 2000 projection TV. You'd think you
were sitting next to that tinkling walerfll
as the music moves above and arcund you
in compiete surround sound, And when
the warm breeze of island spring (actual-
ly the heat watting from the seven ampli-
fiers) s tumultvously meerrupted by @ hue-
ricane faithfully reproduced with 2400
wintts of Nakamschi audio power through
a pair of B&W E0ds (180 pounds cach),
two Speakerhb subwoofers, and I Can-
ten surround speakers, you feel like the
witlls are about to explode. Sometimes it
is good not o have neighbors,

Encugh of warm breezes | now had a
new problem. In addition 1o all the avdio-
visual stuff, there were a couple of VORs,
an FM wner, and 8 CD playes. All this
equipment respuired the 14 remote hand-
held controls shown in photo [ Media
roons ane i greal whea, but you can'l ex-
pect people to glee a dozen remotes on a
long board. There had 10 be a better way

IR Master Controller to the Rescue
This month's project, an infrared Master
Comroller that takes charge of all your
gadgets, can prevent “controller cluttes”
It “learns™ the infrared signals for each
function and plays them back on com-
mand. It uses a siv-buttion keypad 1o select
the device and funcioms, shown on o two-
line LCD, and a single button, Do [t to
execute whar's selecied.

[ am not the first person to design a
trainable remate contrel. More than a year
ago, [ bought a similar device minle by
General Electric, called Control Central.
This device could be tramed o simulae
the functions of four remotes,

Conired Ceniral and similar commercial
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units have tao major shortcomings. First,
#ll the acquisition, data-reduction, pro-
cessing, and memoey cireuitsy B con-
taaned in the single hand-hekd unit, Given
the finite physical size of today’s integrated
cireuitry, there is a fimit to the capacily
of such a device that allows it 1 siill be
cost-effective. Second, it is dessgned for
use by a mass audience assumed to have
a finite set of elecironic devices. The but-
tons have predesignated nomenclature, so
it i5 nol user-programmible,

You can still 1rain your GE conteoller
to simuhite the remate control for your CID
player. The Mute button on the GE unit
could be traned 1o be the Auto Repeat on
your CD» player remate, for example. Un-
fortunately, every time you want to repeal
a CD, vou'll have to remember 1o press
Mute since there is no Repeat button on
the GE.

1 am not criticizing the GE Comrol
Central. [ am merely making a case for
designing something differem for a very
vertical, gadget-happy, affluent audience:
BYTE readers. Why tie a design to the
[pwest commaon denominator, Instead, yell
“let them eat cake™ and demand the
remote o end ll remotes: the Circuit
Cellar Master Conteolles!

The shortcomings of the GE and other
trainable remotes are the strengihs of the
Master Controller, Rather than attempl to
contain all the necessary intelligence and
processing circuitry, the Master Controller
temporarily utilizes an external computer

et

Steve Ciareia (pronowsced “see-ARE-see
ali ') is an elecivonics enginger and cam-
puier corguliant wich experience In pro-
cess conteol, digital design, meclear in
strumenration, and prodicct developrenr.
The awther of several books on elec-
trowics, he can be reached ot POC Box
582, Glazronbury, CT 04033,
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CIRCUIT CELLAR

Infrared controllers

are not compatible
because each
manufacturer speaks in
a different language.

as a user-programmable interface. Also,
rather than having buttons with fixed-
furction nomenclaturs, the Master Con-
troller incorporates a sceolling LCD o
identify unit designations {devices) and
functions (commands). Device designa-
tions like “Bedroom VCR™ or “Naka-
machi preamp” and commands like “'CD
repeat/all™ or “slow motion™ are used in-
stead of remembering what the Mute but-
on was supposed to do.

The Master Contraller uses an IBM PC
fior training. After that it s battery-
operated and completely independent.
The IBM PC is connected to the Master
Controller via an RS-232 interface and is
used toset up menus of devices (receivers,
CD players, tape decks) and functions for
cach device (turn on, play foraard, efc. ).
After a menu i3 downloaded to the Master
Controller. each function & "taught™ and
tested. Next. the completed menu and syn-
thesis data are then uploaded to the |BM
PC and stared on disk (in case you want
to load it into arother Master Controller
or add another device later without re-
training all of them).

The Master Controller’s IBM PC pro-
gram can also combine sets of infrared

signals once they are trained for their
respective devices. [ can now use o single
Master Controfler button to turn on the
audio syitem, route the oulput 16 the v
ing room, select the CD player, move to
the third selaction, and repeat it forever.
Compared to other commercial con-
troliers, the Master Comtrolier solves the
IR remote plagoe hands down. Because
it uses an external computer for fenctional
modificatons by the uses, more roon is
wvailable for its vltimate task. Instead of
four remotes, the Master Controller can
be trained to simuiate the functions of 16
individual remote controls complete with
descriptive command designations,

An Infrared Introduction

Most infrared remote controls are fune-
tionally similar. The microprocessor in
the remote comroller creates a stredm of
bits that 15 turmed into on/off pulses of IR
light from an IR LED. An IR-sensitive
photodiode in the receiver turns the light
pulses back into an electrical signal from
which the original bits can be extracted.

The IR LED's fast on-and-off action
creates a carmier signal. The carrier is then
rned on and off w0 form the individual
bitz of the message Each controdler uses
a different carrier frequency, sets different
bit timings, and assigns different mean-
mgs i the bils in the message. The reason
that controllers are not compatible is that
there i3 no standard for the format of the
bits in the message. Each manufacturer
speaks in a different inguage,

The Master Controller sidesteps this
problem by aamply recording and playing
back the infraned signals without attempe-
mng 1o decode the messages. s just hke

Photo 1; The six-burton Master Controller can duplicate the finctions
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of the 14 comteollers shown in the backgrownd.

a ape recorder. You can record English,
Russian, and Spanish on the same lape
becamse they all occupy the same frequen-
<y bands, and you don't have o understand
the languages to play them back.

This scheme werks because of 2 limited
range of differences in the IR signals. The
coptrollers I've tested had carrier frequen-
cies ranging From 32 1o 98 kiloberz Exch
message bt has between 10 and 30 car-
mier gycles, and there are two different car-
riecr modulation systems: pulse-width
modulation and pulse-position modula-
tion. Last month 1 explained pulse-widih
modulation. Pulse-position modulstzon
works by determining the time when a bit
occurs relative 1@ a fixed starting pont.

The Heart of the Master

An Intel 3031 single-chip microprocessor
running @ program stored m oo 2764
EFROM dimects the operation of the rest
of the ciccuitry. [See photos 2 and 3 and
figure 1) The menus and IR signals are
stored in 2 smgle 3IK-byte hattery-backed
static RAM. The user interface consists
of a two-line LCD and a six-button key-
pad. The keypad = either a sample mem-
brane matrix or individeal keys arranged
= a matnx (hat s scanned by the 3031
This climinates the need for 2 keyboard
encoder, Two kevs each are wsed for
device and function up/down scrolling en
the LCD. A fifth button, Do l, exeowes
the device/function command appearing
on the display. A sixth button, Learm, is
used for training.

The LCD has 20 characters o each of
two lines. The interface o it requires only
six wires: four data bity, one limang
strobe, and an address line. The display’s
mternal chamdler gemerifor converts
ASCIl data into character dots, so the
8031 can communicate directly in ASCIL

A TIL413 phowdipde converts the IR
signaly from other remote controllers in-
to a discernible logic signal. Because the
Master Comtroller and the remste are
placed close together during training,
there is no need for the sophisticated
signal processing that's required 1o detect
wenk |R signals across a room. The
Master Controlles photodinde cicustey
was designed to accept strong IR signals
only. You should position the remote-
contred unit within a few inches of the
Master Controlles’s photedsode. IF it's too
far awary, the Master Controller will "see™
nothing. If it's oo clase, the Master Con-
trofler will receive a distorted signal. A
little experimenting with each controlier
will focate the correct position.

An LM3ll comparator comverts the
photodiode input signal 1o a TTL-level
signal. A T4LSI64 shift register amples
the output from the LM3II at a [-mega-
hertz rate and comnvests the data into
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parallel format. The 8031 reads the shift
register every 8 microsecomds while i1 33
learning a new IR signal. This data is
stored in RAM for later analysis.

At the transmitting end, the process is
reversed. Although the 8031 is = fast
microprocessor, it cannot generate both
the careier and bit iming of the IR signals
insantaneowsly. To lighten the processing
overhead, an 8254 programmable inter-
val timer controls the IR carrier frequen-
ey and duty eycle as well a5 the duration
ofeach message bit. The 8031 sets up the
8252% registers for each bit of the IR
message,

A pair of TIL3O infrared LEDs proxluce
the IR signal. Because the human eye can-
not sez IR light, o visihle LED is con-
mected in parallel as an indicator. The
LEDs are switched by a ficld-cffect tran-
gstor driven by a starsdard logie gate. The
FET is an efficient way io interface logic
levels with real-world devices hecause it
directly translates an imput voltage mto an
DUIHUT Clrrent,

Power

Power & an impartant consideration in any
battery-operated device, The Master Con-
troller was desipned 1o use either 7415 or
T4HC devices at 5 volts, The 5 V is de-
rivedd Trom @ @V battery (four AM cells)
using 0 special low-dropout vollage
regulatar. While LS takes considerably
more power thon HC, the duty cycle is
lrwe. The Master Controller need only be
powered up long enough to set the device
and fusction and press Do I It can be
shut off afterward. Admittedly, | could
have spent more time developing awlo-
matic power up/down circuitry, but i
would kave complicated the design and
added more software. Feature-specific cir-
cust tailoring will have 10 wait,

Turning the power on and off is not a
problent. The 803's spstem software is
contained in a 2764 EPROM, and the
LCD and IR dalaare contamed in battery-
backed RAM. The memory & a 32K by
B-bit stat low-power CMOS RAM chip,
The backup circuit consists of two 3V
lithiur batteries and o Dallas Semicon-
ductor DSI12I0 battery-backup controbler
chip. The DSI2H0 senses loss of the +5V
supply voliage and automatically write-
protects the RAM as it switches power o
Ihe battery, The second battery 15 neces
sary only if the first one fails.

Signal Processing

As you can see from the schematic in
figure 1, most of the Master Controller's
functions are done in software. It's werth-
while 1o ook more clogely at the precess-
ing resired for the learning and repros
duction of the IR signals. The IR carrier
frequency is about 40 kHz, giving a
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period of about 25 ps. The particular fre-
quency used by a controller must be ies-
sured precisely bocasse each microsecond
of error changes the reproduced frequen-
¢y by about 4 percent, While this doesn’t
soid ke much, when the Master Con-
troller repraduces the IR signal, the
receiver eould completely ignore it The
reason for this is that the IR receivers in

consumer ¢lectronic gear must detect faint
IR signals,

Crenerally, the receivers use a phase-
lacked loop, wned to the remote unit's
carrier frequency, The PLL can handle a
10 20 20 percent frequency error, but the
design margins include errors due o
lemperatisre, vollage, and other effecis

confimeed

Photo 2: Comporert side af the Master Controller, showing the 2763 EPROM
aned 803 CPU (eenrer l2ft and right]. The backup bartertes ard Dallas
Semiconductor D320 Battery controlfer are in the Botom cerrer and right.

Phida 3: The ctch side of the Master C m:rr.aﬂrr .5I|rmmg the 2:line
by 20-characier LOD and sx confrol butrons.
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