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Abstract

With the advent of technology, everyday tasks have become more and more automated. Home
automation is the use of computers and the Internet to control home appliances such as lights,
thermometers, and even coffee makers. With the use of home automation systems, the control of these
appliances can be centralized to one location —the cloud. In this home automation system, the Altera DE2
board isused to allow a user to control X10-controlled appliances in their home through a common web
interface. The board communicates with an X10 USB Transceiver, which then communicates with the rest
of the X10 Home Automation System.

Overall, the project worked successfully. The X10device was interfaced successfully with the DE2
board. The drivers worked successfully as well.



Table of Contents

FUuNCtional REQUITEMENTS Of PrOJECT. .uvururiritiiiiititit ittt s e e e e e e s 1
Design and Description Of OPEration .....cuuueeiei i i i e e e e e e e e e e e e e e e ae b e e e e e e enerenaeeees 1
e 1Y =T - | T 2
Sources of Reusable DESIZN UNITS .....cuuu i e et e e et e e e e et e e e e et e e e e et e eesasaeessra e eesennaaens 3
DY [ 11T S PPN 4
User-Perspective BIOCK DIAZIram .. ....cuu e e e e e e e e e e e et e e e e e e e e e aa e e eeaaa e e eeara e enraanns 4
VOIABE AN POWET. ...ttt e ettt s e e e er et s e s e e e sesane s s eeserere s sasaeasasansnana s eesanans 4
ST =q o U] a o I 2= To [ o V=S 5
Yo N T (Sl =T = o TP 6
Program FIOW and Task INteractions........ccuuuiiiiiiii i e e e e e e e e e e b e e s e e e eebaaaas 7
BT Y=Y £ o o B T« o= =Tt 7
X10 CommuNiICAtionN aNd USB BasiCS...cuuuuiiiiiiiiiiiiiiiiieiii e ettt s e eeti s e sttt s e sebta s aesaa s eaessaaseaesssnsasesssnsasssnnsasesenn 8
L 2 I L PO 9
Results of Experiments and CharaCterization...............eeeeeeeeeie s 10
R £ (T =TT 11
1 1< o Lo [t 12
Appendix 1: QUICK STart ManUal........coovuiiiiiie et e e e e e et e e e e et e e e eaaa e e e ara e eeseaaaeaens 12
APPENAIX 21 FULUIE WOTK ..t e et e et e e e et e e e et e e e e ataa e e e eataa s eeesena e esaansaeserasarsrnnranes 13
Appendix 3: Hardware DOCUMENTAtiON ....ciiiiii ittt ettt ettt ettt e e b e rebe e bebebebebebesbenens 14

Appendix 4: SOUIrCe COTe SECHION......ciiii e et e e e e e e e e et e e e e et eeesaba e eeaeanseesasaaaens 15



Functional Requirements of project

The Home Automation Systemisan embedded system thatis capable of remotely controllinghome
appliances. The system will allow a userto control home appliances from any device with abasicweb browser.
The following are the functional requirements of this project:

e Afullyfunctionalweb serverrunning onthe board.

e Anicelydesigned website with an authorization system for controlling the appliances with the ability
to dynamically add orremove appliances through the web browser.

e Abilityto controlan X10 USB Transceiver.
e Modular andscalable design sothat one can easily add or remove appliances.

e USB Host capabilities

The above mentioned requirements are the minimal requirements necessary and the goals setfor this project.

Design and Description of Operation

There are two main components to the Home Automation System: the controller, and the X10
Automation system.

The controlleristhe core of the Home Automation System. Itis connected to theinternetviaan
Ethernet connection. The controllerimplements aweb serverand hosts the web site. This allows the controller
to be remotely controlled by auserthrough the website. The controllerisalso connected to the X10 USB
Transceiver module. This module isawireless transceiver that connects via USB and can talk to the X10
TransceiverBase.

The other part of the designis the X10 system. The X10 system consists of a transceiver base and
appliance modules communicating togetherthrough the electrical circuitry of the house. The base accepts
commands fromthe USB Transceiver module via RF signals.

Description of Operation

The user begins by choosingwhat to do on the web site hosted on the controller (DE2 Board). Once the
web serverseestherequestfromthe user, itevaluates the requestand sends the required commands to the
X10 USB Transceiver module. The USB module then communicates with the X10Transceiver Base by RF signals.
These signals are theninterpretedin the X10 base and communicated overtothe X10 appliance modulesvia
the electriccircuitry of the house.

The figure below shows the interactions between the user, the controller, and the externalappliances.



Fig 1;: Operation of Home Automation Svstem
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TM 751 Transceiver Module w/ Built-in Appliance Module - X10 - $19.99 (Quantity = 1 unit)
The transceiver module forthe X10 system that converts RF signals from remote controllers and relays them to

the electrical circuitry of the house

Website: http://www.thehomeautomationstore.com/tm751.html

Datasheet: ftp://ftp.x10.com/pub/manuals/tm751-is.pdf

CM19A USB PC Transceiver — X10 - $15.99 (Quantity = 1 unit)
USB module that acts as a remote controllerforthe transceiver module.

Website: http://www.thehomeautomationstore.com/cm19a.html

Datasheet: ftp://ftp.x10.com/pub/manuals/cm19a-is.pdf

AM466 Appliance Module 3-Pin Grounded - X10 - $15.99 (Quantity = 2 unit)
Appliance module that switches appliances on and off.

Website: http://www.thehomeautomationstore.com/am466.html

Datasheet: ftp//ftp.x10.com/pub/manuals/am486-466-is.pdf

LM465 Lamp Module — X10 - $15.99 (Quantity = 1 unit)

Lamp module thatswitcheslamps on and off.

Website: http://www.thehomeautomationstore.com/Im465.html
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http://www.thehomeautomationstore.com/am466.html
ftp://ftp.x10.com/pub/manuals/am486-466-is.pdf

Datasheet: ftp://ftp.x10.com/pub/manuals/Im465-is.pdf

Altera/Terasic DE2 development board box - $517.72 (quantity = 1 unit)
The Box includes:

e The8x 6 inchDE2 board with a Cyclone Il EP2C35 (672-pin package) FPGA

e 9V AC/DCadaptor

e USBcable

e Plexiglascoverforthe DE2 board

e Installationguide: ftp://ftp.altera.com/up/pub/Webdocs/DE2 UserManual.pdf
Website:http://www.altera.com/education/univ/materials/boards/de2/unv-de2-board.html

5V 2A powersupplyrequired forthe board to run.

Sources of Reusable Design Units

A driverneedsto be written tointerface the ISP1362 USB controllercorrectly on the board. Based on
research, the following VHDLinterface is considered:

ISP1362 VHDL interface for DE2

This project provides astandalone interfacetothe ISP1362 USB controller. It allows communication with
the controller withoutthe needforthe Nios|I.

Limitations of this projectincludeatransferrate of 180 KB/s and 2 Bytes per transaction. Also, the

projectdoesn’timplement hardware flow control for overflow. Hence, the software must make sure to avoid
hardware overflow.

Source: http://mzakharo.github.com/usb-de2-fpga/
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Throughoutthe program’srun, the currentfluctuates between 0.47and 0.49. The voltage was measured
at 9 V. Taking the average of the current, the average power consumptionisP=4.32 W



Background Reading
The research of enhancing the transfer rate in an embedded USB-Host system [4]

The article talks about various methods of enhancing the transferrate inan embedded USB-Host
system. It highlights several measures of merit for USB performance, as well as methods on enhancingthose
statistics.

The methods mentioned inthis papertoenhance the transferrate can be used to speed up the rate at
which commands are sentto the USB module. Eventhough this project does nottransfer dataontoa USB flash
disk as inthis article, the paper'sresearch and results can still be expanded on for this project.

Building automation through web interface [5]

This papertalks aboutthe design of a system for controlling devices through aweb interface. The
paperdiscusses methods fortesting such a system, and optimizing the system and its results. The authors also
expanded onthe authentication used inthe web interface as well as the issues that arise with it.

A lot of the research and testing proceduresin this papercanbe directly applied to our project. The
optimizationslisted inthe papercanalso help optimize many factors of oursystem. In addition, the
authenticationdiscussedinthis paperalso helpsin deciding the authentication scheme to use in this project.



Software Design
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Program Flow and Task Interactions

The software isimplemented with the uC/OS RTOS.
There are three tasks defined in this software context:
1. StartupTask
2. WebServerTask
3. USB Task

To begin, the USB and Ethernetdevices are firstinitialized. Then, the startup taskis started. This task
initializes the the Interniche stack. Once the Interniche stackisinitialized, the web servertaskis started by the
Interniche stack. At this point, the startup task then proceeds to start the USB task.

Once the web serverisstarted, it waits for requests indefinitely. Once arequestis made, itis
processed and thenthe servercontinues waiting for more requests. No new tasks are started to take care of
requests. Basically, the web servertask polls the available connectionsin the socketsin awhile loop. Atany
pointintime, the serveriseitherwaitingforarequest, or processingone.

When arequestis made, the usercould eitherrequestto performachange on the list of devices, or
requestthata certain device switch on or off. The requestisfirstexamined to determine what the requestis
askingto do. At this point, if the requestis asking to modify the devices list, thenitis processed and the devices
are changed accordingto the requestdata. In the othercase, if the requestis attemptingto talkto the devices,
thentherequestwill be handed off toa USB request handlerinthe web servertask. Afterthe request has been
successfully processed, the server goes back to its waiting state.

If the requestwas handed off to the USB request handler, thenthe datais first extracted from the
requestandthen builtinto a USB packetaccording to X10 specifications. This USB packetisthenaddedto the
mailbox of USB packets to send.

The USB mailbox isthe synchronization structure betweenthe USB request handlerinthe web server
task, and the USB communication task. The USB task waits until the mailbox is not empty, and sends each
mailbox data. All packetsinthis queue are allowed to get delivered, but are waitingon theirturn. Once a
packetreachesthe frontof this queue, itgets written to the USB endpointdirectly. This sends the packetonits
way to the X10 interface. At this point, the operating system switches back tothe web servertask.

Drivers and Libraries

The software talks to the ISP1362 USB controllerand the DM9000A Ethernetcontroller.

In orderto talk to the USB controller, the software uses the drivers forthe USB providedinthe Altera
DE2 demonstration projects. Also, the software uses the drivers provided by the manufacturerforthe
DM9000A controller.



In orderto ease the USB communication process, alibrary was created that performs the complicated
tasks of USB initialization and communication. This libraryis Framework.cinthe drivers.

For the web server, the Interniche stackis used.

X10 Communication and USB Basics

Talkingtothe USB device consists of several steps. The USB hardware needs to first be initialized, then
the USB device needsto be initialized.

The ISP1362 supports three different types of transfers: (a) Isochronous transfers, (b) interrupttransfers,
and (c) control/bulk transfers. Consequently, each transfer has its own bufferon the controller.

In orderto initialize the USB device, control packets are sent through the control transfers by using the
ATL bufferinthe controller.

The USB hardware isinitialized by the following process:
1. Write Ox00F6 intothe HcResetregister
2. Callreset_usb() function
3. Initializethe ATLparametersfor control packets
a. w16(HcControl,0x6c0);
b. wi16(HcUpInt,0x1a9);
¢. w16(HcBufStatus,0x00);
4. Callset_operational();
a. Thissetseitherofthe ports onthe DE2 to operational
5. Callenable_port{);
a. Thisenableseitherportifadeviceispresent.
6. Callassign_address(1, 2, 0);

a. Thisfunctionassignsthe address1and 2 to the firstand second port onthe DE2
respectivelyifadeviceis presentaswell.

Once the USB hardware isinitialized, the USB device should be initialized as well. This involves choosing
which configuration the device should use. Forthe X10 device, itisa very simple USBdevice. ltonly hasone
configuration: 0. Then, to initializethe X10device, the software simply calls set_config(2, 0); which sets the
configurationto O for the device enumerated as address 2. This function returns 0 on success.

Now that both the hardware and the device are initialized, the software can talk to the device with
interruptwrites. To use interrupt writes,awrite endpointaddressis needed. This can be read from the
endpointdescriptors of the USB. For the X10, the endpointaddress forwriting is ***0x08. In order to do this,
the following steps are necessary:

1. Setuptheinterruptparameters. There are three parametersthatneedtobe setup:



HcintSkip: Definesamap forthe bufferto choose which PTDs to send and which to not send.
HclntlLast: Definesthe last PTD in the buffer
HcIntBIkSize: Defines the size of the interrupt bulk

o o T o

For the X10, only one PTD will be sent from the buffer, so the parametersare:
i. unsignedlongint_skip=0xFFFFFFFE;
ii. unsignedlongint_last=0x00000001,;
iii. unsignedint int_blk_size=64,;
e. Then,theinterruptparameterscanbe setup:
i. w32(HcIntSkip,int_skip);
ii. w32(HclntLast,int_last);
iii. wi16(HcIntBIkSize,int_blk_size);
2. Createaninterrupt PTD. The PTD containsthe header of the USB packet.
a. make_int_ptd(cbuf, OUT, EP, pbytes, 0, address, port, freq);

i. Thefunctioncreatesan OUT packet (forwriting), with an endpoint of EP, a payload of
size pbytesinbytes,and a frequency of freq. It then stores the resultin cbuf. The
frequency can be 0 forthis example.

3. Addthe payloadto the PTD. Simply append the payload to the address “cbuf+4” (assuming cbufisan
integerarray).
4. Sendtheinterruptusingthe send_int{) function.
a. send_int(cbuf, rbuf);
i. Thissendsthe PTD from cbuf that wasjust created. If there isanyreply fromthe
device, itwill be storedin rbuf. But, there doesn’thave tobe a replyin orderforthe
data to have beensent.

In orderto simplify this process, wrapper functions (from Framework.c) are used to perform the several
steps of each action:

¢ InitializeUSB(): Initializes the USB controller
¢ InitializeX10Device(): Initialized the X10 USB Device
e X10SendCommand(): Sends a payloadto the device

Test Plan

Testingis performed on the software components of the design as well as the hardware components.

For the X10 USB Transceiver, itisfirsttested on linux using the python driver obtained from [6]. This
confirmsthatthe pythondriver's usage actually performs the necessary functions successfully. The driverwas
then ported to the board. The USB transceiveristested onthe board by sendingthe same commands asin the
linux pythondriver.

From the board, several commands were sentand the results were observed:

e The USB RF transceiverflashes red when acommandis sentto it. This confirms that the
command was sentto the transceiver.

e Therespective appliance module isturned on oroff depending on the command



Forthe web server, the tests consist of confirming that:
e Board successfully obtainsan IP viastaticlP allocation
e Board successfully obtainsan IP via DHCP through a router

e Cansuccessfully view the web site on the board from another computer connected tothe
router

Afterthe USB device and the web serverare successfully tested, the integration testingis performed
by turning a device onthrough the web interface.

All the above tests passedin this project.

Results of Experiments and Characterization

The board initially ran ata frequency of 50 MHz. This frequency was found to be too slow to
accommodate a complicated web site. The requests from the web serverwere beinginterrupted without
cause. To accommodate more requests, the frequency was overclocked to 100 MHz. This allowed the
hardware to be more responsive asawhole when the web serverwas processing requests.

The web site created for this project references alot of external scriptfiles. The web serverused on
this project was modified originally from the Alteraweb serverinthe NIOS I IDE. Thisweb serverprocesses
requestsinsuch a way that make itimpossible for the board to be responsive. It splits the filestosend tothe
clientinto chunks, and sends multiple files concurrently. This causes the board to become unresponsive for
more complicated web sites even after overclocking to 100 MHz. To solve this problem, the board will simply
hosta basicHTML file which will reference external scripts and images from an external internet server
instead. This allowed forthe board to load a complex site in milliseconds, as opposed 15 seconds when all the
scripts were hosted on the board.

By increasingthe clock to 100 MHz, the speedincreases butthe powerincreasesaswell. Thisisa
tradeoff but notsignificantenough. The power consumptionis still acceptable at 100 MHz.
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Appendix

Appendix 1: Quick start manual

There are few things youneed to do before starting up the DE2 board.

1
2.

8.
9.

Connectan Ethernet cable from the wall into the wired router.
Connectanother Ethernet cable fromthe routerto the board.

Connectthe RF USB transceivertothe USB on the board.

Plugthe transceiverbase moduleinthe plugonthe wall.

Connectthe appliancesand devicestothe sockets onthe appliance modules.
Plugthose appliance modulesintothe plugins onthe wallinyourhouse.

Make sure that the appliance modules and the transceiver moduleare plugged underthe same
wiring system.

Start up the DE2 board.

Go to the website and start using your new Home automation system.

Pressing key Owill resetthe DE2 board and restartin case it does notwork.
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Appendix 2: Future work

These featuresthat can be explored and added in the future:

e Visual alarmclock that turns selected external lamps on/off ordim/bright when a configurabletime is
reached.

e Addingathermostattoregulate the temperature inthe house.
e Havingsecurity cameras that work with this system and live video surveillance through the website.

e Buildingamobile app instead of controlling it from the website.
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Appendix 3: Hardware Documentation
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Appendix 4: Source Code Section
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The source code files are submitted as atar file along with this project titled Home Automation.tar.
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