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Robottcs at CSE

A cognitive robot does not simply
act and react to the world around
it; rather, it thinks about that world
and uses what it knows to help it

decide what actions to perform

« Combine reasoning (planning)
with domain specific knowledge
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RoboCup 2000

Behaviours

visual objects Role Motor positions
— >
Skil  Skil  Skil Skil Skill Skill  Skill
*
Action
Robot x,y, © & ball Parameter

|

Vision, Object | Visual Object L Move Action

o > Localisation <
Recognition dist, head xy, 0 Head & Legs

T Camera Motors l

Robots, Ball and Soccer Field Environment
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OVE[’V[EW More Recent Developments
* Architecture
* Vision
— Colour
— Foveated vision
— Natural landmarks
— Field Edge, Corner Features

- ICP
— Robot Detection

» Localisation - Shared KF
 Locomotion and kicks

« Skills and strategy

« 2015 Whistle, Foot detection, Goals
« Team Organisation
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Architecture al la NeoCortex

Cerebral Cortex

» About the size of a large dinner
napkin
» About 6 business cards thick

Mountcastle — columnar
organisation and uniform

» Hawkins - cortical hierarchy

\ 6
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4D/RCS Reference Model Architecture

COMPUTATIONAL

ORGANIZATIONAL HIERARCHY BEHAVIORAL

HIERARCHY

Sensory Value Judgment Behavior HIERARCHY

Processing World Modeling Generating
<

ENVIRONMENT

Engineering of Mind - Albus, Meystel 2001
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Robot Architecture

[ Game - Controller b4
y

{ Roles (Robot-behaviour, eg Goalie, Striker, Supporter )
3

[ Skills (localise, position, find-ball, track-ball, get-behind-ball, kick-ball, getup) }

I ,

- /
v State Estimation o
s
Field-State + Robot-State B

Sensing (cameras, IR, hall-effect, joint-angles,
foot-sensors, IMU, bumpers, sonar, wireless)

I

Actuation (head-
movement, leg/
¢ arm-movement,
camera-switching,
speakers, LEDs,
wireless)

|

l

[ Environment (this robot, ball, other robots)
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Game Controller

Inspired by:
- 4D/RCS

Robot 1 Robot 2 . . . P
i - Hierarchical Finite State Machines
- Concurrent Task Hierarchy (HRL)
IRl Supporter - Concurrent Teleo-Reactive Program

Skills eg approach ball

Legs / Head
movement

Atomic movements

Individual motors
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Less Colour Dependency

File Calibration Vision Camera Joints Control

| Overview [ Calibration j Vision [ Localisation | Camera | Sensor | CameraPose | Graph | Walk l Joints [ ZMP j Contruﬁ]

Image Type

Full Image

Edge Saliency Ihage
Grey Saliency Image
Field Image

Low Features

| Edge Directions

Edge Orientations
| Patches
| Low Lines

Features

| Horizon
| Ball
Goals
| Robots
Field Edges
Field Features

x
% Feet

CIEEE 0

(270,168) - (11, 29, 32)

Adrian Rater 2010
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Foveated Vision
and
Virtual Saccades

Human retina
Webvision - Helga Kolb

Vision Saliency Preprocess

O Subsample and classify 640 x 480 image down to 160 x 120 (80 x 60?)
O By processing every 4™ (8h?) pixel in the image, both vert. & horiz.

O This gives us information about the field edge, ball and goal locations

-BH 201
Field-corner and Ball Foveas - Chatfield/Harris/Hengst Storyboard engst 2010

Foveated Ball Tracking - B Hengst 2011
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Natural Landmarks — ID SURF

Peter Anderson 2013
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Fteld edge and Corner Features

Overview | calibration | Vision | Localisation | Camera | sensor | cameraPose | Graph | wa  Overview | calibration | Vision | Locaiisation | camera | sensor | cameraPose | Graph | 1
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ICP Insptred KF Observation Updates

Peter Anderson 2013

Robot observations
and pose estimate

Robot pose estimate ) ICP sensor model pose observation

!
| Alternative robot pose (') Projected field-feature observations
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Robot Detection — Naive Bayesian Classifier

Ashmore, J.: Robot detection using Bayesian machine learning (2014), UNSW CSE RoboCup Report
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Localisation — Distributed Multi-Modal Kalman Filter

Sushkov, O.: Robot localisation using a distributed multi-modal Kalman Filter, and friends (2006), UNSW CSE RoboCup Report
Probabilii

o robot xpos
robot ypos
robot theta

ball zpos

ball ypos

Gatissian Annroximation

Probability ball dy
MeanVector =

teammate; Tpos
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> tearmmates Tpos
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e Additional Gaussian

.......... True Probability Distribution Function teammat(f;; theta
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| ocomotion - Kinematics
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Locomotion - “SlowWalk”
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Locomotion - Kicks

Back Kick
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Turn-Kick

Teh, Belinda: Dynamic omnidirectional kicks on humanoid robots (2012), UNSW CSE RoboCup Report

-

N
\ﬁ
\\w‘ UNSW vs HTWK (2014)
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Walk Test 2014
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Chasing Ball and Kicking with Left Foot
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Roles and Skills

Game Controller
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Oleg Sushkov 2014
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2015 Developments

 Whistle detection
« Foot detection = I
*  White goals
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Peter Schmidt - 2015
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Team Organisation

« Undergraduate project
« Selection criteria

« Early exposure

« Story-board strategy

* Practice eg kicking goal
* Weekly review

« Communication
 |nstitutional support

Luke Pearson - 2015
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