
:

, 20 2009

)

11

mailto: xgeorgio@di.uoa.gr

mailto:xgeorgio@di.uoa.gr


:

• , , 
, 

• , 

• : 

• : 

•

), 20/2/2009

22”



), 20/2/2009

33”

::

& .



), 20/2/2009

44& 

–

• ’60
(Xerography)

• ’80
(digital image processing)

• Computer Aided Diagnosis (CAD),
Automated Computer Diagnosis (ACD)

• CAD (1993) MC: 87% sensitivity, 1 fp/exam

• : 98% MC (85% ), 0,25 fp/exam

• (X-ray CAD): (68%, RSNA 2000-2005)

• : X-ray, CT, MRI, US, PET, SPECT

• 2-D (imaging) 3-D (tomography)

• : PACS ( CBIR)
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• : 2 ),

• : 9-11% ), 
250.000 .

• : 95-98% (5 ), 18-30 

• : 

• : 50+ , 40+ (1-2 )

• : BSE, )

CAD ( )

• (high sensitivity)

• (low false positives)

• fp ( )

• )

• )
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(MLO) (D) (MLO) (G) (MLO) (F)

(background)
(breast area)

(pectoral muscle)
(skin) (nipple)

, , , ...)
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•
(mass

lesions)

•
(stellate formations)

•

(lymphoadenoma patterns)

•
(micro-

calcifications)

•
(architectural distortions)

•
(breast

asymmetries)
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1.

2. (texture) (morphology) 

3.
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•
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)

• ) 
CAD/ADC
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• 31 , 
(tumor), (MC), (distortions),

(patient data) (benignancy/malignancy)

•
(image content) (annotation)

• 1350 (Euromedica)

•
• (scanning) 63,5 m (400 dpi), 8-bit grayscale

• (high-resolution)

•

• 130 , 
•

& , , )

: 



), 20/2/2009

1212

Benign Malignant

Round           Lobulated Microlobulated Stellate

)

 / 

 / 

0%…100%

0%…100%

«L» (hypo) / «M» (iso) / «H» (hyper)

1…10

1 (round) / 2 (lobulated) / 3 (microlobulated) / 4 (stellate)

«B» (benign) / «M» (malignant)

:
7 
1 )
1 («output»)

: 
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)  (LSMD)

93,1%

86,1%

74,6%

73,1%

73,1%

68,5%

? ( ) 60,8%

: 

(%) .
»

(%) .
»

LDA 87,69% 93,85%

k-NN 91,54% 93,08%

LSMD 89,23% 93,08%

MLP 91,54% 91,54%

RBF 90,77% 91,54%

C-SVM/RBF 93,85% 94,62%

 ( )

 ( ) Round + Lobulated Microlobulated + Stellate

43 3

88% 4%

6 78

12% 96%

class boundary: 2,226  (1...4)
errors = 9  (6,923%)
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111 (26.7%)
269 (64.8%)

/ 35 (8.5%)

31
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(pixels):

1. , , ...)
2. + )
3.
4. “Salt & Pepper” (bad pixels)
5.
6. )
7. (pinhole X-ray model)
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& (image restoration)

raw image
acquisition

feature
extraction

sensor-field
correction

gain/pixel
correction

move/PSF
correction

noise
reduction

spot/pixel
correction

: 
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)

1. &

2. (texture) 
(kVp, mA, sec) 

3.
(content-based AERC)

)

• (1st order statistics)

: 



II--ImaS: WorkpackageImaS: Workpackage--33

X-ray Im age

Expert's
Im ag e Q u ality

Evaluation
(G lobal)

Heuristic
Control
Logic

exposure param eters ad justm ents (feedback)

im age IQ I vector

design specifications + calibration

X-ray tube

Heu ristic
Im ag e Q u ality

Evaluation
(Com b in ed)

X-ray Image

image

IQI vectorHeuristic
Image Quality

Evaluation
(Combined)

image
segmentation

Y-
Ax

is

feature
extraction

global image
statistics

content-oriented
image statistics

II--ImaS:ImaS: ““IntelligentIntelligent”” sensor, contentsensor, content--based decision on exposure adjustmentbased decision on exposure adjustment

Oslo, 14Oslo, 14--15 February 200515 February 2005

3232--4343

[20][20]

D.9: Sensor IC intelligence options & implementationD.9: Sensor IC intelligence options & implementation



), 20/2/2009

3333

0,1
2

1,11 )}(){(log),(: 10 CmAskVpCmAskVpfRx

000029114,0
897021103,0

1,1

0,1

C
C

F1:
kVp: [25…29]  ,  mAs: [50…200]
Rx : [0,0128…4,000] mGy

0,2101,22 )(log)(: CRxCRxfOD

426939483,1
740896827,2

1,2

0,2

C
C

F2:
Rx : [0,0128…4,000] mGy
OD: [0,04…3,60]

1,3
0,33

1)()(: CCODODfGL

000996083,0
093060996,4

1,3

0,3

C
C

F3:
OD: [0,04 …3,60]
GL: [495 …4069]

0,41,44 )()(: CGLCGLFGI

062271062,0
255

1,4

0,4

C
C

F4:
GL: [4095 …0]
GI: [0 …255]

)

: 



), 20/2/2009

3434

27 kVp / 125 mAs
)

25 kVp / 75 mAs
)

29 kVp / 200 mAs
)

•

• 4 

• (digital sensors)

•
, kVp/mAs

)

: 



II--ImaS: WorkpackageImaS: Workpackage--33

Issue # 1: Confirmation of SimModelIssue # 1: Confirmation of SimModel--1A1A [23][23]

(1a) Exposure level: estimation, adjustment, extrapolation

0,1
2

1,11 )}(){(log),(: 10 CmAskVpCmAskVpfRx

Sim.Model-1A: predicted vs true exposure
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set: 'U04.03' images
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Surface Dose Sim.Model-1A max.error < 9%

Oslo, 14Oslo, 14--15 February 200515 February 2005

3535--4343D.8: Overview of final conclusionsD.8: Overview of final conclusions



II--ImaS: WorkpackageImaS: Workpackage--33

Issue # 1: Confirmation of SimModelIssue # 1: Confirmation of SimModel--1A1A [23][23]

(1b) Optical Density: translation from exposure level
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Resulting greyscale mapping: near-linear over non-saturated areas

Oslo, 14Oslo, 14--15 February 200515 February 2005

3636--4343D.8: Overview of final conclusionsD.8: Overview of final conclusions
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: F07 (POWER) / boxsize: 10 ( )

25 kVp / 75 mAs 27 kVp / 125 mAs 29 kVp / 200 mAs
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U01 U02 U03.02 U04.03

(breast tissue samples)

: breast tissue, pre-processing (gamma correction)
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pre-processing

SURFACE: gamma correction (log.scale, g=0.62)
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:

• STDEV: g < 1.00
• SURFACE: g < 1.00
• SF17 (norm.surface): g < 1.00
• SF14 (mean.var):  exp. decr. response

:

• F01: “MIN”
• F02: “MAX”
• F03: “MEAN”
• F07: “POWER”
• F11: “VOLUME”
• SF19: (normalized power)
• SF20: (normalized exposure)

7 (tissue, X-ray)
4 »

(gamma)
off-line processing ( . segmentation), 

on-line (scan-based mammographic h/w)

(1st order statistics)

: 



Image normalization: Dynamic range estimation during scanningImage normalization: Dynamic range estimation during scanning

4747--1111

II--ImaS: CTI on WP3/WP9ImaS: CTI on WP3/WP9 London, 22London, 22--23 Nov 200623 Nov 2006

Update on remaining issues regarding WP3/WP9



Example of ORP: ExpertExample of ORP: Expert’’s evaluation against beam settingss evaluation against beam settings

Note: Tests at multiple scout beam levels are necessary to coverNote: Tests at multiple scout beam levels are necessary to cover allall
possible cases of tissuepossible cases of tissue--related areas during normal operation.related areas during normal operation.

4848--1111

II--ImaS: CTI on WP3/WP9ImaS: CTI on WP3/WP9 London, 22London, 22--23 Nov 200623 Nov 2006

Update on remaining issues regarding WP3/WP9

I-ImaS setup: low dose, acceptable quality

I-ImaS setup: acceptable dose, high quality



Example of OCP: From texture analysis to IExample of OCP: From texture analysis to I--ImaS beam adjustmentsImaS beam adjustments

4949--1111

II--ImaS: CTI on WP3/WP9ImaS: CTI on WP3/WP9 London, 22London, 22--23 Nov 200623 Nov 2006

Update on remaining issues regarding WP3/WP9

proportional to scout beam range

STEP 1:
Locate current “state”
of beam absorption
through QI value

STEP 2:
Estimate best beam
adjustment for dose
and expert’s choice

STEP 3:
Find closest WF.pos
for I-ImaS beam



Summary of Adaptive Controller Profiles:Summary of Adaptive Controller Profiles:

•• Optimal Operational Profile (OOP):Optimal Operational Profile (OOP): UseUse different modes ofdifferent modes of
operationoperation, namely for areas were tissue is or is not detected via, namely for areas were tissue is or is not detected via
specific textural features (e.g. SD).specific textural features (e.g. SD).

•• Optimal Response Profile (ORP):Optimal Response Profile (ORP): Use specificUse specific qualityquality
templates, asserted by human expertstemplates, asserted by human experts, for quantifying the notion, for quantifying the notion
of desired/optimal response by the controller.of desired/optimal response by the controller.

•• Optimal Control Profile (OCP):Optimal Control Profile (OCP): Implement a flexibleImplement a flexible
adaptation model that exploits the current scout scan andadaptation model that exploits the current scout scan and
internal logic/memory, in order to produce a good estimation ofinternal logic/memory, in order to produce a good estimation of
the best way tothe best way to optimize the current image quality/dose indexoptimize the current image quality/dose index..

(See: report D.9, Oslo/05)(See: report D.9, Oslo/05)

Current Status:Current Status:

•• OOP and OCP have been addressed in D.8 and D.9 reports. ORP requOOP and OCP have been addressed in D.8 and D.9 reports. ORP requiresires
expertsexperts’’ evaluation sheets on new images acquired from Ievaluation sheets on new images acquired from I--ImaS sensors.ImaS sensors.

II--ImaS: CTI on WP11ImaS: CTI on WP11 Ioannina, 23Ioannina, 23--24 May 200624 May 2006

5050--1111Overview of “innovative” work in WP3



Design of the desired system response (OCP):Design of the desired system response (OCP):

““SimplisticSimplistic”” : Easy to implement, provided a straight: Easy to implement, provided a straight--forwardforward ““behavioralbehavioral”” designdesign
is evident for mapping feature vectors (stais evident for mapping feature vectors (states) into regions of optimaltes) into regions of optimal
or nearor near--optimal image quality (output). Feedback is calculated byoptimal image quality (output). Feedback is calculated by
means of reversemeans of reverse--mapping between image quality index and input.mapping between image quality index and input.

““Fully adaptiveFully adaptive”” : Does NOT depend on any type of embedded: Does NOT depend on any type of embedded ““priorprior
knowledgeknowledge”” from experts and adaptation is local (iterative). However, itfrom experts and adaptation is local (iterative). However, it
needs a minimum of 2needs a minimum of 2--3 consecutive measurements at different states.3 consecutive measurements at different states.

““Model matchingModel matching”” : Prior: Prior ““templatetemplate”” map is used as guideline for the imagemap is used as guideline for the image
quality index space embodying the expertsquality index space embodying the experts’’ knowledge (response).knowledge (response).
Feedback is calculated directly for either local or globalFeedback is calculated directly for either local or global optimization.optimization.

Note: Details are included in the D.9 report (Mar.2005)

Current Status:Current Status:

•• ““SimplisticSimplistic”” option has been tested successfully, but dose considerations reoption has been tested successfully, but dose considerations requirequire
an extension into thean extension into the ““ModelModel--MatchingMatching”” option (combined quality index).option (combined quality index).

II--ImaS: CTI on WP11ImaS: CTI on WP11 Ioannina, 23Ioannina, 23--24 May 200624 May 2006

5151--1111Overview of “innovative” work in WP3



Example of ORP: Standard AERC curves (fluoroscopic)Example of ORP: Standard AERC curves (fluoroscopic)

StandardStandard kVpkVp/mAs exposure profiles (AERC) for a modern fluoroscopic unit/mAs exposure profiles (AERC) for a modern fluoroscopic unit [11][11]..
P1P1: std 5: std 5 mAmA,, P2P2: std 3: std 3 mAmA,, P3P3: 4: 4 mAmA high contrast,high contrast, P4P4: 8: 8 mAmA high contrast,high contrast, P5P5:: ““paediatricpaediatric””,, P6P6:: ““iodineiodine””

“paediatric”
ORP

II--ImaS: CTI on WP11ImaS: CTI on WP11 Ioannina, 23Ioannina, 23--24 May 200624 May 2006

5252--1111Overview of “innovative” work in WP3



Overview of image distortion / restoration stages:Overview of image distortion / restoration stages:

•• Different stages embed different levels of complexity and procesDifferent stages embed different levels of complexity and processing timesing time

•• Exact ordering and sequence of the stagesExact ordering and sequence of the stages ISIS important for optimum resultsimportant for optimum results

•• Ideal caseIdeal case: feature extraction comes after the last restoration stage: feature extraction comes after the last restoration stage

•• Real caseReal case: embed as many stages as possible within the on: embed as many stages as possible within the on--line loopline loop

raw image
acquisition

sensor-field
correction

gain/pixel
correction

move/PSF
correction

noise
reduction

feature
extraction

spot/pixel
correction

(See: report D.9, Oslo/05)(See: report D.9, Oslo/05)

Current Status:Current Status:

•• Analytical models have already been studied, but intensive proceAnalytical models have already been studied, but intensive processingssing
stages have to be dropped from the onstages have to be dropped from the on--line loop.line loop.

•• Test images from the ITest images from the I--ImaS sensors will determine the necessity of each ofImaS sensors will determine the necessity of each of
the individual restoration stages.the individual restoration stages.

II--ImaS: CTI on WP11ImaS: CTI on WP11 Ioannina, 23Ioannina, 23--24 May 200624 May 2006

5353--1111Overview of “innovative” work in WP3
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Pre-Processing

Feature Extraction

Operation Mode
(OOP)

Calculate Comb.
Quality Index

Calculate
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(Action) Anticipatory

Control

Reactive
Control

Only for non-fixed
scout beam

RL-based
adaptive

agent

available
timeframe:
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per wedge
filter (x10)

II--ImaS: CTI on WP11ImaS: CTI on WP11 Ioannina, 23Ioannina, 23--24 May 200624 May 2006

5454--1111Overview of “innovative” work in WP3



Design of the desired system response:Design of the desired system response:

Reinforcement
Learning Model
predictive
(see: Trieste/06)

Reinforcement
Learning Model
error-based
(see: Trieste/06)

------
Heuristic
Behavioral model
(on-line learning)

Gain-directed
gradient-based
algorithms (?)

Gain-directed
gradient-based
algorithms (?)

Gradient-based
algorithms (?)

Small-step
adjustments (?)

Iterative
Multi-step
analytical solution

Weighted Linear
Model
gain-directed
(see: Trieste/06)

Weighted Linear
Model
gain-directed
(see: report D.9)

SINTEF model,
with dynamic limits
and rules (?)

SINTEF model
tested/verified
(see: report D.9)

Direct
Single-step
analytical solution

Model-Matching
Use experts’
“reference” points

Model-Matching
Use experts’
“reference” points

Fully-Adaptive
“blind”
optimization
non-stationary

Simplistic
“blind” optimization
stationary

Anticipatory
Control

(predictive)

Reactive Control
(error-based)

Reactive Control
(error-based)

Reactive Control
(error-based)

Summary ofSummary of
II--ImaSImaS

Models forModels for
OnOn--LineLine
ControlControl

11 1+1+

99

44

2727

2020

Estimated ComplexityEstimated Complexity

11 22

1313

55

3030

1212

Intelligence LevelIntelligence Level

II--ImaS: CTI on WP11ImaS: CTI on WP11 Ioannina, 23Ioannina, 23--24 May 200624 May 2006

5555--1111Overview of “innovative” work in WP3



Design of the desired system response:Design of the desired system response:

Reinforcement
Learning Model
predictive
(see: Trieste/06)

Reinforcement
Learning Model
error-based
(see: Trieste/06)

------
Heuristic
Behavioral model
(on-line learning)

Gain-directed
gradient-based
algorithms (?)

Gain-directed
gradient-based
algorithms (?)

Gradient-based
algorithms (?)

Small-step
adjustments (?)

Iterative
Multi-step
analytical solution

Weighted Linear
Model
gain-directed
(see: Trieste/06)

Weighted Linear
Model
gain-directed
(see: report D.9)

Weighted Linear
Model (CTI/UoT)
adaptive limits and
quality/dose tpl.

FG/BG Percentile
Model (SINTEF)
tested/verified
(see: report D.9)

Direct
Single-step
analytical solution

Model-Matching
Use experts’
“reference” points

Model-Matching
Use experts’
“reference” points

Fully-Adaptive
“blind”
optimization
non-stationary

Simplistic
“blind” optimization
stationary

Anticipatory
Control

(predictive)

Reactive Control
(error-based)

Reactive Control
(error-based)

Reactive Control
(error-based)

Summary ofSummary of
II--ImaSImaS

Models forModels for
OnOn--LineLine
ControlControl

5656--1111

selected design frameworkselected design framework
for Ifor I--ImaS launchImaS launch

II--ImaS: CTI on WP3/WP9ImaS: CTI on WP3/WP9 London, 22London, 22--23 Nov 200623 Nov 2006

Update on remaining issues regarding WP3/WP9



Overview of work undertaken:Overview of work undertaken:

1.1. Identification of important factors related to image qualityIdentification of important factors related to image quality
(technical and clinical)(technical and clinical)

2.2. Definition of relevant image statistics (mainly texture),Definition of relevant image statistics (mainly texture),
localized and global, that could quantify these imagelocalized and global, that could quantify these image
quality factors (e.g. contentquality factors (e.g. content--rich tissue areas)rich tissue areas)

3.3. Experimental analysis and selection of the most prominentExperimental analysis and selection of the most prominent
image textural/histogram features that correspond toimage textural/histogram features that correspond to
changes in the local content of the imagechanges in the local content of the image

4.4. Formulation of a robust and simple control model thatFormulation of a robust and simple control model that
uses these features as input to control the Xuses these features as input to control the X--ray exposureray exposure
parameters (mAs) optimally in terms of dose/qualityparameters (mAs) optimally in terms of dose/quality

II--ImaS: CTI on ConclusionImaS: CTI on Conclusion London, 21London, 21--22 May 200722 May 2007

5757--99Concluding remarks and future prospects for improvements
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II--ImaS: CTI on ConclusionImaS: CTI on Conclusion London, 21London, 21--22 May 200722 May 2007

Concluding remarks and future prospects for improvements

Overview of work completed:Overview of work completed:

1.1. Technical and clinicalTechnical and clinical ““qualityquality”” of Xof X--ray images wasray images was
defined formally for mammographic and dental imagesdefined formally for mammographic and dental images
(RIEDS forms A(RIEDS forms A--F: detailed documentation framework)F: detailed documentation framework)

2.2. Image analysis was based on 1Image analysis was based on 1stst--order statistics fororder statistics for
increased speed and inherent parallelizable processingincreased speed and inherent parallelizable processing

3.3. Several textural features (20+ simple and composite)Several textural features (20+ simple and composite)
were tested and evaluated in several image DB setswere tested and evaluated in several image DB sets
against Xagainst X--ray exposure, most prominent ones (5ray exposure, most prominent ones (5--7) were7) were
identified asidentified as ““goodgood”” for automatic control inputfor automatic control input

4.4. Simple 1Simple 1stst--order linear feedback model was employed asorder linear feedback model was employed as
the base for Ithe base for I--ImaSImaS ““contentcontent--awareaware”” AERCAERC--like controllike control
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• 1
•

o Co-occurrence matrices (SDGM)
o Run-Length matrices (RLM)

•
o (box size)
o )
o (SDGM, RLM)

•
(dataset fractal analysis)

•

: : 



Dataset Fractal Dimension Complete set MANOVA

(D2 value) (dim=120) top-20 top-10

Qualitative prop. dataset 3,18 – –

Textural features set,
sampling box size: 20 pixels

4,10 3,94 3,88

Textural features set,
sampling box size: 50 pixels

4,42 4,28 3,90
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( ) DPC r K r

0
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1 exp ( )y
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C x X
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( ) ( )0
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fractal 

» (intrinsic) 
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FeatureID Description

86 SDGM contrast, mean, d=3

4 Graylevel mean value

9 SDGM, angular 2nd moment, range, d=1

80 RLM non-uniformity, mean, d=2

82 RLM percentage, mean, d=2

50 SDGM correlation, mean, d=2

92 SDGM invar.diff.moment, mean, d=3

74 RLM short run emphasis, mean, d=2

73 SDGM max.correl.coeff, range, d=2

120 RLM percentage, mean, d=3

FeatureID Description

80 RLM non-uniformity, mean, d=2

20 SDGM sum of variances, mean, d=1

3 Graylevel max value

90 SDGM sum sqr. variance, mean, d=3

81 RLM non-uniformity, range, d=2

6 Graylevel histogram skewness

15 SDGM sum sqr. variance, range, d=1

36 RLM short run emphasis, mean, d=1

63 SDGM entropy, range, d=2

72 SDGM max.correl.coeff, mean, d=2

(MANOVA top-10)

50-pixel box size (3,175 mm)20-pixel box size (1,270 mm)

: : 
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20-pixel box size 50-pixel box size
Dataset
Configuration

LDA
classifier

LSMD
classifier

LDA
classifier

LSMD
classifier

distances: {1}
1st order stats: NO

51,1% 55,1% 62,3% 62,3%

distances: {1,2,3}
1st order stats: NO

60,8% 60,8% 66,8% 66,8%

distances: {1,2,3}
1st order stats: YES

62,6% 62,6% 69,0% 69,0%

Classifier
20-pixel box dataset 50-pixel box dataset

LDA 62,6% 69,0%

LSMD 62,6% 69,0%

k-nn 80,3% 83,6%

NN/RBF 71,3% 72,8%

NN/MLP 74,4% 78,2%

C-SVM/RBF 80,4% 83,9%

: : 
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(III ) :

1. (box size)

2. pixels (d=1,2,3)

3.

4.

):

•
pixels

• (SDGM, RLM) 
pixels (d=2 d=3)

•
, 

• (120) top-20 top-10 MANOVA
dataset FD ( )

• (texture-only)

: : 
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• 1- )
• , )
•

•
•

• Fourier
• wavelets

• (fractal) 
•
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D2 value complete set MANOVA top-20

Qualitative

properties set
3,18 –

orphological

features set
4,11 2,71

Dataset fractal analysis

(217) 
(radial distance) 

(DFT, DWT)
• DWT: 4-level, 5 kernels (haar, sym2, coiflet1, biorth1.5, dmey)
• 1-D ) 

7 (mean, stdev,
circularity, area ratio, entropy, zc-count, roughness index)

: : 



), 20/2/2009

6868

Classifier model Success rate (%)

LDA 66,90%

k-nn 67,70%

LSMD 72,30%

NN/MLP 72,30%

NN/RBF 67,70%

Classifier model Success rate (%)

LDA 89,23%

k-nn 85,38%

LSMD 88,46%

NN/MLP 89,23%

NN/RBF 83,85%

C-SVM/RBF 91,54%

Benign Malignant

Round           Lobulated Microlobulated Stellate

):

C-SVM/RBF:

93,85% (no shape type)
94,62% (with shape type)

):
zc-count ( )
roughness index ( )
mean value ( )
area ratio ( )

: : 
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(III ) :

1. (radial, DFT, DWT)

2. DWT (1-4)

3. (7)

4.

):

• (1-4) 
• DWT: 22 24 detail

components, level 2 ( , level=1)
• DFT: resolution 128 

(-22%...-26%) )
• (217) top-20 MANOVA

dataset FD, 
. )

• (shape-only)

: : 
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• John Von Neuman, Oskar Morgernstern, Emile Borel ( ’40+)

• : (ZS) (NZS)

• : (competitive) (cooperative)

• : iterative, perfect-information, meta-games, ...

• John Nash (1957): bargaining theory ( )

“no regrets” strategy, equilibrium points ( , )

)

• » coalitional games

•
»

• (coalitions): ,
(partitioning) ».
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(Weighted Majority Voting)

• Weighted Majority Games (WMG): »

• Weighted Majority Rules (WMR): 

• Nitzan, Paroush (1982): , WMR 
WMG

• Shapley, Grofman (1984): WMR
log-odds:

log , , 1...
1

i
i i i correct

i

pw p P i K
p

( ) ( )wmr wmrD sign O Tx x

• log-odds: & 

• (2002+): 
WMR WMG >2 
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:

1.
;

2.
;

3. , 

;

(«experts») ;
• Condorcet Jury Theorem (1785)

{indep.experts, p>0,5}

(output):

• class label: »

• ranked list: (Condorcet optimality)

• soft value: class label + »
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:

• (fixed rules)
• (trained rules)
• (weighted

confidence transformation rules)

(committees/ensembles):

• selection ( . Dynamic Classifier Selection – DCS)

• fusion ( . sum-based & voting, product-based, ...)

(diversity):

• , 

• Boosting: boundary (errors)

• Bagging: 

• Subspace methods: 
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V)

1. WMR 

2. ,
benchmark datasets

3. » (posterior)
» (prior) log-odds weights

V)

• WMR

• prior posterior log-odds
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benchmark datasets (Raetch, ELENA)

• , , 
( )

4 14 

•

3

• , (fixed)
, iterative weight training

8 WMR)
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Non-weighted Weighted

Static or Rank-based simple average

maximum
majority

LSE-weighted average

WMR (static) log-odds

Adaptive (using
posteriors)

DCS-LA (with priors)
DCS-LA (no priors)

WMR (adaptive) log-odds

diversity (selective subspace)

• subspace

selective subspace random subspace 
1. (MANOVA)
2.
3.
4. subspace ( )
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Dataset best SVM configuration best OBCT
configuration

best w/k-nn
configuration

ringnorn kernel: RBF ( =5)
=0.016

epsilon=5.e-4

splt.func=twoing
splt.limit=10

dist.func=Euclidean
k-size=1

weight.func=none

splice kernel: RBF ( =42)
=0.036

epsilon=5.e-4

splt.func=deviance
splt.limit=10

dist.func=Euclidean
k-size=15

weight.func=Gaussian

twonorm kernel: RBF ( =100)
=0.008

epsilon=5.e-4

splt.func=deviance
splt.limit=10

dist.func=Euclidean
k-size=17

weight.func=linear

waveform kernel: RBF ( =20)
=0.020

epsilon=5.e-4

splt.func=Gini
splt.limit=10

dist.func=Euclidean
k-size=21

weight.func=none

Dataset Training
set size

Testing set
size

Dataset
Dimension

SVM
accuracy

OBCT
accuracy

w/k-NN
accuracy

ringnorn 400 7000 20 97,66
(±0,22)

80,78
(±2,41)

77,00
(±1,83)

splice 1000 2175 60 85,29
(±1,08)

92,98
(±0,97)

77,88
(±2,09)

twonorm 400 7000 20 97,70
(±0,15)

76,56
(±1,63)

97,85
(±1,52)

waveform 400 4600 21 90,10
(±0,40)

80,91
(±1,65)

89,85
(±1,50)



), 20/2/2009

7979V: & 

-5 -4 -3 -2 -1 0 1 2 3 4
0

50

100

150

200

250
Correct and incorrect classifications versus SVM kernel value

SVM kernel output: RBF
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• local accuracy estimate (LAE):
1.
2.
3. splines

(posterior)
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:
SVM ensembles
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OBCT ensembles



), 20/2/2009

8282V: & 

:
w/k-nn ensembles
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Combination rule wBorda SUM wBorda MEAN wBorda STDEV

WMR: log-odds (adaptive) 207 8,63 1,38

STD: DCS-LA (no priors) 187 7,79 1,91

STD: LSE-weighted average 177 7,38 1,50

STD: simple average 168 7,00 2,15

WMR: log-odds (static) 166 6,92 1,74

STD: DCS-LA (with priors) 163 6,79 2,34

STD: simple majority 157 6,54 2,11

STD: maximum 107 4,46 1,35

(SUM) 
(3) (4) 

(MEAN) (STDEV) 
wBorda max=10)
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(IV) :

1.

2. datasets
3. posterior (WMR, DCS)
4.

V):

• WMR/a

• weighted non-weighted

• LAE (DCS, WMR/a) 

•
single-classifier (-3%...0%) 

( +22%)

• =5 =7) 
)

V: & 
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): unique WMG/WMR

• unique WMR: { weights, , q=0,5} ) 

• >7, 

I): Semivalues

• Semivalues: «

• Shapley-Shubik ( ), Banzhaf-Coleman ( ), ...

•

• 15 (L.S.Penrose, 2006)

I): SVM ensembles

• WMR semivalues ( ) 
(p>0,5)

(«flat» voting, linear combination)

•
SVM « (2004)
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Pattern recognition & machine learning in Medicine

• University of Houston

Game-theoretic ensembles, risk-sensitive decision-making

• , « »
Cardio-signal analysis & diagnosis (pulse, ECG, oximetry)

• «Euromedica» »
Image analysis & diagnosis in digital mammography
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