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2. A fuzzy logic based tomography image analysis method for automated Alzheimer's disease diagnosis

Pedepar:

1. Po3po6eHo MeTo[ aHasizy TomorpadiyHux 306pakeHb MO3Ky 3ac06aMy HEYiTKOi JIOTiKY 1171 AiarHOCTYBaHHSI
XxBopo6u Asbireiimepa (XA). Po3po6sieHO CTPYKTYpY i IPpUHLUIIA POOOTU aBTOMAaTHU30BaHOI CUCTEMU
IiarHocTyBaHHs XA Ha OCHOBI aHaJli3y ToMorpaQiuHux 300pa’keHb MO3KY 3aC00aMM HEYiTKOi jioriku. [TpoBeneHO
€KCIIEPMMEHTAJIbHE IOCIIIP)KEHHS pealbHUX TOMOrpadiyHMX 300paKeHb MO3KY JIIOJAVHY TPhOX IPYIL: 3L0POBUX,
xBopux XA Ta 3 IOMipHUMU KOTHITUBHMMU PO37afamu (paHHS cTafist XA), B pe3yJibTaTi 40ro miATBepakeHo
e(eKTUBHICTb CTBOPEHHUX Ta BAOCKOHAJIEHUX METOZiB Ta 3aC00iB JiarHOCTYBaHHS XA, 3aIIpOIIOHOBAHO METO],
BMOOpPY Ta COPTYBaHHS O3HAK Ha OCHOBI CTATUCTUYHUX KPUTEPIiB Ta METOAY FOJIOBHMX KOMIIOHEHT. Y POo6OTi Habyiu
[I0/IA/IBIIOTO PO3BUTKY METOIY OTPUMAHHS 03HAK TOMOrpadivHMX 306pakeHb MO3KY JIIOAMHY IJISIXOM BU3HAUEHHS

HaN6i/IbII AUCKPUMIHAHTHUX 06J1acTel iHTepecy ToMorpadiuHux 306paskeHb MO3KY Ta PO3paxyHKy O3HAaK JJIst



IiarHOCTyBaHHA XA Ha OCHOBi aHATOMIYHMX aTJIACIB Ta CTATUCTUYHUX KPUTEPIIB, 10 JO3BOJISAE€ 3HU3UTYU MOKIIUBICTD

HaJIMipHOTO JIialrHOCTYBAaHHS Ta MiABUIIUTH CTATUCTUYHI TOKA3HUKY SIKOCTi aBTOMATHU30BaHOTO OiaTHOCTYBaHHS XA.

2. The new method of analysis of tomographic brain image by means of fuzzy logic in this work was developed and
investigated. The method of selection and sorting characteristics based on statistical criteria and principal
components analysis was developed. The internal structure and principles of operation of the automated system
for diagnosis of Alzheimer's disease (AD) based on tomographic brain image analysis by means of fuzzy logic was
presented. The experimental studies result of real tomographic images of the human brain in three groups: healthy
patients, with AD and with mild cognitive impairment (early stage Alzheimer's) confirmed the efficiency of created
and improved methods and means of diagnosis of AD. The proposed approach of analysis based on fuzzy logic
using MRI, PET brain images features as well as multimodal features based on MRI and PET brain image for AD
computer-aided diagnosis was presented. The proposed approach uses clustering algorithm for rule synthesis.
Mean values of voxel intensity in spatial regions of interest which were extracted from normalized MRI or/and
PET scans of brain gray matter were used as features. In order to improve the classification performance and to
diagnose AD, outputs bagging (averaging) was performed. Tomographic images of the brain that are used in this
study were obtained from a database of Alzheimer's Disease Neuroimaging Initiative (ADNI). This image contains
1.5T / 3.0T MRI and PET 18F-FDG images, which were recorded from 249 subjects, of which 68 are control group
(NC), 70 represent a group of patients (AD) and 111 represent a group of people with cognitive disorders (MCI). Area
under receiver operating characteristic was used as a classification performance measure, being function of the
number of brain anatomical and functional regions of interest from which the features were extracted. Leave-one-
out cross-validation was used to estimate performance of computer-aided system for AD and mild-cognitive
impairments, resulting in accuracy, sensitivity, specificity and positive predictive value characteristics of fuzzy
classification between different groups. To estimate the threshold of diagnosis, harmonic mean of sensitivity and
specificity as well as area under the ROC-curve were developed in this work. To reduce possibility of over-
diagnosis and to improve statistical indicators of the performance of automated diagnosis of AD in this work the
methods of obtaining features of tomographic images of the human brain by determining the most discriminant
regions of interest in tomographic images of the brain and calculating the characteristics based on anatomical
atlases and statistical criteria were further developed. The priority area determination is based on the anatomical
atlas by the spatial arrangement of regions of the brain, and based on Kolmogorov-Smirnov, Student's and Mann-
Whitney statistical criteria. This approach allows to sort the region of interest in accordance with the difference
between them for tomographic images of healthy and sick brain and determine the most discriminant region to
account only the most significant changes in tomographic images of the brain. On the basis of the principal
component analysis and tomographic images voxel reorganization the feature extraction method was improved.
For this purpose to calculate an ordered basis of eigenvectors by solving equations and eigenvectors sorting
according to values of corresponding eigenvalues modules.
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