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 This work presents a design and development of a remote controller 
application using an Altera DE2-115 board. A remote controller lighting 

provides smart technologies make it viable to monitor, control and support 
users in which can enhance the quality life and promote independent living. 
Nowadays, to turn on the electrical devices, a user will go to the located 
switch. It is difficult and required more time to switch on the devices instead 
of staying at certain location while controlling the switching mode of the 
devices. Implementing this system, users do not need to have numerous 
switches in their home to turn on the lights as they can do this digitally from 
a switchless control located in one place or using a remote controller.  
The Altera board is built with eighteen slide switches which act as inputs and 

at the same time it will display the outputs on seven segments, LEDs and 
LCD display character. As a conclusion, the remote controller lighting 
system provides convenience and energy efficiency in order to allow the 
users to control the lighting system using smart devices. 
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1. INTRODUCTION  

Home automation system provides safety, convenience and energy efficient by allowing users or 

home owners to use the smart devices in order to control the electronic home appliances. In fact, every 

person needs a safety secure and having a comfortable life at home [1]. Thus, a smart home will ease the 

users with the helping of internet-connected devices to enable the remote monitoring and controlling the 

appliances and systems such as lighting and heating [2, 3]. An automatic controlling technology, 

communication technology and lighting power adjustment technology is the essence of most current 
intelligent lighting control system [4]. Commonly, lighting control system is applied into a house or building 

for the purpose to reduce the energy used and electricity bill. Six aspects that are mainly covered by the 

current digital home application are security monitoring, residence monitoring, health care, information 

appliances, central control system and energy saving [5]. Remote control and monitoring of machines is the 

key area of research these days [6].  

Smart home is a combination of various subsystems linked to home life by advanced technologies 

such as fiber optic composite cable home [7]. According to Robles and Kim, Smart Home is the term for 

determining residence using the control system to integrate home automation system which integrating 

electronic devices controller with only a few buttons that are connected with the simple telecommunications 

system [5, 8]. Smart home can also be referred to as integrated buildings with installed detection and control 

devices such as heating and air conditioning, ventilation, lighting, hardware and security system [9].  
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For disabled and elderly person, home automation can be the substitute of institutional care [10]. With the 

energy saving concept, home automation or building automation makes life very simple nowadays [11]. It 

involves automatic controlling of all electrical or electronic devices in homes or even remotely control 

through wireless communication [12]. According to Balta-Ozkan, a smart home does not only provide 

benefits of efficient energy conservation, but also improves lifestyles, safety and security [13, 14]. Therefore, 

the objective on this project is to design, verify and implement remote controller lighting system for the 

application in smart home and FPGA is used in this project due to it is low cost, flexible, low power 

consumption and scalable [15-17]. 
FPGAs are a semiconductor device called "logic blocks" that includes programmable logic 

components and programmable interconnections [18]. The feature of fundamental logic gates like AND and 

XOR can be programmed for logic blocks or for more complex combination functions such as decoders or 

simple mathematical functions [19]. The general FPGA architecture consists of three types of modules. They 

are I/O blocks or Pads, Switch Matrix/ Interconnection Wires and Configurable logic blocks (CLB). The 

basic FPGA architecture has two dimensional arrays of logic blocks with a means for a user to arrange the 

interconnection between the logic blocks [20]. It also surrounded by programmable input/output (I/O) blocks 

which has been the interfaces to the external connections of the device [21]. One of the benefits of the FPGA 

in comparison to others is hardware resources in FPGA can be custom designed owned by users, which 

means that the user can design their personal circuit or processor structure, either a simple or complex [22]. 

The number of control and monitoring devices attached to the FPGA depend on the number of free 

input/output ports available on the FPGA [23]. FPGA is an excellent alternative design platform in the 
implementation of digital systems due to their ability to quickly process parallel hardware designs with 

minimal cost [24].  

The paper is organized with the detail on the research method, software and hardware used in 

Section 2. Section 3 discussed on the detail on results and analysis of testbench timing diagram and  

Altera DE2-115 hardware implementation and end with conclusion on the whole objective of the project  

in Section 4.  

 

 

2. RESEARCH METHOD  

Quartus II 15.0 software is a tool that will be used to design a remote controller, the ISE Simulator 

software was used for the simulation on the timing diagram and for the hardware part, the Altera DE2-115 
board was implemented. The Quartus II 15.0 Web Edition software and ISE Simulator software were used to 

write a Verilog HDL language and verified the functionality of the design. The seventeen slide switches have 

been used as an input while for the output in this system, the result will be displayed by seven segment, LEDs 

and LCD display. The overall flows for the remote controller design as shown in Figure 1. Verilog HDL will 

be used as programming code in this system in order to download the code into the Altera board to produces 

the expected outputs. 

 

 

 
 

Figure 1. Overall flows for the remote controller lighting system design 

 

 

2.1.  Software and hardware 

The graphical user interface and command-line interface for Quartus II 15.0 web edition software is 

as shown in Figure 2. Figure 3 shows the Altera DE2-115 board in which the verification process for the 

whole project was done. ISE simulator software for simulation is as shown in Figure 4. The whole process 

and flow for the remote controller lighting system is shown in Figure 5.  

 
 



Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

Design and implementation of HDL remote controller for smart home system s (I. H. Hamzah) 

119 

  

 

Figure 2. Quartus II 15.0 software environment 

 

Figure 3. Altera DE2-115 board 

 

 

 
 

Figure 4. Timing diagram for slide switches, LEDs and seven segment  

 

 

 
 

Figure 5. Flowchart of a remote controller lighting system  
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3. RESULTS AND ANALYSIS 

The results and analysis were presented in the form of timing diagram simulation and hardware 

implementation. Timing diagram simulation was done using ISE simulator and thus verified by hardware 

implementation using Altera DE2-115 board.  

 

3.1.  Testbench timing diagram 

The testbench for slide switches, seven segments and LEDs that have been created before obtaining 

the timing diagram. In this testbench, all the inputs and outputs have been declared including UUT which is 
known as Unit Under Test [25]. This UUT needs to be instantiate in designing a testbench. This UUT acts as 

port mapping method which shows the connections of outputs and inputs from the main operation of Verilog 

coding that must be linked in the testbench module. Figure 6 explains the operation of switchless lighting 

system in test bench timing diagram.  

Seven segments 1, 2 and 3 were always displayed character ‗Led‘ between 0 to 1000ns. Those seven 

segments are indicated with white signal colour as shown in this timing diagram. Seven segment 3 will 

display character ‗L‘ while seven segment 2 display ‗e‘ and the seven segment 1 will display ‗d‘. For 

example, the binary number for seven segment 3 is 7‘b1000111 that display character ‗L‘. These seven 

segments were produced the outputs once those binary number are in logic low. Each segment in a display is 

identified by an index from 0 to 6 as shown in Figure 7. In order to display character ‗L‘, the index 3, 4 and 5 

are set as logic low. 

Figure 8 describes a timing diagram between input slide switches and LCD output character. At the 
beginning of this operation, the LCD output character will display ‗FYP: SMART HOME‘ on the first line of 

the LCD while on the second line, it will display ‗Design by Shakir‘. These characters are displayed when 

there is no logic high towards the slide switch. Besides that, each line consists of 16 character that can be 

display according to the index input as shown in Table 1. The characters are displayed based on the hex value 

that have been shown earlier in Table 2. The hex value consists of low and high hex digit that need to be 

include with DDRAM address to display a certain character. 

Figure 9 shows the result of LCD output character that display ‗LED1 Will Turned On‘ once the 

first slide switch was at active high which is SW [0]. It was clearly seen through the white signal colour of 

hex1 which represented as the slide switch. On the white signal colour, it showed that the slide switch of SW 

[1] until SW [17] are at active low while the SW [0] is at active high. In a binary form, the timing diagram 

displayed 000000000000000001 due to the number of bits that the slide switch required. The LCD output 
character showed the result according to the hex value that had been set. The hex value was determined on 

the green signal colour but need to be converted in hexadecimal number due to the binay form that have been 

set in this timing diagram. The hex value in a binary form can be obtained through the light blue box as 

shown in Figure 9. 

 

 

 
 

Figure 6. Operation of switchless lighting system in timing diagram 
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Figure 7. Seven segments of character ‗led‘ 

 

 

Table 1. 2-Line by 16 character display 
LCD Line DDRAM address 

Line1 00 01 02 03 04 05 06 07 08 09 0A 0B 0C 0D 0E 0F 

Line2 10 11 12 13 14 15 16 17 18 19 1A 1B 1C 1D 1E 1F 

 

 

Table 2. ASCII Hex table 

 
 

 
 

Figure 8. Timing diagram for slide switches and LCD display when hex1 is 18‘b000000000000000000 
 

 

 
 

Figure 9. Timing diagram for slide switches and LCD display when hex1 is 18‘b000000000000000001 

Hex Value 

High Hex  

Digit 

Low Hex Digit 

0 1 2 3 4 5 6 7 8 `9 A B C D E F 

2 SP ! ― # $ % & ‗ ( ) * + , - . / 

3 0 1 2 3 4 5 6 7 8 9 : ; <  = >  ? 

4 @ A B C D E F G H I J K L M N O 

5 P Q R S T U V W X Y Z [ \ ] ^ _ 

6 ` a b c d e f g h i j k l m n o 

7 p q r s t u v w x y z { | } ~ DEL 

Hex value in 

binary form 
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3.2.  Altera DE2-115 hardware implementation 

The testbench timing diagram as shown in Figure 8 is reflected in Figure 10. Figure 10 shows the 

result when no logic high were applied to the slide switches. At this time, no LEDs turn on but the LCD 

display characters of ‗FYP: SMART HOME‘ on the first line and ‗Design By Shakir‘ on the second line. 

Then, the seven segments produced an output which notify the user that the LEDs are in Off mode. It used all 

the seven segments that has built in the Altera board to display ‗_OFF LED_‘. 

The testbench timing diagram as shown in Figure 9 is reflected in Figure 11. In this case, the LCD 

will be changed to display ‗LED1 Will Turned On‘ once the SW [0] is active high. Another outputs will be 
produced which is the seven segments will show ‗_ _ ON LED1‘ and the first two of green LEDs will turns 

on which are LED_GREEN [0] and LED_GREEN [1].  

 

 

 
 

Figure 10. All LEDs are in off mode 

 
 

Figure 11. LED1 turned on 

 
 

4. CONCLUSION 

As a conclusion, the remote controller lighting system has successfully implemented into the Altera 

DE2-115 board using Verilog HDL code as its design entry in Quartus software. The timing diagram have been 

obtained through the testbench module which is designed using ISE simulator in order to verify the functionality 

of the system design. Furthermore, slide switches have been used as the input for the Altera board while the 

16x2 LCD module will display a character according to the inputs that are selected. Therefore, the 

implementation on this project will improve the user‘s quality life and promote independent living style.  

Moreover, users do not need to have numerous switches in their home to switch on the lights as they 
can do this digitally from a switchless control located in one place or by using a remote controller. It means 

that, users just need to key in a certain number, and if the number matches the pre - setting codes in the 

programming code for certain light, it will turn on. The remote controller lighting system also provides 

convenience and energy efficiency allowing the users to control the lighting system using a smart device. 

Thus, electricity bill can also be reduced with the help of this remote controller system.  
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