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 Isodiscrimination Contours
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Isodiscrimination contours for pairs of local
image statistics as a function of spatial scale
The findings for individual image statistics extend to
their pairwise interactions. Specifically, over the
range of check sizes from 2.8 to 14 min,
isodiscrimination contours remain approximately
constant. At the smallest check size (1.4 min), the
contours enlarge in every axis except that of the
first-order statistic, γ. In these plots, the axes all
span the range from -1 to 1, and the random texture
is at the origin. The icon above each column
indicates the coordinate plane of the pair of image
statistics. Error bars are 95% confidence limits.

Conclusions
Visual sensitivity to local statistics is

approximately scale-invariant over the
range of check sizes from 2.8 to 14 min.

 For check sizes that approach the
acuity limit (1.4 min), sensitivity to
multipoint correlations is degraded but,
as expected, sensitivity to first-order
statistics is maintained.

  check
size (min)

   1.4
   2.8
   7
   14

36.352
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Motivation Stimuli and Methods
STIMULI 
Check sizes: 1.4, 2.8, 7, 14 min 
Display size: 14.8 deg 2

Binocular viewing at 1m 
Contrast: 1.0
Duration: 120 ms,  followed by 300 ms mask
Target: 16 x 64 pixels on a 64 x 64 array
Trials either have a structured target on 
a random background, or random target 
on structured background
Practice: approx. 50 trials/check size
Feedback during practice only

θ L θ L

Here the target stripe is random
on a structured (     ) background.

In this example, the target stripe defined 
by (     ) is on a random background.

TASK:  Find the location of the target stripe (4-AFC, top, right, bottom, left) 

SUBJECTS
6 subjects
VA: 20/20, with correction if needed
CONDITIONS

8 repeats of 20 on-axis points
16 repeats of 8 off-axis points

288 trials per block, random order
8 blocks per check size
9,216 trials per plane
322,560 total trials

Segmenting visual images into objects and
identifying their surface properties require the
analysis of multipoint correlations, as these
define lines, edges, and texture. Here we ask
how visual analysis of these local image statistics
and their interactions depends on spatial scale.

To analyze how the visual system processes
local image statistics individually and in
combination, we developed a space of artificial
images in which these correlations can vary
independently. This is a 10-parameter domain
(see below) which captures the types of
correlations that are informative in natural images
(Tkacik et al., PNAS 2010). Recently, focusing
on a single spatial scale (14 min check size), we
showed that visual sensitivity within this domain
was concisely described by a Euclidean metric
(VSS 2013). Here, we extend the analysis to
cover a 10-fold range of check sizes.
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Each strip shows one coordinate within the domain. The coordinate γ
measures the fraction of white vs. black checks; the other coordinates
refer to correlations involving two or more checks. Each coordinate can
range from -1 to +1, with 0 corresponding to no correlation (random).

Sensitivities to local image statistics as a function of spatial scale
Over most of the range (2.8 to 14 min), sensitivities to all image statistics are
approximately constant. At the smallest check size (1.4  min), sensitivity to
pairwise and higher-order correlations decreases substantially relative to
sensitivity to the first-order statistic, γ. This preservation of sensitivity to γ even
for the smallest checks is to be expected, since determining the mean
luminance does not require resolution of individual checks. Positive and
negative variations of α are plotted separately; for the other image statistics,
sensitivity to positive and negative variations are similar and therefore pooled.
Error bars are 95% confidence limits.

Se
ns

iti
vi

ty

Check Size (min)

θ

γ
β 
β 

α+
α−

L

/

Individual Image Statistics 
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