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The Symptom Classification of Alzheimer’s Disease Based on
Machine Learning: A Functional Near-infrared Spectroscopy Study
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ABSTRACT

This paper demonstrates a technology for early diagnosis of Alzheimer’s disease through a portable fNIRS
device so that Alzheimer’s disease, which has become a serious social problem in the aging society, can be
easily screened and appropriately treated to patients. To prove the hypothesis, the brain signals of normal
people, mild cognitive impairment patients, and Alzheimer’s disease patients obtained from the fNIRS device
were classified through machine learning using an artificial neural network model. Participants in the
experiment performed behavioral tasks based on working memory, and changes in cerebral blood flow
occurring in the prefrontal cortex of each participant during the task were collected using a portable fNIRS
device. Using the collected data, features based on functional network analysis of the brain were extracted, and

Alzheimer’s disease diagnosis performance was evaluated using machine learning algorithms trained through the
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extracted features’ data. As a result, normal people, MCI patients, and Alzheimer’s disease patients could be

classified through 2-class classification. Through this result, this paper is able to show the possibility of early

screening of Alzheimer’s disease severity by using portable fNIRS device.
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(1) = b; + wyxy + wyx, (5)
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38 9. 717 shrell AHEE Al
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w5 Aele] okelz
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b et e 20 4o 71
A5} sh= dlof] 7]ofdich o] il ta’= (5)ell et
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FA3} g wE AR 243 e A | o
9 el 29 y= sk 18 95, 4 6

oA % 4 9l s o] Ak A7 B Y
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o F3 715
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JE] b

= & TZMHL ARE A
Z & F gl iAo R 4] (9= j%m Softmax
T oA Al ol Tzl BE 1 3e A

TEksted kel FAE 12 Ak

Qo] Ag- dloje] A= wiA Welsk A
(HC, MCI ¥ AD)H = E3ldr). EHsls St
T Ige] AdEls]e] 71A ey Z2AAE X, o]

‘n'th layer
‘n-1'th layer

Fig. 9. Symbolized diagram of a node consisting one layer in and detailed equations. (A) Diagram of input layer and a node

of ‘Ist layer’..
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(B) Diagram of ‘n-1’th layer and a node consisting ‘n’th layer.
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F 2. AIjK ANN =mHle] 3
Table 2. Number of neurons and activation functions for
the layers from the ANN model.

Number of neurons o
ANN Layer consisting a layer Activation
function
HC-MCI HC-AD MCI-AD HC-nonHC
Input layer 71 136 81 84 RelU
Hidden layer 1 128 128 64 128 RelU
Hidden layer 2 64 64 32 64 RelU
Output layer 2 2 2 2 Softmax

23kt 22vh LooCV v =E 17h2] A= d)
ole] & HIAE dloJe] AEREH F2gt 5 A5S Al
3Jgic) o] Al = B dlolelr} Aol g W
H2E dlo]el7} & ujzlA] ubEE ik £ A2 73
Soll= AF 71 Aol dloJe] MEeA shie] ME
H2~E dloe] AER Aelslar vir]x] dlolE]=
& dloje] A EZ fA|5le] ANN Rd-& 2% 3)3)
t}l "R C 2 LOOCV & WAl A3E2 * 2
3y Prlom AlFste] F A Xé%‘fEé

Holoh AZ gAoA] Q& nE EF JPHEL 0]3
shte] 2 * 2 &5 AR Holy] $]d 7 Eﬁ%@]
742 A o 2 Hs|F]

e = 520 HL%EM ARk 20 7]

r@' 32 Rt m[o
[o}

ot

= &
H o L
F 4R el 2 % 2 EF BEzA hehd % 9]
ot} B o] AHws) /R o B gas

Adlsle] A Aslgch BE A4 F == *Tensorflow’

=9} 3 WAl 2y glo|BalE] 'Keras' S AR
sle] Python o2 *H=x|g]c)

fbe AR 4 A3E AR Re] S e
T dellr] A A A E vlashy] 9§
B AA AF=9lc) Talia, M. 9] =H-oll4, AT
2 X E HE wASVM) 7R E5-E AR
L6 o]So. =7 MRI 7]4F &4} el o)W (DTI)
A3 AHgsle] dlolelE 715 staleh 25 dlofe]
oA a‘ﬂtﬁ UE AZ(MDP)E F& 4oz w53}
o AD el AHEsisleh. aotebAb, 15 9

E 3. Talia, M. et aloll oJ&] 3l Alge] FJalgdx} Aw
Table 3. Demographics of referenced paper written by
Talia, M. et al.

AR RE 23 Al ARE AAS EAES
Qo] 35 Alaflc

Siqu, L. et al.o| .Cllz‘;ﬂ AFAJE] RO ADO] =

F’F

2 yEisle] xS B53)7] 93 ANN 7)ub 7]74]
S ARSIk 158 3D 7]HP MRI % PET

(o]

VIR S A3l F48 Eﬂ_i = % P4 <y
(RODE &= d = 77 9] A
27, 169 2] MCI 22}, 65 2] AD $x}= o
Ao @ ok=sleln] W A7 <dAk o|u|AE|H. (ADNI)
dlo]efmle]2ellA] MRI o]V E 3315tk

ARt 2204 wlasky] f1E ANN 7]HE 4
Foll AHE- ¥ Fdg ol AEE ARS3le] SVM
7|8 R PR Akl SVMS AM-E
u dlole] AlS EF317] $13] RBF (Radial basis
function) A8 AH8-8t1 SVM =2dlS F=37] ¢
3 Python #}o]B2{2] ’Scikit-learn’& AF8-3}3ith
P A 25 A= olelle} 2k

X 4= A7 vH Z77 MCI ¥ AD 3= %3
3l BE xS BRsls BF Aste S HolFEr 3
4of|A] & dg3lo] Zﬂ‘*ﬂ R darE]ge] 7
Blel Wa|shd AlE <lAlsl: dlel| #3d Ew
= 883 %= el

3 59F 62 27 iR SRS A= o
2} gde] £ 7o 2R3 AE HofFr) ol B
obare|ge] & 4ol ®Bol A3t AA| FRFElAl v
ehbs 548 ssloleS ®olr| $l8 = vk

WA, AA AZEE AHEE Talia, M. 9] =1
A7} BReld 7P =2 AgeE 1grh g
F 7He] ANN 7|8 2575 vlaelol S o, 2 A9

ru k:u

T 4. A7 OETs) e vy k] 28 As)
Table 4 Machine learning based classification result of
categorizing HC and nonHC (all patients) group.

X UL (88 Overallaccuracy  HCclassification  nonHC classification

(Maximum) accuracy (%) accuracy (%)
Proposed
. 88.3 86.1 89.9

E 5. tET MCT 3] B A3e v
Table 5. Overall classification performance result,
classifying healthy controls and MCI patients. Only

HC MCI AD maximum accuracy values were written All values are
(™ = 50) M = 113) @ = 37) referred from [26, 27].

Age 72.1£5.9 72.6+7.4 75.749,3 He - Mal
(years) (Maximum)

Talia, M. et al SVM 820 80.0 84.6
Gender 22MP28F | 7OMM3F | 21MJ/I6F il
(M/F) Siqu, L. etal ANN 76.3 743 781
?:i\:i];‘ 28.8+1.5 27.8+1.7 23.0+2.0 i ANN 80.5 86.2 76.4
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Table 6. Overall class1f1cat10n performance  result,
classifying healthy control and AD patients. Only maximum
accuracy values were written. All values are referred from
[26, 27].

HC-AD
(Maximum)
Talia, M. et al SVM 793 80.0 78.4
Siqu, L. et al ANN 87.8 88.6 87.2
Gicpczed ANN 878 85.7 89.1
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Table 7. Machine learning based classification result of
categorizing MCI and AD patients group.

MCI - AD Overall accuracy  MCI classification = AD classification

(Maximum) (%) accuracy (%) accuracy (%)
Proposed
s 90.8 96.1 849
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