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Put on your electronic

Sherlock Holmes hat and investigate
the output of your
infrared remote controls.

BARRY HAMILTON

THE CONSUMER ELECTRONICS MAR-
ket has become inundated with
low-cost pre-programmed in-
frared (IR) remote controls.
These can produce codes to con-
trol a variety of appliances, in-
cluding TVs, stereos, VCRs, and
cable boxes.

You can build an infrared re-
ceiver with less than $10.00 of
parts, and use any PC with a
parallel printer port as a kind of
digital storage oscilloscope to
examine the pulse train pro-
duced by an IR remote. The
knowledge you gain will allow
you to incorporate remote con-
trols in your next circuit design
project.

The receiver
Figure 1 shows a schematic of
the IR receiver circuit. The
heart of the circuit is MOD1, an
infrared detector module that
removes the IR carrier frequen-

¢y and transmits only the data
that is encoded in the received
IR signal.

A suitable IR moduile is avail-
able at Radio Shack (No.
276-137) for $3.59. The IR mod-
ule needs a clean 5-volt power
supply that is provided by IC1, a
7805 regulator. Power is sup-
plied to the regulator by 9-volt

battery Bl. The output of the
module is wired to a male DB-25
multipin connector.

Most infrared remote controls
encode data in the form of long
and short pulses of infrared
light on a 40-kilohertz carrier
frequency. This method is
known as pulse-width modula-
tion, or PWM.

The infrared detector module
receives a signal, filters it, and
removes the 40-kilohertz car-
rier. The output of the module is
a TTL-level signal consisting of
long and short pulses. The PC
records those voltage levels over
time, while the signal is being
sent, and stores the data in a
file.

The line normally used by the
PC's printer port to indicate that
the printer is out of paper (pin
12) is used in this project to ac-
cept data from the IR module.
The I/0O port is located at ad-
dress 0x379. Bit 5 corresponds
to input pin 12.

Various software programs
are required to let a PC store in-
formation input to its printer
port. (All of the software is avail-
able on the Gernsback BBS—
516-293-2283, v.32, v.42bis—
contained in a file called IR-
TEST.ZIP).

The source code of the first
program, IRLOG.EXE, is writ-
ten in C and shown in Listing 1.
The program stores the value it
reads from the PC’s printer port
into an array. When the input
line is logic high, the ASCII
character “1"” is stored in the ar-
ray. When the input line is logic
low, ASCII character "0 is
stored.
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FIG. 1—SCHEMATIC OF THE IR RECEIVER CIRCUIT. The heart of the circuit is MOD1,
an infrared detector module that removes the IR carrier frequency and sends only the

data encoded in an IR signal.



IRLOG.EXE is a simple loop.
The program reads the value of
the line, stores it in the array
storel], increments the array in-
dex X, and then waits a user-
defined time delay before re-
peating itself.

When the array is full (30,000
points), the program dumps the
array to a file and then waits for
a keypress to take another
30,000 points. Pressing the Es-
cape key terminates the pro-
gram.

The program does not try to
write values to disk while it is
sampling the infrared input be-

: CREATE "IRLOG.RAW"
READ PORT 0X379

CLOSE FILE

EXIT PROGRAM

FIG. 2—FLOWCHART OF IRLOG.EXE
shows how the program stores raw data
in afile filled with 1’s when no signal was
received and stretches of 1’s and 0's dur-
ing times where the infrared was re-
ceived.

LISTING 1
//This is IRLOG.C - Monitors OUT_OF PAPER Input, wites to file.
// () 1994, Bosry Homilton, M.SEE.

#indude <stdioh>
#include <stdlib.h>
#indude < conio.h>
#include <dosh>

int main (int argc, chor "arge{])

int timeDelay; //Usat Variable to adjust Port Sampling Rate.

intoop = 1; //Control For Sompling Loop, Set to Q by ESCAPE key.
int key; /1T store Keypress.

intx; J/huofRdex.

intz //Time Delay Counter.

int claData; //Stare Byte from Port.

int limit = 30000;  //Anay Limit,
int store[30000]; //Array to store Samples.
FILE *fp; //File Pointer For IRLOG.RAW Qutput.

it {orge 1= 2) {
printf{"IRLOG - Samples Pin 12 of printes port monitoring 1R Detector\n');
prntf("  USAGE: IRLOG TIMEDELAYAN');
printf{"  Like: IRLOG9GO\N");
printf(“The output file wiill be colled IRLOG.RAWAR");
anit(l);
'
chrser();
timeDelay = atoi{orgv{1]); //Note No Checking is done...

i  (fp=fopen(*IRLOG.RAW" "wb)) = =NULL) {
print("connot create IRLOG.RAW");
enit(2);

while (foop == 1} {
//Record Input Samples into Anay....
for (x=0x<limitx+ +){

cInData = inporth{0x379);

i {clnData & 0x20) 1= 0)

store[x] = 0x31;  //Store an ASCHI 1"
else

storefx] = 0x30;  //Store an ASCH "0

//Usex Selectable Time Delay between Samples...
forlz=1;z<timeDeloy:z+ +);

//Sampling is over, now time to save angy...

fpurd({.fp)

for (x=0x<fimitx+ +){
fputc{store[x],fp);

fputc(7. fo;

putch(');  /Misuol Progress For user...
sound(440); //Besp To denote End of Sampling...
deloy(20);

nosound();

key = getch(); /7Hit ESC fo Exit Program or any other Key to repegt.
if (key = = 0«18} loop = 0; //ESC exifs...
} //tnd of While foop = = 1

return{0);
} //<EOF> [RL06.C

MON SOIUOIBIT ‘GB6 L Isnbny
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LISTING 1
#/This is IRLOG.C - Manitors OUT OF PAPER Inpu, writes to file.
/7{Q) 1994, Borry Homilton, MS.EE.

#indude <sdioh>
#indude <stdlib.h>
#indude <conio.h>
#indude <dosh>

int main (int arge, char "orgv[})

int timeDelay; /Mser Variable to adjust Port Sampling Rate,

intloop = 1; //Control For Sampling Loop, Set to 0-by FSCAPE key.
int key; /Mo store Keypress.

intx /Aoy Index.

itz //Time Deloy Counter.

int cinDato; //Store Byte from Port.

int fimit = 30000; - //Awoy Limif.
int stare[30000]; //heay to storg Semples.
HLE *fp; //File Pointer For 1RLOG.RAW Output.

i arge 1= 2) {
printf{"IRL0G - Samples Pin 12 of printer port monitoring IR Detector\n');
printf(* . USAGE:  IRLOG TIMEDELAY\YY;
prntf{" - Like: IRLOG 200\W");
printf{‘The output file will be colled IRLOG.RAWAR");
ent(i);
}
drsarf);
timeDelay = atoi{argv1]); //Note No Checking is done...

if { (fp="open(“IRLOG.RAW" "wh")) = = NilLt) {
printf{"connot create IRLOG.RAWAR");
exit(2);

while (loop = =1} {
//Record Input Somples into Ariay....
for (x=0x<limitx+ +){

cnData = inportb{Dx379);

i {cinData & 0x20) 1= 0)

store[x] = Bx31; . //Store an ASCIE 1"
else

storelx} = 0x30; . //Store an ASCIl "0"

/MUser Selectable Time Deloy between Samples...
forlz="1z<timeDeloy.z+ +);

//Sampling is aver, now fime 19 save angy...

pute([,fo):

for {k=0Ox<limitx+ +}{
foutc{store[x}.fp);

foutc(Y. ok

putch("); " /MVisuel Progress For user...
sound{440); //Beep To denofe End of Sampling...
deloy(20);

nosoued();

“key = getch{); //Hit ESC to Exit Program or ony other Key to repeat.
if (key = = 0x18} loop = G; //ESC axis...
} //End of While loop ==

retum{0);
}//<H0F> IRIO6L

MON SOIUOLIB|T ‘G661 Isnbny
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cause the time it would take to
write to the disk would slow
down the sampling process.
Therefore the array is filled,
sampling is stopped, and then
the data is appended to file
IRLOG.RAW.

The program places brackets
around each array’s worth of

samples to delineate the begin- .

//This is IRGRAPH.C - Produces IRLOG.GPH From IRLOG.RAW
J/{0) 1994, Barry Ramilton, MS.E.E.

#indude <stdioh>
#indude <stdlib.h>
#indude < conio.h>
#indude <dos.h>

#indude <sting.h>

ning and ending of each subse-
quent sample. The flowchart of
IRLOG.EXE, shown in Fig. 2,
illustrates this process. The
program IRLOG.EXE stores raw
data in a file filled with 1's when
no signal is received and
stretches of 1s and O's during
times when the infrared is re-
ceived. A sample interval of the

LISTING 2

if (totalCnt < nLimif) {

shepy(s2,™):

stincat(s2,511, totalCnt);

output file IRLOG.RAW is
shown in Fig. 3.

To run IRLOG, enter the fol-
lowing form on the command
line:

IRLOG <TIMEDELAY

Where <TIMEDELAY is the val-
ue that will be used in the delay
loop between samples. The au-

fprintf{fpOut,"Yos\n" s2); //Print String of "1s.

else {
forintf{fpOut,"
1

J
total(at = 1;

| %04d 1 \n" totalCat);

it {inCher == ‘1" && lostChar = ="0% {

if (totalCnt < nlimit) {

strepy(s2,™;

void main{void)
HLE *fpln; //File Pointer for IRLOG.RAW Input File.
FHE *fpOut; //¥ile Pointer for IRLOG.GPH Qutput File.
int inChat; //Present Character refrieved from IRLOG.RAW.
int TastChor; //Used to compase the Character before with present.

int totalCnt = 0;

//Character Counter for runs of the same charodier.

int nlimit = 80; //iimit of Graph Siring. }
char s2{81}; J/String of "1117 or "000" fo be printed to IRLOG.GPH else {
fprintf{fpOut,”
chorsHff = "1+ NI+ 00T+ }
NN AN = 0nmn = totalCnt = 1;
}

chars10f] = "000000000-+-000000000 + 000000000+ 000000060 -+\ //==cs===s==s==

(00000000 + 000000000 -+~ 000000000 -+000000000 + -

if { {fpin="fopen{"1RLOG.RAW", ")) = =NULL} {
printf{"cannot open IRLOG.RAWAR');
return;

}

if { (fpOut="fopen("IRLOG.GPH","wh")) = =NULL) {
prinff{"cannot open IRLOG.GPH\R"):
tefurn; ~

while { {inChar-= fgetc{fpln)) 1= EOF ) { //Main Loop...

it (inChar. = = '0" &R lostChor = = @) {
totalCnf+ +;

}
if {inChor == "1' && lustChar = =1} {
totalCnt+ +;

iH{lostChar == "[) {* //Resets on Beginning of Sample..
totolCnt = 1;

}

i (lostChar = = 1) { //Resets on End of Somple...
totalCat = 0;

if (inChar = = '0' 88 lastChar == 119 {

stncat(s2,510, totalCnt);
forintf{fpOut,"%s\n",s2); //Print String of "0"s.

| %04d 0 \n" totalCnr);

if (inChar = = 7 && lostChar = =0} {

if (totalCnt < alimit) {

stepy(s2,";

stneat(s2,s10, totalCnt);

fprintf{fpOut,"Yos|\n" s2); //Print String of "0"s and ].

glse {
fprintf(fpOut,

totol(nt = ;

fmm=s=======

| %044 0] \n" fotolCa)

i (inChor == ] &8 lostChor = = 'T) {

if {tofalCnt < nlimif) {

n

strepy(s2,"™;

stmeat(s2,s11, otalCat);

forintf{fpOut, Y%s}\n",52); //Print Stiing of “1"s'and }.

}
else {
forintf{fpQut,"

totolCnt = {;

}

| %04d 1} \n" fotalCat);

fastChar = inChar; //Always update lostChar...

} //End of Moin Loop...

felose{fpOu);
felose{foln);
} /< EOF > IRGRAPH.C



SAMPLE INTERVAL IN IRLOG.RAW
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0000000000000000060000000F 111131 111111000000000000000001111311111111100000000000
000000000060000000000000000000006000000000000000000000000000003 11111111 111110000

FIG. 3—SAMPLE INTERVAL of the output file IRLOG.RAW.

thor found that a delay value of
200 works well for a computer
based on a 50-MHz 486 pro-
cessor and that a delay of 20 was
required for an IBM AT-class
computer. Those values will
vary with the computer used
and the particular pulse train
being analyzed. You can observe
the output generated by
IRGRAPH to adjust the delay
value.

The program IRGRAPH.EXE

ANNQTATED OUTPUT
FROM 1RLOG.FNL

Trigger/Address & Data

| 0065 0= 101010010000
| 0063 0=101010010000
| 0063 0=101010010000
| 0063 0=101010010000
| 0062 0=101010010000
| 0063 0=101010010000
| 0062 0=101010010000
| 0062 0=101010010000
| 0062 0=101010010000
| 0063 0=101010010000
{ 0062 0=101010010000
| 0062 0=101010010000
| 0062 0=101010010000
{ 0062 0=101010010000
| 0062 0=101010010000
| 0063 0=101010010000
| 0062 0=101010010000
| 2660 1]

FIG. 7—IRFINAL.EXE outputs charac-
ters to the file called IRLOG.FNL, as
shown here.

reduces the data stored by
IRLOG.EXE to a more conven-
ient form. It counts how many
1's occur in a row and reduces
them to an output of “nnn 1%s.”
The same is true for the number
of O's that occur.

To simplify the visual analysis
of the output data, IRGRAPH
takes those sequences of 1's and
O’s that fall between 1 and 80
and prints astring of 1's or Os to
create a bargraph. The source
code for IRGRAPH.EXE is
shown in Listing 2, its
flowchart is shown in Fig. 4,
and its output (IRLOG.GPH) is
shown in Fig. 5.

The output in Fig. 5 was ob-
tained from a One For All Uni-
versal TV remote set up for
manufacturer’'s code of 1111.
The example sampling recorded
the remote’s power button being
pressed.

The output starts with a trig-
ger pulse that is longer than all

other pulses. A series of long
and short pulses interspersed
with constant-width sync
pulses is sent after that. The
trigger has an interval of 65, the
long pulse corresponding to a
“1” has an interval of 34, the
short pulse corresponding to a
“0”has an interval of 19, and the
sync pulses have an interval of
12. There is a repeat time of 649
intervals between the bursts of
infrared.

Note that in this example, the
sync pulses are sent as intervals
when the signal is high. This
means the sync pulses use the
“mark" state versus the “space”
state. The mark state is consid-
ered the idle state, i.e., the value
output when no infrared sig-
nals are received.

The sync pulses can be con-
sidered as the rest times be-
tween sending data. Knowing
whether these rests occur dur-
ing the period that the signal is
logic high or low will allow you
to identify the data that would
be of the opposite state.

One last program, IR-
FINAL.EXE, shown in Listing 3,
reduces the data to a long pulse
corresponding toa 1 and ashort
pulse corresponding to a 0. IR-
FINAL.EXE examines the raw
data generated by the program
IRLOG.EXE.

The flowchart for IR-
FINAL.EXE is shown in Fig. 6.
The program counts the num-
bers of 1s and O's. If the count
falls within the parameters de-
fined as along pulse (MAXZERO
AND MAXONE) it will output a
1. If the count is less than MAX-
ZERO, it is considered to be a
short pulse and it will output a
0. These characters will be sent
to the file called IRLOG.FNL, as
shown in Fig. 7.

To run the program IRFINAL,
enter the following instruction

TABLE 1—QUTPUT DATA

BINARY (MSB FIRST) BUTTON HEX
Address Data Address Data
0000 1001 0000 Channel Up : 09 0
0000 1001 0001 Channel Down 09 1
0000 1001 0010 Volume Up 09 2
0000 1001 0011 Volume Down 09 3
0000 1001 0100 Mute 09 4
0000 1001 0101 Power 09 5

MON $O1U0A93|T ‘S661 1Snbny
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{//This is IRFINAL.C - Converts Row Data to actual address/dota code.
/7€) 1994, Bosry Homilton, M.S.EE.

#indude <sidioh>
#indude <stdlibh>
#include < conio.h>
#indude <dos.h>

#indude <stingh>

F#define MARK 1
#define SPACE 0

int main. (int arge, char orgv(])

FILE *fpln; //File Pointer for IRLOG.RAW input File.

FIE *fp0ut; //ile Pointer for IRLOG.FNL Qutput File.

int inChor; //Present Choracter retrieved from IRLOG.RAW.

int lastChor; //\ised to compare the Character before with present.

int totalCnt = G; //Character Counter for runs of the same choracter.

ff======== User Adjustable Voriobles.. = =======
int Maxlero; //Greatest refotive Time Inferval Of Pulse Considered o 07
int MoxOne;  //Greatest relative Time Interval Of Pulse Considered o "1,

int synchState,//MOSTLY SPACE. (heck By looking at IRLOG.GPH.

e

it (orge 1= 4) {
printf{"(RFINAL - Produces Address and Data Codes from [RLOG.RAWAR');
printf("  USAGE: IRFINAL M{ark synch)/S{pace synch) MAXZERO MAXONE\);
printf(" - {ike: IRFINAL M 25 40\n');
printf{"The cutput file will be-called IRLOG.FNI\A");
exit(l);

if (stremp{orgv{1]),"M*) = = 0) //Note Little Error Checking...
synchState = MARK;

else
synchState = SPACE;

MaxZero = atoi{prgv2]);
MoxOne = atoi(argv{3]);

if{ (fpin="open(*IRLOG RAWF ")) = =NUL) {
printf{"connot open [RLOG.RAWARY;
exit(2);

}

i ( (fpOut=fopen("1RLOG.FNL","wh"))= =NULL) {
printf("connot-apen IRLOG.FNL\"Y;
ext(3);

while { (inChor = fgete(fpln)) i= €OF ) {

if (inChar = = 0" && lostChar = = 0 {
fofalCat+ +;

}

if (inChor = ="' && lostChor == "1} {
totalCat+ +;

if {lastChar = = '[) { //Resets on Beginning of Sample...
total(nt = 1;

LISTING 3

}

if (lostChar == "} { //Resets on End of Sample...
total(nt = 0;

if {inChor == "0’ &8 lostChar == "1} {
if (synchState = = SPACE){//Count MARK (1) As T (tong) and O (Shor).

if (totolCnt < = Maxdero) {
fprintf{fpOut, '0%);
}

if (totolCnt > MaxZero 88 totol(nt < MaxOne) {
forintf{fpOut,"1*);
}

if {totolCnt > = MaxOne) { //NOTE: MARK is ALWAYS igle Stote!
fprintf{fpOut,\n| %04d 1 =" totaiCnt);
h

tofal(nt = 1;

if (inChor = = '1' 8 lostChor == 0) {
if {synchState = = MARK) {//Count SPACE {0} As 1 {Long) and O (Short).

if {totalCnt < = MaxZero) {
forintf{fpOut,"0";
}

if (tofalCnt > MaxZero &8 totalCnt < MaxOne) {
fprintf(fpQut,"1");
}

if {totalCnt > = MaxCne) { -
forintf(fpOut, \n| %04d 0="totolCnt);

totalnt = 1;

//Shows When Sampling Period Ended...

if {inChar = = |' 88 lastChar == 0} {
forintf(fpOut,"\n | %04d 0J);
totaiCnt = {;

}

if (inChar == 7 &8 lastChar = = "1} {
Tprinti(fpOut, "\ | %04d 1] totalCa);
totolCnt = 0

}

lostChar = inChar;

}

felose{fpOut);
fclosa{fpin);
retun(0);

} //<EOF> IRFINALL
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QPEN “IRLOG.RAW"
OPEN "{ROUT.FNL*
lasiChar = *

FIEE

| inCHAR ~ NEXT CHARACTER FROM IRLOG.RAW |

inChar = lastChar?

Yes

totalCnt « totalCnt + 1

inChar = *1*
AND
lastChar = "0"7

inChar = "0~
AND

lasiChar = "1°?

SYNCHSTATE = SPACE?

SYNCHSTATE = MARK?

tolaiCnt < MAXZERO? totalCnt <« MAXZERO?

FPRINT "0" FPRINT "0~

totalCnt > MAXZERO
AND
totalCnt < MAXONE?

fotalCnt > MAXZERO
AND

fotalCnt <« MAXONE?

FPRINT "1* FPRINT "1*

totaiCnt > MAXONE? totalCNT > MAXONE?

Yes Yes
| FPRINTF "I nn 127 FPRINTF "l nn 0=
totalCrt = 1

FIG. 6—IRFINAL.EXE FLOWCHART. This program reduces the data to a long pulse
corresponding to a 1 and a short pulse corresponding to a 0.

on the command line: Note in Fig. 7 that since only

one key was pressed, the code
IRFINAL M/S MAXZERO repeats itself. The example re-

MAXONE mote control sends 12 bits at a
where M or S is mark or space  time.
sync state, MAXZERO is the Other remotes typically send

maximum data lengthyouwant 12 to 15 bits. Many manufac-
to be a Data 0O value, and MAX- turers precede the data code
ONE is the maximum data  with anaddress code, and most
length you want to be a Datal  send the least significant bit
value. first.

inChar = )"
AND
lastChar = "0"?

lastChar ="1"7

Yes
FPRINTF "I nn 1a]*
TotaiCnt = 0

Yes

Yes

TotalCni = 1
lastChar = inChar

END OF “IRLOG.RAW"?

Yes
CLOSE FILES
EXIT PROGRAM

Some remotes send the infor-
mation twice with each key-
press, sometimes inverting the
repeated data. Some use a
checksum for error checking.
Many send the pulse train once,
and then wait and send a spe-
cial code meaning “repeat last
command.” The data in Table 1
was generated for the one for all
universal TV remote. Q





