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Abstract: This paper presents how to construct low cost RF remote control. RF transmitter (KST-TX01) and RF receiver 
(KST-RX706) are used in this system. In this system, PIC microcontroller 16F877 is selected to control home appliance, 
control card for air conditioner or virtually anything. Having the ability to control various appliances inside or outside 
wirelessly is a huge convenience, and can make life much easier and fun. This paper is also considered to get more cost 
effective. Chosen mode conditions mostly for air conditioner, auto mode, cool mode and fan mode to control card in air 
conditioner can be chosen from RF remote control device. In this system, fan mode of control card from receiver section is 
only proposed.  Designed mode results are displayed on LCD. The designed wireless RF remote signal is implemented by 
using microcontroller technology.   
Keywords: Microcontroller, Air Conditioner Control Card, RF Remote Control, Liquid Crystal Display (LCD), Cost Effective  

I. INTRODUCTION 
Nowadays, wireless RF modules are widely used in many applications. The target of the paper is to gain intelligent device 
control and secure environment working conditions by interfacing various sensors and devices to the DIP40 PIC 16F877 
microcontroller and RF modules with the PIC controller for transmission data. The RF module, as the name suggests, operates 
at Radio Frequency. The corresponding frequency range varies between 30 kHz & 300 GHz. In this RF system, the digital data 
is represented as variations in the amplitude of carrier wave. This kind of modulation is known as Amplitude Shift Keying 
(ASK). Transmission through RF is better than IR (infrared) because of many reasons. Firstly, signals through RF can travel 
through larger distances making it suitable for long range applications. Also, while IR mostly operates in line-of-sight mode, RF 
signals can travel even when there is an obstruction between transmitter and receiver. Next, RF transmission is more strong and 
reliable than IR transmission. RF communication uses a specific frequency unlike IR signals which are affected by other IR 
emitting sources. 

II. HARDWARE COMPONENTS OF SYSTEM DESIGN 
A. Microcontroller 
A microcontroller is a self-contained system with peripherals, memory and a processor that can be used as an embedded system. 
Most programmable microcontrollers that are used today are embedded in other consumer products or machinery including 
phones, peripherals, automobiles and household appliances for computer systems. Due to that, another name for a 
microcontroller is "embedded controller." Some embedded systems are more sophisticated, while others have minimal 
requirements for memory and programming length and a low software complexity. Input and output devices include solenoids, 
LCD displays, relays, switches and sensors for data like humidity, temperature or light level, amongst others. Programmable 
microcontrollers contain general purpose input/output pins. The number of these pins varies depending on the microcontroller. 
They can be configured to an input or an output state by software [1]. 

B. PIC 16F877 Microcontroller 
This system can be designed with the use of PIC16F887 microcontroller because it is compatible in this system. Various pin 
functions cannot be used simultaneously, but can be changed at any point during operation. The advantages of PIC16F887 are 
program memory size, EEPROM data memory size, number of timers, user RAM size and A/D conversion. PIC is used as the 
main control unit in this system [2]. Here, the microcontroller will access decision to drive the particular load. 

C.  RF Module 
This RF module comprises of an RF Transmitter and an RF Receiver. The transmitter/receiver (Tx/Rx) pair operates at a 
frequency of 434 MHz. An RF transmitter receives serial data and transmits it wirelessly through RF through its antenna 
connected at pin4. The transmission occurs at the rate of 1Kbps - 10Kbps.The transmitted data is received by an RF receiver 
operating at the same frequency as that of the transmitter. KST-TX01 and KST-RX706 RF modules are very easy to use for the 
applications of RF transmission and reception of data as they can be directly interfaced to the UART port of microcontrollers. 
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RF transmitter module (KST-TX01) and RF receiver module (KST-TX706) are displayed in Figure 3.2 in the following. This 
RF module comprises of an RF Transmitter and an RF Receiver. Unlike infrared (IR) remotes, which are the most common, 
Radio Frequency (RF) remote controls are easier to use because they do not require line of sight [3]. This RF module comprises 
of an RF Transmitter and an RF Receiver. The transmitter/receiver (Tx/Rx) pair operates at a frequency of 434 MHz. An RF 
transmitter receives serial data and transmits it wirelessly through RF through its antenna connected at pin4. The transmission 
occurs at the rate of 1Kbps - 10Kbps.The transmitted data is received by an RF receiver operating at the same frequency as that 
of the transmitter. This RF module is shown in Fig. 1.  

 
Fig. 1 RF Transmitter Module and RF Receiver Module [4] 

D. Wide Range of RF Applications.  
The RF Modules are used for wireless transfer data. This makes them most suitable for remote control applications. The RF 
module, as the name suggests, operates at Radio Frequency. The corresponding frequency range varies between 30 kHz & 300 
GHz. In this RF system, the digital data is represented as variations in the amplitude of carrier wave. This kind of modulation is 
known as Amplitude Shift Keying (ASK). Transmission through RF is better than IR (infrared) because of many reasons. Firstly, 
signals through RF can travel through larger distances making it suitable for long range applications. Also, while IR mostly 
operates in line-of-sight mode, RF signals can travel even when there is an obstruction between transmitter & receiver. Next, RF 
transmission is more strong and reliable than IR transmission. RF communication uses a specific frequency unlike IR signals 
which are affected by other IR emitting sources [5].  

E. RF Transmitter (KST-TX01) Pin Description 
In present system, air conditioner remote control is designed and constructed. The RF transmitter (KST-TX01) is used for 
transmitting data between two remotely located PIC microcontrollers. There are four pins in the RF transmitter (KST-TX01). 
pin description of the RF transmitter is stated in Table 1. 

TABLE 1 
PIN DESCRIPTION OF THE RF TRANSMITTER [6] 

Pin No. Function Name 
1 Antenna Output Pin ANT 
2 Ground (0V) Ground 
3 Serial data input pin Data 
4 Supply voltage, 5V Vcc 

F. How to Interface KST-TX01 and KST-RX706 to Microcontroller 
They are quite compact and cheap. One PIC16F887 is programmed to transmit its ADC data (RA0/AN0 channel) serially by 
 using its built-in USART hardware at 9600 baud with no parity and 8-bit data stream. The PIC’s USART transmitter (TX) pin  
feeds data into the data pin of the KST-TX01 which transmits it using 433 MHz ASK RF signal. To achieve an easy data format 
transaction between the two PIC16F877A microcontrollers using inexpensive RF modules, the theory is simple and straight. It 
uses KST-TX01 and KST-RX706 RF modules which is a 433 MHz serial data transmitter/ receiver pair. On the receiving end, 
the KST- RX706 module receives the data and its output is connected to another PIC’s USART input pin [7]. The second PIC is 
programmed to read its USART receiver (RX) pin. On both ends, two LCD displays which show the transmitted and received 
bytes are also connected [8]. Since RS-232 communications typically allow 8-bit data, the 8-bit A/D conversion is used here for 
simplicity, instead of the more common 10-bit ADC. The nature of the transmission will be serial or bit by bit so when transmit 
logic 1 what is the time period should applied between every bit on the transmitter so that it can handle them correctly and never 
make interference between them and also the time period on the receiver that it is ready for the next bit [9]. And logic 1 will be 
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5V so how defined the logic 0 will it just 0 v or another voltage state except the 5V and as example in RS-232 serial protocol 
the logic 1 is from -3V to -10V and the logic 0 from +3V to +10V as it is so what will be the logic 0 voltage value on the 
receiver. 
G. RF Receiver (KST-TX706)  
The RF receiver (KST-RX706) is utilized for receiving data between two remotely located PIC microcontrollers. There are four 
pins in the RF receiver (KST-TX706). Pin description of the RF receiver is mentioned in Table 1. 

 
 TABLE 2 

PIN DESCRIPTION OF THE RF RECEIVER [10] 
 Pin No. Function Name 

1 Ground (0V) Ground 
2 Serial data input pin Data 
3 Serial data input pin Data 

 4 Supply voltage, 5V Vcc 

III.  PROPOSED SYSTEM FOR SOFTWARE PART 
The operation of RF remote operation with microcontroller is written in embedded C programming language. In this system, 
three modes by selecting switches from RF remote control are considered. Although three mode conditions can be selected in 
this paper, only fan mode is tested. In fan mode condition, only the swing and indoor fan depending on the received speed from 
RF remote will operate but other operations will not work. The speed of the indoor fan can be selected by the conditions of low, 
medium and high from the switches of the RF remote control. The software is started with the initialization of the RF remote 
controller and is depicted in Fig. 2.  

 
Fig. 2. Flowchart of Fan Mode Operation 
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IV. PROPOSED SYSTEM FOR HARDWARE PART 
The proposed block system illustrated in Fig. 3 comprises of two sections. The system block diagram is made up of the 
following block items. The RF Transmitter and RF Receiver with control card for air conditioner are presented in this system. 

 
Fig. 3 Block Diagram of the Transmitter and Receiver Sections 

A. RF Remote Transmitter Circuit 
The RF transmitter circuit schematic diagram where PIC16F877 microcontroller is used. In the circuit there are twelve (12) 
pushbuttons in following image Fig. 4 as shown, each pushbutton sends a different RF signal code via an RF transmitter. 
PIC16F877 internal oscillator is used (8MHz) and MCLR is disabled. In RF remote section, consists of a ASK transmitter. If an 
address in the remote section is set the same address, it will be required in the receiver section. So, always set same address in 
transmitter and receiver. The transmitted data is received by an RF receiver operating at the same frequency as that of the 
transmitter. Transmission through RF is better than IR (infrared) because RF can travel through larger distances making it 
suitable for long range applications. Next, RF transmission is more strong and reliable than IR transmission. Unlike infrared (IR) 
remotes, which are the most common, Radio Frequency (RF) remote controls are easier to use because they do not require line 
of sight.  

 
Fig. 4 Circuit Diagram of RF Remote with Microcontroller 

Hardware construction for the RF module transmitter to send the transmitting signal to the receiver of universal control card is 
depicted in Fig. 5. The transmitted data is received by an RF receiver operating at the same frequency as that of the transmitter. 
Transmission through RF is better than IR (infrared) because RF can travel through larger distances making it suitable for long 
range applications. Next, RF transmission is more strong and reliable than IR transmission.  
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Fig. 5 Twelve Switches of Wireless RF Remote Control 

B.  RF Remote Receiver Circuit and  its Advantages of RF Remote Control  
RF remote control provides long range of up to 200m / 650ft and can find many uses for controlling different devices, and it 
works even through the walls. Lights, fans, air conditioning system, computer, printer, amplifier, robots, garage door, security 
systems, motor-driven curtains, motorized window blinds, door locks, sprinklers, motorized projection screens and anything can 
be controlled. The control card in receiver section consists of four relays and one MOSFET IRFZ44N for the connection of 
output loads. The four relays with 5 V that cannot be controlled by the microcontroller directly are used. MOSFET IRFZ44N is 
used as a switch to drive the loads in receiver section. The load, brushless fan is used for indoor fan speed. In this system, Pin 2 
of PORTC is connected to drive the indoor fan motor. The next pins pair is used for heating fan speed (the heater) and cooling 
fan speed (the cooler) connected with PINRC1 and PINRC2. The circuit diagram of RF relay board, receiver have been 
mentioned to each condition such as mode selections by the RF remote control illustrated in Fig. 6.  

 
Fig. 6 Circuit Diagram of RF Relay Board, Receiver 

C. Relay Board  Construction 
In this below construction demonstrated in Fig. 7, four relays and one MOSFET IRFZ44N are used to control the outputs for 
universal control card. Relay 1 is used to describe the outdoor fan. Relay 2 is used to display the swing for the output. Relay 3 
demonstrates the heating fan speed running. Relay 4 shows the cooling fan speed operating for the system. The relay driver 
circuit drives to get the desired output loads and depends on the output bits of PIC16F887. Four LEDs near four socket switches 
indicates the outputs of the swing, the outdoor fan, the heater and the cooler for air conditioner. 
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Fig.7 RF Relay Board Construction 

In the following circuit construction, RF remote control which is suitable for this control card consists of twelve push switches, 
LCD display and RF transmitter. To achieve an easy transaction between two PIC16F887 microcontrollers, the following circuit 
uses inexpensive When the simulation runs, the LCD will be displayed the message " MODE: F, OF: N, IF: H, SWING:N , 
TEMP: NC" as shown in Fig. 8. PIC16F887 microcontroller is programmed to transmit its ADC data (RA0/AN0 channel) 
serially using its built-in USART hardware at 9600 baud with no parity and 8-bit data stream. The PIC’s USART transmitter 
(TX) pin feeds the data into the data pin of the KST-TX01 which transmits it using 433 MHz ASK RF signal. On the receiving 
end the KST-RX706 module receives the data and its output is connected to the PIC’s USART input pin. The second PIC is 
programmed to read its USART receiver (RX) pin. On both ends, two LCD displays are also connected which show the 
transmitted and received bytes. Since RS-232 communications typically allow 8-bit data, the 8-bit A/D conversion is used here 
for simplicity, instead of the more common 10-bit ADC. RF sensor module receives the RF pulses sent from remote and 
converts it to corresponding electric pulses. The control output signal is given to driver circuit received by the RF remote 
control unit and is displayed on LCD of RF remote. Hardware construction of the RF remote system with microcontroller PIC 
16F877 is depicted in Fig. 9 

 
Fig. 8 LCD Display for Fan Mode of the RF Remote Control 

 
Fig. 9. Construction Diagram for RF Remote Control with Microcontroller 

V. CONCLUSIONS 
The goal of this system is to design and construct RF remote control with microcontroller for air conditioner. The results have 
been implemented to fan mode condition by the RF remote control. In this paper, RF receiver receives the transmitting signals 
from RF remote control. Depending on these signals, the output conditions will do receptive operations for the system. After 
testing this circuit, the device is able to control a load of high power rating from remote area. After designing and testing this 
system, it became pretty obvious that microcontroller is a smart way to do this due to more reliable ready to build. Therefore, 
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this paper is partially fulfilled for air conditioning system. The used RF module in this paper is cheap and easy to use with any 
microcontroller. But their whole system was not cost effective a little. In this system, a remote control system which utilizes the 
radio frequency technology is developed. 
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