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The problem

To understand the visual information provided by a single
small patch of a planar textured surface in motion.

* This 1s a classical problem in computational vision. The
formal framework 1s well established (e.g. in the refer- h
ences below).

« Assumption: a careful analysis will help 1n understanding
more complex visual information gathering. Successful ®
interaction with surface patches can be seen as the basis of
locomotion and many interceptive acts such as catching @
and grasping.

» Approach: to describe what the visual information tells us
in terms that relate to possible interactions between the
observer and the surface.

 Restriction: we deal with the instantaneous state of the
surface — its position and velocities — not its trajectory Here, localisation of the surface is
extended in time. taken to mean specifying that

Koenderink, J.J. (1986) Optic flow. Vision Res. 26, 161-180. subspace of the full parameter space

Koenderink, J.J. & van Doorn, A.J. (1992) Second-order optic flow. J. Opt Soc. that 1s consistent with the perceptual
Am., 9, 530-538. information.

Localisation

Physical description

The physical relationship between the observer and the patch can be described using the following
set of variables. We take a frame of reference attached to the eye and define:

r: the position of the surface patch;
V: the velocity of the patch;

: the angular velocity (rate of rotation) of the patch about the observer — equal to the inverse of
the angular velocity of the eye relative to the patch;

n: the imverse surface normal of the patch (slant and tilt).

Each of these 1s a 3-vector, so we seem to need 12 scalar parameters. However, n 1s a unit vector so
only 11 of them are independent.

Tracking - an important special case

If the eye 1s tracking the patch, only one component of (V' + ® X r) 1s non-zero, and only one
component of r 1s non-zero, so we have only 7 physical parameters. (The non-zero components are
those along the line of sight.)




Optical description

in terms of the optic flow.

The optical relationship between the observer and the patch can be described

« We assume that the surface has sufficient visual texture for the optic flow
to correspond to measurable image motion.

* We restrict attention to the instantaneous optic flow — that 1s the rate of
change of direction of texture elements — and ignore the extended history

of the flow.

Optic flow parameterisation

The optic flow produced by the surface patch can be parameterised: it 1s a linear combination of the
patterns below (plus a relatively small third-order component). The parameters are the coefficients

giving the contribution of each pattern.
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Tracking and zero-order flow

The zero-order flow 1s affected by pan and tilt eye
movements. It provides the obvious feedback signal
for tracking — 1.e. it 1s normally nulled out by gaze
control.

This also means that 1t gives no useful information
unless an independent motor frame of reference can be
established, relative to which eye rotation can be
estimated. Two possibilities are:

* a visual frame, established by observing other, pref-
erably distant, elements of the environment;

» a mechanical frame, established by proprioceptive
information about gaze direction relative to the
body, and maybe physical contact with surfaces.

Frames of reference and higher-order flow

Higher-order flow is unaffected by pan and tilt eye
movements. Thus 1t can provide useful information
even 1f no independent frame of reference 1s available.

This 1s the case explored in the present work.
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(This 1s not general second order flow, only
the two components produced by a planar
surface patch.)

Estimating the parameters

Estimating the parameters of a flow field
for a smooth textured surface 1s easier and
more reliable than estimating individual
flow vectors. First order 1s more accurate
than second order.

Many approaches have been investigated
— a common scheme i1s:
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Action description

3 The relationship between the observer and the surface may also be specified using
parameters which relate to how the observer might interact with the surface. An
example would be their distance apart, in the context of a grasping task.

Possibly stretching Gibson’s terminology, we refer to these parameters as
affordances.

We propose the following as affordances in the context of locomotor tasks in 3
dimensions. (An immediacy 1s the inverse of a predicted time to contact.)

I p: the iImmediacy of the plane containing the surface patch;

I .- the immediacy of the plane normal to the line of sight and intersecting the surface
patch;

c: course angle, specifying the orientation in the image of the projection of V;
t: tilt, specifying the orientation in the image of the projection of #;

s: slant, the angle between n and the line of sight;

m: miss, the angle between }J” and the line of sight (not independent of rest).

There are, of course, many other candidates for sets of affordances.

See http://www.cogs.susx.ac.uk/users/davidy/ecvp2000/presentation.html.

Why is it reasonable to call these parameters “affordances”?

Computational experiments show that knowledge of ip, i 4, ¢ and 7 1s sufficient to support a simple
strategy for a form of docking: making a gentle controlled approach along the surface normal after
starting with random position and velocity, all in 3 dimensions.

N / Slow down and stop
Bt | gently

!

How are these descriptions related?

The physical description specifies the . (That 1s, 1f we know the physical
description, we can calculate the optic flow.)

The almost specifies the physical description. We need 1n addition to make a choice
between up to 6 discrete solutions, together with one independent scalar measurement to resolve the
speed-scale ambiguity. (A patch with given flow may be far and fast or close and slow.) However,
computation of the physical parameters from the optic flow 1s complex, difficult and involves all
components of the flow.

The physical description specifies the affordances.
The affordances do not specify the physical description.

The almost specifies the four affordances i 4, ip, ¢, 7. We need 1n addition
independent information about one unknown parameter, such as spin (the component of ® along the
line of sight), or one of the affordances, and a way of choosing between up to 4 discrete solutions.

If 1s included, then 1n addition slant s and miss 72 are specified.



Flow information and parameter subspaces

A summary of how various kinds of information contribute to restricting the parameter space of the
system. To some extent this restates the results given in the references on p. 1, but that work does not relate

the geometrical findings to the control of action.
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trol of rate of rotation
order ®
Experimental questions Experiments

In general, how do biological visual systems
exploit this information?

Specifically:

 There 1s a trade-off between accuracy of flow
parameter measurement and the number of useful
parameters determined. Do biological visual sys-
tems use second order flow? Do they use shear?

* Does this depend on the task?

e Additional information — e.g. spin — can some-
times be replaced by an assumption — e.g. the
spin 1s close to 0 because cyclotorsional move-
ments are small. Do biological visual systems
rely on any such assumptions, and if so, what?

Simulated flow fields can give the observer the
perception of a surface in motion. Under these
conditions a subject can be asked to perform tasks
that use properties of the surface.

For example:

* The spin-zero assumption for first order flow use
can be tested by looking at estimates of course
angle ¢ and tilt 7.

 The contribution of second order flow can be
tested by looking at whether slant s or miss 72 can
be estimated.

* Second order flow can be omitted, exaggerated
or brought into conflict with first order flow.



The mathematical details

We choose a co-ordinate system centred on the point of observation with the 3-axis along the line of
sight, and the 1- and 2-axes in the plane of projection. The vector x 1s position 1n the spherical image,
measured 1n radians of visual angle. The optic flow field u is expressed up to second order in position
thus:

2
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Defining d = n - r (the perpendicular distance from the observer to the plane of the surface patch), the
optic flow parameters are determined by the physical parameters according to:

v, = Viny/d+ o, D = (Vin,+Vyny,—2V;n3)/(2d) Q, = (Vsn, +Vny)/d
vy, = Vony/d—wm, R = (Vyny = Viny)/(2d) + o5 Oy = (V3ny T Vyn3)/d
S, = (Vin,—=V,n,)/(2d)
S, = (Vin,+V,yn,)/(2d)
The affordances are related to the physical variables by
ip = (Viny+Vyny,+Viny)/d
i, = Vyny/d
t = atan(n,/n,)
c = atan(V,/V,)

2 2
s = atan(,/n| +n,/ny)

m = atan(, |V’ + V2/ V)

The relationships between optic flow and affordances given at http://www.cogs.susx.ac.uk/users/
davidy/ecvp2000/presentation.html follow.



	Space-time representations of surfaces in motion
	David Young
	School of Cognitive and Computing Sciences, University of Sussex
	Physical description
	Tracking - an important special case

	The problem
	. This is a classical problem in computational vision. The formal framework is well established (e.g. in the references below).
	. Assumption: a careful analysis will help in understanding more complex visual information gathering. Successful interaction with surface patches can be seen as the basis of locomotion and many interceptive acts such as catching and grasping.
	. Approach: to describe what the visual information tells us in terms that relate to possible interactions between the observer and the surface.
	. Restriction: we deal with the instantaneous state of the surface - its position and velocities - not its trajectory extended in time.
	Koenderink, J.J. (1986) Optic flow. Vision Res. 26, 161-180.
	Koenderink, J.J. & van Doorn, A.J. (1992) Second-order optic flow. J. Opt Soc. Am., 9, 530-538.

	Localisation

	Optical description
	. We assume that the surface has sufficient visual texture for the optic flow to correspond to measurable image motion.
	. We restrict attention to the instantaneous optic flow - that is the rate of change of direction of texture elements - and ignore the extended history of the flow.
	Optic flow parameterisation
	Tracking and zero-order flow
	. a visual frame, established by observing other, preferably distant, elements of the environment;
	. a mechanical frame, established by proprioceptive information about gaze direction relative to the body, and maybe physical contact with surfaces.

	Frames of reference and higher-order flow
	Estimating the parameters

	Action description
	See http://www.cogs.susx.ac.uk/users/davidy/ecvp2000/presentation.html.
	Why is it reasonable to call these parameters “affordances”?

	How are these descriptions related?
	Flow information and parameter subspaces
	Experimental questions
	. There is a trade-off between accuracy of flow parameter measurement and the number of useful parameters determined. Do biological visual systems use second order flow? Do they use shear?
	. Does this depend on the task?
	. Additional information - e.g. spin - can sometimes be replaced by an assumption - e.g. the spin is close to 0 because cyclotorsional movements are small. Do biological visual systems rely on any such assumptions, and if so, what?

	Experiments
	. The spin-zero assumption for first order flow use can be tested by looking at estimates of course angle c and tilt t.
	. The contribution of second order flow can be tested by looking at whether slant s or miss m can be estimated.
	. Second order flow can be omitted, exaggerated or brought into conflict with first order flow.

	The mathematical details





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


