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Abstract

Introduction: Artificial intelligence (AI) has brought about transformative changes across
multiple domains including classification, detection, and prediction through the implementation
of sophisticated machine learning algorithms, with the ultimate objective of enhancing quality
of life and service delivery. Conventional approaches that rely on manually engineered features
encounter significant limitations when applied to complex tasks such as medical diagnosis,
particularly in terms of suboptimal feature extraction capabilities and heightened sensitivity to
noise interference. The emergence of deep neural networks, with their inherent capacity for
automated feature extraction, has revolutionized contemporary data analysis methodologies.
The current study leverages this technological advancement for the detection of lesions
generated by High-Intensity Focused Ultrasound (HIFU), an innovative therapeutic technique
developed for oncological treatment and hemorrhage management. The proposed methodology
integrates both supervised and self-supervised learning paradigms to enhance detection
accuracy by effectively utilizing both labeled and unlabeled clinical datasets.

Method: A key challenge in traditional methods lies in optimal feature extraction and
hyperparameter tuning. This research develops an innovative framework integrating supervised
and contrastive self-supervised learning. The model processes both RF signals and B-mode
images as inputs, simultaneously handling labeled and unlabeled data. Data augmentation
techniques, including wavelet transforms and hard negative sampling were employed. Model
optimization was achieved through advanced algorithms and fine-tuned hyperparameters to
enhance performance in complex scenarios. This approach enabled concurrent analysis of
multimodal data, improving diagnostic accuracy.

Results: The proposed model demonstrated substantial improvements in HIFU-induced lesion
classification performance. Quantitative evaluation metrics, including accuracy, precision,
recall, and Fl-score, consistently validated the model's efficacy in discriminating between
healthy and pathological tissue regions. The multimodal integration of signal processing and
image analysis components yielded remarkable enhancements in overall system performance.
The incorporation of self-supervised learning algorithms coupled with wavelet transform
techniques substantially augmented the model's feature extraction capabilities, resulting in
superior diagnostic accuracy compared to conventional approaches.

Conclusion: This investigation presents a robust and precise framework for HIFU lesion
detection that effectively employs self-supervised learning methodologies. The developed
system successfully extracts clinically relevant information from unlabeled datasets while
achieving significant improvements in diagnostic reliability. By addressing critical challenges
in medical imaging applications, particularly in non-invasive therapeutic interventions, this
approach demonstrates considerable potential for enhancing clinical workflows. The proposed
methodology establishes a foundational platform for the future development of advanced
diagnostic tools in therapeutic ultrasound applications.

Keywords: High-Intensity Focused Ultrasound, Deep Neural Networks, Self-Supervised
Learning, Lesion Detection, Contrastive Learning, Wavelet Transform

© 2025 The Author(s); Published by Kerman University of Medical Sciences. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cite

¥

Journal of Health and Biomedical Informatics 2025; 11(4): 336-347



http://crossmark.crossref.org/dialog/?doi=10.34172/jhbmi.2025.05&domain=pdf&date_stamp=2025-03-18
http://creativecommons.org/licenses/by/4.0/
https://dx.doi.org/10.34172/jhbmi.2025.05
mailto:hghaffari_papers@ferdowsiau.ac.ir
mailto:hghaffari_papers@ferdowsiau.ac.ir

FYEVEY o OFF o ip)loz o)led omdl o) (oS 39 Comnnd § § ooV S Loy 931 alzes r

doi: 10.34172/jhbmi.2025.05

oS S, psle ells ¢ Kby Silosil Clidos 59 5o

®

CrossMark

.

o e

IR0 9 ol b (& b i HIFU cole 4ol jaskll dgug

(HWCSSL) couw i Sdige 9 &Xrg0 9 oo (S5 39 1 5wl b dlae

T bbb w55k Lo yumes ¢ 519 disie

.Q\J.l\sw}b}A@){u\b‘_}TaKﬁJ\:cw}b}A’\} Lj}::ﬁls‘;ﬂ-*;éﬁﬂ_’;.‘
.Q‘j_‘ [RVS-} ‘@)LJ .>\jT aLiiJ\J (RS-} .b-\} LJJ}::A; G‘"W ej)f Y

Q\j_\ (Aglen s@)l.u\ >|)'To@.]‘: c.\.«,."ubb EM}A éb 6&6)_5T)5 Qu:ﬁ’ﬁj{fﬂb\érl—c}g}mjﬁ aj;.r

5 oAl (gl dox I Gl laojes (le 630k lapm sl I xS b (Sava ige tdeie
o Shy » e i slagbyy ble Sletd o (S5 CuiS )| ol Baa o cul 038 Jsoeie |, gt
o S5 diugo zlyscwl p Jleil ales | s dslse olacdgiome b (S5 (asuis Wl sdomy cyllby 4> ¢ wd
0,8 Jypcta | laodls o5 da Sag )8095 glysal QUG L Bros (rae slasScd Chply g & Comlus
&S o odliw] (HIFU) YU s b 58 050 gl gl 51 (80 colyy asuis lp el ol 5l adllas cpl ool
5 oMBEES 53l 1 i (i 35ag) Sl Bl dmag c3iin SRS 5 ooy olep sl o S

Wioy o dgupa |y (asuds CE sy oy 9 sy slrodld I oolanl b oS cawl  J)llaiags

9y gk ol > Caslazellld glodigg 5 Sy dske gl el (e gy (el (e ) 8,
B- polas g RE (clo UK 51 59y ol b 03> dmasgs slisie (5)lassgs cordi)las (6,85b cuS 5 b ailyolgs
NS o B3l plojer s ) casy (et 5 s gleedls 5 a8 e edlitul (6395 (e mOde
b e (6jlodings 5 S5 458,85 IS 4y o i (sladigns 9 SKongn (cla s dislo o313 _yial5il (clocSuiSS «ypizpod
o 395 g aagsa bl 5 Jin 3,S0es b 3 gl s (85 s 5 a5y (s} ol
D503 SaS pasuls 8 hlibl 4 95,8 wald |y alBas glaodly flojen Judoo el 5,54,

oo wdd Joli bl slaylme oy s HIFU colps conaib 3 a5 b6 dgup (oolgrin Jio (a8l
s 4 w9l 9 JiSw a5 0,8 ol ) odsdcal 5 Wl slacdl o joles 1 Jdo oS F1 jlael g (ol
Lol Sy gzl ) Jao (Ul «Sage slahas g (Silaidgd (6pSok  odlatul ad oeie Jao 3 )Sles Ko
Sl Ealsal ) i €85 3,8 Cogls

&S 55 Wl )laings (6,530 ekl L HIFU colp (e ly 385 oonyls adlas ol 55 5 dseis
Soke (R P BB jobds |y pauseds €85 5 3503 w2l |y sy oy glrodld I el leMbl gl el Sl
Cuogis ) (b o)l oales e sagloy 3 g (S P pngal G Ale p ade b gy cpl i

S Jos ot ) by pasis ol ansg iy ol plsisd Slgie o 48 e

oSl colin Lo (laiogs LSl ¢ bras s clbdSud Yy Gad b S jots Sigul ol 110 519alS

Wlis Ol
Wl aisluw

VFYIMNY ccsl s
VEINY : Sl
VEYNYIVA ity L)
ifpiamo outieecsp ™
6ol Loy de>

Sheost/

hghaffari_papers@ferdo

Gle ey gly/
90 o> (2lblb e
HIFU cols 4ol jasis
g oAbl (60S3L &b
gl b oolae gl
5 Sepe p e Shy
S e slaiges
4w (HWCSSL)
Cuoj g el Sl sl
FYEFY (P OF-Y (S5

Journal of Health and Biomedical Informatics 2025; 11(4): 336-347

Yy


https://dx.doi.org/10.34172/jhbmi.2025.05
http://crossmark.crossref.org/dialog/?doi=10.34172/jhbmi.2025.05&domain=pdf&date_stamp=2025-03-18
mailto:hghaffari_papers@ferdowsiau.ac.ir
mailto:hghaffari_papers@ferdowsiau.ac.ir

t, en 5 53 HWCSSL (35,1 5l HIFU Colya a4l Gasuis 3oma
dodbo

5 LasuS ) ohg 4 ((Sdp polas s > (Deep Neural Networks) e wac odSs p e sl e
L 5 pete Wgulydgl aile ealeipd sl ((Sdpy aiej > wladhcws g2y LB g 4 dagglen ololis
9 ygeg5 elgil loyd (gl Lgwl gl 58 pato glgel 5l eslizwl L HIFU(High Intensity Focused Ultrasound) L Vb cus
&l colyy 4l 5.8 canailb HIFU oy cla ills 5l (S ol osd pawype She (slacdl 4 cuwl (g daelow
N wlas 5 15 olitl 3,50 HIFU ol (1 B-mode Sgusl ) sl b Jiams Joo v olos ol (a5 cymod
colp 4ol plls clocdl b Wss oo dliaden claissa Ll coly 4ol 4 byyye Sswldsl yolas o JUSpw L[Y
¥ ol oty glbdige ) Gees £SOl bl D5 (eySals Linle)S kuld b Wl elacdl 4 sl I 5 0 S5
Jos 4 oplpl ) 5o jhcs p gloodls jl ool pom> g osd s (65:50L & el [A V] (aipnds g [F 0] ganadl (¥
AJslal aswg (SHlaings xSk able (23Kl 65k sbaby) dmodly (Slojoe 4 bgiye (slacudgios 9 3bj slaasja
se, il sluses GAN (Generative Adversarial Network) b ool Wse (slaasis ¢ slate (5,800 [)-
ol g edlatnl gamdnw Ll b polal Adgi 13 5 sl it b aidads > &S sis (SHllaidgs g oddclaide oyl el
sl &) sy @Y 2D g phdllasl & cul (pdle (6550L 0358 (Sl Uly5 oaimd LS W3S 9 babg) )> g9
bcuay 4l e ) pslad sdzmn Sl Shy U 2jluee B 1) LaSd (53b g5 cpl W11 ] s i)l ilisee
S 3k oy

ol 4 e Bres 02b )5 (bjsel (o5 polej g odly (B el ez 352 pas dbdiges o5 Sl adlex S ola il
DR ) e 9 g sz slaodly lojen yoboas gyl 298 485 0y (S)laidg (0L by I U AD gk
Ll 0as aidgel  Gylaidgs g oasylas (6,50b oS 5 b calpy sl oSl oS 305 0 HIFU il d9u0 4 oo g 03,
Wl el b DVPVY] ol 458,55 e 3,90 03,58 photy 630050 lin 33 (S5 jsbesd o 13 ion (635 308
SN e o (Saly G52l ] ()l 2 g ooy Codgios g & (b pglas Ubjly 3,84 panie sl ptlle
andl yslat sy )laises slajbs, g9y p bdes Sldlas [NAIV] caul 035 55 poste (Sdiy palad aliseo glgil ,3 Laols
HIFU (2l 5 J58 @ ofgss gl gl joglas 4 (o8 ol 5 [V ¥+ 1] ity 38505 (Sl S g hilpl ol
Colpy 4ol jasuls gy jodGin mas 4 SO @ (£39)5 Hlais 4 gl el sla UKl edlainl b dagdy wlaisls
I, LSTM (Long Short Term Memory) L e obeS” SYob alabls e 4 O (6,500 adlls 5 LS 0 (Syne
IYE-YY] Gl 03,8 gty Sgusl Tl (slo i o )bo 5V HIFU 5 ab celod olpeis Ltk el

(S sl il ol jsbs o i Tdl 3l 0l we oanlie Kb & boingly nl (o g adlao oyl
S ey itk 5 1 Iz 35 a3 gl Sl o s Guan by ob o] 5 ) lsidsd Bees (glndSud 5l o3litul b Wgusl )
zlymnl 650 cyeles o TS dgn s hgy Al L ol Hages B 5 (oolgiinn wiyeXl dmodly wyp b JolS ek
& lsls Gag) s MoCo SImCLR. 5)llaisgs b9y ki)l sloline (Bmo (ol gl (iS5 wCaslodd gt (S
133,55 duglio 3)90 g B 3 Cilises clayzo )l o szl L HWCSSL olgis | o oy

SLEEIY
HIFU in lagle,s b a5 ab odlatul DU g ply olSisly gwl gl olKislojl (claodls 1 5ylasngs o9y by sly
)1 Lz.‘>).(b5 s V. le.w 04)3)1::5 Cawl 0145 o w))ﬁ \td Egoome ) :\5.)9{ (R ‘-5)9]6“} g{? u.»)’t.a.c uﬁb dQ)VitrO
9 Sowl gl polas jl edlatwl L HIFU L colpy sly gandal slp (ooloiiny (bgy [YO] Cunl 0 oS5 a0 FFA.
iy 4 oS "DeepLesion” g " -l Sgwl gl claosls acgeme” MImageNet" (claosls acgamo .0i b, (Sl 5w

YYA Journal of Health and Biomedical Informatics 2025; 11(4): 336-347



FYEVEY o OFF o ip)loz o)led omdl o) (oS 39 Comnnd § § ooV S Loy 931 alzes
doi: 10.34172/jhbmi.2025.05
olesS (S pole olSily (K Setlegil Cliioss 5 e

I

g Ngus oo odlatwl 1 alisee sla ity 5 plul 3 Colpy el § Gl colpy wyp ((paes polal sabdils 4ly
Sloas 03> S b 590l i ATy )3 g Canl Cilisee (gl gyliS i b g ggiio (slaodls Jolis G ym

ol 50 09d o (Sl paad & (il (gl Syd Jurd jolate 4y &S Cunl atans RF JUSKw )3 Sgml gl (sbaodls cunle
ol 5 1y il SatwgST lsle JiSs ol Lyj (o RF JiSs adllas 08T ciguldlg) (gloosls ;5 jote <¥lio
oas (slp oS AL 5 pre o Sk 3l (S el 4 i bas anlp 0 &5 cils g b Jo ol b e o
Jibos 5l gl dbgrye cloygilal b olSdsy (clp psad Jilos oS00 By Sl bigy Cuwd Sl sl (Ko clitiud (5908 (355
U5 4« iSil JiSm > ot Sl S 2529 5 4 RF JiSe o el (sla g J oolital oyl ol Jiim
acgosme ool Cawd 4 iy olel  B-mode polas I oo Sig ol p ogMe 395 0 duogs HIFU loys 5l aw 4>
el sl et 5 S oS 3 S 5 o S J) rtid Clis > 390 gl el ot 3 5 532 sloesh
903> (ML l) Alaye 93 51 IS Cpgo 4 1) (oaleiidin b9y 45 Amd (oo L |y (6lges V JSS A8 e ol ol anl
And e gy ((siadb Llby 5 o Shy glgl (Jre calo b (Bilsp

0l zlySl g Bl y i
8kee b 1 e Sl 5] sl : :
JERVITUIN )| osli] ® YR gy SR sleol s Y L Resnet calue

Sago

Cby e LS])‘. MLPLSA.\..S S5 &l 5 1D Gras Sid 23l 0 s :
_ JiSew s b yoi9el ®
g s "9&)’9@‘ S el 5 2D s b cilo L s el
Sk @ s ome j oslizal Jo-mode sla 278 BBl A sl e
(o103 jonl i ylaings slaie
F-Score ® 29l 5 JiSew sl Sy Sy @ L| )qu.u%)) 09

s Cousl o) yjg0]
et 5L 3l oozl

Sy 9y (I Ul 1Y S

xsid 5 (S gl el (S5 (o) po3 5 5 Conl Sarge pliol Y g ResNet aedy (itee St (50 553k (39) b Ghiselitn 4 bgnye (S35 (2,6 ) Jl 56
o1 hjsel G Jao bl
I waa hg) Calw 1yl 5
;558" (Data Augmentation) olilesls isw dles 5l oo slojiso sl 368 ol & as g b S)llaidgd o0,65) yo
yro @b ¢ (similarity measure) calis ,lxe (Nonlinear Projection Head) L3 ,¢ Séls  isu (Encoder)
2D il Gaa b Sbdol oyl g 395 0 Joli |y lajise opl ded sdes @lpuss ( idgi opl syl &5 (Loss Function)
G2 O S)yj 030 dsgedte dw yp seue I (Slad ¥ S 1llli oo ) gpd 4 oS ol pbdl coliy (ply pasiis
ol 5 b 4 oMol (g )leme Hld Lo aad o lis ReSNetS0 slate [obogs oals Hlidle &b 5l ek S5
4 Deep Lesion ool dsgese (sl Logas a5 cusl baodls (giloJloy 5 polas ojliil pusis Jolds typga3 (3jl0 i ®
ol (Sl s (pglal calisee glaojlul o
(JolS 03l degamme 5l (g0 > lgie 4) (Batch size) awws ojluil cypuns @
(AnChOT) (S3)es o g e sl (F S (55) ook olBlesls g, 92 sl o
950 dualie pglial o3 b g Ll @2 pe e 4 pgal S & ol ResNet & polas (95 5)ly o
Wgd o o3 VY e g igdgls jild FY b il polar dal 3 o
S e e (Wavelet pooling) S ge plésl 40 5l laedls o
Aed ) ) 5 X 5 T A ) laojll b Sel SF Lels a5 enladl Ssb 4w ) e o

Journal of Health and Biomedical Informatics 2025; 11(4): 336-347 rya


https://dx.doi.org/10.34172/jhbmi.2025.05

‘} ’ e 5 Js; HWCSSL (31,5 5 HIFU Colys anb Gausuis 390

SIS e e Svge pledl 4Y 1S53 e Sy 5l odls wilagdl iglslS bSsh 5 oole (Ssl jl O

Sl JUs) (6,05 03> dsgasme 4 1y Jlibo oyl 5l odal cawd 4 LIS (g3 o o loxe Sl o Coles

y
> —> ;‘
—>| RESNETS0 A
hi=f(x:")
zi=g(h1)
7| Resnerso || gﬁ "l
\ ) ho=f(x2")
25=g(h2)

ResNet oo gYo! (5 lore — o ) Waingd (58auing b o byl G 31 cy9is (S03ID (15901 Lyl 1Y JSW
S2g0 Josd @

Sbglgikia s gl Sose s Sglite claciud b (San (2l g bad | S5 wsdng ol plisay pglas
Sy 3 oS Sl by b A5 e SaS 5 S o walyd |y Gl celaoliie 5 b Sy Liales oSl 45 s oo o3lizl
s YU iS58 9 Gy )8 Wb 93 4 (Shg g5l slp gl Wb palls 103 (pdgly)) )3 Wgd b 0> (rdels))
sz Jolid 1503 (b aw 5 (b sl ) cop ;bles (Ko &5 A o W5 Sl ey densS Sarge Jodd Jelod 0948 oo

{VEI ) g Bl g (Shg el wile (osite (a2 )l5 Sage @lys i ()90 9 390 «Bl) Vb (uilS )3
ol owyp 2llodls (gl g ResNet JIi5uS gilare 3 plesl Y (4l L3l lgcds Soge 5l oolatwl ¢ imghs oyl 5
s dlul Lials gly Yw pleal Y )l 5,Sles 5 (isled dgubs 1O ok LB Bros (553L ) 0S8 gl el Hldle
sl (S (Avg pooling) Sle plesl 4 (Max pooling) aiiw plesl sla sg, Lol 3gu o odlitwl (5l yiw Copdo o
b 3900 o2l (S5ug 515y bl Linls (cly Snge ok 5l e JSuto ol LtdlS gl g mae leMbl o425, s I ey
23,5 o Ol S Bl jebas yjgal Job )3 g 3945 o odlitl cgrg ple @los 5l Sy 51U gy cand I leMb] J3lus
QUi coly pgal g9y |y Jelos cnl @l ¥ S b e daldl 4o o 93 4 J013 (pols g ale @l S Gl e

...\QDL;o
V_Haar
H biorl.3 V biorl.3 D biorl.3
H bior2.2 V bior2.2 D bior2.2

100 200 M0 400 500 600

e Journal of Health and Biomedical Informatics 2025; 11(4): 336-347

PP S 659y Sag0 @b dw gl Sago ulpd oY IS



@
FYEVEY o OFF o ip)loz o)led omdl o) (oS 39 Comnnd § § ooV S Loy 931 alzes t
doi: 10.34172/jhbmi.2025.05
oS (St ple olKls ¢ Kby, Sislegi Cligions 35 5o

2)38lealy <

@ Dolal bl b () sl o GAd pud el oy ke o158l00d Jaeme (sla jigy ( Sbi (sleodly dcgasmoe ;3
Silosth i Jold lygles (3,S09) cnlply bl Lol LB ooy asgome (slacudgioe Js & sl (Seo (guSB il
&b 5 edlatel slads cplply Dad 0 posl o3y dcgemme ja (slp b by cpycwle g (Bolal Cbsl b aS cwl ol58leals
i 000 Sarge culpd gpgal (i3 2 (siledin)ly gal (Bl g 9ee plrarle STl Gl (Bolal S S

ol
lp calus a9l 4 el NCE ab ol calis zobw co,d ol Ban olate 6uSih g, » s o Jdss
&b wgs o b INfONCE 4 NCE  cawod ojlil (2ol58l b sl dido jlaw o)bj (silwJde aile 03,8 (sla 63959
!y MoCo o NT-Xent aile pb ol 5l alisee (sladsens 3yl 3yl polad o lite cleMb] Lis ol INfONCE
38 3 Ygome w slasbyy s guonal calus clibaal b wlond o0 Lol abaii j) oliasl & olety slad )3 & (sl
iy (oall a2y S Lt ) S @i e Cmled b e byy ol 5o Lol liS oo alitl calid b)) (sl s
& Ob”‘é] sly L‘a"j ol Lol sl ).Ai.").’qu) (w9 B yhg) ) 0594 S s e (ol Gl ol 48,5
oy Dyge Sl zalyb 5l (lodgaste Lol (o35l ymnl o g gige ol &8y (sl 0yl cuenl gy cla die lgicds odlsdc gexe
aads 4y Cond 03 (1,590 b Caalid 08 18 edgae opl o caalid an a5 Sloj (V Joda pd (odlpindn i yeNl) (i )58
02> &S WS o st — i 03 b (6,500 g aye dbdi b So-calid an )0 90 (pl duslie g o dole (e 00b) x> 4o
Wil yuie caldd jl calus pas jlael ST Ko g 0 Ol 00l bl jidw x> e dad 4 calud (ST, e b cuwl cute
MLP L a¥uia (gt e Sl (ad e (S35 a0 (sl oaletiy wiyoS)l 259y )3 29800 593 @ pe dail | 03l
&b ol o o3l adgl &Y 5l i slaiws (iloloy 4Y K ol jonas ¢ e 4Y ¢ L (Multi-Layer Perceptron
(009 d908) Caalad pas odimd L + 5hiel g o odliiwl HIy 93 po wgly (wlal p cald a5 )0 o (lp (wsunS Caalud
g o Ll x> e dladl Cuow 4 (ECalud s 1w ute laodly Ll caalud saimdlis VLl &7 b s
opl) Deb e Sloyieun g od bl (MInNeg) e cals JSlhs jlude b o] calus jlaie ogs ololis e o3> o5 y»
O Ysese 45 (T2, T1) wilil odgie y 03y caaled jlate 31 ()5 00 455 1y g o alaiis 5 Liie 0315 555593 0ylg0m o
(s 0313 (3590 g g e dlais 4y Calud dx > jl edlitsl b b o oLyl MINNeEE L odly calids 08 1,8 ol </F b+ /¥

D)5 35590 () 5L g S5 an pe dladi 4y L 00l A4S 295 g0 (£ S paeual

e G oio (3855 55 )3 b (owgiamS U ol —3Liie ;05 @ 12 (o3l 2581 1) Jgi
Input: Threshold T1, T2*TP= True Positive* minNeg=0.4
foralli € {1,...,2N}
anchor= z;
forallj €{1,..,2N}do

sim;; = Zi.Zj/”Zi””Zj” /Icosine similarity
if sim;; > T2
jis TP and attract to i
elseif sim;; <T1
jis TN and repel i
if sim;;<minNeg

ZminNeg = %j
minNeg=sim;;
if T1 <sim;; <T2
jis FN
SimminNeg,j = ZminNeng/”ZminNeg””Zj”
if siMpinneg,j > SiMy;
jis TN and repel anchor
else
Jjis TP and attract to anchor

Journal of Health and Biomedical Informatics 2025; 11(4): 336-347 AEA|


https://dx.doi.org/10.34172/jhbmi.2025.05

r’ iSon 5 J; HWCSSL 5,5 5 HIFU Colys 4ol sasuis 390

S 729 TPl 193 51

ol 005 g 5 daldl 5> ey 3,509y ageal g JiSw £ 93 o | S alseiel sl s Job o

it ) S g1kl ¥

23 SISy pbglgls ALTE Sl ancSy Wgl gl JiSs sl oad oy L5 ¥ USS ) & psblen (gl 5

Ol Caol /¥ E5 L 5590 Y Y g pledl &Y ¥V ReLU (g5loJled mb ¥ piglgls ¥ F ol (g )loxe oyl .05 0

ol odal ¥ S5 5 ()loaxo oyl (3480

ri ) S 52g lS
Sl el 51 oolitl ) 395 e gl clods] s & JiSaw pis ) oS Sowldgl ol sla Sy sy ol
S5 bl (shlere cpl (65,54 5l Ban (Slonss higel Syp ool dsgerme dw bl p aST SHllaings (oolpiin (gloxe
Ao 399 glaodly ilisee glgl cope sl pY ridlasl pen JELe (]l ojglatedsn 5 jlnl o ls
Mowr Sy gzl Glp s 39 Gpgal lacsdgyg 5 Ghlyd 53 ol pogde S (0 wal)d |y pgar g JUSw
oieleil 9 (sl sl MLP 4 4y jugai g WS sloShag w8 enpad slo Sy alsiil 5l pug 8 o Jos 2,

Dga oo 030
;,k—-wf*h f =>{ f |=>|B|=>
ET} RELU RELU  Batchnormalization

Conv1x30 Conv 1x30 Pooling1x2
32 kernels 32 kernels + dropout
RELU RELU

JUSw (S 59 gl B! 1€ JSUS

yey Journal of Health and Biomedical Informatics 2025; 11(4): 336-347



FYEVEY o OFF o ip)loz o)led omdl o) (oS 39 Comnnd § § ooV S Loy 931 alzes

doi: 10.34172/jhbmi.2025.05
oS (St ple olKls ¢ Kby, Sislegi Cligions 35 5o

D

SIS 553k Bisel 81y B yial 4l Y g

1o W 2ol ,b! )3
VeoYoo Sl ol
RMSprop without Ir  RMSprop NIRRT
RMSprop with lr=2e-5 e s
Adam with Ir=0.0001  Adam il
Adam with 1r=2e-5 or 0.00002
Adam with 1r=0.001
LARS withoutIr  LARS
LARS with 1r=0.01
infoNCE 5 b
NT Xent ¢
HWCSSL

Cowl Q5Lfala odl> A4S golre d‘){ & o)'l.\a'l
feN=ofeees) d)‘fﬁL’C)"
Iy b yalyl

=W

Sl Ngwl gl (gygas (slaodls iy ;3 0hsds Cuwl odd (gilwdipy Sawl gl slrodly oo (ol cdday ooliin o,
SbMol plicuwl 03,3 8yme dlate JHllaidgd Gaes (6,50 jldle 0 (slofg sla akay 5 48,5 alold OB jlxie (slapis ;X!
Alools ialisl i labgy 4 Camd 39 BB Hob 4 1) s wilowds pibas B-mode  Sip polas (sl ol jgbas o
il olol a8 a0 gloiwl Sh leedh dsgeze I gyepe b ll (ganddb 5 Slas dgg (gl
Sl .cé,S )48 gl gl (6 yrguas (slmodld acgamo jl odlitwl b 58 slajiolejl § ojeel ot g ods Sl Slkaisgs
ilodds 03y LS Y Jada )0 5 0dd M 38D jebdy (ool gy 4 banye (sl il b8 oled JolS

byl gyl -

ol byl g 0 Byme 00 ST ) oy B b &S sl ogite glasadls Jold (b)) (gl odliial )90 (5o )line
{Accuracy) cés alex jl (a5 jlme iz Jold (ooloiiy bay )] D500 plodl atb ity slai) b dunlie )3
CxSojul 1) b candib cows (S e B> ed 0 F1 Ll o (Recall) (cyglsl (Precision) cows b cute s
Cond (6yghly .m0 Ui 1) 0d oy Cute 3190 plod e 5> o lolid Tutuo Cude 3)lan Comd Cuto CEY .AS oo
5 €8 plste Sige)ls (ke 3 F1 jlaal S0 o 1) (o8ly o 350 (ooled (oo 53 0aB plolid guomo uto 350
oo 38kas 5 Jao 0k T3 a5 B 5 Sl ¥ e 13 008 S5 sl iall 18 s a5 Ty 5l
2 A8 o Gl canlia dwd ojlul «glate S5 eoldacseme dAw yd sludl e slaojlil @ gy LBl atdb
sy Adam 4 LARS o Gl .l Kinlon dbgye sladdepguio b a5 adl yolaid] ol diwd (slaojlil esldas goxe
39290 Sl glie g 03l degeme (Sl Shy (mas 4w ()lone (ol Ay dlex I il Jelge 4 (5)lides S0k
o) Fgdg & @y 2l ySen > Adam oyus  Jlis 15 93,5 Jes yi 55,0 baiwd L LARS o yiolojl gub o)y (S
5 g 5ol aiby ol bl L ik (Fine tuning) 585 whasi 5 shalojl pilis dige OBl oo o 43
2 e atwd gloojlul 5l g 1 plsl YOF#YOS (dglgs) 4 pglad silwleys (bjgeliin Jolye po il (gas 4Kt Sk
b Gbigelota 5l o slociy b aSed plas g o plosl Balas 4yl (o3)lide W3S g & Jgdor )3 0 %5 0500 (bjgel st
ol () (o a8l Sledati g b )bl o it @l e i ol @ Wlod)ST (Bgel 4 9,8 )i slaodld dsgerme
ol 0u8 b3 MOCo o SIMCLR b duslie ;5 (soloiius 5g) ol p ogMe .l

Journal of Health and Biomedical Informatics 2025; 11(4): 336-347 yey


https://dx.doi.org/10.34172/jhbmi.2025.05

B iSon 5 J; HWCSSL 5,5 5 HIFU Colys 4ol sasuis 390

B 8515 A gox0 bl o Ay i jgel Ly Cap 315 dgoxo g b canwliio (g1 kel b1 y8 CLSS] (o300 ol oY Jgun
Gleuday gylore )8 aunlie

Ban codls degosmo + b g0l iy 031 degasme

Deep Lesion(CT image)* Breast Ultrasound Dataset™ ImageNet*
' YA Y. Lod 031051
LARS LARS Adams Slodingy pnysS) W ol ,L1,3
eeus oo eeey IR
Ao Aoy NV SimCLR (4=
AYI¥ A AY MoCo
A/ a AD HWCSSL
SimCLR slo e
AD q. A¥ 1m YATSEN e
) i
INYAS A/ AYIY MoCo
A af AY HWCSSL
ALY /0 A SimCLR AN
S\ ay A\ MoCo
q. ay M SimCLR (%)F1-score
a./5 ay/s¥ AV/A MoCo
AF/TY 0 VY HWCSSL

7a0 L ply F1 R AT d)ﬂ’h’. JAY cate cd A0 by & HIFU L colyy olg cdnaib ly (oolpiin o)
Ly o s HIFU b colpy  sle anaid o1y oolgiuin sy (oiou il gl opl .cdl cuss

5 ySlas ] ams ol oad ploul Calisee (lmodldacgesme | odliiwl b g,y dw le (slawolie Julov G il B S5
Mged o & IS5 50 o)l adllas (pl sbrodly 4 (gyiin cald ST Cuol Wgwl ol 030> dcgemre b ofigdy (dloiuin gy g
SIMCLR {YY] MocO (sla ys5y b duslie ;o 1) calisee 05l degamme dus jd ggiio (slayline jlo oo Jobss oaisddly)l  oxdaws
b labas cpl o simiiy dlaly (550 jsbds puod ol S oo pgal & (HWCSSL) adllas ol (ooleiig b9 9 [YA]
2 b el rols il pl Gyl 5l aed o 1)) Waodld dsgeme b oy p Jolai 0956 1 Gaes ainled g 03l LS
s > Lo @lyglgi oy, 9 SIMCLR MOCO (glaslio (il Sy (slp (6y900 5 (IS (2B 5 295 0o (pdg) 3Slas
Do oo plyd odly degaze oyl

yeg Journal of Health and Biomedical Informatics 2025; 11(4): 336-347



FYEVEY o OFF o ip)loz o)led omdl o) (oS 39 Comnnd § § ooV S Loy 931 alzes

oS S, psle ells ¢ Kby Silosil Clidos 59 5o

doi: 10.34172/jhbmi.2025.05

T

100
95 100
—o—ImageNet+ 95
90 90 W 95-100
85
85 80 W 90-95
——Breast 75 85-90
80 Ultrasound 70
Dataset+ i 80-85
75
Deep Lesion(CT m75-80
70 image)+ | 70-75
Avcuracy (H)
£E=2°E=°g=°Eg="° Precision (%)
A Precision | Recall(%) |  F1 Recall(%)
Cccuracy recision ecall(% - _
(%) %) score(%) F1-score(%
(<) ()l

Thaw 1590 (& iliske palas (gL03ID ASgotxo (595 3 W9y Aw (151 RoS duny Ul (W (gBleowing (igy b B Wig, (615905 duwlie 10 JSUG

(5 5 4 g Sy
D9 sly MM] 6559y ¢ Haides Bres mas A (a0 HIFU colpy @l}» gindib gl oolpiuin UP9)
Oy dlas 3l S5 b ybgy oS 5 > Wl o Baes (65330L slapi )Nl 5l eolatwl Ll HIFU oy ol g s
2 Ui 1y 65y ls Breast Ultrasound 55 oslvacgeme jd (oolaiinn g,y ol oS job 4y e <) |, HIFU
odddcgezme b S5 odbdegese &5 K wnd o lid (g0 3 Ses ylaidgs (6050l hgy wsddl)l claasl wlwl y
0jll )] 4 odldac gorme calids 4 by, ) Comlus ( JS! (cpSob GMSp ¢ Jls ol b sb atily ¢yt Sloscen Lol
Oyt Ui laShy da (n) 33 e SIS 5 ead)las 65k Glojen 3 4 (rizmes adllae (pl s oL
lyglgs 2,50g) ol Wigd o gyl 5 s pgal sl Sy Silge g0k g 0ad gll Gyl b Gras 553k by 555
b duglio )3 (odlouday gy sl 48,5 (i 39290 Sl b9 Sl g 03> dgae |y Caliz g Wl (Al o 2l xSl sk &
2md o 41y (e3axie (sla gygle B)late aes (slaaSis
2ol 5 S ooy gl J)laingd g oadc,llal sla yigy cuS 5 @
Soge p e Slpusd g id > sl Jolds eoly yiul38] did i sl SusS 5l oolaw] @
Ol S e s 3 1) Jledd (e sladigal &S W slae glad U Sy g Sage e pN Y (gl IS e
a3l oolitwl o 1)) slaBus sblze HIFU s colpy sy gandids i slabgy b dwslio > 5,
iodab .\.ul)s 9 04udiS S |y (gaadds CBd Wigwl sl ol 5 JUSow ooy SS L J)laidgd Bres uas
NS (o e |y
sl s, gl Olalginin
e 3 (S paal 1D 03ld dgmeS oyt (gl (o) Kal) drwgi 1 So oS slrodbasgeze 4y bgype sla ills @
RFE 559wl gl sl i sl (5)ldgs slacSusS dgue 1 5ylaidgd (6p50L 3 cdyiy @
Joeo 0 HIFU (bl o9y slzl 55505 155,00, il o

Journal of Health and Biomedical Informatics 2025; 11(4): 336-347 yeo



https://dx.doi.org/10.34172/jhbmi.2025.05

B iSon 5 J; HWCSSL 5,5 5 HIFU Colys 4ol sasuis 390

il elame 15 yian S5 el Jdo s Cullh o)) s Cll igli8l e
il oolitl 3 ol 5 DI85 (sl 03558 (slagialog] plosl i lte) 5 il slagialefl @

M mej &9y dJLQ'.,_M L UP9) Lgl)?l > odly 4j|)] dl).j Ao ‘_;gw); r°9l'° ol&uisls 50 J)Bwls d)lm )253 )’l Olf.\;%y

&8l o,
Dyl 393 (g0l x8lie digSzun a5 W)y o pMel B g g

S Cules

Sy odddsgerme g odd Cud UL« ygunly olKiisly sliolojl j3 Lol 033 diges .3)l85 gy Jlo auie gub imgd opl sy
ol oy Kaggle coluog jo a5 o eslil j (6,503

G s
b loyS (S pole oliily M3 aneS 5| IRKMU.REC.1404.114  5M51 58 ¢l gl o)

OB Mg &8 )l
05T 595 8 )l I g 0390 Ao i augs y> Wlodid Caw pod bxis] 45 a5 (o3l,3] A ULl sues (g lis Lo jiues o)lg; aisie
ol ALy pow g pgd HBiung coles b1y dllie g i g 03,5 (gilwedly 1) 58 @by ool 1) b yislojl ol odiuwsgs 233
Jokms 00 pgd gy ped Wilodly pbdl dlae > 1) SbMol 5 65,8 KW Iy ol 03, )llas pows g pgd B M

i S5l

References

[1]. Jiang D, Zhu L, Tong S, Shen Y, Gao F, Gao F. Photoacoustic imaging plus X: a review. Journal of Biomedical
Optics 2024;29(S1):S11513. https://doi.org/10.1117/1.JB0O.29.51.S11513

[2]. Ali AR, Samir AE, Guo P. Self-supervised learning for accurate liver view classification in ultrasound images with
minimal labeled data. InProceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition 2023
p. 3087-93.

[3]. Ayzenberg V, Behrmann M. Development of visual object recognition. Nature Reviews Psychology 2024;3(2):73 -
90.

[4]. Li L, Dou ZY, Peng N, Chang KW. Desco: Learning object recognition with rich language descriptions. Advances
in Neural Information Processing Systems 2023;36:37511-26.

[5]. Atmakuru A, Chakraborty S, Faust O, Salvi M, Barua PD, Molinari F, et al. Deep learning in radiology for lung
cancer diagnostics: A systematic review of classification, segmentation, and predictive modeling techniques. Expert
Systems with Applications 2024:124665. https://doi.org/10.1016/j.eswa.2024.124665

[6]. Reyna MA, Deepanshi WJ, Koscova Z, Elola A, Seyedi S, Campbell K, et al. Digitization and classification of ecg
images: The george b. moody physionet challenge 2024. Computing in Cardiology 2024;51:1-4.

[7]. Tang K, Zhang P, Zhao Y, Zhong Z. Deep learning-based semantic segmentation for morphological fractography.
Engineering Fracture Mechanics 2024;303:110149. https://doi.org/10.1016/j.engfracmech.2024.110149

[8]. Rayed ME, Islam SS, Niha SI, Jim JR, Kabir MM, Mridha MF. Deep learning for medical image segmentation:
State-of-the-art advancements and challenges. Informatics in Medicine Unlocked. 2024 Apr 22:101504.
https://doi.org/10.1016/j.imu.2024.101504

[9]. Liu TA, Koseoglu ND, Jones C. Self-supervised deep learning—the next frontier. JAMA Ophthalmol.
2024;142(3):234. doi:10.1001/jamaophthalmol.2023.6650

yel Journal of Health and Biomedical Informatics 2025; 11(4): 336-347


https://doi.org/10.1117/1.JBO.29.S1.S11513
https://doi.org/10.1016/j.eswa.2024.124665
https://doi.org/10.1016/j.engfracmech.2024.110149
https://doi.org/10.1016/j.imu.2024.101504

@
FYEVEY o OFF o ip)loz o)led omdl o) (oS 39 Comnnd § § ooV S Loy 931 alzes t
doi: 10.34172/jhbmi.2025.05
oS (St ple olKls ¢ Kby, Sislegi Cligions 35 5o

[10]. Cho K, Kim KD, Nam Y, Jeong J, Kim J, Choi C, et al. CHESS: Chest X-Ray Pre-trained model via self-
supervised contrastive learning. Journal of Digital Imaging 2023;36(3):902-10.

[11]. Chen X, Wang X, Zhang K, Fung KM, Thai TC, Moore K, et al. Recent advances and clinical applications of deep
learning in medical image analysis. Medical Image Analysis 2022;79:102444.
https://doi.org/10.1016/j.media.2022.102444

[12]. Takagi R, Koseki Y. Noise reduction technique using deep learning for ultrasound imaging during high-intensity
focused ultrasound treatment. Japanese Journal of Applied Physics 2022;61(SG):SG1069.

[13]. Liu X, Zhang F, Hou Z, Mian L, Wang Z, Zhang J, Tang J. Self-supervised learning: Generative or contrastive.
IEEE Transactions on Knowledge And Data Engineering 2021;35(1):857-76. doi: 10.1109/TKDE.2021.3090866

[14]. Khojaste-Sarakhsi M, Haghighi SS, Ghomi SF, Marchiori E. Deep learning for Alzheimer's disease diagnosis: A
survey. Artificial Intelligence in Medicine 2022;130:102332. https://doi.org/10.1016/j.artmed.2022.102332

[15]. Loddo A, Buttau S, Di Ruberto C. Deep learning based pipelines for Alzheimer's disease diagnosis: a comparative
study and a novel deep-ensemble method. Computers in Biology and Medicine 2022;141:105032.
https://doi.org/10.1016/j.compbiomed.2021.105032

[16]. Obuchowicz R, Strzelecki M, Piorkowski A. Clinical applications of artificial intelligence in medical imaging and
image processing—A review. Cancers 2024;16(10):1870. https://doi.org/10.3390/cancers16101870

[17]. Ciga O, Xu T, Martel AL. Self supervised contrastive learning for digital histopathology. Machine Learning with
Applications 2022;7:100198. https://doi.org/10.1016/j.mIwa.2021.100198

[18]. Sowrirajan H, Yang J, Ng AY, Rajpurkar P. MoCo-CXR: MoCo pretraining improves representation and
transferability of chest X-ray models, 2021. arXiv:2010.05352. https://doi.org/10.48550/arXiv.2010.05352

[19]. Azizi S, Mustafa B, Ryan F, Beaver Z, Freyberg J, Deaton J, et al. Big self-supervised models advance medical
image classification. InProceedings of the IEEE/CVF International Conference On Computer Vision 2021. p. 3478-88.
[20]. Li G, Togo R, Ogawa T, Haseyama M. Self-supervised learning for gastritis detection with gastric x-ray images.
International Journal of Computer Assisted Radiology and Surgery 2023;18(10):1841-8.

[21]. Li G, Togo R, Ogawa T, Haseyama M. COVID-19 detection based on self-supervised transfer learning using chest
X-ray images. International Journal of Computer Assisted Radiology and Surgery 2023;18(4):715-22.

[22]. Hu SY, Wang S, Weng WH, Wang J, Wang X, Ozturk A, et al. Self-supervised pretraining with DICOM metadata
in ultrasound imaging. Inmachine Learning for Healthcare Conference 2020 Sep 18; PMLR; 2020. p. 732-49.

[23]. Chen C, Kim Y, Audigier C, Boctor EM. Ultrasound thermometry using an ultrasound element and deep learning
for HIFU. In2019 IEEE International Ultrasonics Symposium (IUS); 2019 Oct 6-9; Glasgow, UK: IEEE; 2019. p. 548-
51. doi: 10.1109/ULTSYM.2019.8926186

[24]. Rangraz P, Behnam H, Shakhssalim N, Tavakkoli J. A feed-forward neural network algorithm to detect thermal
lesions induced by high intensity focused ultrasound in tissue. Journal of Medical Signals & Sensors 2012;2(4):192-
202.

[25]. Ghasemifard H, Behnam H, Tavakkoli J. Toward high-intensity focused ultrasound lesion quantification using
compressive sensing theory. Proceedings of the Institution of Mechanical Engineers, Part H: Journal of Engineering in
Medicine 2017;231(12):1152-64.

[26]. Zavar M, Rahati S, Akbarzadeh-T MR, Ghasemifard H. Evolutionary model selection in a wavelet-based support
vector machine for automated seizure detection. Expert Systems with Applications 2011;38(9):10751-8.
https://doi.org/10.1016/j.eswa.2011.01.087

[27]. He K, Fan H, Wu Y, Xie S, Girshick R. Momentum contrast for unsupervised visual representation learning.
InProceedings of the IEEE/CVF conference on computer vision and pattern recognition 2020. p. 9729-38.

[28]. Chen T, Kornblith S, Norouzi M, Hinton G. A simple framework for contrastive learning of visual representations.
Ininternational Conference on Machine Learning; 2020 Nov 21; PmLR; 2020. p. 1597-607.

Journal of Health and Biomedical Informatics 2025; 11(4): 336-347 yey


https://dx.doi.org/10.34172/jhbmi.2025.05
https://doi.org/10.1016/j.media.2022.102444
https://doi.org/10.1109/TKDE.2021.3090866
https://doi.org/10.1016/j.artmed.2022.102332
https://doi.org/10.1016/j.compbiomed.2021.105032
https://doi.org/10.1016/j.mlwa.2021.100198
https://doi.org/10.1016/j.eswa.2011.01.087

