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gt ol & 2c9F 2dell dERE AEdl, o714 d(proposed-SGT)E ARk el 12k 3] HE Fo
Hek EXE BolFEr. AF a9t Ut U% 191 239 A5, 243 2 Fo] FEAE tanhAH Fssta
w0 FENM= leaky ReLlUAH #Edhs vb, 3o A9 14} 23bee dgolnz g3t 5o FEolA
77y &= 29 0.35929F 0.99006 0.2 A 83] leaky RelUMH aF 3}, o]2fd 52 184 e A9} o]
B(d) > a()E 2z 279 dEoA #EE=d, ol 0o2 Hddder 8= F 7le b Iy
oMol o] AAZ FHeow WY, Ty agt B EF AEER SF Jhed vzl Wolr] wiEe] BE
Aol A gho] TUsA FrH(= 8). a9t BY HF &2 -0.29 1.3 Ato]= FAMHSICH Ao FUT Fhol
ofd ez yehwth. Add} ddste], diFtEe] dHAA ot B w2 agdel de Fo fFEasdar,
kel d5- B7F aBu At B(F) > o () 25 45, 1A dEolAe 22 azs wan ¢
xol tigk ZYCAJE F2 x9 #oz FRHoz AR, A £5E tanh =8-SR U, ol gt
AE gho] F-ds] AopA= A WAsk: d =go] ¥ whd o =3¢ FEolA = ghol Ao dAsta 4
F3] Sdste] ZE Aol g 1o] Aok, wEbq MEYJIE AEXE JHIE T Zdsis agdE
7FE A998 948 X, a, Br7F 0] B w o] Ag-ol= Sech (0) = o HgFF log (0) = oo} Fro] BEA QI
FHE doA FES ASTY. 7 Fol ofds] FojHA &2 Fhol 715 JA™(E 9), FAE 5 3
=
HENA £d 2 sebvy HAsts H 3l Adam A5} 7IHE ARSI, ol =2d wizhA] st HE o
telEdt= 1aF 71&7] 71t HA 3t dagFolrk. tiA vk Feotb g5 hedk sy (wt) (7HEA /8 a
2 Bok 2 Ao )= ok #2ol Adam H A S ARESte] o] EdT:

ani
Vet &
Q714 o' B WHe Ao 0.0012 FAFH= TF5E A #elL, e & 0] ofd ERE X387 g &
-8

< Aatek s @ (10 Dol S ZHYAE )k T Al # (vt)e] 84
9} [48F2] 10]el M ¢k o] A& ddolEF . o714 b1y b2 ZHzF 0.92F 0.990

Wit = Wy —
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[0082]
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[s=<k4 9]

oy =bymi_y + (1 — b)VE(wy)

[4=3H4] 10]
Ve =byve1 + (1 = b)) [VE(wp)]?

o1714 VE(w)= w7l well tidh EA[E) 9 14 =3, F§ wak dERY E4S yE,

N K

loss(E) = —% Z Z tni 10 (yni)

n=1 i=l1

o

o714 N& K7ie] A% etz el gpis 717l
£35l= ndHA AWMZo e AAtE A 2a(ln)E 9=

o A

I
o
ofji
¥
_O,
k!
E

it 'E!T—g— %%ﬂ]o]‘ﬂ Yni':_:‘ 1\38_7%]] %EH—)—\—OH

ES
=
o
o

<A Al 2> CNN model and methodology

Aljkd He) As W7hE AN §IALOIE 40ellA 2 AD, (N, MCIZ Ao m ®ie 3719 MRl ZSEE
wirste] AT, AFEE MRS /1T SASHA AR AR 10 deb ln oldA S Fbeta AE A
E e S/ A deld 7187 9 B 2D 1A Ve 7 $9E $e v 2qlo] AHEE S
E el

AFEE A ol7lEIX = 3 29 el k. HA o] MEE 5:2:39 HERE A FiE 5, ¥4
(train), FA+(validation) % E|2=E(test) AEZ o 4957] 9 MRI7P FH A}LEHJI, AZL Y3
197709 MRIZF ARgElo, Fdy a8 H2Esy] 98 296719 MRIZE 2] = At

#£ 1
Dataset properties AD participants CN participants MCI participants
Male/female 29/36 22/38 54/33
Mean age 73.55/75.43 75.57/74.43 77.06/72.41
Total number of 65 60 87
Participant
Number of MRI scans 209 305 474
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Layer number | Layer name | Layer description. | Outputsize | Number of learnable parameters
1 Tmage input 64% 64 %64 x | images with “zero-center’ normalization | 64x64x64x1 |0
2 Corvalition 34 3 >( Ix 3-)( 1 convolutions with stride [1 1 1] and pad- 64 X 64 64 % 64 \BNeigj]ls: 1728
ing same s = 64
3 Batch Normalization Batch normalization with 64 channels 64x64x64x64 | Offset=64, Scale =64
layer_gamma3d Proposed SGT function with 2 learnable parameters for _ 0
4 or ReLU/Leaky-ReLU/tanh 64 channels 64x64x64x64 | x=64,f=640r0
5 3-D Max Pooling ;Sllox[:zor]nax pooling with stride [1 1 1] and padding [0 63xE3xE3xes |0
6 Convolution 34 5X5X5X64 convolutions with stride [1 1 1] and pad- 63xE3%63x6h V\feights::?ll K
ing same Bias=64
7 Batch Normalization Batch normalization with 64 channels 63x63x63x64 | Offset=64, Scale=64
8 layer_gamma3d or ReLU/Leaky-Rel.U/tanh Pro!:losed S foncpibts it 2 iarnable prmstemsie 63x63x63%x64 |a=64,f=640r0
¢ 64 channels
9 3-D Max Pooling 2% 2 %2 max pooling with stride [2 2 2] and padding [0 I x31%31%64 |0
00;000]
10 Convolution 34 7}: T 7!x64 convolutions with stride [1 1 1] and pad- 31%31x31%64 \é\:’eig_hts: 1404 M
ing ‘same ias=64
11 Batch Normalization Batch normalization with 64 channels 31%31x31%64 | Offset=64, Scale=64
12 layer_gamma3d or ReLU/Leaky-ReLUtanh gﬂiﬂff'r fanction with learhable piradetes e | o nminini. | wtilPlbhiari
13 3-D Max Pooling EB-ZOXOZDTH pooling with stride [3 3 3] and padding [0 10%10x10%64 | 0
14 Caimslition 3—} 9{9 x9x64 convolutions with stride [1 1 1] and pad- 10X 10% 10 64 \\jeig_hts:Z.QBS M
ing 'same Bias=64
15 Batch Normalization Batch normalization with 64 channels 10x 10x 10x 64 | Offset=64, Scale=64
16 layer_gamma3d or ReLU/Leaky-RelLU/tanh Propiecd SQT-fungtion withi leamiable paametsia i | v riegsemn =64, f=640r0
64 channels
17 3-D Max Pooling 3)5l20x')20Tax pooling with stride [4 4 4] and padding [0 IxIx 364 o
18 Fully Connected 1728 fully connected layer Ix1x1x1728 | Weights=298M
! Bias=1728
19 Dropout 50% dropout Ix1x1x1728 ]
20 Fully Connected 3 fully connected layer Ixlx1x3 \é\;:jsg:h;s =545
21 SoftMax SoftMax function Ixlxlx3 0
22 Classification Qutput Cross-entropy with 'AD), 'CN’" and "MCI’ labels Ix1x1x3 0
[0086] i &
[0087] [3 2]91M layer_gamma3d @l|olofell Whdt Matlab Z= -4
classdef layer gamma3d < nnet.layer.Layer
operties (Learnable)
Alpha
Beta
end
methods
function layer = layer gamma3d(numchannel,name)
layer.Name = name;
layer.Description = " +numchannel + "
channels";
layer.BAlpha = rand([1 1 numchannell]) ;
layer.Beta = rand ([l 1 1 numchannel]):;
end
function Z = predict (layer, X)
X(isnan(X)) = 0.1;: sfor N:
layer.Alpha(isnan(layer.Alpha))= 0.1;
layer.Beta(isnan(layer.Beta))= 0.1;
layer.Beta=abs (layer.Beta);
layer.Alpha=zbs (layer.Alpha) s
X F= 0.l.*(power (complex (X) ,complex (layer.Alpha,0))):
check X = 1.1* (power (complex(X),complex(layer.Beta,0)))-
X _F(X30) = check X(¥>0):
Z = tanh(real (X_F))s
end
[0088] function [dLdX,dLdRlpha,dLdBeta] = backward(layer, X, ~, dLdZ, ~)
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[0090]
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[0093]

[0094]
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X({isnan(X))= 0.001; $for NaN case

dLdZ (isnan (dLdZ) )= 0.001;

layer.Alpha(isnan(layer.Alpha))= 0.001;
layer.Beta(isnan(layer.Beta))= 0.001;

layer.Beta=abs (layer.Beta);

layer.Alpha=abs (layer.Alpha) ;

X loss = 0.1l.*layer.Alpha.*real (power (complex(X), (layer.Alpha-1)));
dLd¥X = power (sech(X loss),2).*dLdZ;

X lossZ = l.l*layer.Beta.*real (power (complex (X), (layer.Beta-1)))~

check = power (sech(X loss2),2).*dLdZ;

drd¥ (X>0) = check (¥X>0) ;

dLdAlpha =
0.1.%*real((logl0 (complex(X))) .* (real (power (complex (X),complex(layer.Alpha,0))
) .*¥(X<0))) .*dLdZ;

dLdAlpha = sum(dLdAlpha, [1 2 3]):

dLdAlpha = sum(dLdAlpha,b);

dLdBeta =
1.1*real ((logl0 (complex (X)) ) .* (real (power (complex (X),complex (layer.Beta,0))).
*(X>0))) .*dLdZ;

dLdBeta = sum(dLdBeta, [1 2 3]):

dLdBeta = sum(dLdBeta,b):

end

end

end
AFEE OW of7| 8l = = 33 o] i adoR ®AE WA ZE Fojojet miz) W ol g AAE )
& 3 20 vheb Ak ARSE ON REe AARFE SHaE] s dRdd gelort #ag ol ATE V]
Hlo g2 i}, T 33} 7o) Zﬂ%—ar*ﬂ ﬂé«l 717k 3 X 3 X 34 HF &3t A7 3 X 3 X 3o =gdd
7k 9 X 9 X 9 X 9% A& Frheke As B o vk ek ol& MM UIEY A 'divNet'o]etal gt
AlRbel SGT #elol (54 FH )= CNN E%‘Oﬂ %?41 A& RelU &4 3tE tiAlgith, Al = 4= AA &7
I 2 A 2~E yepdtd. NIFTI(Neuroimaging Informationatics Technology [nitiative) 212 MRI =& HA
oln|#] Az THAE AH 64 X 64 X 642 A7IE AT F Nl d8€ct, 23 o AT, A3},
g4zt % £ ZEA2E AR wE gAELE 5 WEE deth. o] IFY ZRA|AE FCLZHA
WEE A EFoly ooyt FAuEch. wixHo g A Akt AMSHE FE A4S EHsHE SoftMax #o]
ofoltt. AhgH &4 e v U BERE AN wA dEzIer. o7 @43 fololo A =
Fo 24, 99 @ &9 BANGIAEIRS B L g5 b ) weel dE 89 e sk 248 @
ol AFelrt
HE 232 9% 10 0S914 MATLAB R2022a 3+ AZESIE ALE35te] $a= . MEDT 22 24GB
g WREE ZHE NVIDIA GeForce RTX 3090 GPUSlA EH ¥ 32GB WIREE 717 A& ®Core™i9-10900 K
CPU @ 3.70GHzol A Bl 2=E= AT},

<A Ale] 3> Classification performance

X 3% = bolA SGT BA3E ALE3= U EYIY RE BA(S, gamma?, gamma2_alt, gammad_adam,
gammad_sgdm)©] o} 438t AARY L Fa4d HIEE Z2e AR #AFHT. 131 L A R P !
TFE A9 AT S SAHSY. dFE 5o, A8 HAA «dFd did HEwd diste g&3t Gﬂ?‘

o] X=E =x%
T= T

R

Aot W, AEEE SAE gho] AA #tel dviy JpheAE A%, wA R, 3] gt
Axsta Hgo] 2 Bt F A3t mEle] Aol vlE] dul o
SAH%E S AYstas F= Zoh, =9 S6T ghro] axs A3 A A Y8 55 &

JololE Albe &4 st #Hololz= FxHom diAste] Ao FAE AAS FHA FUTh. o] xdH
augl A= &= 5ol uek Stk o7 ganma2® A T @ASIE SGTeE e RelUYS efvlatar,
gamma2_alt= 3 WA 2 AMATE SGTSF thE RelUE 9M3hH, gammad_adame ofw HA 3147 9l SGT=
478e] 243t gelols BT AREShE W gammad_sgdm'= 4709 SGT A3t #lojojE AREERAINE H A shlAb=
SGDM(Stocastic Gradient Descent with Momentum)©]Th. 5 HME+= M ZE tE o] EZF(epoch)dl A dF AT
Asl7] 3 F Sl AR E= AECRRE WEAZE drfy & shEeta leA| of= ol &gl HT.
6be = 622 TH AZEo} A AE thE o ETA AXLE Fa8A HAAF AEFEE HoFEr, SGT EA 3
UE T (gammad_sgdm, gammad_adam)”} FH o] upx)qt r)rﬁloﬂlﬂ 2 FA43) AART =& AF A3 R
b RS B9 ¢ T Uk X 39 Hud HFT AT AYEE 80WA oxT e FHFE odxad] A

=3
A5 A= dd Aot FASH, HAE AES %% ol sl ¢hxs] Kol e AEo|H

ll OL

]
A=

—l>
ol

W

%X]

= 5 M
rr

2

> oox & &
¢ b

J&‘i
n

o Mo Hoafu

ﬂﬂ
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[0095]
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WESAZE & girsts i Holx] &g+ dHolHd s £2 455 7ML
e AS oust. AgEA G AFAE 47 8, A A T stold Ievy # o] IRIE €4
st ghpe] AEe] #AQle] A BE WEHA s YA FAHATG. HEE ME #F <, Leaky-
ReLU¥:= gammd_sgdm¥®.t} oF 0.5% & HAE A3 TS BT, ofds] BE SGT &4d3hd
HEL O H2E HITEE RelUS} tanhBth 242} 2%9F 1%

ReLlU &4 3tE et zlo]l= s7ksitte A& vehdn. &
A9} Hlag 3e HoFEr).

=
= , ol AlQbd SGT &3t Aol d&FH<Q
4= ¥ 2w o] A3} (proposed method) S L¥ H

Z 3
OQE
Sae
e o
- I~
S8 |PHS (08T | Ee| 8% | Ba
e B |8 |Bac|fes B~
& = = = o a
= |8 |3 |§ |2 |2
S S =] S = =
2% | 2% | 8 R | 8% | 2k
22 | 88 | 2 % | 23 | 8%
2o 2e Sc | B | Ec | ¢
AR R AT
= = = = g 2
2 4 = o & £
o 2 o g £ S
Q — (=] (-] (-] -]
5 5] s i & b
[=] - ) el [a] ]
> = = @ o =
2 = s £ 2 2
7 & & S & 2
e | &
3 L
= | 3
BERERERE i
- (=4 — w oo
g
w
o (-]
] =1
E§ g
= =
-
g5 5
-] Eg
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[0096]

[0097]

[0098]

[0099]

[0100]

[0103]

[0104]

[0105]
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#% 4
Authors Methods Number of Activation Testing
MRI scans function accuracy (%)
Gupta et al Sparse Auto encoder CN:1278 AD:755 Sigmoid 94.74
(SAE) based CNN MCI:2282
Payan et al SAE patch-based CN:755 AD:755 Sigmoid 89.47
3D CNN MCI:755
Hosseini-Asl DSA-3D-CNN CN:70 AD:70 Sigmoid 97.60
et al and ReLU
Oh et al Inception auto NC:230 AD:198 ReLU 84 .50
encoder-based 3D CNN SMCI:101
Proposed Diverging CNN CN:305 AD:209 SGT 93.24
method MCI:474
Gupta, A., Ayhan, M. & Maida, A. Natural image bases to represent neuroimaging data. in International

Conference on Machine Learning, pp. 9877994 (2013

Payan, A. & Montana, G. Predicting Alzheimer’ s

neural networks. arXiv Prepr.

farb, G. & E1-Baz, A. Al
adaptable 3D convolutional network. arXiv Prepr.

Hosseini-Asl, E., Gimel’

Oh, K., Chung, Y.-C., Kim, K. W.,

(2019).

Kim, W.-S. & Oh,
" s disease using volumetric convolutional neural network and transfer learning. Sci.

).

disease:

arXiv:1502.02506 (2015).

zheimer’

<A3deo] 1> Histogram analysis and asymmetric distribution

A neuroimaging study with 3D convolutional

s disease diagnostics by a deeply supervised
arXiv:1607.00556 (2016).

[.-S. Classification and visualization of Alzheimer

Rep. 9(1), 1?16

(4284 2] == [4284] 5]l o] ZF 9o AdFX) Ex= FH ()Y 7SAE da2EaHANA Bk t)
sl EAlECH. BN Fatstd 9 32 A A BEE JFR 0 HAfo|BE Rell T A|TLRo|=ef e A
3t e ARESHY EE 59 s 7K Wil Wi/t AE HEe AL 2 AZo] ofyr. %wﬂﬁ7%‘
719] B8] FFolARt 7ksA9 FU77E grold &9 ThsAd tEl 00 EEFE 7 & RelUE

st wi ReLU7} W e A8 ofuth. MRISF 2 Ag-el= L_@%M%(%%Qﬂ%bgi7%ﬂ
& 55& BASE &9 7FeXel s 00 ofd IHHAEE 3= Leaky-ReLU, GELU, SELUS} &2
A g3t 7l5S AHeskeE 3o F4

T 72 RelU WA vlalste] SGT #olold &3 o= 2 &9 2ETf £3F& BHAFEr. 974 43 9
olofoll thgk Y& wiA A rstEFHe EFHolal &3t Holol E9 dolojo] gk gFelek= A
o folaiof gth. &= 7aclA EE &d3E #olole] Y s|AEIH o A< 7HA AL A=,
ol olu]x| Al Lol BN th 4§V Pl AvkE= FHE 9 rl HA e £ o] 3 99
£ Fola M) B A2 (7)) 998 FEske Aot = W AFE SGT #lelofe] &) 4
L =71 3 o] mfg- HLe W mR&UE?& 82 od3] 9 ¥ 03 leaky-RelU = 7d &¥o] oA
3] 0o HEHol gloevw HWEAS eyl FAHHQ FRog welrk, SGT #ojole &3 dHoleE BNy &y
g o x| GFoA EAEO] o™ tanh¥ leaky-RelU 3| 2~E 13 2] Z3x9 Bl E@S@fﬂﬂﬂ
o] ol Mt 54 wEE oA FF 9 ¢ 2 FiteE Q) EF AYs AASdH (=
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[0110]

[0111]

[0113]

[0115]

ZIHSd 10-2025-0032575

el wadel At = 99k e B @S dojole a B B ghel WiE E7] &5 A A SGT 243
golof (5, #olo] 4)¢] 4 a B B ghol L Frolal At SR FAEMe, £ aBu 1 o)
o w7 B ¥ Bue AS HolgEu. o B B #el Wl -0.49F 1.4 Alolel 9. FHIEAE T
b @A gelof (5, welof 8, @eolo] 12)9F HF B3} ol (F, delo] 16)dM= Bel e & T o=
AL &2 FAEA Skl oo HEelr a w2 552 FAEAT. o= 54 @ x > 09 45 &
vk Aol Aa i, 5o 54 @ x < 09 4 F dolofelA =9 vt BAe] dadvs As o
T ATk, Brh dubAel selA, Znp B4dsts o e A4S o B, o oS A4S o olgAl HolA
Par, o= ¥ FIHE A Z2adE 2Py

FCLS gy 71s3t 7159t #HES 7FAa dxwE Ol Ahgd w o3& FA43 7]so] ¢l MP
Feedforward WEYAZ tebdth, FCLolA = =] 7wk 54 FE72 AFgHE AZFA folojg v e
geo] ol msgE R FCLY 7teRet A AdE odFske o AA Ade] dom 7tex A= o'
deo] ol B B JF(EE o|5)S WA =AE AARETE. mEkA] FCLY| 71EA] X iy HAE
SOt MEYAZE A9 F28=AE Ykl 4= k. o= diAsE] el & 103 o] 379 mE FHEd
el AF FCL RE Fdd 7YY = = 1728, 8 == = 3, 942 = 5184)F FAAT. UFol 4
gde & 59 o] AXEY, o] FC dolojoll A Alxkd AME MRS S (L 7FEX])o] 5 Szt U
gk A BATE S-S BHAET. dE B9, HAE AE (N MRIY FC 7teAe £-dE MEHA T #olo

N E
7} A [FC_AD_row FC_CN_row FC_MCI_rowl®} A3 A kol Aok, webAd] 714 =& 43 32 FC_CN_rowel

el 0.24265146°19, MRI BIAE A& &7F & 'ON' S22 7o diel ¥ =2 8=8 7HAa o,
HENZZF H2E BE dolas '(N'e2 dFstes w=ilE Azt

FC_AD row actl_AD FC_CN_row actl CN FC_MCI _row actl MCI

FC_AD_row 1 0.39671942 -0.14342 0.341976354 —-0.19525
actl_ AD 1 0.04948163 0.786964 —0.187160957 0.630355

FC_CN_row 0.396719425 0.049482 1 0.242651 0.309621325 —-0.00694
actl_CN —~0.143417277 0.786964 0.24265146 1 —0.009627914 0.85748

FC_MCI _row 0.341976354 —-0.18716 0.30962132 -0.00963 1 0.275327
actl_MCI ~0.195245895 0.630355 ~0.00693744 0.85748 0.275326654 1

AFA BA F, B oage s £E Bebias) @S BASHE d Bl AT, Wb, o
1 A2 WS B 2 Fehzol vt we YESDS} A
Se A ke E AN 98 SoftMaxel Eol7bE b FCLA e

o]

sloltiol= %

Ao, ¥

AT

RO orle e
2
Q

7FeA7F 4EE A% 9 Fhol AR oR TS vA= v, #Fe 49/7s A7) 00]aL A4
dojojd e XA F& w 00] old FHS WEV] 3 Aftst AR Aedre S &3 k. AF
e ol2Hor AgstA AWM= oHAR, AR JhE A Fho] AR FXHORE ¥ TEE Qe
AE A 5 ki 7pgeth. o S, tanh £HE W A¢ I5% A 712 [AD (N MCI] = [-
0.006021075 0.0003164 0.004943716]°]™, o] AD (&9 #= 7F)7F ON (B2 <5 LHSA #=AH )
ow, ADSF (N Atelo] Zb Afol7} ADSF MCIW.TF =Am, o]= AD7F B4 X|uf Agholgb= Awkziel 7he] it
£ Bo|th. o] A& Hgh tanh UEXA7F ADSF (NETF HA #EE = &S verd & e, ol 48 H
ofof 3k Ao] ol ADS} (N Alo]E& FEE 4= 9lom | Leaky ReLU9] A -fox wiz7tx]olt}y, &R AL, oA
Hake] zol7k ¥ FoW HESLAZE Fd2d SE AFE A7 9 A9A7] el &7 2ol =&l
2 4 Qo). Wk R, Aote SGT UE A (gammad_adam 2 gammad_sgdm)= ADS} CN HEF gk Alole] Apol7) ¢
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