B Classification of Tissues in Computed Tomography using Decision Trees
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Motivation

Run-Length descriptors capture the coarseness of the Training Data

TeXtU I'e M Od e I S texture in a specific direction.

run-length  texture information from computed The run-length matrix p(i,)) is defined by specifying the
tomography (CT) images can be used to automatically direction and then counting the occurrence of runs for
classify and annotate normal tissues from regions of Data: 344 DICOM images What is Texture? each gray level and length in this direction.
interest of heart and great vessels, and liver, renal and « a measure of the variation of the intensity of a surface,
splenic parenchyma. quantifying properties such as smoothness, coarseness, (i) Dimension corresponds to the gray level (bin values)
| o | liver, renal and splenic parenchyma, backbone, & heart and and regularity and has a length equal to the maximum gray level
Automatic classification and annotation of these great vessels (bin values) n

« a connected set of pixels satisfying a given gray level :

iImages will save radiologists time and assist them in : ) : =~ % .
orocessing large volumes of patient data property which occurs repeatedly in an image () Dimension corresponds to the run length and has
' length equal to the maximum run length (bin values).

Classification

This project will demonstrate how co-occurrence and ORGAN Sensitivity | Specificity | Precision | Accuracy
99.7% 99.5% 99.2% 99.6%
Liver 80.0% 96.9% 83.8% 94.1%
Heart 84.6% 98.5% 90.6% 96.5%
Kidney 02.7% 97.9% 89.7% 97.1%

Spleen 79.5% 96.1% 73.6% 94.1%

Backbone

Examples of Decision Tree Rules:

+ |F (HGRE <= 0.38) & (CLUSTEND <= 0.05) & (INVDIFFM
<= 0.74) & (SUMMEAN > 056) & (RLNU > 0.02)

THEN Prediction = 'Kidney', Probability = 0.94

Testing Data

IF (HGRE <=0.38) & (CLUSTEND > 0.05) & (SRHGE <=

Active Contour Mappings (Snakes)

: . . Texture Models: 216 (EN_TROPY' <_= Ol'51) > “‘_BLGE > u.15) ORGAN | Sensitivity | Specificity | Precision | Accuracy

System Outline : :lﬁx botundary-bzsed :,gg:plentgn?n &alc_;;.orlthm. t e M-atrices ) . THEN Prediction = Liver', Probability = 1.00 Backbone | 100% 97 6% 96 8Y% 98 6%
e + Input: a number of initial points & five main parameters : 112211 - .

R¥Bien LiadrEm that influence the way the boundary is formed. Run-Length Matrices 331122 | O [N1oJ2 (3 |a |5 s : - = L i 2.0 et 2B

. Y ry i IF (HGRE <=0.38) & (CLUSTEND > 0.05) & (SRHGE < 5 - > "

MRS 112311 0.19) & (ENTROPY > 0.51) & (GLNU > 0.02) a2l febh || s || BhlAL | Soh
+ Texture Models 312211 NSNS RN ' | | Kidney 86.2% | 97.8% | 875% | 96.0%
_ e : " 113222 THEN Prediction = "Heart', Probability = 0.96 ' ' ' :
— Co-occurrence matrix Definition of Co-occurrence Matrix: 231129 S SIS S Spleen 70.5% 95.1% 62.0% 92.5%
_ Run-length encoding matrix + Co-occurrence captures the spatial dependence of . ) sl4 1|0 00 8

gray-level values within an image.

« A 2D co-occurrence matrix, P, is an n x n matrix,
where n is the number of gray-levels within an image .

« The matrix acts as an accumulator so that P[] counts
the number of pixel pairs having the intensities / and .

« Classification
— CART Decision Tree Specifications
— Important Features
— Decision Rules
— Model Accuracy for Training and Testing Data

Example: A ftrue positive
occurs when the classification
system correctly classifies a
heart image as a heart image.

Eleven Run-Length texture descriptors are calculated
to capture the texture properties and differentiate among
different textures.

Short Run Emphasis (SRE) |Long Run Emphasis (LRE)

High Gray-level Run Low Gray-level Run
(753579 ) Emphasis (HGRE) Emphasis (LGRE)

1
342163 5 ] b Short Run Low Gray-level | Short Run High Gray-level
in values

863456 9 Emphasis (SRLGE) Emphasis (SRHGE)

Example: A frue_negative
occurs when the system
recognizes that a liver image
Is not a heart image.

System Diagram

« The values of the five parameters simulate the action of

T 2468123 2 Long Run Low Gray-level  |Long Run High Gray-level
Tissue — Internal: designed to keep the snake smooth during ; g : ; 3 2 LA Emphasis (LRLGE) Emphasis (HRHGE) Example: A false_positive
SEChEE ok deformation. % g \/ / Gray-level Non-uniformity | Run Length Non-uniformity occurs when the system
ARIVRLONIOU (GLNU) (RLNU) classifies a non-heart image
Mappings — External: designed to move the snake towards the Original Matrix bin values e b e
| boundary. Run Percentage (RPC) ge.
70 + Qutput: the curve evolves to match the nearest internal Bin Pixel Values _
Classification Rules I boundary, typically based on gradient intensity 0 12,3 Texture feature extraction:
4 i \ p o measures. 1 45,6 For each segmented organ image we calculate 21 features Summary References
HGRE <= 0.38 And .. results 2 789 derived from the co-occurrence and run-length matrices to = _ _ o
CLUSTEND <= 0.048 And capture the texture properties and differentiate among The results show that using only 21 ' Ear?llck, fR'Nll" K. Sé:anmf”gim 8}EII.:_£)|7r]steln. 'tl'_extural
INVDIFFM > 0.74 And S R R i R — different textures. Eee = texture  descriptors calculated from calures for image Liassircation. ransactions on

LRHGE > 0.46
Then
Prediction = '‘LIVER'

\ Probability = 1.00 j

Hounsfield unit data. it is possible to Systems, Man, and Cybernetics, vol. Smc-3, no.6, Nov.
’ P 1973. pp. 610-621,

« Xu, C. & J.L. Prince. Gradient Vector Flow: A New
External Force for Snakes. /EEE Proceedings of
Conference on Computer Vision & Pattern Recognition,

Furthermore, the results lead us to the 1997.

conclusion that the incorporation of some Raicu, D.S., J.D. Furst, D.S. Channin, D. Xu, A. Kurani,

other texture models into our proposed & 3. Aioanei. A Texture Dictionary for Human Organs

approach will increase the performance of Tissues' Classification. The 8% World Multi-Conference
the classifier and will also extend the on Systemics, Cybernetics, and Informatics, July 18-21,

classification functionality to other organs. 2004, Orlando, Florida.

In order to quantify this spatial dependence of gray-level
values, we calculate various Co-occurrence Matrix
features:

automatically classify regions of interest
representing different organs or tissues in

CT images.

Entropy Energy (Angular Second Moment)

Correlation SumMean (Mean)

Classification: | Texture
Decision Tree 4 Analysis:
(3enerates X Co-occuirence

Contrast Maximum Probability

Confinue

Homogeneity | Inverse Difference Moment
Variance Cluster Tendency

o Run length
Classification Texture

Rules Models
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