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Computer vision navigation  
without a 3D map 
  

Zhu et al, 2016  https://youtu.be/SmBxMDiOrvs.   



Computer vision navigation  
without a 3D map 
    ‘Atomic unit’ of action (and perception) 



Computer vision navigation  
without a 3D map 
  

  Sensory component 

  Motivational  component 



Current hypothesis  
  

  V1: early   visual    processing 

  Posterior    parietal cortex:   egocentric    coordinate frames 

  Hippocampus and:   surrounding cortex:   allocentric (world)    coordinate frames 

3 by 4 matrix? 



Summary 
•  Animals put a lot of effort into restricting the ways 

that images can change (presumably so that Π(s) 
is easier to learn) 

•  Sensory and motivational information (task) must 
be combined to determine output/perception 

•  Moving observer experiments: no coherent 3D 
model in the head  

•  Instead, the brain stores a graph of  
      ‘sensory+motivational’ contexts linked by actions 

d1 

h1 



Restricting image change 

Land and Nillson, 2002 



Restricting image change 



Restricting image change 



A path through image space 

Plan view 

Fixated object 



Plan view Plan view 

A path through image space 



Plan view 

A path through image space 

Current  
‘sensory+motivational’ 
state 

Stored  
‘sensory+motivational’ 
states 

Current image 



Plan view Plan view 

Current image 

A path through image space 

Current  
‘sensory+motivational’ 
state 



Dorsal stream 

Plan view Plan view 

Current image 

How is the current image 
moving across the surface? 

e.g. Roy and Wurtz, 1990; Roy et al, 1992 

Image parallax 



Ventral stream 

Plan view Plan view 

Current image 

Which surface of images is the 
current image on? 

Size-invariant cell 

e.g. Ito, Tamura, Fujita and Tanaka, J Neurophysiol, 1995 



Ventral stream 

Plan view Plan view 

Current image 

Which surface of images is the 
current image on? 

View-invariant cell 

e.g. Booth and Rolls, Cerebral Cortex, 1998 



Ventral stream 

Plan view Plan view 

Current image 

Which surface of images is the 
current image on? 

‘Spatial view’ cell 

e.g. Georges-Francois, Rolls and Robertson, Cerebral Cortex, 1999 



Summary 
•  Animals put a lot of effort into restricting the ways 

that images can change (presumably so that Π(s) 
is easier to learn) 

•  Sensory and motivational information (task) must 
be combined to determine output/perception 

d1 

h1 



Distortions of perceived depth 

Johnston (1991) 



Distortions of perceived depth 

Johnston (1991) 

  Task: is the shape    flatter or deeper    than a circular    cylinder? 



Distortions of perceived depth 

Johnston (1991) 

  almost veridical 



Computing object shape 'on the fly' 

Glennerster, Rogers and Bradshaw (1996) 

D1 

D2 

h1 

d1 

h2 

d2 

d1 d2 = Depth constancy:  

h1 h2 = Size constancy:  

D2 
d 2

/d
1 



Johnston (1991); Glennerster, Rogers and Bradshaw (1996) 

D1 

d1 

d1 d2 = Depth constancy:  

h1 h2 = Size constancy:  

Depth-to-height ratio:  

D1 

h1 

Computing object shape 'on the fly' 

d1 

Glennerster, Rogers and Bradshaw (1996) 



D1 

h1 

d1 

d1 d2 = Depth constancy:  

h1 h2 = Size constancy:  

Depth-to-height ratio:  

D1 

h2 

Computing object shape 'on the fly' 

Johnston (1991); Glennerster, Rogers and Bradshaw (1996) 

d2 

Glennerster, Rogers and Bradshaw (1996) 



Glennerster, Rogers and Bradshaw (1996) 

d1 d2 = Depth constancy:  

h1 h2 = Size constancy:  

Depth-to-height ratio:  

Computing object shape 'on the fly' 

D1 

D2 

h1 

d1 

h2 

d2 

h1 ≠ d1 h2 d2 / / 
} Inconsistent 

  There is no    stable representation    of the world in the head,    independent of the    observer’s task 



Summary 
•  Animals put a lot of effort into restricting the ways 

that images can change (presumably so that Π(s) 
is easier to learn) 

•  Sensory and motivational information (task) must 
be combined to determine output/perception 

•  Moving observer experiments: no coherent 3D 
model in the head (i.e. independent of task) 

d1 

h1 



Images from a static room… 

Lili Tcheang 



The Ames room 



 View in    small room 
 View in    large room 
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  Observers fail to notice    any change in the room 
Glennerster, Tcheang, Gilson, Fitzgibbon, Parker  (Current Biology, 2006) 



Against 3D reconstruction 

Svarverud, Gilson and Glennerster (PLoS, 2012) 

  There is no    stable representation    of the world in the head,    independent of the    observer’s task 

Ellen Svarverud 



Against  
3D reconstruction 

Pickup, Fitzgibbon and Glennerster (Biological Cybernetics, 2013); Gootjes-Dreesbach et al (submitted) 

  A view-based model    predicts participant    errors better than a    3D reconstruction model 

Lyndsey Pickup 

Luise Gootjes-Dreesbach 



Double lifts 



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



People show large, consistent biases 
  

•  Task: 
•  view a scene 
•  walk without 

any further view 
of the objects 

•  point to the 
objects 

•  easy to do if we 
update our 
location in a 3D 
reconstruction 
(SLAM) 

 

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



… independent of the route they take... 
  

B 

C 

•  each symbol 
shows mean of 
20 participants 

•  colours 
indicate box 

•  shape 
indicates 
pointing zone 

 



… similar whether in real world or virtual ....  



… whether looking ‘north’ or ‘south’ ....  

  Facing ‘south’ 

  Facing ‘north’ 



  Pointing error Zone A,B [deg] 

Zone A    Zone B 

… but heavily dependent on pointing location  

Zone A    Zone B 

Zone C 



A simple ‘model’ 
  

•  Participants 
behave as if they 
ignore crucial 
aspects of the 
geometry of the 
scene  
•  pointing 

responses 
suggest they 
assume objects 
lie in a plane (or 
something 
close to this) 

 

  Maximum    likelihood    location of    boxes given    pointing    responses 

  True    location of    boxes 



An effect of the screen… 
  



•  Expt: keep 
everything the 
same, but 
change the 
screen 
orientation 
•  no longer any 

correlation 
between 
pointing 
directions 

•  ‘model’ 
accounts for 
the biases 

 
 



 Jenny Vuong 

Can we update the visual direction of  
unseen objects as we move? 
 - not very well (poor heuristics for imagining) 
 

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

  There is no    stable representation    of the world in the head,    independent of the    observer’s task 



Summary 
•  Animals put a lot of effort into restricting the ways 

that images can change (presumably so that Π(s) 
is easier to learn) 

•  Sensory and motivational information (task) must 
be combined to determine output/perception 

•  Moving observer experiments: no coherent 3D 
model in the head (i.e. independent of task) 

•  Instead, the brain stores a graph of  
      ‘sensory+motivational’ contexts linked by actions 

d1 

h1 



i.e. not this… 
  
•  3D coordinate frames 

•  egocentric, allocentric 
•  3D transformations 

•  Rapid and complex 
computation, e.g. 
‘compensating’ for eye or 
head movements 

 



… but graphs instead: Π(s) 
  

•  Example task: 
•  view a scene 
•  walk without any further 

view of the objects 
•  point to the objects 
•  easy to do if we update 

our location in a 3D 
reconstruction (SLAM) 

 

Information about object direction, distance, surface slant, object shape with no 3D coordinates   Everything you need for a 2½-D sketch. 

e.g. Tarr and Bülthoff (1998) 

Miles Hansard 
Andrew Fitzgibbon 

Glennerster, Hansard and Fitzgibbon (2001,2009) 



Our job for MURI... 
  

. Doersch, Gupta, Efros (2015) 



A different hypothesis  
  

  V1: early   visual    processing 

  Posterior    parietal cortex:   egocentric    coordinate frames 

  Hippocampus and   surrounding cortex:   allocentric (world)    coordinate frames 

  Motivational context 

  Sensory context 

  Stored contexts 
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  W 

  Sensory component 

  Motivational  component 



Summary 
•  Animals put a lot of effort into restricting the ways 

that images can change (presumably so that Π(s) 
is easier to learn) 

•  Sensory and motivational information (task) must 
be combined to determine output/perception 

•  Moving observer experiments: no coherent 3D 
model in the head (i.e. independent of task) 

•  Instead, the brain stores a graph of  
      ‘sensory+motivational’ contexts linked by actions 

 - similar to reinforcement learning approaches to            
 navigation  
 

d1 

h1 



Andrew Fitzgibbon Stuart Gilson 
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Ellen Svarverud 
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Jenny Vuong 

Thanks… 

Luise Gootjes-Dreesbach 
Alex Muryy 


