Robotics, part Il

* Robocup soccer

Goal: By the year 2050, develop a team of fully
autonomous humanoid robots that can win against the
human world soccer champion team.

* Movies
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The following slides are adapted
from this web site.
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Vision

AIBO camera provides images
formatted in the YUV color spac

Y — Luminance (brightness)
U/Cb — Blueness (Blue vs.
Green)

V/Cr — Redness (Red vs. Gree

Each image is an array of 176 X
144 pixels

Vision Overview

* Low level
— Handles bottom-up processing of image
— Provides summaries of image features

» High level
— Performs top-down processing of image
— Uses object models to filter low-level vision data
— ldentifies objects
— Returns properties for those objects




Low-Level Vision

» Color is the main feature that is relevant to identifying the
objects needed for the task

» Color segmentation algorithm
— Segment image into symbolic colors
Run length encode image
Find connected components
Join nearby components into regions

Color Segmentation

» Goal: semantically label each pixel as belonging to a
particular type of object

* Map the domain of raw camera pixels into the range of
symbolic colors C

e Cincludes ball, carpet, 2 goal colors, 1 additional marker
color, 2 robot colors, walls/lines and unknown
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Ideal segmentation
Before segmentation

Actual segmentation

Turning Pixels into Regions

» Adisjoint set of labeled pixels is still not enough to
properly identify objects

* Pixels must be grouped into spatially adjacent regions

* Regions are grown by considering local neighborhoods
around pixels
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Run Length Encoding

Segment each image row into groups of similar
pixels called runs

Runs store a start and end point for each contiguou
row of color

Original image RLE image

iy
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* Runs are merged into multi-row regions

* Image is now described as contiguous regions
instead of just pixels
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» Features extracted from regions

Centroid

Mean location

Bounding box

Max and min (x,y) values
Area

Number of pixels in box
Average color

Mean color of region pixels

Regions are stored by color class and sorted by largest
area

These features allow concise and fast object detectors
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High-Level Vision

Responsible for finding relevant-to-task objects in image

Uses features extracted by low-level vision

Takesmodels of known objects andttempts to identify
objects in the list of low-level regions

Generates a confidence of a region being the object of
interest

Generates an estimate of the object’s position in
egocentric coordinates 16




Object Detection Process

* Produces a set of candidate objects that might be this
object from lists of regions

e Given ‘n’ orange blobs, is one of them the ball?

« Compares each candidate object to a set of models that
predict what the object would look like when seen by a
camera

« Selects best match to report to behaviors

« Position and quality of match are also reported
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Example:
Ball-Filtering Models
» Area ratio: Compares the area covered by the pixels to the
area covered by the bounding box

Area of ellipse with major
— &k
m= 7‘-/ 4% w h and minor axes computed by

bounding box

m-a
d =
m+a
(dV
*‘ Vel ‘ 2 C=0.2 if on edge of image
o=¢ "’ 0.6 otherwise

» Elevation: Binary filter which ensures the ball is on the
ground (less than 5 degrees in elevation)
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Ball Distance Calculation

The size of the ball is known
The kinematics of the robot are known

Given a simplified camera projection model, the distance
to the ball can be calculated
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Calculation of Camera Position

Position of camera is calculated based on body position
and head position w.r.t body

Body position is known from walk engine

Head position relative to body position is found from
forward kinematics using joint positions
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Calculation of Camera Position

camera_up

-camera_right

body
algie\
body position camera_dir
height (camera_loc)
Origin for 2, .Y
egocentric lé
. 2 coordinates o
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Ball Position Estimation

The pixels around the ball are analyzed

Red vs. area: Filters out candidate balls that are part of red
robot

If the ball is farther than 1.5m away average “redness”
value of the ball is calculated

If too red, then the ball is assumed to be the fringe of the
red robot’s uniform

Uniform

Green filter: Ensures the ball is near the green floor
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End Result — Accurate Ball Position
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Localization

Represent robot location as a probability density over
possible robot locations or poses (a pose is simply a
location including orientation information).

This probability density summarizes all the information the
robot has about its current position.

This probability density is updated for movements of the
robot and for information from sensors.

Uses Bayesian methods to reason about current position
given movement and sensor information 24
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Sensor Hierarchy

Behavior Hierarchy

| Virtual Sensor 1 ‘
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Behavior hierarchy

Control hierarchy

Behavior Level 2

e.g. GetBehindBall,
Z FindBall. ...

Controls/Goals

Behavior Level 1

e.g. WalkToPoint.
LookForMarkers, ...

Controls/Goals

N Behavior Level 0

e.z. ActivateWalk,
SetHeadAngles. ..

Controls/Motor commands
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Controls/Goals
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Potential Fields
— Usually used for robot navigation.

— Idea is to associate an energy with every point in space.

— Robot moves from areas with high energy to areas with
lower energy.
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Multi-robot coordination
(Vail and Veloso, Dynamic Multi-Robot Coordination)

+ Each team consist of 4 identical robots
* One is goalie — only robot with a fixed role

» Other three: dynamically switch between predefined,
mutually exclusive roles

— Primary attacker (approaches ball, attempts to move it
upfield)

— Offensive supporter(moves up field from primary
attacker and positions itself to recover the ball if
primary attacker misses shot on goal)

— Defensive supporter(positions itself downfield from
primary attacker to recover ball if other team captites it

Figure 1. On the left, the primary attacker prepares to shoot while two other robots
position themselves in supporting positions. On the right, three robots spread around
the ball while the goalie clears it from the defense zone.
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» Communication among players:
— Each individual broadcasts message twice a second:
 Current position
« Ball location estimates
» Uncertainty estimates on these values
* Do | currently see ball?
* Am | the goalie?

* Negotiation among players:
— Figure out which role to play at a given time

— Coordinate with goalie to avoid approaching ball while
goalie clears it from defense zone

— Avoid collisions with teammates a1

Role assignment:

» First choose primary attacker, then defensive supporter,
then offensive supporter

» Each robot evaluatdsd function for each non-goalie
team member (including itself): how suitable that robot is
for a particular task. (predefined heuristic information)

— E.g.,Primary attacker: ball proximity, relative
orientation of opponents’ goal.

» Each robot compares bids (“if I have highest bid for first
role in list, I assume that role. If not, go to next role.”).
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“In principle, all of the robots are performing the same
calculation on the same shared data, so they should arrive
at the same result.”

In practice, might not happen. Have other mechanisms for
making sure each role is taken.
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Coordination:

— Each robot lays role-specific potential field over
environment and samples local points in the field to
approximate its slope at its current location.

— Each robot follows gradient of potential field until the
reach a local minimum—a position that supports
primary attacker. Potential field also helps them avoid
obstacles.
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CMU team in action:
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