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Abstract

The human brain can be viewed as a most complex network and understanding the human
brain is a major issue of concern in biomedical signal processing. In our research work we
have carried out the study and analysis of human brain by using MRI as imaging modality
and graph theoretic tools as mathematical apparatus. The MRI is a non invasive
Neuroimaging technique that provides structural information of brain and offers high spatial
resolution, hence we have used MRI data in our work. The graph theory provides the
platform to model the complex brain network mathematically. The research work is mainly
focused on Alzheimer patients because Alzheimer is the most disabling global health problem
and therefore understanding the structural connectivity of brain has long been the central goal

of neuroscience.

In order to explore the possibility of finding the biomarkers of Alzheimer’s disease, we have
carried out the graph theoretical analysis of whole brain using MRI data, corresponding to
three classes of Normal controls, MCI and Alzheimer’s and compute various graph theoretic
measures or brain measures. Since it is well known that Alzheimer causes various brain
regions to shrink, it is natural to expect that it would lead to changes in the structural
connectivity. Since the graph theoretic tools are best suited to capture this information, they
were the natural choice, as mathematical tool, for our study. The structural connectivity
matrix for each category of normal control, MCI and Alzheimer’s is built, the graph
theoretical measures are calculated and the brain graphs are obtained. These brain graphs
describe the pattern of connectivity in each category of normal controls, MCI and
Alzheimer’s. These graph theoretical measures and alterations in network topology may act
as quantitative biomarker of Alzheimer disease. Further to analyze the deep down networks
of brain, we have carried out the graph theoretical analysis of sub cortical regions of brain
and also sub field regions of Hippocampus as Hippocampus is the first and foremost region
affected by Alzheimer disease. Through our analysis we have tried to establish the link

between the connectivity strength and stages of degradation of brain due to Alzheimer’s.

As a first step, we carried out the group analysis, so in order to analyze the structural
connectivity of single subject, we propose a novel approach to define structural connectivity
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matrix of single subject in terms of weighted adjacency matrix, to form graphs and carried
out associated analysis. We use two different structural features, namely cortical thickness
and cortical volume to compute the weighted adjacency matrix. In single subject analysis, we
have computed connectivity measures, namely, connectivity strength and Algebraic
connectivity and also carried out comparative analysis of connectivity measures for each
category of Normal controls, MCI and Alzheimer’s. These connectivity measures and their
comparative analysis provide clear differentiation between Alzheimer’s and Normal controls

and between Alzheimer’s and MCL

Recently, it is observed that the eigenvectors, corresponding to lower eigenvalues, provide
class specific information, that is the information that does not change much within a class.
The space spanned by these eigenvectors is termed as invariant eigenspace, as it does not
vary much from realization to realization. Motivated, by this, for deeper understanding of the
disease progression, we have carried out the invariant eigen space analysis, corresponding to
three classes of interest, namely, normal controls, MCI and Alzheimer’s. Since, in our work
the main aim is to quantify the structural changes, suitable modifications are done. In
particular the analysis is performed with graph Laplacian matrices instead of covariance
matrices. Near invariance of intra subjects is clearly observed. . Our experiments show that
changes from normal to MCI to Alzheimer’s are gradual and hence can play vital role in

diagnosis of Alzheimer disease.

In our work, we propose two approaches for finding graph distances in order to classify the
diseased state from healthy state i.e. Alzheimer’s from Normal controls and Alzheimer’s
from MCI. In our first approach, we calculate eigenvalues and eigenvectors of averaged
graph Laplacian matrices of three categories namely Normal controls, MCI and Alzheimer’s
separately. In our work, we tried to classify Alzheimer’s from Normal controls and
Alzheimer’s from MCI by examining the distance between Eigen spaces spanned by invariant
eigenvectors. In order to find the distances between invariant Eigen spaces, we have used a
distance measure, where the angle between two spaces is computed and is termed as
“Principal angle”. We found that the principal angle between subspaces provides good

classification between Alzheimer’s and Normal controls and between Alzheimer’s and MCI.

To capture the progression of disease from normal to MCI to Alzheimer’s, it is natural to
have representation which captures differential information. For this purpose our motivation

comes from a recently proposed, matrix pencil based approach which quantifies differential
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information in different classes. We use that result and specialize it to graph theoretic setting
to quantify differential information for the three classes of our interest, namely, normal
controls, MCI and Alzheimer’s. Using matrix pencil method we are able to classify the
diseased state from the healthy state and also define a matrix which is normalized graph
Laplacian matrix to quantify differential information in terms of distance measure, called as
‘Principal angle’. All the results and the findings suggests that the distance measure i.e.

Principal Angle may act as quantitative tool to classify the diseased state from healthy state.



1SIRS

AT ATETSH T o SIfeo deded & T H QT of GohdT § 3R TAARHT e
FATHT H HAleTd ARETSH T FHASIAT RIAT FT Uoh JHG FT &1 39 MeT I & gAA
THRIATS il AT AT & ¥ # 3R 76 Agifaeh YRV Sl IOIT 3TRIOT &
T F YT dleh AT HTEdSHh bl 3EITA 3 TIAT0T HaT &1 THIRIS T IR-
3MTshTHS GUSATSIT Teholleh § i HIETSh hl AIATCHSD STeTehRT Te&TeT el & 3N
39 TTioAeh RATog2rel YaTe il §, SATAT §Hel 319el 1A 7 THINIS ST 1 3UATeT
T &1 I Rigia Sifiee AfTTSH Acash HT AOTNT T T Alsel I & [oT 7 Terel
YT 81 A PR FET T I JoollsiR AT R Higd § Fifeh Ieolsm Fad 31a1d
FeT dTell AfRgeh TAFLY JHEAT § IR AT AFETSH Sl EITAcHS PellFeider al
HSTAT s THET Q dT¥aT [T T harT 18T T o |

3TeolSHAR AT & STATHTRT Tlolel Sl FHTIAT T IdT 3Tl o [T, §HeT AT I,
THHEIINS 3R 3reosAR & i G9lf & IHeT&T THSRS ST T 3UANT e U AfeTsH
T I gifas faeavor R § 31 [JAffee ame Agifas 3urat ar affases urat &
ITAT T | <ffeh Ig Fafafed & o 3esiiga & wRuT AfEdss & faffiee a7 s sia
¢, SATIT Ig 37HIG eIl TATHITAS ¢ Toh ST TIAATCHS ol [FeTdel H SGeld JATa|
ieh I Agifcieh ITRIUT SH SATABRT I Yol oA & T FI 39S 8, FHAIT A
EAR 3T & o A0 39auT & &9 H TOTHTGS 98¢ I FHET g9,
TAAITS 3R 3easam i Tcds Aol & foT TXasTcHs Safaeiacs Hfesq Saram
&, ITh I 3UTAT T ITUTAT T ATAT & R ATRTTSH ATh e v 1 § 1 F AFETSH
I AT FIF0T, THHRTS 3R ealiBamT 6T YA Aol F waifdefadr & teot &
guid X &1 ¥ I AP 3urT 3R Aecad Adidiel # aRade easa 9T &
HTATcHS SIATATRS oh &I H I H Tohd o | ARCASH & IEY Acdeh HT [AReIV0T el &
forw, gaat Affase & 3u-Fifeha &t 3R feahergw & 39-817 &3 FT I Tgifas
faeeIvoT fohar § Fifeh fETdiehead TeaTsaAR a7 @ Fenfad Tgel 3R Fad HgeaquT &7
g1 31Te) FAITUT & ATETH A §HA TATFeiaer efFd 3N FealsA & HRUT ATETSH &
&TXUT oh TRUTT o S Y TATTA hial T IIATH ThaAT & |

Ugel HGH & ®9 H, §Aq HAg [A20NUT AT, sEfAT Tehel fawa 1 w=ecHS
SaATereidel I fa2evuT el & folv, g HIRAT 3MHesT AfCHT o TGH H Tehel AW Hr
TITTcHS holiFeidey HICHd Pl TRATT Fel, AH TATel 3R fAsaried et & e




Uh 3UATH TTOCHIUT T AT FId ¢ | TG AT, IR 3T Afeerq Fr arorar
T o TN & & 3TelT-37el9T TTITcHS A3, 37T Sifeshel ACS 3R Piicha
dlcgA & 3TANET FXd gl Tehel fAWT fARANUT #H, §A Faifaeiddl 3Uml, 3T
FolFeidel diehd 3R SISTIIOIAT FHfaeider @l 0T I § 3R AT @I,
THHNIS 3R 3HeoTgA T T Tcdeh AN & fAT waifdrefads 3UTdT sl Jeleilcreh [a2ervor 8ff
fohar &1 A aferefad 3urg 3R 3Tehl JolelicA e faRelvoT 3eaTgar R AT fag=or
3R 3reatsaR 3R THAHNIS & & TOSE 3R Ul aid & |

gTel €1 &, Ig @M 91T § T Toierel TS aleTd ey & 3708 TS oleidere, Jq7 fafRrse Sieiehry
geTel i %‘:, Il dg STARRT 3 Teh J97 & faX STed a_-l'eﬂ' dcoldl %’I Sdl eigenvectors
WWWFWHﬁmﬁ?ﬁﬂeigenSpaceWW%,Wﬁﬁmﬁmﬁ
g e el 81l &1 388 IR g1, W37 A Ja1fey Y 788 ToAsA & fore, e 3 &
oot @i, 3rTel AT AT, THHITS 3R HeoTgHR & HTRT ARTAAT Soled TIH
faverwor fhar &1 I, §AR A # HTT 3237 WIelcAs IRadaAT Hr AT FeiRd
AT 8, ST 3UYFA TN fohT ST &1 fAIT §7 & fAReIwor Fggaror Afead &
IO AP AT AT ARTT & TrT fhar Jrar g1 3ar fawad & oereqer
HIRTITNSAT TASE T T @ S 1 . §AR JAN & T Tolar & & am&=a &
THERTS § 3eoligai H gRads 89R-4R giar g 3R safov seegaR 197 & e &
FgcaqUT STfAT FoVeT TeheTT &

391 T H, §H WITIE HTEUT T TIEY AT I Fafiehed el o T a1meh gRm @rsted
& ToIT ar TfSeahIvT gEaradd ad & JTell AT [HAIT0T & oo 3R tadism &
3eolSH Y| AR Ut eiieaor &, g7 T A0 3r2atq g fAg=or, vaesns 3k
HeoSA T & AT I ATCelTaTA Afgard & 3MSIAdey AR MSoAcidere Sl 3Heldl-
3TETIT IMUTAT A g1 et FHIA H, gHa JIRATAT goleTdearel GaRT hellT T Foiel
T & dr & gl T AT i IealgH A H AT A0 & 3R 3reaga R
THHIITS @ Fafiehel el o1 TATH FohaT| TARTAAT HTSTeT TATAT o STl T gl STl oh
ToIT, §Hel Ueh g1 AT T AT TohaT &, STET &l FATA & STl & 10T shl 0T T STl &
3R 38 "TUTST HIOT" FHT SATAT ¢ | §HeA IIAT o 3T-FATAT & ST T HET HIUT HeaASH
3R FrAT fAT=0T 3R 3eagaR 3R TAARE & o 31TaT gafieoT Yald axdr g |

AT T THHITS T HoollSaR doh sIART T aTfa l s & fow, W& ufafafaca &
BT TATHTTAR & ST 3TeH3T-3TeT3T SATAPRI AT FAT & | 3 352 & TolT §HRY YOI &I &7
H yrarfaa, Afceg 9ffe 3marRa eeior & 3t § o affee gait & 3refer-37eter




SRR I AT AR HTT &1 7 39 IRUTH &7 39T Fld ¢ 3R 39T 3= & T
galt, AT AT, TAEA3S 3R 3easiR & foav fases Sy & & FuiRa
o F for Agifas afeer A % = 7 _AAva g1 &1 ARerw I¥e [/ Fr 392309r
hleh §H UIIEC HAEAT hY TGEY HTEUT H affehe it H TaTH & 3T Teh Afeard ant ot
ARHATTNT I 8 ST g AT & Fedl & 3T STy ! AT & TIT ATART Ah
areenfaae #feaw §, W W@ o FEr e g1 @ oo iR ey aqra § %
&Y AT ITeAT FHTT 0T ITIEA ITEUT T TIEYT HTEAT § FIffhe ol & fT AmTeH
3YHIOT o & 7 1 W ThcT |
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