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Abstract 
The objective of this project is to explore the possibility of using X-10 and 
LabVIEW to control the device in the house. Based on the serial port com-
munication of LabVIEW, the X-10 module can be programmed by using the 
X-10 commands. Through the power line, all the devices connected to the 
socket will be controlled. Without replacing the existing wire, it must be an 
easy control system for the user who has no experience in electronics or 
communication engineering. Actually, this is a quite practical X-10 home au-
tomation system. 
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1. Introduction 

The concept of “home automation” or “intelligent home” is not new. The earli-
est integrated home system can be traced back to the 1960s. [1] A number of 
standards are available all around the world in terms of regional and interna-
tional standards such as X-10, Smart House, Home Bus System (HBS), Lon-
Works and Consumer Electronics Bus (CEBus). (These standards will be de-
scribed in the following chapter). All of these standards may not be compatible 
with one another because of the operating principle. Due to the huge cost, most 
people do not incorporate these technologies into their homes in the past. [2] 
Bill Gates, a famous IT man, spent more than £100 million on his smart house 
that controls lighting, digital art and security automatically. Figure 1 shows the 
basic structure of intelligent home. 

However, with the development of electronic technology, electronic devices 
are much cheaper than in the past and most industries invest in developing ap-
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plications for smart home including remote control, Computer Interface, Lamp 
Module and compatible software control for existing operating computer sys-
tems. Even so, it is still not free and easy for someone who has no experience in 
electronics and computing.  

 

 

Figure 1. Overview of home automation [3]. 
 

Home automation is truly about connecting lots of different devices to the 
network, including light switches, thermostats, door locks or water sensors. It is 
a natural progression for operators to be able to develop an integrated security 
and automation IP platform for the home. From the perspective of a service 
provider (Figure 2), in the next ten years, the automated home system will be 
used widely in both Europe and North America.  

 

 

Figure 2. The number of Smart Homes [4]. 
 

Thus, it is necessary to research this project, which is based on the X-10 
communication protocol to control the devices (such as lamps) by using the 
Virtual Instrumentation. Speaking of the Virtual Instrument, it is no doubt that 
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LabVIEW is a development environment for graphic programming language. In 
addition to providing a functional and beautiful user interface, the programming 
of LabVIEW is easier than traditional programming like C or assembly language 
(This part will be described specifically in the following chapter). The PC serial 
portal or USB is normally used for sending and receiving data across the mains 
via an interface board including setting the address and the statement of device. 
Basically, the final design will achieve that the lamp in different addresses can be 
controlled by the LabVIEW, necessary information consists of room name, lamp 
name, the status of lamp (“on” or “off”) and the execution time. 

2. Design of Home Automation Control System by Using  
LabVIEW 

2.1. Overview  

In this project, X-10 modules will be controlled by using the Virtual Instrumen-
tation development software named LabVIEW, which is based on graphical 
programming language. The software uses graphical blocks instead of text like 
C+ to programme the hardware and create a beautiful user interface to control 
the system easily. [5] The X-10 controller module will communicate with the PC 
via a serial port. For LabVIEW, it provides some block diagrams to support the 
serial communication system. According to the X-10 command, LabVIEW will 
send and receive the signal with the controller module and the power line will be 
programmed by it including the function code, house code, unit code and 
checksum code. Once the fundamental design has been finished, it is necessary 
to add a mobile control for it. People can control the device anywhere and any-
time. To do this part, an Internet server will be built to run the system online. 
Figure 3 shows the overview of design with block diagrams. 

 

 

Figure 3. The block diagram of design. 

2.2. Software Selection 

This project will use graphic programming language, and LabVIEW is a very 
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advanced graphic programming software, which is using icons instead of text to 
program the application. Compared to the text-based programming languages, 
LabVIEW uses data-flow programming, which means the flow of data deter-
mines the execution. But the text-based programming is that instructions deter-
mine the program execution. For example, if people want to build a user inter-
face with some indicators and controls, they can just drop the relevant blocks 
into the front panel and connect them to the block diagram interface. Block dia-
gram interface is known as the place to program. People can add code using 
graphical icons of functions to control the devices that located on the front panel.  

User can find some structure blocks, which have the same function as other 
programming languages, such as while loop, for loop, sequence structure and so 
on. Lots of indicators can be chosen from the indicator category like LED and 
string display. In a word, LabVIEW is not only a quite simple programming tool 
but also it can provide a nice front panel at the same time. Figure 4 and Figure 5 
show a simple example to describe the operation of LabVIEW. 

 

 

Figure 4. The front panel.  
 

 

Figure 5. The block diagram.  
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Figure 5 is a screenshot of front panel for adding machine VI (Virtual In-
struments). User just selects two controls “x” and “y” and two indicators “x + y” 
and “x − y”. There is a Boolean switch needed to start or stop the programming.  

Figure 5 shows the block diagram that has been described in the previous 
paragraph. Connecting two controls and two outputs to the “add” and “minus” 
function icons, a while loop is for running the programming inside continuous-
ly, which is controlled by a switch. Now, running the programming and entering 
any number in the control blocks, you will get the result in the indicator.  

2.3. Serial Port Communication on LabVIEW 

There are four parameters required in serial communication, which are the baud 
rate of the transmission, the number of data bits per character, the sense of the 
optional parity bit, and the number of stop bits. In LabVIEW, serial port com-
munication is supported by some functions and VIs, which is under the I/O   
Serial sub-palette. Figure 6 is the VISA configuring serial port VI that is used for 
initializing the port identified by VISA resource name to specify the settings. 
Resource name is the COM port in the PC. [6] Timeout is for setting the time 
out value of serial communication. Baud rate, data bits, parity and flow control 
are the specific parameters of serial communication.  

 

 

Figure 6. VISA configure serial port VI. 
 

Figure 7 shows the basic structure of sending a string on LabVIEW by using 
the serial communication. The VISA configuration with COM1 and set to 9600 
baud, 8 data bits, no parity and 1 stop bit. VISAWrite function sends the com-
mand to the input of VISARead function. VISARead receives the command and 
indicates by a read buffer string. The final step is closing the serial port. 

 

 

Figure 7. Send a string by using serial port.  

2.4. Transmit-Receive X-10 Commands 

Three parameters are used to identify the device and the function to control, 
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which are house code, unit code (device code) and function code. The house 
code is from A to P and the unit code is from 1 to 16, the function code depends 
on what the function user wants to configure. CM11A is a X-10 transceiver 
module and all the code of CM11A with respects to binary value are shown in 
Figure 8. The details of this hardware will be described in the next chapter. 

 

 

Figure 8. X-10 commands.  
 

The X-10 transmission format from PC to the transceiver module is shown on 
Figure 9. Firstly, the PC will write a header code to the interface, which is in-
cluding the house code and unit code. Then the interface will checksum the val-
ue and writes back to the PC. If PC acknowledges the code from the checksum, 
the interface will be ready for receiving the data. 

 

 

Figure 9. The transmission format of X-10. 
 

The header byte (8-bit) defined as: 
Header code:  
7 6 5 4 3 2 1 0  
<Number of Dims> 1 F/A E/S  
Number of Dims means the dimming level of an X-10 module and his func-

tion is only available for a lamp module. This value is between 0 and 22 to iden-
tify the percentage of dims to be transmitted. For example, if the value transmit-
ted is 22, it means that the percentage of dims is going to be 100%. Bit 2 is always 
set to “1” to make sure that the interface is able to maintain synchronization. [7] 
F/A distinguishes the code is for function (1) or address (0). E/S defines if the 
following byte is an extended transmission (1) or a standard transmission (0). 
So, if the address code requests to be sent, the header bytes will be 0x04. In an-
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other hand, if the function code requests to be sent, the header bytes will be 
0x06. 

Address and function code:  
7 6 5 4 3 2 1 0  
<House code> <Device code> Address code 
<House code> <Function> Function code 
When the interface receives a data from PC, it will add all the bytes together 

and return a byte called checksum. If the checksum is correct, the PC should re-
turn a value 0x00 to prove the transmission should take place. When the trans-
mission has happened, the interface will return 0x55 to the PC to show its is 
ready for receive transmission. The example below shows that turn on the lamp 
in A1. (See Table 1) 

 
Table 1. How to turn on the A1. 

PC Interface Description 

0x04, 0x66  Address A1 

 0x6A Checksum 0x04 + 0x66 

0x00  OK for transmission 

 0x55 Interface is ready 

0x06, 0x62  A1 ON 

 0xEE Incorrect checksum (0x06 + 0x62 ≠ 0xEE) 

0x06, 0x62  Re-send the function 

 0x68 Checksum 

0x00  OK for transmission 

 0x55 Interface is ready 

2.5. Implement the X-10 Commands in LabVIEW 

It is better to use selective ring to select which house and unit the user want to 
control, because it is quite difficult and complicated for users to enter the Hex 
value every time. So, this design here is using an array to store the entire unit 
and house code, when the user select the device on the ring, it will index the rel-
evant Hex value from the array. The Boolean switch is used for control the de-
vices ON/OFF. If the switch is turn on, the devices will turn on. If the switch is 
turn off, the devices will turn off. Each of processes in X-10 communication has 
been created as icons, which is named sub-VI. As is shown in Figure 10, there 
are four sub-VIs for this procedure including “write”, “checksum”, “read” and 
“ready to receive”.  

Similar to Figure 10, the programming of DIM/BRIGHT mode is shown on 
Figure 11. The step of identifying the address is completely some as the 
ON/OFF mode, but the function code is different. In the X-10 protocol, the bi-
nary value for DIM is 0100, which is 0x04 in Hex. The binary value for BRIGHT 
is 01001, which 0x05 in Hex. Thus, changing the value that the arrow point out 
controls DIM/BRIGHT mode. 
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Figure 10. ON/OFF mode. 
 

 

Figure 11. DIM/BRIGHT mode. 

2.6. Edit the User Interface (Front Panel) 

Once the basic control programming has been finished, it is necessary to build a 
functional user interface. For example, some indicators, buttons and joystick 
should be used to make the control easier and nicer. In this part, the security sys-
tem, devices-display system, devices-selection system reservation system and cus-
tomized option system will be developed. Each part will be introduced separately.  

0x04, address code0x06, function code

“4” for DIM and “5” for BRIGHT
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2.6.1. Security System 
The security system is aimed at protecting the home automation system from 
unidentified log in. In some cases, the user does not want someone else to run 
the system. So a password is needed for the users to log in the system only. Fig-
ure 12 shows the design of this part.  

 

 

Figure 12. The front panel of security system.  
 

The control panel will not appear until the password is correct. The user en-
ters the password first and presses OK. If the LED turns to green, it means log in 
successfully. Otherwise it will be stay at red colour and wait for user types the 
correct password. There is a possibility that householders forget their password. 
In consideration of this case, a password-reset option will be created.  

Since the LabVIEW can read the external document like XML or text format, 
the system provides a changing password file, which is the text format. The 
length of password has been set by 6-character. If the user wants to change the 
password, just open this file and type new 6-character. Without doubt, this file 
should be kept very safety. (See Figure 13) 

 

 

Figure 13. The password reset file. 
 

Figure 14 shows the block diagram of this part. By using the “equal?” function 
block, this part is not complicated as people imagine. It just judges two strings 
are completely same or not. If they are same, the “equal?” block will output “1”, 
which can make the programming continuous without stop. 

 

 

Figure 14. The block diagram of security system.  

Where the password-changing file is
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2.6.2. Device-Display System  
In a house, varieties of devices with different types need to be controlled. For 
example, heater, microwave oven, washing machine, light, air-condition, TV and 
play-station. The user interface should tell users which device is controlling and 
what the status it is running. In this design, it modifies the indicator for heater, 
oven, washing machine and light. Basically, a bulb picture will stand for the 
statement of light. If the user wants to customize the devices, there are two op-
tions for them, bulbs for lights and appliance module for appliance. Different 
devices will be provided for user, which is shown on Figure 15.  
 

 
Figure 15. Some devices indicator (default). 

 
Adding these pictures into the picture ring, it will indicate the devices that user 

selected. Dropping the picture ring into the front panel and changing it to read 
mode. Then copy the picture from PC and import the picture to the ring. After 
this, the picture ring will give an order for each picture. Using the number con-
trols the pictures with different choice. Figure 16 shows where the picture ring is. 

 

 

Figure 16. How to find the picture ring. 
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2.6.3. Devices-Selection System 
For convenience, this system provides a devices-selection system for users to 
choose which device they want to control. To do this, there is a document need-
ed which is for user to edit the devices, here is used by another text file. There 
are 3 columns in this file, which are device name, address and type. Note that the 
appliances will representative as app and the lamps will representative as L. For 
example, the device name is heater, the address is A1 and the type of device is 
appliance. (See the Figure 17) 

 

 

Figure 17. The customised file for user. 
 

Once the edit file has been finished, these settings will be bound in a selective 
ring. If the user clicks the drop-down list, all the devices will appear on the 
screen. There are 7 devices has been set up already as the default. Heater, Light 
in bedroom, Light in yards, Light in living room, Light in bath room, Microwave 
oven and Washing machine. (See Figure 18) In addition, there are lots of cus-
tomize options for user to add more devices in the room. Just a four steps to set 
up: 

1) Open the device edition file 
2) Change the name of device 
3) Modify a new address for it (house code: A-P, unit code: 1-16) 
4) Choose the type of this device (appliance: app, lamp: L) 

 

 

Figure 18. The device selection system in the front panel. 
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From Figures 19(a)-(c), it shows how the display system and device selection 
system work.  

 

 

Figure 19. (a) The front panel for appliances; (b) The front panel for lamps; (c) The 
Dim/Bright mode for lamps. 

2.6.4. Reservation System 
Reservation system actually is a time control option. The operation of this part is 
when the user needs to make a reservation on the working of devices, just turn 
on the time select switch. Then timer interface will appear on the system and 
wait for user to set the ON time and OFF time. If people want the system keep 
the time setting for some time, there are 8 buttons, which provide options for 
users to determine when they want the system running as the setting before. The 
8 buttons are Monday, Tuesday, Wednesday, Thursday, Friday, Saturday, Sun-
day, Every day. The interface of this part is shown on Figure 20. The time setting 
is quite simple with a few steps. Firstly, click the time configuration button that 
looks like a calendar icon. Then change the time including month, year, hours 
and minutes. Finally, click the OK button. 

In the block diagram, as shown in Figure 21, it shows how to get the current 
time from LabVIEW. The current time can be achieved by using the block, 
which is named “get time/date”. Then connect this icon to the in range and co-
erce function. The upper time limit and the lower time limit will be set in this 
function to judge the time is in range or not. If the time is in the range, the light 
will be turn on. Otherwise, the light will be turn off.  
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Figure 20. The time select panel. 
 

 

Figure 21. The block diagram of time selection. 
 

If you change one of the data types to an array, you must change the remain-
ing data types to arrays to avoid broken wires. However, you can wire an array 
to x and two scalars to upper limit and lower limit. You also can wire double 
precision, floating-point and integer data to the input. The output will be re-
placed by a Boolean value. If the input data is in range, the Boolean value is true. 
If not, the Boolean value is false.  

2.6.5. The Final User Interface 
The final user interface is shown as Figure 22. There is a house picture in the 
front waiting for users enter the password to log in the system. Once the pass-
word is accepted, this picture will disappear and the control panel will come out 
showing all the options to the user. To become a product, a specify instruction 
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should be provided by the designer. So, an instruction is produced for people 
who start to use the system in first time. There two elements there, the advantage 
of this system and the guide how to use it. In the next section, this user interface 
will be created as an “.exe” application, which can work in the PC without the 
LabVIEW. And an installer package will be generated for the user to install this 
application anywhere.  
 

 

Figure 22. The final front panel. 

2.7. Create the .exe Application and Installer for the System 

The executable application is independent VIs and file build together into one 

Here is an instruction for user

Enter the password
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program, which can be run in the computer. The installer package includes the 
executable files, the device driver and the LabVIEW run-time engine environ-
ment. This package can be installed on any other PC, just like the way to install 
normal software on windows. Figure 23 shows the executable file and the gen-
eral installer package. 
 

 

Figure 23. The executable application and the installer package. 

2.7.1. The “.exe” Application 
LabVIEW offers an option for engineers to build an “.exe” application for their 
project, because the user may not have the LabVIEW in their own PC. In most 
cases, the “.exe” application is protecting the system. Due to the “.exe” applica-
tion will not allow user to see the programming (block diagram), user can only 
run the system without changing the design from the programming window. If 
the user access the block diagram unintentionally and change some program 
they do not understand, this may crash the program and the system will be de-
stroyed. So, the “.exe” application is very necessary to build. Figure 24 shows the 
steps to build the .exe application. It looks like simple, but sometime not. If the 
user was interested in programming, they might access the LabVIEW Help by 
selecting Help»LabVIEW Help in LabVIEW to solve the possible problems. 

2.7.2. Installer Package  
Right click the build specification in the project and select the installer. In the 
installer property, configure the product name and the source files. Create a 
folder to save the installer. The most important step is that adding the additional 
installer to the package. The reason is that people may use different version of 
operation system, and some drivers for LabVIEW will be included for special 
use. For example, in this project, the serial communication driver and the VISA 
(Virtual Instrument Software Architecture) drivers must be configured in the 
package. After building the installer package, you will find a folder in the desti-
nation, which called installer. If you open that file, you will find that there is an 
application inside named setup.exe. When the user want to install the application 
to another computer, just click this file and install it step by step. (Figure 25) 

2.8. Create a Network Server for the System and Generate a Web 
URL 

Use the LabVIEW Web Server to publish images of front panels from a VI or a 
stand-alone application to the Web. In the default mode, after the web-server 
has been enab0led, all VIs and applications are visible to all Web browsers. 
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However, you can control browser access to the published front panels and con-
figure which VI is visible on the Web. Not that to display front panels on the 
Web, the VI must be stored in the memory of the computer. 
 

 

Figure 24. The basic step to build an executable application. 
 

The JPEG and PNG image formats can be generated for the front panels by 
the web sever. The JPEG format compresses graphics well but can lose some 
graphic detail. This format works best for photos. Use the Web Publishing Tool 
to create an HTML document and embed static or animated images of the front 
panel or to embed a front panel in an HTML document so a client computer can 
view and control the front panel remotely. Use the Snapshot option in the Web 
Publishing Tool to return a static image of the front panel of a VI currently in 
memory on the server computer. Use the Monitor option in the Web Publishing 
Tool to return an animated image of the front panel of a VI or application cur-
rently in memory on the server computer. Use the Embedded option in the Web 
Publishing Tool to embed a front panel in an HTML document so a client com-
puter can view and control the front panel remotely. [8] (See Figure 26) 
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Figure 25. The basic step to generate an installer package. 
 

 

Figure 26. Create a URL for the design on LabVIEW. 

This is the URL for 
users to access the 
system on the WEB 
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2.9. Hardware Description 

In this project, the hardware is not going to design. All the modules are compat-
ible with X-10 will be bought, in terms of the X-10 controller (CM12U), Lamp 
module (LM565) and Appliance module (AM7466). The X-10 controller con-
nects to the PC via a serial port, and Lamp and Appliance module plug in the 
room socket. This chapter will describe the specific of these modules and how it 
works. 

2.9.1. CM12U X10 Computer Interface 
With the CM12U X-10 Computer Interface, users can program and control their 
lights and appliances at home. The manufacturer has created software for it, 
when people buy this device, it will be including in the box. This project will use 
the X-10 commands to program this controller instead of using this software. 
Due to this device provides self-program options for user, a single X-10 com-
mand can be used to trigger and program the power line. Figure 27 shows the 
picture of CM12U computer interface. 
 

 

Figure 27. CM 12U X-10 controller. 
 

Feature: 
• Available as either 9 Pin Serial or USB connection 
• Control X10 devices directly from your PC 
• Allow user to self-program  
• Compatible with all the X-10 commands 
The CM12U unit plugs into the serial port of any PC running Windows. The 

socket on the front of the unit is pass-through power outlet. The X-10 signal will 
send and receive though the serial port, and the power line will be programmed 
though the socket. 2xAAA batteries are required to keep the RAM intact. The 
mains electricity is not the power supplier for the RAM. If the PC is disconnect-
ed, then batteries are required to make the RAM working. 

2.9.2. Appliance Module  
Appliance module is used to control the devices that have On/Off mode. It is a 
receiver unit that works as a remote controlled relay. You can plug it into any 
socket in the house and control the unit attached to it though X-10 commands. 
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While lights have a special mode, which is the Dim/Bright mode. If the light 
plugs in this module, the Dim/Bright mode will not be working. In addition, the 
appliance module can switch incandescent lamps up to 500w.  

The switch on the load device can still control itself locally. However, do not 
forget to leave the local switch to “On” position if you want to receive the X-10 
commands. Otherwise the X-10 controller cannot control the device. Figure 28 
shows that appliance module was used in this project, which is AM7466. On this 
module, the load devices will be addressed by the house code (A-P) and unit 
code (1-16).  

 

 

Figure 28. AM 7466 appliance module. 

2.9.3. Lamp Module 
X-10 Lamp module is used by lights only, because it has a special function, 
which is the dimming control of incandescent lighting. This is the LM565 lamp 
module that operates with 230V AC and 40W to 300W incandescent lamps. It is 
not suitable for appliances or energy saving bulbs. 

As this module is simply inserted into wall sockets like an ordinary plug, there 
is no installation to be carried out. Just adjust the wheels on the front to desired 
device address and leave the load devices switches in the “on” position, which is 
as same as appliance module mentioned on last section. Figure 29 shows the LM 
565 lamp module. 

 

 

Figure 29. The Lamp Module LM 565. 

Unit code from 1
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2.9.4. The Connection of Hardware  
Figure 30 shows the overall connection of hardware. Lamp module and appli-
ance module are plugged in the socket communicate with the control module via 
the power line. The X-10 control module has a serial port that connects to the 
COM port of PCs. Based on the LabVIEW user interface of this project, it works 
successfully.  

 

 

Figure 30. The total connection of project. 

3. Conclusions  

The software of LabVIEW was selected to program the X-10 modules by serial 
communication. This software built a nice user interface for people and that was 
the main reason why this software was chosen. To modify the front panel (User 
Interface), the security system, devices-display system, devices-selection system, 
reservation system and customized option system are all built in LabVIEW.  

After the main design had been finished, an executable application was neces-
sary for the user to make the system portable. Due to the user changing their PC 
or some special cases, an installer package had been generated and added to the 
project. To improve the practical applicability, this system was developed by the 
Web. It means that the user can control the system online by typing the URL on 
the Internet browser address bar. 

In a word, the home automation system here is not the most advanced design 
in terms of software and hardware. However, it is very simple for the user to in-
stall and make their home intelligent. With the development of intelligent home 

Lamp module and appliance module

CM12U X-10 computer interface module 

Connect the CM12U and the PC via the serial port 
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technology, the author believes that more and more families will install the 
home automation system in their houses.  
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