
• A central notion in texture segregation is feature gradient.

• Existing results in orientation-based texture segregation 

(OBTS) link perceptual boundaries to orientation gradients: 

outstanding orientation gradients signal perceptual 

singularities and boundaries.

• Most OBTS research is based on piecewise-constant 

orientation-defined textures (ODTs).

However…[Ben-Shahar, PNAS 2006]

• Smoothly varying ODTs almost always exhibit salient 

perceptual singularities.

• These perceptual singularities have no apparent relationship 

to the orientation gradient.

• Stimuli of identical orientation gradients can exhibit 

drastically different perceptual structure. 

[Nothdurft 1985] [Landy & Bernem 1991] [Wolfson & Landy 1995]
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Main goal          - computing perceptual singularities in a biologically plausible manner 
Main challenge - computing the tangential and normal curvatures using early cortical mechanisms

} along cells responding{max θθ }90 along cells responding{max +θθ

90=θ 130=θ Step 1: Simple cell receptive fields are used 
to estimate oriented structure (via 
convolution and half wave 
rectification). High filter response 
indicates oriented structure in the 
corresponding orientation. 

Step 2: At each point of each map of θ-oriented 
structure,  the amount of response in the 
tangential and normal directions(marked in 
green) is evaluated by summation. 
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Step 3: At each point (x,y), the orientation which yields the 
maximum summation value is selected (higher 
values are obtained where the texture orientation 
at  that point  changes more slowly along its own 
direction, and perpendicularly) .  By definition, at 
these points we have low tangential and normal 
curvatures, respectively. 

And this works as is even if there are more 
than one dominant orientation at a point!!

Main idea: At each point and each orientation Θ, directional rate of change of orientation in the Θ orientation 
(i.e., tangential direction), and in the θ+90  orientation (i.e., normal direction), are estimated by spatial 
summation of same-scale, but different-position RF response (i.e., via intercolumnar interaction)
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second layer (θ=90)
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Response of the 
filter from the 
first layer (θ=90)
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θ=120

θ=120

The higher value in the final map the slower 
change of orientation along its own (i.e., 

tangential) direction. 

Main idea: At each point and each orientation Θ, directional rate of change of orientation in the Θ
orientation (i.e., tangential direction), and in the θ+90  orientation (i.e., normal direction), are 
estimated by same-position, but different-scale RF response (i.e.,via intracolumnar nteraction)
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The higher value in the final map the 
slower change of orientation along 

the direction perpendicular to its own 
(i.e.  normal direction). 
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40=θ

(Gilbert,1992)(Hubel & Wiesel,1977)

PSM

Visual saliency via curvatures

• A moving (Frenet) frame representation leads to two ODT curvatures, one tangential (κT) and one normal (κN). The 
pair {κT,κN} fully generalizes and extends the orientation gradient.. 

• While neither curvature by itself predicts perceptual singularities and saliency in smoothly-varying ODTs, a 

measure combining them both does so very accurately [Ben-Shahar, 2006]:
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[Ben-Shahar & Zucker,  2003]




















−
=











∇

∇

N

T

NV

TV

E

E

Vw

Vw

E

E
�

�

�

�

0)(

)(0

12

12

N

T

NN

TT

E

E

Ew

Ew
�

�

�

�

⋅∇=

⋅∇=

=

=

θ

θ

κ

κ

)(

)(

12

12

Rectification operator with 
perceptual threshold ττττ

Complementary KT

Complementary KN

Step 4: PSM is computed  from curvatures and ridges are computed
via appropriate filter convolution or estimated by thresholding.

Layer 4

Deep Layers

Superficial
Layers

Low tangential curvature=more responses 
“along the orientation” (solid blue envelope)
Low normal curvature = More responses 
“against the orientation” (solid red envelope)

(Hubel & Wiesel,1977)

Layer 4

Deep Layers

Superficial
Layers

(Gilbert,1992)
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And this works as is even if there are more 
than one dominant orientation at a point!!


