UCSC Autonomous Rover
Geoff Budd, Amir Pourshafiee, Sina Kahnemouyi, Tuan Ho, Leonardo Bravo, Samir Mohammed

Senior Design Capstone
Abstract
The Sample Return Robot (SRR) NASA Centennial Challenge is a competition to
demonstrate a robot that can autonomously locate and retrieve geological samples
without the use of the terrestrial specific sensors such as GPS and magnetometers.

Home Beacon

Rover
This rover is mechanically designed to comply with the required sensors for the path finding algorithms and is inspired by NASA’s Mars Exploration Rovers.
It provides an enclosure for the sensitive electronic components and is optimized to collect the sample using a scooping mechanism. The 6 wheel rocker bogie
suspension and the pivots on the outside wheels make traversal on uneven paths smooth and enable the rover to make in place turns.

The main challenges in this competition are navigating from a starting platform
to a sample, retrieving the sample, and then returning to the starting platform. The
location of the sample is known with an accuracy of 5 meters, in an competition
field with an area of approximately 80,000 square meters

Image Processing Computer:
Runs the computer vision
algorithms and sends the
coordinates of detected objects
to the microcontroller.

Methods

Primary Object Detection Camera:
Used to detect the sample at long
range (5-10 meters). Also used to
identify the QR code when the rover is
returning to the home beacon.

Using the integration of path finding, computer vision, and radio
communication the rover needs to be able to navigate back to its starting
location after it has collected the sample. In most cases due to the inherent build
up of error in the dead reckoning navigation process the rover will not be
exactly at its original starting position after D*Lite has finished. To deal with
the location error, we are using a home beacon with a large QR code and an
Xbee radio.
The home beacon has an Xbee module as well as the rover.
Using the magnitude of the signal strength between the two
Xbees the rover can navigate toward the starting platform.

Navigation on the field relies on sensor and camera feedback which are integrated
into our path finding algorithm. Once the rover detects that it is close to the sample,
it collects the sample and then returns to the starting platform.

Rotational Infrared Proximity
Sensors:
Ensures that there are no
obstacles in the adjacent grid,
where the rover is about to move
by scanning the area using
infrared proximity sensors.

Electronics Enclosure:
The enclosure protects the
microcontroller, Raspberry Pi,
gyroscope, motor controllers,
and batteries from the
elements.

Object detection and Image Processing
The sample object that the robot needs to collect consists of
a gray hook attached to a white plastic cylinder, approximately
20cm tall by 10cm wide. After testing several computer vision
algorithms for object detection, we settled on the a Haar
Cascade due to the high sample detection rate and low false
positive rate that it produced.

Wheel Pivots:
Allows the encoders to read
accurately when the rover is
making turns in place by
aligning the wheels with the
turning circumference.

Sample Collection Container:
When the image processing
computer indicates the sample is
within the range, the sample
collection container is used to
retrieve the sample.

Rocker Bogie Suspension:
Ensures all wheels stay in contact
with the ground over an uneven
terrain. This is necessary because
the navigation relies on measuring
wheel rotation.

Secondary Object Detection Camera:
Once the sample is within 5 meters of
the rover, the secondary object detection
camera is used to precisely align the
sample collection container.

Testing and Competition
The rover was tested on the UCSC
OPERS field as it is a good analog to
the actual competition field. During the
tests, the rover was able to successfully
accomplish the task of collecting and
returning the sample.
On June 4th, 2013 the rover will have
to preform the same task on the
competition
field
at
Worcester
Polytechnic Institute in Worcester, MA.
If the rover is successful, it will be
qualified to compete in a more
challenging round of tasks, for which
the price pool is $1.5M.
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Navigation and Path Finding
Given that the approximate location of the sample is known beforehand, navigation to it seems to be an easy task. However, because the competition rules
restrict us from using GPS and compasses we must use a dead reckoning approach which makes achieving accurate navigation to the goal quite challenging.

To build a Haar Cascade we hand tagged
~2500 images which contained the sample.
Using the tagged images in conjunction with
10k negative images we built a classifier. Using
OpenCV we pass still frames from the onboard
cameras video feed to the classifier. If the
sample is detected its location in the image
frame is passed to the rovers microcontroller.

The QR code contains encoded
information that the image processing
software can detect to determine the robot’s
orientation and approximate distance to the
starting location. The QR code is printed at
a scale of 0.75 x 0.75 meters allowing the
image processing software to detect it at a
large range in case of greater errors in
navigation than expected.
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To solve this problem we implemented a path finding algorithm called D star Lite
(D*Lite) in our state machines. This allows the rover to find the shortest path from a
starting point to a goal. The shortest path is calculated using real-time obstacle
avoidance and constant position updating. The positions of the rover and the obstacles
are stored in a grid based map, that the rover uses to return to the starting location as
well. Each square on the grid is 1 squared meter, approximately the area of the rover.
The competition rules state that the rover must start within one of the starting zones
indicated on the map. Since we have no prior knowledge of where the rover is initially
placed, we have implemented a path that will work for any of the three starting zones.
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