Interaction of first-order and i1sodipole statistics Iin a texture segregation task
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PARAMETER SPACE INTRODUCTION STIMULI ISO-DISCRIMINATION CONTOURS
- e e
Image statistics are often classified as first-order (e.g., B *&‘*‘5 even
luminance), second-order (e.g., contrast, autocorrelation, ot a=0.85 (even) MC
power spectrum) and high-order (e.g., fourth-order isodipole). 22
Many studies of visual texture processing have considered 4 To determine how the isodipole (a) and
texture discrimination based on one kind of image statistic, luminance (g) cues combine, the
but few have examined how these statistics interact. dark i bright p_sych_ophysical curves along all _eight
To examine the interaction of isodipole statistics and e [T e ] dlrecfuons were flt_to a sgt of Weibull
. luminance statistics, we construct a novel two-dimensional I e i f&. functions via maximum-likelihood. The
"-. space of binary textures. One axis in this space,g, specifies ; Z b scale parameter of the Weibull functions
" the bias in luminance statistics (g=1 for all white, O for a 50:50 along the four oblique directions was
\\1 mix, -1 for all black). The second axis, a, specifies the bias in determined by a Minkowski combination of
: local fourth-order statistics (a=1 for the “even” texture, -1 for m=211 the scale parameters a, and a, along the
y the “odd” texture). Long-range statistics and statistics of other b=231 adjacent coordinate axes. Thus, the
o orders are determined by maximizing entropy. This uniquely fraction correct data p.c(a, g were fit to
“F defines the textures in terms of a and g (within predetermined even the following model:
limits), and thus describes a two-parameter perceptual space. AO
METHODS \ = "5
dal‘k bl’lght v p (a,g) =1- §expg- Qi + 9 - :
dark bright model 1 4 "¢ ga, a| - 1
TASK: Identify the location of the target stripe g g
(4-AFC, top, right, bottom, left)
SUBJECTS: A single Minkowski exponent m and a
N=3, VA corrected to 20/20 m=2.35 single Weibull exponent b was used for
Practice: MC - 2 hrs, AO - 3 hrs, CC - 3 hrs odd P 2ot each subject. The Weibull scale
parameters a, and a, were allowed to
STIMULI: even depend on the signs of a and g, and on
Size: 11.6 deg square, viewed binocularly at 57 cm cC whether the target was structured or
Contrast 1.0, Luminance 57 cd/m2, Duration 200 ms 0 random. Note that m=b corresponds to
Refresh: 75 Hz (Dell Trinitron Monitor) ' probability summation of the two cues,
® %%4 and that m=2 corresponds to elliptical iso-
a ;%'\:E;E%:St;lock RED BLUE — ee— dark bright discrimination contours.
86repeats of fcgordinatle-axis points structured random %ﬁ
16 repeats of diagonal points
Conditions randomized in every block tf‘;ﬁsgfnn stf:tjgc?[tj?;d a=-0.85 (odd)
15 blocks per subject (4320 trials per subject) background background m=2.14
Feedback on error in all practice and experimental blocks odd b=213
PARAM ETER SPACE DETAILS PSYCHOMETR'C FUNCTIONS Insets show observed fraction correct for stimuli along each CONCLUSIONS
aven of the coordinate axes (data points), along with the Weibull
- For each of the three subjects, psychometric : 10 functions (curves) fit via maximum likelihood. Main graphs . Absol_ute sensitivit;_/ to differences in Iumin_a}n_ce stgtisti_cs was
Luminance pal‘am eter (g) g — p{ } - p { -} functions (fraction correct) along the isodipole (a) MC 0 2 compare these Weibull functions (smooth curves) with the approximately four times greater than sensitivity to isodipole
and luminance (g) axes were separately fit to 5 o_bser_ved fr_actlon correct for stlmu_ll along adjacent oblique differences.
Weibull functions via maximum-likelihood. i 02 o] directions (isolated squares and triangles). « Salience of a texture patch was independent of the sign of the
3 &g [0 dark bright even difference in first-order (luminance) statistics.
I . p (@,0)=1- —exp¢- |—| + o 10 RED: BLUE: , _
|SOd|pO|e param eter (a) : model 4 é a | = g 5 ¢ S . tructured q « Salience of a texture patch was strongly dependent on the sign
e 06 ‘EV 06 5o dark bright St (;J Ce,tj (r)en t;?n e'? (r)nn of the difference in fourth-order (isodipole) statistics. A random
' - b g g 3 “ ve|vy ragdom strugctured patch on an even background was more readily detected than
PY — Y -
o (0.g)=1- iexp c. gz o2k = - 0z ¢ g = o background background an even patch on a random background. The opposite was true
a= p _ p 4 € 13| 5 ,odd for the odd textures.
5 W [ ] u n E ﬂ The scale parameters a, and a, of the Weibull ~ v 2 Key finding: when both cues were present (isolated * Luminance and isqdipole statistic_s behave IiI§e cardinall axes,
; P a g . Sosl Y squares and triangles), fraction correct was greater than and the corresponding cues combined according to a Minkowski
‘ functions were allowed to depend on the sign of 5 : when either cue was presented alone (smooth curves). exponent of 2.
a or g and were also allowed to depend on To | This relationship held in all four oblique directions and , o , , _ 3 ,
Textures are specified by two parameters, g and a. First-order (luminance) statistics are specified whether the target was structured or random . 0 -a ! in all three subjects.  This combination rule is consistent with probability summation.
by g g= 0 specifies a texture that has an equal number of bright and dark checks; g= 1 specifies a A single Weibull exponent b was used for all
texture that has only bright checks, and g= -1 specifies a texture that has only dark checks. eight curves within each subject. wven e
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