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Abstract

In this thesis, we design a novel integrated Alzheimer’s Disease (AD) detec-
tion model that exploits both the static and the dynamic brain connectivity
based features extracted from resting-state fMRI (rs-fMRI) data to detect
AD in the early stages. First, the static connectivity based AD detection
model is designed wherein we propose a novel graph frequency based feature
extraction method by relating the findings of two neurological experiments.
The discriminating graph signal features thus extracted are then used for
the classification, which is performed using a properly designed Graph-CNN
(GCNN) based graph signal classifier. Performance of this proposed model
is then experimentally validated using the rs-fMRI data from ADNI dataset.

Although the aforementioned model classified the normal subjects and
the AD patients, with reasonable accuracy, in order to improve its classifica-
tion performance further, we propose a modification to the existing GCNN
architecture, which acts as a graph signal classifier. We design a novel graph
wavelet based two-stage multilevel graph coarsening algorithm which is then
used to perform the pooling operation in GCNN. The first stage of coars-
ening uses the graph wavelet based features to coarsen a given graph which
is followed by an optimization based second stage, wherein at each level of
coarsening, the restriction of the original graph Laplacian is preserved to

obtain the reduced graph Laplacian. Efficacy of the proposed coarsening
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algorithm is verified in the general context using different graph coarsening
quality measures. Its effectiveness as a pooling operator in GCNN is then
validated by employing it for the graph coarsening operation in the GCNN
architecture. Improvement in the AD classification performance using this
modified GCNN architecture attested the superiority of the modified GCNN
classifier over the existing approaches for early detection of AD.

Having verified the efficacy of the proposed static connectivity based AD
detection model using the rs-fMRI data, we then design a dynamic connec-
tivity based AD detection model which is then integrated with the earlier
model to improve the AD detection performance further. We propose a
novel approach to characterize the dynamics of the time varying graph con-
nectivity using the state-space representation of the graph signal, wherein
the dynamic brain connectivity is modeled as a state of the system while
the input graph signal serves as an observation. The dynamics of the time
varying graph connectivity is characterized by the resulting state transition
matrix which is then used as a dynamic connectivity based feature for AD
classification purpose. After verifying the utility of this dynamic connectiv-
ity based AD detection model, we integrate it with our static connectivity
based AD detection model discussed earlier using multimodal deep learning
architecture. State-of-the-art classification performance of this modified AD

detection model corroborated its efficacy in AD detection application.
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S Y TG H T U NG Yehighel STeuTiIHR fSiIST (AD) SIgH-4T a Ui
MDA faT 8, S rs—fMRI ST & UTH bt R d wifefiet Afkecrsas Garstasan
TR STETRT LU F URHep 3l H &1 SFeSlFR BT FaM @R ofdl 8 | HoMd:
U% R TANIahdT R SMeTRT AD SFEE T Ui Sifiafedd fawar m g,
R 89 &1 AR TN & SN I Sireas Ueh TfH=d I 3Tgft amerRa
&1 UTH R D1 TS IR aval @ | 99 TR FapTet 1Y e a6 fAwe
AL BT STANT T I B I ABAIT GCNN TenRa I fuet FifdRe &
femfor & foig fobarm o & | 599 s wfcmT a1 e fR ADNI Seie & T
rs—fMRI STT BT ST D TANTHS BU I T B 127 2 |

T IIRRh Tl 7 ¥R @fth 3R AD IfAT @ 3fo Ftaar & e
aiffepet e, 31U fepvuT U2 T SR &1 & folg &9 a1 GCNN ATfhceaar
N HNE BT YA PR &, A1 Dl U ATh e FMdRS & w9 H BRI Rl &
| gHq Uh AT TTH wavelet—3METRT fogmRoT Elg??l'ﬁ?i[ I coarsening O
ST Pt & et ST iR GONN H qfelT Hrf @ & faig foma T 2 |
Coarsening &% T TRUT H AT dgeic MR A0 BT IUART ATH BT DI =
o forq fovarT 71T & | S¥Teh 918 Uh SEHIGHRUT STTETRT GERT a=ul 81T 8, forH Il
IR T DRI H el AT AT &b Hicae Pl TRIAT I3 Y coarsened I
AR UTH PR 8 | IR DRI HoTTeft i FStehar ol I el o
fafeyer 7R PRI GRHATON &7 ITART HReh FeATiiT B Tam 8 | GONN H gfedT
TATAd & W0 H SHD! URUMASHRBAT DI YOI PR & oy SaHT ITA R
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GCNN ¥ IT% DRI B & Ty MRS fbam 11 8 | Henferd GCNN aTfébcarar
&I AD T BRI # SIEeR Fiffesur AetadT SHeT AD ET BRI H SIS & THTI0Id
PRAT 2 |

TR R HATSTendlT SMETRT AD STIH-8T Ui i Feidhal ol rs—fMR|
ST ¥ AT PR & T4Td 89 U Tl FaoredT TERT AD g4
oM STfefeta axd & | AD IS & &Y FciedT do™ & iy 89 39 R 89R
qd IR AD IR T o T2 Tehidhel a_dl & | &9 U 31f¥d state-
space JMMYTRT g BT UL HRd &, SAT ATH TSI Bt Tfaefierdr o el
R &, foH Tidefier AT FaTord fAwCiT o state & B0 H HRF Bt STl
g, Safd fdw a1 f9uet W observation %Wﬁiﬁﬁfmg|wﬁﬁw
&I Tfrefierar @1 ¥ i Aicad Rifgd wvar 8, e T AD Flfevur &
foT Uep TTfiefier ST SMETRT T80T & U H IUART haT ST & | 39 Tiorefiet
AT TR wfda™ 6 ITNAAT B GG dRT & I &9 Toc Hisd
ST AT 3MfdhcaeR BT IUTIT H_a g 391 O g Al (2R TiTsTehall SemRd
AD STTHE UfTHI 1T Thigd el & | $ Wbl AD SFIHET M 1
SR FPRUT T&el SHD! AD S BRI H ITANFIT i g e 2 |
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