Higher-order texture statistics influence and enable

segmentation in synthetic and natural textures
Elizabeth Zavitz'2, Curtis Baker!

1. McGill University, Montreal, Canada 2. Monash University, Melbourne, Australia

Introduction Methods

Higher-order statistics impair segmentation of | [Human psychophysics, model simulation Noise from normal distribution with
contrast-defined boundaries in natural textures.’ amplitude a

~ G2 F2
Q;’ 2 [ Intact : K R @ 0 d
-EIZ’ 1 Scrambled - { ) |- [ ]k & _@ é ( )]/k n,
E 16 -I- _:rf e _I_ | [ ]k @ T W\/AM _@
"% % v — : a
AE L =1 N o
HUR 7 10l
T T 2AFC: Right- or left-oblique?
| Observer /5% correct modulation-depth threshold
Can conventional models capture I:IOV\; texture What texture properties affect Sointwise rectifying nonlinearity in the
structure affects Segmentathn e threshold? form of a power law with exponent k&
Contrast Orientation Structure
INT LS GS INT LS GS INT-GS LS-GS INT-LS

Stimuli
Density (hnumber of micropatterns)

2 Contrast Orientation i
AVERAGE AVERAGE Global phase _ Local structure does
ke o % Human structure (and 641 not enab_le
N § 8 \/ @ INT sparseness in S Segmentatlon.
e - - . )
= ol O 32- 4 < 'C'BSS particular) impair 5 .
c . c
= 1 = X A A gAy segmentation. = Local structure
) o O A Model g improves
O 3 g 10 INT < Human — Model segmentation of
m S 8- g’ Local structure does 16- @ INT-GS INT/GS 9
< < 4 LS not influence O INT-LS -+ LS/GS global-structure
] -+ LS-GS INTLLS - -
500 1000 2000 4000 500 1000 2000 4000 500 1000 2000 4000
Density (Number of Micropatterns) Density (Number of Micropatterns) Pensity (Number of Micropatterns)
Model predictions of boundary segmentation Model predictions of boundary segmentation Model predictions of contrast boundary segmentation
) thresholds for synthetic image carriers . thresholds for synthetic image carriers i thresholds for natural image carriers C I -
128 A 128
Contrast O Intact | O n C u S I O n S
j [\'ST . i ILNST_-(SSS A Phase Scrambled o — " .
9 N © s o 1) Higher-order statistics influence and enable segmentation
S - @ Density - INT 2) An FRF model is capable of capturing many of the effects of
s | oW O .., 7 H} higher-order statistics
2% A es 4 3 32 @% 3) An intermediate compressive nonlinearity provides the best
1: | 0 @) @ Does not predict an :
LL < % '_5 < effect of local structure flt {o human data
E CIE " O dict trast e :__g ) " . .
O segmentation D
O I thresholds at low D— I SC u SS I O n
8 densities. — 8 8+ | . - .
= " DO s Compressive nonlinearities might emulate the eftects of neuronal
| Nt -8 N2 sl N =40 suppression2, and sublinear summation may be a general
“ g 16 32 64 128 “ g 16 32 64 Y ; 16 32 64 128 poroperty of early visual processing.3
Model Threshold (%) 2 Model Threshold (%) Model Threshold (%)
] ] ] ] ] ] Refe._-re.nc?s: (1? Arsenault, Yoonessi & Baker (2.011). ”Higher-orglgr texture This research was funded by an
Fits to orientation and Same parameters provide excellent predictions for (left) o e hrancy o o o NSERC grant (OPG0001978) to CB
contrast segmentation data structure-defined boundaries and (right) contrast defined complex motion along the primate dorsal visual pathway’ PHAs. J—
- - - U, havikumar, Naseiaris, Kay, Gallan u . ncodaing an
alre beSt When k < 1 boundarles N natural tGXture |mages decoding V1 fMRI responses to natural images with sparse nonparametric ® CRSNG
models” The Annals of Applied Statistics.




