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Introduction

Technology is a key example of human evolution.  As we progress, our technology improves to offer more support in daily life.  The home is the focal point of human life.  It is intuitive to apply technology to the home as it incorporates itself more thoroughly into our lives.  A “Smart Home” is created through a sensor network that connects to a base.  Sensor networks are able to collect data and organize it into an efficient manner for the home owner to process.  Internet monitoring allows for easy accessibility.

Our idea is to provide some basic information through sensors to the internet and allow control of power relays from any computer even in a remote location.  
Problem Statement and Proposed Solution
Every year, consumers become more and more dependent upon new electrical gadgets.  Most of these gadgets have one thing in common: standby power.  People find it much easier to keep their chargers constantly plugged in, regardless of whether they are actually charging.  Electronic appliances that are plugged in, but turned off or in a standby mode, consume electric power known as standby power.  Standby power is also known as vampire power or phantom load.  
Our goal is to monitor power consumption and reduce this standby power.  The more that we are aware of a problem, the more opportunity we have to alleviate it.  With real-time monitoring, a user can better understand where their power goes.  The PlayStation 3 has been reported to use as much as 35W when on idle.  Further, they can use it more efficiently.  Standby power wastes energy, generates unnecessary heat, and increases fire risks.  A single appliance does not draw that much power, but an American home has an average of forty products constantly drawing standby power.
   Less vampire power means less weight on power plants.  Less weight on power plants is better for the environment.  Efficient energy saves money, saves lives, and saves the environment.
Another use for our system is to turn off items in a home that have been left on and are consuming full power, not only the relatively smaller amount used by standby power consumption.  For example a light sensor may set near a lamp which would enable the user to determine if a light has been left on and cut the power to it in order to save energy.
System Description and Block Diagram

















Central Node vs. Secondary Nodes– There are several significant differences in the role of the central node.  The first of these is that the central node is the only one which is actually connected to the internet through the SitePlayer.  By sending the information to the SitePlayer we will display the sensor data on the internet for the user to view and possibly act on.  The SitePlayer will also allow input from the internet so that the user is able to send a signal to the nodes.  This will be used to turn on or off the power relays attached to the nodes.  The other difference in the design of the central node is how the ZigBee communication will operate.  The secondary nodes will only need to talk to the central node.  The central node will have to use its ZigBee transceiver to talk to all of the secondary nodes relaying information between those nodes and the SitePlayer.
SitePlayer – The central node differs from the other nodes primarily by the addition of a SitePlayer.  The SitePlayer will allow us to post all of our nodes’ sensor data on the internet for access from anywhere with a web browser.  The SitePlayer will also allow a user to send a signal from their web browser to the microcontroller telling it to enable or disable the power relay.
Temperature Sensor - Each of our nodes will be equipped with a temperature sensor.  This will enable each node to determine the temperature of their environment and send that information to the central node to be displayed.

Light Sensor - Each of our nodes will also be equipped with a light sensor.  This will enable each node to determine the intensity of light where the sensor is placed and display it. 
LCD Display – An LCD Display on each node will display the readings from the local sensors in order to determine their status without having to use a computer to check the website.

ZigBee – Each node will be equipped with a ZigBee Transceiver in order to send or receive the readings of sensors and instructions to operate its power relay.

Power Relay–  A power relay will be controlled by each microcontroller and will enable the user to turn on and off appliances from a remote location.  This could be useful in many situations to save power when appliances are left on or to turn them off fully to eliminate standby power.
System Requirements

Overall System Requirements:

· Sensor Data is transferred to central node from secondary nodes using ZigBee wireless communication.

· Central node transmits orders to secondary nodes to control the power relays attached to them.

· Central node displays sensor data from all nodes on a web page.

· SitePlayer can receive a command from the internet and transmit this command to the Central node’s microcontroller.

· Low power usage.  Using a large amount of power would defeat the purpose of the project.
Subsystem Requirements:

· Wireless transceivers

· Central node is able to communicate with multiple secondary nodes.
· Central node must know which secondary node is sending sensor data in order to control the proper relay.

· Transceivers should be able to transmit data 50 feet in order to be able to control nodes at a distance.
· Microcontroller
· Pins for LCD display
· Pins for receiving data from sensors
· USART for USB connection
· SPI interface for communicating with ZigBee transceivers and SitePlayer attached to central node.
Future Requirements:

· Allow secondary nodes to forward messages to and from the central node in order to greatly extend the range of the sensor network.
· Allow automatic programming through website to turn appliances on and off at certain times of the day or month.
· Additional sensors in order to increase the capabilities of the monitoring aspect of our sensor network.
High Level Design Decisions

Power Sources
In order to power the central node we plan on using AC power.  This is partially because the central node will be using more power than the others due to the addition of the SitePlayer and more frequent use of the ZigBee transceiver.  AC also makes sense since the central node should be near a power outlet since it will be controlling the power provided from them.  In order to power the secondary nodes we plan on using alkaline batteries.  Batteries here will provide added flexibility to place the nodes wherever they are required.  Secondary nodes may not always be used for power control in which case an AC power source could prove cumbersome.
LCD Display / Output
A 20 x 2 display similar to that provided to us would be suitable for our application since there is not a large amount of information to be displayed and it is not critical to use of the system.  The LCD could always display whether the power relay is on or off and cycle through the data being provided from the sensors.  We will run a web server from the SitePlayer which will display all sensor data.  The SitePlayer is capable of utilizing a UART interface which will allow the data to be transmitted to it.
Input

All input will come through the SitePlayer from the site that it is hosting.  As stated above the central node microcontroller can communicate with the SitePlayer which will allow input from the web site.  The central node will then execute the command or send it to the proper secondary node.
Sensors
We do not have any extravagant requirements for the Light and Temperature sensors.  Some suitable sensors that we found through DigiKey are shown below.  These should provide adequate readings and will not break the bank.
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DigiKey Part #: BH1715FVC-CT-ND

Manufacturer: Rohm Semiconductor

Manufacturer Part #: BH1715FVC-TR

Features:

Digital 16-bit Serial Output Type
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DigiKey Part #: DS1624+-ND

Manufacturer: Maxim Integrated Products

Manufacturer Part #: DS1624+

Features:

Measures temperatures from -55°C to +125°C in 0.03125°C increments. 
Fahrenheit equivalent is -67°F to +257°F in 0.05625°F increments

Microcontroller
For our project we plan on continuing to use the PIC18LF6722 microcontroller since it meets all of our needs such as having multiple inputs, low power and powerful computing capabilities.  It is very helpful that we have been using it for a while now and are familiar with its programming style.  This will reduce any learning curve that would result from switching to a new microcontroller for the remainder of our project.
Wireless Communication
For our wireless communication between the central and secondary nodes we decided to use the Zigbee specification.  We chose ZigBee due to its small footprint, low-power usage and low cost.  Zigbee is intended to be simpler and less expensive than other WPANs such as Bluetooth.  ZigBee is also attractive since we have the Atmel daughter cards at our disposal which are able to meet all of our requirements.  The Atmel transceiver consumes only .02 uA when in sleep mode and 14 mA when in operation.  Transmission range is rated between 33 and 264 feet.  Our transmission range inside a house would likely be on the shorter end of these specifications but should still be long enough to set up our sensor network.
The two network designs which can be used with ZigBee are beacon or non-beacon networks.  Non-beacon networks use continuous transmission.  This will use more power and is most often used when the ZigBee transceiver is connected to large power supply.  Beacon networks utilize periodic transmission.  This allows the ZigBee transceivers to send and receive data at a certain interval set by the designer which could significantly reduce power consumed.  We will use a Beacon network since lower power consumption is a main goal and the latency in communication between nodes is not important at all for our system to function correctly.
Open Questions

We have a number of questions that we have not yet been able to answer and will have to further investigate in the coming weeks.  
· How will the Central Node communicate with multiple secondary nodes simultaneously and how we will need to design our transmission protocol to allow this?
· How far the ZigBee parts will be able to communicate and how this will affect our transmission protocol (relaying transmissions instead of data always going straight to central node).
· How effectively sensors will be able to provide enough information for the user to make a decision on when to turn something on or off.

· How to implement the power relay that will be used to control the power that is provided to devices in the home?

Major Component Costs

	Component
	Price $
	Quantity
	Total $

	LCD Display
	10.00
	4
	40.00

	Voltage Regulator
	1.00
	4
	4.00

	USB Serial Chip
	5.00
	4
	20.00

	ZigBee Daughter  Cards
	10.00
	4
	40.00

	Batteries
	20.00
	1
	20.00

	Temperature Sensor
	6.00
	4
	24.00

	Light Sensor
	3.00
	4
	12.00

	Circuit Boards
	100.00
	1
	100.00

	Microcontrollers
	5.00
	4
	20.00

	AC  Power Relay and 

Driver Transistor
	?
	4
	?

	
	
	
	$280.00


Conclusion

Our finished sensor network should allow a new level of control of homes even when away from home.  Our project as detailed above should allow a reduction in power consumption due to standby power and from simply leaving devices on when away at work or on vacation.  While many people are all for saving energy it can be very inconvenient to have to unplug everything when not in use.  Not many people are going to reach behind their TV and unplug whenever they are not watching.  Turning off devices through a web interface would be much easier for the average person and would likely increase energy savings.  People can also forget to turn off lights and various electronics when away from home.  Our system will allow users to still be able to turn these off whenever it crosses their mind and save energy.  The savings from this reduction in power could add up substantially over the course of a year as a watt used to power a device costs approximately one dollar per year.
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� Lawrence Berkeley National Laboratory: Standby Power. <http://standby.lbl.gov/> Nov. 30, 2009.





