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Introduction


By definition, an autonomous system is a robotic or computer controlled system that can operate and interact with the environment without human intervention. A catamaran is a boat comprised of two hulls joined by a single frame. Combine these two concepts, and you get the Atlantis. Designed and built by Gabriel Elkaim, the Atlantis is an autonomous, self-sailing, 7.2m long, winged catamaran. A picture can be seen in figure 1 below. Its purpose is to serve as and unmanned marine vehicle, using various sensors and wind propulsion to navigate without human control. The Atlantis uses an attitude system, with a wing instead of sails. This is the same as that found in an aircraft, using pitch, roll, and yaw (ii).

I worked with Dan Berman on the Atlantis project for Surf-IT 2007 at the University of California, Santa Cruz. My focus was on developing a joystick control for the Atlantis. The purpose is to provide an interface for controlling the Atlantis autonomous catamaran when autonomous control is not available. We used a common USB joystick, modified to use the CAN bus system, for the interface. An Infineon XC164CS Microcontroller was used for analog to digital conversion, CAN, SPI, and general-purpose I/O capabilities. SPI was used to interface with a secure digital card that will be used to record all CAN messages sent throughout the catamaran. 
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Figure 1: The Atlantis in operation.

Picture made available by Gabriel Elkaim (ii)

Hardware

A simple USB joystick was converted to be used as the controller for the Atlantis. The Logitech Wingman Attack 2 was the product choice, and it was modified so it would run off the CAN bus system that connects the boat’s electronics together. CAN is a two wire bus that is commonly used in cars. The CAN system was chosen for its robust nature in noisy applications. CAN stands for Controller Area Network, and is ideal for the Atlantis because of its capability to support multiple devices on the same bus. It utilizes the system by sending signals to and from all sensors on the boat.  The CAN system avoids bus contention by using a dominant and recessive binary model.  Bus contention is a situation that occurs when, for example, a CPU is trying to send conflicting signals on the bus simultaneously.  It then uses dominant/recessive binary model to set up an arbitration scheme (i). This scheme transmits messages based on their priority, so that the highest priority gets transmitted first. These CAN messages are designed to be sent through the boat and be displayed on the Liquid Crystal Display that is located on the base of the joystick. 

The Infineon XC164CS is a 16-bit microcontroller. We used its analog to digital conversion to measure each direction of the joystick axes. Its general purpose I/O was used for the buttons and the LCD screen display. The joystick is equipped with 7 buttons, 6 included in the original joystick, and one externally added for calibration. The axes are set up on the attitude system roll, pitch, and yaw.  These directions describe three-dimensional axes where roll represents rotation about the x-axis, pitch represents the rotation about the y-axis, and yaw represents the rotation about the z-axis.  This is represented visually in Figure 2.  [image: image1.jpg]



Figure 2: Illustration of the Wingman joystick being used. The arrows 

demonstrate the directions of the attitude system. 

The different colors representing the specific directions:

 Red = Roll, Purple = Pitch, Yellow = Yaw.

The SPI interface, used for simplicity and ease of implementation, was utilized to incorporate a Secure Digital card for logging purposes. SD was chosen for its common use and availability as a removable consumer-grade storage unit that is capable of storing CAN messages for data logging. We were able to incorporate the 3.3V SD card with the 5V microcontroller using only passive components.     

Software Description

A series of finite state machines were used in order to create a software base designed for both performance and speed that is primarily made possible through the use of interrupts. A basic algorithm that was used in our design can be seen in figure 3. It takes into account the different stages we need to go through to find out what messages are being sent by the user through the joystick and then relate them to the rest of the system through the CAN bus.  
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Figure 3: Basic Algorithm for calibration 

and reporting to the SD card.

There are two main states for our algorithm. They are the Reporting and Calibration states. Our algorithm starts in the Reporting state and continuously performs the actions inside of it. The calibration state is where we determine the extremes for our joystick axes and derive a scaling equation from the data. There is a specific button that will trigger an interrupt that tells the state machine to enter the calibration state. The interrupt can happen at any time during the Reporting state. 

The joystick, when not in Calibration mode, will constantly be in the Reporting state. This state will take in all commands and send them through the CAN system, along with logging them to the SD card. It does this by sapling the ADC 100 times a second to provide accurate readings of the joystick. Each ADC sample is then averaged with the previous 100. This helps filter noise from the signal and provide a more stable reading. Seeing as how the joystick will be used on an unstable surface, a dead band has been incorporated in with the x and y-axes. This helps prevent minor vibrations from interfering with valid joystick readings. After the filtering process, a scaling equation is used to scale the raw joystick data to a 16 bit signed value. The buttons are then converted to a digital high or low signal from their existing states. These signals are transmitted over the CAN bus to be used by the rest of the catamaran. All the traffic on the CAN bus will be logged and stored on a SD card. After testing, this will allow the user to know exactly what messages happened, and in what sequence. Specific me
ssages will also be displayed on the LCD, allowing the user to receive feedback when operating the joystick.      

Conclusion and Future Work

This project proved to be very interesting and challenging. It also caused me to explore a more software-based project than I have done in the past. Designing a control system took a great deal of forethought and consideration. Implementing our ideas proved to be more difficult than anticipated, and in the end, we were only able to complete each of the pieces separately. We were able to set up the CAN system with the joystick, and send our calibrated messages over it. We were also able to configure the buttons and display messages on the LCD. The SD card proved to be the most challenging to configure, but after a long struggle we were able to get it to read and write with the Infineon. Future work on this project will include incorporating each of the states together with fully functioning hardware. There is also need to implement the FAT (File Allocation Table) file system with the SD card in order to record messages from the CAN bus and be able to display them on a PC. The end result will have all of the circuit components fit on a 3.5"x1.5" PCB, encased along with LCD, SD card, CAN and Serial port, in the original joystick casing. Once this project is complete, the joystick will be added to the Atlantis and used out on the water.  
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