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Steve Ciarcia 

Build a 
Trainable Infrared 
Master Controller 
This device can control all your home entertainment equipment 

F~rst of 311, thi~ ls: 1'10[ [lte 
second part of a Ll.II'O-pQrC 
a11ide. A:;: you wilL a:>rneo to 
u:ndcrst:and, tltis. mon1h''s 
rm.,jeel ~s d1e ~o!1ulo1a I() .a 
Pf-oblcm I aggra.,-at.OO b}' 

lH1ltding l;lSt nrn)lnh'$ prQje~;t (a11 infraJed 
remote: CCfltJ()I for my home control ~ys­
re•n). C()Jjfused?' Let l'n.e expf:!l~~t. 

\Vhilc people- :rcsidiflg in warm clims~cs 
C~d l~"'<trd Jacu:ai.s and hot t.u~ ~olilt<: 
of us Vlflo 1ive ~A oolde-r (lima[~ preier 
not to tempe mtc nnd br:ave the e:lcmcll"IS 
fc:x- abaua six ITI.():IIli:'IS af 1l1e year. 01 
oournc. I oouJd .wccU'tllb to Cl'le wmccr 
:w<~m thing_ You 'koov.r, :ildin:g. skating. 
s110w thili, and llnow Umt, but it wotJtd be 
much 100 src:n a elt.ore- al th i:~ stage to 
rooricrrt my sedentary Lifestyle l.o enjoy 
n;ul1hei1S'I "'·hl.1t:J$. I tubern<tt~ ll~t: n lQeSI In· 
dlgcoo11s mamlllllls aod ... ,ait fur the oolo-r 
Olti~I(Je llh~ wLudi1W 10 JI'II'!JolJifltr.ph.(x3e 
from whit~ to grc~. 

AtXMit ;~ J*l:r ago, m dectded •haA f1olit1g 
up i.n rite cellar fo:r six. months a )'Cil1 was 
.ar~ri!:locial. Wiilbe tl~ i:sc:rlatio;n prooted 
bcncficio1 in coming up t'fith ycal proj­
<I!C1S far 1he ~ltlllrrter 3rlld bl! l$:~~e s, 1 did 
find thilt by the lime M4!rch rolled .t~rocmd , 

f tooko<.:d very ,U!IUcll tlk.e 3 be11 r tltt~ l W;l:j 

leaving his ca..-c. and I communicate~ just 
abcM ••s wecll. 

In. ar~ aue:mptta impra\lc rhe quality of 
WLn{&li lif~ .tiDd IJren.f •he cytfe of !tiber· 
nation, mhl~ last year 1 decided ro ~peruL 
SOtlle: Qf the t.ilfl~ :ltH}VI!_gtt'IUnd (l,lpStllirrS) 
in an cn .. •ironmcnl lh~ allowed me to 
obscr\~ lhc rcalltics of my e};~cncc 
4throogb tla! winclow,s) .llntl ;lh!lorb rlie 
C11111Uialive koowkdgc Ot' OIJ[" culture 
4wati:h TV). 

In la)'n~n·li ternns. I bwlt a mcdh_. room. 
~"ot just a TV den, mind you., blrt a room 
Yl.•h¢1'¢ m oou11~ b¢ itnnt<:~r:d m ;~ $)'1lllilt:· 
sized Cll'VMronn'!CoL so far from the icc ami 
snow that six. monUts seemed lil;c over· 

njgit1. Of cool'!e, thi& oudiovisuat experi· 
e1~Ce w :b. t;a$h~fll ll)• prOdU(:~ b;,• nl;)~:'ltve 
amounts or ctcctron.il:' cqt1ipmcot 

Tile bea~tt ifwl scene. r)f tile tropical 
island "''<~S accurately reproduccldr on a 
Kloss '2.001) proJoo!on TV. You'd thin~ you 
~"eTc: ~iRing next to lhat tink!mg W3Lertull 
as ttLC music mD\~s a!Joor.oc :1n.d. arcuoo you 
in t;t~~t<.: ~ rm umJ l!ound. And .,.,,.lto::n 
t.llc w:~rm b:f,eeze of isl3nd ~pting (:J:C!Ilal­

ly the heal wafting from lllc S<:\'Cfl Uimpli­
tieTl.l) t-s •"mL-ul•y~Jn~ly ill~lir\l~d by;, lu'ur• 
ricanc faiililfully rcprodu~-ed v..i1h 2400 
Yo<\NI~S ot N~Nkam~hi ;'ud•o pOM·~:r ~brt)1,1gh 
a pair of .8&\V s.oils (L8(} poUIIds cadl}, 
tl.\00 Spe:lkerM; sitb~, .. ~fer~, . .llnd ll Can­
ton surround spc3kcrs. yo11 feel lil;c the 
'·"'.all~ ;•re ;)bort• LQupkx!c. $()rnet lr.I~S ir 
is good not to have neighbors. 

EnQOugh uf w;;nn br<.:etes. ~ 1w>w l•a.u <I 
tte'A' problem_ In additfoo to .aU tile .aooio­
vi:iual lltUrf, l~t; Wt;!l"(:; ._ r;~~tple or V(."R;s. 
11.11 FM ltiOC!t, and a CD prayer. All tltis 
~([Ui'pmcn.1 re.(uirr:dr the 14 remote lt.•md• 
hdd t.:ommls sJlcw.,t!l in pboto L Media 
r<Ju;l'l$ are ;)l ~re:.u td~o!!, bu• )'W C;.J ti'L t:J; • 

pc" people to gltJC II! dozen remotes on~ 
loo:g; boa~r. TILere lilad to ~ ~ bd!t:r 'A-..y. 

JR Master ContL·e~Uer tfJ' l'be R~cue 
This mo111h"s pcojcc,., nn infrucd Master 
C.orlit r(ll~r dun t :1 ke!(; \!haree or aU your 
J;Sdgcts, cart p-1i!'Vcm ''comrollcr d~ttq.cr_" 
II '·I~Drns" the infr.iJn:d signals ror cm:fl 
ruoc4~on nnd pl3llS fhc-m beck on oom­
mar:td. H wa a six-button l<ey1Jad ca sel.e:ct 
the ~e,•ic:e and luncticllus. Sh(}wn On a ~wo­
lin.e lCD, and B 9Dglc button, Do mt, to 
c:.:eewe '·'· l~aa 's sele-cted. 

E am Dot the fi~t p«roa to d~igo a 
trainable rclillOtc cuotiml. MOfe: thzm :a ycu 
as,u. l. tx,~,~~ltt ., ~mltar oo'·ke 111.W~ uy 
Ocncml Elcc1rie, called. Control Ccnlrnl. 
'11LiS devic~ ..::.ould tile 1 rained [() ~i.-.~l.lh!te 
t!K! funQi;Qnli o( IOOtr l~1Qles. 

Camroi Ci:nl!al ami similar commercial 

uoits ha\'.C t.,..'O major sltortcomiags. First, 
;wll !ht: "eqlmi:~iti;uM, dal$1 •r>~;d~~o:1 iu11, pr(l>. 
cessing:, and mcrrnary d KuiU)' is coo.­
cain.ed in ~he si!J.gte ll•md·he!d ' tnie. Given, 
mh.c finite· pll)'SicaJ size ofuxfay's intcgrat:c:di 
r.::i ff,;\!l!i;)", t fwro~;. b; <ll winiiC H) !ht: ~a~.,;it:f 
of such o. dc ... icc thot aiJo•A'S it co ~ill be 
(;()- dt'ct:t h·~.:. Scoorll.J, il i~ 1.h: .. ~gn.cd fur 
use by a rnass audicn<:c assumed to ~vc: 
a liuue ~e of eler:uonle device$. lhe biJl· 
tons have prcdc~i~:Gcd oomcncl3lurc, so 
it bi not \llier•programmab.Jc:. 

\bu car~ ~~m 1t;1in your Ge camroller 
~0 Sinu.»lac~ I he rerrftC(e <;orllrQI r(.lf Y(lt,Jr Cl) 
player. The Mlltc bunar~ on. the 'as unit 
could lx: train ell •o be tltc AuiO Repe;:~t on 
your CO player remote., for C'X3Jlllplc. U n­
fOiWi!rttel~·. e'ler); rim~: you w;ln\ ~0 l":p;.i!l 
a CD, }'Ott'1L have to re-member m press 
Mtue Rb1ce rhez~ bs 110 ~~~~eam b..-non PCI 
Cite GE.. 

l ;1 n~ fi Ct l c-riric~?.ins the GE Controm 
Cc-n1 m.l. I am mcrd y !llllakiog a case fe-r 
dcsir,lrillg lionr.echin:g ditfe~nt For ;\ vt:ry 
vcni.cnl , gadgci-hopp)'. afftlucru au.dicncc: 
'BYTE r~e:r:~. Why mie- .: dc~ig.n to rite­
lowest -common dcnom.imtw. in:;tt:ild, y::U 
·•ret tlbCm nt c.lk~ and demand tit~ 

remott: tu end ull r~mote.s: the Crrcui• 
Cellar Ma:~1cr Cornmll.ell'! 

Tlw ~>lwrtcumiog.s oC LM OE t~nd ulhc:r 
u·ait~al)lc rtmo1cs arc d1c m1!ngth.s. of 11ie 
Master Concml[<:r. Ra1her than iltlcmpl to 
cGm3ifl all t11e rbeoe!'{sary hu~ltigoooe an.d. 
pr<:<;essing cirtJJitcy, Ute M~~:r CooLroU~.:r 
temporarily util izes an <::!:tcrnal comput<:r 

CI"Nn'•HUI'IJ 

$t~:w: Cf~Jr(;r(l (impJorfJrto;4rt.J ''.ru·l lRE·sc-1':: 
ah • 'J i.s arl eiecil'OJtics engiltt!~r arttl COJrl­

fJUU!r cof!Sulmm wiclt experience ill fJl'D­
~.:eu (;tm~rr;l. (l;$fwl d~si&n. nu.dt:Pr iJr 
Si7U/?IiWIOliOJ1. Mtf prod!IC.C d~'e[Opt1U!fJ.I. 
71JI!' artJlwr 1Jf se•·.eral boola c.WI el~c­
troruc s. he can bt: ~cn:hect at ID. lk.J.~t 
5/t2. (JIQJJOiibury. CT060JJ. 

~M.RC11 'liif7 • 1J.1 "' 'T 1!: itJ 
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CIARCIA’S CIRCUIT CELL-AR 

Steve Ciarcia

Build a

Trainable Infrared

Master Controller

This device can control all your home entertainment equipment

Firar of all. this lit not the

second part of It two-part
article. As you will roe-meta
understand. this month's

project is the solution to a
problem I aggravated by

building last month's project {an infrared
remote control for my home control sys-
tem]. Confused? Let me explain.

While people residing in warm climates
tend tuuarrl Jacuzzi: and hot tube. some

of as who litre in colder climate-t pret'er
not no tempt fate and brave the elements
for about six nrrmrhs ol‘ the year. IIlt‘
course. I oould sureumb to the Winter
sports thing, ‘tbu know. skiing. skating.
snow this. and snow that. but it would be

much too great a there at this stage to
reorient my sedentary lifestyle to enjoy
not-theirs! winners. | hibernate like most in:

diggenous mammals and wait liar the color
outside. the window In "retainer-plume
from white to green.

Almlt at your one. Itletitled that holmg
up in the-cellar For six months a year was
autumnal. White the lottltlliott proved
beneficial in coming up with great proj-
ects for the summer and Fall issues, I did
find that hytlte timeMarch rolledaround.
I looked wry much like a bear that was
leaving his cave. and I communicatedjust
about its well.

In an attemptto improve the quality of
winter lite and break the cyt'te of hiber-
nation. this:. last great ] decided to spend
some or“ the time flawegr‘ound [upstairs]
in an environment that allowed me to

observe the realities of my existence
tthrouglt Iltt: windows} and flhfiflrb the
cumulative knowledge of our culture
twat-eh TV).

In lat-man's terms. I built a media rerun.
Not just a TV den. mind you. but a room
where i could be irnnreeretl in n synthe-
sized enuironnrentso [at from the ice and
snow that sir. months scented like over-

night. Olcoorre. this audiovisual experi-
ence Witt tastefully produced by moraine
amounts of electronic equipment.

The beauritul scene of the tropic-a1
island was attacurtttelzrI reproduced on 3
liters 'Etltltll projection TV. You‘d think you

were sitting; next to that Iinhling waterfall
as the music rooms aboue and around you
in complete surround sound. And When
the warm harem of island spring [actual—
ly the heat walling From the seven ampli-
fiers} tr. Iontrrltuoursly interrupted by a bar-
ricane faithfully reproduced with 2400
mutt-ls of Nulrannehi outlier power through
a pair of BEtW Elli-Es 1130 pounds each}.
two Speaker-lat: wherefore. and It Cort-
ton surrrmnd speakers. you feel lilo: the
walls-r are about to explode. Sometimes it
is good not to have neighbors

Enorrgh or’wnnn breezes. I new tool a
new pro-home In addition to-all Incendia-

visual atoll”. there were a couple of We.
an FM tuner, and a CD player. All this
equipment required the 14 remote hand-
held eontrelr shown in photo I. Media
return are :1; great idea. but regal can't use
pert people to glue a dozen remotes on a
long board. The”: l‘tnrl It! be a better may.

IR Master Controller to the Rescue

This month's project. an infrared Master
Cmnmliur that takes charge of all your
gadgets. can prevent "controller clutter."
It "learns" the infrared signals for each
function and plans the-tn heel: on com-
tnanri It trees a six-button keypad to select
the device :tntt (unclirms. thou-n on :1 two

line LCD. and a single button. Do it. to
creature what's selected.

i are not the first person to design a
trainable remote control. More than a year

ago. I bought a similar device ntttrle by
General Electric. called Control Central.
This: device would he trained to simulate
the Functions of Four remles.

Control Central and similar commercial
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unirs here two major shortcomings. First.
all the momentum data-reduction. pro
cessing. and memory circuitry is con—
ttrirtetl in the single hand-belt! unit. Given
the finite physical size oftortay‘s integrated
circuitry. there it a litntl to the eruption)!
of such a device that allows it to still be

cod-dflelive Second, it is designed [or
use by a mass audience assumed to have
:- t'irrite are: of element: deviate "the but--

tons have predesignated nomenclature. so
it is not useruprognrnmuble.

the can ruill train your GE controller
to simulate the remeconl ml lurynurCIJ
player. The Mute button on the GE unit
could be trained to he tire Auto [16th on
your CD player remote. for example. Un-
fortunately. every time you want to repeal
a CD. you‘ll have to remember to press
Mute since there it no Repeat button on
the GE.

I an: not criticizing the GE Courtrol
Central. I am merely making a case for
designing wnwthing cliifiemnt For :I very
vertiea]. gadgcthappy. effluent audience:
BYTE readers. Wit}- tie a design to the
lowesteotnmondenominnlor. Instead. and]
"let them eat cake” and demand the
remote. to end all remotes: the Circuit
Cellar ill-faster Controller!

The shortcomings of the GE and oter
trainahle remotes are the strengths. or'rhc
Master Controller. Ra1herthan attempt to-
cnrtteirt all the necessary intelligence and
procetaing circuitry. the Master Controller
temporarily utilizes an external computer

immoral

3am? Cr'urer‘rr fi’Jrrr-Irttrott‘err' "err-ARE”:
all ”j is an electronics engineer and com-
puter consultant with apertures in pro-
t'eu control. digital range. modem- in
rtrrrrucruotrr'art. andpr’od-Ircr derelopmeru.
The mutter of several books an elec-
tmlrirr. he can be rroeirer! or PL! Bar
382. Glorrunbrrry. CTtJdGJ}.

MARC“ 190‘! . l! "r‘ TE Ill-

f 
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lnfrnred contr:o/lers 
are not compatible, 
because ,eac·h 
manufacturer speaks in 

a different language. 

as a uscr-pliOYi!IDJmtb~e interface:. Afso, 
~rather !haft l'&iviog buuons: v..itb fi.xed­
fuodlon noliJ"..erucla.ture, the 1'1-,fa.stcr Co10· 
troU~r in.rorpomtes a scrulling LCD 101 

identify uoic desigoo,ion:s; (d~iees) .;md 
fuoc1inni (C'(lll't'll'll:31lth.). JR-t,~ltt deSLSJI>l· 
tiuos ~i~e UBcdroom VC:R'" Qr •·iNab­
miclli preamp~· and oomm:rnds. lib· ·•co 
repc<~ltdll .. or '"slow I'TWtbon" arc ~dio• 
Yead of remembering what mhc-Mtm:: btu­
CQll '!A.~ ~ !()' do. 

The- Masler CaotroUeT uses, :tn IBM PC 
fur training. After lhat. im is ~trery­
<¥fa'e.d :tn.dl oompk:rcly i.n.dtpendt:nL 
ll!.e IID~ol PC i:s rooooeacd £4J tile Mii>!•cr 
Cootrolrer villi all RS-212 in~Hfitcc :and is 
'u-sed L1)$Cl up1 menu.::;. (I( rk''ito.~ (r«:t~e;r$. 
CO plaryers;, tape .OOcks] :tftd fuJ~Lknl:S. for 
cam d~via: Ctum on, play roli'o1o<ml, etc.). 
Aftt:r a menu i~ do\\rt~ £<) lhe ~b~Ler 
OJruro~r. C31Cb fum:tion is> 'laugbf" and 
ftSied. N'u1. l1lt oomp'lct~d rn.enu 3n.dl s~n­
~~ 'lbt:t "'r~ I hen ~p~tll (0 rht:: J liM 
PC 3Jld Sl.Ot"Ctl on disk fio case you "A'21li 
to md ic int()> aooebcrr ~la!tcr CQrt1Toller 
or ~ ;.'!H~Llter deW!;:~ la1~r widlOilt re· 
traillillg alJl of lhem)~o 
~ M:uter ConLm:lter':s. lB:M PC pfo­

,gr:un ern also, oombitre sets of lnFmcd 

CIRCUIT (CLLAR 

signals ona- ~Y ~ rmincd for dt~ir 
~livcdr:"'ii."CS. Lom oo.,..' IJ5C ill~nglc 
Master Coouofler bumm to tum on the 
<1~1d~s.~em. r()&:tc ~me Olii,PII' I() CM llv· 
ing room. s£-Ject die CD pla-y1.'T, mov-e to 
~~ c~ird sef(!l::tion, i'.ltrN ~~ it ~f1'CV!:I' 
Compa1ed to other oomaner-cb:d lllon­
trolfe•s. Lhc Muter Conuoll« :so~s. rkl:: 
JR ~lb'IOt£ pl'ague baoos dcMm. Because 
il wses an external CCJm.pcter mr fund[oo;ll 
rnooi'ft.cat.:OM hy d1e U.~, more ffill;lt'll iS 
ll\'3iltllble for it.s td~inmte ttL<!:. Jnst.end: of 
four foetli.C(es. dEC !).·!laster Con1rollcr C3f1 

be ttninoo to, !!>1lT1tl!lte the functions of l6 
indi ... idual r.cn:o~e conwols c.OO'Iplctt with 
d~nJ!Hivc ~~;(IEllnto'lrnJ <lt:s~~!lllti:cJu.~·. 

An [mfnllil'd lntruduc:tion 
[l.fo.s~ illfrar~ umotc oorura!s. are- fuDe­
lrona:Uy si:mil'ar. 'The: mitn:~J!l~ in 
tln~ reJt'ICile O()iil roll~r, crelltt=$. 11 ~Jr•!;jl'll 4)( 

bits Unrt is tl1T1'1Cd ioto on{Qfr pulses £lf JR 
light frecn :m .lR lEO. Art TR-sm<;iliv~ 
pl'.otodiode io the rc:<:ei,·er lums the- light 
pul.s~ bact j,roo :m e[ecctric-.l~ slg,n3l f 100.'1 

u•hidl lite £~11iginnl bhs can be e.xtr:trtcd.. 
Tl':e: IR lf[)"s fJ.Sm on-arl.d·oH action 

O"C'3tcs s canter sigooll Thc<o:rrier is thet1 
rurneum Cfl 3fblll cif [Q form mite indi"id~l 
bits of tl;.e ~e.. Endlcootroller uses 
a diffi:Rot (".ilrrter freqm:tq. ~ts dil'te~n.c 
bil 1iming.s., and assigns different me:an­
~ 1» ~~~liS in the m~3c. Th-e~ 
toot eooirol~rs are oo~ rornfkllibfc is that 
mt~e~ i$ r.o sr~r:d3rtl fnr t.lv: ':>rnt.31 t>f tl~ 
bits. in tile ITXS!:t,ge. Eacb manufa.rturer 
speal:s, in a d~fticren.t l<t>~ui.~ge. 

1'M- Master Cootrollcr sid~eps this 
prol)tt!Ji't b:.· $imply r>(!ctlrtbng o'liul Jio~ill~in8 
back: lfte in frnMi sigmals withoo1 a.ltCIJ!F· 
mg til) d~;J;tK.h: lht: JI'J.e!)..~g.e!i. If~ jll$C l•ke 

Pholo I; 11re 9x-brm.wt M(Mler C."w1rroUe,T call dr~phccitt riu-frmcrrom 
af cl&t! J.l W tt.wlle;s JlwWJt in tlr~ ~01.u1d. 

a 12pe recorder. YoEJ C3n record English. 
R~ian, ~r.d Sp~oi:sh 011 che ~n~ lave 
became: Eh~ty all occupy- thE: san:~e fm:qum­
f.">' bn nr.l\ andl }lt)ll UOIIIl fl:t,\'e to U~$1:tJLd 
'lhc !»Jlguagcs 10 pi~ tl:iern bad; ... 

Til iS. Y.hcm.e wml'\s bcc;amc of<~ llmir:cdl 
1'31\g'e of cjjflie~nces in ctte lR sisn:~~l:t The: 
toD111lllfers fvi:: test.edl had curier froquell­
cie$ ~'J8ing f~M} 3210 4$ k.~lober1~ .~h 
fi'IA-Si3~ bit IW ~l\ltil!.eD 1.0 3Jld 30 C:lt· 
Tit:; l;',rc.Jt!!i, .;md t~~ a~ twQ difr~c l,;•trr 
rfcr modulalion s~-stems: pulse-V<idth 
modiJiatkm .md pul'llc·pooimioo r.wdula· 
li'o11. :l!..ast: mamth I cll:pla.iacorll pulsc--widdJ 
mutM:niOn. f'ube·poSili.on ntOdlllh,t~)tl 
'.\'Qffi:S by d~l.'erntining the time: Wbl:ll. 31 rut 
i)~;~~;l;lr$ rel;~thl't: I() ;m r.~eo Stilrting p<rinc. 

The Heart ~or the- Mastu 
Ao rotd 80'31 single-chip rmk~t~p:ocf!SSO!' 
;runni11g a progr.tfi'll ~w~<ll 111 ;~ t764 
EPRIDI direc.u tl'..e operntion of t1l.e rest 
or lhe' ¢ir<.'11i1T)l. (See: photOS 2 iJJ1d j a11d 
rigun: 1.) The merws and ER sigpwls arc 
srm~ i iii~ ~s,te 32K-t:ry~ h!L,rery-b..l(;}(ed 
S'tl3lic IRAM. ~ lliier interta<X oonsises 
or il c:wo-line LCD iiiOO il :s.iA•OOUOn ~·­
pad. 1'hJ!: U)1pad t:; eirlte:r a: simple mem­
bmru: rna11t1: cr individ~Ja l keys .UiiTiJilg"(:d 
m a li131m. lhri' L'l .$>Calull!!d by th SOOL 
Tll1s ·CI]minatcs the need for ·a lre)·boord. 
<:I')(.;OIJJ:r, Twl) kcy.s J:+'lt;h ;Mrt: ~d M 
dc-Yic~ :md fi.JllCUOD lllp/OOI,lp'DJ scrolli11g Ol1l 

the LCD ~' lilfrh bbUOil. Oo II, c'i~rt1~ 
the device/f\mtlion oornm:md appc:a:ring 
011 1l 1.e displ~l$- A si:t,~ls btt~lon, t.e3Jm, i~ 
t.J:Sed for traioing. 

·n,e LCD ~;u. 20 <:1\a:;;U;~rl o;1 'l!a¢1• Q~· 
t't\'0 [iocs. 'J'Jte intcrfu.I!X: m i~ requintS £~nly 
~i.Jt wirt!..C fiJlur ~litr.a bits:, nne ein1 in~ 
!:.trobC'. and an addr(!ss Lioe. The di:spl3.'f's 
i:nt«11.al dwr.nttcr ge:nerncor tml~r1s 
ASC1m data in•o cl'llarncu:r dol$. so the 
~Ji (".;m ~muni~ate direccly in ASCU. 

A TfL413' photod~c COO\'crr:s tht Jilt 
sigl'l••l:! rrom (I cht:r rll:mO!e 4.it~ll!JOIII:n in• 
to a disecrni!bk logic sigllllt Becat£St the 
~ lAUter C<>ll•ro.11er i.blll •he i~f)~e .are 
placed close together during mro.imog. 
tllt:re ~ 140 ~CIJ l'ur 1ne ::i(Jptl~1icalr:d 
s1gMipoccs!ling that's r.e-q~irl!d •o detea 
\'1.-e.lk ~R ;s.igrml:s uc:r~ .n roam. The 
l\'f~ter Corurolf.eJ ~cxodmde ~~reuit.t)l 
w.ts d~~ed ~o .;J«epc str(lmg IR sigllills 
ooly. \o~r sltotrld pm;icion the rr:mote­
~orurdl unit with.in 31 ft:•,t,• inches or 11le 
f\ 1a:ster Cuntrt~l!e:''.s pi:Ql~ If ifS. lOU 
f.Jr 'Jlllr.Pf, the Master Cootrnll'er "WiU wsee .. 
nothing. If i~'s too dose:. lllc Master Col\· 
•roUt:r "''ill li.t:.;c.~ve i.l d~of~d signal A 
liulo c~p~rim.rnting wi•h each coocroUcJ 
tt.'ill !oc::ue. alie correct po-.i.1,[Qo. 

All! Lf\131 E 00f111KJ1r:llm' COI'l'o'Crts the 
ll)hotodiod.~t i11pt~t ~lgnal •.o ::J TT.l-ft\•el 
$ign<JI. A 74!.1J.Sf64 shift regi:stQ S3r1tpl~ 
!be oui:]:Mlt from tll.c- L~DII ala 1-mcg;~­
~rz: rare :~nd roiNe::ti ebe: data irlro 
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infrared controllers

are not compatible

because each

manufacturer speaks in

a different language. 

as a uscr-programmabic intcrfacc. Also,
rather man having buttons with [rated-
l’unction nomencltllurc. the Master Cons

[roller incorporates a scrolJing LCD to
idonlil‘y unit dosignnlions {dd‘a'lffi-fi] and
Functions lummonds}- Denice dcsigna-
tlons liar; “Bodroom VCR" or "Nola-

rnichi preamp" and commands Iiitc "CD
repeati‘nll" or "slow motion“ are used in-
stead of. rcmicrnbcring Iwhat tin: lklurc but-
ton v.15 swim-1! to do.

The Master Controller uscs an IBM PC

for naming. After that. it is hattcry-
cpcratrd and complctcly independent-
Tint: 33.“ PC is ronncctcd to list: Muslin
Controller viaan. 115-232 interan and is

tutcd In sat up arm-nus ul' devious {fathom
CD players. tape decks] and functions So:
each dcvioo [turn on. play lizrrward. ctc. ).
After a menu is domino-(led to the Manor

Controller. rash function is "taught" and
tested. Host. lltcccrnplctcd moorland syn
thesis data on: than uploaded toil-1c 183!
PC and stored on clinic {in case you nan!
to loud it 'mto anotl‘nr Master Controller
or add another device later without rc‘

training all of thorn]-
111: Master Controller's lBM PC pro-

gram can also combine soles of infrared

“ “-1..-
I_ 'Il'af'flt LEAP"!!! l I

CIRCUIT CELLAR

signals once they are trained for their
rospoclivo tinnitus I can now use a single
Mastcr Controller button to turn on the

audio system. route thc oulpni to the lit-‘-
ing room. sclcct the CD playcr. mow: to
the third sclcctiun. and rcpcut it Elm-over.
Compared to other commercial coo.
trollors. tho Master Controller solvrostlr-r.

IP. rcrnotc plague hands down. Bccausc
it uses an cst—crnol computer for fraction-1]
modifications by the user. more man: is
nsailablo for its ultimate task. Instcod of

four rcmotcs. use Mastcr Controllcr can
ho trained to simuiatc tho Functions of 16

individual rcmctc controls con'iplctc with
descriptor: common: designulum't-

An [nfmnrd Introduction
Most infrared rcmotc controls are fimc-

tiona‘lly similar. Tho micrupmccssor in
the mm: mnlrollcrcrtotcs a Stream of

hits that is turncd into onfot'f pulsosof 1R
light Trim: an IR LED. An leciL-titive
phototliodc in the receiver turns the light
pulses had: into an electrical signal [from
which tlu: original bits can be extracted.

The [R LED‘s Fast onvalulvnt'f action

mics o cartior signal. Thccnrrier is lhcn
tut-nod on :lIIJll! or't‘tn lionn tin: individual

bits oftiic mcssngc. Each controller uscs
a difl'crrnl alrrior fi'nqurncy. .sotsdil‘finront
bit timings. and assigns different incan—
rngs to the: hits inthc massage. Tin: reflux-I
that controllers an: notoompotiblc is that
there is no stamina] for the Elam-cu of the

hits in the mossagc. Each rnanutatturcr

sponlts in a difl'crcn! languultc.
Th: Mastcr Controllcr sidcstrps this

pmhlem by simply recordingaml playing
back the infrared signals without attcntpt-
ing It} dumb: the messages. It's: just like

 
Photo I: Inc sir-burn»: Mortar Cimrrollrr con {triplicate roe firs-coon:
rifrhc H controllers show: in this Emile/ground.

ll-l fi‘rrF. v {Haiti-I m7
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a tap: recorder. 'tiau can rccord English.
Russian. and Spanish on the sans: tape
because this]; all occupy the some {reducti-
cy hands. and you don't tum: wonderment]
Ihc ianguagcs to play thorn tacit.

This schotno works bosons: of: limitod

mtg: nl'dzitiarenccs in the 1R signals. The
controllers l‘uc toslrd had turrior fr'roucn-
ties ranging from Flinn-13 kilnbcrm Each
message bit has helm-con 1E] and 3H ca:-
rior cycles, and thorn: use two dilluront tnrv
ricr modulation systcms: pulse-uidth
modulation and poison-tuition modula-
tion. Last month I citplaincd. pulse-width
modulation. Pulsc~position modulation
works by determining the time whcn a bit
nccurt- rclntitn: lo a fixed starting point.

The Heart of the Master

An lot—cl 803E single-chip microprocessor
running :1 program stun-ct! in a 56-1
EPRGM directs tin: opcralion of tho rest
of the circuitry. [Sou photos 2 and '5 nod
figure I.'l The menus and ER signals arc
stored in a sotglc '32s:- by“: hungry-hushed
static RAM. Tho uscr intcrt'acc consists

ofu him-lino LCD and n :sisvbtitton lary-
pad. Tin: keypad it citltcr a-simplc mons-
bronc man-i1 or individual toys nrrnngcd
in o malt-I1 Il‘uit is: scanned l‘nr the 303].

This ulimina‘tcs tho mood for a key-Mord
encoder. Two keys each arc used [or
device and function upldov-n scrolling on
tile LCl}. A fifth button. [Jo ll. croutons
the douicci'function command appearing
on the display. A sixth button. team. is
used for training.

The LCD has Eucharuflrs on each of

two lincs. The intorfacc to it rcquirc-s only
six. wlrcs: [our dola bits. um: liming
strobc. and a n addrcss line. The displays
internal cltnrrlctcr gcncrntor converts
ASCII data into charactcr dots. so the

303% :an communism-c dirostly in ASCII.
A TIME ohmodiodc converts the IR

signals [rum other remote controllers in-
to adisccrnililc logic signal- Becausc the
Master Conlmller am! the remote are

placed closc togctltcr during training,
thorn is no need l'ur the suphul'ioltcd
signal proccssing that‘s required Iodctcc!
nook 1R signals across n room. The
Master Controller pilotodiodc circuitry
was designed to tit-cop! strung IR signals
only. 'tiJu should position the rumo-
comr-ol unit within :1 Eco: inchcs of Ihc

Muster Cimlrnlicr's plmlcxlaflc. If it's tm
liar may. the Moder Controller will ""scc
nothing. If it's too close. the Mostcr Con-
trollor Will rccciirc :- distortutl signal. A
little experimenting with each controller
mil locate the contact glamour).

An LM3ll comparator ton-crts tin:
photodiodc input signal to o ‘T‘l‘l.—lc\'el
signal. A Til—Slum shift register sample-s
the output from the LMBlI at a t-mcg.»
inc-rt;- rate and CflIWE'L‘I the data into

f 
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parallel rormat. ilic 8EDm re3Ch ~he shift 
t't;!si~t~r every S 1tl~to~oo1t<~ 'o\lhHe it is 
l~.":arning a oow IR signa~ . This. dal<J is 
~rore:d il'l RAM for later a oaly$is. 

At the trarmniuing end, the process is 
re.\~11'.$(;.;1. i\hhl.)!.!~l rt.~ 8031 js, o!l f<!J.-t4 
rrnicroproccssor. it cannct gcncra1c b<Mh 
I he carrier :~J~rJ lui~ tli1M_g of ~r.e ~R ~gR<l~ 
inst:mt.srooot.tSl)'. 1b 1ight~n the processing 
overh~:~d. ;1n 8254 pTO!Iirfl nmi:~ble ilite:r·~ 
val timer contrails. tftc IR carrier frcqucn­
C:)' :~~ dur)' ey¢le :1$ w~la :1$ rhe .;JuriliE.!)I~ 
ofc-ach rn..cssagcibit. Tlrlc SOli scls up the 
8254·~ r<:~ist(:~Q ior ·t:<:!cll bi I or I he I~ 
message-. 

.1-\ poitt of'fiU.9 intrnwd l...EOS pi"()<J.\Jt:e 
abe lR sigool. Bec-au.~c 1he ltu maiH!ye calli­
not :st.X: IR Jig_ilc, 11 ... isabte LED is t:<m· 
~red In ~r~~lel as ~., indi~roJ. i-.e 
LIF..Ds arc sv..itdlcd by .a frcJd-crfcct tJafll­

$isa(ll driwt~ t.y :'1 s~Jt4~rd los!¢ gale. 1'11(! 

.f'iET i;s on efficient way co inlcrmcc Logic 
:levels whll te:ll-wnrtd c:l'~viL:le~ I.J¢C11us~· i~ 
d ircciEy •rBllsJa@cs an illpttt v.oltag~ into :an 
0\JI P•ll Clltrell'lt , 

P~w>er 
J\y~'¢1 ~ a1l impofital'lt cort:~idera1Eru! im ::tn'l 
lba1tcry~rated dcvi~;e. The Master Con· 
1 m1ler. wa~desi.g,ned to use eiJfleri'4LS o.r 
NHC device$ at S· ~Ls. The 5 V ill de­
!l'wed flf(lru it 6-V b,1nery ( fQur Ai\ cells) 
using 1t :ope.ci>nl low-dropouc vcllag,!.:: 
,rcgulat()l". \\o'lt ite: LS take~ oonst..:~etably 

mc.Ne pow-er Ilion HC, the duty cydc .is 
!km. Tll.e Man.ar CotltroUe:r n.:ted ()Illy be 
powt.:rcd up long,cno.ugh to li~ cllle device 
.and li.ir~.etioo .ar)d pre~ Do II. h .ca.n be 
sn11t aff afterward_ Admiucd1y, i could 
h:Jve :sqJ<:nl mort: Citil~: ~veioping attl()o 
mntic power upldown circllitry, but iL 
'·'·ould l<1..~ cmmptie:tte1t the (f.esiSJl au~·m 
added m.orc sofw.nrc.. Fcature-spccifLC c:ir­
<:uit !i!ilwing ""''~II h;Jve w wait. 

T!it:lllllig the power on :lllld of£ is not a 
ptd!!¢nl!- 'fhe S{l3t's S)'tl~e•l' sofiware Is 
-contained in a 2764 EPROM, alld lhe 
C .CD :~1•\3 tR. ~I;) ;m: ~;unt ~ined il'l battery· 
backed RAM. The memO'!)' is a 32 K b)' 
8-bit sta~ low·po•"-erCMOS RAM chrip. 
The bac-l;up c-ircuit consists of two 3~V 
1tt h i1.m' uiJ.W:Jles. an.<J a Oalla::~ Semi¢()11• 
due-tor OS!210 baLrtcr)'-bockup con,rollc-r 
chip. 1!1~(: DSI210 :te1L"ll!$ loos of tl1e. + 5.J.I 
~uppiy vallag,c .and autom1uica lly wrirc­
prO!.e!;!t$ 11t~ ~.1\~·c as it ~""' irehes :pow~ II' U) 
r1hr: b~cwry. Thl: ~et.:omJ battery ~ ~ n~ces~ 
sary only if the first amc mils.. 

Signal Proc..'S&ing 
.'\s. jiOI! can !';CC: f10m IJ1c scl~t!ma1ic i111 
figure ~, moot oi chr: ,\'Ea~lcr Coni wllcr'$ 
fuoctioos:LrCdooc in software. It's \''OJth­
whlle •o !(!..ot< flflllte d~~ly at 1l1e J' f(!(:l!S$­

ing r~'Ltli red !Dr lht: h:-.nrmng a11d repro• 
ductiott or lflc IR signals. The IR carrier 
freqttei'IC)' is ab(lut .m rc;u ..... glvius a 

CIRCUlf CEL l.A R 

period of abour25 ~tS.. The pa11kular fro­
<LtJe .. t>• IL~~tl b)• a 1;011~1N>lte r a-.~~ be 11~­
wrod pro.~ly bocoa~ cacll mkrw...ooond 
of eri'(it' dt:lll1~ ttu~ repi'OOu~;ed fteql.iett­
<:)' b:r· a boot 4 JI'-"Trenl. W!Ule thi!i doesn' t 
~ur~cd like i'f14!eli. w!fle;~l rile Maste.t Con­
troll'cr reproduces dllc IR signal. mhc 
re .. ~i\lt:r cOJ,Qid 00l11pl~te ly iglt(),n: ic. '!'ht: 
reason for tliis is tho~ the IR roccivers ill 

consumer clccrronk gc.ar must dctc.ct faint 
I:R si~11uh:. 
Gcn~a!Ey, tne rooeivers use a phrur::.­

loc-L::cd loop, runed ro 1hc remote unit's. 
<:arri::l' frequeJK:y, 'IRe: PLl ccm handle a 
LO ro '20 pcrce:m frequency c.rTor •. but t'M: 
design margins include errors due co 
rent pe~ltare. 'f()lt:.-.g.e. 3nd oll~t cff~t!l 

•·,mrllal«d 

PfWtc) 2: Componem sid~ of tile ftfasJer Cofll'rolltr. sfw, .. ·ing #l~e 2164 EPROM 
wrd 8031 CPU ft'tmr¢r li!ft wrtl rig~j. Th~ tJMkup hatrt:rii!~ urlli D.r1ll0!. 
SemiCOJrdocror DSJ2i0 battery contrafler 41n irl tilt~ bottom cel'lier wrd n"gi'N~ 

P()o4() 3: ~ crdr. side of~~~· Mu.Jt.cr Crmrr<dlcr sl~t;win8 II~ 2·1ir~r; 
by 2tJ-cltara'Cter LCD aJtd !ix conJr.ol IJiltums. 

MARC A 1'13i • R 1:' T E 11.5 

Universal Remote Control Exhibit: 1004 Page 000003

 

parallel format. The Still reads the shift
register every El Interns-cumin while it is
learning a new IR signal. This data is
stored in RAM for later analysis.

At the transmitting end. the process is
teturscd. Although the 303! in :t Em
microprocessor. it cannot generate both
theenrrierimd hit timmg afthe iii signals
instantaneously. 1i: lighten the processing
warhead. art 3154 programmable inter-
tltti timer controls the IR carrier Frequen-
ey and duty cycle as well as the duration
ofeaelt message bit. The- 3031 st:ts up the
325-135 registers for each bit of the [it
message.

A pair oF'I'Il.3-9 irritants! LEDs pnxhto:
the IR sign-3|. Becauscthc human-eye cart.-
nol set: IR light. it Visible LED is con-
rteetett in parsilul as an indicator. The
LEDs are switched by a field-effect tran-
titto: driven by a amtmrtl logic gate. The
FET is an efficient any to interface logic
levels. with real-world deviates: Immune it

directly.r translates an input voltage into an
output current.

Power

finger in an important cotuidcration in any
battery-operated de-vtrc.'1’lte Muster Con-
troller was designed to une either TI'IILS or
NHC devices at 5 volts. The 5 \t is de-

rived from a t'i-it' battery {four Mt cults]
using I: special tow-dropout voltage
regulator. White LS takes considerably
more power than HE. the duty cycle is
letw. Tit-e Master Controller need only be
powered up longenonglt to set thodcvior:
and function and press Do It- It can be
shut off afterward. Admittedly. I could
have spent more time (Ewing-ins: auttt~
mutt: power uptdown circuitry. but it
would Islam! cmnplimtcfll the deaign and
added more software. Feature-specific eit~
our! tailoring wall have to wait.

Turning the power on and (:th is not a
pmttient. The fiflfil‘s nit-stem software is
contained in a ”21'64 EFROM. and the

LCD and IR thtanre contained in battery-
booked RAM. The memory is a 32%: by

3-bit static moon‘s-tr CMUS RAM chip.
The baeitup circuit consists of two 3*"
lithium batteries anti a I'ZIttlIas Semicon-

ductor DSIZIO benefit-backup controller
chip. The DSIEID scares lane of the +5-‘u'
auppiy voltage and automatically write-
pmteets the RAM at: it switches: pow-crux}
the battery. The second buttery is neces
sary only if the first one fails.

Signal Protesting
As you can see from the schematic itt

iigurt: [. mm! ofthe. Master (hnlrollcr's'
funetionsarc done insoftwarc. It's worth-

whileto limit moreeltstely at the process-
ing required For the learning and repro-
duction of lite IR signals. The IR carrier
frequency is about at] kit-.2. giving a

CIRCUIT CELLAR
 

period ofabour 25 as. The particular fre—
quency unetl by a controller mm}! he mea-
sured gifts-risen.r oceans-emit mierosocortd
of error oranges the reproduced frequen-
cy byaboutti percent. While this doesn‘t
mun-ct like much. when the Hunter Cort—

trollcr reproduces the IR signal. the
receivercoultl omnplctcly ignore it. The
reason Eor this is that the ER receivers in

consumer eleeuortie gear must detect faint
IR signals.

Generally. the receivers use a phase—
Ioeltcd loop. tuned to the remote unit's
carrier frequemy'. The PLL can handle a
It] to '21] percent Frequency error. but the
design margins include errors due to
temperature. voltage. and other effects.continued

 
Pilti‘lo 2: Consonant side of the Minter Cannons-r. showing the 2m EPRflM
tutut‘ 303! CPU {center It}? was! right. The markup batteries m! Mitts
Strait-ointment DSIEJ'G batters; contradict- are in the outflow center and right.
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I‘Ilfllfl 3: Ha emf? side of the t'l-ftts'rer Controller shutting the 2-iitttt
by ED-rttorocrer LCD and sit control buttons. 
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