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Solar/Motion Powered Shoe Heater

	We will be developing circuit that combines both solar and motion power to heat a shoe. Many people are fond of outdoor activities during the winter, and at times are limited by the weather. This project intends to extend the opportunities of participation in winter activities for everyone. There are a relatively large amount of veins in humans’ ankles and wrists and having them cool or warm will have a significant impact on how cold or warm you feel allowing people to participate in winter outdoor activities or simply have the chance to walk outdoors without feeling too cold.

Objective
The main goal of this project is to design a shoe-heating device that is safe, convenient to use and maintenance-free. We intend to accomplish this by combining and storing solar/motion power (generated through kinetic energy) in a thin film lithium ion battery, and using the energy stored to heat and track steps taken through the shoe with information being transmitted though a Bluetooth modem to a android application.


Benefits
· No need to carry chargers or extra batteries
· Longer battery life
· Easy control over temperature settings with android app
· Environmentally-friendly
· No maintenance required
	The battery stores the charge produced by the piezoelectric material and the solar cells, eliminating the need for a battery charger. The user can set the temperature inside the shoe using an android app that communicates with the heating device through Bluetooth. Heating is done using insulated heating strips.


Features
· User-friendly android app interface
· Temperature range from 80oF - 110oF
· Bluetooth range up to 300ft
· Automatic heating to within 2oF of desired temperature
· Weatherproof


Schematics
[image: ]

Figure 1: Block Diagram

[image: ]

Figure 2: Solar Power Circuit

The solar source consists of twelve 2.5cm by 5cm solar cell strips connected in parallel on the outer surface of the shoe.  The power generated by the solar cell strips will be used to recharge the power supply, both when stationary and while the piezoelectric source is active. Instead of using a typical diode to stop battery discharge through the panels, we are using a LTC4412 (Low Loss PowerPath Controller in ThinSOT) combined with a PFET functions as an ideal diode providing only 20mV of forward voltage drop and low reverse voltage leakage. This provides better charging performance and better discharge performance. Figure 2 shows exact implementation of solar power circuitry.


[image: ]

Figure 3: Piezoelectric Circuit
The piezoelectric circuit consists of the piezoelectric material (PVDF), the bridge rectifier, and the DC/DC converter. The piezoelectric material can be modeled as an AC source, capacitor, and resistor parallel to each other. The AC output of the piezoelectric material is converted into DC by the bridge rectifier, which is then stored by the capacitor. The rectified output is then put into a DC/DC converter that steps the voltage down to the desired output voltage, which in our case is 15 V. We need 15 V to charge the array of batteries, because the load with the highest required voltage is the heating element (12 V) and we need a little more than that to sustain operation.
Capacitor Charging simulation:
[image: E:\piezo sim.JPG]
[image: E:\piezo sim 2.JPG]
These are the simulations for charging the storage capacitor. We can see that the voltage increases to about 20 V. as the piezoelectric material generates electric charge.





DC/DC Converter:
Vin
Vout
Ug

	This is a DC/DC converter that steps down the voltage from the capacitor (greater than 19 V) to the 15 V desired charging voltage for the batteries.
 

[image: ]
Figure 4: Combination of Solar and Piezo Circuit
Figure 4 illustrated the combination of the solar and piezoelectric circuit we intend to construct. Though the solar circuit that will actually be implemented is shown in Figure 2, this is the idea of how we plan on hooking up both circuits.

[image: ]
Figure 3: MSP430/Bluetooth/3-Axis Accelerometer
The BP5275-33 DC/DC converter is used to bring the power supply voltage down to 3.3V.  It was chosen since the output voltage of 3.3V falls within the operating ranges of the microcontroller, step counter, temperature sensor, and Bluetooth modem.  The TMP36 temperature sensor is connected to the microcontroller through I/O pin 1.5.  The temperature is calculated by dividing the output voltage of the sensor by 10 mV/⁰C.  The microcontroller is connected to the BlueSMiRF Gold Bluetooth modem through the Rx/Tx ports and uses standard UART serial transmission.  The step counter consists of an ADXL335 accelerometer connected to the microcontroller through I/O pin 2.0.  The heating element is controlled by the microcontroller through I/O pin 2.5. 

Android Application Interface[image: ]
Along with the powered shoe heater, there will be an android application that controlled the desired heater temperature through Bluetooth. We intend for the application to be very user friendly, making it very simple and straightforward. The app will consist of two displays, one displaying the desired temperature and the other displaying the amount of steps recorded taken by the microcontroller. It will contain three buttons in which two will control increase and decrease of the desired temperate and the other a reset button to reset the step counter.

Requirements and Verification:
	Requirements
	Verification

	1. Solar Source: The solar cells should be able to charge a Li-ion battery directly and should be flexible enough to not impede human movement.
a. The solar cells should be sensitive enough to capture both artificial lighting and sunlight
b. The solar cells should not break when mechanical stress similar to human movement is applied.
	1. A discharged battery will be directly connected to a solar cell, which is exposed to different lighting conditions, and the cell array should supply a maximum of 0.45 W of power at 3 V (under direct sunlight). It should supply around 0.144 W – 0.1575 W for fluorescent lighting.
a.  Using a DMM, the output of each solar cell will be measured in the circuit. Under direct sunlight, the voltage should be at 3 V.
b. The solar cells will be placed on a shoe and therefore walking and running will test the flexibility. We will measure the initial voltage under direct sunlight which should be about 3 V, run and walk using the shoe for 1 mile each, and check the solar cell for cracks and defects. We will again measure the voltage of the solar cell after running and walking and it should still be 3 V to ensure no damage.


	2. Piezoelectric Source: The piezoelectric materials should be able to charge a 1000 uF capacitor and should be flexible enough to not impede human movement
a. Each piezoelectric source should produce a voltage when deformed
b. The rectified output from the piezoelectric sources should increase the voltage of the capacitor until it reaches 15V.
c. The piezoelectric sources should not break when mechanical stress similar to human movement is applied.
	          2. A DMM will be used to measure the output of the DC/DC converter and it should be at ~15V.
              a. A capacitor will be directly connected to the piezoelectric source and an oscilloscope will be used to monitor the capacitor voltage. The piezo film will then be put under different types of stress and vibrations, and there should be a voltage in the range of 4 V - 26 V in the form of pulses. These voltages are directly dependent on the material bending and vibration.
               b. An almost fully charged (close to 15 V) capacitor will be connected to the piezoelectric material and the DC/DC converter and an oscilloscope will measure the voltage of the capacitor. The capacitor should stop charging when it reaches 15 V.
              c. The film will be put in a shoe and running and walking will test its flexibility. The shoe will be used to run and walk for a mile each. Then tests a and b will be performed again to ensure no damage.


	3. Voltage Regulator: The voltage regulator should not let the lithium battery array go over 14 V (battery rated voltage).
	        3. The voltage of fully charged battery array (at 14 V) will be measured using a DMM and a charging circuit will be connected to it. There voltage should stay at 14 V even when the charging mechanism is on.

	4. Power Supply: The lithium-ion batteries should generate enough power for the whole circuit with the right voltages for every block.
	         4. A DMM will be used to measure the voltage and current through the battery array and the power calculated from these values should be at least 2 W. A DMM will also be used to measure the voltages of different parts of the circuit. The heating element should be at 12 V, the Bluetooth and microcontroller should both have a voltage of 3.6 V.
             

	5. Heating Element: The heating circuit should be able to maintain the desired temperature by the user and should also be flexible enough to not impede human movement.
a. The heating circuit should be able to maintain temperature in the range of 80oF – 110oF.
b. The heating circuit should also keep a temperature within ±2oF of the desired temperature from the user.
The heating circuit should automatically turn on or off depending on the temperature.
c. The heating element should have a voltage of 12 V.
d. The heating element should not break when mechanical stresses similar to human movement are applied.
	         5. While the whole system is on, a temperature sensor will be used to monitor the temperature within the shoe. The settings will be tested several times at random temperatures. The temperature sensor should read a fairly constant temperature which is accurate with the setting.
a. Temperatures will be set to the extremes (80 oF and 110 oF).The temperature sensor should measure a fairly constant temperature of 80 oF and 110 oF respectively.
b. A temperature sensor will be used to monitor the temperature within the shoe. A DMM will be used to measure the voltage of the heating element. Once the temperature sensor reaches a temperature 2 degrees above the user setting, the voltage on the heating element should go to zero. When the temperature goes 2 degrees below the user setting, the voltage on the heating element should go up to 12 V.
c. A DMM will be used to measure the terminals of the heating element, and it should read 12 V.
d. The heating element will be put in a shoe and it will be used for walking and running (1 mile each). The heating element should not display any structural damage after these activities. Tests a, b, and c will alaso be performed again to ensure no damage performance-wise.

	6. Microcontroller: The microcontroller should be able to communicate with the Bluetooth modem to take the desired temperature and monitor and control the heating circuit depending on the set temperature.
a. The microcontroller should be able to change its settings when the user sets a new temperature.
b. The microcontroller should be able to monitor the ambient temperature in the shoe.
c. The microcontroller should be able to send signals to the heating circuit to turn it on or off.
d. The microcontroller should maintain current settings if the Bluetooth connection shuts down or is out of range.
e. The microcontroller voltage should be at 3.6 V
	6. After we have programmed the microcontroller through the app and Bluetooth modem, we will run through various manual tests.
a. We will set various temperature thresholds above, below, and at the current ambient temperature, and confirm that the heating element is off when the ambient temperature is at or above the threshold (±2⁰F).
b. We will manually measure the ambient temperature. Then we will confirm that the temperature sensor is giving the same reading by connecting it to an oscilloscope.
c. We will connect the heating element output of the microcontroller to an oscilloscope. Then, we will set the temperature threshold lower than the current ambient temperature and confirm that the microcontroller is sending the on single. Finally, we will set the threshold above the ambient temperature and confirm that the off signal is sent from the microcontroller.
d. We will set the temperature threshold at varying temperatures and disable the Bluetooth on our test phone each time. Then, we will confirm that the shoe is still sending the on/off signals to the heating element at the correct temperature.
e. A DMM will be used to measure the voltage at the power source terminals of the microcontroller. It should read 3.6 V.

	7. Bluetooth Modem: The Bluetooth modem should be able to send signals between the shoe circuits and the android app at a distance of up to 300 ft.
a. The android app should update the displayed number of steps as the step counter increases its count.
b. Signals should still be received if the distance between the shoe and the android phone is less than 300ft.
c. The Bluetooth modem should have an operating voltage of 3.6 V.
	7. We will run tests to confirm proper        communication between the circuits and the android app.
a. We will take several steps while wearing the shoe and make sure that the count is updated after each one.
b. We will separate the phone and shoe by 300ft to test that new temperature settings can still be updated and that the step count is updated with each step taken.
c. A DMM will be used to measure the voltage of the Modem. It should read 3.6 V.

	8. Step Counter: The step counter should be able to accurately count steps and send the current count to the Bluetooth modem.
	8. We will use the shoe to walk and count steps manually, then we will look at the app if it displays the right value. 

	9. User Interface: The user interface is an app that should be able to take input from the user to set the desired shoe temperature and will also update the number of steps the user takes in real-time.
	          9. We will use the app to increase the temperature settings significantly and check if the temperature changes in the shoe using a temperature sensor.
               



Tolerance Analysis:
	One of the most important parts of our design is the Piezoelectric material and it's behavior. Since its power generation mechanism is very dependent on human movement, the voltage it produces vary greatly. From the PVDF data sheet, piezoelectric induced voltages vary from about 3 V up to about 36 V. Getting a DC/DC converter for that wide array of values may not be practical for our case, since they can get significantly more expensive and complicated. We will be focusing more and getting the middle values, around 6 V to 18 V for our DC/DC converter (buck-boost converter). If we are able to gather voltages at these levels, we feel that we will still be able to harvest enough power from our piezoelectric circuit.
[bookmark: _GoBack]
Cost Analysis
Labor Cost:
	Name
	Hourly Rate
	Total Hours Invested
	Total = Hourly Rate x 2.5 x Total Hours Invested

	Crystal Cardenas
	$40.00
	150
	$15,000.00

	Carlo Vendiola
	$40.00
	150
	$15,000.00

	Andrew Chavarria
	$40.00
	150
	$15,000.00

	Total
	 
	450
	$45,000.00



Parts Cost:
[image: ]
[image: ]
Ethical Issues:
Meet standard safety requirement to ensure individuals’ feet aren’t burn from heating pads.


References
1. HQEW, Step-km Counter
http://www.hqew.net/circuit-diagram/How-to-build-Digital-Step$2dKm-Counter-Circuit-Schematic_6254.html
2. Linear Technology, Shrink Panel size by increasing performance
http://cds.linear.com/docs/Design%20Note/dn1012f.pdf
3. Linear Technology, Low Loss Power Path Controller in ThinSOT datasheet
http://cds.linear.com/docs/Datasheet/4412fa.pdf
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| tem | PartNumber | Manufacture | Quantity | Unit Price | Total Cost |
Super Solar Cells 0.5V 25mA - 6 pack | 700-1132505 | SundanceSolar | 6 | $9.95]  $59.70)
HeatingPadSxism | COM-11289 | Sparkin | 4 | $ass| Si0.0)
[Thin Film Lithium lon Battery | PoeBolerss | Gt | 4 | St0.00] $40.00)
[DC/DC Switching Converters | Bps27533 | RoWmM | 2 | Seas| s1250)
PlezoclectricFlm | VoswNb | Mide | 2 | Ser.s0] $175.00
PlezoceramicPlate  [SMPLASWaSTSAT1|  STemine | 2 | S1o75]  $39.50)
LiPower Boost Converter | Teset20 | T | 3 | Swes| saass
Temperature Sensor | Tmpioz | T | 2 | ssos| si1e0)
Diodes | iNaoo1 | FachildSemi. | 5 | $014] 500
Pcs [ T T 3 | sso00] sioooo)
ParsTorl | | | | 65308
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| Week |  Task  |Responsibility

Design schematic for microcontroller and its interface to bluetooth
Andrew
modem
23-Sep Design heating circuit, piezo film, and power supply circuit

Design schematic for step counter, solar power circuit, and power Crvstal
supply; order parts: microcontroller and bluetooth y

Put design review paper together, start programming microcontroller Crystal

Prepare for design review, order parts: piezo film, batteries, bridge Carlo
rectifier
Design review, downoad andriod application software and order Andrew
parts(or check part shop): solar panels, other miscellanous ICs

Work on getting bluetooth connection with microcontroller and test Crvstal

receiving and transmitting signals y
Download Eagle (PCB software) make all circuits
Start creating android application and integrating bluetooth in app Andrew

Put circuits together on protoboard and buy shoe that heater will be Crvstal
implemented on y

Test solar/piezo film circuits and debug if needed
Test heating circuit and step counter circuit and debug if needed

Test android app bluetooth connection with microcontroller and make Crvstal
sure data revieved and transmitted is correct; debug if needed y
Make PCB layout on Eagle
Final touches on android application

Integrate circuit and power sources onto shoe Crystal
Complete PCB design and submit

Ensure allcorrect signals are beings transferred and received through
android app
Test the power supply on prototype and prepare for mock demo

Test completed user interface functionality with heating and prepare for Carlo
mock demo

Test mechanical strength of the prototype and prepare for mock demo
Prepare for mock-up presentation and start final tests the load circuits Crystal

Prepare for mock-up presentation and start final tests the power supply Carlo
circuits
Prepare for mock-up presentatlon and start final tests on app- Andrew
microcontroller system
Start working on/writing final report and finish debugging load circuits
Start working on/writing final report finish debugging power supply Carlo
circuits
Start working on/writing final report and finish debugging software and Andrew
microcontroller

Work on project demo and final presentation Crystal
Work on project demo and final presentation
Work on project demo and final presentation
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