Final Report for ECE 445, Senior Design, Fall 2012
TA: Igor Fedorov
December 12 2012
Project No. 10
Ehsan Keramat
John Kharouta
Chaitanya Patchava
By


WEB-INTERFACED POWER CONTROL

Abstract
The Purpose of this project was to make a system that would be able to control in home power via a smart phone or any internet capable device. In the environment there has to be a hub that is connected to the network so that it may gain access to the commands from the user, this hub then commands (at 433MHz via RF transceivers), to a network of switches listening for commands from the hub. Our Finding shows that this is a very viable system that has proven itself both in the level of modularity it poses and the reliability of the hub as a proven transmission unit. 
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[bookmark: _Toc343091169]1. Introduction
1.1 [bookmark: _Toc343091170]Objectives
	The main goal of our project was to implement a modular wirelessly controlled power strip system that provides a user the ability to control power strips that are connected to a central hub that will be accessible through a web application. To define modularity, we are hoping to achieve the connection of two separate power strips up to a single hub that will control both of the individual power strips but we are including support for more power strips through our method of encoding our wireless data transmission. We were unable to fabricate two different power strips due to time constraints, but we designed our system with the modularity in mind and the expansion would not be difficult.
1.2 [bookmark: _Toc343091171]Benefits and Features
1. Features
1. Control multiple power strips from central hub
1. Allow more freedom in power strip location as they can be controlled wirelessly

1. Benefits
1. Individual socket control on each power strip will be given to the user through the web interface
1. Modular support power strips that will be controlled from the central hub
1. User interface accessible from any network connected device



[bookmark: _Toc343091172]2 Design
[bookmark: _Toc343091173]2.1 Wireless Communication
[bookmark: _Toc343091174]2.1.1 Software explanation
For the sake of simplicity I will just define the terminology with which I will be referring to the individual units within the design. The first is going to be our Hub. The hub is going to consist of a fairly strong microcontroller with access to the net so it may be able to channel information over a webserver or through a smart phone on the same wireless network. There is meant to be one hub per household taking control of a series of switches. The hub is also going to be called the transmitter because it will be the means of relay for any and all information that is going to the Switches. The switches, which are basically modified surge protectors, each surge protector will be modified with a JEENODE[footnoteRef:1].  [1:  *JEENODE: jeenode is a proprietary name for a PCB made by JEELABS. This PCB has both an RFM12b RF transmitter on it, as well a Atmega328 microprocessor.
] 

	One of the first problems that we ran into while trying to implement this RF power control system is a means of managing the clock in two separate controllers and having them both respond in a synchronous fashion. After we changed from using two different types of microcontrollers to using the same type of microcontroller for both the transmission unit and the receive unit the issue of clock synchronization got resolved. Because the clocks were ticking at the same speed, the microcontroller on the receiving end only responded when the user had told them to listen for an update. 
	In order to maintain modularity of the switches (meaning we can add multiple surge protectors to the system) we are going to allot a switch ID to each switch. Upon data receive, bits will get stored into onboard memory of MSP430. Once the ID of the receiver is matched the actions to turn on the right power sockets will then take place. We have made the assumption that each surge protector will have at least six and up to eight sockets. For that reason, we decided that we will only need to read three bits of data to control the sockets. The power sockets will be numbered 0-8. Socket zero will correspond to bit encoding “000” while socket seven to “111.” 
	In order to add extra security, we also made it so that each user has to have a unique ID. That ID will get passed through the transmitter and constantly compared at the receiver end to make sure that another Users data is not corrupting the current users’ modifications. 






[bookmark: _Toc343091175]2.1.2 Hardware Interfacing
[image: http://1.bp.blogspot.com/-lRek66KQs5c/T8u_xH2OelI/AAAAAAAAADM/FrjMXqth8OY/s1600/Uno-front-DFU-reset.png.jpg]Figure 1 Arduino Microcontroller




[image: http://openenergymonitor.org/emon/sites/default/files/Cookbook_RFM12B_connections.png]Figure 2 RFM12B Wiring Diagram



Connections to the RFM module have to be made like in Figure 2.

The code that is provided in this report has been optimized for an RFM-12b of 433MHz range.




[image: DSC_0767.jpg]Figure 3 JEENODE




[bookmark: _Toc343091176]2.2 User Interface
	The user interface was initially envisioned as an android application due to the convenience of access provided by the mobile platform. The interface is now a web portal that provides the same functionality as an android application, but is also viewable on a computer terminal. We decided that the web portal offered more options in terms of access for the target application environment which is the home. The web portal can still be accessed on mobile devices as it is viewable on any internet browser.
[bookmark: _Toc343091177]2.2.1 Web Design
The web portal consists of three main components: the HTML web page, the PHP processing, and the SQL database. Figure 4 shows the main components and the transfer of data between them. The web page is hosted on the server, which is a laptop in our case, and is broadcast on the network the server is connected to. 

[image: ]
Figure 4: Overview of User Interface

The web portal is made up of a few different HTML pages that have a simple layout including a header, footer, menu and main content area. The web page acts as the main interface for the user to interact with the entire system and provides all of the control functionality. Figure 5 shows the main page along with the functionality it provides. The three features the user has access to on the site are: ON/OFF control of each individual power socket, the status of each socket, and the timer feature. 

[image: ]
Figure 5: Main user page
The timer feature gives the user the ability to set a timing interval after which a given socket is either turned on or off based on the user input. The web page provides the user with a minutes field to set the time interval and the choice of on/off if they want to set a timer for a given power socket as shown in Figure 5. After the user submits the inputs to set a timer, there is a separate timer page to display the active timers that have been set for each individual power socket. This timer page, shown in Figure 6 displays a countdown timer if a timer has been set by the user and it displays what action will be taken on expiration of the timer. 

[image: ]
Figure 6: Timer page
All commands entered by the user are interpreted by the PHP processing code, which is a server side script file that takes requests from the web page and executes them. Figure 7 depicts the flow of information in the PHP script file. The PHP also is the interface between the web page and the SQL database, which is used to store user inputs and status data of each power socket. The PHP file that is used has support for serial data I/O using a serial port driver. The serial data I/O is used to provide the communication between the microcontroller and the web server so that the user commands can be sent to the transmitting microcontroller then sent over RF to the receiver microcontrollers. A character encoding map is used to send the different on/off commands that control different power sockets. For example, the character ‘A’ would turn on the first socket while ‘B’ would turn off the same socket. The PHP would send a given character to the microcontroller based on the user input received from the web page.

[image: ]
Figure 7: PHP Processing Flow Chart

The SQL database is used to store the status data of each power socket and has fields to determine if a timer has been set, the length of the timer, and the action to be taken on expiration of the timer. Each power socket has an entry in the database with these fields and is assigned a socket id. These fields are updated on the setting of a timer by the user, on the expiration of a timer, and when a command is successfully executed. The server is capable of reading the acknowledge signals sent back on completion of a command and updates the status of each socket based on the receipt of this signal.




[bookmark: _Toc343091178]2.3 Switching Circuitry
The Switching Subsystem consists of one switching circuit for every power socket on every power strip in the system.  We only implemented 3 power sockets on a single strip.  Every power socket is implemented according to the schematic in Figure 8.
[image: ]
Figure 8 Switching Diagram
The triac component shown in Figure 8 performs the switching function.  It is electrically connected in series between the power from the electrical grid and whatever load the user may connect to this specific power socket.  The currents going through the triac and the load are the same, and the voltage across the triac when it is conducting current is small compared to the source voltage.  Using these two facts (the second fact will be established below) and the fact that power is the product of voltage and current, it follows that power will be delivered to the load if and only if the triac is in a conducting state.  This control over the conducting state of the triac is manifested in the presence of current through the gate terminal and is the foundation of the power-control functionality of our project.
	The triac will begin to conduct current through its main terminals if the current through the gate is higher than a certain threshold.  In Figure 1, the main terminals are the terminals that are connected to the green wires of the power strip, and the gate terminal is the terminal connected to the brown components of the switching circuit.  When the triac is conducting current through its main terminals there will be a voltage drop across its main terminals as mentioned above. The plot of this voltage is shown in Figure 9 and is taken from the MAC15A data sheet supplied by On Semiconductor[4].  Figure 9 shows that for the region where the triac is conducting between .1 and 15 A, the voltage across its main terminals will be within .8 to 1.6 V.  Fifteen Amperes is more than suitable to power the vast majority of devices that users plug into power strips.  These voltage drops are small compared to the root-mean squared 115 V supplied by the wall, validating our conjecture from above.  Furthermore, the 115 V supply is  given with a 5 V uncertainty.  This means that for the majority of the range of voltages supplied by the electrical grid, the voltage supplied to the load will still be within its margin of error after the voltage across the triac is subtracted out, and no difference in device performance can be expected.  The triac is a much better choice for the switching component than a transistor because the triac will pass any current that the user desires given the same input, whereas transistors will only pass currents as a strong function of their inputs and would provide inconsistent performance for various loads.
[image: ]
Figure 9 Triac Conduction

Figure 10, taken from the same data sheet as Figure 9, shows the amount of gate current necessary to trigger the triac into a conducting state.  Once the threshold gate current is supplied to the triac, it will conduct any current from 0 to 15 A, and will continue to conduct as long as this gate current is present.  Once the gate current is removed, the triac will remain conducting due to its internal feedback-loops until the main current reaches 0 in its sinusoidal cycle.  From Figure 10 it can be seen that the minimum gate current necessary for full operation [image: ]of the switching circuit is 30 mA, because we only intend to operate the triac in quadrants 1 and 3. 
Figure 10 Triac Gate Current

	The gate current necessary to trigger the triac should exist if and only if the microcontroller sends the appropriate voltage signal to the specific switch.  There is no guarantee however that the microcontroller will be able to supply the amount of gate current necessary to drive the triac into conduction.  This concern is compounded as the microcontroller becomes responsible for controlling more and more switches on a single power strip.  The guarantee of threshold current comes from the power amplifier which is made up of all the remaining circuitry between the signal coming in from the microcontroller and the gate terminal of the triac in Figure 8.  The MPSA06 npn bipolar-junction transistor functions as the current amplifier and the resistors at the base and collector serve to bias the transistor in the saturation region.  The transistor is biased into saturation region so as to minimize the effect of small variations in the inputs or component values on the output current.  The resistor values were chosen because of their ready availability, but it is verified below that this choice of resistor values will bias the transistor into saturation in the presence of base current.  The collector-to-emitter saturation voltage (Vcesat) values for the MPSA06 are shown in Figure 11.  Figures 11 and 12 are taken from the MPSA06 datasheet supplied by Fairchild Semiconductor[3].  From Figure 11 it can be seen that the Vcesat voltage for this transistor is approximately constant around .05 V for the collector currents ranging from 1 to 60mA.  To ensure reliable functionality, we desire a collector current of 30mA, which is well within this range, so Vcesat is assumed to be .05 V.  Referring back to Figure 10, the gate voltage of the triac will be no more than .95 V, as we assume that the device will operate in room temperatures or higher.  Assuming then that Vcc from Figure 8 is 3.0 V, we can use Kirchhoff’s Voltage Law (KVL), on the direct path from ground to Vcc, in order to determine the maximum value of Rc.

					(1)


These values assumed were all based on worst-case assumptions.  If the actual value of the gate voltage is any lower, or if Vcc is any higher, or if Rc is any smaller, this would serve to only drive the transistor further into the saturation region.  In our design we did end up using a smaller value of Rc.
	Rb was chosen in order to lighten the load on the microcontroller.  From its documentation it was determined that it only had the capability to supply .3 mA to each switching circuit if we wanted the capability to control six switching circuit per microcontroller.  The base-to-emitter voltage (Vbesat) of the device in saturation is read off of Figure 12 to be approximately .7 V.  The value of the base
[image: vcesat2]
Figure 11
[image: ]
Figure 12
resistor is then calculated applying KVL to the path from ground to the input from the microcontroller.  The resulting equation is shown in equation (2).  Again the microcontroller is assumed to only be able to supply 3.0 V.
					(2)


We chose 4700 Ω, but a difference of 200 Ω is small compared to an initial value of 4500 Ω.
	This concludes the design of the switching circuit, but the power amplifier in the switching circuit and the IC chips in the receiving end of the wireless communication subsystem require a local DC power supply independent from the AC power available from the wall.  This requires a power supply circuit, the schematic of which is given in Figure 13.
[image: ]
Figure 13
This power supply is implemented using a commercially available DCTX532 transformer.  This transformer steps down power from the wall to 5.5 V, converts it from AC to DC, and regulates it to not exceed 5.5 V when the transformer is not outputting its maximum rated power.  The IC components of the wireless communication subsystem require 5.5V of supply power, so they receive a direct connection from the transformer.  The power amplifier in the switching circuit was designed for between 3.0 and 3.6 Volts, so there are lab-issued diodes placed between them and the transformer in order to drop the voltage down from 5.5 V to 3.4 V.  There is only one power supply necessary per power strip, as it can supply up to 500 mA at any time and all the processing of the power strip, including the power amplification, amounts to 240 mA.  
[bookmark: _Toc343091179]3. Design Verification
[bookmark: _Toc343091180]3.1 RF Software Testing
We tested software in a very systematic format. First, we will program the Arduino to start interfacing with the RF chip. Once it is properly wired up, we will start transmitting a series of signals on a set frequency band. Once we saw that the data was being transmitted properly, we started programming the MSP430 to receive signal. Initially the MSP430 will just have a wired up receiver doing nothing but receiving a signal. However, in the programming of the receiver code on the MSP, we noted that there seemed to be a huge discrepancy in the way the receiver was interpreting the bits that we were transmitting from the transmitter. After a while of testing, we noted that the results we were getting was just noise that the receiver was picking up, the receiver was just not properly doing anything the way it was supposed to do. After we came to this conclusion we decided that we had to change the microcontroller on the receiving end to something different. The microcontroller we decided to work with was a part that came with the PCB that we ordered, the JEENODE with the ATMEGA microcontroller. At this point, the transmitter and the receiver was behaving exactly as they should have with the bits that we were transmitting and receiving. We observed the values with a serial port connection on both ends to see if what we were sending was what we were receiving. Before we used the serial port connection however, we did a test with an oscilloscope below on the graph show the results. The first burst of the transmitter is when the receiver (in red) was still not on, once we turned it on we noted that the values were very much being sent quite positively. Figure 14 Transmit-Receive Data



[bookmark: _Toc343091181]3.2 User Interface Testing
The testing done on the user interface system involves many software verifications. The methods of testing were mainly sending an input value and echoing the value received by different systems for verification. For example, to ensure that the PHP was receiving the correct requests from the web page, arbitrary data was sent in and stored into the database for verification. Besides the user input to server tests, testing for the server interface communication with the microcontroller was also completed. These tests were done in a similar manner as the web page to database tests. A serial monitor program was used, Putty in our case, in which data was sent from the server to the microcontroller. The microcontroller was programmed to send back the data received to be verified. Communication between these systems was verified and functionality met our requirements for the user interface.
[bookmark: _Toc343091182]3.3 Switching Circuitry Verification
The verification of the switching circuit was done in the lab, with the microcontroller and power supply mocked out by a square wave generator and a DC power source respectively.  The power from the wall was represented by a 20 V peak-to-peak AC signal as it was unsafe to work with wall power in a testing scenario, both for the testers and for the loads.  The load was a 200Ω resistor.  The input signal, wall-power signal, and voltage across the main terminals of the triac were captured using an oscilloscope.  A screen capture of these signals is shown in Figure 15.  In Figure 15, the yellow signal (channel 1) represents the voltage supplied by the wall-power signal, the green signal (channel 2) represents the control signal coming in from the microcontroller, and the purple channel (channel 3) represents the voltage across the main [image: ]
Figure 15
terminals of the triac.  From this figure it is clear that the triac is conducting when the control signal is high because during these times, the voltage across it drops to the 1.2 V predicted in the design phase.  Also during this time the voltage supplied by the source is still much larger than the voltage across the triac, so it must be being supplied to the load.  When the control signal is low, the voltage across the triac is equivalent to the voltage supplied by the source, which means that there is no power being delivered to the load.  The power dissipated in the triac when it is conducting is approximately P=I*Vtriac, while the power delivered to the load would be approximately P=I*(115-Vtriac), the ratio of the two cancels out the load current and comes out to equation 3.
						(3)

It is apparent from equation 3 that if we had tested the triac with the full power supplied from the wall socket, that it would dissipate less than 2% of the power that is supplied to the load.  This switching functionality, coupled with the power requirement validates all the requirements on the switching circuitry.  The switching circuitry also performed perfectly during a live demo with wall power being the supply power and various devices plugged in as the loads.
The Power supply was never independently verified, but during the course of debugging the switching circuitry, a voltage from the power supply of below 3.2 V was never measured.  It also was incorporated into the successful demo, so it must have been within some reasonable margin of error from ideal.


[bookmark: _Toc343091183]4. Costs
	Our overall part cost was fairly low and we worked towards designing a low cost product as it distinguishes our idea from other competing products. Part cost analysis is shown in Table 1 and the labor cost analysis is shown in Table 2. The most expensive pieces in our part cost would be the microcontrollers and the radio transceiver combination. We believe that if mass produced, the cost could be reduced significantly, but since we did not have a completely polished product in that we could use some fabrication of casings for our transmission hardware we would probably have to factor in more money for these changes. Overall, we were quite pleased with the outcome of the final part cost as it is well within the range of being less than $100 for an entry level kit that would only include one power strip node.
[bookmark: _Toc343091184]4.1 Parts
	Table 1   Parts Costs

	Part
	Manufacturer
	Retail Cost ($)
	Bulk Purchase Cost ($)
	Actual Cost ($)

	Power Strip
	Belkin
	6.00
	6.00
	6.00

	Radio Transceiver
	Modern Devices
	6.00
	3.00
	FREE

	Arduino Microcontroller
	Arduino
	28.00
	22.00
	44.00

	Transistors
	ON Semiconductor
	0.50
	0.15
	1.00

	Triacs
	ON Semiconductor
	3.00
	2.00
	10.00

	Regulated DC Supply
	All Electronics Corp
	5.00
	4.00
	4.00

	Capacitors
	TDK Corporation
	0.10
	0.10
	FREE

	Diodes
	Vishay Semiconductor
	0.35
	0.35
	FREE

	Total
	
	
	
	65



[bookmark: _Toc343091185]4.2 Labor
Table 2   Labor Costs
	Member
	Rate
	Hours Invested
	Total

	Ehsan Keramat
	$50/hour
	140
	$17,500

	John Kharouta
	$50/hour
	140
	$17,500

	Chaitanya Patchava
	$55/hour
	140
	$19,250

	Total
	
	
	$54,250







[bookmark: _Toc343091186]5. Conclusion
	At the end of the semester, we have a working product that is capable of performing the wireless switching we had set out to. We provided a solution to the problem we were trying to solve and have met our main requirements of modularity and cost while maintaining the functionality we wanted.
[bookmark: _Toc343091187]5.1 Ethical considerations
Our system is designed for and expected to have lethal levels of current flowing through it.  This invokes ethical considerations under the IEEE code of ethics section 9.  We attempted to enclose as many conductive components as we could in our power strip casing, and isolate the rest with electrical tape, but there is still a slight danger inherent when handling the PCB board, when it is conducting lethal currents.  We would not market this product or give it to others without finding a new enclosure for it that would house the entire system in a safe and electrically isolated way.
[bookmark: _Toc343091188]5.2 Future work
	We completed all of the functionality we aimed to implement at the beginning of the semester. There are a couple changes we would like to add such as enclosures for our switching circuitry and the RF circuitry that would fit to our power strip in a much smaller form factor than currently implemented. Along with the aesthetic modifications, it would be possible to add more features to the web page to give the user more interesting control methods of the power distribution such as customizable profiles for every user in the home. 
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[bookmark: _Toc343091190]Appendix A	Requirement and Verification Table
Table 3   Microprocessor and RF Verification
	Processor Portion (Requirement)
	Testing Process:
	REQUIREMENT

	Arduino
1) Arduino is able to interface with transceiver and does:
a)Is able to send a 434MHZ signal via RFM transmitter
b)Is able to send two signals with two transmitters one at 434MHZ and a second at 444MHZ


	1a) Set oscilloscope to read at the 434MHZ frequency. First attempt to pulse signal will be to send a signal through arduino.
1b) if arduino does not send a signal properly, then we will use a function generator to pulse a signal through RFM12b and receive from an oscilloscope to see if it can interpret the signal 
b) Second test will be to try to send two signals, one at 434MHZ and I at 444 MHz at the same time to see if both send and receive. 
Same testing procedure as above.
	Y

	MSP430
2) JEENODE is able to interface with receiver and does:
a)able to receive a 434MHZ signal via RFM receiver
b) Receive and interpret two receiver signals


	2a) Test using serial out stream from MSP430 to see the data that it is receiving utilizing the tools provided by Code Composer, or any Linux platform.
b) Use similar test pattern to check for multiple signal traces simultaneously from two receivers connected to one single microprocessor 
	Y

	3) JEENODE Is able to decode information sent by Arduino
	See if proper switch gets activated, or connect LEDs to corresponding pins and see if they get active
	Y

	4) Arduino is properly able to send right number of bits to JEENODE
	Give it a test sequence of bits and scan with oscilloscope for those values at desired frequency
	Y

	5) Once JEENODE signal is interpreted proper output signals are loaded high. 
	See if the right output signals are being driven by using an ohmmeter to see if the transistors that correspond to the switches are getting excited and activated.
	Y





Table 4 Web Server Verification
	Requirement
	Verification
	Verified?

	1. Web Page & Database/Server
a. Communication between user input and database

	1. Verification
a. Enter arbitrary data into user input fields on web page. Check database for update on submission and verify correct data is stored
	Y

	2. Web Page & Microcontroller
a. User commands are encoded and sent to the microcontroller from the web interface
b. Acknowledge signal read by web page from serial data in from microcontroller
	2. Verification
a. Program microcontroller to turn on LED on receipt of encoded character and echo character back to serial monitor. Send encoded character and check for LED status and verify character is echoed back in serial monitor
b. After 2a is verified, program web page to read from serial port after 5ms delay. If data is received, print data received and verify
	Y









Y


























Table 5 Power Supply and Switching Verification
	Requirement
	Verification
	Verified?

	1. Maintain a supply voltage of 3.3 Volts to within .3V while supplying current from between 0 to 200mA
Open circuit Voltage must be between 3.0 and 3.6 Volts

1.2 Supply Voltage must be between 3.0 and 3.6 Volts when supplying 100mA of current 	to a load

1.3 Supply Voltage must be between 3.0 and 3.6 Volts when supplying 200mA of current 	to a load

	1.1 Supply Power supply with wall power, verify that output voltage is within range for 20 seconds using a voltmeter
		
1.2  Supply Power supply with wall power, load the power supply with resistors connected in series, one of these resistors will be a 1Ω sensing resistor, verify using a voltmeter that the sensing resistor carries a .1V difference across it, and that the entire resistive load network carries a voltage difference of between 3.0 and 3.6 Volts across it, verify that voltages each stay within range for 20 seconds

1.3 Supply Power supply with wall power, load the power supply with resistors connected in series, one of these resistors will be a 1Ω sensing resistor, verify using a voltmeter that the sensing resistor carries a .2V difference across it, and that the entire resistive load network carries a voltage difference of between 3.0 and 3.6 Volts across it, verify that voltages each stay within range for 20 seconds
	N/A




N/A












N/A

	3. Switch must not conduct any power from the wall socket when it is inputted with 0V

4. Switch must conduct power from the wall socket to a load when it is inputted with 3V

5. Assuming requirement 2 is met, while the circuit is conducting power to the load, the circuit must absorb less than 2% of the power that it delivers

	3. The switch circuit will be supplied with a 3.3V voltage supply and a 0V input voltage through voltage sources in the lab.  A 1MΩ resistor will be used as the load of the circuit, and wall power will be introduced across the circuit and the load.  An oscilloscope will be used to measure the voltage across the load, and verify that it is below .1Volts for at least 20 seconds.

4. The switch circuit will be supplied with a 3.3V voltage supply and a 3.3V input voltage through voltage sources in the lab.  A 1MΩ resistor will be used as the load of the circuit, and wall power will be introduced across the circuit and the load.  The voltage across the load will measured by an oscilloscope and will be verified to be an AC signal with a frequency between 59 and 61 Hz

5. The switch circuit will be supplied with a 3.3V voltage supply and a 3.3V input voltage through voltage sources in the lab.  A 1MΩ resistor will be used as the load of the circuit, and wall power will be introduced across the circuit and the load.  The voltage across the load and the triac in the circuit will measured by an oscilloscope and the respective powers dissipated in each will be calculated and the power dissipated in the triac will be verified to be less than 2% of the power dissipated in the load.

	Y











Y












Y


Table 5 Continued


[bookmark: _Toc343091191]Appendix B	Web Server Code
Listing 1: HTML Timer Page Code
<?php
	require 'connect.php';
?>
<html>
<style>
a:link {color:#0000FF;}    /* unvisited link */
a:visited {color:#0000FF;} /* visited link */
a:hover {color:#FFFFFF;}   /* mouse over link */
a:active {color:#0000FF;}  /* selected link */
</style>

<body style="background-color:#A0A0A0;">
<title>Power Source 1</title>

<div id="header" style="background-color:#000066;width:100%;float:left;">
	<h1 align="left" style = "color:white"> Power Socket Control</h1> 
	<p align="left" style = "color:white"><font size ="3">
	<img align="middle" border="0" src="ece-logo.gif" height = "65" width="214"  alt="ECE Logo"> </br>
	ECE 445 Fall '12
	</font></p>
</div>

<div id="menu" style="background-color:#FF6600;height:100%;width:10%;float:left;">
<p align="center">
	<font size="4">
	<b>Menu</b><br>
	<a href="index.html"> About </a> <br>
	<a href="index1.html">Source 1</a><br>
	<a href="timers.html">Timers</a><br>
	</font>
</p>
</div>

<div id="content" style ="background-color:#000000;width:90%;height:100%;float:right;">
	<div id="socket1" style="background-color:#000000;width:33%;height:100%;float:left;">
		<p align="center" style = "color:white"><font size="4">
			<img align="middle" border="0" src="psocket.jpg" height = "100" width="120" alt="power socket"> 
			Socket 1:
			<b><a href="led.php?state=1">ON</a></b> /
			<b><a href="led.php?state=0">OFF</a></b>
			<br>
			<br>
			Status :
			<?php  
			$query = mysql_query("SELECT Status FROM `sockets` WHERE `id` = '1'");
				$result = mysql_fetch_assoc($query);
				if($result['Status'] == '0')
				{
					echo "OFF";
				}
				else
				{
					echo "ON";
				}
			$query = mysql_query("Select timerset FROM `sockets` WHERE `id` = '1'");
				$result= mysql_fetch_assoc($query);
				if($result['timerset'] == '0')
				{
			?>		</br>No Timer Set!
			<?php
				}
				else
				{
				$query = mysql_query("Select timer FROM `sockets` WHERE `id` = '1'");
					$result= mysql_fetch_assoc($query);
			$query1 = mysql_query("Select selection FROM `sockets` WHERE `id` = '1'");
					$result1 = mysql_fetch_assoc($query1);
					if($result1['selection'] == 0)
					{
					?>
<script type="text/javascript" src="http://ajax.googleapis.com/ajax/libs/jquery/1.6.1/jquery.min.js"></script>
				<style type="text/css">@import "jquery.countdown.css";</style> 
				<script type="text/javascript" src="jquery.countdown.js"></script>
						<script type="text/javascript">
							$(function () {
						var austDay = new Date();
						var mins = <?php echo $result['timer'];?>;
						var secs = mins*60
austDay = new Date(austDay.getFullYear(),austDay.getMonth(), austDay.getDate(),austDay.getHours(),austDay.getMinutes(),austDay.getSeconds() +secs);
$('#defaultCountdown').countdown({until: austDay,expiryUrl:"led.php?timer=4",description:"Until OFF"});
});
</script>
<div id="defaultCountdown" style="background-color:#0000000;width:100%;height:10%;"></div>
	<?php
	}
	else
	{
			?>
<script type="text/javascript" src="http://ajax.googleapis.com/ajax/libs/jquery/1.6.1/jquery.min.js"></script>
		<style type="text/css">@import "jquery.countdown.css";</style> 
			<script type="text/javascript" src="jquery.countdown.js"></script>
						<script type="text/javascript">
							$(function () {
						var austDay = new Date();
						var mins = <?php echo $result['timer'];?>;
						var secs =  mins*60;
		austDay = new Date(austDay.getFullYear(),austDay.getMonth(), austDay.getDate(),austDay.getHours(),austDay.getMinutes(),austDay.getSeconds() + secs);
$('#defaultCountdown').countdown({until: austDay,expiryUrl:"led.php?timer=7",description:"Until ON"});
});
</script>
<div id="defaultCountdown" style="background-color:#0000000;width:100%;height:10%;"></div>
			<?php	
					}
				}
			?>
			</font>
		</p>
	</div>
<div id="footer" style="background-color:#000066;width:100%;float:left;">
	<p align="center" style="color:white"><font size="4"> John Kharouta ECE445 Fall '12</font></p>
</div>

</body>
</html>
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Listing 2: PHP Script Code
<?php
//database connection
require 'connect.php';
//Serial PHP Class 
include "php_serial.class.php";


$onoroff = $_GET["state"]; // Declares the request from index.html as a variable
$timer = $_GET["timer"];
$mins = $_POST["minutes"];
$selection = $_POST["select"];

//Direct PHP Method for communication with MCU
$serial = new phpSerial;
$serial->deviceSet("COM5");
$serial->confBaudRate(9600);
if($timer == '1'){
	mysql_query("UPDATE `sockets` SET `timerset` = '1' WHERE `id` = '1'");
	mysql_query("UPDATE `sockets` SET `selection` = '$selection' WHERE `id` = '1'");
	mysql_query("UPDATE `sockets` SET `timer` = '$mins' WHERE `id` = '1'");
}
if($timer == '2'){
	mysql_query("UPDATE `sockets` SET `timerset` = '1' WHERE `id` = '2'");
	mysql_query("UPDATE `sockets` SET `selection` = '$selection' WHERE `id` = '2'");
	mysql_query("UPDATE `sockets` SET `timer` = '$mins' WHERE `id` = '2'");
}
if($timer == '3'){
	mysql_query("UPDATE `sockets` SET `timerset` = '1' WHERE `id` = '3'");
	mysql_query("UPDATE `sockets` SET `selection` = '$selection' WHERE `id` = '3'");
	mysql_query("UPDATE `sockets` SET `timer` = '$mins' WHERE `id` = '3'");
}
if($timer == '4'){ //socket 1 OFF
	mysql_query("UPDATE `sockets` SET `timerset` = '0' WHERE `id` = '1'");
	mysql_query("UPDATE `sockets` SET `timer` = '0' WHERE `id` = '1'");
	$onoroff = '0';
}
if($timer == '5'){ //socket 2 OFF
	mysql_query("UPDATE `sockets` SET `timerset` = '0' WHERE `id` = '2'");
	mysql_query("UPDATE `sockets` SET `timer` = '0' WHERE `id` = '2'");
	$onoroff = '2';
}
if($timer == '6'){  // socket 3 OFF
	mysql_query("UPDATE `sockets` SET `timerset` = '0' WHERE `id` = '3'");
	mysql_query("UPDATE `sockets` SET `timer` = '0' WHERE `id` = '3'");
	$onoroff = '4';
}
if($timer == '7'){ //socket 1 ON
	mysql_query("UPDATE `sockets` SET `timerset` = '0' WHERE `id` = '1'");
	mysql_query("UPDATE `sockets` SET `timer` = '0' WHERE `id` = '1'");
	$onoroff = '1';
}
if($timer == '8'){ //socket 2 ON
	mysql_query("UPDATE `sockets` SET `timerset` = '0' WHERE `id` = '2'");
	mysql_query("UPDATE `sockets` SET `timer` = '0' WHERE `id` = '2'");
	$onoroff = '3';
}
if($timer == '9'){ //socket 3 ON
	mysql_query("UPDATE `sockets` SET `timerset` = '0' WHERE `id` = '3'");
	mysql_query("UPDATE `sockets` SET `timer` = '0' WHERE `id` = '3'");
	$onoroff = '5';
}
if ($onoroff == '0') {
	$serial->deviceOpen();
	$serial->sendMessage("A");
	$serial->deviceClose();
	mysql_query("UPDATE `sockets` SET `Status` = '0' WHERE `id` = '1'");
	
}
else if ($onoroff == '1') {
	$serial->deviceOpen();
	$serial->sendMessage("B");
	$serial->deviceClose();
	mysql_query("UPDATE `sockets` SET `Status` = '1' WHERE `id` = '1'");
}
else if ($onoroff == '2') {
	$serial->deviceOpen();
	$serial->sendMessage("e");
	$serial->deviceClose();
	mysql_query("UPDATE `sockets` SET `Status` = '0' WHERE `id` = '2'");
}
else if ($onoroff == '3') {
	$serial->deviceOpen();
	$serial->sendMessage("c");
	$serial->deviceClose();
	mysql_query("UPDATE `sockets` SET `Status` = '1' WHERE `id` = '2'");
}
else if ($onoroff == '4') {
	$serial->deviceOpen();
	$serial->sendMessage("H");
	$serial->deviceClose();
	mysql_query("UPDATE `sockets` SET `Status` = '0' WHERE `id` = '3'");
}
else if ($onoroff == '5') {
	$serial->deviceOpen();
	$serial->sendMessage("Z");
	$serial->deviceClose();
	mysql_query("UPDATE `sockets` SET `Status` = '1' WHERE `id` = '3'");
}
header('Location: '. $_SERVER['HTTP_REFERER']); // Return to previous page
?>
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Receiver:
#include <Ports.h>
#include <RF12.h>
#include <RF12sio.h>
Port leds (1);
Port leds_2 (2);
Port leds_3 (3);
Port leds_4 (4);
MilliTimer sendTimer;

RF12 RF12;
byte count;
void setup() {
    Serial.begin(9600);
    Serial.print("\n[rf12serial]");
        rf12_initialize(1, RF12_433MHZ, 33);
    count = 0;
}
static void sendLed_1 (byte on) {
    leds.mode(OUTPUT);
    leds.digiWrite(on);
}
static void sendLed_2 (byte on) {
    leds_2.mode(OUTPUT);
    leds_2.digiWrite(on);
}
static void sendLed_3 (byte on) {
    leds_3.mode(OUTPUT);
    leds_3.digiWrite(on);
}
static void sendLed_4 (byte on) {
    leds_4.mode(OUTPUT);
    leds_4.digiWrite(on);
}
void loop() {
  byte i;
    if (Serial.available())
       RF12.send(Serial.read());
    
   if (rf12_recvDone() && rf12_crc == 0) {
       char temp;
       //sendLed(1);
        Serial.print("OK ");
         count++;
        for (i = 0; i < rf12_len; i++){
           Serial.print(rf12_data[i]);
           if(rf12_data[i]>='A' && rf12_data[i]<='Z' || rf12_data[i]>='a' && rf12_data[i]<='z')
           temp = rf12_data[i];
           
        }
          switch (temp) {
            default:
                //showHelp();
                break;
            case 'A': // switch 1 state 0
            sendLed_1(0);
                break;
            case 'B':  //switch 1 state 1
            sendLed_1(1);  
                break;
            case 'e': // switch 2 state 0
            sendLed_2(0);
                break;
            case 'c':  //switch 2 state 1  
            sendLed_2(1);
                break;
            case 'H': // switch 3 state 0
            sendLed_3(0);
                break;
            case 'Z':  //switch 3 state 1  
            sendLed_3(1);
                break;
           case 'G': // switch 4 state 0
           sendLed_4(0);
                break;
            case 'M':  //switch 4 state 1  
            sendLed_4(1);
                break;
          }
         
      // setup();
           
            
        
            Serial.println();
            Serial.print(temp);
       //char node = rf12_data[0];
       //char num = rf12_data[1];
       //if(rf12_data[2] == '0'){
          //if(node=='1' && num=='3')
           //sendLedOth(0);
          //else if(node=='1' && num=='1')
          //sendLed(0);
       //}
       //else if(rf12_data[2] == '1'){
         //if(node=='1' && num=='3')
          // sendLedOth(1);
          //else if(node=='1' && num=='1')
        //  sendLed(1);
       //}
}
}

Transmitter:
#include <Ports.h>
#include <RF12.h>
#include <RF12sio.h>

RF12 RF12;
char incomingByte;
void setup() {
    Serial.begin(9600);
    Serial.print("\n[rf12serial]");
    rf12_initialize(1, RF12_433MHZ, 33);
}

void loop() {
        // send data only when you receive data:
        if (Serial.available() > 0) {
                // read the incoming byte:
                incomingByte = Serial.read();
                RF12.send(incomingByte);
                setup();
                // say what you got:
                Serial.print("I received: ");
                Serial.println(incomingByte, DEC);
        if (RF12.poll())
        Serial.print(RF12.read());                
        }
}




Transmitter- Receiver Oscilliscope
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