[Infrared transmission LED version]

Smart Remote Controller
production

« Understanding Infrared Transmitting LEDs and Transistors

* Program the remote control signal (38 kHz modulation)
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1-1. Overall flow of Smart Remote Controller production

No ltem Content Hard Soft Note
. Overall flow, system configuration, items used,
1 Overview : . - -
reasons for selection, development environment, etc.
5 LED Learn the basics for beginners. We will make "L blinking" O O Delivered in
that lights up and blinks the LED. another video
. Description of infrared receiving sensor
3 Infrared receiving sensor : .
& Schematic to Wiring, Software O O
Infrared transmission LED description this time
4 Infrared transmission LED . . .
Schematic to Wiring, Software O O this video
5 LED operation with We will create software to operate the LED with ) O
smartphone(at home) smartphone. (Web server function, SPIFFS operation)
5 Remote control with We will create software that to operate the remote control O Delivered in
smartphone(at home) with smartphone indoors. (Button name, signal save/read) another video
5 Operate from outside We will create software to operate the remote control with ) O

And Al speaker cooperation

smartphone from the outdoors, and Al speaker cooperation.




1-2. List of Parts

Can be downloaded

NO ltem quanti Image ltem URL(Japanese Shop) Price(yen) Note
ESP32 ESP32-DevKitC-32E o _
https://akizukidenshi.com/catalo
1 development 1 ESP32-WROOM-32E /o /oM -15673/ 1600 19Pin x 2 rows
g/g/gM-15673/
board development board 4MB
) Breadboard . Breadboard 6 hole plate https://akizukidenshi.com/catalo 460
6 hole [EIC-3901] EIC-3901 g/g/8P-12366/
4 Carbon resistor o )
,,-‘ https://akizukidenshi.com/catalo
3 Resistor 10 Q 3 /,w (carbon film resistor) /o /oR-07795/ 100  |Forinfrared transmission LED
g/8/gr-07795/
1/2W 10Q (100 pieces)
Carbon resistor o ]
https://akizukidenshi.com/catalo
4 Resistor 200 Q 2 /ﬂ' (carbon film resistor) Ja/oR-07807/ 100 For green LED and transistor
g/8/gr-07s0//
1/2W 200Q (100 pieces)
‘ 3mm yellow-green LED
74 y & https://akizukidenshi.com/catalo _
5 Green LED 1 / 570nm 70 degrees Ja/e1-11637/ 10 For status display
g/g/gl-1163//
OSG8HA3ZT74A
. Infrared remote control receiver o )
6 Infrared 1 dul https://akizukidenshi.com/catalo 100
module
receiving sensor \ g/g/gl-04659/
. OSRB38C9AA (2 pieces)
Infrared 5mm infrared LED 940nm https://akizukidenshi.com/catalo
7 o 3 . 100  |Forinfrared transmission LED
transmission LED OSI5LA5113A gray (10 pieces) g/g/gl-12612/
Transistor o .
’ https://akizukidenshi.com/catalo
8 Transistor 1 2S5C2655L-Y-T9N-B Ja/e1-08746/ 130 [Forinfrared transmission LED
g/¢/¢1-06746/
50V2A (10 pieces included)
i Bread board . Breadboard jumper wire https://akizukidenshi.com/catalo 300
Jumper 14 types x 5 g/g/gP-02315/
total 2,900 | Postage +500 yen required

from the Hobby-IT site
<<Overview>> page




1-3. the development environment “Arduino”

We will use Arduino as the development environment.

MicroUSB
Cable

fritzing

ESP32 Development Board P C (Windows/Mac/Linux)

[ Arduino Official site]
https://www.arduino.cc/
Downloadable



https://www.arduino.cc/

2-1. Infrared transmission LED

The infrared transmission LED "OSIS5LA5113A" is available

with a forward voltage of 1.35V and a forward current of 100mA.

@® “OSI5LA5113A” Data Sheet

Infrared

(A kind of electromagnetic wave,
same as light)

sAbsolute Maximum Rating {Ta=257)
Item Symbaol Value Unit
DC Forward Current I 100 mA
Pulse Forward Current#f I 1000 mai
Reverse Voltage Vi 5 v
Power Dissipation Po 180 MW
Operating Temperature Topr -30 ~ +85 C
Storage Temperature Tatg 40~ +100 T
Lead Soldering Temperature Taol 260°C fSsec
1 # Pulse Width = 100us, Duty = 17100 1
S R
sElectrical -Optical Characteristics (Ta=25"C)
Item Symbol | Condition | Min. | Typ. | Max. Unit
DC Forward Voltage® VE [r=100maA - 1.35 1.6 b
DC Reverse Current Ie Vr=5V - - 10 [T
Peak Wavelength*z Ap [i=50mA - 940 i
Radiant Power®a Po [=50mA - 12 mW
Radiant Intensity*s Ie [r=50mA 35 35 mW/Sr
50% Power Angle bz [=50mA - 15 deg

*1 Tolerance of measurements of forward voltage is +0.1V
*2 Tolerance of measurements of peak wavelength is Inm

*3 Tolerance of measurements of Radiant Power is +15%

*4 Tolerance of measurements of Radiant Intensity is +15%

\: Forward voltage: 1.35
VForward current: 100mA

THE ELECTROMAGNETIC SPECTRUM "1

Micro- Infrared Visible
Radiowaves waves radiation Iight

Ultraviolet

X-rays Gamma-rays
A\

X3

/
mn|uu|nn|uu| |IIII|W

103 10 -5 107 10 =9 011 013

*1: https://k-comfort.co.j p/post-knowledge-infrared-1/

ANODE CATHODE

[caution]
The longer leg is the anode
and the positive is wired.




2-2. Remote control signal

0 and 1 of the remote control signal are represented by lengthening the time of HIGH or LOW.

The actual transmission signal is modulated with a 38KHz signal.

/

3 times the 0 signal
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(LOW/OFF)
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* About 13 pSec
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[Infrared frequency]
Frequency: 310-320 THz

Wavelength: 940-950 nm
(modulate this infrared with a carrier
wave)

[Modulation reason] (assumed)

- Increase the maximum output
and increase the distance

- Reduce the influence of noise

- Lower power consumption

- Prolong the life of the LED



- -
2-3. Resistance value calculation (for Ir LED)

If the resistance value is small, the LED will be damaged, and if it is large, the remote control will not be able to reach

the distance.

Since the signal is turned ON/OFF, a resistance value of 10 Q is used as the forward current that is constantly applied.

@ Resistance value calculation

Forward voltage: 1.35V
Forward current: 100mA

\A
R1

A1
50V — 135V

100mA

36.5Q

@ Consider signal ON/OFF

R1 LED

Forward Voltage:1.35V
Forward Current: 100mA

5.0V

|
|+

*1: Assuming that the numbers
of 0 and 1 bits are the same

If signal 1 is triple length
of 0, 4 outkof 6 are High *1

A 3 IS S BN > /3 HIGH time
| E—— -| - -I—_-i SR 0N average
) 1 signal " 0signal

Duty [Overall percentage of HIGH(ON)]
2 1

O : O
6 3 38KHz modulation, 3
so1/2

Calculated as an average of 100mA, considering signal ON/OFF

1
E) 3650 x — = 100
3



2-4. Transistor

@ Transistor

emitter

collector

base \

@® Transistor base resistance calculation

“2SC2655L” Data Sheet

bigg -l

1000 R Rk
Common Emitter]
£ 5 V=2V
= 1
g 3 Tu=25°Cl[Ta=100°C
a .
R — S
a 1
5 T
9 T,=-55°C
a
3
1
0.01 0.03 0.1 0.3 1

Collector Current, lc (&)

Amplification factor hFE is about 100 times

@ Transistor operation

collector

s

base 4

emitter

<Transistor specifications>
Base- Emitter Saturation Voltage (VBE) : 1.2V
DC Current Gain (hFE) : 100

[Resistance connected to the base]
(1) Current you want to pass through the infrared transmission LED

[current between collector and emitter]

= 100mA (forward current) x 3LEDs x 3 *1 = 900mA
*1: In consideration of PWM, it flows three times instantaneously.

(2) Current you want to flow to the base

900mA / 100(hFE)=> 9 mA
(3) Resistor installed on the base

(3.3V-1.2V) /9ImA =0.23KQ = about 200Q




3. Circuit diagram

By setting 1023 of ESP32 to OUTPUT and passing current through the base of the transistor,
the large current flowing between the collector and emitter is controlled to turn ON/OFF the

infrared transmission LED.

Resistor Infrared LED
10Q

ESP32-DevKitC AAA

10Q

I
5V AMN\- B
I

2000 collector

GPI032 4\/\/\, Transistor

emitter

GND




Note) The LED and infrared reception sensor have

4 . Wl rl n g d |a g ra m already I_:>een wired in the_ previous video,

so we will wire them additionally.

QN9 £201220100X1 00X4TZ01 AND6TOISTON SOILT
‘el 1T I T RRRRRYRY '

/i

TINENRNRNR

\ EERRRRRENRRENR
‘ 3Vv3 EN SVP SVNIO3410351032103310251026102710141012 GND 1013SD2 SD3 CMD 5V
e o ® © © ®© © © © © O © ©  © © © o o o 0

s

SWme 10 11 1272 3

18 19 20 21 22 23 249 @ 26 27 28 29 @

fritzing



5 _ 1 S ft Note) Since we have learned the basics in the LED section, we will
. O Wa re understand the software part related to the infrared transmission LED.

&) IrSend | Arduino 1.8.18 — O X

Eile Edit Sketch Tools Help

IrSend§

ff'l.l.A.A.A.A.A.A.A.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J11111111111111111111LLLLLLLLLLLLLLLLLLLLLLL
2|/ Ir Send Ver2023.l.22
3 fFf Arduino board : ESF32 (Arduinc core for the ESP32) by Espressif Systems wver 2.0.6

4|// Written by IT-Tarc
ff.l..l..I..I..I..I..I..I..I.J.J.lllJ.J.J.lllJ.J.J.J.J.J.J.J.J.111111111111111111JJJLLLLLLLLLLLLLLLLLLLLL

7 const byte IR 3 PIN = 32; J4 Transmission control with GPIO3Z2 Set here the remote Control Slgnal acqu”-ed by the

8/ 5et transmission data

9 unsigned short irData[] = { 303,171,...(omission)... 43,44 }; // ### [Data rewrite required] ##f <— infrared receiving sensor during electronic work.

11 // Initial settings at startup
12 |woid setup() |
13 Serial.begin (115200} ;

_- sq_arial.r:inzlnﬂ: - Setup funCtion
;2| pimModelTRA_FIN, OWIRULI: L Starting the serial monitor and I032 output settings
17 /f Execute functicn to transmit infrared Execution Of the infrared transmiSSion funCtion ”ir’SGI’]d"

13 irSend ({);
15 Serial.println("SndOK™) ; |

2 |void loop() { Loop function
sy No processing

[ I G o R

[ Infrared transmission processing
viold irSend () {
ff Local wariable definition

[T R S S T )

G unsigned sheort irCount = 0; // Number of HIGH and LOW signals
30 unsigned long 1_now = 0; S/ Hold transmission start time
31 unsigned long sndt = 0F f/ Elapsed time from transmission start
32 ff Calculate the number of HIGH and LOW signals
33 irCount = sizecf{irData) / sizecf(irDatal[0]):

Ff Mermidva rramomioodinam orzrr rimo

Wodule, FTDI Ad



5-2. Software

&) IrSend | Arduino 1.8.19

Eile Edit Sketch Tools Help

7]

N N S
1 o Ln W

Al W L e

R LA LA n
=T

IrSend &

26 |/ Infrared transmission processing
vold irSend () |

// Local wvariable definition

unsigned short irCount = 0; // Number of HIGH and LOW signals

ff Hold transmission start time
unsigned long sndt = 0; f/ Elapsed time from transmission start
// Calculate the number of HIGH and LOW signals

unsigned long 1 now = 07

// Acquire transmission start time

1l now = micros({):

// Loop for the number of signals 0 and 1 with a For statement

for {(int i = 0; 1 < irClount; i++) { - get duration
/f Calculate signal end timE from -tranami:
sndt += irData[i]; 4— —
do |

// If "i" is an even number, the inf Transmit infrared signal when HIGH

(Transmission stops when LOW)
Continues for 13 psec

microWait (13);
// Transmit at carrier frequency 38
digitalWrite(IR_5_PIN, 0);

// Transmitting with ON time at rr
digitalWrite(IR_5 PFIN, !({iel}); I

Stop sending both HIGH and LOW
microWait (13): (for 38KHz modulation)

// Loop from transmission start to sig CONtinues for 13 psec

} while (long({l_now + (sndt * 10) - micros()) > 0);

unsigned long waitStartMicros = micros();
/f Loop processing (wait) with While until the specified microseconds have passed
while {micros() - waltStartMicros < wailtTime) {};

e, FTDI Adapte

fault HMB with spiffs (

=l

Do and while statements
= repeat for the duration of
HIGH and LOW.

e 1, Care 1, No

L. Declaration of variables to use

Repeat the For statement as
— many times as HIGH and LOW.

Wait processing in psec units
1

isabled an C



5-3. Software

. 47 46

303 {171} 41 |

)T\* """" bid-- = Bidbiarien,

@ Data acquired by the infrared receiving sensor (time interval between HIGH and LOW) I| L ] | | |
1 2 345 -+ 83

unsigned short irData[] = { 303,171,47,41,46,41,46,128,46,128, - - - (omit) - - -,44,43,44 };
1 2 3 45 67 8 9 10 - (omit) =--- 81,8283 = 83HIGHsand LOWs

@® number of HIGH and LOW

irCount = sizeof(irData) / sizeof(irData[0]); Get numbers separated by commas. In other words, : 83
the number of HIGH and LOW

@ Infrared transmission LED control

. . : "i" is processed in order from 0 to (irCount-1).

digitalWrite(IR_S_PIN, !(i&1)); . . . . . s :
g (IRS_ (i81)) “i&1” is a bitwise operation, and since it is an AND operation,

even numbers are 0 and odd numbers are 1.

0: no infrared transmission

: : and . . and
1: Infrared is transmitted binary ofi X x X x x x 0 binaryofi X X X x x x 1

binaryof1 000000 1 ™= O binaryof1 000 0 0 0 1 = 1

“1(i&1)” inverts the above, so even numbers are 1 and odd numbers are 0.
Therefore, it will be sent when the number is even and not when the number is odd.
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