FieldNAV Project

Autonomous Embedded Mobile Robot

Key Points

· Individual research project since mid 2007; currently undergrad senior capstone project
· Robotics, computer vision, path planning, collision avoidance, sensor fusion, parallel programming
Version 1.0
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Version 2.0

(In progress)
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Problem Formulation

Similar to the DARPA Grand Challenge, but at 1:10 scale!   Given a pair of GPS coordinates, drive the robot autonomously from point A to point B using a variety of sensors, without colliding with obstacles.  Goal waypoint is marked by an orange traffic cone, which the robot will attempt to touch, but not knock over.
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      Embedded System Model
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Level I Detail – Hardware Layer

This layer consists of the microcontrollers, I/O devices, servos, transducers, memory, data and power buses, and the r/c truck chassis as mobile base.  I personally researched and selected the individual components, and then I acquired them with my own funds in pursuit of my passion for robotics.  These components include:
Mobile Base






Transducers
Traxxas E-Maxx, 4WD electric monster truck

Ultrasonic rangefinder (x5)









Infrared rangefinder (x5)









GPS receiver

ICs







CMUcam2 CMOS color camera

Parallax Propeller 





Digital compass

    multi-core microcontroller 
    (x3 = 24 cores total)





12-bit ADC






Other I/O Devices
Analog multiplexer





HB-25 motor controllers
Quadrature encoder





Servos (steering, pan/tilt for camera)

Bluetooth wireless transceiver



LCD
Various resistors, capacitors, fuses, 

  switches, push-buttons, and zener diodes 
  for power and data transmission

Level II Detail - Hardware/Software Interface Layer

This glue layer connects the low level circuitry to the high level application software.  Within this layer, one may find various low-level files in assembly or SPIN which give the applications programmer a straightforward interface for polling the various devices on the robot.  SPIN is an object-oriented programming language, with syntax similar to BASIC as well as C++, which provides modular programming support as well as device-level input/output capabilities.  

Level III Detail – High-Level Navigation Software Layer

Of all layers on the FieldNAV robot, this layer exists at the highest level of abstraction.  Within this layer, one may find functionality for robot localization using dead reckoning, GPS vector (r,() determination, proportional control with compass readings, obstacle avoidance, and target tracking via the color camera.

Proportional control of 



       Robot Position Updates
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(A similar scheme was employed 
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Experience Gained and Lessons Learned

RoboGames 2008

I entered the FieldNAV robot into the RoboMagellan portion of the international RoboGames competition held in San Francisco (http://www.robogames.net/rules/magellan.shtml ).  A lot of work went into preparation for this competition.  Unfortunately, untimely hardware failures (bad connection between the motors and motor controllers) coupled with a suboptimal codebase forced my last-minute withdrawal from the competition.  Undaunted, I have renewed my resolve to discover and learn from these mistakes as well as to apply that experience towards the second iteration of this robot, FieldNAV 2.0.  

Probability & Statistics / Sensor Fusion 

FieldNAV generates a great deal of data every second, and the difficulty lies in the interpretation and handling of this data.  Indeed, this issue forms the core of the algorithmic challenges faced.

For Version 2.0, I plan to make greater use of statistical analysis and probability in assessing the uncertainty of the gathered data.  Furthermore, error propagation, the Kalman filter, and more sophisticated sensor fusion could greatly improve the robot’s navigational capabilities.

Parallel Programming

Part of my rationale behind choosing the Propeller MCU was to experiment with multi-core architectures.  I have used this functionality extensively, assigning various cores different transducer polling tasks as well as processing tasks.  Furthermore, I am working with the semaphore and lock mechanisms offered by the microcontroller.
All content © 2009 DigiPen (USA) Corporation, all rights reserved.

