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Abstract 

We buy home appliances every once in a while, and we are adding another 
Remote controller to our homes, and every device has its own remote control. 
Thus, the purpose of our work is to control all home devices via the Internet 
and get rid of using multiple Remote Controls. In this paper, we propose a 
smart remote controller that can be controlling all home devices and operate 
them through Internet using the mobile app and it contains a self-learning 
feature and the ESP8266 is used as a microcontroller. By using our proposed 
model, people can control the home appliances while they are at work or on 
the way home on a trip with an easy mobile application and they do not need 
to learn a lot of remote controllers how it works. Therefore, it can copy all 
other remote control codes. This is a way to manage many home appliances 
simply and intuitively. Our experiment results show that the average response 
time of our model achieved 1.191 seconds. 
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1. Introduction 

The rapid growth of modern communication systems is leading to change our 
lifestyle and work, and the mobile technology is available for everyone.  The 
functions of various electronic devices such as cameras, computers, iPods, etc. 
have become available in mobile phones, and smartphones can communicate 
with any other devices through Bluetooth or Wi-Fi communication technology. 
The remote control is a device used to control another device remotely, usually 
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wirelessly. In home electronics, a remote control can be used to operate devices 
such as a TV set, DVD player, or any other home appliance [1]. They appeared, 
satisfying people’s demand to some extent. The first remote control device ap-
peared in the fifties of the last century [2]. However, the technology of infrared 
control devices began to develop in the seventies, which uses infrared rays to 
control devices by sending a control signal to control devices remotely to operate 
all the functions of the device [3]. Since most of the home appliances use infra-
red-based control systems. Therefore, a simple mobile phone cannot be used di-
rectly to control any of these devices. Thus, in order to use the mobile phone to 
control home appliances, it requires assistive devices that enable the mobile 
phone to control home appliances via the Internet. This allows for increased 
work efficiency and comfort [4]. Technology is accelerating every day and 
people are looking for more luxury and continuously update people’s living 
standard, some people are looking for automated, smart, and convenient home 
control systems, and some people are not. Consider one room where you have 
almost 4 home devices (TV, AC, Audio player, DVD player) which means hav-
ing a lot of remotes controllers inconvenient to carry, high cost and a lot of bat-
teries and if there are children in the house, this will leads to loss the remotes 
controllers it is inconvenient. Therefore, it will be great to design a smart re-
mote. With the rapid development of smartphones, especially, the Android 
phone system is fast developing. The smart remote with Android APP will be the 
most common way. After opening the APP, users can easily control the TV, AC, 
DVD player, and Audio player, which bring great convenience to people and 
improve the quality of life [5]. There are many electronic devices that cannot be 
controlled via the Internet, such as infrared (IR) controllable devices. Many 
houses  have multiple remote controls and all of them are manually controlled 
and those houses do not use automation, the user does not enjoy the feature of 
automation, but the smart remote control can be the beginning of change  for 
many users in the world to the Internet of things and smart home at reasonable 
prices. When users experience controls many home appliances via mobile at the 
click of a button, they will inevitably want more. 

The Internet of Things (IoT) uses the internet with particularly addressable 
and interconnected items. IoT has wide applications such as smart home, auto-
mobile, agriculture, health care, energy-saving, smart city, smart grid, and smart 
transportation [6] [7]. IoT utilizes minimal effort computing devices that have 
less energy and effect on the environment [7]. It is expected that by 2025, 70 bil-
lion devices will be connected to the internet [8] as shown in Figure 1. Now, IoT 
needs such as sensors, actuators, and controllers are available at cheaper prices 
and smaller sizes than before. So, the component required to create an IoT sys-
tem is available for use [7].  

ESP8266 is the cheapest Wi-Fi chip, full TCP/IP stack, and microcontroller 
ability produced by Espressif. The ESP8266 module lets microcontrollers con-
necting to Wi-Fi and does simple TCP/IP linking with AT commands. The low 
cost and the way that there were almost no outer parts on the module which  
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Figure 1. IoT worldwide connected devices between 2015 and 2025 ( in billion).  
https://www.statista.com/statistics/471264/iot-number-of-connected-devices-worldwide/ 

 
proposes that it could in the end be extremely reasonable in volume settle on it 
the component of choice for our necessities. The smart remote control can be 
control through the Internet. Even if the remote control does not know the 
Infrared code of some devices, it is possible to operate them by learning the IR 
code of their Infrared remote [9]. The home devices are usually used with infra-
red led to send their command to turn temperature control on and off. Each de-
vice manufacturer used a specific protocol that different from other devices. 
There are many attempts to control home appliances using different methods, 
Kuncoro et al. [7] proposed a NodeMCU that used to manage the old type of AC 
Split appliances through the internet using Wi-Fi connection. This system is de-
signed to upgrading the old type of AC Split device without change the AC Split 
device. Their work focuses to make the old devices can be controlled via WiFi. 
Another work done by Sai et al. [5], their work is an implementation and design 
of a smart IR remote control which can be used for many home devices. The en-
tire system is based on a microcontroller and it can enable user to control home 
appliances, but the distance is so short just around 10 meters. Takahashi et al. 
[10] proposed DeepRemote that can identify different home devices with an IR 
transceiver, camera, a speaker, four buttons, an inertial measurement unit 
(IMU) and Wi-Fi module. The user can just point the DeepRemote to the device 
intuitively to recognize a target home device. Once detected, it will automatically 
switch a particular mode to operate the known home appliance, this work was 
limited to recognize the devices that trained model on it and due some devices of 
the same type but each device work with different protocol, so the model cannot 
distinguish between them. Ramesh et al. [4] Offering an application, the entire 
application is based on the Wi-Fi and IR blaster module and the AVR micro-
controller. Here it can control multiple devices simultaneously and is also used 
by multiple users. Any device can be accessed via computers, mobile devices, in-
ternet-based devices, and Android devices. Their work based on client server 
communication and all devices should be connected to the same network. In ad-
dition of those works another work done by Bajpai and Radha [11], the research 
aims to develop a signal-based smart home network to control electronic devices 
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through a voice recognition system, their work based on Arduino microcontrol-
ler and smartphone via Bluetooth transmission. By using device voice control 
avoids searching for different buttons/options when working with the device, 
this work is limited for simple command and don’t support multilingual. Roy et 
al. [12] presented a design about how to make a remote control and know how 
to make the smart phone a real universal remote control device that will be con-
sidered a lot of  uses and has the ability to easily pick up new devices and new 
infrared protocols, their work don’t use WiFi in communication. Safadinho et al. 
[13] presented another purpose to use ESPB266 to manage unnamed vehicle 
UV. They used three architectures for this purpose, point-to-point communica-
tion, point-to-point using local area network, and point-to-point using internet 
access. Han et al. [3] based on single chip microcomputer designed simulation 
system for infrared remote control. The simulation system for remote control is 
mainly designed for home devices requiring remote control. The overall task of 
this design is to power the LED light from the remote signal light. The main de-
sign consists of infrared radiation and the receiving end, connecting pins of the 
STC89C51 microcontroller, their work limit for control the LED light. Chen et 
al. [14], proposed a control system called the point-n-press for controlling home 
appliances their proposed system is limited on IR sensors and manually add new 
device to control it. Satapathy et al. [15] introduced a cheap and reliable home 
automation system with added security using an Arduino microcontroller with 
IP connectivity over local Wi-Fi for remote access and control of authorized user 
devices via a smartphone app. The proposed system is server-free and uses the 
IoT to control the devices. Users can also use various appliances for controlling, 
IR remote control modules, or smartphones. To add a new device the user 
should add it manually and it work locally, so the user should connect to the lo-
cal network. Syafa’Ah et al. [16] presented a method for measuring response 
time and the maximum distance of the ESP8266 module in a smart home system 
that enables real-time and online control of: door locks, automatic switches 
equipped with energy sensors, lighting dimmer, camera systems and infrared 
furniture. The system module is based on the ESP8266. This module is con-
nected to the central server via Wi-Fi media using JSON-based data communi-
cation using the HTTP protocol. The experimental results show the maximum 
distance between the Wi-Fi access point and the ESP8266 under LOS conditions 
is 190 meters and don’t connect via internet, so the user can control the locally, 
also the module’s average response time is 1.62 seconds. our work aim to build a 
remote control to control all devices at home via internet with low cost and the 
system is expected to work in smart homes to control the appliances such as au-
tomatic door lock control, providing electrical control, infrared based furniture 
controls and cameras. 

2. Materials and Methods 

2.1. Hardware Component Module 

The smart remote control needs a processor to manage the orders from Wi-Fi 
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communication. ESP8266 is used for dealing several functions. Specification and 
circuit design next will be described. 

1) ESP-LAUNCHER Microcontroller 
ESP-LAUNCHER is an open-source firmware helps to make IoT Projects, and 

it is designed to make the Application Programming Interface (API) is simple 
for hardware Input Output. And can reduce the excessive work. Also it is similar 
like Arduino Chip Input Output (IO) and uses least cost Wi-Fi Microcontroller 
Unit that is ESP 8266. 

ESP8266 is standard digital interface, RF balun, antenna switches, low noise 
receive amplifier, power amplifier, power management modules and filters, it is 
the best integrated Wi-Fi microchip as we know. The dimension is 5 mm × 5 
mm [17].  

Figure 2 shows the ESP-LAUNCHER ESP8266 and its function on all GPIO 
pin. 

ESP8266EX integrates Tensilica L106 32-bit micro controller (MCU), which 
has extra features such as low power consumption and 16-bit RSIC, reaching a 
maximum clock speed of 160 MHz. With the Real Time Operation System 
(RTOS) enabled and Wi-Fi stack functional, about 80% of the processing power 
is still available for user application programming and development. It has relia-
ble performance in the Internet of Things industry [18]. 

2) HXD019DML-Infrared Send and Receive 
The core of the software is written in C programming language, and the inter-

nal hardware circuit adds integrated long and short distance learning functions. 
Also, provide communication program package and other various packages. 
Communication GPI is software that has many features such as interoperable  

 

 
Figure 2. ESP-LAUNCHER ESP8266. 
http://andrecurvello.com.br/wp-content/uploads/2017/01/esp-launcher-pinout.png 
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and strong compatibility, provided with OTP process chip, so it is flexible and 
convenient expansion, modification, and low risk. It can be completed within a 
day, so saving development time. In addition, It can really update the upgrade 
format and code value at any time, the single-tube transceiver circuit, and only 
two components are added. It supports many countries, cities, and different 
product codes. It can learn most of the infrared code formats in the world, and 
the learning effect is stable and accurate. It also supports a variety of software 
and hardware system platforms, such as can be used in multiple languages pro-
gramming such as C, C++, C#, Linux. 

Technical working parameters: Voltage DC: 2.2 - 3.6 V; Quiescent current: 
about 1 uA; Distance: 8 - 15 meters [19]. 

2.2. Communication and Protocol 

For an IoT system providing, wireless communication is used in this module. 
Specifically Wi-Fi 802.11 b/g/n is used for the communication. ESP-LAUNCHER 
already has built-in Wi-Fi module, so Many devices such as laptop and smart-
phone can access to it via Wi-Fi (Figure 3, Figure 4).  
 

 
Figure 3. HXD019DML-Infrared Send and Receive.  
https://www.yoycart.com/Product/599312156644/ 

 

 
Figure 4. IR command protocol [7]. 
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2.3. Designing Prototype 

We used ESP8266_lubuntu virtual machine as a compiler. Several libraries are 
used such as IRremote.h, ESP8266WiFi.h, ESP8266WebServer.h, and WiFiC-
lient.h.  

Figure 5 shows IR Wi-Fi module schematic, whereas Figure 6 shows the design 
of IR Smart remote ESP-LUNCHER, Figure 7 shows IR smart remote Prototype. 

2.4. System Model 

The system Model contains of modules like Wi-Fi module, ESP8266 module and 
the HXD019DML-IR module. The android App called Shan Ju is opened on the 
android phone, the mobile must be connected to the Internet, and then we open  

 

 
Figure 5. IR Wi-Fi module schematic [20]. 

 

 
Figure 6. Design IR smart remote using ESP-LAUNCHER. 
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Figure 7. The whole design in reality. 

 
the Android application. The application will ask to enter the network name and 
password in order to be save it, through the App, commands are sent to the mi-
crocontroller then switch to the appliances. After receives the command by the 
microcontroller, it turn on the relay for that command. The application contains 
many devices and the ability to search for any device if it is available, as well as 
the learning feature for new devices. If the device is available in the list and the 
required device has been contacted, the control buttons will appear for you, then 
you can send the commands you want to control the device by pressing the but-
ton in the app. The application takes the order and converts that order into a 
string. It is produced identically for each linked device  with the specified com-
mand and  gives this value to the microcontroller. After the controller receives 
the command from the mobile, it sends it directly to the device that wants to be 
control. As shown in the Figure 8 of workflow. 

3. Implementation 

The proposed Remote Control can be implemented in a viable manner with 
reasonable cost and smart home meaning. The Remote Control basically con-
tents of two major components: one hardware component and the other one is a 
software component that is used as a communication module. ESP8266 is the 
central component as it can act as an intermediate module (interfacing device) 
between hardware devices and the software. Each and every instruction is ex-
ecuted by the micro-controller through which the commands are processed. 
Figure 8 shows the work flow of the proposed system. The first step is to initial-
ize the ESP8266 module which means connecting the ESP8266 module 
ESP-LAUNCHER to the smartphone after giving the power supply to it. Then 
the microcontroller is also energized to accept the commands via Wi-Fi. The 
Android program will ask to enter the Wi-Fi network name and password, then 
send it to the remote control to complete the pairing process between the mobile 
and the remote control. The connect button in the ESP-LAUNCHER is used to  
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Figure 8. System work flow. 

 
connect the app with the Infrared box (Pair device) Then we select the desired 
device to be controlled from the list of devices in the application. The next step is 
to send commands from the mobile to the remote control and then to the device 
to be controlled through the Android program interfaces. 

Now if these commands are given, then the microcontroller will act accor-
dingly otherwise it will not work and wait for the correct command. 

As it can be seen in Figure 10, there is a screenshot of the user interface in the 
app. In the Interface of the app are buttons, for pairing (Pair device and Con-
nect) and button to choose the device and send the commands to the microcon-
troller. 

Figure 9 shows the whole system components, the core device is controller 
device in the middle, and the devices we can control it, as well as mobile app. 

To initialize the system, we do the following. 
Add the smart remote device by clicking the Add button as shown in Figure 

10. 
The image in Figure 11 left shows all devices we can add, first we should 

choose the Infrared box  then we have to add the Wi-Fi name and password to 
connect the app with the Infrared box. The image right we can see the list of 
available devices, As soon as the connection is established, and the user is ready 
to send the command by pressing the buttons in the app. 
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Figure 9. The whole system scheme. 

 

 
Figure 10. App interface shows to add remote control. 
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As we see in the Figure 12, the left shows the available brand for selected de-
vice that selected in Figure 11, right side shows the functionality that we can 
performed to control on device. 

 

 
Figure 11. App interface shows the avilable devices can connect to. 

 

 
Figure 12. App interface, left: the list of available devices brand, right: to add 
device functionality. 
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Table 1. Response time for tested devices. 

No 
Mobile Send  

Command (Sec) 
IR Switch  

command (Sec) 
AC Time  

Response (Sec ) 
Lock Door Time  

Response (Sec) [16] 

1 1.11 0.03 1.14 2.10 

2 1.23 0.03 1.25 1.30 

3 1.18 0.02 1.20 2.50 

4 1.16 0.03 1.19 3.00 

5 1.05 0.06 1.11 2.00 

6 1.23 0.02 1.25 2.00 

7 1.13 0.02 1.15 1.70 

8 1.25 0.03 1.28 2.60 

9 1.12 0.03 1.14 1.20 

10 1.17 0.03 1.20 2.50 

Mean 1.16 0.03 1.19 2.09 

4. Result and Discussion 

The smart remote control has been successfully tested and tried on many home 
devices and has proven its efficiency successfully. It can be controlling via phone 
from everywhere, we integrate all the IR controllers into one mobile phone. We 
tested our model to control Xiaomi TV and Hair AC and light. Table 1 shows 
the response time for tested devices 

From Table 1 we can see our experiments tested results; we test our model 
with AC Device the average time response is 1.191 Seconds. Our model achieved 
response better by 0.9 seconds comparing with [16] results. This is a part of the 
smart home, which can enhance the overall home experience. Smart re-
mote-control development reduces alkaline battery usage that used in the re-
motes. Configuring the remote key value in the App database and transmitting 
an infrared signal with good signal strength are the two main tasks of intelligent 
remote control. The graphical user interface is easy to understand for every age 
group and it is functional and responsive. For demonstration purposes, the 
Xiaomi TV and Hair AC are controlled by a smart remote control. 

5. Conclusion 

Today, remote control devices in the home are inevitable for today’s generation 
technology. Convenience and immediate action allow the use of these controls in 
everyday life. Instead of using different controllers for different devices, you can 
use a common controller to control the entire devices. Also it can be controlled 
with a smartphone, and the most commonly used handheld appliances are an 
added advantage. The smartphone sends commands via the Wi-Fi channel to the 
ESP-LAUNCHER which acts according to the sent command. These commands 
are created with the fact that they must be simple. The simplicity of the com-
mands makes this project easy to use. The idea was successfully tested with a 

https://doi.org/10.4236/oalib.1107314


A.-S. A. Ali, X. A. Bao 
 

 

DOI: 10.4236/oalib.1107314 13 Open Access Library Journal 
 

smartphone, air conditioner and TV connected to the smart remote control. 
With the evolution of this project for different electronic and electrical devices, 
the lives of people will be much more comfortable and luxurious. Each manu-
facturer’s device has its own independent system, and if the device not in the list 
of devices brands, the controller cannot recognize it, so to tackle this issue, the 
user should add the device manually by using smart configuration. 
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