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1. Introduction
Unmanned Aerial Vehicle (UAV), or commonly known as drone, is a type of aircraft without a human pilot on board, as the name suggested, but controlled autonomously by computers and/or taking commands from remote stations. The UAVs are perfect candidates for tasks that are tedious or dangerous for human, for example, patrolling along boarder lines, wild fire control, aerial surveillance and etc. 
The applications of UAV, as described above, generally require long flight time and reliable power supply. While the current UAV designs utilizing traditional battery or fuel cells struggles to meet such requirement, this project aims to provide a innovative solution to this problem by introducing the current popular photovoltaic system into the UAV power system design. Such design will combine the sustainability of solar energy with the reliability of battery. This project focuses on the electrical components of the design and the product will be a platform for future development on solar powered UAVs. The design is to be modular for easy module upgrade and replacement.
The UAV has a vast variety of configurations. The type of UAV chosen for this project is quadrotor helicopter, or called quadcopter, for its benefit as being easy to configure and having space for solar panel placement.
2. Design
2.1. Preview
2.1.1. Product Rendering
[image: ]
Figure 2.1 Rendered Product without Solar Panel


2.1.2. Major Components
Three major components of the product are shown in Fig. 2.2, with each component relies on the component below it. These components are major because they are critical to the functionality of the product in alpha stage. Details of each component will be given in the following sections.

Fig. 2.2 Major Components of the Product

2.2. About the Mechanical Structure
The mechanical structure of the solar drone is the supporting frame of the electrical system. It consists of an “X”-shape frame, with four sets of motor and propeller mounted at each end respectively and the control unit mounted at the center, four sets of landing bracket, solar panel and its mounting base.
The estimated size of the solar drone is (W x H x L) 150cm x 30cm x 150cm. The estimated weight is 1.86kg and Table 2A.1 shows the break down of the weight by parts.
Table 2.1 Weight Calulation
	Item
	Quantity
	Weight(g)
	Source

	carbon fiber tube
	2
	95.25
	http://www.carbonfibertubeshop.com/small%20tubing.html

	solar cell
	45
	5.8
	Estimated using package weight

	solar panel base
	1
	300
	Estimated using material density

	motor
	4
	70
	http://www.hobbyking.com/hobbyking/store/uh_viewItem.asp?idProduct=19611

	propeller
	4
	8.5
	Measured

	Electronic Speed Controller
	4
	25
	http://www.hobbyking.com/hobbyking/store/uh_viewItem.asp?idProduct=26497

	Battery
	1
	130
	http://www.hobbyking.com/hobbyking/store/uh_viewItem.asp?idProduct=17241

	iPhone 4
	1
	137
	http://store.apple.com/us/browse/home/shop_iphone/family/iphone/iphone4

	Microcontroller
	3
	120
	http://www.hwkitchen.com/products/arduino-mega-2560/




Since this project focused on the electrical side of the design, the details of the mechanical structure will be developed in follow-up projects. Only a basic supporting frame is needed for this project

2.3. Details of Electrical System
2.3.1. Description
The electrical system is the bridge between flight controller and mechanical components of this quadcopter.  As shown in Figure 2.3, it contains several modules that can work independently and are connected to flight controller interface. These modules are hidden from flight controller on the iOS side, but accessible through the Arduino Mega 2560 micro-controller. Details of each block and flow path will be discussed in section 2.3.3.

2.3.2. Block Diagram
[image: ]
Figure 2.3 Block Diagram of the Electrical System
2.3.3. Block Descriptions
2.3.3.1. Motor
2.3.3.2. 
There are four motors of the same model on board. The motors are chosen to be lightweight, yet to be powerful enough to lift the 1.6kg quadcopter when paired with 15 inches propellers. The physical dimension of motor is shown in Figure 2.4.
[image: ]
Figure 2.4 Motor Physical Dimensions 
The specifications of the motor are provided by motor supplier and partly verified in Everitt 50L. The specifications are tabulated in Table 2.2(a). Tests are then performed on the motor using servo tester and the motor drive, which is discussed later, the data are tabulated in Table 2.2(b) below.

Table 2.2(a) Motor Specifications
	KV(RPM/V)
	Poles
	Imax (A)
	Pmax @12V (W)
	Pmax @15V (W)
	Rphase (Ω)

	750
	3
	18
	165
	265
	0.27




Table 2.2(b) Motor Test Data (11.1V Applied Voltage)
	Pulse Width (ms)
	Throttle (%)
	Current (A)

	1.004
	0.4
	0.05

	1.04
	4
	0.11

	1.058
	5.8
	0.17

	1.072
	7.2
	0.18

	1.08
	8
	0.2

	1.09
	9
	0.22

	1.1
	10
	0.24

	1.15
	15
	0.39

	1.2
	20
	0.56

	1.25
	25
	0.79

	1.3
	30
	1.1

	1.35
	35
	1.5

	1.4
	40
	2

	1.45
	45
	2.62

	1.5
	50
	3.4



The KV parameter of the motor stands for round per second per volt applied, with 12V applied, the rotation speed will be 9000RPM and 11250RPM if with 15V applied.

2.3.3.3. Motor Drive (Electronic Speed Controller)
2.3.3.4. 
The motor drivers, also called electronic speed controller, are purchased from HobbyKing, with 30A max current rating and 40A burst current rating. The motor drives are originally designed for battery type power supply and accept voltage of various ranges. For this project and reasons to be discussed later, the motor drives will be configured to accept 15V±15% and automatically reduce power output when supply voltage drop to 12V.
According to the factory provided datasheet, the motor drive takes 1ms to 2ms 50Hz pulses for the throttle control of the motors. The duty ratio of the pwm waves is almost linearly related to throttle level. The control signal wire ended with a JR connector and pin layout is shown in Figure 2.5.
[image: ]
Figure 2.5 JR connector pin layout 

2.3.3.5. Embedded Photovoltaic System
The embedded photovoltaic system is shown as the PV Module in the block diagram. 
For the MPPT part, the table below shows some specifications

Table 2.3(a) Converter Specifications
	Parameter
	Value

	Input Voltage
	6V to 6.7V

	Output Voltage
	15 ± 8％

	Output Power
	0-225W



In order to meet the converter specifications listed in Table 2.3(a), a boost is proposed. The switching frequency is set at 40kHz.
The circuit is shown below:
[image: ]
Figure 2.6 MPPT Circuit Diagram 
With input voltage varying from 6V to 6.7V, D1 varies from 55.33% for 6.7V input to 60% for 6V input. 

Table 2.4(b) Boost Converter Data for Solar Panel
	Vin(V)
	Vout(V)
	Dideal

	6
	15
	60%

	6.2
	15
	58.67%

	6.4
	15
	57.33%

	6.6
	15
	56%

	6.7
	15
	55.33%



The proposed converter works in continuous conduction mode under all conditions, the inductance need to be larger than the maximum value of critical inductance.
For this converter, Lcrit is maximized to be 3.37µH. 
The peak-to-peak output voltage ripple should be less than 8% of 15V, which is 1.2V. 
The capacitor needs to be at least 250µF to keep the voltage ripple within 1.2V. In this converter, the capacitor is chosen to be 300µF to filter out additional high frequency noise.

2.3.3.6. Battery Module
Because of the unpredictable characteristics of the photovoltaic system, a battery is needed as the backup supply when PV module is insufficient to power the electrical system. Due to large power consumption of the motors, which is limited to 600W for this project, LiPo battery is chosen for such purposes. However, a normal LiPo battery has voltage ranges from 4.5V when fully charged to 2.7V when discharged for a single cell, that is 12.69V to 10.8V for a 3-cell LiPo battery. This property is not desired for the power system of this project since two power sources are connected in parallel. So a switching power converter is needed to stabilize the battery voltage. Since the motor drive only accept 12V or 15V, the 15V bus voltage is desired for the following reason. A buck-boost switching converter is needed if the bus voltage is 12V, or a boost converter is needed if the bus voltage is 15V. Due to the simplicity of boost converter, better efficiency could be obtained. Therefore, a 15V bus voltage is selected for the system.
After the bus voltage is set, the specific requirements for the boost converter can be tabulated in Table 2.4. Note that the input voltage range is extended for better compatibility.

Table 2.4 Requirements for Boost Converter of Battery Module
	Parameter
	Value

	Input Voltage
	9V to 13.7V

	Output Voltage
	15 ± 8％ V

	Output Power
	0W to 600W



And a switching frequency of 50kHz is chosen for the voltage ripple to be small. A baseline design of the boost converter is proposed and shown in Figure 2.7 below, which connect to Rload for load simulation.
[image: ]
Figure 2.7 Baseline Design of Boost Converter
The MOSFET is switch 1 and the diode is switch 2, the duty ratio of switch 1, D1, for a boost converter is given by
	 	
With input voltage varying from 9V to 13.7V, D1 varies from 8% for 13.7V input to 40% for 9V input. The proposed converter works in continuous conduction mode (CCM) when the PV module is offline and both mode if the PV module is online, so the inductance is chosen to be larger than the maximum value of critical inductance in CCM, which is given by 
	 	
For this converter, Lcrit is maximized to be 1.85µH when Vin = 10V. So the inductance is chosen to be 3 µH temporarily. The size of the inductance will affect the response speed of the converter, the larger the inductance, the slower the response.
The peak-to-peak output voltage ripple should be less than ±8% of 15V, which is 2.4V. The current through a capacitor is given by
	 	
Since Ic is maximized to be 40A when the output power is 600W and PV module is offline, the capacitor needs to be at least 0.133mF to keep the voltage ripple within 2.4V. Here the capacitor is chosen to be 6 to filter out additional high frequency noise and be prepared for better voltage regulation when load is varing.
The current rating of both switches is 70A if all components are ideal. And the voltage rating is 16V. Since a diode of such rating is not readily available at present, two diodes of smaller rating are connected in parallel to solve this issue, as shown in Figure 2.7 previously.

2.3.3.7. Power Management System
The power management system will be based on Arduino Uno and self developed firmware, use a feedback approach to stabilize the system bus voltage. The logic of the firmware could be shown using flowchart in Figure 2.8. The microcontroller continuously measures voltage across the capacitor bank to determine whether the power supply and consumption are in balance and make adjustment accordingly. The microcontroller also monitor the voltage of the battery, once the battery voltage reaches a minimum level, send request for emergency landing. Then microcontroller control the power output ratio of both sources mainly by controlling the duty ratio of gate signal for the battery module, or the offset voltage of PV panel. 
[image: ]
Figure 2.8 Power Management System Logic Flowchart


Motor Drive (Electrical Speed Control)
2.3.3.8. Power Management System
2.3.3.9. Flight Controller Interface
The flight controller interface is based on Arduino Mega 2560, which gives flight controller and electrical system access to each other. It serves as a decoder when flight controller sends command or request packets for the hardware, or encoder when transmitting data captured to flight controller. The communication follows the protocol proposed and shown below in Table 2.5 and will be enriched in future development.

Table 2.5 Proposed Communication Protocol between Flight Controller Interface and Flight Controller
[image: ]

The communication between iOS and Arduino is conducted through one of four serial channels on Arduino Mega board. The other three serial channels are for power management system, debugging and ultrasonic sensor. 
2.4. Details of Flight Controller and Embedded Software
2.4.1. Description
This flight controller is based on iOS platform and runs on iPhone. The benefit of writing this controller on iOS platform is the ability to utilize advanced technology and existing hardware interfaces, such as Bluetooth, Wifi, 3G network, gyroscope, location service and etc.

2.4.2. Layers
The software is designed to be object oriented, so a flow chart is not applicable in this design. A graphical representation of the software is shown below in Fig. 2.9X, with detailed components of each layer and the directions of information flow. Refer to section 2.4.3 for detailed description of each block.

[image: ]
Figure 2.9 Layers and Block Diagram of Flight Controller

2.4.3. Block Description
2.4.3.1. Central Intelligence Unit
Manages and handles data coming from each block. It takes charge of delivering command to each block and receiving acknowledgment from blocks when commands and data have been delivered successfully. It also receives specific data from user via interface.
Commands sent to Motion Assistant:  
· Start take-off: Inform Motion Assistant that the take off action need to be started when CIU receives command to take off from communication interface.
· Start landing: Inform Motion Assistant that the land action needs to be started when CIU receives command to land from communication interface or power manager.
· Take-off finished: Inform Motion Assistant that the take off action has been ended and to hover in the air when CIU receives notification from Sensor Assistant that take off operation has been finished. 
· Landing finished: Inform Motion Assistant that the land action has been ended to disarm motors when CIU receives notification from Sensor Assistant that land operation has been finished.
· Hover: Inform Motion Assistant to hover in the air when take off action is finished or when CIU receives hover command from user.
· Go forward: Inform Motion Assistant to move forward with designated distance when CIU receives command from Communication interface.
· Go backward: Inform Motion Assistant to move backward with designated distance hen CIU receives command from Communication Interface.
· Turn left: Inform Motion Assistant to turn left with designated angle when CIU receives command of turning left with assigned distance from Communication interface.
· Turn right: Inform Motion Assistant to turn right with designated angle when CIU receives command of from Communication interface.
Commands sent to Sensor Assistant
Not available now.
Commands sent to power manager
- Set limit for minimum battery voltage: Enable low power notification so that the battery won’t be drained completely.
Data sent to Communication Interface
- Battery remains
- Current attitudes
· Motor temperature
- Moving velocity

2.4.3.2. Motion Assistant
With receiving command from Central Intelligent Unit, Motion assistant will handle the command and calculate the designated throttle for four motors to Arduino assistant. Besides these, the motion assistant will also receive notification from Sensor Block during Take off/ Land action.
To achieve self-balancing, the Motion Assistant will acquire data from gyroscope integrated in iPhone to monitor and control flight attitude in real-time utilizing the motion feedback.
For maneuvering, with receiving command from Central Intelligent Unit, Motion Assistant will handle the command and calculate the designated throttle for four motors and sending them to Arduino assistant. Besides these, the motion assistant will also receive notification from Sensor Block during Take off/ Land action.
Notification sent to CIU
- Acknowledgment of take off start command.
- Acknowledgment of land start command.
- Acknowledgment of take off end command.
- Acknowledgment of land end command.
- Acknowledgment of hover command.
- Acknowledgment of turn left action.
- Acknowledgment of turn right action.
Notification sent to Sensor Assistant
· Take off start: Inform Sensor Assistant that take off action is started.
- Land start: Inform Sensor Assistant that land action is started
Data sent to Arduino Interface
- Motor throttle output x 4
Requirement: The motion assistant is the most critical service in the system and motion feedback information must be updated at 100Hz to ensure quadcopter stability.  
Verification: Use time stamp to measure loop time and it should be less than 10ms. 

2.4.3.3. Power Manager
Reports the battery remains to Central Intelligent Unit with requested time interval.
Notification sent to CIU 
- Battery low. 
Data sent to CIU
- Send battery remains to CIU.
Request sent to Arduino
- Battery remains

2.4.3.4. Sensors Assistant
Notifications sent to Motion Assistant
- Take off height reached: Inform Motion Assistant when sensors detect the height required by take off action is reached.
- Land height reached: Inform Motion Assistant when the quadcopter finished land action.
Notifications sent to CIU
- Warning temperature x 4: Inform CIU that any of the 4 motors is overheated
· Take off height reached: Inform CIU that the required height for take off has been reached.
- Land height reached: Inform CIU that the quadcopter finished land action

2.4.3.5. Communication Interface
Data Sent to CIU
Command from ground station

2.4.3.6. OthersArduino Assistant
Process data coming from service layer and interpret command and data to opcode that will be sent to Arduino mega board.
Data sent to Motion Assistant
- Leave for future use.
Data sent to Sensor Assistant
- Temperature of motors x 4
- Altitude of quadcopter
Data sent to Power Manager
- Remains of battery

3. Requirement and Verification
3.1. Requirement
Flight Controller Interface (FCI)
FCI.1:	At most 10ms loop time for motor throttle data update. Time includes 1) Serial channel latency - delay from iPhone sending motor data to microcontroller receiving the data; 2) Microprocessor latency - moment from receiving motor data to setting duty ratios of corresponding PWM channels

Motor (M)
MD.1:	Four motors when paired with 15inches propeller with 4inches pitch should be able to provide more than 2kg of thrust with less than 600W of power consumption.

Motor Drive (MD)
MD.1:	Each motor drive should be able to handle 10A of continuous current without failing when the power system is operating at max power condition (600W).

Battery Module (BM)
BM.1:	It should be able to provide 600W power output when the PV module is completely offline. 
BM.2:	It should provide 15V constant voltage output as the battery voltage varies with changes in the state of charge of the battery.

Power Management System (PMS)
PMS.1:	The system bus voltage should be constant at 15V, with variations less than ±8%.
PMS.2:	The PMS should send alert to flight controller when battery voltage is close to preset minimum level, which is 9V, and reduce battery module power output to keep battery voltage at preset minimum level.
PMS.3:	It should enable charging to the battery when there is power surplus in the system and stop charging when the battery is full. And it should be able to reduce power provided by PV module when the battery is full and there is a power supply surplus in the system.

Photovoltaic Module (PV)
PV.1:	Output voltage after MPPT should be at 15V with less than ±8% variations.
PV.2:	PV modules output maximum power possible at any time.
PV.3:	Power in surplus should be dissipated in a resistor.

3.2. Verification
	Req.
	Verification
	Expected Results

	FCI.1
	Using Flight Controller Interface Protocol and send motor data packet at 9ms interval on iPhone side. On the Arduino Mega 2560 side, set it to acknowledge on the processing of the 1000th packet. Measure, on iPhone using self-written test functions, the time needed for acknowledgement to arrive since the beginning of the test. The time latency for transmitting acknowledgement should be negligible compared to time for transmitting and processing 1000 packets.
	The averaged time for transmitting and processing each packet should be less than 10ms to ensure 100Hz motion update frequency.

	M.1

	Measure thrust of a single motor with propeller on using force meter and self-constructed test frame. Provide 150W power to the motor at 15V.
	The thrust of the motor should be more than 500g at max power input.

	MD.1
	Use DC supply to provide 15V to the motor drive, which is connected to a motor, the current limit is set to 10A and drive the motor as the DC supply is providing 150W.  Test for 10 minutes until the temperature reaches steady state at room temperature. Measure the temperature with thermometer.
	The temperature of the motor drive should not exceed 80°C

	BM.1
	Connect this load to a resistor, which can draw maximum power from the module, which is 600W. Monitor the temperature and voltage of the battery with thermometer and multimeter.
	The temperature should not exceed the maximum temperature as specified by battery datasheet. The voltage should not drop below 9V for a 3-cell LiPo battery. The time it takes from full charge to above conditions should be longer than 1 minute for emergency handling.

	BM.2
	Discharge the battery at constant rate until it automatically turned off to protect the battery from over draining. Measure the voltage at module output terminals using multimeter.
	The voltage at module output terminals should stabilize at 15V, with less than ±8% variations

	PMS.1
	Vary the power output of PV module and the power consumption of load. Measure the voltage across capacitor bank.
	The voltage across capacitor bank terminals should stabilize at 15V, with less than ±8% variations

	PMS.2
	Discharge the battery at constant rate until its voltage reaches the minimum voltage level. Measure the voltage across the battery.
	The voltage should never go below 9V. Alert should be received on iPhone side.

	PMS.3
	Make the battery 50% charged and set the power output of PV module greater than load consumption. Measure the current into the battery and also the power output of PV module using fluke meter.
	The current would go into the battery if power surplus exists, but should never exceed maximum charging current specified by manufacturer. As soon as the current into battery is saturated, extra power would be wasted inside PV module without going to the bus. 

	PV.1
	Use voltage meter to measure the output voltage from the MPPT under various conditions. 
	The voltage at module terminals should stabilize at 15V±8%

	PV.2

	Vary the duty ratio of MPPT around that set automatically, measure the power output of the module using fluke meter.
	If decreasing and increasing the duty ratio would both lower the power output, the duty ratio set by MPPT would guarantee maximum power output

	PS.3
	Set the maximum power output limit of PV module by power management system. And measure power output of the module. Vary the insulation of PV module.
	The power output of the module should never exceed that dictated by power management system




4. Simulation and Discussion
4.1. Data
4.2. Flight Statistics Estimation
A rough calculation is first performed to determine the compatibility of the parts chosen. The calculation is done using an online calculator  dedicated to multirotor helicopter flight statistics calculation. Using the data from previous sections, the following data and graph could be obtained.
Table 3.1 Rough Estimation of Flight Statistics
[image: ]
[image: ]
Figure 3.1 Single Motor Data Plot
In order to protect motors and related electrical components, the maximum power output of four motors is enforced by hardware to be no more than 600W, the throttle would then be limited to 50%, which should be enough for the purpose of this project.

4.3. Battery Module
In order to test the functionality and efficiency of the boost converter, which interface between battery and system power bus, an extreme case is chosen for the simulation, where Vin is minimum and Pout is at maximum. The schematic of the test circuit is previously shown in Figure 2.7. A time transient analysis is performed and the plots of various parameters are obtained and shown below.
[image: ]
Figure 3.2 Simulation Data for Battery Module Boost Converter Interface
At such condition, the duty ratio is fixed at 38%, the output voltage is 15.645V and within limit. The output current is 41.71A, so the total power output is 652.55W. The inductor current subject to switching noise, but an average of this current over 1ms range reaches steady state value of 77.3A, with 9V input voltage, the total power input is 695.7W. Therefore the efficiency of the converter is 93.8%, which can still be improved if the circuit is optimized in the future.

4.4. PV Module 
Single Solar Cell simulation is done using PSpice. A behavior module was created to model a single piece of solar cell. This Cell_BEH module is from Modelling Photovoltaic Systems using PSpiceR written by Luis Casta˜ner and Santiago Silvestre [1].
The circuit built in the PSpice is shown below:
[image: ]
The input V1 stands for insolation. 1000 means full sun. V2 stands for ambient temperature. Other parameters from our solar cell are entered into the module. Simulations are done at -5, 0 ,5, 10,15, 20 degree C. They are shown as attachments.

4.5. Serial Communication
The speed of serial communication is critical to the frequency of motion update cycle, which is required to be at least 100Hz to ensure stability. Thus, a full motor data packet must be sent at a 10ms interval at most. In order to test the performance of this communication channel, the following tests are performed. 
Send 1000 packets at various intervals from iPhone to Arduino through serial cable and keep track of the time stamp when all packets depart from iPhone. Acknowledge the arrival of the 1000th packet on the Arduino side and iPhone will keep track of the time stamp it receives such acknowledgement. The time difference between two time stamps divided by 1000 would be the actual latency. Three tests are performed with interval 5ms, 8ms, 10ms and the data is tabulated in Table 3.1.
Table 4.1 Serial Communication Latency Test
	Send Interval
	5ms
	8ms
	10ms

	Latency
	2.6ms
	1.6ms
	1.4ms



Therefore, packet has to be sent at 8ms interval to ensure 100Hz motion update loop.
Discussion

5. Cost Analysis
Table 5.1 Labor Cost
	Name
	Salary($/hr)
	Hours
	Total
	Total * 2.5

	Jie Wang
	40
	180
	7200
	18,000

	Jinming Zhang
	40
	180
	7200
	18,000

	Yingkan Ni
	40
	180
	7200
	18,000

	Total
	54,000
	
	
	



Table 5.2 Parts List and Associated Cost
	Item
	Quantity
	Unit Price (US$)
	Total Price(US$)

	Turnigy Talon Carbon Fiber Quadcopter Frame
	1
	28.78
	28.78

	BlueSeries Brushless Speed Controller Programming Card 
	1
	3.32
	3.32

	Slow Fly Electric Prop 12x4.5R SF (4 pc Right Hand Rotation)
	1
	4.26
	4.26

	NTM Prop Drive 28-36 750KV / 265W
	4
	15.99
	63.96

	Hobby King Quadcopter Power Distribution Board
	1
	3.99
	3.99

	Male XT60 connectors (5pcs/bag) GENUINE
	1
	2.44
	2.44

	Female XT60 connectors (5pcs/bag) GENUINE
	1
	2.35
	2.35

	Turnigy nano-tech 4000mah 3S 35~70C Lipo Pack
	1
	33.7
	33.7

	HobbyKing 30A BlueSeries Brushless Speed Controller
	4
	10.59
	42.3

	Adruino MEGA 2560 Board
	1
	49.99
	49.99

	Arduino UNO 
	2
	21
	42

	Wholesale 19% 4.5w 6" 156mm*156mm Mono solar cell
	45
	3.79
	170.55

	Propeller
	4
	24.62
	98.48

	iPhone 4
	1
	499
	499

	AttoPilot Voltage and Current Sense Breakout - 90A 
	1
	19.95
	19.95

	TMP36 - Temperature Sensor
	10
	1.35
	13.5

	Ultrasonic Module HC-SR04 Distance Sensor For Arduino
	1
	6.80
	6.8

	PSMN0R9-25YLC
	2
	1.52
	3.04

	MBRB4030-D
	4
	2.94
	11.76

	MOSFET: IXFH50N20   
	1
	9.75
	9.75

	Diode:1N4751AVSTR-ND
	1
	32.16
	32.16

	Inductor: SRP7030-R10FMTR-ND
	1
	5.08
	5.08

	Capacitor: 493-4689-2-ND 
	1
	4.11
	4.11

	Capacitor:ECA1EM682
	50
	1.01
	50.5

	Diode: APT100S20BG-ND
	2
	7.42
	14.84

	MOSFET: 568-6720-1-ND
	2
	1.79
	3.58

	
	
	
	1220.19




6. Schedule
	
	Week
	Jie Wang
	Jinming Zhang
	Yingkan  Ni

	1
	9-23
	1.Solar MPPT Circuit Design
2.Power Supply Management 
Top Level Design
3.Proposal
	1.Arduino-iOS interface
2.Power Supply Mnagement
Top Level Design
3.Proposal
	1.Get familiar with iOS programming
2.P2P Debug Console[iOS]
3.Proposal

	2
	9-30
	1.Solar MPPT Circuit Design
2.Power Supply Management 
Module - Circuit Design.
	1.Motion Control Module[iOS]
2.Power Supply Mangement
Module.
3.Assemble iOS flight controller[iOS]
	1.P2P Debug Console[iOS]
2.Assemble flight controller[iOS]

	3
	10-7
	1. Design Details of Final Design
2.Design Review
	1.Design Details of Final Design
2.Design Review
	1.Design Details of Final Design
2.Assemble Scaled Quadcopter Model[iOS]
3. Design Review

	4
	10-14
	1.Solar MPPT firmware
	1.Sensor  Module and take-off procedure
2.Power Management System[Firmware]
	1.Communication Assistant - in-flight control
2.Make purchase on parts needed for final quadcopter

	5
	10-21
	1.Fabricate and test circuit for MPPT and power supply management system
	1.Power Manager Module[Firmware]
2.Assemble Final Quadcopter
	1.Power Manager [iOS]
2.Assemble Final Quadcopter

	6
	10-28
	1.PCB design and fabrication
2.Assemble Final Quadcopter
	1.Communication Assistant - 
Communication Protocol.
2.Assemble Final Quadcopter
	1.Power Manager [iOS]
2.Design Flight Controller Database
3.Assemble Final Quadcopter

	7
	11-4
	PCB design and fabrication
Assemble Final Quadcopter
	PCB design and fabrication
Assemble Final Quadcopter
	1.Flight Controller Improvement
2.Assemble Final Quadcopter

	8
	11-11
	Debug and Test
	Debug and Test
	Debug and Test

	9
	11-18
	Debug and Test
	Debug and Test
	Debug and Test

	10
	11-25
	Thanksgiving break
	Thanksgiving break
	Thanksgiving break

	11
	12-2
	Demo&Presentation
	Demo&Presentation
	Demo&Presentaion





7. ReferenceEthics
We agree and abide to the IEEE code of Ethics. We will follow the rules listed that applied to our project.
1. to accept responsibility in making decisions consistent with the safety, health, and welfare of the public, and to disclose promptly factors that might endanger the public or the environment;
3.  to be honest and realistic in stating claims or estimates based on available data.
7.  to seek, accept, and offer honest criticism of technical work, to acknowledge and correct errors, and to credit properly the contributions of others
9.  to avoid injuring others, their property, reputation, or employment by false or malicious action.
The main concern of this project is that since we are building a quadcopter with approximately 1.5m width and 1.5m length so that when the quadcopter is not able to balance in the air at extreme condition,it may fall off and result in damaging some of the public facilities. We will make complete simulation and try to test our vehicle at a relatively controlled condition.

8. Reference
9. HobbyKing. NTM Prop Drive 28-36 750KV / 265W. 1 1 2012. 3 10 2012 <http://www.hobbyking.com/hobbyking/store/uh_viewItem.asp?idProduct=19611>.
Krein, P.T. ECE 469 Power Electronics Laboratory Information and Guide. Champaign: University of Illinois Urbana-Champaign, 2011.
Müller, Markus. xcopterCalc - Calculator for MultiCopter. 2012. 1 10 2012 <http://www.ecalc.ch/xcoptercalc_e.htm>.
ServoCIty. Connector Types. 2012. 4 10 2012 <http://www.servocity.com/html/connector_types.html>.
10. 
HobbyKing. NTM Prop Drive 28-36 750KV / 265W. 1 1 2012. 3 10 2012 <http://www.hobbyking.com/hobbyking/store/uh_viewItem.asp?idProduct=19611>.
Krein, P.T. ECE 469 Power Electronics Laboratory Information and Guide. Champaign: University of Illinois Urbana-Champaign, 2011.
Müller, Markus. xcopterCalc - Calculator for MultiCopter. 2012. 1 10 2012 <http://www.ecalc.ch/xcoptercalc_e.htm>.
ServoCIty. Connector Types. 2012. 4 10 2012 <http://www.servocity.com/html/connector_types.html>.
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