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Presentation outlinePresentation outlinePresentation outline

•• IntroductionIntroduction
•• Image Image texturetexture
•• Image Image analysisanalysis flowchartflowchart
•• MedicalMedical applicationsapplications
•• MaZdaMaZda -- softwaresoftware for for imageimage analysisanalysis
•• ConclusionConclusion
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Last decades of 20. century:

• development of microelectronics 
and computer science
• advances in medical imaging
• medical diagnosis: 

qualitative description -> quantitative analysis

IntroductionIntroduction

It is based on image analysis 
(projections or cross-sections)



Prezentacja multimedialna współfinansowana przez Unię Europejską w ramach Europejskiego Funduszu Społecznego

44

Texture definitionTexture definitionTexture definition

TextureTexture –– complex visual 
patterns, composed of spatially 
organized entities that have 
characteristic brightness, color, 
shape, size.

This local sub-patterns are 
characterized by given 
coarseness, roughness, 
regularity, contrast etc.

Texture is homogeneous for 
human visual system. 
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Texture propertiesTexture propertiesTexture properties

One of the first qualitative/quantitative texture description: Tamura et al. 1978

Texture features that correspond to human visual perception: 
coarseness, contrast, directionality, line-likeness, regularity, 
roughness

coarsecoarse finefine

correlation (human perception, mathematical definition): 0.83
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Texture propertiesTexture propertiesTexture properties

highhigh--contrastcontrast lowlow--contrastcontrast

corr = 0.94

directionaldirectional nonnon--directionaldirectional

corr = 0.82
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MRF models artificial 
foam

brain
(MRI)

bone
(X-ray)

skin 
mast cells

derma and
epidermis

tooth
enamel

plastic potato
(MRI)

apple
(MRI)

soft cheese
(MRI)

Texture examplesTexture examples
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dermal-
epidermis
junction

epidermis

skin mast cells

derma

• detection of skin mast cells

• calculation of their parameters
(eg. area, distance from D-E junction)

Example of biomedical image analysisExample of biomedical image analysis
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Image 
preprocessing

Feature 
extractionSegmentation

Analysis 
of extracted 
image data

Computer
+

program
+

knowledge

Im
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on

decision: 
melanoma

Computer system Computer system 

foforr iimage processing and analysismage processing and analysis

geometrical parameters,
texture features,…
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texture feature map
(texture feature estimated for each image point)

- splitting of the image into disjoint, homogeneous regions

IMAGE 
ACQUISITION, 

PREPROCESSING
SEGMENTATION

QAUNTITATIVE 
IMAGE 

ANALYSIS

TEXTURE FEATURE 
ESTIMATION

f1
1=(f1, f2, … ,fn)

f2
1=(f1, f2, … ,fn)

f3
1=(f1, f2, … ,fn)

f1
2=(f1, f2, … ,fn)

f2
2=(f1, f2, … ,fn)

f3
2=(f1, f2, … ,fn)

ImageImage analysisanalysis flowchartflowchart
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o statistical
� image intensity domain
� mathematical models
� transform based

o structural

o signal processing

Texture feature extractionTexture feature extraction
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feature extraction 
in image intensity domain

• histogram
• co-occurrence matrix 

2nd order histogram [Haralick et al.1973]

• higher order statistics [Kovalev & Petrou 1996]

• run-length matrix [Haralick 1979]

• gradient matrix
• …

0 50 100 150 200 250

0

200

400

600

800

Statistical approachStatistical approach
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mathematical model parameter estimation

• Markov random fields [Geman & Geman 1984]

• autoregressive models [Chelappa et al. 1985]

• fractals [Chen et al. 1990]

bone tissue GMRF model

Statistical approachStatistical approach
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• Fourier transform
• Gabor filters [Dunn et al. 1994]

• Wavelet transform [Choi & Baraniuk 2001]

input
image transform output

image

Statistical approachStatistical approach
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• texel – a basic, repetitive texture element
• placement rules

[Haralick 1979]

Structural approachStructural approach
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F=1056F=1056

feature 

evaluation

F=107F=107

g3
g5

g2

gn
g6

g4

g1

feature selection:
Fisher, POE, MI

f2

f1

feature projection:
LDA, PCA, NDA

Feature selection for further analysisFeature selection for further analysis
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LDA

class. err.: 0/27 [0%]

healthy ( 1)
osteopenia ( 2)

osteoporosis ( 3)

2nd order MRF  

features

class. err.: 2/27 [7.4%]

Texture classificationTexture classification
wrist bone X-ray images
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trombi (1)trombi (1)

malignant (2)malignant (2)

benign (3)benign (3)

class. errors:
train.: 10/108 [9%]
test: 5/55 [9%]

test set

Texture classificationTexture classification
Heart masses (ultrasound images)

statistical 

features

NDA:

g1 g2 g3 g4

f1 f2 f3
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Texture classificationTexture classification
Breast tumors (thermograms)

normal

tumor (left)

histogram,

co-occurrence

matrix

11--NNNN

classifierclassifier
ControlControl ((falsefalse

positivepositive))
DiseasedDiseased ((falsefalse

negativenegative))

Raw dataRaw data 2/102/10 3/303/30

LDALDA 1/101/10 1/301/30

reference method: 
mammography and/or biopsy
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Texture classificationTexture classification
Liver diseases (3D MR images)

3D co-occurrence

matrix features

NDA
class. errors:
train.: 6/80 [7%]
test: 5/60 [8%]
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Approaches to image segmentationAApproachespproaches to ito imagemage segmentationsegmentation

PIXEL BASED REGION BASED

INTERIOR BOUNDARIES

Thresholding
(global, local,
multi-level)

Region growing
Region splitting

Edge detection
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Region growing Region growing 

based on neighbor similaritybased on neighbor similarity

seed points
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• artificial neural networks (Hopfield, multilayer 
perceptrons, network of synchronized oscillators )

• Bayes estimation (MRF models)

• deformable models (active contours, snakes, 
deformable greeds)

• Level set approach

• unsupervised segmentation (k-means, Kohonen
neural networks, AHC)    

ImageImage segmentationsegmentation methodsmethods
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multilayer perceptron (MLP)
segmentation results

statistical 

features

GMRF model

parameters

Texture segmentationTexture segmentation
MR image of foot cross-section
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MLP oscillator network

NDA feature map
statistical 

features, NDA

Texture segmentationTexture segmentation
Heart mass echocardiogram (benign tumor)
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oscillator network
– weights set to detect texture boundaries

Texture segmentationTexture segmentation
Detection of texture edges
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Surface of vessels 
model

(triangulation)

3D MRI data
(MIP, raster)

OBJECTIVES:

Simulation of flow of blood, drug, 
contrast medium, pressure drop…

BrainBrain vesselvessel modelingmodeling
MRI BOLD images

Segmentation, 
tracking, 
modelling

M. Kocinski, IE, TUL
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Texture segmentationTexture segmentation
3D MR liver images

3D oscillator 
network

Perceptron
neural network
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Texture segmentationTexture segmentation
3D MR liver images

statistical 

features

3D oscillator network
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ConclusionConclusionConclusion

•• Analysis of medical images significantly improved Analysis of medical images significantly improved 
medical diagnosis (quantitative analysis, objective medical diagnosis (quantitative analysis, objective 
results, repeatresults, repeataability)  bility)  

•• Texture analysis is crucial in case of biomedical Texture analysis is crucial in case of biomedical 
imagesimages

•• Importance of medical imaging will be still increasing Importance of medical imaging will be still increasing 
in the future (fMRI, 3D modeling and analysis, in the future (fMRI, 3D modeling and analysis, 
telemedicine)telemedicine)

•• There is a need to developThere is a need to develop biomedical image analysis biomedical image analysis 
techniques (plenty of algorithms and methods, but the techniques (plenty of algorithms and methods, but the 
universal solution does not exiuniversal solution does not existst))
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