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ARDUINO IR LEARNING REMOTE CONTROL 
Document Version V1_01  10-12-2020 

1 INTRODUCTION 
 

This project is an ATmega328P based learning remote control such as are used for multimedia and other electronic 

consumer devices. The design supports 15 programmable buttons (extendable) and should support most IR 

protocols by accurately copying the IR signal, that is the carrier frequency, carrier bursts and pauses, from existing 

remote control units. It has been tested up to 100 kHz (CPU Clock rate 16 MHz) which well exceeds the 

requirements of most IR systems which are usually fixed in the range of 30kHz to 56kHz. It should also have 

sufficient capacity (around 700bits / 85bytes per capture) to handle even the very long IR code sequences used, for 

instance, by some air conditioners. 

 
Figure 1-1 Naked Uno Shield Version 

 

It has a special feature in that it does not use one of the standard 

IR receiver modules, for example from the Vishay TSOP range, for 

initial signal processing but simply uses its IR emitter LED also as 

a receiver using its photo voltaic effect. This imposes high 

resource requirements on microcontroller because it has to 

handle the signal at the carrier frequency level (i.e. not 

demodulated) and means that the standard Arduino libraries for 

IR signal processing cannot be used. It also means that some 

interesting programming techniques were required to process 

and compress the IR data in real time. 

 

The specification of the device, including the user interface, is based on a low cost commercial learning IR Remote 

device, the Chunghop L181, but with improvements to the data stream capture capacity and number of stored code 

sequences. The project idea came from an Arduino forum thread [Ref 1] where the initiator provided some detailed 

analysis of this product, including a schematic diagram and selected eeprom dumps from it.  

The device can also be operated in a “scope only” mode, where it dumps the raw received data, that is the IR carrier 

frequency and each mark and space in the IR data stream in units of microseconds, to the serial console for analysis 

and possible copying into another application. It has been built as shield for a low power configuration Arduino 

Uno clone. The component count is small, so the design is amenable to significant miniaturisation.  

I found the project a very valuable learning experience, especially in pushing a relatively low performance MCU to 

its limits, trying to match the specification of devices with Application Specific Integrated Circuits (ASICs) or 

special IR specific peripherals using just a general purpose 8bit microcontroller. 

All code and schematics are provided to enable any interested readers to duplicate this project. 
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2.1 ABBREVIATIONS 
 

ASIC  Application Specific IC 

Brownout A system shut down triggered bay a low voltage threshold event. 

Carrier Burst  Carrier Burst. The period during which the carrier is transmitted. 

Duty Cycle         The ratio (%) of the wave mark time to wave period (mark plus space) 

EEPROM            a non-volatile storage IC 

IC   Integrated Circuit  or Input Capture (depending on context) 

IDE  Interactive Development Environment 

IR  Infra-red 

LED  Light Emitting Diode 

Mark  The on part of a wave. It can also refer to a carrier burst 

MCU  Microcontroller Unit 

PCB   Printed Circuit Board 

photo-voltaic   A source of current generated through light. 

RAM    Random access memory (volatile) 

SMD  Surface Mount Device 

Space  The period between marks when no carrier (pulses) are sent 

TSOP  A class of IR receivers/demodulators such as the Vishay range 

USB  Universal Serial Bus 

USBTTL a device for interfacing a USB connection to a serial port 

 

2.2 ACKNOWLEDGEMENTS 
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3 INFRARED GENERAL 
 

Infrared is a commonly used medium for the short range remote control of electronic devices. Infrared rays are 

emissions in the electromagnetic spectrum and are below the level of visible light so are less susceptible to 

interference from ambient light sources. They are simple to generate and receive with basic electronic 

components. 

 

3.1 INFRARED ENCODING SCHEMES 
 

There are numerous systems for encoding IR signals for short burst control signals. However, the main ones in 

common use feature a fixed carrier frequency in the range of 30 to 56kHz and the data is encoded by switching the 

carrier on and off for periods depending on the protocol and data transmitted. Generally these encoding schemes 

result in small number of permutations of carrier on time and carrier off time in a data stream. It is this feature 

allows a learning IR device to store a compact representation of the data without decoding it in real time. 

 A large amount of information is available on IR as a data medium and the following is just a  selection of the  

material available for  detailed information about the main protocols and how to interpret them.  

[Ref2]  Vishay – Data Formats for IR control 

 https://www.vishay.com/docs/80071/dataform.pdf 

A basic discussion of the data formats for IR remote control, including a general introduction and a more specific 

focus on RC5, NEC encoding, and a continuous serial standards. A comprehensive list of known protocols and 

selection criteria for Vishay IR receivers is included. 

 

[Ref3]  Vicky G – Infrared Protocol Primer 

http://www.hifi-remote.com/wiki/index.php/Infrared_Protocol_Primer  

A comprehensive an well structured introduction to IR protocols, with examples supported by extracts from 

analysis tools. It includes a discussion of the IRP notation, an infrared protocol description language. 

 

[Ref4-a]  Adeline Mercier -  Universal infrared adapter for air conditioners 

http://uu.diva-portal.org/smash/get/diva2:910960/FULLTEXT01.pdf 

A very well researched and in-depth academic article covering infrared control technologies, with a special focus 

on those used in air conditioners. It includes a methodology for analyzing unknown protocols. 

 

 

https://www.vishay.com/docs/80071/dataform.pdf
http://www.hifi-remote.com/wiki/index.php/Infrared_Protocol_Primer
http://uu.diva-portal.org/smash/get/diva2:910960/FULLTEXT01.pdf
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[Ref4-b] Linux Infrared Remote Control Package 

https://www.lirc.org/  

A Linux based development for controlling devices over IR and including a large contributed library of supported 

configurations. 

 

3.2 IR RECEIVER DEVICES 
 

The most common types are those similar to the Vishay TSOP range (e.g. TSOP38238). These use a photodiode to 

detect the IR signal and amplify and demodulate it. These are optimized for a specific carrier frequency range and 

encoding type and have varying tolerances of minimum and maximum burst length and are usually limited to 

carrier frequency range of 30 to 56kHz. These include some processing function to enhance sensitivity and 

minimize the effects of interference. The output indicates whether the device is currently receiving a carrier burst 

or in a pause state. No information about the carrier frequency appears at the output. These have an inherent 

latency because the transition from a burst to a pause is determined by a timeout following the end of the burst. 

Vishay also has IR Receivers specifically for learning IR remote controls (e.g. TSMP5800). These do not demodulate 

the IR signal so the carrier is available at the output during bursts. These do not have the same inherent latency as 

the TSOP range and also permit the attached device to measure the carrier frequency. However, the controller 

needs more processing resources because the demodulation function is no longer offloaded onto the IR receiver. 

Devices such as the QSE159 are available which consist of a photo diode and linear amplifier. These appear to have 

a wider frequency response that the purpose made IR remote control products such as the Vishay range. Again, the 

entire modulated carrier is appears on its output. 

Other possibilities are phototransistors, photo diodes (in reverse bias mode) or, indeed diodes including LEDs in 

photo-voltaic mode.   

It is a specialty of the design published here, that the same IR LED is used for receiving the IR signal in learn mode 

and also for transmitting an IR signal in replay mode. 

 

3.3 PRODUCTS RELEVANT FOR INFRARED PROTOCOL ANALYSIS 
 

This may be a small selection of the products available for the analysis of IR signals and may provide a basis for 

further research. 

3.3.1 IR TOY V2 
http://dangerousprototypes.com/docs/USB_Infrared_Toy 

This is based on an 8bit PIC MCU. It uses a TSOP34838 IR receiver/demodulator to interpret the data stream and a 

QSE159 to measure the carrier frequency and a 100mA IR LED for the transmitter. It comes with various PC based 

analysis and presentation software. 

https://www.lirc.org/
http://dangerousprototypes.com/docs/USB_Infrared_Toy
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3.3.2 IR WIDGET 
A hardware IR stream device for relaying captured signal to a PC based application for analysis. It is quite unique in 

that it does not use a TSOP type device so can be used at higher IR carrier frequencies than the normal devices 

offered. It is in the Internet shop of Tommy Tyler: 

http://www.hifi-remote.com/forums/viewtopic.php?t=9405 

 

3.3.3 ANALYSIR 
A Dublin based firm offering a comprehensive collection of IR products including IR learning devices and software, 

also for analyzing and processing captured IR signals on a PC 

https://www.analysir.com/blog/  

 

3.4 ARDUINO INFRARED SUPPORT 
 

The most popular library for IR support appears to be IRremote [Ref 6], originally coded by Ken Shirriff. 

It can be used to allow Arduino developments to be controlled via an IR remote control device, or it can be used to 

allow an Arduino to emulate a remote control device, sending IR signals.  It can also, via its “raw” mode allow users 

to collect and analyse IR signals. 

For the receive modes, it uses a TSOP device so does not directly see the carrier frequency, and is subject to the 

latency issues inherent in such devices. It does not attempt any data compression so, on low specification MCUs, 

only short data streams may be captured. 

 

4 CHUNGHOP L181 
 

 

 
Figure 4-1 Chunghop L181 

This is basically a 3 volt battery operated device with 8 keys, one of 

which is dedicated to putting the device in and out of programming 

mode and the remaining keys for storing IR code sequences copied 

from another IR remote control. 

It uses the same LED for transmitting IR signals and, in learn mode, 

receiving IR signals from the device signal it is copying. When it is 

receiving an IR signal, the device uses the LED’s photo-voltaic property, 

which is not very sensitive, meaning that it has to be positioned close to 

the transmitting device. 

http://www.hifi-remote.com/forums/viewtopic.php?t=9405
https://www.analysir.com/blog/
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The Chunghop L181 uses a one time programmable ASIC , the AD009-03, with special features for handling the 

LED, that is a pin which can tolerate 200mA and a special peripheral for using the LED as a receiver.  It runs a CPU 

clock rate of 4MHz. The information about the chip used is limited to a sparse Chinese data sheet. However, what 

appears to be a very similar chip has a comprehensive English data sheet, that is the GPM6P1009A from 

GENERALPLUS TECHNOLOGY INC.  

It has an external 2K eeprom for storing the IR code streams it has captured. Each of the maximum of 7 code 

captures occupies, thanks to an incredibly efficient encoding scheme, only 64 bytes. In some cases, a mark/space 

pair from the recorded data stream consumes only 2 bits of storage. 

 

 
Figure 4-2 Chunghop L181 Schematic 

 
 

See [Ref 1] for the schematic source and analysis 

The usage instructions are very simple. In principle, to capture a code, you press the key marked “S” for 3 seconds 

to put the device into programming mode. You then point the original remote control at the Chunghop’s LED and 

press the button, corresponding to the code you wish to capture. The Chunghop will indicate that it has captured 

something by flashing its indicator LED. The user then presses a chosen key on the Chunghop to assign the newly 

captured code to that key. That is it.  To use a captured code from the Chunghop to control a TV etc., simply press 

the corresponding button. 
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5 GENERAL SOLUTION 
 

5.1 FEATURES 
The learning IR remote can store up to 15 captured signals, each with a maximum length of 700 bits (~85 Bytes) 

where each signal bit (mark/space pair) is represented by one byte in memory / EEPROM.  

The IR carrier frequency can exceed 100KHz if the MCU clock is running at 16 MHz which is suitable for 5 volt 

operation.  For 3 volt operation, the MCU clock should be run at 8 MHz, reducing the maximum IR carrier frequency 

to about 70KHz.  This frequency range covers all normal IR protocols (excluding B&O 455 kHz).  The selection of 

8MHz mode can also be done in software, by adjusting the pre-scaler configuration in setup(), so the device can 

retain its 16MHz crystal oscillator. The IR LED, specified as a TSAL6200 (D1) in the schematic, appears to be 

uncritical but important is that it is a 5mm type because this aids alignment with the LED in the remote control 

unit.  

During the time the device is not in operation, the MCU goes into sleep mode with a quiescent current consumption 

of about 2uA which should allow an extremely long battery life. 

The device can operate in scope-only mode, selectable by a jumper, where the received data stream is written 

directly to the serial monitor, also in a form which allows it to be copied into another application if required. In this 

scope-only mode, there is an EEPROM clean function. 

There are two indicator leds, a blue led (D2) which is directly driven by the detector hardware and can even be 

used independently of the MCU with a jumper setting. A red led (D3) is used to indicate the state of the user 

interface during a learning or a code replay operation. 

 

5.2 HARDWARE 
The MCU is an ATmega328P with a 16MHz crystal oscillator in a configuration similar to the Arduino Nano or Uno. 

A 32MB I2C external EEPROM is used to store the captured codes. The IR led is switched by an NPN transistor 

configured as a low side switch when in IR emitter mode. In IR receive mode, A PNP transistor is switched on 

during each detected carrier pulse to switch an MCU pin. A (blue) led is also switched by this transistor so any 

activity is immediately visible. 

To minimize quiescent power consumption, the potential divider which biases the PNP transistor base is not 

connected directly to ground. It is, instead, connected to a MCU pin which is normally in a high impedance state. 

This potential divider also includes a trimmer potentiometer which, subject to experiment, could be replaced by a 

fixed resistor. Only during a learning operation is this MCU pin switched to ground. However, to allow a standalone 

configuration and calibration test, that is when the device is powered, but without an MCU present, a jumper is 

provided to directly ground the low side of the potential divider.  A second jumper is provided to force the MCU 

into a “scope only” mode, where any data stream received is directly sent to the serial console. 

The keypad is arranged as a 4 X 4 matrix using 8 MCU pins.  These are commonly available on Ebay or Aliexpress. 
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Figure 5-1  4x4 Keypad Matrix 

 

 

The device has been built on an Arduino Uno pattern prototype shield, placed on top of a barebones 16MHz 

ATmega328p board (no USB chip, no voltage regulator and no power led). This is based on a kit supplied by 

Boxtec.ch [Ref 5] but with some components omitted. Note that the schematic diagram shows an Arduino Nano 

(ATmage328p) but, at the schematic level, this is essentially the same as a Uno. 

It is programmed by a separate FTDI type adapter. Naturally, a standard Uno could also be used, but this would be 

unsuitable for long term battery operation. 

 
Figure 5-2 IR shield 

 

 
Figure 5-3 Low Power Uno Equivalent 

 

The configuration of the hardware is limited to adjusting the potentiometer to ensure that the blue led (D2) blinks 

when an IR signal from a remote control device is beamed at the receiving LED (D1).  SW_Gnd must be held low 

during this test, either by putting the device in “Scope Only” mode or by bridging jumper J1. The potentiometer 

setting should not be too critical. 

 

5.2.1 PHOTO-VOLTAIC EFFECT 
Here an oscilloscope is used to measure the voltage across the IR LED which is receiving a continuous 38kHz beam 

(50% duty cycle). The distance between the transmitter and the receiver is only a few millimeters and the 

transmitter is being driven at about 50mA 
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Figure 5-4Photo-voltaic effect 

 

 

 

5.2.2 SCHEMATIC 
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5.3 SOFTWARE 
The software is composed of three major modules. The user interface which handles the keyboard, 

indicator led and manages the remote functions. There is a separate code record module and code 

replay module. In additions, there are sub-modules such as a storage manager. 

5.3.1 USER INTERFACE 
The user interface consists of a keyboard and a led. It serves the functions of learning a code 

sequence and replaying code sequences and controls activities such as managing time outs, blinking 

the indicator led, reading the keypad, assigning a key to captured code and forcing the device into 

sleep mode at the end of a task. It is described by the finite state model diagram below. 

 

 
Figure 5-5 UI State Model 
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5.3.2 RECORD MODULE 
The record operation is initiated from the user interface and captures and stores the IR signal 

during the learning operation. The hardware delivers the modulated IR signal to the input capture 

pin of the MCU. The software is arranged as a finite state machine which spans both the ISR of the 

input capture module and the main processing loop. 

In principle, at the start of the first detected mark sequence (burst of carrier pulses), the start time 

of the mark is delivered from the input capture system and this is recorded. It is the rising edge of 

the first carrier pulse which triggers this capture. The next 2 pulses within the first mark sequence 

are timed, again from the input capture system, and the IR carrier period is determined from this 

measurement. No attempt is made to measure the duty cycle. After that, the input capture system is 

reconfigured to watch for falling edges until the end of that first mark sequence. On each subsequent 

carrier pulse during this sequence, the end time of the pulse is delivered by the input capture 

system and recorded, overwriting any data from the previous pulse. This cycle is quite intensive 

because the input capture ISR is triggered repeatedly at the IR carrier frequency and it, itself, is 

handling 32 bit numbers. After a certain timeout period, based on the carrier frequency, without any 

further pulses being received, the mark sequence is deemed to have ended and the state is then a 

space period. The time of the last recorded falling edge in the mark sequence is then used as the 

transition point between the mark and the space. In this space period we again reconfigure the 

input capture system, this time to trigger on rising edges, in preparation for the next mark sequence. 

The space period is also used for some of the more intensive processing of the captured data 

because now the input capture ISR is inactive and conflicts don’t have to be guarded against. The 

cycle continues like that, with the exception that IR carrier frequency is not measured again.  

 

 
Figure 5-6 Recording Waveform 

 

 

Once a complete mark/space pair has been obtained, it is then stored. The storage function includes 

some compression the data.  At the end of the complete IR data stream, the time units in the unique 

times table are converted from CPU ticks into microseconds and the whole data structure is stored 

in EEPROM. 
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5.3.3 REPLAY MODULE 
 

This is triggered by the user interface when the user presses a button assigned to a stored IR code, 

and it loads the IR data stream obtained from the EEPROM into RAM, converts the timing data from 

microseconds into IR carrier ticks so, for example, if the carrier frequency is 38 kHz, a carrier tick 

would be just over 26 microseconds. It then starts a timer running at the carrier frequency of the 

stored IR data stream. The timer ISR then simply picks the next mark/space pair from the data 

stream (see Storage Structure below) , runs through the mark, pulsing the IR led for the required 

number of ticks then, with the IR led fully off, runs through the space. At the end of the space, it 

simply picks the next mark/space pair from the data stream and repeats the cycle until the end of 

the data stream. 

 

5.3.4 STORAGE STRUCTURE 
 

The storage structure is optimized, based on the characteristic of the IR data that only a small 

number of permutations of timings occur in a data stream. A degree of tolerance is allowed in 

recognizing if an earlier timing has already been encountered during the current recording session, 

set at approximately +/-  6% . This tolerance can be adapted in code, if required. 

The IR data stream is stored as a series of bytes. Each byte contains a reference to a unique 

Mark/Space pair in a table. Each Mark/Space pair contains 2 references in to a unique times table. 

One represents the duration of the Mark, the other represents the duration of the Space. See the 

illustration below. 

Both the Unique Mark/Space pair table and the Unique Times table are configured to allow a total of 

up to 16 entries. 

During the recording of a data stream, the entries in the Unique Times Table (32 bits wide) are 

stored in units of CPU ticks. So, for example, if the CPU is running at 16 MHz, a CPU tick is 62.5ns. 

However, at the end of the recording, the units are converted to micro seconds, before the entire 

structure is stored in the EEPROM. On recovery from the EEPROM, for replay purpose, the micro 

seconds values obtained from the Unique Times table are converted to IR carrier ticks. That is, 

during the life cycle of a data stream, three different units are used for measuring the durations of 

its marks and spaces. 

The diagram below illustrates that byte #4 in the IR data stream is a mark/space pair where the 

duration of the mark is at entry #3 in the unique times table and the duration of the space is at entry 

#1 in the same table. 
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Figure 5-7 Storage Structure 

 

 

 

6 TROUBLE SHOOTING 

6.1 GENERAL 
After any modifications are made, the following tests are recommended: 

 Full cycle test: Learn a code, store it and ensure it is readable by the target device 

 High performance scope test: ensure that the device can read signals with an 80 to 100kHz 

carrier. A simple IR code signal generator program is included with the main software pack- 

Debug information is written to the serial console. Additional debug statements can be 

uncommented in the program but beware of impacting time sensitive parts of the code. Note also 

that the comment structure #IF 0 . . . #ENDIF,  sometimes used in the code,  is not very prominent in 

some editors and can be a source of error. 

There is a built in code block for injecting a known signal (NEC protocol ‘1’) into the EEPROM at a 

specific key position (15). Use this to verify the storage/replay part is functioning.  You can 

comment it out to use the key to store a normal IR code sequence if required. 
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A multi-meter is essential for any trouble shooting. A logic analyser is very useful and can be 

inexpensive. An oscilloscope is nice to have for checking the analog part of the design, but not 

essential. 

 

6.2 System Failure 
If the design uses a crystal other than 16MHz, you may have to make code changes to disable the 

pre-scaler activation (see setup()) 

If the device is not being operated at 5v, then the MPU brownout detection should be disabled by a 

fuse setting using, say, AVRDUDE. This is anyway recommended for battery use. 

A basic test of the receive function of the IR LED can be performed by setting the device in “Scope 

only” mode and checking the led marked “blue” (D2) in the schematic. This test can be performed 

even with no Arduino present if power is provided to the board. In this case, set jumper j1 in “stand 

alone calibrate” mode. 

 

6.3 ERRATIC PERFORMANCE 
When recording an IR stream from a device with a 3mm LED, it is important to align that LED 

accurately against the LED of the learning device. 

Incorrect initial setting of the trimmer potentiometer RV1 may also result in erratic performance. 

If some timings appear incorrect, check that the pre-scaler setting in setup() matches your 

configuration. This is normally only used for testing the system performance at an effective clock 

rate lower than that of the crystal oscillator. 

If there is disruption during the recording of an IR code sequence, the unique times table visible in 

the serial monitor may show a large number of entries (approaching the maximum of 16). 

 

7 USER GUIDE 
The main features are very similar in principle to the Chunghop L181. 

The differences are the number of keys, the two jumpers, for debug and testing purposes, and the 

output to the serial monitor.  

To record an IR data stream, press the programming key, marked by an ‘*’ with the selected keypad, 

for 3 seconds. This puts the device into programming mode. The red indicator LED will be fully on. 

With the target remote control held very close to the IR LED of this learning device, send the code to 

be learned. Wait sufficient time for the code to be transmitted. The red LED should start blinking to 

indicate the end of the data stream has been detected, and then simply press the key to which the 
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code has to be assigned.  The red led will again be fully on, allowing a further code to be captured. 

The user may terminate this by pressing the programming key once again or can wait until the 

expiry of a 30 second time out. 

The user is then advised to perform a test to confirm that the code has been correctly copied by 

operating the device, using the selected key, in place of the target remote control. 

The serial console can be used to analyse or capture the data stream and for general debugging 

purposes. 

================================================================================ 
Starting Version: chun_rep_v0.55  compiled: Dec  5 2020 10:14:39 
External eeprom found at 0x50 
F_CPU=8000000 
Runmode = test. IR receiver test mode jumper in place 
Key pressed = -1 
*** in directEepromLoad()  directly loading test sequence to key 15 
Sample Code: 0x00FD00FF 
in assignCodeToKey: 15 
Preparing to store data 
 
========================================= 
printStor(): Time Units: Microseconds 
F_CPU= 8000000 
Carrier Frequency (Hz) = 38000 
Data Stream Items (bits) = 34 
Data Stream: mark space mark space  .... 
 
9000  4500  562  562  562  562  562  562  562  1687  562  1687  562  1687  562  600   0 
 
mark/space table 
0: 0, 1 
1: 2, 2 
2: 2, 3 
3: 4, 5 
 
unique times table 
0: 9000 
1: 4500 
2: 562 
3: 1687 
4: 600 
5: 0 
========================================= 
 

The above sample shows a start up sequence. The device has been set in test mode by a jumper 

setting. It demonstrates the initial load of an NEC code into the EEPROM for a standard test, 

however the same output format is used during the record and replay activities. Depending on the 

phase, the time units can be microseconds, IR carrier frequency ticks, or CPU clock ticks. The data 

stream (truncated in this illustration) is simply a list of consecutive mark/space pairs (converted to 

the declared time units). Internally, the data stream is represented as indexes into the mark/space 

table. The mark/space table is, itself, a set of indexes into the unique times table. 
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8 ALTERNATIVE DESIGN CONSIDERATIONS / ADDITIONS 
1. Higher performance chip 

- Many have IR handling peripherals 

2. Use onboard comparator to further reduce component count 

3. Include a direct EEPROM load of IR codes so a learning operation with the original remote 

control may be unnecessary. 

 

 

9 SOFTWARE DOWNLOAD 
The software this device has been published on the Arduino forum :  

https://forum.arduino.cc/index.php?topic=717762.0  

 

A test IR signal generator is also included. 

 

10 APPENDIX 
 

Initial analysis of a ChungHop device L181 

[ref 1] https://forum.arduino.cc/index.php?topic=635704.0  

IR protocols (General) 

[ref 2] https://www.vishay.com/docs/80071/dataform.pdf 

[ref 3] http://www.hifi-remote.com/wiki/index.php/Infrared_Protocol_Primer 

[ref 4-a] http://uu.diva-portal.org/smash/get/diva2:910960/FULLTEXT01.pdf  

[Ref4-b] https://www.lirc.org/  

Arduino with shield (original basis for barebones type used in project) 

[ref 5] https://shop.boxtec.ch/helvetino-kit-v101-p-41829.html  

Github Arduino IR Library 

[Ref 6] https://github.com/z3t0/Arduino-IRremote 

https://forum.arduino.cc/index.php?topic=717762.0
https://forum.arduino.cc/index.php?topic=635704.0
https://www.vishay.com/docs/80071/dataform.pdf
http://www.hifi-remote.com/wiki/index.php/Infrared_Protocol_Primer
http://uu.diva-portal.org/smash/get/diva2:910960/FULLTEXT01.pdf
https://www.lirc.org/
https://shop.boxtec.ch/helvetino-kit-v101-p-41829.html
https://github.com/z3t0/Arduino-IRremote

