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Texture Recognition Algorithm

1. Gaussian-downsampled pyramid with K levels
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Texture Recognition Algorithm

1. Gaussian-downsampled pyramid with K levels

2. Markovian texture representation
Estimate of parameters of Markov random field

4. lllumination invariants are derived from the model
parameters

o
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Texture Recognition Algorithm

1. Gaussian-downsampled pyramid with K levels

2. Markovian texture representation
3. Estimate of parameters of Markov random field

4. lllumination invariants are derived from the model
parameters

5. lllumination invariant feature vectors
6. Feature vectors are compared in Ly /FC norms
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Causal AutoRegressive (CAR) Model

Y, = Z AsYr_s+ €

scly

r,s pixel multiindices, r = (row, column)

Y, vector value (R, G, B) at texture position r
I, causal contextual neighbourhood with size n
As unknown parameter matrices

¢, white noise with zero mean and unknown covariance
matrix
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Model Parameter Estimation

shape of neighbourhood /, incremental estimation

Analytical recursive Bayesian estimate for all statistics
(A37 6)'
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lllumination Invariance

Same surface illuminated with different spectra:
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lllumination Invariance

Same surface illuminated with different spectra:

S f @

B s B =~ a2 Bq/is B
Illumination Invariants:
1. trace: tr As sel
2. eigenvalues: vs ; of Ag sel, j=1,....C

C is number of spectral planes[gTia
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lllumination Invariants

3. a1 =1+2TV5'Z

T
4. Qo = \/Zr (Yr - Z AS Yr_s) A_1 <Yr - Z AS Yr_s)
selr selr

5. a3 = /3, (Y — )" A1 (Y, — )

Z,=[Y],:viel]" data vector

A, Vzz, Vy,  model statistics
I mean of vector Y,
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lllumination Invariants

6.

= log ({fHIArIx )

(i

7. 2 = 10g (11 Vazty | Vezto] ™)
(V.
(

8. B3 =log 2z(r) H)\ ’ 77)
9. B4 =log |sz(r H Vyy f)’ 7])
10. 85 = tr { V,y(y M-}
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lllumination Invariants

6. 51 = log (]2||xd- 1)

|r]

8. s = 10g (| Vaz(r)|| Ar] ™)
9. G4 = |Og |sz(r Hvyy f)’ ])

10. G5 =1r { Vyy(r))\r_1 }

(i

7. 2 = 10g (11 Vazty | Vezto] ™)
(V.
(

11. utilising prediction probability p(Y,| Y1)
12. utilising model probability p(M| Y1)
13. .. ris]
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Proposed Method Properties

lHlumination variation:

m lllumination spectrum .................... invariant
m Local intensity (cast shadows) ....aprox. invariant
m lllumination direction ...................... robust
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Proposed Method Properties

lHlumination variation:

m lllumination spectrum .................... invariant
m Local intensity (cast shadows) ....aprox. invariant
m lllumination direction ...................... robust

Unknown illumination conditions.
Single training image per material (texture).
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Rotation Invariance - Approaches

m First approach m Second approach
1. Rotation invariance 1. Modelling
2. Modelling 2. Rotation invariance
rotation . AR model . illumination
o - . statistics estimation invariants P
- p;rljasalizn = ::f vector
CAR model illumination rotation inv.
estimation | | invariants moments
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Moments Invariants

Discrete moment of order p + g of function f:
C(g = Z Z(ﬁ -+ irg)p(n = irg)qf(ﬁ , rg)
£ o

Set of moment invariants (even-order):
1. zeroth order: ¢y

second order: ¢1, CooCo2

fourth order: ¢y, C40Cos , C31C13

mixed order: R(C40C5,) , 3%(031 Co2) -

.U":';.w!\’

(0) A()
joint colour, second order: ¢;; Cg; ,
(OTiA]
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Combination with lllumination Invariants

The moment invariants are computed from features:
m traces tr Aq:
tr A m) (r,r) e l!
fA(f1,f2) = trA(—n,—rg) (—I'1,—I’2) € /;l
0 otherwise
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Combination with lllumination Invariants

The moment invariants are computed from features:

m traces tr As:
trA(n,rg) (f'1 , f'g) € Iru
fA(H, I’2) = trA(—n,—rg) (—f1, —fg) € I;J
0 otherwise

m each spectral plane of v;:

V(n,m),j (I‘1 ) r2) € Iru
fVJ(H, f'2) = V(—r,—n),j (—I’1, —fg) - /;J
0 otherwise

Other illumination invariants are not associated with
position in neighbourhood. (OriA]
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Experiments

Bonn BTF Database

Textures:
m 81 illumination directions
declination [0°, ..., 75°], azimuth [0°,. .., 360°]
m 15 materials

Training:
m Single training image per material
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Results — Single Training Image

Il Opponent Gabor |
[ LBP

[ 2D-CAR
Bl 3D-CAR “

[0,30] [45,60] 75 average
light source declination [deg]

Training image fixed to the top illumination — angle 0° (OTiA

classification [%]
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Amsterdam Library of Textures (ALOT)

Textures:
m high resolution RGB images (min 1536 x 660)
m 4 cameras, 6 illumination directions
3 rotations, 1 additional illumination spectrum
m 250 materials




Experiments

Results — ALOT

ALOT
100 T T T

—— 2D RAR—KL + m,(2D CAR—KL)
90+ —+— 3D RAR + m,(3D CAR-KL)  H

U2
sof —=— LBPgmza.s’ RGB ||
—0— LBP-HFg | 162,243

70+ —4— MR8-NC H

recognition accuracy [%]

10r 1
O 1 1 1 1 1 1
8 7 6 5 4 3 2 1
trainig samples
108 random samples of training images
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Applications

Content-based Tile Retrieval System

similar colours:

AT
ShmaE §

T
SRoA s, A

http //cblr utia.cas. cz/tlles/

m Psychophysical experiment: 76% considered very similar or
similar
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Applications

m lllumination invariant texture segmentation
Improvement of most of segmentation criteria,
including correct segmentation.
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Applications

m lllumination invariant texture segmentation
Improvement of most of segmentation criteria,
including correct segmentation.

m Texture compression optimization
Correlation of texture degradation descripton with
human perception: 0.79
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Applications

m lllumination invariant texture segmentation
Improvement of most of segmentation criteria,
including correct segmentation.

m Texture compression optimization
Correlation of texture degradation descripton with
human perception: 0.79

m Glaucoma detection in retina images
Correct classification: 96%

Vacha Query by Pictorial Example



Motivation Illumination Invariance Rotation Invariance Experiments Applications Conclusion

Conclusion

Novel textural features:
m Invariant to illumination spectrum and cast shadows
m Robust to illumination direction and Gaussian noise
m Robust to real material rotation
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Conclusion

Novel textural features:
m Invariant to illumination spectrum and cast shadows
m Robust to illumination direction and Gaussian noise
m Robust to real material rotation

No knowledge of acquisition conditions
Single training image per material (for similar views)
Significant improvement over Gabor features, LBP

[3 P Vacha, M. Haindl, and T. Suk.
Colour and rotation invariant textural features based on Markov random fields.
Pattern Recognition Letters, vol. 32, pp. 771-779, April 2011.
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Conclusion

Feature plans:
m Texture based image representation
m Robustness to scale and perspective projection
m Compound texture model
m Dynamic textures

http://cbir.utia.cas.cz/
{vacha,haindl}@utia.cz

Thank you for your attention
[o7ia)
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Conclusion

Invalidity of Grey-scale Representation

Two different textures
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Conclusion

Invalidity of Grey-scale Representation

... and their grey-scale images.
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Conclusion

lllumination Invariant Texture Segmenter

mosaic ground truth CAR3D+EM

- &£ .,
[Haindl, Mikes, and Vacha, 2009] http://mosaic.utia.cas.cz

m Four times better in correct segmentation criterion
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Model Parameter Estimation |

[Y].:Vse€l]T data vector
= [As:Vsel] parameter matrices estimate

> N
Il

Bayesian estimate from the process history
Vi Yo, 4 Ly

t-1 — i
r r

Vi (t—1) = STy, YT used in noise estimation,
At used in noise estimation
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Model Parameter Estimation Il

At—1 = Vyy(e-1) — sz,(, 1 szzt 1)sz(t—1)

FC.(T,S) = {me{ (FD), (£ ))}
—aZ\TW’)—T(dS))]} 7

3
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Experiments - Setups

m Texture databases:

database Outex Bonn BTF CUReT ALOT KTH-TIPS2
illum. spectrum + = = aF +
illum. direction — + + 4 i
view. azimuth — — + —/+ —
view. declination — — + + =
image size 512/128 256 200 1536 200
no. materials 318/68 15/10 61 200/250 11

m Classificator:
Nearest neighbour
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Results — CUReT

recognition accuracy [%]

30} .
—w— 2D RAR—KL + m,(2D GAR—KL), FC,
201 —4— 3D RAR + m,(3D CAR-KL), FC, 1

iu2
10 H —8— LBP;:+24.3’ RGB .

—0— LBP-HFg 1 162,043

T T T T 1 1
8 7 6 5 4 3 2 1
number of training samples

103 d | f training i ris]
ranaom samples o tralnlng Images
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