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8-hour video
50000 frames

2-hour interpretation
high level of concentration required (=
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Aiding the video interpretation
(Image processing)

Motion analysis:

* scanning the image of intestine surface
(Szczypinski, et.al)

* contraction detection and video playback control
(Vilarifio, et.al; Szczypinski, et.al)

Image color and texture descriptors:

* segmentation of gastro-intestinal tract into sections
(Coimbra, et.al)

* image classification and pylorus detection
(Mackiewicz, et.al)

* detection of pathology images
(Givenlmaging®; Baopu Li, Max Q.-H. Meng)
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MaZda software:
color analysis (r, G, B, U, v, 1, Q, H...)
regions of interest

texture descriptors (histogram, co-occurrence, run-length, gradient,
wavelet... )
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Color and texture descriptors (selection)

subspace with poor subspace with stronger
discrimination ability discrimination ability
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*Goal and motivation

— Need for development of image processing method for aiding the WCE video
interpretation,

— Methods developed for detection of pathology images are still unreliable (high FPR
and FNR) and further research is required,

*Problems
— Selection of images for machine learning and labeling of pathological regions,
— Selection of features with high discriminative power,
— Development of method for endoscopic image classification.

*Means and tools

— Collected over 60 WCE videos from AlG India
and Uniwersytet Medyczny in £6dz

— Comprehensive tool (MaZda) for computation of color and texture descriptors verified
in other medical image analysis applications

— Tools for machine learning (feature selection and reduction, supervised learning and
classification)
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Radial Basis Function Networks

Input nodes _
(data vectors) Output unit

/ :

v

INS

e EARE S Training RBFs:

(prototype vectors) — K-means clustering
— C;,0, N

Hidden units perform nonlinear distance
calculation according to Gaussian kernels:

Training linear weights:

— Linear or logistic
regression
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Support Vector Machines

Non-linearly separable classes Linear decision boundary
_|_
S y) =b+ ) egixi X
- + a,-;éO
t o)
+ e ]+
+ [/ oo // + + The kernel trick
++tL o7t +
A + k(xi,x;) = exp(—7|lxi — x;|°)
T+ o+ ++_|_
#+ How to choose the value of ¥ ?

Finding ;. and b parameters requires solving a constrained quadratic optimization

problem. This can be efficiently done through sequential minimal optimization
(SMO) algorithm.
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(e

pilff Vector Supported Convex Hull (concept)

convex hull of  scaling up w.r.t. distance to closest

vector distribution “yjcer” vectors the centroid “c” “other” vector
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the convex hull

VSCH Penalty factor
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Feature space reduction algorithm:
- Search of 1D, 2D and 3D feature subsets
- Computes the Q factor for each the subset
- Select features from subsets having the lowest Q

Classification rule:
- Scale the convex hull up with respect to the centroid
by the factor of (Q,)>

- Vectors enclosed by the resulting convex hull are of “ulcer”
class
- Vectors outside the convex hull are of “other” class

Method properties:
- Fast full search in case quick hull algorithm implemented
- Utilizes natural ability of convex hulls to separate vector
clusters surrounded by other vectors
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4 Experiment (feature computation)

Selected 50 images with areas of
ulceration

Areas of ulceration manually depicted

Randomly selected 200 images without
ulceration

Texture and color descriptors computed
within 48 circular regions per image

Feature vectors computed on images
without ulceration labeled as “other”

Feature vectors computed on ulceration
images for regions covering ulceration
areas labeled as “ulcer”
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20 04 15

Randomly selected training set of 109
vectors of class “ulcer” and 258 vectors of
class “other”

Randomly selected testing set of 100
vectors of class “ulcer” and 100 vectors of
class “other”

VSCH, SVM and RBF networks used for
feature selection (3 features out of 342)
and finding classification rules (the
training set used)

Results (vectors of selected features and
classification rules) verified on the testing
set of vectors
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Experiment (selection results)

SVM RBF Network VSCH
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9911 Experiment (classification results)

FPR [%] | Specificity | FNR [%] | Sensitivity
VSCH Training 9.3 0.91 0.0 1.00
Testing 7.0 0.93 6.0 0.94
SVM Training 4.3 0.96 6.4 0.94
Testing 5.0 0.95 9.0 0.91
RBF Training 3.9 0.96 10.1 0.90
Testing 9.0 0.91 9.0 0.91

Computation times (selection of feature pairs)
Intel Core 2 Quad @2.83 GHz (single thread in both cases)

* VSCH, C++ implementation of quick hull algorithm - 10

minutes

* RBF networks, Java implementation - 2 hours
* SVM, Java implementation - 3 hours

ACIVS 2009
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4# 3 Conclusions

X We found image descriptors and classification rules for detection of
WCE images showing a chosen category of ulceration

X VVSCH compared to RBF networks and SVM has low False Negative
Ratio which might be useful in medical diagnosis

X VSCH is fast and does not require setting of any parameters or
standardization of feature space

20 04 15 ACIVS 2009 18/20



493 Acknowledgements

This work was supported by the Polish Ministry of Science and Higher
Education grant no. 3263/B/T02/2008/35

The second author is a scholarship holder of the project entitled
~Innowacyjna dydaktyka bez ograniczen - zintegrowany rozwdj Politechniki
tbédzkiej - zarzadzanie uczelnig, nowoczesna oferta edukacyjna i
wzmacnianie zdolnosci do zatrudniania, takze oséb niepetnosprawnych”
supported the European Social Fund

20 04 15 ACIVS 2009 19/20



References

1. Haralick, R.: Statistical and structural approaches to texture. IEEE
Proceedings

67(5) (May 1979) 768{804

2. Tuceryan, M., Jain, A.: Texture Analysis. In: The Handbook of Pattern
Recogntion

and Computer Vision. World Scientic Publishing Co. (1998) 207{248

3. Iddan, G., Meron, G., Glukhowsky, A., Swain, P.: Wireless capsule
endoscopy.

Nature 405(6785) (2000) 417{418

4. Swain, P., Fritscher-Ravens, A.: Role of video endoscopy in managing
small bowel

disease. GUT 53 (2004) 1866{1875

5. Coimbra, M., Campos, P., Cunha, J.: Extracting clinical information from
endo-

scopic capsule exams using mpeg-7 visual descriptors. In: Integration of
Knowledge,

Semantics and Digital Media Technology, 2005. EWIMT 2005. The 2nd
European

Workshop on the. (2005) 105{110

6. Coimbra, M., Cunha, J.: Mpeg-7 visual descriptorscontributions for
automated fea-

ture extraction in capsule endoscopy. Circuits and Systems for Video
Technology,

IEEE Transactions on 16(5) (May 2006) 628{637

7. Mackiewicz, M., Berens, ]., Fisher, M., Bell, G.: Colour and texture based
gastroin-

testinal tissue discrimination. In: Proceedings of the IEEE International
Confer-

ence on Acoustics, Speech and Signal Processing, ICASSP. Volume 2. (May
2006)

597{600

8. Mackiewicz, M., Berens, J., Fisher, M.: Wireless capsule endoscopy video
segmen-

tation using support vector classiers and hidden markov models. In:
Proceedings

of the International Con@@@An_ qlﬁical Image Understanding and

9. Vilarinao, F, Kuncheva, L.I., Radeva, P.: Roc curves and video analysis
optimiza-

tion in intestinal capsule endoscopy. Pattern Recogn. Lett. 27(8) (2006)
875{881

10. Szczypinski, P., R.D.Sriram, Sriram, P., Reddy, D.: A model of
deformable rings

for interpretation of wireless capsule endoscopic videos. Medical Image
Analysis

13(2) (April 2009) 312{324

11. Szczypinski, P., Strzelecki, M., Materka, A., Klepaczko, A.: Mazda - a
soft-

ware package for image texture analysis. Computer Methods and
Programs in

Biomedicine 94 (2009) 66-76

12. http://www.eletel.p.lodz.pl/MazZda (2009) Visited: April 2009.

13. Vapnik, V.: The Nature of Statistical Learning Theory. Springer-Verlag,
New York

(1995)

14. Blum, A.L., Langley, P.: Selection of relevant features and examples in
machine

learning. Articial Intelligence 97 (1997) 245{271

15. Kohavi, R., John, G.H.: Wrappers for feature subset selection. Articial
Intelli-

gence 97 (1997) 273{324

16. Pudil, P., Somol, P.: Current feature selection techniques in statistical

pattern

recognition. In Kurzynski, M., Puchala, E., Wozniak, M., Zolnierek, A., eds.:
Com-

puter Recognition Systems. Volume 30 of Advances in Sof Computing.,
Springer-

Verlag (2005)

ACIVS 2009 20/20



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20

