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Formalization of a Node
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Formalization of Cognitive Hierarchy
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Architecture Inspired by Neurophysiology

Uniform columnar organization

Vernon Mountcastle Brain 1997
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On Intelligence
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Figure 3. Forming invariant representations in hearing, vision, and touch.

AGA Workshop IJCAI Context in Cognitive Hierarchies

INTELLIGENCE

Jeff Hawkins
2004



Architecture Inspired by Neurophysiology
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Engineering of Mind
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Cognitive Hierarchy
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Baxter




Instantiated Cognitive Hierarchy
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Instantiation using Baxter
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Composability in Cognitive Hierarchies
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Tipple Tower Architecture
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On Intelligence

INTELLIGENCE

Jeff Hawkins

| 2004

touch audition vision

Figure 4. Information flows up and down sensory hierarchies to form predictions
and create a unified sensory experience.
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Formalising Context
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Bayesian Reasoning
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Figure 4.17. The impact of new data propagates through a tree by a message-passing
process.



3D Object Recognition and Manipulation
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Situation Awareness
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Schematic of Baxter Instantiation

Symbolic Level { W | B }\
v
Spati.a'. [ W [ g B J Physics Simulator %

Right Am >< Left Arm i]

Pixel [wﬁBMw 'B}

V\ \

A

Real World }

YYYYYY

August 2017 AGA Workshop IJCAI Context in Cognitive Hierarchies 23 UNSW



Object Aware Virtual Depth Camera

Object ImageA
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Contextual use of Virtual Depth Camera

img_raw Correspondence
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2D Camera Cube Tracking with 3D Context

MLLoLnsu VL jeCL A TO baxter left hand
Attached object A to baxter left hand
Attached object A to baxter left hand
object A to baxter left hand

Gazebo

Insert ‘
.

| icy ' = (0513
left_hand_camera: LEFT_ARM node policy = MOVE_TC_P
rabot—>moveTo OK for LEFT_ARM

left_hand_camera:

left_hand_camera: —

in Cognitive Hierarch 6 [ UNSW
August 2017 AGA Workshop IJCAI Context in Cognitive Hierarchies



2D Camera Cube Tracking with 3D Context

* — Correspondence

| left_hand_comera: LEFT_ARM node policy = MOVE_TO_POSE
| left_hand_camera: robot—>moveTo OK for LEFT_ARM

| left_hand_camera: -

Object Image

August 2017 AGA Workshop IJCAI Context in Cognitive Hierarchies 27 UNSW



Tracking using Spatial Context
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Multiple Object Tracking
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Other Objects eg T-Block
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3D Object Recognition and Manipulation
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Next Steps
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Robocup Standard Platform League

it

UNSW vs Uni. Bremen RoboCup 2015 SPL Final
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RoboCup Cognitive Hierarchy
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Simulated Stylised Soccer

Sensor = (ball position, relative ball location, robot stance)













Final Learnt Behaviour




Cognitive Hierarchy — Self Configuration
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Baxter Modeling Self

o]

August 2017 AGA Workshop IJCAI Context in Cognitive Hierarchies 42 UNSW

YYYYYY



Situating the Human
»

Real-Time Human Pose Recognition in Parts from Single Depth Images ".“

Jamie Shotton Andrew Fitzgibbon Mat Cook Toby Sharp Mark Finocchio .'
Richard Moore Alex Kipman Andrew Blake L
Microsoft Research Cambridge & Xbox Incubation
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Future Work

= Update frequency
= Utility for behaviour generation

= Behaviour generation state & anytime
algorithms

» | earning, meta-learning, life-long learning

* RoboCup@Home demonstrator
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Architecture for Autonomous Adaptation
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Thank you
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