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Problem Statement


A maple seed inspired sensor housing and sensor array have been designed and must now be manufactured. The housing has been proven to be able to survive a fall of sufficient height with its sensors intact by using its shape to initiate auto-rotating flight, thereby slowing its rate of descent. The sensor array is to be powered by a battery pack that is recharged by use of solar cells imbedded in the sensor housing wing. The manufacturing process must ensure that the housing meets the performance specifications of the project. These include the ability to survive desert conditions and the capability to record disturbances caused by people or vehicles within the area. The information must then be relayed to a centralized computer.
Justification/Background


The Harris Corporation is the client/sponsor for this project. Harris is a communications and information technology company that works in government and commercial markets. This project will serve the Harris Corporation and is designed to eventually serve the military. The maple seed sensors will be distributed by a plane or a UAV (Unmanned Aerial Vehicle). 

According to the client, the product will be used primarily in desert conditions. This implies that the electronics must be able to survive extreme heat during the day and then cool temperatures at night. Sensors and materials must be able to function in these fluctuating temperatures. 

The concept of sensors using auto-rotating flight like a maple seed is a fairly new concept. The only known attempt at a reconnaissance-driven maple seed-like sensor is one project initiated by Lockheed Martin. Lockheed Martin was developing a Nano Air Vehicle (or NAV) that is modeled after a maple seed. This NAV was roughly the size of a maple seed, was auto-rotating, and was going to be used in obtaining reconnaissance information for the military. Approximately $1.7 million was spent on the project. After a few years the project was discontinued with no apparent results. 

When completed, this project will demonstrate the potential of future technology in unmanned reconnaissance. 
Objective

The objective of this project is to build an operational sensor housing with incorporated sensor array that creates its own auto-rotating flight during free fall. This working prototype will aim to achieve three main objectives. First, the sensor housing is to accomplish unaided auto-rotating flight which will slow the descent rate sufficiently to protect the sensors from damage. Second, a rechargeable power source will be created through use of miniature solar panels, as specified by the client. Third, communication will be established from the sensor array to a central system which will receive data on disturbances caused by human or vehicle movement in the area. The only specifications given by the client are that it must use auto-rotating flight, that it must survive the fall, that it must detect disturbances caused by people or vehicles, and that it must transmit that information back to a central computer. Outside of these specifications, the group has been given free reign by the client. 

The two main stages of the project were spread out over the course of the 2008-09 school year. November of 2008 saw the successful flight of a prototype which met the flight characteristics of the project. In addition, a sensor array, microcontroller, and transmitter have been chosen. This helped determine the overall weight of the product. The second semester for this design project will be spent optimizing flight and manufacturing working prototypes, establishing communication with sensors, and pinpointing personnel and vehicle detection. By March of 2009, the team aims to have a working demonstration of the maple seed sensors. It will be shown that movement within the detection radius of the sensors will be recognized and reported. 
Methodology

This semester will begin with experiments using SDM material (polyurethane) to create maple seeds to ensure continuity of flight characteristics such as lift, terminal velocity, and angular velocity. In addition, circuits will be built incorporating the infrared and vibration sensors with the microcontroller and transmitter. These circuits will be tested for power consumption and function in varying environmental conditions. After the circuit has been tested, the position of each component will be finalized for manufacturing. The components will then be embedded within the SDM material. Prototypes built using this process will be tested experimentally to determine functionality of design. 
This design project is limited by both budget and time constraints. While the client implied a $500 to $2500 production cost per seed, our budget is limited to $1500 for both the design and production of an expected two to three prototypes. In addition, the prototype must be completed by March of 2009, limiting build times.
The design process being used will be a convergence method. Experiments will be executed for flight, sensors, and communications. Using different approaches for each category, the best solution will be a combination of the best results. 
Expected Results


A working prototype that will achieve all of the following criteria is expected by March of 2009.
· Free fall will be slowed due to the shape of the sensor housing

· Product will land safely on the ground from any height suitable for an aircraft

· Power will be recharged by solar panels in the wing of the housing
· Sensors will pick up disturbances by human or vehicle movement
· Sensors will relay information to central computer pinpointing position of disturbance
There are some risks with this project. Due to our budget, not many mistakes can be made in our final prototype. The experiments that will be done must produce acceptable results so that less of our budget will be used in correcting mistakes. 

One of the benefits of this project is that there is very little variation within the design. The Harris Corporation has provided specifications that do not allow for a lot of design variation. This limits the time used for creating variations in the design and allows for more time to be spent on actual product development. 
Constraints


Some of the constraints in this project include available sensors, budget, and electrical engineering fundamentals. The sensors that are available at an affordable price are limited. A low end sensor will have to be used to fit the budget of this project. Our client at the Harris Corporation has said that a custom sensor will most likely be used after this project is completed. This means that for our purposes a low end sensor will be suitable for our client. Also, because this project includes sensors and rechargeable power, electrical engineering fundamentals will have to be referenced and applied. Since no electrical engineers are a part of this project, this could cause some problems when creating the circuits needed for the sensors. In addition, the SDM process is fairly new and there is little precedent for embedding sensors and electrical components into polyurethane. This could introduce unknowns which may adversely affect the functionality and durability of circuitry embedded during the manufacturing process.
