Bidirectional Texture Functions Modelling
Applications

Michal Haindl Jifi Filip

BTF Applications

Analysis

Visual Scene Interpretation
e Un/semi/supervised

image segmentation
o V(AR

* Remote sensing, security, etc.

* Study of human perception of materials

¢ CBIR - illumination and view invariant image retrieval
e Medical applications (dermatology, ophthalmology, ...)
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e Virtual design (architecture,
car industry, etc.)

¢ Visual safety applications

e Cultural heritage
preservation

* Film & games industry

e 3D information systems
(medicine, museums)
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Illumination Invariants
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lllumination Invariants
Example CUReT recognition

Correct classification [%] using 4 random training images per

material:
method accuracy | vector size
MRS-LINC 67 600
Opponent Gabor features 68.7 252
LBPg 1183, grey 66.9 512
LBPs 1453, RGB 70.9 1536
LBPY;,, RGB 68.7 729
2D CAR-KL, L 75.6 260
[emyk]0.05,0.15,0,0 2D CAR-KL 6+3, L, 77.0 392
3D CAR 6+3, L, 724 344
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Illumination Invariants

MInvariant to illumination brightness and spectrum.
MIRobust to illumination direction.

VIFast implementation.

M Only one training image per material is required.
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Unsupervised Segmentation

Problem Formulation:
e Unknown number of image classes.
¢ No training sets.

¢ Illumination spectrum, brightness, and position are unknown
and variable.

e Realistic conditions.

Solution:

* Markovian texture representation.

* lllumination invariant parametric space.

* Gaussian mixture based parametric space segmentation.
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Unsupervised Segmenters

MREF spatial models (3/2D CAR/GMRF)
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Prague Texture Segmentation Benchmark
http://mosaic.utia.cas.cz

mosaic ground truth ~ AR3D+EMii  AR3D+EM

[Haind1&Mike308]
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Prague Texture Segmentation

Benchmark

. ic.uti Benchmark — Colour (Ilum. Inv.)
http://mosaic.utia.cgs.cz AR3D+EMii | ARSD+EM | HGS E [ HGS C
1 CS 40.70 34.14 9.55 9.17
Lo0s 53.02 53.33 1930 | 12.80
Lus 16.76 13.29 30.05 | 3748
1 ME 13.96 20.12 39.72 38.41
L NE 14.85 20.57 39.64 | 35.36
Lo 3517 31.53 56.44 | 68.87
Lc 91.72 95.34 60.20 | 51.63
+ oA 59.15 57.87 40.20 | 3581
+COo 65.72 64.76 53.61 50.70
t oo 86.36 S7.17 6245 | 60.67
L 34.28 35.24 4639 | 49.30
LIL 3.83 3.52 12.11 16.15
T EA 68.26 68.15 51.44 46.22
+MS 56.91 57.23 34.80 | 28.32
1 RM 5.89 4.78 12.93 16.63
tcr 71.32 71.40 54.22 50.03
LGCE| 1434 16.99 25.36 | 21.31
L LCE 7.62 8.64 16.69 | 1223
Lam 16.58 14.64 29.18 | 38.39 .
LdD 19.82 20.27 2921 | 29.82 OTiA
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Mammography ROI

[Haindl et




Unsupervised Segmentation

Content-Based Image Retrieval

M Unsupervised & unknown number of classes.
MInvariant to illumination brightness and spectrum.
MIRobust to illumination direction.

IGeneralization to multi-segmenters systems.
IMRF based features.

VIFast implementation.

I Outperforms several alternative segmenters on
extensive benchmark tests.
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tile retrieval http://cbir.utia.cas.cz/tiles/

query - similar texture
similar colours —_— -
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Virtual / Augmented Reality

Virtual Representation of 3D Objects

Car Headrest Example

* Virtual design (car / aircraft industry)
 Architecture
¢ 3D information systems

Cultural heritage preservation
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Measured geometry
(Konica-Minolta Vivid 9i)
+2 BTF samples

Original headrest
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Architecture

Architecture

¢ Virtual Designing in Architecture

Courtesy of RealReflect.org
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* Virtual Designing in
Architecture
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Car Industry

Car Industry

Virtual Interior Design

¢ Virtual Designing in Automotive Industry

Courtesy of RealReflect.org &
University of Bonn
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Virtual Interior Design

Interactive car interior design example
(sample selection and different illumination conditions)
Bl e — |- x|
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National Gallery - Department of Moder

3D Information System

¢ Visual safety simulations

Courtesy of RealReflect.org &Univesity of Bonn
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¢ eight floors + two subterranean, two large halls
* among largest functionalist buildings in Europe

e built 1925 - 1928 (Oldfich Tyl & Josef Fuchs), 1974
destroyed by fire, 1995 reconstructed

* 19.-21. century art permanent exhibition on 13 500

2

Haindl & Filip, CVPR 2010

National Gallery - Department of Moder

3D interactive information system

< exhibition route planner (thematic &
time constrained)

 distributed exhibition editor

* web gallery presentation

« traffic optimizer

* elderly and disabled visitors support

* safety simulator (evacuation
rehearsal)
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National Gallery - Department of Moder
Model Exhibition Route
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Cultural Heritage Preservation

[Royal Library Sweden]
el

PTM rec.

Codex Gigas
(1200 AD PodlaZice, Bohemia,
1648 stolen by Swedish army
from Prague)

[Malzbender et al.01]  neo-Sumerian tablet (20008c) (711'4
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Conclusions on BTF Applications

Limited size of measurements (size, materials,
resolution)

Limited BTF space quantification
Unmanageable size of BTF database
Computationally demanding

nD RF theory unsolved problems

M Physically correct material representation
IDescriptive representation — optimal analysis
M Tremendous application potential
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jtofialCanclusioh! P

* BTF is natural visual representation progress
binary & gray-scale & multi-spectral & BTF & ...

e BTF offers ground-breaking image analysis &
synthesis improvements

e BTF representation is a near future of computer
vision & graphics & pattern recognition
applications.
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