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Introduction

The overall goal of the Development of an Autonomous Hovercraft System is to produce a swarm of up to four hovercrafts working in unison to traverse a series of waypoint beacons. The results of this undertaking will be integrated into a project of a larger scope run by Dr. Peter Bauer (amongst others) which will be presented to the Office of Naval Research located in Crane, Indiana.


Our section of the project has four major milestones to be completed in the first semester: the creation of the hovercraft’s waypoint tracking system, the development of three-point control for the hovercraft’s thrust fans, the successful navigation of the waypoint system by two simultaneous independent hovercrafts, and the successful navigation of the waypoint system by three hovercrafts following a leader (thus making a swarm of four hovercrafts).


The initial design of the system relies on a heavy utilization of Telos Motes (more on these in the Incorporated Technologies section), as both the waypoint transmitters and the master and slave receivers on the hovercraft are implemented by them. The waypoint transmitters each send two separate signals – a relatively strong attractive pulse (which the hovercraft follows towards the beacon) and a weaker repellant pulse (which the hovercraft uses to avoid colliding with the beacon and to recognize that it needs to look for the next waypoint beacon). The hovercraft uses two of the motes to determine the directionality of the signal being sent by the waypoint transmitter and to control its movement towards or away from said beacon.

The work to be accomplished in the first semester can be segmented into two major sections – hardware and software. Those involved in the hardware section of the project will be responsible for obtaining the materials necessary for the construction of the needed hovercrafts, the construction of the hovercrafts, and the building of the circuit used to interface the Telos receivers to the hovercraft motors. Thos involved in the software section of the project will be responsible for designing and testing the code to be used in each of the four milestones, as well as running any beacon signal strength testing needed to implement said code.

During the second semester, the scope of our project will change, as we will shift the design of our project from relying on Telos Motes to using Zigbee Transmitters and microcontrollers. We will also design an H-bridge circuit which will allow us to change the hovercraft’s control from three-point to a linear, and thus improving the efficiency of the system.

As it stands right now, Team Calvin is relatively on schedule, having completed the coding for both the waypoint navigation and the three point control. Due to laboratory testing constraints and a delay in receiving necessary materials / funding, proper testing of these will not be accomplished until a later date. The delay in receiving the funding from the Office of Naval Research has caused problems, however we still expect to successfully complete the first half of the project by the end of the semester.

System requirements

Core Capability Requirements
Prof. Bauer, our customer, has defined two core capability requirements for our projects:

1. Hovercrafts capable of following a waypoint navigation system, using fixed beacons as reference points for navigation.

2. Hovercrafts that perform swarming behavior defined as the ability to follow a leader effectively without collisions. 

These capabilities will be accomplished by dealing with two types of signals: a long range attract signal and a short range repel signal. Hovercrafts will need to send and receive both types of signals while beacons only need to send them. Additionally both of these requirements should be able to be met simultaneously, without major performance losses. This means that our group must come up with two computer program algorithms to control the hovercrafts for each one of the behaviors and make sure that they can be compatibly implemented at the same time.

Communication Requirements
One key aspect to assuring the compatibility of the hovercraft control algorithms is making sure that the communications scheme works effectively. Our minimal requirement is having the capability of 3 hovercraft and several beacons (which we can interpret to be at least 3) communicating effectively enough to allow effective navigation for all the hovercrafts. Our communications scheme is must also be scalable to many more hovercrafts in future projects and must therefore be of low complexity. For this we plan on using predetermined communication standards found where the lower layers are already defined (like in the telos motes). 

In order to make sure we have an effective communications scheme we have to work on minimizing the communications packets lost. Since we expect to be close to congesting the communications channel, our main objective is to optimize the amount of packets sent and the time between packets. Additionally, we also have to make sure that the physical configuration of our transceiver chips and antennas don’t negatively affect the performance of our system.

Mobility Requirements
In order to fulfill our core capability requirements we must assure that our hovercrafts can navigate smoothly and at a reasonable speed. At least two fans are needed on board: one for lift and one for thrust. The hovercrafts must be light enough to be sure that the power provided by the lift fan is enough to reduce drag and allow the hovercraft to navigate. Our current weight goal is approximately 2 pounds. To control the hovercraft we can either add a second thrust fan and use each one to turn in a certain direction or add a rudder to turn the hovercraft instead. Our initial approach will be the two thrust fan solution.  

Additionally, we must also be sure that there are no major disruptive collisions with the beacons and between the hovercrafts. We must make sure our control scheme is adequate in order to accomplish this objective. We are currently making the transition from a bang-bang (2 states, being right and left) to a 3 state (right, left and straight) control scheme. We are looking into the possibility of implementing a proportional control scheme and to include the capability to brake. We are also looking at the dynamics of the hovercrafts to make sure that our reaction time is adequate enough to avoid collisions, and may adjust the hovercraft speed if it is not.

Testing Requirements
Finally, part of our requirements is also making sure that we can test the performance of our system repeatedly with the goal of adjusting our different approaches and to get reproducible results for our final project demonstration. We need a controlled, indoor testing environment and the ability to test the hovercrafts for enough time per battery charge to obtain results. Right now Prof. Bauer has reserved a room in Cushing Hall where that we can use as a test environment and in the future we will consider testing our system outdoors. We also expect that with our newly acquired batteries we will be able to extend out testing time per battery charge to about 20 minutes, which we consider acceptable. 

High Level Design
In order to successfully complete our project by the end of the year, the following steps must be completed:
· Waypoint navigation system

· Three-point control

· Navigation of waypoint system by two independent hovercrafts
· Obtaining materials for and construction of two more hovercrafts

· Navigation of waypoint system by four hovercrafts working as a swarm

· Transfer of system from one which uses Telos motes to one that utilizes Zigbee transmitters and microcontrollers

· Creation of an H-bridge to allow for linear control
· Possible change from two thrust fan system to a single fan with a controllable rudder
The following will discuss the implementation of the above steps.

Waypoint Navigation System
The goal of this step is to allow a single hovercraft to traverse a series of over two transmitting beacons (waypoints). As all of the beacons will be sending their signals throughout the test, the hovercraft needs to be able to recognize the signals sent by the current waypoint that it is looking for. It will know when it has reached the waypoint when it receives a repel signal, and then will begin to look for the next one. The process starts over from the beginning once the final waypoint has been reached.
Three Point Control
In this step, the control of the hovercraft will be improved. Currently, the control scheme is a relatively simple “Bang-bang” control, in which the hovercraft turns in the direction of whichever receiving beacon (Master on the left side, Slave on the right side) receives a stronger signal from the waypoint transmitter. In three point control, the both the left and the right thrust fans will be fired almost simultaneously (the current circuitry does not allow for both to be on at the same time) if the transmitter is directly in front of the hovercraft. With this, we hope to reduce side to side oscillations in the hovercraft’s movement.

Navigation of Waypoint System by Two Independent Hovercrafts
To allow two (or more) independent hovercrafts to successfully navigate the waypoints, we must ensure that no collisions take place between them as they move around the testing area. In order to prevent this, we will install a repellant beacon in one (or both) of the motes on the hovercraft which will allow other hovercrafts to recognize when it is approaching another hovercraft and thus avoid colliding with it.

Obtaining Materials for and Construction of Two More Hovercrafts
In order to proceed with further testing, it is necessary to build more hovercrafts. As our previous source for materials (www.hovercraftmodels.com) has temporarily gone out of business, we must use other suppliers to provide us with the individual materials needed to construct them.

Navigation of Waypoint System by Four Hovercrafts Working as a Swarm
The end goal of the first semester has four hovercrafts traversing the waypoint system in unison. To achieve this, we will designate one hovercraft as the leader, and have the other three follow it from beacon to beacon. An attractive signal will be sent from one of the motes on the leader, which will allow the other three to successfully follow it.
Replacement of Telos motes with Zigbee Transmitters and Microcontrollers

The first task of the second semester is also the one which is expected to take the longest. Here, we will need to revamp our entire system, replacing the Telos motes with Zigbee transmitters.

Creation of H-bridge to Allow for Linear Control
Through the creation of an H-bridge circuit, we will be able to vastly improve the control of the hovercrafts. Rather than simply having Bang-bang or Three-point control (which have obvious limitations), the hovercrafts will be able to head towards the beacon with a much faster settling time and have far fewer oscillations in its motion.

Implementation of a Single Thrust Fan / Rudder Combination
With the implementation of an H-bridge, it makes sense to exchange our current thrust fan configuration with one that can more properly utilize the benefits of the H-bridge. By limiting the hovercraft to one thrust fan, the longevity of the battery should improve, and with the implementation of a rudder, so should the controllability of the system.
Incorporated Technologies

Telos Motes

The TelosB Mote is an open-source platform designed to enable cutting-edge experimentation for the research community.  This platform bundles all the essentials for lab studies: USB programming capability (TinyOS), IEEE 802.15.4 compliant, high data rate radio (up to 250kbps) with integrated antenna, low power MCU (microcontroller unit, TI MSP430) with extended memory (10kB RAM) and an optional sensor suite (including temperature and humidity sensing).
  This platform is used primarily for low-power research development and wireless sensor network experimentation. 
IEEE 802.15.4 (Low Rate WPAN) deals with low data rate but very long battery life (months or even years) and very low complexity. The first edition of the 802.15.4 standard was released in May 2003.
  The ZigBee set of high level communication protocols is based upon the specification produced by the IEEE 802.15.4 taskgroup.  

The TelosB Motes in our project use this ZigBee protocol which is intended for use in embedded applications requiring low data rates and low power consumption. ZigBee's current focus is to define a general-purpose, inexpensive, self-organizing, mesh network that can be used for industrial control, embedded sensing and for various automated collection and detection applications (such as medical data collection, smoke and intruder warning, building automation, home automation, etc).
 The resulting network will use very small amounts of power so individual devices might run for a year or two using the originally installed battery.
Currently our project incorporates the use of two TelosB Motes on the Hovercraft.  One resides on the left side of the Hovercraft and is backed with copper plating for shielding purposes.  This Mote is called the “Master” because in the software it is responsible for all decision making tasks regarding control of the motors and communications between itself and the Beacons as well as between itself and other hovercrafts.  The other Mote resides on the right side of the Hovercraft (also backed with copper plating) and is called the “Slave” because its only responsibility is to send its received signal strength indication (RSSI) value to the Master.  The Master will then compare its RSSI value against that of the Slave in order to decide which thrust fan (right or left) to turn off/on accordingly to turn right or left in the direction of specified “Beacon”.

This Beacon is also a TelosB Mote and is called a beacon because its purpose is to emit an attractive signal every 150 ms which will be tracked by the Hovercraft.  Also, it emits a repulsive signal every 30-40 ms after sending the attractive signal, but this signal is weaker than the attractive signal since it serves to alert the Hovercraft when it is closely approaching its location.  After the Hovercraft has detected its proximity to the specified beacon it will turn away from it and navigate towards another specified beacon.  This is described as the Waypoint Navigation scheme discussed earlier.  

Future Technologies for our project involve replacing the Telos Motes with XBee chips which incorporate a similar ZigBee protocol, but are controlled by microcontroller chips on printed circuit boards instead of programs written in TinyOS.  In this case we will be able to write code in the C programming language and have more control over the inputs and outputs.  These are also much less expensive than the Telos Motes which will help with reducing cost for the construction of future hovercrafts.

Pixie Sniffer

The Pixie Sniffer, sometimes referred to as the “out-of-the-air ZigBee frame grabber” monitors the 2.4GHz spectrum, detecting and displaying IEEE 802.15.4 compliant frames.  It is and will continue to be an invaluable aid in the development of our project since it serves as a trouble-shooting tool and performance evaluating device.  

It is the primary means of evaluating our testing environment in order to determine the most efficient power settings for the Telos Motes while testing indoors since reflections coming from the walls play an important role in the success of our demonstrations.  This was accomplished by placing a single Beacon at a certain power setting in the center of the room and using the Sniffer to measure the RSSI values at the perimeter of the room.  The power setting which caused the RSSI values to “die out” (~ -80 to -90 dBm) near the edge of the room is the most appropriate setting to use in order to reduce reflections and allow for the best communication efficiency.

The Sniffer was also used for trouble-shooting the Three-Point Control scheme.  RSSI values received by the Hovercraft for certain angles relative to the Beacon were determined and allowed our group to find an appropriate range for which we will “turn on both motors” at the same time in order to move in a straight line as opposed to a sporadic left-right-left-right motion.  The previous note is stated in quotes because in actuality it is not possible to turn on both motors at once since the left and right motors are controlled by a relay which tells one to turn on causing the other to turn off.  However, the speed at which the left and right motors turn off and on while inside this range of values is very fast and the Hovercraft acts as though it is moving in a straight line.  

This device will also play an important role in the future when we begin testing the Swarming scheme which will involve communications between several hovercrafts as well as with several beacons.
� http://www.xbow.com/Products/productsdetails.aspx?sid=147


� http://en.wikipedia.org/wiki/IEEE_802.15.4


� http://en.wikipedia.org/wiki/ZigBee
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