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Outline

o Updating visual direction

/ -~ some evidence and a ‘model’

A task that would seem t

require the brain to bildNavigating through wormholes

a 3D model

~ [a 3D model is not the best explanation

e Asphere of visual directions

- information about viewing distance
- A2¥2-D sketch

o Asphere of sensory+motivational states

- agradual increase in dimensionality

B
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Can we update the visual direction of unseen object
as we move?/

Jenny Vuong




Can we update the visual direction of unseen object
as we move?

Jenny Vuong

‘Model’: participant
represents these as
all being in the
same plane
(beyond the

right hand wall)




Can we update the visual direction of unseen object
as we move?/

Jenny Vuong

nVis SX111 HMD
Vicon tracking




People show large, consistent biases

http://www.jennyvuong.net/dataWebsite/rawdata_main.html

@ University of
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* Task:

view a scene
walk without
any further view
of the objects
point to the
objects

easy to do if we
update our
locationina 3D

reconstruction
(SLAM)
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.independent of the route they take ...
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... similar biases in real and virtual worlds ...
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... whether looking ‘north’ or ‘south’...

Facing ‘south’

O

... just another example of
pointing errors being
correlated across conditions

'\I Facing ‘north’
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Pointing error, South [deg]
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... but heavily dependent on pointing zone
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A simple ‘model

)

ion of wall

Push boxes fur

y-direction

----------
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xX-direction

Maximum
likelihood
location of
boxes
given
pointing
responses

True

location
of
boxes
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Participants
behave as if
they ignore
crucial aspects
of the
geometry of
the scene
° pointing
responses
suggest they
dassume
objects lieina
plane (or

something
close to this)

15



An effect of the wall orientation:

Pointing

@ University of
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Everything
remains the
same
except the

wall
orientation

Start zone
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An effect of the wall orientation:
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An effect of the wall orientation:

B

Also tested
other
viewing
zones,
other wall
orientations
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An effect of the wall orientation:
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Everything
remains the
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except the
wall
orientation
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An effect of the wall orientation:
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The model accounts for the effects of the wall
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Q: Can we update the visual direction of D URan!Vaefi'itly1ogf
unseen objects as we move?

A: not very well (we have poor heuristics
for imagining)

Jenny Vuong

Participants do not
behave as if they
represent the box
locations anything
like this

Vuong, Fitzgibbon and Glennerster (bioRxiv, 2018) 23
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‘Neural rendering’ without a 3D reconstruction

Neural Scene Representation and Rendering

S. M. Ali Eslami®, Danilo J. Rezende®, Fredenc Besse, Fabio Viola, An S, Morcos, Marta Carnelo
Avraham Ruderman, Andreil A. Rusu, Ivo Danihelka, Karol Gregor, David P. Reichert, Lars Buesing,
rheophane Weber, Oriol Vinyals, Dan Rosenbaum, Neil Rabinowitz, Helen King, Chloe Hillier,
Matt Botvinick, Daan Wierstra, Koray Kavukcuoglu and Demis Hassabis

O De

Eslami et al (2018) https://www.youtube.com/watch?v=G-kWNQJ4idw



Can we update the visual direction of unseen object
as we move?/

Jenny Vuong
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Can we update the visual direction of unseen object
as we move?

Jenny Vuong

‘Model’: participant
represents these as
all being in the
same plane
(beyond the

right hand wall)
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Outline

o Navigating through wormholes
~ a 3D modelis not the best explanation

B

University of

Reading
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Alex Muryy

Learning to point to targets in a maze

Tasks:

(i) find
targets in
specified
order and

(ii) point to
them...

-
»”
>
v
—

3
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Reading
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Learning to point to targets in a maze

Life gets
harder...

Learning phase (repeat x5):
a) Navigation: go Start-R-G-B-Y
b) Pointing: from Y pointto S, R, G, B

Test phase (x3):
a) Random sequences
b) Point to all targets

29
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Non-metric scene: 1 wormhole wormhole

Pl -
4
[
|
f”
4

_———~
\\\\\\

S~

w2,

/
/7
@ I
1
1 /’
/ !
I

‘‘‘‘‘

~

O - topological node
- small walls @

“w: - wormhole



Alex Muryy @ Unive;siity of
Reading

Non-metric scene: 3 wormholes
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Pointing: a ‘metric’ task

Scene 2, WH1. Point from Green
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pointing goal

Pointing to some targets leads to very large, systematic errors.

B

point to Yellow

University of

Reading

15

15

32



Pointing: a ‘metric’ task

Scene 2, WH1. Point from Yellow
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pointing goal

Pointing to some targets leads to very large, systematic errors.
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Pointing: a ‘metric’ task

Iog(/L)=-1 05.3

1.57

/TS
V"

Original

(one 0f
participant)

-1.5|

15

In the most likely configurations, green is to the east of yellow.

@ University of
Reading

Maximum
likelihood
configuration

34
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Pointing: a ‘metric’ task

® Wormbhole 1

It seems as if participants ‘squash’ the wormhole corridors into a
smaller region than they actually occupy .

35



Original
(one
participant)

-1.5|

1.57

O L,

Adding in rotation

log(L)=-141.3

@ University of
Reading

180° rotation
of all pointing
directions

This takes into account the possibility that people are disoriented.
But it is not compatible with a single, consistent 3D representation. 36



In the METRIC
condition,
optimised
translation

and rotation are
not better
models than the
original
configuration
(when penalized
for the extra
parameters in
the models)

Model comparison

University of

Reading

4000 T

.

AIC

/

Akaike
information
criterion, a
measure of
likelihood (low
is more likely)

2000

1000 +

In the

WORMHOLE
conditions, the
best model is one
that optimizes
the location of
the targets (i.e.a
distorted world)
and optimizes the
rotation of the
observer
independently at
each pointing
zone

METRIC

Thisisnota
consistent,
metric, 3D
representation

37



Alex Muryy

3

Learning to point to targets in a maze

-
»”
>
v
—

People’s ability to
point at unseen
targets may be built
up from an initial
topological
representation with
information about
lengths and turns
gradually added as
they learn about the
environment.

University of

Reading
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Outline

e Asphere of visual directions

- information about viewing distance
- A2¥2-D sketch

B

University of

Reading
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We perceive this...

The brain receives
this...
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A 6-week old baby

o Camera/eye can
rotate easily but
not much
translation of the
camera/head

o lots of practice at
connecting
images that are

https://www.youtube.com/watch?v=6gFj7Lh0Bbc related by 3 pure

rotation of the
camera



https://www.youtube.com/watch?v=6qFj7Lh0Bbc
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A stable coordinate frame for eye rotation

@

Fixated point here
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A stable coordinate frame for eye rotation

?

C

/

Fixated point here




B

A stable coordinate frame for eye rotation

Glennerster, Hansard and Fitzgibbon (2001)

Two eye position:

&

o ) D @
Objec
Objec

Fovea (fixating bj ct 2)

a)
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Elasticity — a property that persists

Not just
another
description
of optic
flow.
Instead, it is
a long-
lasting
useful
description
with
predictive
power

X

Glennerster (2016), Glennerster, Hansard and Fitzgibbon (2001, 2009) 46



Outline

o Asphere of sensory+motivational states
- agradual increase in dimensionality

B
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Mass

AB

ASugar
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Stored contexts (internal state and external sensory information)

Mass
/[
/AB
/Z
/;n/ =

ASugar

Current context (internal state and external sensory information)




Mass

.

ASugar

Rule: move towards sugar
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Rule (‘policy’): move towards Chemical B

Mass /

\
Chemical B
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Rule: move towards Chemical B

Mass /

ASugar




B

(i) Stored context and (ii) an associated action

ASugar

Complex behaviour:
« more dimensions
* more contexts

Current context

University of
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10% inputs

One neuron

104 dimensions

In

O U
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10! inputs

Whole brain

1011 dimensions
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Sensory contexts for action
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10! inputs

Whole brain

1011 dimensions
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Sensory contexts for action

( |




10! inputs

Marr (1969), Albus (1971)

Whole brain

1011 dimensions
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Sensory contexts for action
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40 40

AC : FP :

15 21 27 -27 -21 -1§ -9

o
40 : 40+ o
4= Perceived jump at d,, ﬁ
+— Perceived plateau jump -eor

® Perceived jump (texture randomization)

‘Of course, [the Bayesian explanation] is utter BS. Andrew is saying that every study since
Hubel and Wiesel has been barking up the wrong tree.’” (Stephen Macnick)

Wexler, Glennerster, Cavanagh, Ito and Seno (2013) 76



Outline

Evidence
against a 3D
model in the
head

o Updating visual direction
— some evidence and a ‘model’

o Navigating through wormholes
~ a 3D modelis not the best explanation

B

Speculations
about an
alternative

e Asphere of visual directions

- information about viewing distance
- A2¥2-D sketch

o Asphere of sensory+motivational states
- agradual increase in dimensionality
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