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Texture

Textureisadescription of the spatial arrangement of color or
intensitiesin an image or a selected region of an image.

Structural approach: a set of texelsin some regular or repeated pattern
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Problem with Sructural Approach w .

| How do you decide what is a texel ?|
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Natural Textures from VisTex

T

grass leaves
What/Where arethe texels?

Some Smple Satistical Texture Measures

1. Edge Density and Direction

« Use an edge detector asthefirst step in texture analysis.

* The number of edge pixels in afixed-size region tells us
how busy that region is.

« Thedirections of the edgesalso help characterize the texture

The Case for Satistical Texture

» Segmenting out texels is difficult or impossiblein real images

* Numeric quantities or statistics that describe atexture can be
computed from the gray tones (or colors) alone.

» Thisapproach islessintuitive, but is computationally efficient.

* |t can be used for both classification and segmentation.

Two Edge-based Texture Measures

1. edgeness per unit area

| Fedgeness = [{ p | gradient_magnitude(p) * threshold}| / N

where N isthe size of the unit area

2. edge magnitude and direction histograms

Fmagdir = ( H magnitude, H direction )|

where these are the normalized histograms of gradient
magnitudes and gradient directions, respectively.

How would you compar e two histograms?




Frei-Chen Thresholded
Edge Image

Origina Image
Edge Image

Fids (Flexible Image Database
System) is retrieving images
similar to the query image
using LBP texture asthe
texture measure and comparing
their LBP histograms

Fids dema
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Local Binary Partition Measure

* For each pixel p, create an 8-bit number b1 b2 bz ba bs bs b7 b,
where bi = 0 if neighbor i has value lessthan or equal top’s
valueand 1 otherwise.

 Represent the texture in theimage (or aregion) by the
histogram of these numbers.
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Low-level

alwaysfind
semantically

measures don’t

similar images.
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Co-occurrence Matrix Features

A co-occurrence matrix isa 2D array Cinwhich

« Both the rows and columns represent a set of possible
image values

* C,4(i,j) indicates how many times value i co-occurs with
valuej in aparticular spatial relationship d.

» The spatial relationship is specified by avector d = (dr,dc).
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Co-occurrence Features
What do these measure?
Energy = %% NS
= EE Nald, Mog2 Nali, 5}
Ginratt. = Ei;i i

Entropy

Homogeneity = 373 —atiedl_ i

= 1+[i—}

T = S = gkl
Correlation = I o s
ey

where w, i, are the moans and o, 7, are the standerd devistlons of the row and eolinm sums.

| Energy measures uniformity of the normalized matrix.
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From G, we can compute Ng, the normalized co-occurrence matrix,
where each valueis divided by the sum of all the values.
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But how do you choose d?

» Thisisactually acritical question with all the
statistical texture methods.

* Arethe“texels’ tiny, medium, large, all three ...?

* Not really asolved problem.

Zucker and Terzopoul os suggested using ac2 statistical
test to select the value(s) of d that have the most structure
for agiven class of images. See transparencies.
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Laws Texture Energy Features

« Signal-processing-based algorithms use texture filters
applied to the image to create filtered images from which
texture features are computed.

» The Laws Algorithm

« Filter the input image using texturefilters.

» Compute texture energy by summing the absolute
value of filtering resultsin local neighborhoods
around each pixel.

» Combine features to achieve rotational invariance.
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Law’ s texture masks (2)

Creation of 2D Masks

« 11} Masks are “numltiplied” to congtruct 20 magks:
magk ESLS iz the “produs”™ of ES and L6 -
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Law' s texture masks (1)

Ly (Level)
BS  (Fdge)
85 (Spos)
RS (Ripple)
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# (LA} (Gaussian) gives o center-weighted local average
+ [E5) (gradient) responds to row or col step edges

» (35) [LOG) detects spots

¢ [R5} (Gaborh detects ricoles
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9D feature vector for pixel

& Subtract mean neighborhood intensity from pixel
@ Dot product 16 5x5 masks with neighborhood
@ 9 features defined as follows:

L5ES/E5L5 L5S5/55L5
L3R5/R5L3 E5Es
F595/95E5 B5R5/R5ES
§585 35R5/R585
R5R3
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Features from sample images

Tatble 7.3 Laws bocture energy measures for major regame of the mages of Figaoe 7.8

EAEG | G056 | WOlG | BOLG | SHL6 | PELE | GOED | lOES | EEE |
%r TpEd | Bad | @7 | BRERT[ J%C0 | pills | 1063 | 90| Q9674
Watcy §85 | 909 | 9068 | 2UAT | 1453 | 4594 | s | 1591 | 1174

| Flags TRET [ DEA | TELT | O09TA | LT | DOSEE | 18I | @IS | ShRE |
Fance 1895 | 807 | G243 | 7817 | T%.5 | BOAl | 1206 | 3975 | 2154
Giraas 2065 | L0AS | L0ALT | GIRE | 42A) | TDGAG | 1468 | 4375 | 3L

Sonall Sowers | D149 | 886 | IR0 ABD6 | WL | ABLE | TIE | IERD | DOR3
Tag Bowrrs T | S0 | U1 | SHLE | IS4 | OT00 | A%e | &y | 634
Bordem 1EZ3| 64| 44| 0§39 61| TE 53 | Tal 5
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Autocorrelation function

B Autocorrelation function can detect repetitive paterns of texels
® Also defines fineness/coarseness of the texture

®# Compare the dot product (energy) of non shifted image with a
shifted image
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=] with Laws?
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| nter preting autocorrelation

% Coarse texture - function drops off slowly
% Fine texture - function drops off rapidly
2 Can drop differently for r and ¢

% Regular textures - function will have peaks
and valleys; peaks can repeat far away from
[0, O]

# Random textures - only peak at [0, 0];
breadth of peak gives the size of the texture
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Fourier power spectrum

@ High frequency power - fine texture
@ Concentrated power - regularity
@ Directionality - directional texture
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What else?

* Gabor filters

» Wold decomposition

* Global Signatures (CANDID)

» Second Moment Matrix (Belongie paper)
* DOOG filter

etc.
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Fourier example
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