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Motivation

Leukemia = 30% cancer.
Pattern recognition: low-cost alternative solution;

Human visual analysis:
79.3% to 92.3% correct (lymphocytes),

150 cells >> 10 minutes for an hematologist;

Why lymphoproliferative diseases?

Software for cell analysis and classification:
computer-aided automation;

educational purposes;
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Synopsis

1. Human blood cells
2. Pattern recognition
3. Feature selection

4. Results

5. Latest developments
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1.1. Where leukocytes come
rom?

Primary Lymphoid Secondary Lymphoid
Organs Organs

Tonsils and
adenoids

Peyer's patches

Appendix

Lymph nodes

Lymphatic vessels

I
Bone marrow ﬂ \ /L.f/



1.2. Normal leukocytes

Eosinophil Neutrophil Basophil
i A b .




1.3. Malignant cells
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2.1. Steps in PR design

B
Human
expertise ‘

Criterium
function

! Iassification

i
L




2.2. Segmentation

Regions of interest: nucleus, cytoplasm, red
blood cells and background
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2.2.1. Methods

G channel thresholding: where is the
nucleus?

Color segmentation: where are the
leukocyte and RBCs?
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2.2.2. Thresholding
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Katz (2000)
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Sabino et al (2003)
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2.2.3. Color segmentation







2.3. Feature extraction

Image properties;
Nucleus and cytoplasm attributes;

Shape;

Traditional measures

Size;

Color;

Subjective descriptions

Texture.

~
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Id Feature description | Id  Feature description
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2.3.1. Shape and size

Nucleus-cytoplasm ratio (NC):
NC:Anuc/(Anuc+Areaci:‘)
Factor form=compactness measure (C):

i k()= T D" =201 (1)

Curvature (k): (1 () T
Concave and convexity points;
Bending Energy (B): _1x
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2.3.2. Fractal dimension

> Costa: multiscale fractal dimension (2D) curve and
its peak (FD
neurons;

for complexity description of

max)
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Spatial distribution of the graylevels




2.3.2. FD_., - the method

Frac Dim

In(Radius

CummV
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2.3.2. Gray Level Coocurrence Matrix

Joint probability distribution of 2 pixels given a
displacement (direction+distance) and a window;

my/) 1

iy 00111
00111 - -
22333

I(m,n) = gray levels GLCM(1,j) = gray level transitions rate
number of transitions

Spatial distribution and spatial dependence.
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2.3.2. GLCM

Inertia = ZQ:ZQ p(i, )i - J)°
Entropy = Zgz p(i, §)log(p(i, j))

i=1 j=I

Ng Ng
Energy => > p(, j)’ Ny W
)

. i=] J=1
Correlation = 4

Ng Ng 1

Homogeneity =
.Z;JZ‘I +(1- 1)
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2.3.3. Color

Colar histograms

200

Pratt (1991), Song et al (1997)

30-May-07 Computer Vision in Leukemia Diagnosis




2'47 Leuko classification

@8] 6|71 S0 Hl#] 315 ] 2=[08]
i =] =

Learning: supervised,
Decision rule: maximum likelihood®®
Pdf estimation: parametric;
Pdf: Gaussian;

Error estimation methods regarded.:
Resubstituion, holdout, cross-validation,
leave-one-out.
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Leuko - leukemia diagnosis uging pattemn recognition
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Feature

selection




3. Feature selection

Problems of dealing with many features:
Overfitting (decision surface = many details)
Overtraining (decision surface = few details)
Curse of dimensionality (lacking samples);
Peaking phenomena.

. Define feature subsets using strategies:
Exaustive;
Heuristics;
Random;
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3. Feature selection

Distance

Searches

1. Euclidean

Exhaustive

2. Mahalanobis

Mean distance

FSS

Labeled

samples e

Accuracy rate

Classifier

Crniterium function q

1. Bayesian
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 Feature Selection
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4. Results

Differentiation among 6 types
of leukocytes, including the CLL (the most
common Ieukemia Ig adults from Western);

| "“‘g UESE] i
1 | a9 Carlos

Instiulo o

B 3
N N S I
wew [ T[T | [
Tic [ [ 2 (8] 3 [ 2]

Project and development of pattern recognition
and feature selection tools.
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5.1. Leuko + SVM

- SVM extension to multiclass
task, applying tree-based
strategy;

SVM and minimum spanning
tree:

Adapted version of Kruskal
algorithm

Generates a tree in a bottom-up
iterative way
Polynomial complexity

Including weight assignment

Allows the determination
of the multiclass tree.
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Bd 5.1 Leuko accuracy

CLASSES

Technique Lymp | Mono | Neut

1AA 2. 90.8 90.6 | 97.6
AAA 91.2 89.6 | 97.1
ECOC 4. 94.0 | 91.7 | 98.8
DDAG )5.5 92.2 91.6 | 97.2
ADAG 05.6 91.9 91.6 | 97.2
Tree 4. 90.8 87.9 | 97.6
WW 89.4 86.0 | 96.3
CS 2. 91.2 88.0 | 95.5

NB . 65.7 75.1 | 70.2
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5.2. Level set

v(t) = boundary of the nucleus in ®(x,t=0)
Ot + FIVP| =0

F=1/(1+V(Gx1))




5.2.1. Colourful speed function

Given C, the set of points of the nucleus
contour and pe C: D,(p) = min(d(p,q))

If 0<d(p,q)<0,

ColorSamplesSet «— RGB2Lab(p(x,y));
Lightness and undersampling?
Maximum likelihood:

ML=argmax,  P(S|h)




Original image Evolution of tha front Original image Evolution of the front

o¥

Original image Evolution of tha front orlginal Image Evolution of tha front

(b) (e)

Criginal image Evolution of tha front Original image Evalution of tha front




Ushizima et al., Leukocyte detection using nucleus contour
propagation, LNCS 4091:389-396, 2006.
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Cells search

Search for cells on Hernatlas database,

Cell type
I an

™ Basaphil DetL
rEosinophiI F"Fralymphucyte
W Lymphacyts ™ Hairy cell

™ Monocyte ™ Mantle cell

™ Meutrophil T srmudge cell

Hematlas

Cells search

12 registers found | New search

Lymphocyte Lymphocyte
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