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Digital Representation of Color Images
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Digital Video Representation
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Image Acquisition - Stochastic Process .

£(120,180) = 219 £(120,180) = 210 £(120,180) = 208

£(120,180) = 204 £(120,180) = 198
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Digital Image Processing .

Input Image f = f(x,y) Output Image g = g(x,y)

T{f} =g
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Object Recognition Task s

TRAINING
Training | | Pre- | | Feature | [ Statistical | | Statistical
Images processing Extraction Modeling Models
RECOGNITION |
RealWorld | | Pre- | Feature || Classification | | Classes
Image processing Extraction Localization Poses
Classification — Which objects occur in the image?
Localization — In which poses known objects occur in the image?
Recognition — Which objects and in which poses occur in the image?
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Object Pose .
tint = (b, )" J}A

o E' . .

t=(t 1, t;)" = (0,0,100)" t = (50,25,100)" (50,25,100)"
& = (6x, 6y, 62)" = (0,0,0)" # = (0,0,0)" ¢ =(0,0,-30)"

lext =tz

Pext = (C>Xv O,V)T
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Training Phase A
Turntable and Gray Level 2D Local
Camera Arm Images Feature Vectors
Hand-Held Pose Parameter Color 6D Local
Camera Reconstruction Images Feature Vectors
Statistical
Object Modeling
Context Statistical Object
Modeling Object Model Area

Stat. Background
Modeling
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Turntable and Camera Arm y
Turntable and Gray Level 2D Local
Camera Arm Images Feature Vectors
Hand-Held Pose Parameter Color 6D Local
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Object poses (¢, t,) for all N, training images f,—¢, . n, are known.
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Hand-Held Camera 4
Turntable and Gray Level 2D Local
Camera Arm Images Feature Vectors
Hand-Held Pose Parameter Color 6D Local
Camera Reconstruction Images Feature Vectors
Statistical
Object Modeling
Context Statistical Object
Modeling Object Model Area

Stat. Background
Modeling
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Hand-Held Camera ~dy~

Object poses (¢, t,) for the training images f, are unknown.
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Pose Parameter Reconstruction b,
Turntable and Gray Level 2D Local
Camera Arm Images Feature Vectors
Hand-Held Pose Parameter Color 6D Local
Camera Reconstruction Images Feature Vectors
Statistical
Object Modeling
Context Statistical Object
Modeling Object Model Area

Stat. Background
Modeling
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Gray Level Images 4
Turntable and Gray Level 2D Local
Camera Arm Images Feature Vectors
Hand-Held Pose Parameter Color 6D Local
Camera Reconstruction Images Feature Vectors
Statistical
Object Modeling
Context Statistical Object
Modeling Object Model Area

Stat. Background
Modeling
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2D Local Feature Vectors v
Turntable and Gray Level 2D Local
Camera Arm Images Feature Vectors
Hand-Held Pose Parameter Color 6D Local
Camera Reconstruction Images Feature Vectors
Statistical
Object Modeling
Context Statistical Object
Modeling Object Model Area
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2D Feature Extraction with Wavelet Transform A,

27 x 2" Gray Level Image
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Color Images 4
Turntable and Gray Level 2D Local
Camera Arm Images Feature Vectors
Hand-Held Pose Parameter Color 6D Local
Camera Reconstruction Images Feature Vectors
Statistical
Object Modeling
Context Statistical Object
Modeling Object Model Area

Stat. Background
Modeling
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6D Local Feature Vectors v
Turntable and Gray Level 2D Local
Camera Arm Images Feature Vectors
Hand-Held Pose Parameter Color 6D Local
Camera Reconstruction Images Feature Vectors
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Object Modeling
Context Statistical Object
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6D Feature Extraction with Wavelet Transform

27 x 2" RGB Image
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Object Area 4
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Object Area O = O(9, t) iy

Xm

O(int, tint)

(int, tint)

O (¢ext , text)

/f.

O( Dext: teXf)

Xm
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Statistical Object Modeling )

Turntable and Gray Level 2D Local
Camera Arm Images Feature Vectors
Hand-Held Pose Parameter Color 6D Local
Camera Reconstruction Images Feature Vectors
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Context Statistical Object
Modeling Object Model Area
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Object Features as Normal Random Variables .

m The elements ¢y 4 of ¢y € Cp are considered as normal random
variables

2
—20mgq

1 (cmg — mg)®
c Oma, 1) = ————exp | —4 197
,0( m,q|,Um,q m,q ¢ ) O'm,q\/z p(

m Assuming the statistical independence of the elements cp 4

Ng
p(Cmlttm, om, @, t) = H p(Cm.qlitm,q, om.q, &, 1)
q=1
Ny = 2 for gray level modeling Ny = 6 for color modeling
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Statistical Background Modeling U
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Background Features as Uniform Random Variables ~-

m The elements ¢y 4 of ¢, & Cp are considered as uniform random

variables ’

max(Cm,q) — Min(Cm.q)

p(Cm,q) =

m Assuming the statistical independence of the elements ¢y 4

Nq 1
p(em) = g max(Cm.q) — MiN(Cmg) Po
Ny = 2 for gray level modeling Ny = 6 for color modeling
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Statistical Object Model i
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Statistical Object Model - Summary i)

For all Q,.—1 . n, the system creates statistical models M, n,
Mn — MH(¢7 t)

containing:

m Object area and set of object feature vectors

OI{ = Oﬁ((ti)? t) COH = COK(¢)7 t)

m Object density and background density

p(cm‘/‘l‘rrha.ma(ﬁ? t) pb
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Context Modeling )
Turntable and Gray Level 2D Local
Camera Arm Images Feature Vectors
Hand-Held Pose Parameter Color 6D Local
Camera Reconstruction Images Feature Vectors
Statistical
Object Modeling
Context Statistical Object
Modeling Object Model Area

Stat. Background
Modeling

Marcin Grzegorzek: A System for Appearance-Based Probabilistic 3D Object Recognition and Its Applications



m Without context modeling it is assumed that

p() =--- = p(Q) = - = P(Qng)

m Considering context dependencies the a-priori probabilities p(£2,)
cannot be assumed to be equal and they have to be trained

p(Q) # -+ # () # -+ # P(QAng)
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E—————~—
Training of A-Priori Probabilities p(£2,) &

m Set of contexts is introduced
T={T1,To,...., 0,...., TN}

m N, images for each context T, are taken
m N, . denotes how often Q, occursin T,
m The a-priori probability for Q,, in T, is defined by

pL(Qr{) = ThNL,n

m By 7, a normalization factor is denoted so that

0 [0(Q1) + Pu(Q2) + o+ PR) + - P(g)] = 1
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Training Phase Completed .
Turntable and Gray Level 2D Local
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Overview &

Classification and Localization
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Recognition Phase i

Real World
Environment

Single-Object Multi-Object
Scenes Scenes

Recognition Using
One Image

Fusion of
Multiple Views

Without Context
Dependencies

With Context
Dependencies
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Single-Object, One Image i,

Real World
Environment
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Scenes Scenes

Recognition Using
One Image
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Multiple Views

Without Context
Dependencies

With Context
Dependencies
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Maximum Likelihood Estimation .
Assumptions

m Observation f — C

m A-priori probabilities for all 2.+, ... n, are equal

P(21) = -+ = p(Q2s) = -+ = p(Qng)

m All (¢, t) are also equiprobable

Classification
K = argmax p(Q.|C) = argmax % = argmax p(C|,) = argmax p(C| M)

Recognition

(%, &, 1) = argmax p(C|M (¢, 1))
(=00.1)
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Classification and Localization Algorithm

Marcin Grzegorzek:

Feature Vectors
Wavelet Transform

Q4 = - Pose Estimation
Sl s Q(p1.) @)

o : : :

Qn, = - Pose Estimation
RS Qlpw, ) (B )
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Result
(7 ¢.1)




Object Density Value i

Problem

m How to compute p,; , for given f, My, and (¢n, ty)?

Solution

Compute feature vectors in f!

Determine Ok (¢p, th) using M, !
Hence, Cp, = {c1,C2,...,cn} is known.
Determine (pe, , Pey, -, Peyy ) USING M !
Compute p,; ; as follows

M
Pr.n = ] [ max{pc;, pp} !

i=0

Marcin Grzegorzek: A System for Appearance-Based Probabilistic 3D Object Recognition and Its Applications



Motivation for Background Density i

Training Image of Q. in (¢}, th) Test Image of Q. in (¢p, th)

Pecm, = ,O(Cm|,u%,m, O k,m; Ph; th) ~0
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Single-Object, Multiple Views il

Real World
Environment

Single-Object Multi-Object

Scenes Scenes

Recognition Using
One Image

Fusion of
Multiple Views

Without Context
Dependencies

With Context
Dependencies
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Multi-Object Scenes without Context 4
Real World
Environment
Single-Object Multi-Object
Scenes Scenes

Recognition Using
One Image

Fusion of
Multiple Views

Without Context
Dependencies

With Context
Dependencies
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Multi-Object Scenes with Context A,

Real World
Environment
Single-Object Multi-Object
Scenes Scenes
Recognition Using Fusion of Without Context With Context
One Image Multiple Views Dependencies Dependencies
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Recognition Task for Multi-Object Scenes 4

Given

m multi-object image f

Expected Result

first object (K1, Br, )

second object (K2, Prys )

last object (57, Bres 1)
Unknown

B object classes and poses (x;, ¢A>Rl_,?,€,.)
m number of objects 7
m context T,
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Multi-Object Scenes with Context A,

First Object

m recognition with ML estimation (k- a&m ,?,41)
m context T, determined with

T = argmax p, ()

Ranking of Remaining Objects
m object densities weighted with the trained a-priori probabilities

Last Object

m determined by the highest distance in the ranking
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Recognition Phase Completed i

Real World
Environment

Single-Object Multi-Object
Scenes Scenes

Recognition Using
One Image

Fusion of
Multiple Views

Without Context
Dependencies

With Context
Dependencies
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Overview &
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Experiments and Results 4

Experimental Evaluation Image Database
Environment Criteria 3D-REAL-ENV

Single-Object Multi-Object
Scenes Scenes

Recognition Using Fusion of Without Context With Context
One Image Multiple Views Dependencies Dependencies

Marcin Grzegorzek: A System for Appearance-Based Probabilistic 3D Object Recognition and Its Applications



Experimental Environment .

Experimental Evaluation Image Database
Environment Criteria 3D-REAL-ENV

Single-Object Multi-Object
Scenes Scenes

Recognition Using Fusion of Without Context With Context
One Image Multiple Views Dependencies Dependencies
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Experimental Environment .
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Evaluation Criteria A
Experimental Evaluation Image Database
Environment Criteria 3D-REAL-ENV

Single-Object Multi-Object
Scenes Scenes
Recognition Using Fusion of Without Context With Context
One Image Multiple Views Dependencies Dependencies
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Evaluation Criteria A

m Classification is correct or not

m Localization is correct if

Aty <10P Agpy < 15°
At, < 10P Ay < 15°
At, < 10% A, <10°
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Image Database 3D-REAL-ENV A,

Experimental Evaluation Image Database
Environment Criteria 3D-REAL-ENV
Single-Object Multi-Object
Scenes Scenes
Recognition Using Fusion of Without Context With Context
One Image Multiple Views Dependencies Dependencies
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Training Images 4

1680 Training Viewpoints, 33600 Images

bxp = (0.0°,45° 9.0°,...,855°90.0°)

¢y, = (0.0°,45°9.0°, ... 351.0°,355.5°)
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Test Images HomBack Al

288 Test Viewpoints, 2880 Images

éx,» = (0.00°,11.25°,22.50°, ...,78.75°,90.00°)

¢y = (0.00°,11.25°,22.50°,...,337.50°, 348.25°)
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Test Images LessHetBack Al

288 Test Viewpoints, 2880 Images

dxr = (0.00°,11.25° 22.50°, ... 78.75°,90.00°)

¢y = (0.00°,11.25°,22.50°,...,337.50°, 348.25°)
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Test Images MoreHetBack Al

288 Test Viewpoints, 2880 Images

dxr = (0.00°,11.25° 22.50°, ... 78.75°,90.00°)

¢y = (0.00°,11.25°,22.50°,...,337.50°,348.75°)
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Single-Object, One Image s

Experimental Evaluation Image Database
Environment Criteria 3D-REAL-ENV
Single-Object Multi-Object
Scenes Scenes
Recognition Using Fusion of Without Context With Context
One Image Multiple Views Dependencies Dependencies
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Classification and Localization Rates Ay

Distance Classification Localization
of Training
Views 4.5° Hom. Less Het. | More Het. Hom. Less Het. | More Het.
Back. Back. Back. Back. Back. Back.
Gray Level 100% 92.2% 54.1% 99.1% 80.9% 69.0%
Color 100% 88.0% | 82.3% | 985% | 77.8% | 73.6%

TSR R
o). |
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Single-Object, Multiple Views il

Experimental Evaluation Image Database
Environment Criteria 3D-REAL-ENV
Single-Object Multi-Object
Scenes Scenes
Recognition Using Fusion of Without Context With Context
One Image Multiple Views Dependencies Dependencies

Marcin Grzegorzek: A System for Appearance-Based Probabilistic 3D Object Recognition and Its Applications



Multi-Object, Without Context iy

Experimental Evaluation Image Database
Environment Criteria 3D-REAL-ENV
Single-Object Multi-Object
Scenes Scenes
Recognition Using Fusion of Without Context With Context
One Image Multiple Views Dependencies Dependencies
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Multi-Object, With Context i

Experimental Evaluation Image Database
Environment Criteria 3D-REAL-ENV
Single-Object Multi-Object
Scenes Scenes
Recognition Using Fusion of Without Context With Context
One Image Multiple Views Dependencies Dependencies
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Test Images and Recognition Rates A

1080 HomBack 1080 LessHetBack

3D-REAL-ENV Without Context Modeling With Context Modeling
Image Database

Hom [ LessHet | MoreHet Hom | LessHet | MoreHet

Classification || 100% | 91.9% | 62.9% | 100% | 97.0% | 87.5%

Localization 99.7% 81.7% 58.1% 99.7% 81.7% 58.1%
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Evaluation Completed .
Experimental Evaluation Image Database
Environment Criteria 3D-REAL-ENV

Single-Object Multi-Object
Scenes Scenes
Recognition Using Fusion of Without Context With Context
One Image Multiple Views Dependencies Dependencies
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Overview &

System Applications
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Museum Artifact Classification i

ﬂ

WEB
SERVER

ARTEFACT DB

ARTEFACT
IDENTIFICATION
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Image Similarity Measure i

First Input Image

Feature Extraction

with Wavelet 1
Transform
Probabilistic

S Similarity

imilarity
Second Input Image Score
Measure
Feature Extraction

with Wavelet —

Transform

Applications

m Similarity Measure for Antenna Patterns
m Quality Scoring of Metallography Images
m Content Management and Retrieval System
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Antenna Patterns

s
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Metallography Images )
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Video Management and Retrieval System i
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Overview &

A Conclusion
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Final Remarks & Future Work A

Final Remarks
m Color Modeling (Classification Rate: 54.1% — 82.3%)
m Context Modeling (Classification Rate: 62.9% — 87.5%)
m 3D-REAL-ENV Image Database is Becoming Popular
m System is Applicable for Real Life Tasks

Future Work
m Museum Artifact Classification
m Quality Scoring of Metallography Images
m Image Classification for Video Retrieval
m Appearance-Based and Shape-Based Object Recognition
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