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Evaluation:

	SCORE
	DESCRIPTION

	10
	Excellent – among the best papers submitted for this assignment. Very few corrections needed for version submitted in Final Report.

	9
	Very good – all requirements aptly met. Minor additions/corrections needed for version submitted in Final Report.

	8
	Good – all requirements considered and addressed.  Several noteworthy additions/corrections needed for version submitted in Final Report.

	7
	Average – all requirements basically met, but some revisions in content should be made for the version submitted in the Final Report.

	6
	Marginal – all requirements met at a nominal level.  Significant revisions in content should be made for the version submitted in the Final Report.

	*
	Below the passing threshold – major revisions required to meet report requirements at a nominal level.  Revise and resubmit.


* Resubmissions are due within one week of the date of return, and will be awarded a score of “6” provided all report requirements have been met at a nominal level.
Comments:

Comments from the grader will be inserted here.
1.0 Introduction

Our project is a portable low-cost aerial drone that can be used for various purposes like reconnaissance, rescue missions, land inspections and surveying. The UAV which is controlled manually using a controller on the ground will give the user a “virtual cockpit” on the ground by relaying video and sensor data back to the base station. The final product will be packaged in 2 parts-the on-board electronics (on the plane) and the electronics for the base station (on the ground).

For the on-board electronics, the team plans to build telemetry and video equipment onto an “off the shelf” radio controlled plane.  This presents a unique challenge in that the electronics have to be packaged into a limited space keeping in mind the overall stability and weight of the plane, ventilation of on board modules and their functioning environment. Effective utilization of space is the key to ensuring all the electronics fit on-board and the product performs as intended. The base station electronics do not have strict packaging requirements as there are no space or weight restrictions.
2.0 Commercial Product Packaging

Traditionally, UAV’s have primarily been used by the defense, law enforcement and large private organizations for reconnaissance, rescue missions and aerial photography. This is due to the expensive nature of the UAVs in the market today. Eye in the Sky is a product that is relatively low-cost, so that the target market can be expanded from defense, law enforcement and large private organizations to farmers, scientists and hobbyists where they can be used for purposes such as land inspections and surveying. 

 Two products in the market today are the Robota Triton UAV [1] and the Microdrone MD4-200 [2]. The Robota Triton UAV directly competes with the Eye in the Sky as it is a UAV which is capable of aerial photography. Although the Microdrone MD4-200 is a quad copter, the functions that it performs are similar to the proposed UAV. The efficient packaging of electronics on-board the Robota Triton UAV will be used as a guide for the proposed UAV. The features of both the commercial products are compared below.
2.1 Robota Triton UAV (Price ~$10000)
The Robota Triton UAV is a plane that resembles the RC plane to be used by Eye in the Sky i.e. the Apprentice 15e. The Robota UAV has the capability to take pictures from the air and is able to navigate to specific GPS co-ordinates with flight times of about 20 minutes [1]. The Triton UAV, however, does not have the ability for video feedback which would be a feature in the proposed UAV. 

 The Triton UAV is 37 inches in length with a wingspan of 58 inches and has a payload bay 4.5 x 3 x 2 in. [1]. The electronics are packaged into the plane’s payload bay in the fuselage as shown in figure 6 of Appendix D.  Placing the electronics in the payload bay ensures the stability of the plane during flight. The proposed UAV (Eye in the Sky) would have its electronics placed in the payload bay like the Robota Triton. Robota Triton makes use of a lightweight camera for still image capture [1]. A camera of similar weight will be used on the proposed UAV. The on-board antenna on the Robota Triton projects out of the plane as shown in figure 6. This ensures effective communication uninterrupted by the plane’s body. A similar approach will be taken for Eye in the Sky where an antenna is placed projecting out of the rear windshield of the plane.
 Due to the additional equipment for video transmission, Eye in the Sky will make use of a space provided in the Apprentice 15e in the undercarriage bay. The Triton does not take into consideration ventilation for its electronic components. Due to the nature of the component placed in Eye in the Sky (like the video transmission antenna), the on-board electronics are prone to overheating during flight which deems necessary the presence of cooling vents.
2.2 Microdrone MD4-200 (Price ~ $20000)
The second product analyzed during the design phase was the Microdrone MD4-200. Unlike the Robota Triton, the Microdrone is a quad-copter. It is capable of aerial photography, aerial video or aerial surveillance. The equipment for the listed functions are stored in a central bay. Due to the size of this product, the central bay has very limited capacity allowing the drone to perform only one of the above listed functions during one routine. On the other hand, the payload bay of Eye in the Sky is much larger and can accommodate equipment for performing all the above listed functionalities. The payload is placed in the central bay as this is the point at which most of the choppers’ force will act. In the Eye in the Sky, the payload is placed so as to maintain the position of the center of mass for dynamic flight.
3.0 Project Packaging Specifications
Unlike other projects, where the packaging is built around the electronics, in Eye in the Sky, the electronics will be built into the available Apprentice 15e plane. The on-board electronics are composed of the video transmission module, PCB containing the sensors and the microcontroller, still-image camera, an XBee module for sensor and controls communication and a battery. The dimensions of the plane and its payload capacity will be the imposing factor from a packaging design point of view. Like the Robota Triton UAV, the length of the plane is 37 in. and its wingspan is 53 in.[3] as shown in Figure 3 of Appendix A.
 The payload bay of the airplane is trapezoidal with dimensions of 4.5 x 3.25 x 2 in.* and is illustrated in Figure 1 of Appendix A. The payload bay will be used to store the video transmission module and the PCB. The video transmission antenna will project out of the rear windshield of the RC plane. The on-board video camera will be placed in the front windshield of the plane. The undercarriage bay of the plane is trapezoidal with approximate dimensions of 10.5 x 2 x 2 in (Figure 2). It will be used to mount the still image camera and the XBee (containing a patch antenna). The battery will be mounted in the belly of the plane in a compartment provided in the Apprentice 15e. Heating vents will be created on the plane around the video transmitter module to ensure cooling during flight. These will be placed right below the payload bay area that houses the transmitter module. 
Since the packaging of the product is available in the form of the Apprentice 15e, very basic tools are needed to mount the electronics on-board. As listed in Appendix B, a soldering gun would be needed to mount components onto the PCB.  Holes will be created on the four corners of the PCB to mount it on the payload bay of the plane. The camera transmitter module will be placed in the payload bay and will be glued into the foam to prevent it from moving during flight. The video camera will be mounted on a servo motor that can be used to control its position on the front windshield of the plane as shown in Figure 4. The still image camera and the XBee antenna will be embedded onto the body of the RC plane using adhesives. The transmitter antenna will be embedded into the rear windshield of the aircraft using simple cutting tools. The estimated weight of all the components of the aircraft is 500 grams without the battery. The RC plane with the battery weighs about 1300 grams. The total unit weight of 1800 grams is capable of being lifted using given the motor capacity and the plane wingspan. 
* indicated width is the average width of the trapezium. Refer to illustrations for a detailed picture.
The projected cost of Eye in the Sky is $1000 which is significantly cheaper than the Robota Triton UAV and the Microdrone MD4-200.
The packaging specifications for the ground station are unrestrained. It would simply contain the XBee antenna and an interface for the antenna with a PC (off-the-shelf UART to USB interface). The PC will also be connected to an Xbox controller through a USB cable.
4.0 PCB Footprint Layout

Based on the list of major components selected, the PCB contains the following components: the microcontroller, the IMU, the digital compass, the GPS module and two voltage regulators. It would also contain headers for the battery, the cameras and the servos, and an SD card slot. These components must be fitted so that the PCB is small enough to fit inside the payload bay of the plane. The AT32UC3A3256 microcontroller is a 144 pin component available as LQFP and TFBGA packages [4]. Based on available equipment, the LQFP package is ideal. The microcontroller occupies an area of 0.739 in2 (0.86 in x 0.86 in.).The inertial measurement unit is available in a 24 lead QFN package and will occupy an area of 0.026 in2 (0.16 x 0.16 in)[5]. Due to the small size of the QFN package, a breakout board version of the IMU will be used to solder the component onto the PCB. The GPS is available on a 6 pin breakout board which will be used for connecting it to the PCB. It occupies an area of about 1 inch2 [6]. The digital compass is available as a 36 pin LCC package [7] and due to its small size a breakout board may be used.  The SD card slot is available as a 1.3” x 1.5” 11 pin breakout board [8]. Along with the headers and the small components like the voltage regulators, the PCB is estimated to be 2.5” x 4” in size which would fit into the payload bay of the Apprentice 15e. The preliminary footprint for the PCB is shown in Appendix C. Space is provided at the four corners of the PCB in order to mount it onto the body of the plane. 
5.0 Summary
The packaging is designed around the Apprentice 15e plane. Commercial products were analyzed and the Robota Triton UAV was used as a guide for the packaging design of our product. The components used in the product design are small and lightweight. They are placed in locations that ensure the stability of the plane during flight. Heating vents will be provided to ensure proper ventilation of the necessary electronic components. The packaging although simple in nature takes into account weight of the plane and operating environment while trying to maintain the aerodynamic design of the Apprentice 15e.
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Appendix A:  Project Packaging Illustrations
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Figure 1.1 Top View of the Payload Bay
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Figure 1.2 Side View Payload Bay
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Figure 2.1 Undercarriage Bay-View from top of the bay/bottom of the plane
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Figure 2.2 Side View of Undercarriage Bay
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Appendix B:  Project Packaging Specifications
N/A indicated the weight is inconsequential as it is a base-station component.
	Part No.
	Description
	Tools Used
	Qty
	Total Cost
	Estimated Weight(g)

	AT32UC3C0512C
	32-bit microcontroller
	Solder Gun
	1
	$18.48
	1.3

	AVX900T4
	Video Transmitter Antenna
	Adhesive,Dremel
	1
	$74.99
	21

	AVX900R1
	Video Receiver Antenna
	N/A
	1
	$95.00
	N/A

	KPC-5200
	On-Board Video Camera
	Adhesive,Dremel
	1
	$99.95
	30

	XBee-PRO® XSC


	Sensor and Control TX/RX
	Adhesive
	1
	$32.00
	3[10]

	MPU-6000
	Accelerometer,Gyroscope and Temperature
	Solder Gun
	1
	$15.00
	2.4

	Panasonic Lumix DMC-FS3S 8MP Digital Camera


	Still Image Capture Camera
	Adhesive,Dremel
	1
	$25.00
	317.5[9]

	E-Flite Apprentice 15p
	RC Plane including battery and servos
	N/A
	1
	$229.00
	1275

	Xbox Controller for PC
	Controller for input commands
	N/A
	1
	$39.95
	N/A

	MT3329 GPS
	66-Channel LS20031 GPS Receiver Module


	Solder Gun
	1
	$49.95
	4.2

	HMC6343
	Digital Compass
	Solder Gun
	1
	$95.00
	1

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	TOTAL Cost
	$765.37

	Total Weight
	1657.8 grams


Appendix C:  PCB Footprint Layout

Appendix D:  Robota Triton UAV
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Figure 1 Picture of the Apprentice 15e Payload Bay








Figure 2 Undercarriage Bay of Apprentice 15e
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Figure 3 Wingspan and dimensions of the Apprentice 15e
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Figure 4 Position of Antenna and video camera on the Fuselage








Figure 5 Preliminary PCB Footprint - 4” x 2.5”
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Figure 6 Robota Triton UAV’s Packaging Idea
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