CIARCIA'S CIRCUIT CELLAR

Steve Ciarcia

Build a

Trainable Infrared
Master Controller

This device can control all your home entertainment equipment

First of all, this is not the

second part of a {wo-part

article. Ag you will cometo

understand, this month's

project is the solwion o a

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

While people residing in warm climates
tend towsrd Jacuzzis and hot tubs, some
of us who live in colder climates prefer
nat to tempe e and brave the clements
for about six menths of the year, OF
course, 1 could succumb to the winter
sporis thing. You know, skiing, skating,
snow this, and snow that, but it would be
much 1o great a chore at this sage 0
reorient my sedentary lifestyle 1o cnjoy
nocthenst winders, | hibernate like most in-
digenous mammaks and wait for the color
owiside the window 10 metamosphose
from white to green.

Aboat a year ago, | decided that holing
up in the cellar for six months a year was
antisocml, White the isolation proved
beneficinl in coming up with great proj-
ects for the summer and fall issues 1 did
find that by the time March rolled around,
[ looked wery much like 2 bear thar was
leaving his cave, and [ communicated just
about ag well,

In an acempt to improve the quality of
winter life and break the cycle of hiber-
nation, this last year 1 decided to spend
some of the nme aboveground (upstairs)
in an environment that allowed me 1o
observe the realities of my existence
(through the windows) and absorb the
cumulative knowledge of owr culture
fwatch TV).

In layman’s terms, 1 bl a media room,
Mot st a TV den, mind you, but a room
where [ coukd be immersed in o synthe-
sized environment so far from the ice and
smow that six monihs scemed like over-
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night. OF gourse, this nudiovisual experi-
ence was tastefully produced by massive
amounts of clectronic equipment.

The bBeauiful seene of the tropical
island was accurately reproduced on a
Kloss 2000 projection TV. You'd think you
were sitting next to that tinkling waterfall
a8 the music moves above and arcund you
in complete surround sound, And when
the warn breeze of island spring (actual-
ly the heat watting from the seven ampli-
Fiers) iz twmultvously meerrupted by = hur-
ricane faithfully reproduced with 2400
wislts of Nakamschi audio power through
a pair of B&W EO8s {120 pounds each),
two Speakarlaby subwoofers, and I Can-
ton surround speakers, you feel like the
wills are about 10 explode, Sometines it
is good not to have neighbors.

Encugh of wiarm breezes | now had a
new probient. In addition 1o all the andio-
visual stuff, there were a couple of VCRs,
an FM wner, and a CD playes. All this
gquipment regquired the 14 remole hand-
held controls shown in photo | Media
rooums ane a greal idea, but you can't ex-
pect people to glue & dozen remotes on a
lr;:-ng board, There had 10 be 3 bester way

IR Master Controller to the Rescue
This month's project, an infrared Master
Comroller that takes charge of all your
gadaets, can prevent “controller cluties™
It "learns” the infrared signals for each
function and plays them back on com-
marud. [t uses a siv-bunion keypad 1o select
the device and funclioms, shown on i two-
ling LCD, and a cingle button, Do (L. to
execute whar's selected.

[ am not the first person to design a
trainable remate cantrol. Moee than a year
ago, [ bought a similar device masle by
General Electric, called Control Central.
This device could be ramed o simulae
the functions of four remaodes,

Conired Ceniral and similar commercial
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uniis have two major shortcomings. First,
all the acquisition, data-reduction, pro-
cessing, and memory cifcuilry i con-
tained in the single hand-hekt umit. Given
the finite phvsical size of woday’s integrated
cireuitry, there is a limit 1o the capacily
of such a device that allows it to still be
cost-effective. Second, it 15 desigred for
use by a mass audience assumed to have
a finite set of electronic devices. The bt
tons have predesignated nomenclature, so
it is nol user-programmable,

You can still train your GE controller
to simulate the remote control foe your CLY
player. The Mute button on the GE unit
could be trained o be 1he Auto Repeat on
yaur CD player remate, for example. Un-
fortunately, every ime you wanl W repeal
a CD, you'll have to remember 1o press
Mute since these it no Repeat button on
the GE.

1 am not criticizing the GE Control
Central. [ am merely making a case for
designing something different for a very
vertical, gadget-hoppy, affluent audience:
BYTE readers. Why tie a design o the
lowest gommeon denominator, Instead, yell
“let them cat cake™ and demand the
remote ko end all remotes: the Circuit
Cellar Master Controlles!

The shortcomings of the GE and other
trainable remotes are the strengths of the
Master Controller. Rather than atlempt to
contain all the necessary intelligence and
processing cireuitry, the Master Controller
temporarily utilizes an external computer

evtinsed

Steve Ciarcta (pronowced *see-ARE-see
alt ') is an elecironics enginger and conm-
puier corsuliant wich experience In pro-
cess comtrol, digited dexign, aeclear in
strumenlation, ard prodicct development.
The anthor of several books on elee-
tronics, he can be reached ot PO Box
562, Glasonbury, CT H033.
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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 foed-
furction nomenclaturs, the Master Con-
traller incorporates a scrolling LCD o
idenlify unit designations {devices) and
fupctions (commands). Device designa-
tions like “Bedroom VICR™ or “Naka-
michi preamp” and commands like “CD
repeatfall™ or “show motion™ ane used in-
stead of rermmembering what the Muge but-
ton was supposed to do.

The Master Controller uses an IBM PC
for training. After that it 5 batbery-
operated and completely independent.
The 1BM PC iz connected to the Master
Controller via an BS-232 interface and is
used toset up menus of devices (receivers,
CD players., tape decks) and functions for
cach device (lurm on, play forward, etc. ).
After 2 menu b4 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 siored on disk (in ase you want
to load it into arother Master Controller
or add another device later withowt re-
training all of them).

The Master Controller’s 1BM PC pro-
gram ¢an also combine sets of infrared

signals once they are trained for their
respective devices. 1 can now use a single
Master Controller button to turn on the
audio syitem, route the oulput 10 the liv-
ing roam, select the CD player, move to
the third selection, and repeat it forever,
Compared to other commercial con-
trollers, the Master Controller solves the
IR remote plague hands down. Because
it usess an external computer for functional
modificanons by the user, more room is
available for its ultimate task. Instead of
fiour rernotes, the Master Controller can
be trained to simuiate the functions of 16
individual remete controls camplete with
descriptive command designations,

An Infrared Intreduction

Most infrared remote contzols are fune-
tionally similar. The microprocessor in
the remote comtroller creates a stream of
bits that is turned 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
crezaites a carrier signal The corrier is then
turned on and off o form the individusl
bits of the message. Each controller uses
a different carrier Frequency, sets diffenent
bit timings, and assigns different mean-
mgs b the bils inthe message. The reason
that controliers are not compatible is that
there i3 no stamdard for the format of the
bits in the message. Each manufacturer
speaks in o different language.

The Master Controller sidesteps this
problem by simply recording and playing
back the infrared signals without attemgpt-
ng 1 decode the messages. s just like

Photo Iz The six-burron Masrer Controller can duplicare rhe ,I’nm T
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of the 14 comrollers shown in the background.

a tape recorder. You can record English,
Russian, and Spanish on the same lape
becamse they all occupy the same feequen-
<y bands, and you don't have 1o understand
the languages to play them back

This scheme worksbecause of 3 limited
range of differences in the IR signals. The
controllers I've tested had carrier frequen-
cies ranging from 32 10 48 kilobenz, Each
messzge bat has Between 10 and 30 car-
rier cycles, aml there are two different car-
rier modulation systems: pulse-width
modulation and pulse-position modula-
tion. Last month I explained pulse-widih
modulation. Pulse-position modulaton
works by determining the time when a bit
occurs relative 10 a [ixed staching point,

The Heart of the Master

An Intel 8031 single-chip microprocessor
running @ program stored moa 2764
EFROM dinccts the operation of the rest
of he circuiiry, [See photos 2 and 3 and
figure 1) The menus and [R signals are
stored in 2 smgle 32K-byte battery-becked
static RAM. The user interface consists
of a two-line LCD and a six-button key-
pad. The keypad = cither a simple mem-
brane matrix or individual keys arranged
= oa matrix that s scanned by the 8031
This eliminates the need for 2 keyboard
encoder. Two keys each ure used for
device and function up/down scrolling en
the LT A fifth button, Do 1, executes
the device/function command appearing
on the display. A sixth button, Leam, is
used for training.

The LCD has 20 characters on each of
two lines. The interface o i requires only
six wires: four data bits, one timnng
strobe, and an address line. The display’s
mternal chamacter generifor converts
ASCIl data into character dots, so the
2031 can communicate directly in ASCIL

A TIL4I3 photodiode converts the IR
signals From other remote controllers in-
to a discernible logic signal. Becawse the
Master Controller and the reste are
placed close together during training,
there is po need for the sophisiicated
signal processing that's required 10 detect
weak IR signals across a room. The
Master Controlles photodiode circustry
was designed ko accept strong IR signals
only. You should position the remote-
comred unit within a few inches of the
Master Controlier's photodaode. 1f it's too
far away, the Master Controfler will "see™
nothing. If it's 1oo close, the Master Con-
troller will receive a distorted signal. A
little experimenting with each controlier
will loeate the correct podilion.

An LM31l comparator cormwerts the
photodiode input signal 1o a TTL-bevel
signal. A TAL5I64 shift register @amples
the output from the LML at a -mega-
hertz rate and convesiz the dama into
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parallel format. The 8031 reads the shift
register overy 8 microsecomds while it is
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 a fan
Micmprocessor, it cannot generate both
the careier and bit ioang of the IR sgrals
instantaneously. To lighten the processing
overhead, an 8154 programmable inter-
val timer controls the IR carrier frequen-
cy and duty cycle as well as the duratzon
of cach message bit. The 8031 sets up the
8254% registers for each bit of the IR
message,

A paair of TIL 39 infrared LEDs proshuce
the IR signal. Because the human eye can-
not see IR light, o visthle LED is con-
mected in paratlel as an indicator. The
LEDs are switched by a field-cffect tran-
sistor driven by a stamdard logie gate. The
FET is an efficient way to interface logic
levels with real-world devices hecause it
directly translates an input voltage into an
Dulpul cureent,

Power

Power & an impartant consideraion in any
battery-operated device, The Master Con-
troller was designed 1o use either T4LS or
TA4HC devices at 5 volts, The 5 V is de-
rived Trom & 6V battery {four AA cells)
using o special low-dropout vollage
regulator. While LS takes considerably
miore power than HC, the duty cycle is
ke, The Master Cantroller need only be
powered up long enough to set the device
and function and press Do I It can be
shut off afterward. Admittedly, 1 could
have spent more time daveloping aulo-
matic power up/down circuitry, but il
would kave complicated the design and
added more software. Feature-specific cir-
et tailoriag will have 10 wail,

Turning the power on and of f is not a
protbern. The 8031's system software 15
contained in a 2764 EPROM, and the
LCD and IR &t are contained in battery-
backed RAM. The memeory & a 32K by
B-bit stalic low-power CMOS RAM chip,
The backup circuit consists of two 3V
lithivem Botteries and o Dallas Semicon-
ductor DSIZI0 battery-backup contraller
chip. The DSE20 senses loss of the +5-V
supply voliage and automatically write-
protects the RAM as it switches power 1o
the battery, The second batlery 13 neces
sary only if the first one fails.

Signal Processing

As you can see from the schematic in
figure [, mest of the Master Controller's
functions are done in software. It's worth-
while 10 krok more clesely atthe procass-
ing reguired for the learning and repro-
duction af 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 riva-
sured precisely bocausse each microsecond
of error changes the reproduced frequen-
¢y by about 4 percent. While this doesn™t
soind like muel, when the Master Con-
troller reproduces the IR signal, the
receiver could completely ignore it The
reason for this is that the [R roceivers in

consumer electronic gear must detect faint
IR signals,

Generally. the receivers use a phase-
locked loop, wned to the remaote unit's
carrier frequency. The PLL can handle a
10 10 20 percent frequency error, but the
design margins include ecrrors due o
emperatisre, voltage, snd other effects

canfinesd

Phote 2: Component sivie of the Master Cantroller, showing the 2764 EPROM
ancd 8031 CPU feener bfe amd ripht). The bockup Batrerios and Dollos
Semicanductor D3I210 Battery controfler are in the Bortom cenrer and right.

Photo 3: The etch side of the Master Controller showing the 2-line
By 2-characrer LOI and X confrol Butioms.
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Figure 1: Master Comtraller schematic dingram,
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