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F/4,$#2’.842 4&15. $ 7+,2&’(&& ’&,?")2&")& % .2)()0&,.=G 7#-.").=

3-,,+%+ %(&’#?G",? #&I&()? (- +,(+%& 92=B+.+9+ +B=0&()? [1J3]. @"+ ,%?/-K

(+ , ’%=3? 5-."+#-3). $+-7&#%:<, =%&2)0&()& %:0),2)"&28(:< 3+H(+,"&4 )

.+2)0&,"%- ’+,"=7(:< -((+")#+%-((:< 3&’)6)(,.)< ’-((:< 7+/%+2)2+ #-/#-K

B+"-"8 3+’&2) 92=B+.+9+ +B=0&()?, .+"+#:& % (&.+"+#:< /-’-0-< ,+7+,"-%)3:

)2) 7#&%+,<+’?" =#+%&(8 0&2+%&.--F.,7&#"-. $+-%"+#:<, %+ %#&3? 7-(’&3))

.+#+(-%)#=,- COVID-19 B:2+ (&+B<+’)3+ ,()/)"8 )/B:"+0(=G (-9#=/.= (-

/’#-%++<#-()"&28(=G ,),"&3=, ,+<#-()% )2) 7+%:,)% ,.+#+,"8 ) .-0&,"%+ ’)K

-9(+,").). @"+ 7#)%&2+ . #&9=2?"+#(+4 7+’’&#C.& ) 7+?%2&()G B+28I+9+

.+2)0&,"%- #&I&()4 (- +,(+%& 92=B+.+9+ +B=0&()? ’2? #-/(++B#-/(:< .2)()K

0&,.)< /-’-0 [4].

D&,3+"#? (- /(-0)"&28(:& ’+,")C&()? % +B2-,") 92=B+.+9+ +B=0&()? ’2?

#&I&()? 3&’)6)(,.)< /-’-0, +,"-&",? 7#+B2&3- F55&.")%(+9+ %(&’#&()? "-K

.)< #&I&()4 % .2)()0&,.=G 7#-.").= [5; 6]. $ #?’& ),,2&’+%-()4 7+.-/-(+,

0"+ ),7+28/+%-()& #&I&()4 (- +,(+%& 92=B+.+9+ +B=0&()? 3+C&" 7#)%+’)"8 .

=<=’I&()G .-0&,"%- ’)-9(+,").) ) ,()C&()G 7#+)/%+’)"&28(+,") %#-0-. L#+K

3& "+9+, ,2+C(+,"8 )("&#7#&")#=&3+,") #&I&()4 (- +,(+%& 92=B+.+9+ +B=0&()?

) +BM?,(&()? 7+2=0&((:< 7#&’,.-/-()4 7+%:I-&" #),.) ),7+28/+%-()? ((-7#)K

3&#, )/-/- 9-22G6)()#+%-()?) "-.)< #&I&()4 % .#)")0&,.) %-C(:< +B2-,"?<,

%.2G0-? /’#-%++<#-(&()&.

$/-)3+’&4,"%)& %#-0- , #&I&()?3) (- +,(+%& 92=B+.+9+ +B=0&()? ?%K

2?&",? .-0&,"%&((:3 I-9+3 %7&#&’ +" 7#)(?"+4 7-#-’)93: -%"+(+3(+9+

),7+28/+%-()? #&I&()4 (- +,(+%& 92=B+.+9+ +B=0&()? [7]. *#) "-.+3 7+’<+’&

6&28G %(&’#&()? #&I&()4 (- +,(+%& 92=B+.+9+ +B=0&()? ?%2?&",? 7+%:I&()&

F55&.")%(+,") ) .-0&,"%- #-B+": 3&’)6)(,.)< ,7&6)-2),"+%, - (& )< /-3&(-. !
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A,(+%(:3 )(,"#=3&("+3 #&("9&(+2+9- ?%2?&",? %)/=-28(:4 -(-2)/ 3&K

’)6)(,.+9+ )/+B#-C&()?. $+ %#&3? %)/=-28(+9+ -(-2)/- 3+C(+ +",2&C)%-"8

(-7#-%2&()& %/92?’- %#-0- (- )/+B#-C&()) 7#) 7+3+H) =,"#+4,"%- ’2? +",2&K

C)%-()? %/92?’-. ;(-2)/ ’%)C&()? %/92?’- %#-0- +".#:%-&" %+/3+C(+,") ’2?

+6&(.) .-0&,"%- %)/=-28(+9+ -(-2)/- ((-7#)3&#, 7="&3 +6&(.) ,++"%&","%)?

7#+"+.+2-3 %)/=-28(+9+ -(-2)/-, +6&(.) =,"-2+,") %#-0- [8J10]), 7+,"#+&()?

B+2&& 9)B.)< #&.+3&(’-"&28(:< ,),"&3 (- +,(+%& 92=B+.)< 3+’&2&4 ((-7#)3&#,

/- ,0&" ’&"&.6)) +I)B+. 7#) %)/=-28(+3 -(-2)/&, )< .2-,,)5).-6)) ) ,+7+K

,"-%2&()) %/92?’- %#-0- , 7#&’,.-/-()&3 92=B+.+4 3+’&2) + (-2)0)) "+4 )2)

)(+4 7-"+2+9))), 7+%:I&()? .-0&,"%- 92=B+.)< 3+’&2&4 ’2? -(-2)/- 3&’)6)(K

,.)< )/+B#-C&()4, ),7+28/+%-()? ’-((:< %/92?’- % .-0&,"%& -28"&#(-")%(+9+

,7+,+B- %%+’- ’-((:< ((-7#)3&#, ’2? )("&#-.")%(+4 ,&93&("-6)) [11; 12]).

*#+B2&3- ),7+28/+%-()? ’-((:< %/92?’- /-.2G0-&",? % (&B+28I+3 .+2)K

0&,"%& +BH&’+,"=7(:< (-B+#+% ’-((:< , +",2&C)%-()&3 %/92?’- [13], +,+B&((+

’2? =/.)< +B2-,"&4, "-.)< .-. 3&’)6)(-. $ #-3.-< ),,2&’+%-()? B:2+ (-4K

’&(+ %,&9+ 3 7=B2)0(:< (-B+#- ’-((:< %/92?’- #&("9&(+2+9-[14J16], .+"+#:&

,=33-#(+ ,+’&#C-" %/92?’ ’2? 6650 #&("9&(+%,.)< ,()3.+% 9#=’(+4 .2&".).

@"+ ,%?/-(+ , %:,+.+4 ,"+)3+,"8G 7#+%&’&()? F.,7&#)3&("+% , +",2&C)%-()&3

%/92?’-, % .+"+#:< "#&B=&",? #-/#-B+".- 7#+9#-33(+9+ +B&,7&0&()? ) ,+/’-()&

-77-#-"(+4 =,"-(+%.), 7#)%2&0&()& ,7&6)-2),"+% % .-0&,"%& =0-,"().+% F.,7&K

#)3&("-. *+ F"+4 7#)0)(& 7#)3&(&()& ’-((:< %/92?’- ’2? 92=B+.)< 3+’&2&4

+,"-&",? +"(+,)"&28(+ 3-2+)/=0&((+4 +B2-,"8G.

$/92?’ #&("9&(+2+9- ,+’&#C)" )(5+#3-6)G, +"#-C-GH=G (-3&#&()?

#&("9&(+2+9-, &9+ F.,7&#")/= ) 7,)<+F3+6)+(-28(+& ,+,"+?()&. @"- )(5+#3-K

6)? 3+C&" B:"8 ),7+28/+%-(- ’2? 7+%:I&()? F55&.")%(+,") #&("9&(+2+9- )

+7")3)/-6)) #-B+0)< 7#+6&,,+%. $ "+ C& %#&3? %)/=-28(+& %+,7#)?")& 0&2+%&K

.- <+"8 ) )3&&" +BH)& /-.+(+3&#(+,") ((-7#)3&#, ’%)C&()& +" B+2&& "&3(+9+

. ,%&"2+3= )2) 7#+’+2C&()& ’%)C&()? % "+3 (-7#-%2&()), % .+"+#+3 +(+

=C& B:2+ (-0-"+), (+ ?%2?&",? % %:,+.+4 ,"&7&() )(’)%)’=-28(:3 7#+6&,,+3,

/-%),?H)3 +" 3(+9)< 5-."+#+% ) )3&GH)3 &,"&,"%&((:& 52=."=-6)). 1(K

’)%)’=-28(+,"8 %)/=-28(+9+ %+,7#)?")?, +9#-()0&((+,"8 ’+,"=7(:< (-B+#+%

’-((:< ,+ %/92?’+3 #&("9&(+2+9- ) ,2+C(+,"8 )< ,B+#- ’2? .-C’+4 .2)()0&K

,.+4 /-’-0) 7#&’,"-%2?G" (-)B+28I=G "#=’(+,"8 ’2? ),7+28/+%-()? %/92?’-

% 92=B+.)< 3+’&2?< % 3&’)6)(&.
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A’()3 )/ ,7+,+B+% 7#&+’+2&()? (&<%-".) ’-((:< % 92=B+.+3 +B=0&K

()) ?%2?&",? ,+/’-()& ,)("&")0&,.)< )2) 3+’)5)6)#+%-()& #&-28(:< ’-((:<

((-7#)3&#, 7="&3 7#)3&(&()? 3&"+’+% 3-,.)#+%-()? "&.,"- 7#) +B#-B+".&

&,"&,"%&((+9+ ?/:.- )2) -=93&("-6)) )/+B#-C&()4). @"+ 7+/%+2?&" (& "+28K

.+ #-/(++B#-/)"8 +B=0-GH=G %:B+#.=, (+ ) ,’&2-"8 92=B+.=G 3+’&28 B+2&&

=,"+40)%+4 . I=3=, 2=0I& 7+()3-"8 .+("&.,". D- +,(+%& F")< #-,,=C’&()4

B:2 %:B#-( 5+.=, ’),,&#"-6)) (- =2=0I&()) .-0&,"%- -(-2)/- 3&’)6)(,.)<

)/+B#-C&()4, 7="&3 ),7+28/+%-()? ’-((:< + %/92?’& #&("9&(+2+9- % 92=B+.)<

3+’&2?<.

!-G&/4 (88#&*.%$’(0 – 3&’)6)(,.)& )/+B#-C&()?, % 0-,"(+,") #&("9&K

(+%,.)& )/+B#-C&()? 9#=’(+4 .2&".) ) LN-,#&/: +#9-(+% B#GI(+4 7+2+,").

H:.-#&1$ – (&’+,"-"+0(+& .-0&,"%+ 3+’&2&4 92=B+.+9+ +B=0&()? ’2?

-(-2)/- 3&’)6)(,.)< )/+B#-C&()4 )/-/- +9#-()0&((+9+ ),7+28/+%-()? )(5+#K

3-6)) + %)/=-28(+3 %()3-()) #&("9&(+2+9+%.

H:&*1&4 (88#&*.%$’(0 – 92=B+.)& 3+’&2), ),7+28/=GH)& ’-((:& +

%/92?’&, - "-.C& 3&"+’: ,)("&/- ) -(-2)/- F")< ’-((:<.

I&#26 ’),,&#"-6)+((+4 #-B+": ?%2?&",? #-/#-B+".- 3&"+’+% )("&9#-K

6)) ’-((:< %/92?’- #&("9&(+2+9- % 92=B+.)& 3+’&2) ’2? 7+%:I&()? .-0&,"%-

#&I&()? .2)()0&,.)< /-’-0.

D$*$3( :$-.45:

1. E-/#-B+"-"8 92=B+.=G 3+’&28, =0)":%-GH=G ,&3-(")0&,.=G )(5+#K

3-6)G, ’2? 7#+9(+/)#+%-()? %/92?’- #&("9&(+2+9- (- #&("9&(+%,.+3

)/+B#-C&()) 9#=’(+4 .2&".).

2. E-/#-B+"-"8 ,7+,+B 7+%:I&()? .-0&,"%- 92=B+.+4 3+’&2) ’2? .2-,,)K

5).-6)) 7-"+2+9)4 (- #&("9&(+%,.+3 )/+B#-C&()) 9#=’(+4 .2&".),

),7+28/=? ,)("&")0&,.)& ’-((:& %/92?’- #&("9&(+2+9- %+ %#&3? +B=K

0&()? 3+’&2).

3. E-/#-B+"-"8 ) -7#+B)#+%-"8 F.,7&#)3&("-28(=G =,"-(+%.= ’2? -(-K

2)/- %)/=-28(+9+ 7+%&’&()? #&("9&(+2+9- 7#) -(-2)/& #&("9&(+%,.)<

)/+B#-C&()4. *#+%&,") %-2)’)#=GH)& F.,7&#)3&(": , =0-,")&3 7#-.K

").=GH)< #&("9&(+2+9+%.

4. E-/#-B+"-"8 ,7+,+B ) 92=B+.=G 3+’&28 ’2? )("&#-.")%(+4 ,&93&("-6))

3&’)6)(,.)< )/+B#-C&()4 (- +,(+%& %/92?’-. *#+%&,") "&,")#+%-()&

3+’&2) % F.,7&#)3&("-< , 7#)%2&0&()&3 7#-.").=GH)< #&("9&(+2+9+%.
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E),=(+. 1 J O)-9#-33- #&I&()? ),,2&’+%-"&28,.+4 7#+B2&3:, +"#-C-GH-?

%.2-’ .-C’+4 92-%: ’),,&#"-6))

5. E-/#-B+"-"8 .+372&., 7#+9#-33 ’2? 7#+%&’&()? F.,7&#)3&("+% 7+ -(-K

2)/= 3&’)6)(,.)< )/+B#-C&()4 , +",2&C)%-()&3 %/92?’- % #&C)3&

#&-28(+9+ %#&3&() ) +.+("=#)%-()? -(-"+3)0&,.)< +B2-,"&4 (- 3&’)K

6)(,.)< )/+B#-C&()? (- +,(+%& %/92?’& #&("9&(+2+9- , ),7+28/+%-()&3

"&<(+2+9)4 ),.=,,"%&((+9+ )("&22&."-.

D- #),=(.& 1 7#&’,"-%2&(- ’)-9#-33- #&I&()? 7#+B2&3:, )22G,"#)#=K

GH-? %.2-’ .-C’+4 )/ 92-% ’),,&#"-6)) ) 7+,2&’+%-"&28(=G ,%?/8 3&C’=

()3). P2-%- 1 (-7#-%2&(- (- #&I&()& 7#+B2&3: +9#-()0&((+4 ’+,"=7(+,")

’-((:< %/92?’- ’2? #&("9&(+%,.)< ,()3.+% 9#=’(+4 .2&".), 7="&3 #-/#-B+"K

.) 92=B+.+4 3+’&2) ’2? 9&(&#-6)) ,)("&")0&,.)< ’-((:< %/92?’-. $ 92-%& 2

7#&’2+C&( 3&"+’ ’2? 7+%:I&()? .-0&,"%- .2-,,)5).-6)) 7-"+2+9)4 (- #&("9&K

(+%,.)< ,()3.-< 9#=’(+4 .2&".), 7="&3 ),7+28/+%-()? ,)("&")0&,.)< ’-((:<

%/92?’- )/ 7#&’:’=H&4 92-%:. $ 92-%& 3 +7),-(- F.,7&#)3&("-28(-? =,"-(+%K

.- ’2? ,B+#- ’-((:< %/92?’- #&("9&(+2+9-, .+"+#-? B:2- 7#+"&,")#+%-(- %

F.,7&#)3&("-< , 7#-.").=GH)3) #&("9&(+2+9-3). E-/#-B+"-((-? =,"-(+%.- ,

(&B+28I)3) )/3&(&()?3) ’-2&& ),7+28/+%-2),8 % 92-%& 4 ’2? )("&#-.")%(+4

,&93&("-6)) -(-"+3)0&,.)< +B2-,"&4 (- LN-,()3.-< B#GI(+4 7+2+,") % #&C)K

3& #&-28(+9+ %#&3&() 7#) 7+3+H) %/92?’- #&("9&(+2+9-.

H.#.B&’(0 %5’.8(15& ’$ =$7(4,.
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1. P2=B+.-? 3+’&28 +B+9-H&((-? ,&3-(")0&,.+4 )(5+#3-6)&4 ’2? 7#&’K

,.-/-()? %/92?’- #&("9&(+2+9- (- #&("9&(+%,.+3 )/+B#-C&()) 9#=’(+4

.2&".).

2. !7+,+B 7+%:I&()? .-0&,"%- 92=B+.+4 3+’&2) ) 92=B+.-? 3+’&28 ’2?

.2-,,)5).-6)) 7-"+2+9)4 (- #&("9&(+%,.+3 )/+B#-C&()) 9#=’(+4

.2&".), ),7+28/=? ,)("&")0&,.)& ’-((:& %/92?’- #&("9&(+2+9- %+ %#&K

3? +B=0&()? 3+’&2).

3. @.,7&#)3&("-28(-? =,"-(+%.- ’2? ,B+#- ) -(-2)/- ’-((:< %)/=-28(+K

9+ %+,7#)?")? #&("9&(+2+9- 7#) -(-2)/& #&("9&(+%,.)< )/+B#-C&()4,

7+/%+2?GH-? %:?%2?"8 =,"+40)%:& /-.+(+3&#(+,") %/92?’-.

4. !7+,+B ) 92=B+.-? 3+’&28 ’2? )("&#-.")%(+4 ,&93&("-6)) 3&’)6)(K

,.)< )/+B#-C&()4 (- +,(+%& %/92?’-.

5. L+372&., 7#+9#-33 ’2? 7#+%&’&()? F.,7&#)3&("+% 7+ -(-2)/= 3&’)K

6)(,.)< )/+B#-C&()4 , +",2&C)%-()&3 %/92?’- % #&C)3& #&-28(+9+

%#&3&() ) +.+("=#)%-()? -(-"+3)0&,.)< +B2-,"&4 (- 3&’)6)(,.)<

)/+B#-C&()? (- +,(+%& %/92?’& #&("9&(+2+9- , ),7+28/+%-()&3 "&<(+K

2+9)4 ),.=,,"%&((+9+ )("&22&."-.

J$,3’$0 ’.%(=’$ :$-.45.

1. *#&’2+C&( ) #&-2)/+%-( 3&"+’ 7#&’,.-/-()? "#-&."+#)) %/92?’- #&("K

9&(+2+9-, +,(+%-((:4 (- )("&9#-6)) % 92=B+.=G 3+’&28 ,&3-(")0&,.+4

)(5+#3-6)), 7+2=0&((+4 3&"+’+3 2+9)"-2)(/: )/ %)/=-28(+-?/:.+%+4

3+’&2), 0"+ +B&,7&0)%-&" =2=0I&()& "+0(+,") 7+ 3&"#).& ScanMatch

’+ 48% 7+ ,#-%(&()G , B-/+%:3) 3+’&2?3) (92-%- 1) (*=(.": 2, 4 ) 13

7-,7+#"- ,7&6)-28(+,") 1.2.1).

2. *#&’2+C&( ) #-/#-B+"-( 3&"+’ 7+%:I&()? "+0(+,") .2-,,)5).-6))

7-"+2+9)4 (- #&("9&(+%,.)< )/+B#-C&()?< 9#=’(+4 .2&".), /-.2G0-GK

H)4,? %+ %.2G0&()) ,)("&")0&,.)< ’-((:< %/92?’- (- F"-7& +B=0&()?

,%&#"+0(+4 (&4#+((+4 ,&"), 0"+ 7+/%+2?&" 7+%:,)"8 AUROC (- 10%

7+ ,#-%(&()G , 3+’&28G, ),7+28/=GH&4 #&-28(:& ’-((:& %/92?’- (92-K

%- 2) (*=(.": 2 ) 4 7-,7+#"- ,7&6)-28(+,") 1.2.1).

3. E-/#-B+"-(- ) %-2)’)#+%-(- F.,7&#)3&("-28(-? =,"-(+%.- ’2? ,B+#- )

-(-2)/- ’-((:< %)/=-28(+9+ %+,7#)?")? #&("9&(+2+9- 7#) )("&#7#&"-K

6)) #&("9&(+%,.)< )/+B#-C&()4, +B&,7&0)%-GH-? %:?%2&()& =,"+40)K

%:< 7-""&#(+% %/92?’- ) ,+/’-GH-? +,(+%= ’2? =0&"- %()3-()? %#-0-
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% )("&22&."=-28(:< 3&’)6)(,.)< ,),"&3-< (92-%- 3) (*=(.": 6 7-,K

7+#"- ,7&6)-28(+,") 1.2.1).

4. *#&’2+C&( ,7+,+B )("&#-.")%(+4 ,&93&("-6)) 3&’)6)(,.)< )/+B#-K

C&()4, ),7+28/=GH)4 (-B+# .++#’)(-" %/92?’- %#-0- .-. ),"+0().

=7#-%2&()? 9&(&#-6)&4 ,&93&("-6)+((+4 3-,.), 7+/%+2?GH)4 =2=0K

I)"8 .-0&,"%+ ,&93&("-6)) ) ,()/)"8 #=0(:& =,)2)? 7#) .+##&.")#+%K

.& 9#-()6 -(-"+3)0&,.)< +B2-,"&4 (92-%- 4) (*=(.": 6 ) 7 7-,7+#"-

,7&6)-28(+,") 1.2.1).

K&.:&4(3&8/$0 ( <:$/4(3&8/$0 =’$3(1.842 :$-.45 ,+,"+)" % "+3, 0"+

#-/#-B+"-((:& 92=B+.)& 3+’&2) ) ,7+,+B: 7#&’(-/(-0&(: ’2? 7+%:I&()?

F55&.")%(+,") #&I&()? .2)()0&,.)< /-’-0 ) B&/+7-,(+,") ),7+28/+%-()? 92=K

B+.)< 3+’&2&4 % .2)()0&,.+4 7#-.").&.

L.84.%&:’.842 ’$,3’5? *.84(B&’(> +B&,7&0)%-&",? .+##&."(:3 "&,")K

#+%-()&3 #-/#-B+"-((:< #&I&()4, % "+3 0),2& , 7#)%2&0&()&3 F.,7&#"+%K

#&("9&(+2+9+%; ,+%7-’&()&3 , #&/=28"-"-3), 7+2=0&((:3) ’#=9)3) -%"+#-3);

),7+28/+%-()&3 92=B+.)< 3+’&2&4 ) ,7+,+B+% % #-3.-< #&-2)/-6)) 9#-("- EDQ

R18-71-10072 SE-/#-B+".- (+%:< 3-"&3-")0&,.)< 3&"+’+% ) -29+#)"3+% -(-K

2)/- #&("9&(+%,.)< )/+B#-C&()4 +#9-(+% 9#=’(+4 7+2+,") ’2? -%"+3-")/-6))

’)-9(+,").) /-B+2&%-()4 2&9.)< , 7+3+H8G #&I&()? /-’-0) .2-,,)5).-6))

)/+B#-C&()4 , %:,+.+4 %(="#).2-,,+%+4 ) ()/.+4 3&C.2-,,+%+4 ’),7&#,)&4T

) 9#-("- (- ,+/’-()& 6&("#- ),.=,,"%&((+9+ )("&22&."- 7#) 7+’’&#C.& -(-K

2)")0&,.+9+ 6&("# 7#) *#-%)"&28,"%& E+,,)4,.+4 Q&’&#-6)) (!+92-I&()& R

70-2021-00143 +" 01.11.2021, 1PL 000000D730321P5Q0002).

F<:.-$;(0 :$-.45. A,(+%(:& #&/=28"-": #-B+": ’+.2-’:%-2),8 (- ,2&K

’=GH)< 3&C’=(-#+’(:< (-=0(:< .+(5&#&(6)?< =#+%(? A* 7+ ),.=,,"%&((+3=

)("&22&."=: Conference on Neural Information Processing Systems (L-(-’-, 2024),

IEEE/CVF Conference on Computer Vision and Pattern Recognition (D-I%)22,

!U;, L-(-’-), International Conference on Learning Representations (!)(9-7=#,

2025). N-.C& +,(+%(:& #&/=28"-": #-B+": ’+.2-’:%-2),8 (- ,2&’=GH)< 3&CK

’=(-#+’(:< .+(5&#&(6)?<: SPIE Medical Imaging (!U;, 2022 9.), Intelligent

Systems Design and Applications (!U;, 2022 9.), IEEE Congress on Evolutionary
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Computation CEC (2023, !U;). L#+3& "+9+, +,(+%(:& #&/=28"-": B:2) 7#&’K

,"-%2&(: ) +B,=C’-2),8 (- )"+9+%:< (-=0(:< .+(5&#&(6)? ,+"#=’().+%

L-/-(,.+9+ 5&’&#-28(+9+ =()%&#,)"&"- (2022-2023 9.), %(="#&(()< ,&3)(-#-<

=()%&#,)"&"- 1((+7+2), (2020-2025 99.), %+ %#&3? ,+%3&,"(+4 (-=0(+4 #-B+K

": , .+22&.")%+3 #&,7=B2).-(,.+9+ .2)()0&,.+9+ +(.+2+9)0&,.+9+ ’),7-(,&#-

(ELAO) )3&() 7#+5&,,+#- >.V.!)9-2- (2024 9.).

H,-#(/$;((. !7),+. %,&< 7=B2).-6)4 -%"+#- 7+ "&3& ’),,&#"-6)):

1. AI-based analysis of radiologist’s eye movements for fatigue estimation: a pilot

study on chest X-rays / I. Pershin [) ’#.] // Medical Imaging 2022: Image

Perception, Observer Performance, and Technology Assessment / 7+’ #&’.

C. R. Mello-Thoms, S. Taylor-Phillips. J SPIE, 04.2022. J !. 39. J URL:

http://doi.org/10.1117/12.2612760.

2. Shmykova T., Khaertdinova L., Pershin I. Zero-Shot Gaze-based Volumetric

Medical Image Segmentation // Proceedings of the Computer Vision and

Pattern Recognition (CVPR). J 06.2025. J URL: https://sites.google.

com/view/mmfm-biomed-2025/0.

3. Artificial Intelligence for the Analysis of Workload-Related Changes in

Radiologists’ Gaze Patterns / I. Pershin [) ’#.] // IEEE Journal of Biomedical

and Health Informatics. J 2022. J !&(". J N. 26, R 9. J !. 4541J4550. J

URL: http://doi.org/10.1109/JBHI.2022.3183299.

4. Gaze-based attention to improve the classification of lung diseases / M.

Kholiavchenko [) ’#.] // Medical Imaging 2022: Image Processing / 7+’ #&’.

I. Išgum, O. Colliot. J SPIE, 04.2022. J !. 10. J URL: http://doi.org/

10.1117/12.2612767.

5. Changes in Radiologists’ Gaze Patterns Against Lung X-rays with DiWerent

Abnormalities: a Randomized Experiment / I. Pershin [) ’#.] // Journal of

Digital Imaging. J 2023. J X(%. J N. 36, R 3. J !. 767J775. J URL:

http://doi.org/10.1007/s10278-022-00760-2.

6. AI-Based Extraction of Radiologists Gaze Patterns Corresponding to Lung

Regions / I. Pershin [) ’#.] // Intelligent Systems Design and Applications. J

Springer Nature Switzerland, 2023. J !. 386J393. J URL: http://doi.org/

10.1007/978-3-031-35501-1_39.

http://doi.org/10.1117/12.2612760
https://sites.google.com/view/mmfm-biomed-2025/0
https://sites.google.com/view/mmfm-biomed-2025/0
http://doi.org/10.1109/JBHI.2022.3183299
http://doi.org/10.1117/12.2612767
http://doi.org/10.1117/12.2612767
http://doi.org/10.1007/s10278-022-00760-2
http://doi.org/10.1007/978-3-031-35501-1_39
http://doi.org/10.1007/978-3-031-35501-1_39
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7. Pershin I., Mustafaev T., Ibragimov B. Contrastive Learning Approach to

Predict Radiologist’s Error Based on Gaze Data // 2023 IEEE Congress on

Evolutionary Computation (CEC). J IEEE, 07.2023. J !. 1J6. J URL:

http://doi.org/10.1109/CEC53210.2023.10254056.

8. Gaze Assistance for EYcient Segmentation Correction of Medical Images / L.

Khaertdinova [) ’#.] // IEEE Access. J 2025. J N. 13. J !. 14199J14213. J

URL: http://doi.org/10.1109/access.2025.3530701.

9. Gaze-Assisted Medical Image Segmentation / L. Khaertdinova [) ’#.] //

Advances in Neural Information Processing Systems 37. J Vancouver, BC,

Canada, 2024. J URL: https://neurips.cc/virtual/2024/103920.

10. Lvov D., Pershin I. LogitGaze: Predicting Human Attention Using Semantic

Information from Vision-Language Models // The Thirteenth International

Conference on Learning Representations. J Singapore, 2025. J URL: https:

//iclr.cc/virtual/2025/workshop/23968#collapse32765.

11. !"#$%&%’()&"* * +*). ,%+#)&,-.## /,*+,-001 $’2 345. *#+9#-33- ’2?

+.+("=#)%-()? -(-"+3)0&,.)< +B2-,"&4 (- 3&’)6)(,.)< )/+B#-C&()?<

(- +,(+%& %/92?’- #&("9&(+2+9- , ),7+28/+%-()&3 "&<(+2+9)4 ),.=,,"%&(K

(+9+ )("&22&."- / 1. *&#I)(, N. U3:.+%-, Z. [-&#"’)(+%- ; ;DA

$A S\()%&#,)"&" 1((+7+2),T. J R RU 2025619297 ; +7=B2. 14.04.2025,

2025616768 (ru).

12. !"#$%&%’()&"* * +*). ,%+#)&,-.## /,*+,-001 $’2 345. *#+9#-33-

’2? 7#+%&’&()? F.,7&#)3&("+% 7+ -(-2)/= 3&’)6)(,.)< )/+B#-C&()4

, +",2&C)%-()&3 %/92?’- #&("9&(+2+9- % #&C)3& #&-28(+9+ %#&3&()

, ),7+28/+%-()&3 "&<(+2+9)4 ),.=,,"%&((+9+ )("&22&."-"&22&."- / 1.

*&#I)(, O. N=3-.+% ; ;DA $A S\()%&#,)"&" 1((+7+2),T. J R RU

2025619063 ; +7=B2. 14.04.2025, 2025616768 (ru).

13. 6%,7#8 9., :;0-<*" =. ]-/- ’-((:< 7+ +",2&C)%-()G %/92?’- #&("9&K

(+2+9+% %+ %#&3? -(-2)/- 3&’)6)(,.)< )/+B#-C&()4 ) +B=0&()? 3+’&2&4

),.=,,"%&((+9+ )("&22&."-. J 14.04.2025. J O-"- #&9),"#-6)): 14.04.2025,

]G2. R 4. ;%"+#: =.-/-(: % /-?%.& (- #&9),"#-6)G. !%)’&"&28,"%+ + 9+K

,=’-#,"%&((+4 #&9),"#-6)) B-/: ’-((:< R 2025670018.

http://doi.org/10.1109/CEC53210.2023.10254056
http://doi.org/10.1109/access.2025.3530701
https://neurips.cc/virtual/2024/103920
https://iclr.cc/virtual/2025/workshop/23968#collapse32765
https://iclr.cc/virtual/2025/workshop/23968#collapse32765
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14. 6-&%8& >*))#?)<*? @%$%,-.##. !),"&3- ) ,7+,+B +6&(.) =,"-2+,") %#-K

0- / 1. ;. *&#I)(, N. ;. A. >=,"-5-&% ; ;DA $A S\()%&#,)"&"

1((+7+2),T. J R RU 2 800 312 C1 ; /-?%2. 30.12.2022 ; +7=B2. 20.07.2023,

2022135393 (ru). J 11 ,. J ]G2. R20.

E4:,/4,:$ ( .-G&1 *(88&:4$;((. O),,&#"-6)? ,+,"+)" )/ %%&’&()?, 4 92-%

) /-.2G0&()?.

*+2(:4 +BM^3 ’),,&#"-6)) ,+,"-%2?&" 107 ,"#-()6, %.2G0-? 17 #),=(.+%

) 14 "-B2)6. !7),+. 2)"&#-"=#: ,+’&#C)" 127 (-)3&(+%-()4.
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+#$%$ 1. +#,-./$0 1.*&#2, ,3(45%$67$0 8&1$’4(3&8/,6

(’9.:1$;(6, *#0 <:&*8/$=$’(0 4:$&/4.:(( %="#0*$ ’$

:&’4"&’.%8/.1 8’(1/&

1.1 )%&*&’(&

D-,"+?H-? 92-%- 7+,%?H&(- #-/#-B+".& 3&"+’- ’2? 7+%:I&()? .-0&,"%-

7#+9(+/)#+%-()? 6&2&(-7#-%2&((+9+ %/92?’- ) +B=0&()G 92=B+.+4 3+’&2) ’2?

9&(&#-6)) ,)("&")0&,.)< ’-((:< %/92?’- (- #&("9&(+%,.)< ,()3.-< 9#=’(+4

.2&".).

V-’-0- 3+’&2)#+%-()? ) 7#+9(+/)#+%-()? 6&2&(-7#-%2&((+9+ %()3-()?

0&2+%&.- – % 0-,"(+,"), 7#&’,.-/-()? "#-&."+#)) 5).,-6)4 %/92?’- %+ %#&3?

%)/=-28(+9+ 7+),.- J +,"-^",? +’(+4 )/ .2G0&%:< "&3 % .+9()")%(:< (-=K

.-<, (&4#+(-=.& ) .+378G"&#(+3 /#&()) [17J19]. $ 7+,2&’()& 9+’: )("&#&,

. F"+4 /-’-0& ,=H&,"%&((+ =,)2)2,? B2-9+’-#? #+,"= 7#+)/%+’)"&28(+,") 3+’&K

2&4 92=B+.+9+ +B=0&()?, 7+?%2&()G 3-,I"-B(:< (-B+#+% ’-((:< , -((+"-6)?3)

’%)C&()4 92-/ ) #-,"=H&3= ,7#+,= (- )("&#7#&")#=&3:& 11-,),"&3: % 7#)2+K

C&()?< , %:,+.+4 ,"+)3+,"8G +I)B.), %.2G0-? 3&’)6)(,.=G ’)-9(+,").=.

A,+B:4 )("&#&, %:/:%-&" 7#+9(+/)#+%-()& 6&2&(-7#-%2&((+9+ %/92?’- –

"#-&."+#)) %)/=-28(+9+ 7+),.-, +B=,2+%2&((+9+ /-’-()&3, %+7#+,+3 )2) 6&2&K

%+4 .-"&9+#)&4. $ +"2)0)& +" ,%+B+’(+9+ 7#+,3+"#- )/+B#-C&()?, (-7#-%2&((+&

%()3-()& <-#-."&#)/=&",? ,&3-(")0&,.) ’&"&#3)()#+%-((:3) I-B2+(-3),

5+#3)#=&3:3) (- +,(+%& .+9()")%(:< ,"#-"&9)4 ) F.,7&#"(+9+ +7:"-. $

3&’)6)(,.+4 %)/=-2)/-6)) F") 7-""&#(: +,+B&((+ %-C(:: +() +"#-C-G" ’)K

-9(+,")0&,.+& 3:I2&()& #&("9&(+2+9- ) 3+9=" B:"8 ),7+28/+%-(: % .-0&,"%&

-7#)+#(+4 )(5+#3-6)) ’2? 7+%:I&()? "+0(+,") ) +BM?,()3+,") 11-3+’&K

2&4 [20].

D-)B+2&& ?#.)3 7#)3&#+3 F"+9+ ?%2?&",? -(-2)/ #&("9&(+9#-33 9#=’K

(+4 .2&".). *#+B2&3- /-.2G0-&",? % "+3, 0"+ %)/=-28(:& 7#)/(-.) 7-"+2+9)4

0-,"+ %:#-C&(: (&?%(+, (& +9#-()0)%-G",? 0^".+ +0&#0&((:3) +B2-,"?3) )

"#&B=G" )("&9#-")%(+9+ %+,7#)?")? -(-"+3)0&,.)< ) 7-"+2+9)0&,.)< ,"#=.K

"=#. N#-&."+#)) %/92?’- +7:"(+9+ #&("9&(+2+9- 7#) %)/=-28(+3 %+,7#)?")?
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)/+B#-C&()? +"#-C-G" (& "+28.+ 7+,2&’+%-"&28(+,"8 7#+,3+"#- +B2-,"&4 )/+BK

#-C&()?, (+ ) 7#)+#)"&"(+,"8 +B2-,"&4 , ’)-9(+,")0&,.+4 /(-0)3+,"8G.

A’(-.+ 7#-.")0&,.+& 7#)3&(&()& )(5+#3-6)) + %/92?’& +9#-()0&(+ %:K

,+.+4 ,"+)3+,"8G &^ ,B+#-. !+%#&3&((:& (-B+#: ’-((:< %/92?’-, "-.)& .-.

GazeSearch [20] ) Eye Gaze Chest X-ray [14], +,"-G",? #&’.)3) ) =/.+,7&6)-2)/)K

#+%-((:3). @"+ ,+/’-^" /(-0)"&28(:4 B-#8&# ’2? +B=0&()? 92=B+.)< 3+’&2&4.

$ 7+,2&’()& 9+’: -.")%(+ #-/%)%-G",? 3&"+’: ,)("&")0&,.+4 9&(&#-6)) "#-&.K

"+#)4 %/92?’-, (-7#-%2&((:& (- 7#&’,.-/-()& 5).,-6)4 0&2+%&.- 7#) (-2)0))

)/+B#-C&()? ) "&.,"+%+9+ +7),-()? 6&2).

E-(()& 7+’<+’: 7#+9(+/)#+%-()? "#-&."+#)) %/92?’- +7)#-2),8 (-

7+,"#+&()& .-#" /-3&"(+,"), 2)B+ (- %#=0(=G ,+/’-((:< F%#),").-< [21],

(& =0)":%-GH)< ,&3-(")0&,.+4 )(5+#3-6)) + 6&2&%+3 +BM&."&. D&’-%()&

7+’<+’: (- +,(+%& -#<)"&."=#: (&4#+((:< ,&"&4 N#-(,5+3&# 7+/%+2)2) ,=K

H&,"%&((+ 7+%:,)"8 .-0&,"%+ 7#+9(+/)#+%-()? 6&2&(-7#-%2&((+9+ %/92?’- –

(-7#-%2&((+9+ (- /-’-((=G 6&28. *+’<+’ GazeFormer [22] ),7+28/=&" "&.,"+%+&

+7),-()& 6&2) (- &,"&,"%&((+3 ?/:.&, ’+,")9-? %:,+.+4 "+0(+,") 7#) /(-0)K

"&28(+ 3&(8I&3 %#&3&() )(5&#&(,- 7+ ,#-%(&()G , 7#&’:’=H)3) 7+’<+’-3).

*+’<+’: HAT (-(92. The Human Attention Transformer) [23] ) GazeXplain [24]

#-,I)#?G" F"+" 7+’<+’ 7="&3 9&(&#-6)) +B+,(+%-()4 (- &,"&,"%&((+3 ?/:K

.&, ,%?/:%-? "#-&."+#)) %/92?’- , 7#)0)((+-,2&’,"%&((:3) )("&#7#&"-6)?3).

LookHear (ART) [25] 7+/%+2?&" 7#&’,.-/:%-"8 .++#’)(-": %/92?’- % #&-28(+3

%#&3&() % 7#+6&,,& =,"(+9+ =7+3)(-()? 6&2&%:< +BM&."+%.

$ ,%?/) , F")3 %+/().-&" 7+"#&B(+,"8 % 7+,"#+&()) ’+3&((+-,7&6)5)0(:<

3+’&2&4 %()3-()?, ,7+,+B(:< =0)":%-"8 .-. %)/=-28(:&, "-. ) ,&3-(")0&,.)&

+,+B&((+,") 3&’)6)(,.+9+ )/+B#-C&()?. L#+3& "+9+, B+28I)(,"%+ ,=H&,"%=K

GH)< 3+’&2&4 6&2&(-7#-%2&((+9+ %()3-()? B:2) #-/#-B+"-(: ) +B=0&(: (-

)/+B#-C&()?< +BH&9+ (-/(-0&()?. 1< 7&#&(+, % 3&’)6)(,.=G %)/=-2)/-6)G

,+7#?C^( , #?’+3 7#+B2&3. D-7#)3&#, %)/=-28(:& 7-""&#(: 3&’)6)(,.)<

)/+B#-C&()4 ,=H&,"%&((+ +"2)0-G",? +" &,"&,"%&((:< ,6&( (3+(+<#+3(+,"8,

+",=","%)& ?%(:< +BM&."+%, %:,+.-? 72+"(+,"8 )(5+#3-6)), - 7-"+2+9)) 3+9="

B:"8 7#+,"#-(,"%&((+ #-,7#&’&2^((:3) ) (& )3&"8 0^".+4 9#-()6: ((-7#)3&#,

S%:7+"T, S)(5)28"#-"T, S.-#’)+3&9-2)?T).

L+(6&76)? %)/=-28(+-?/:.+%:< 3+’&2&4 7+/%+2)2- F55&.")%(+ %(&’#?"8

)/+B#-C&()? % B+28I)& ?/:.+%:& 3+’&2), (-7#)3&#, % "-.)& .-. LLaMa [26].

$ F"+3 ,2=0-& )/+B#-C&()& +B:0(+ 7#&’,"-%2?&",? % %)’& (-B+#- F3B&’’)(9+%,
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E),=(+. 1.1 J $)/=-2)/-6)? "#-&."+#)) %/92?’- (- #&("9&(+%,.+3 ,()3.&

9#=’(+4 .2&".), 7+3&0&((+3 .-. S(+#3-T. _^2":& .#=9) +B+/(-0-G" "+0.)

5).,-6)). Q#-93&(": )/+B#-C&()? ’&.+’)#=G",? % ,2+%- 7#) 7+3+H) 3&"+’-

2+9)"-2)(/: ) %)/=-28(+-?/:.+%+4 3+’&2)

)/%2&0&((:< )/ 5#-93&("+% )/+B#-C&()?. @3B&’’)(9) )/+B#-C&()? 7#+&6)K

#=G",? % 7#+,"#-(,"%+ "&.,"+%:< "+.&(+% (7+,2& 0&9+ )< +B:0(+ (-/:%-G"

%)/=-28(:3) "+.&(-3)) ) +B#-B-":%-G",? ,+%3&,"(+ B+28I+4 ?/:.+%+4 3+’&K

28G. D&’-%(+ 3&"+’ 2+9)"-2)(/:, )/(-0-28(+ #-/#-B+"-((:4 ’2? +BM?,(&()?

7#&’,.-/-()4 B+28I)< ?/:.+%:< 3+’&2&4, B:2 7#)3&(&( ’2? %)/=-28(+-?/:K

.+%:< 3+’&2&4 [27]. @"+ 7+/%+2)2+ ,+7+,"-%)"8 "&.,"+%:4 "+.&( ’2? .-C’+9+

%)/=-28(+9+ "+.&(- (,3. #),=(+. 1.1). N-.)3 +B#-/+3, =’-2+,8 7+2=0)"8 ,&3-(K

")0&,.=G )(5+#3-6)G ’2? .-C’+9+ 5#-93&("- )/+B#-C&()?.

$ #-3.-< ’),,&#"-6)) %5*%(’,4. <:&*<.#.B&’(&, 0"+ %(&’#&()&

,&3-(")0&,.+4 )(5+#3-6)) )/ 3&"+’- 2+9)"-2)(/: % 92=B+.=G 3+’&28 7+/K

%+2)" 7+%:,)"8 .-0&,"%+ 7#+9(+/)#+%-()? 6&2&(-7#-%2&((+9+ %/92?’- .-.

(- #&("9&(+%,.)< )/+B#-C&()?< 9#=’(+4 .2&".), "-. ) (- +BH)< )/+B#-K

C&()?<. $ .-0&,"%& +,(+%: ’2? 92=B+.+4 3+’&2) ),7+28/=&",? -#<)"&."=#-

GazeFormer [22], % .+"+#=G B:2- )("&9#)#+%-(- ,&3-(")0&,.-? )(5+#3-6)?

(,3. #-/’&2 1.3).
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1.2 H.84$’.%/$ =$*$3(

$ ’-((+4 92-%& #-,,3-"#)%-&",? /-’-0- 7#+9(+/)#+%-()? (-7#-%2&((+K

9+ %)/=-28(+9+ %()3-()? #&("9&(+2+9- 7#) )("&#7#&"-6)) #&("9&(+%,.+9+

)/+B#-C&()? 9#=’(+4 .2&".). Q+#3-28(+, +(- /-.2G0-&",? % 3+’&2)#+%-())

7+,2&’+%-"&28(+,") 5).,-6)4 %/92?’-, +B=,2+%2&((+4 .-. %)/=-28(:3 ,+’&#K

C-()&3 )/+B#-C&()?, "-. ) ’)-9(+,")0&,.+4 6&28G, /-’-((+4 % "&.,"+%+4

5+#3&.

L-C’:4 +BM&." +B=0-GH&4 %:B+#.) +7#&’&2?&",? "#+4.+4:

– I → R
H↑W – #&("9&(+%,.+& )/+B#-C&()& 9#=’(+4 .2&".) , %:,+"+4 H

7).,&2&4 ) I)#)(+4 W 7).,&2&4;

– "&.,"+%-? 5+#3=2)#+%.- T 6&2) %)/=-28(+9+ 7+),.- ((-7#)3&#, S7(&%K

3+()?T, S.-#’)+3&9-2)?T ) 7#.);

– G = {(xy, yt, τt}
L
t=1 – ),")((-? "#-&."+#)? %/92?’-, 7#&’,"-%2&((-? .-.

=7+#?’+0&((-? 7+,2&’+%-"&28(+,"8 .++#’)(-" 5).,-6)4 (xt, yt) , ’2)K

"&28(+,"8G /-’&#C.) τt (3,).

V-’-0- /-.2G0-&",? % 7+,"#+&()) 3+’&2) fw(I, T ) = Ĝ, .+"+#-? -77#+.K

,)3)#=&" ),")((=G "#-&."+#)G G % "&#3)(-< .-. .++#’)(-", "-. ) %#&3&((:<

<-#-."&#),"). 5).,-6)4. V’&,8 w +B+/(-0-&" 7-#-3&"#: 3+’&2), 7+’2&C-H)&

+B=0&()G.

$ +"2)0)& +" "#-’)6)+((+9+ 7#&’,.-/-()? .-#" /-3&"(+,"), 9’& 3+’&2)#=K

&",? 72+"(+,"8 %()3-()? B&/ =0^"- 7+,2&’+%-"&28(+,"), % (-,"+?H&4 7+,"-(+%.&

"#&B=&",? 9&(&#-6)? %#&3&((+-=7+#?’+0&((+4 ,"#=."=#:, ,+<#-(?GH&4 ,2&’=K

GH)& -,7&."::

– H:.84:$’84%&’’$0 :&#&%$’4’.842: 5).,-6)) ’+2C(: 7+7-’-"8 %

.2)()0&,.) /(-0)3:& +B2-,") )/+B#-C&()?;

– ):&1&’’$0 <.8#&*.%$4&#2’.842: 7+#?’+. ) ’2)"&28(+,") 5).,-6)4

’+2C(: ,++"%&","%+%-"8 7-""&#(-3 %/92?’- %#-0--#&("9&(+2+9-;

– M.’4&/84,$#2’$0 .-,8#.%#&’’.842: 3+’&28 ’+2C(- =0)":%-"8 .+(K

.#&"(=G ’)-9(+,")0&,.=G 6&28, %:#-C&((=G % "&.,"&;

>+’&28 +B=0-&",? % #&C)3& -%"+"&9#&,,)), 3)()3)/)#=? ,2&’=GH=G ,+K

,"-%(=G 5=(.6)G 7+"&#8:

L = Lcls + λ1Lspatial + λ2Ltemporal,
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9’& Lcls – B)(-#(-? .#+,,-F("#+7)? ’2? "+.&(- /-%&#I&()? "#-&."+#)), Lspatial

– L1-7+"&#? 7+ .++#’)(-"-3 5).,-6)), Ltemporal – l2-7+"&#? 7+ ’2)"&28(+,")

5).,-6)), λ1,λ2 – 9)7&#7-#-3&"#: 3+’&2).

A,(+%(:3) 6&2?3), 7+,"-%2&((:3) % ’-((+4 #-B+"&, ?%2?G",?:

1. #-/#-B+".- -#<)"&."=#: LogitGaze-Med, ,7+,+B(+4 =0)":%-"8 ,&3-(K

")0&,.=G )(5+#3-6)G )/+B#-C&()? ’2? 9&(&#-6)) 7#-%’+7+’+B(:<

"#-&."+#)4 %/92?’- #&("9&(+2+9-;

2. ),,2&’+%-()& %2)?()? ’+3&((+-,7&6)5)0(:< 7#)/(-.+% (3&’)6)(,.)<

.+(6&7"+% (- )/+B#-C&()), )/%2&0^((:< 0&#&/ 3&"+’ 2+9)"-2)(/:) (-

.-0&,"%+ 7#&’,.-/-()4 "#-&."+#)) %/92?’-;

3. ,#-%()"&28(:4 -(-2)/ , ,=H&,"%=GH)3) -#<)"&."=#-3) +BH&9+ (-/(-K

0&()? (GazeFormer, HAT);

4. +6&(.- 7&#&(+,)3+,") 3+’&2) (- (&3&’)6)(,.)& ’+3&(: ((-7#)3&#,

COCO-Search18);

5. 7+’9+"+%.- #&.+3&(’-6)4 7+ ),7+28/+%-()G 3+’&2&4 %()3-()? % /-’-K

0-< 3&’)6)(,.+4 %)/=-2)/-6)).

1.3 C=%#&3&’(& 8&1$’4(3&8/.> (’9.:1$;(( 8 (8<.#2=.%$’(&1

1&4.*$ #."(4-#(’=5

A’()3 )/ .2G0&%:< "#&B+%-()4 . 3+’&2?3, 7#)3&(?&3:3 % 3&’)6)(K

,.+4 %)/=-2)/-6)), ?%2?&",? )< +BM?,()3+,"8. $ .+("&.,"& /-’-0 7#&’,.-/-()?

(-7#-%2&((+9+ %()3-()? F"+ +/(-0-&" (& "+28.+ "+0(+& %+,7#+)/%&’&()& "#-&.K

"+#)4 5).,-6)4, (+ ) %+/3+C(+,"8 +B+,(+%-"8, 7+0&3= 3+’&28 %:B)#-&" "=

)2) )(=G +B2-,"8 )/+B#-C&()? (- .-C’+3 F"-7& %)/=-28(+9+ 7+),.-. ! F"+4

6&28G % -#<)"&."=#& LogitGaze-Med B:2- #&-2)/+%-(- )("&9#-6)? ,&3-(")0&K

,.)< 7#)/(-.+%, 7+2=0&((:< )/ %)/=-28(+-?/:.+%+4 3+’&2) , ),7+28/+%-()&3

3&"+’- 2+9)"-2)(/:. N-.-? ,"#-"&9)? (-7#-%2&(- (- ’+,")C&()& ’%=< %/-K

)3+,%?/-((:< 6&2&4: 7+%:I&()& )("&#7#&")#=&3+,") 3+’&2) ) +B&,7&0&()&

,&3-(")0&,.+4 ,+92-,+%-((+,") 7#&’,.-/-()4 , .2)()0&,.) /(-0)3:3) +B2-K

,"?3).

$)/=-28(+-?/:.+%:& 3+’&2) (-(92. Vision–Language Models, ,+.#. VLM)

7#&’,"-%2?G" ,+B+4 -#<)"&."=#:, ,7+,+B(:& +’(+%#&3&((+ +B#-B-":%-"8 )/+BK
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#-C&()? ) "&.,", +BM&’)(?? %)/=-28(:& ) ?/:.+%:& 7#&’,"-%2&()? % +’(+3

2-"&("(+3 7#+,"#-(,"%&. D-)B+2&& #-,7#+,"#-(^((:4 .2-,, "-.)< 3+’&2&4

7+,"#+&( 7+ 7#)(6)7= S-’-7"&#-T (-(92. adapter-style architecture), 9’& 7#&’K

%-#)"&28(+ +B=0&((:& .+37+(&(": ’2? +B#-B+".) )/+B#-C&()4 ) "&.,"-

,+&’)(?G",? 0&#&/ +B=0-&3=G 7#+3&C="+0(=G 7#+&.6)G.

E&("9&(+%,.+& )/+B#-C&()& 9#=’(+4 .2&".) I → R
H↑W #-/B)%-&",? (-

5#-93&(": #-/3&#+3 P ↑ P px, 5+#3)#=? M (&7&#&.#:%-GH)<,? 5#-93&(K

"+%. V-"&3 5#-93&(": 7+’-G",? % %)/=-28(:4 F(.+’&# Evisual ((-7#)3&#, CLIP

ViT [28]), 5+#3)#=? %&."+#(:& 7#&’,"-%2&()? ’2? .-C’+9+ 5#-93&("-. E&K

/=28"-"+3 ?%2?&",? 7+,2&’+%-"&28(+,"8 %&."+#+% 7#)/(-.+%, ,++"%&","%=GH)<

.-C’+3= 5#-93&("= )/+B#-C&()?:

Ei = Evisual(I) → R
M↑d,

9’& d #-/3&#(+,"8 7#)/(-.+%. O-2&& F"- 7+,2&’+%-"&28(+,"8 7#+&6)#=&",? % 7#+K

,"#-(,"%+ %<+’(:< F3B&’’)(9+% dLM ?/:.+%+4 3+’&2) LM , 7+3+H8G -’-7"&#-

A (+B:0(+ ),7+28/=&",? 7+2(+,%?/(-? (&4#+((-? ,&"8):

EA = A(Ei) → R
M↑dLM .

*+2=0&((:& %&."+#: EA = {e1, ..., eM} )("&#7#&")#=G",? .-. %)/=-28(:&

"+.&(: – 7#&’,"-%2&()? %)/=-28(+4 )(5+#3-6)), ,+%3&,")3:& , %<+’(:3) "+K

.&(-3) ?/:.+%+4 3+’&2).

N&.,"+%-? 0-,"8 %<+’- T – (-7#)3&#, %+7#+, )2) )(,"#=.6)? J "+.&()/)K

#=&",? ) 7#&+B#-/=&",? % F3B&’’)(9) 0&#&/ ?/:.+%=G 3+’&28 LM :

ET = L(T ) → R
N↑dLM ,

9’& N – .+2)0&,"%+ "+.&(+% %<+’(+9+ "&.,"-.

*+2(-? 7+,2&’+%-"&28(+,"8 %<+’- ’2? ?/:.+%+4 3+’&2) 5+#3)#=&",? .-.

.+(.-"&(-6)? %)/=-28(:< ) "&.,"+%:< "+.&(+%:

X = [EA;ET ] → R
(M+N)↑dLM .

$)/=-28(:& "+.&(: 7#&’,"-%2?G" ,+B+4 7#+&6)#+%-((:& 7#)/(-.) 5#-9K

3&("+% )/+B#-C&()?, 7+,"=7-GH)& % ?/:.+%=G 3+’&28 %3&,"& , "&.,"+3. [+"?

+() (& ,++"%&","%=G" ,2+%-3 )/ ,2+%-#? (-7#?3=G, +() 5=(.6)+()#=G" .-.
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S3?9.)& 7+’,.-/.)T (-(92. soft prompts), .+"+#:& 7+/%+2?G" ?/:.+%+4 3+K

’&2) +B#-B-":%-"8 %)/=-28(:4 .+("&.," % /-’-0-< +7),-()? )/+B#-C&()4,

%)/=-28(+9+ %+7#+,(+-+"%&"(+9+ -(-2)/- ) 7#. $ (-,"+?H&3 ),,2&’+%-())

),7+28/+%-2),8 ’%& %)/=-28(+-?/:.+%:< 3+’&2): LLaVA [29] ) &^ ,7&6)-2)/)K

#+%-((-? 3&’)6)(,.-? 3+’)5).-6)? LLaVA-Med [30].

! 6&28G )("&#7#&"-6)) "+9+, .-. %)/=-28(-? )(5+#3-6)? +B#-B-":%-&"K

,? %(="#) %)/=-28(+-?/:.+%:< 3+’&2&4, L2&3&(" ) ’#. [27] 7#)3&()2) 3&"+’

2+9)"-2)(/: (-(92.logit lens) [31], #-(&& #-/#-B+"-((:4 ’2? -(-2)/- ?/:.+%:<

3+’&2&4. $ ’-((+4 -’-7"-6)) . %)/=-28(+-?/:.+%:3 3+’&2?3 2+9)"-2)(/- 7+/K

%+2?&" 7#+&6)#+%-"8 ,.#:":& ,+,"+?()? %)/=-28(:< "+.&(+% % 7#+,"#-(,"%+

,2+%-#? ?/:.+%+4 3+’&2) (- #-/2)0(:< ,2+?< "#-(,5+#3&#-. @"+ ’-^" %+/K

3+C(+,"8 )("&#7#&")#+%-"8 -.")%-6)) 3+’&2) .-. (-B+# "&.,"+%:< .+(6&7"+%,

+"#-C-GH)< %(="#&((&& S7+()3-()&T )/+B#-C&()? 3+’&28G. D-7#)3&#, .-.

7+.-/-(+ (- #),=(.& 1.1, 5#-93&(": )/+B#-C&()?, ,++"%&","%=GH)& +B2-,")

,#&’+,"&()?, )("&#7#&")#=G",? 3+’&28G .-. S,&#’6&T, S.-#’)+T.

D- .-C’+3 ,2+& l ) ’2? .-C’+9+ %)/=-28(+9+ "+.&(- i → {1, ...,M}

,.#:"+& ,+,"+?()& hl
i 7#&+B#-/=&",? % 2+9)"-#-,7#&’&2&()& 7+ ,2+%-#G V ,

7+3+H8G %&,+% 5)(-28(+9+ ,2+? WU → R
d↑|V | (-(92. unembedding matrix),

7+,2& 0&9+ )/%2&.-&",? F3B&’’)(9 "+.&(- , 3-.,)3-28(:3 /(-0&()&3 2+9)"-.

@"+ 7+/%+2?&" ’&.+’)#+%-"8 ,+’&#C)3+& ,.#:":< ,2+^% % %)’& ,&3-(")0&,.)

)("&#7#&")#=&3:< ,2+%. N-.)3 +B#-/+3 7+2=0-&",? (-B+# ,&3-(")0&,.+4 )(K

5+#3-6)) Es → R
M↑dlm ’2? .-C’+9+ 5#-93&("- #&("9&(+%,.+9+ )/+B#-C&()?.

$ ),,2&’+%-()) [27] F.,7&#)3&("-28(+ 7+.-/-(+, 0"+ (-0)(-? ,+ ,#&’K

()< ) ’+ 7+/’()< ,2+^% 3+’&2) %)/=-28(:& "+.&(: %,^ 0-H& ,++"%&","%=G"

,2+%-3, +7),:%-GH)3 +BM&.": (- ),<+’(+3 )/+B#-C&()). N-., (-7#)3&#, "+K

.&(:, ,++"%&","%=GH)& 5#-93&("-3 )/+B#-C&()? ,+ ,%)"&#+3, ’&.+’)#+%-2),8

.-. SpatternT, Sdiam(ond)T, ScrossT; - % ,2=0-& )/+B#-C&()? , -%"+3+B)2&3 J

.-. SwheelT, Srub(ber)T, Sste(er)ing wheelT. @") #&/=28"-": 7+’"%&#C’-G", 0"+

3+’&28 7+,"&7&((+ S7&#&%+’)"T %)/=-28(:& 7#&’,"-%2&()? % 7#+,"#-(,"%+ ?/:K

.+%:< .+(6&7"+%.

]+2&& "+9+, 2+9)"-2)(/- 7+/%+2?&" %:?%)"8 .-. B-/+%:& %)/=-28(:& .-K

"&9+#)) ((-7#)3&#, SdogT, ScarT, SsweaterT), "-. ) B+2&& "+(.)& -"#)B=":,

%.2G0-? ,0^"(:& .-"&9+#)), 6%&", 5+#3=, ) ’-C& 2)(9%),")0&,.)& +,+B&((+,")

((-7#)3&#, ’&.+’)#+%-((:& ,2+%- (- .)"-4,.+3 )2) .+#&4,.+3 ?/:.-<). @"+

9+%+#)" + "+3, 0"+ ,&3-(")0&,.-? )(5+#3-6)? % VLM #-/%)%-&",? 7+ -(-2+9))
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, "&.,"+%:3) "#-(,5+#3&#-3), (&,3+"#? (- +",=","%)& ?%(+9+ 7#&’+B=0&()?

(- /-’-0& 7#&’,.-/-()? ,2&’=GH&9+ "+.&(- 7+ %)/=-28(+3= %<+’=.

A7),-((:4 3&<-()/3 2+9)"-2)(/: [27; 31] 7+/%+2?&" )/%2&.-"8 )("&#K

7#&")#=&3:& .+(6&7"=-28(:& 7#)/(-.) )/ ,.#:":< 7#&’,"-%2&()4, %:?%2??

7+"&(6)-28(+ /(-0)3:& .2)()0&,.)& .-"&9+#)) ((-7#)3&#, S%:7+"T, S.+(,+2)K

’-6)?T, S.-#’)+T) (- =#+%(& +"’&28(:< 5#-93&("+% )/+B#-C&()?. @") %&."+#:

’-2&& ),7+28/=G",? .-. %<+’(:& ,&3-(")0&,.)& 7#)/(-.) ’2? 3+’&2) "#-(,K

5+#3&#-, (-7#-%2&((:& (- 7#+9(+/)#+%-()& "#-&."+#)4 %/92?’- % .2)()0&,.)

#&2&%-("(:< +B2-,"?<.

1.4 F:?(4&/4,:5 ’&>:.’’5? 8&4&>

$ +,(+%& +B&)< 3+’&2&4 J LogitGaze (+BH&9+ (-/(-0&()?) ) LogitGazeK

Med (3&’)6)(,.-? -’-7"-6)?) J 2&C)" &’)(-? -#<)"&."=#-, #-/#-B+"-((-? 7+

7#)(6)7= encoder–decoder "#-(,5+#3&#-. ;#<)"&."=#- #&-2)/=&" 7-#-’)93= -%K

"+"&9#&,,)%(+4 9&(&#-6)), -(-2+9)0(+ ?/:.+%:3 3+’&2?3, (+ 7#)3&()"&28(+

. 7#+,"#-(,"%&((+-%#&3&((:3 7+,2&’+%-"&28(+,"?3 5).,-6)4 %/92?’-.

;#<)"&."=#- 3+’&2&4 %.2G0-&" ,2&’=GH)& .+37+(&("::

1. %)/=-28(:4 F(.+’&# Evis – )/%2&.-&" 7#)/(-.) )/+B#-C&()?;

2. ,&3-(")0&,.)4 F(.+’&# Esem – )/%2&.-&" .+(6&7"=-28(:& 7#)/(-.)

.-C’+9+ 7-"0- )/+B#-C&()? 7#) 7+3+H) 2+9)"-2)(/:. O2? LogitGaze

),7+28/=&",? %)/=-28(+-?/:.+%-? 3+’&28 LLaVA, - ’2? LogitGaze-Med

),7+28/=&",? LLaVA-Med;

3. "&.,"+%:4 F(.+’&# Etext – .+’)#=&" "&.,"+%=G 6&28 )2) +7),-()& /-’-K

0);

4. +BM&’)(^((:4 embedding-B2+. – 7#+&6)#=&" 7#)/(-.) % +BH&& 7#+K

,"#-(,"%+;

5. transformer encoder – 5+#3)#=&" .+("&.,"=-28(:& 7#&’,"-%2&()?;

6. transformer decoder – -%"+"&9#&,,)%(+ 7#&’,.-/:%-&" 5).,-6)) %/92?K

’-;

7. %:<+’(+4 ,2+4 – ’&.+’)#=&" .++#’)(-": (x̂t, ŷt), ’2)"&28(+,"8 τ̂t ) "+K

.&( /-%&#I&()? m̂t.
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E),=(+. 1.2 J $:,+.+=#+%(&%-? %)/=-2)/-6)? -#<)"&."=#: 3+’&2) LogitGazeK

Med

$:,+.+=#+%(&%-? %)/=-2)/-6)? -#<)"&."=#: 3+’&2) LogitGaze-Med 7+.-K

/-(- (- #),=(.& 1.2. L-C’+& )/+B#-C&()& I → R
3↑768↑768 7#+7=,.-&",? 0&#&/

,%&#"+0(=G ,&"8 Evis (ResNet50 )2) CheXNet), 5+#3)#=? "&(/+# 7#)/(-.+%

Xvis → R
M↑d, 9’& M J .+2)0&,"%+ 5#-93&("+% )/B#-C&()?, d J #-/3&#K

(+,"8 7#)/(-.+%. L F")3 7#)/(-.-3 ’+B-%2?G",? ,&3-(")0&,.)& F3B&’’)(9)

Xsem → R
M↑d, )/%2&0^((:& 3&"+’+3 2+9)"-2)(/: )/ %)/=-28(+-?/:.+%+4 3+K

’&2).
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L-C’-? ’)-9(+,")0&,.-? 6&28 t → L .+’)#=&",? 0&#&/ SentenceTransformer

% F3B&’’)(9 etask → R
d, 7+,2& 0&9+ #&72)6)#=&",? M #-/ ) ’+B-%2?&",? . .-CK

’+3= %)/=-28(+3= F3B&’’)(9=.

1"+9+%:4 %<+’(+4 "&(/+#:

Z0 = [Xvis;Xsem;Ttask; PE2D],

9’& PE2D – ’%=3&#(:& 7+/)6)+((:& F3B&’’)(9), Ttask – "&.,"+%+& +7),-()& 6&K

2).

$ -#<)"&."=#& N#-(,5+#3&# )/(-0-28(+ +",=","%=&" )(5+#3-6)? + 7+K

#?’.& F2&3&("+% %<+’(+4 7+,2&’+%-"&28(+,"). ‘"+B: %%&,") 7+(?")& 7+#?’.-

)2) 7+2+C&()? F2&3&("+%, ),7+28/=G",? 7+/)6)+((:& F3B&’’)(9). $ /-’-0-<

.+378G"&#(+9+ /#&()? )/+B#-C&()& ’&2)",? (- 5#-93&(": ()2) 7-"0)). ‘"+B:

,+<#-()"8 )(5+#3-6)G + "+3, 9’& .-C’:4 5#-93&(" )/+B#-C&()? (-<+’)",?,

.-C’+3= F3B&’’)(9= 5#-93&("= ’+B-%2?&",? ’%=3&#(:4 7+/)6)+((:4 %&."+#

(F3B&’’)(9):

Position(i, j) = Positionx(i) + Positiony(j),

9’& i ) j – .++#’)(-": 5#-93&("- )/+B#-C&()? 7+ 9+#)/+("-2) ) %&#").-2).

@"+ 7+3+9-&" "#-(,5+#3&#= =0)":%-"8 ,"#=."=#= )/+B#-C&()?.

AB=0&()& 3+’&2), 7#)%&’&((+4 %:I&, +,=H&,"%2?&",? 7="^3 ,+%3&,"(+4

+7")3)/-6)) "#^< .+37+(&(":

L = Lcls + λ1Lspatial + λ2Ltemporal,

9’&:

– Lcls – B)(-#(-? .#+,,-F("#+7)? 7+ "+.&(= /-%&#I&()?;

– Lspatial – L1-7+"&#? 7+ .++#’)(-"-3 5).,-6)4;

– Ltemporal – L2-7+"&#? 7+ ’2)"&28(+,") 5).,-6)).

P)7&#7-#-3&"#: =,"-(+%2&(: ,2&’=GH)3 +B#-/+3:

– #-/3&# F3B&’’)(9- d = 512;

– dropout = 0.4;

– 9)7&#7-#-3&"#: λ1, λ2 → [0,1] 7+’B)#-G",? 7="&3 7&#&B+#-;

– .+2)0&,"%+ ,2+^% encoder/decoder = 6;

– batch size = 32, +B=0&()& 100 F7+<;

– optimizer: AdamW.



26

>+’&28 LogitGaze, +#)&(")#+%-((-? (- +BH)4 ’+3&(, ,+<#-(?&" "= C&

-#<)"&."=#=, (+:

– 3&"+’ 2+9)"-2)(/: 7#)3&(?&",? ’2? %)/=-28(+-?/:.+%+4 3+’&2)

LLaVa;

– +B=0-&",? (- COCO-Search18;

– ),7+28/=&" "&.,"+%:& 6&2) )/ B:"+%+4 ,6&(: ((-7#)3&#, S(-4’) 0-IK

.=T, S)H) 9-/+(T);

– (& ),7+28/=&" ’+3&((+-,7&6)5)0(:4 %)/=-28(:4 F(.+’&# ("+28.+

ResNet).

1.5 N&4:(/( /$3&84%$ <:&*8/$=$’(0 %="#0*$

O2? .+2)0&,"%&((+4 +6&(.) ,++"%&","%)? 7#&’,.-/-((:< ) #&-28(:< "#-K

&."+#)4 ’%)C&()? %/92?’- 7#)3&(?G",? 3&"#).), +"#-C-GH)& #-/2)0(:&

-,7&.": /#)"&28(+9+ 7+%&’&()?: 7#+,"#-(,"%&((=G "+0(+,"8, %#&3&((:& <-K

#-."&#),").), ’)(-3).= 7&#&3&H&()4 ) ,"#=."=#= "#-&."+#)) % 6&2+3. $

,++"%&","%)) , #&.+3&(’-6)?3) 7#+"+.+2- GazeSearch [20] ),7+28/=G",? 0&K

":#& +,(+%(:< 3&"#).): ScanMatch, SED, STDE ) MultiMatch. D)C&

7#&’,"-%2&(: )< 5+#3-28(:& +7),-()? ) )("&#7#&"-6)).

>&"#).- ScanMatch [32] #&-2)/=&" %:#-%()%-()& "#-&."+#)4 %/92?’- ,

7+3+H8G 3+’)5)6)#+%-((+4 %&#,)) -29+#)"3- D)’23-(-–$=(I- [33], I)K

#+.+ 7#)3&(?&3+9+ % B)+)(5+#3-").&. L-C’-? 5).,-6)? 7#&+B#-/=&",? %

’),.#&"(:4 ,)3%+2, +"#-C-GH)4 7#+,"#-(,"%&((+& 7+2+C&()& (7+,#&’,"%+3

#-/B)&()? )/+B#-C&()? (- ,&".=) ) 7+#?’.+%:4 (+3&# %+ %#&3&((+4 7+,2&’+%-K

"&28(+,"). $-#)-(" 3&"#).) , =0^"+3 ’2)"&28(+,") 5).,-6)4 (ScanMatch w/

Dur.) %.2G0-&" ’2)"&28(+,"8 % %&."+# 7#)/(-.+%; B&/ (&^ (w/o Dur.) =0)":%-K

&",? "+28.+ 7#+,"#-(,"%&((+-%#&3&((+4 7+#?’+..

>&"#).- )/3&#?&" ,"&7&(8 ,<+C&,") ’%=< 7+,2&’+%-"&28(+,"&4 5).,-6)4,

+6&()%-? .+2)0&,"%+ ,+%7-’&()4, %,"-%+., =’-2&()4 ) /-3&(, (&+B<+’)3:< ’2?

7#&+B#-/+%-()? +’(+4 7+,2&’+%-"&28(+,") % ’#=9=G. *+2=0-&3+& /(-0&()& (+#K

3)#=&",? 7+ ’2)(& 7+,2&’+%-"&28(+,"&4, +B&,7&0)%-? ,+7+,"-%)3+,"8 3&C’=

,&,,)?3) #-/(+4 ’2)(:.
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>&"#).- Scanpath Edit Distance (SED) [34; 35] ?%2?&",? -’-7"-6)&4 #-,K

,"+?()? Z&%&(I"&4(- ’2? ,#-%(&()? "#-&."+#)4 %/92?’-. L-C’-? 5).,-6)?

’),.#&")/)#=&",? % /-%),)3+,") +" 7+2+C&()? % 7#+,"#-(,"%& ((-7#)3&#, 7+

.++#’)(-"(+4 ,&".&), ) ,#-%(&()& +,=H&,"%2?&",? (- +,(+%& +7&#-6)4 %,"-%.),

=’-2&()? ) /-3&(:. $ +"2)0)& +" ScanMatch, SED )9(+#)#=&" ’2)"&28(+,"8

5).,-6)4, 0"+ ’&2-&" &^ 3&(&& 0=%,"%)"&28(+4 . 3&2.)3 %-#)-6)?3, (+

7+/%+2?&" ,+<#-(?"8 )("&#7#&")#=&3+,"8. A(- +,+B&((+ 7+2&/(- ’2? +6&(.)

7+,2&’+%-"&28(+,"&4 , #-/(+4 ’2)(+4 ) 7#) (-2)0)) /(-0)"&28(:< +".2+(&K

()4 +" F"-2+(-.

>&"#).- STDE [36] 7#&’(-/(-0&(- ’2? +6&(.) B)+2+9)0&,.) #&-2),")0K

(:< 7-#-3&"#+% 7+%&’&()? %/92?’-. $ +"2)0)& +" ’),.#&"(:< 7+’<+’+%, STDE

#-,,3-"#)%-&" "#-&."+#)) .-. (&7#&#:%(:& .#)%:& % 7#+,"#-(,"%&-%#&3&().

L-C’-? 5).,-6)? +7),:%-&",? "#+4.+4 (xy, yt, τt). !#-%(&()& +,=H&,"%2?&"K

,? 0&#&/ %,"#-)%-()& "#-&."+#)) % "#^<3&#(+& 7#+,"#-(,"%+ ) %:0),2&()&

#-,,"+?()4 3&C’= ,++"%&","%=GH)3) "+0.-3). N-.-? +6&(.- =0)":%-&" .-.

7#+,"#-(,"%&((=G "+0(+,"8 (.++#’)(-": 5).,-6))), "-. ) "&37 /#)"&28(+9+

,.-()#+%-()?, +"#-C-? B)+2+9)0&,.) 7#-%’+7+’+B(:& /-.+(+3&#(+,"), (-7#)K

3&#, ,’%)9), 7-=/: ) %-#)-6)) % ’2)"&28(+,") 5).,-6)4.

MultiMatch [37] J .+372&.,(-? 3&"#).-, (-7#-%2&((-? (- 3(+9+3&#K

(+& ,#-%(&()& "#-&."+#)4. A(- ’&.+37+/)#=&" .-C’=G "#-&."+#)G (- 7?"8

(&7#&#:%(:< 7#)/(-.+%: 5+#3- "#-&."+#)), =92+%:& +".2+(&()? 3&C’= 5).,-K

6)?3), ’2)(-, ,3&H&()& 6&("#- 3-,, ) 7#+’+2C)"&28(+,"8 5).,-6)4. L-C’+&

)/3&#&()& ,#-%()%-&",? +"’&28(+, ) #&/=28"-" %:#-C-&",? % %)’& /(-0&()? ,<+’K

,"%- +" 0 ’+ 1 (9’& 1 J 7+2(+& ,+%7-’&()&). >&"#).- 3+C&" B:"8 -9#&9)#+%-(-

((-7#)3&#, .-. ,#&’(&& /(-0&()& 7+ 7?") )/3&#&()?3) )2) 7#&’,"-%2&(- 7+.+3K

7+(&("(+ ’2? B+2&& ’&"-28(+9+ -(-2)/- #-,<+C’&()4 3&C’= 3+’&2)#=&3:3 )

#&-28(:3 7+%&’&()&3 %/92?’-.

1.6 O/8<&:(1&’45 ( 8:$%’(4&#2’5> $’$#(= 1.*&#&>

O2? +6&(.) F55&.")%(+,") 7#&’2+C&((+4 -#<)"&."=#: LogitGaze-Med

) &^ (&3&’)6)(,.+9+ -(-2+9- LogitGaze B:2 7#+%&’^( #?’ F.,7&#)3&("+% (-

/-’-0-< 7#&’,.-/-()? "#-&."+#)) %)/=-28(+9+ %()3-()? % #-/2)0(:< ’+3&K
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(-<: 3&’)6)(,.+3 (#&("9&(+9#-5)? 9#=’(+4 .2&".)) ) +BH&3 (B:"+%:& ,6&(:).

$ ’-((+3 #-/’&2& 7#&’,"-%2&(: .+2)0&,"%&((:& ) .-0&,"%&((:& #&/=28"-":

+6&(.) 3+’&2) LogitGaze-Med (- /-’-0-< 7#&’,.-/-()? "#-&."+#)4 (-7#-%2&(K

(+9+ %/92?’- % 3&’)6)(,.+3 ’+3&(&. >+’&28 ,#-%()%-&",? , ,=H&,"%=GH)3)

7+’<+’-3), %.2G0-? GazeFormer [22], HAT [23] ) 3+’&28 ChestSearch [20].

N-.C& %.2G0&(: #&/=28"-": 3+’&2) LogitGaze, +B=0&((+4 (- +BH&3 ’+3&(&

COCO-Search18. A6&(.- 7#+)/%+’)2-,8 7+ 0&":#^3 .+372&.,(:3 3&"#).-3:

ScanMatch, SED, STDE ) MultiMatch.

N-B2)6- 1 ’&3+(,"#)#=&" 7#&%+,<+’,"%+ LogitGaze-Med 7+ %,&3 +,(+%(:3

3&"#).-3. A,+B&((+ %:#-C&(+ F"+ % 3&"#).& ScanMatch (.-. , =0^"+3, "-.

) B&/ =0^"- ’2)"&28(+,") 5).,-6)4): 3+’&28 , F(.+’&#+3 CheXNet ’+,")9-&"

0.419 ) 0.330 ,++"%&","%&((+, 0"+ /(-0)"&28(+ 7#&%:I-&" B2)C-4I)< .+(.=K

#&("+%. @"+ ,%)’&"&28,"%=&" + "+3, 0"+ 7#&’,.-/-((:& "#-&."+#)) (& "+28.+

7#+,"#-(,"%&((+ ,<+C) , #&-28(:3), (+ ) %+,7#+)/%+’?" 7#-%)28(:4 %#&3&(K

(+4 7+#?’+. 5).,-6)4.

N-B2)6- 1 J V(-0&()? 3&"#). ,<+C&,") "#-&."+#)4 %/92?’- (0&3 %:I&, "&3

2=0I& ’2? ScanMatch/STDE, 0&3 ()C&, "&3 2=0I& ’2? SED).

!"#$% ScanMatch ↑ SED ↓ STDE ↑

w/o Dur. w/ Dur.

GazeFormer 0.293 ± 0.021 0.201 ± 0.015 5.11 ± 0.08 0.799 ± 0.004

HAT 0.309 ± 0.020 – 5.07 ± 0.07 0.800 ± 0.004

GazeSearch 0.332 ± 0.019 0.223 ± 0.014 4.88 ± 0.06 0.809 ± 0.004

LogitGaze 0.328 ± 0.018 0.225 ± 0.015 5.07 ± 0.07 0.810 ± 0.004

LogitGaze-Med (Res) 0.416 ± 0.017 0.325 ± 0.012 4.68 ± 0.05 0.852 ± 0.003

LogitGaze-Med (CheX) 0.419 ± 0.016 0.330 ± 0.010 4.68 ± 0.05 0.855 ± 0.003

>&"#).- SED, )/3&#?GH-? .+2)0&,"%+ )/3&(&()4 (%,"-%+., =’-2&()4 )

/-3&() 3&C’= #&-28(+4 ) 7#&’,.-/-((+4 "#-&."+#)?3), "-.C& (-)3&(8I-? =

LogitGaze-Med, 0"+ =.-/:%-&" (- 3)()3-28(+& #-,<+C’&()& , #&-28(+4 7+,2&K

’+%-"&28(+,"8G.

STDE ’&3+(,"#)#=&", 0"+ 3+’&28 <+#+I+ %+,7#+)/%+’)" &,"&,"%&((=G

,"#=."=#= ,-..-’)0&,.)< ’%)C&()4: B+2&& 72-%(:& "#-&."+#)), ,++"%&","%=GK

H)& B)+2+9)0&,.) 7#-%’+7+’+B(:3 ,"#-"&9)?3 %)/=-28(+9+ 7+),.-, % +"2)0)&

+" #&/.)< )2) (&+#9-()/+%-((:< 7#&’,.-/-()4 ’#=9)< 3+’&2&4.

N-B2)6- 2 ,+’&#C)" 7+.+37+(&("(:4 -(-2)/ 7+ 3&"#).& MultiMatch,

’&.+37+/)#=GH&4 "#-&."+#)) (- 7?"8 )/3&#&()4. LogitGaze-Med , CheXNet
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’+,")9-&" 2=0I)< #&/=28"-"+% 7+ 0&":#^3 )/ 7?") +,&4: 5+#3- "#-&."+#)),

’2)(-, 7#+,"#-(,"%&((+& 7+2+C&()& ) ’2)"&28(+,"8 5).,-6)4.

N-B2)6- 2 J !<+’,"%+ MultiMatch (0&3 %:I&, "&3 2=0I&) 7+ 7?") .+37+(&("-3.

!"#$% Vector Direction Length Position Duration

GazeFormer 0.902 ± 0.008 0.644 ± 0.010 0.899 ± 0.009 0.803 ± 0.007 0.595 ± 0.015

HAT 0.909 ± 0.007 0.649 ± 0.010 0.910 ± 0.008 0.825 ± 0.006 –

GazeSearch 0.917 ± 0.006 0.679 ± 0.010 0.917 ± 0.007 0.829 ± 0.006 0.695 ± 0.014

LogitGaze 0.882 ± 0.009 0.643 ± 0.008 0.923 ± 0.005 0.809 ± 0.006 0.625 ± 0.013

LogitGaze-Med (Res) 0.935 ± 0.004 0.650 ± 0.008 0.939 ± 0.006 0.823 ± 0.005 0.743 ± 0.010

LogitGaze-Med (CheX) 0.938 ± 0.004 0.651 ± 0.009 0.948 ± 0.005 0.823 ± 0.005 0.740 ± 0.010

D-)B+2&& )("&#&,(+4 ?%2?&",? .+37+(&(" S’2)"&28(+,"8T (Duration):

LogitGaze-Med 7+.-/:%-&" /(-0&()& 0.740 ± 0.010, 0"+ /(-0)"&28(+ %:I&, 0&3

= GazeFormer (0.595 ± 0.015), ) = ChestSearch (0.695 ± 0.014). @"+ +/(-0-&", 0"+

3+’&28 (& "+28.+ 7#&’,.-/:%-&", .=’- ,3+"#&"8, (+ ) (-,.+28.+ ’+29+ J %-CK

(:4 -,7&." % .2)()0&,.+3 0"&()) )/+B#-C&()4, 9’& ’2)"&28(+,"8 5).,-6))

0-,"+ .+##&2)#=&" , ’)-9(+,")0&,.+4 /(-0)3+,"8G.

*+.-/-"&2) 7+ S=92+%+3= (-7#-%2&()GT (Direction), (-7#+")%, 7+0") (&

#-/2)0-G",? 3&C’= 3+’&2?3). @"+ 9+%+#)" + "+3, 0"+ ’-C& 7#+,":& 3+’&2) 3+K

9=" 7#)3&#(+ %+,7#+)/%+’)"8 +#)&("-6)G %/92?’-, (+ B+2&& ,2+C(:& J 2=0I&

.+("#+2)#=G" &9+ ’2)(= ) 2+9)0&,.=G ,"#=."=#=.

E),=(+. 1.3 )22G,"#)#=&" 7#+9(+/: LogitGaze-Med ) GazeSearch 7+ ,#-%K

(&()G , #&-28(:3) "#-&."+#)?3) % 0&":#^< ’)-9(+,")0&,.)< /-’-0-<. >+C(+

%)’&"8, 0"+ LogitGaze-Med:

– )/B&9-&" (&#&2&%-("(:< +B2-,"&4 )/+B#-C&()?;

– 5+.=,)#=&" %()3-()& (- .2G0&%:< -(-"+3)0&,.)< ,"#=."=#-<;

– ’&3+(,"#)#=&" ,+92-,+%-((+& ,.-()#+%-()& ,2&%- (-7#-%+ ) ,%&#<=

%()/, 0"+ <-#-."&#(+ ’2? #&-28(:< #&("9&(+2+9+%.

N-., 7#) 7#+9(+/& %/92?’- ’2? ,2=0-? .-#’)+3&9-2)), 3+’&28 7#-%)28K

(+ .+(6&("#)#=&",? (- 9#-()6-< ,&#’6-. GazeSearch % F"+3 C& 7#)3&#& ’&2-&"

5).,-6)) ) % %&#<()< /+(-<, (& )3&GH)< ’)-9(+,")0&,.+9+ /(-0&()?, 0"+ ,()K

C-&" )("&#7#&")#=&3+,"8.

O2? -(-2)/- ,7+,+B(+,") . 3&C’+3&((+3= +B+BH&()G 7#+%+’)2+,8 "&,")K

#+%-()& 3+’&2&4 (- (-B+#& ’-((:< COCO18 [38]. L-. 7+.-/-(+ % "-B2)6& 3,

LogitGaze-Med ’&3+(,"#)#=&" 7+()C&()& .-0&,"%- 7#&’,.-/-()? 7#) 7&#&<+K

’& (- +BH)4 ’+3&(, 0"+ ,%)’&"&28,"%=&" + &^ ,7&6)-2)/-6)) (- 3&’)6)(,.+4
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-) ]&/ 7-"+2+9)) B) L-#’)+3&9-2)? %) L+(,+2)’-6)? 9) *(&%3+()?

E),=(+. 1.3 J !#-%(&()& 7="&4 %/92?’- 0&2+%&.- (%&#<()4 #?’), 7#+9(+/+%

LogitGaze-Med (,#&’()4 #?’) ) 7#+9(+/+% GazeSearch (()C()4 #?’) 7+ /-’-K

0-3: (+#3-, .-#’)+3&9-2)?, .+(,+2)’-6)? ) 7(&%3+()?.

%)/=-2)/-6)). D-B2G’-&3:4 #-/#:% % 7#+)/%+’)"&28(+,") 7+’0^#.)%-&" .#)K

")0&,.=G %-C(+,"8 ,+92-,+%-((+,") 3&C’= +B=0-GH)3 ’+3&(+3 ) +B2-,"8G

7#)3&(&()? 3+’&2). \2=0I&()& (& ’+,")9-&",? "+28.+ -#<)"&."=#(:3) ,#&’K

,"%-3), (+ "#&B=&" 92=B+.+4 )("&9#-6)) /-’-0) (0&#&/ "&.,"), ,&3-(").)

(2+9)"-2)(/-) ) .2)()0&,.) #&2&%-("(:< %)/=-28(:< 7#)/(-.+%. E&/=28"-":

=.-/:%-G" (- (&+B<+’)3+,"8 ),7+28/+%-()? ’+3&((+-,7&6)5)0(:< ’-((:< ’2?

+B&,7&0&()? %:,+.+4 "+0(+,") 7#) 7#&’,.-/-()) "#-&."+#)4 %/92?’- % 3&’)K

6)(,.)< /-’-0-<. >+’&28 GazeFormer +B=0-2-,8 (- (-B+#& ’-((:< COCO18. $

,2=0-& +B=0&()? 7#&’2+C&((+4 3+’&2) (- (-B+#& ’-((:< COCO18 (LogitGaze

% "-B2)6&), +(- 7#&%+,<+’)" %,& ’#=9)& 3+’&2).

! 6&28G .+2)0&,"%&((+4 +6&(.) %.2-’- ,&3-(")0&,.+4 )(5+#3-6)) %

.-0&,"%+ 7#&’,.-/-()? %)/=-28(+9+ %()3-()? #&("&(+2+9- B:2+ 7#+%&’&(+ ,#-%K

(&()& 0&":#&< %-#)-("+% 3+’&2&4:
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N-B2)6- 3 J L#+,,-’+3&((-? +6&(.- (- (-B+#& ’-((:< COCO18.

!"#$% ScanMatch ScanMatch MultiMatch

w/o Dur w/ Dur Avg ↓

LogitGaze [39] 0.527 ± 0.012 0.454 ± 0.013 0.862 ± 0.008

GazeFormer [22] 0.492 ± 0.014 0.441 ± 0.015 0.816 ± 0.010

LogitGaze-Med 0.353 ± 0.018 0.289 ± 0.020 0.749 ± 0.014

N-B2)6- 4 J $2)?()& ,&3-(")0&,.+4 )(5+#3-6)) (- 7#&’,.-/-()& %/92?’-.

!"#$% ScanMatch ScanMatch MultiMatch

w/o Dur w/ Dur Avg ↓

LogitGaze-Med (CheX) 0.419 ± 0.016 0.330 ± 0.010 0.820 ± 0.009

LogitGaze 0.328 ± 0.017 0.225 ± 0.020 0.776 ± 0.011

Random [25] 0.159 ± 0.014 0.148 ± 0.016 0.269 ± 0.012

LogitGaze-Medshuf 0.178 ± 0.016 0.158 ± 0.015 0.295 ± 0.013

1. LogitGaze-Med (CheX) J 7+2(+5=(.6)+(-28(-? 3+’&28 , ),7+28/+K

%-()&3 %)/=-28(+9+ .+’)#+%H).- CheXNet ) ,&3-(")0&,.+4 )(5+#3-K

6)&4;

2. LogitGaze J B-/+%-? %&#,)? 3+’&2), +B=0&((-? (- COCO-Search18;

3. Random J B-/+%+& #&I&()&, 7#) .+"+#+4 5).,-6)) 9&(&#)#=G",? ,2=K

0-4(+;

4. LogitGaze-Medshuf J 3+’)5).-6)? +,(+%(+4 3+’&2), % .+"+#+4 ,&3-(K

")0&,.-? )(5+#3-6)? B:2- ,2=0-4(+ 7&#&3&I-(- 3&C’= 5#9-3&("-3)

)/+B#-C&()?3), "&3 ,-3:3 (-#=I-? ,%?/8 3&C’= ,&3-(")0&,.+4 ) %)K

/=-28(+4 0-,"8G.

E&/=28"-": 7#&’,"-%2&(: % "-B2)6& 4. !#-%(&()& LogitGaze-Med ,

LogitGaze 7+.-/:%-&" ,=H&,"%&((:4 7#)#+," 7+ %,&3 3&"#).-3:

– ScanMatch (-&= *#(4&#2’.84(): +0.091

– ScanMatch (8 *#(4&#2’.8426): +0.105

– MultiMatch (8:&*’&&): +0.044

@"+ 7+’"%&#C’-&", 0"+ ),7+28/+%-()& ,&3-(")0&,.+4 )(5+#3-6)) ,=H&,"%&((+

7+%:I-&" "+0(+,"8 %+,7#+)/%&’&()? 7-""&#(+% 0&2+%&0&,.+9+ %/92?’-, ’&2-?

7#&’,.-/-()? 3+’&2) B2)C& . F.,7&#"(+3= 7+%&’&()G.



32

L2G0&%+& ,#-%(&()& 7#+%+’)",? 3&C’= 7+2(+5=(.6)+(-28(+4 3+’&28G )

&^ %&#,)&4 LogitGaze-Medshuf, % .+"+#+4 (-#=I&(+ ,++"%&","%)& 3&C’= 5#-93&(K

"-3) )/+B#-C&()? ) ,&3-(")0&,.+4 )(5+#3-6)&4 7+,#&’,"%+3 7&#&3&I)%-()?.

E&/=28"-" ’&3+(,"#)#=&" /(-0)"&28(+& 7-’&()& 7#+)/%+’)"&28(+,"):

– ScanMatch 7-’-&" B+2&& 0&3 % 2.3 :$=$ (0.419 → 0.178),

– MultiMatch J 7+0") % 3 :$=$ (0.820 → 0.295).

N-.)3 +B#-/+3, .+##&."(+ ,++"(&,&((-? , 5#-93&("-3) )/+B#-C&()?

,&3-(")0&,.-? )(5+#3-6)? (& 7#+,"+ =2=0I-&" 7#&’,.-/-()?, (+ ?%2?&",?

(&+B<+’)3:3 =,2+%)&3 ’2? 9&(&#-6)) +,3:,2&((:< "#-&."+#)4. D-#=I&()&

F"+9+ 7#)%+’)" . 7+()C&()G .-0&,"%+ ’+ =#+%(? ,2=0-4(+9+ 7#&’,.-/-()?, ’-K

C& 7#) ,+<#-(&()) -#<)"&."=#: ) 7#+"+.+2- +B=0&()?.

>+’&28 , 7+2(+,"8G ,2=0-4(:3) 5).,-6)?3) (Random) ,2=C)" ()C(&4

+6&(.+4 ) 7+.-/:%-&" 7#&’,.-/=&3+ ()/.)& /(-0&()? 7+ %,&3 3&"#).-3. *+.-K

/-"&2) LogitGaze-Medshuf 2)I8 (&/(-0)"&28(+ 7#&%+,<+’?" &^, 0"+ =.-/:%-&" (-

+",=","%)& 7+2&/(+9+ ,)9(-2- % 7&#&"-,+%-((:< ,&3-(")0&,.)< 7#)/(-.-<. @"+

7+’"%&#C’-&", 0"+ ’-C& (&B+28I)& (-#=I&()? ,&3-(")0&,.+4 ,+92-,+%-((+,")

.#)")0&,.) %2)?G" (- ,7+,+B(+,"8 3+’&2) . 9&(&#-6)) .+9&#&("(+9+ %/92?’-.

;(-2)/ 7+.-/:%-&", 0"+:

1. !&3-(")0&,.)& 7#)/(-.), )/%2&0^((:& 3&"+’+3 2+9)"-2)(/:, ,=H&K

,"%&((+ 7+%:I-G" "+0(+,"8 3+’&2)#+%-()? 0&2+%&0&,.+9+ %()3-()?;

2. !++"(&,&()& F")< 7#)/(-.+% , 5#-93&("-3) )/+B#-C&()? )9#-&" .#)K

")0&,.=G #+28: (-#=I&()& F"+9+ #&/.+ ,()C-&" 7#+)/%+’)"&28(+,"8 ’+

=#+%(? ,2=0-4(+9+ 7#&’,.-/-()?.

1.7 !-8,B*&’(&

*#&’,"-%2&((-? % ’-((+4 92-%& 3+’&28 LogitGaze-Med ’&3+(,"#)#=&"

/(-0)"&28(:& =2=0I&()? % /-’-0& 7#&’,.-/-()? 6&2&(-7#-%2&((+9+ %/92?’-

#&("9&(+2+9- 7#) %)/=-28(+3 -(-2)/& #&("9&(+%,.)< ,()3.+% 9#=’(+4 .2&".).

L2G0&%+4 +,+B&((+,"8G 7+’<+’- ?%2?&",? )("&9#-6)? ,&3-(")0&,.+4 )(5+#K

3-6)), )/%2&.-&3+4 , 7+3+H8G 3&"+’- 2+9)"-2)(/: )/ %)/=-28(+-?/:.+%+4

3+’&2) LLaVA-Med, % -#<)"&."=#= "#-(,5+#3&#-.
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@.,7&#)3&(": 7+.-/-2), 0"+ ,&3-(")0&,.)& 7#)/(-.), 7+2=0&((:& )/

LLaVA-Med, %(+,?" ,=H&,"%&((:4 %.2-’ % =2=0I&()& 7#&’,.-/-()4. *&#&"-,+%K

.- ,&3-(")0&,.)< "+.&(+% 3&C’= 7-"0-3) 7#)%+’)" . 7-’&()G .-0&,"%- B+2&&

0&3 (- 40% 7+ 3&"#).& ScanMatch, 0"+ =.-/:%-&" (- %-C(+,"8 ,"#=."=#)#+%-(K

(+9+ ,&3-(")0&,.+9+ %:#-%()%-()? 3&C’= %)/=-28(:3 %<+’+3 ) /-’-0&4. @"+

+,+B&((+ %-C(+ % 3&’)6)(,.+4 %)/=-2)/-6)), 9’& ,&3-(")0&,.-? #&2&%-("(+,"8

5#-93&("+% )/+B#-C&()? ((-7#)3&#, S,&#’6&T, S.+,"8T, S2&9.+&T) +7#&’&2?&"

’)-9(+,")0&,.=G /(-0)3+,"8 +B2-,"&4.

!#-%(&()& 3+’&2&4 , #-/2)0(:3) %)/=-28(:3) F(.+’&#-3) (ResNet )

CheXNet) 7+’"%&#C’-&" %-C(+,"8 ),7+28/+%-()? ’+3&((+-,7&6)5)0(:< 7#)K

/(-.+%. CheXNet, +B=0&((:4 (- 3&’)6)(,.)< )/+B#-C&()?<, 7+/%+2)2 ’+,")08

B+2&& %:,+.)< 7+.-/-"&2&4 7+ %,&3 3&"#).-3, %.2G0-? B)+2+9)0&,.) +B+,K

(+%-((=G STDE ) .+37+(&("= ’2)"&28(+,") 5).,-6)4 % MultiMatch. @"+

7+’0&#.)%-&" (&+B<+’)3+,"8 ),7+28/+%-()? -#<)"&."=#, -’-7")#+%-((:< .

,7&6)5).& 3&’)6)(,.+9+ ’+3&(-, +,+B&((+ 7#) 3+’&2)#+%-()) F.,7&#"(+9+ %()K

3-()?.

[+"? % #-3.-< ’-((+4 #-B+": (& 7#+%+’)2,? 7#?3+4 -(-2)/ )("&#7#&K

")#=&3+,"), %)/=-2)/-6)? "#-&."+#)4 (#),=(+. 1.3) ) 2+9)"-’&.+’)#+%-((:<

.+(6&7"+% (#),=(+. 1.1) =.-/:%-G" (- 7+"&(6)-28(=G )("&#7#&")#=&3+,"8 3+K

’&2). *#&’,.-/-((:& 5).,-6)) ,+%7-’-G" , -(-"+3)0&,.) ) ’)-9(+,")0&,.)

/(-0)3:3) +B2-,"?3), - ,&3-(")0&,.)& 3&".), ’&.+’)#+%-((:& )/ ,.#:":<

,2+&% 3+’&2), .+##&2)#=G" , +B2-,"?3) %()3-()? #&("9&(+2+9-. @"+ +".#:%-K

&" 7&#,7&.")%= ’-28(&4I&4 )("&9#-6)) "-.)< 3+’&2&4 % ,),"&3: 7+’’&#C.)

7#)(?")? #&I&()4 , +BM?,()3:3) %)/=-28(:3) 7+’,.-/.-3).

N&,")#+%-()& LogitGaze-Med (- (-B+#& ’-((:< COCO-Search18 %:?%)2+

,()C&()& 7#+)/%+’)"&28(+,") 7#) 7&#&<+’& /- 7#&’&2: 3&’)6)(,.+9+ ’+3&(-.

$ "+ C& %#&3? 3+’&28 LogitGaze, +B=0&((-? (- +BH&3 ’+3&(&, ’&3+(,"#)#=K

&" %:,+.=G 7#+)/%+’)"&28(+,"8 % =,2+%)?< %)/=-28(+9+ 7+),.- (- B:"+%:<

,6&(-<. @"+ =.-/:%-&" (- +9#-()0&((=G 7&#&(+,)3+,"8 3+’&2&4, ,)28(+ /-%)K

,?H)< +" ,&3-(")0&,.+9+ .+("&.,"-, ) 7+’0^#.)%-&" (&+B<+’)3+,"8 .-2)B#+%.)

)2) ’++B=0&()? 7#) 7&#&<+’& . (+%:3 ")7-3 )/+B#-C&()4.

$-C(:3 (-B2G’&()&3 ?%2?&",? "+, 0"+ %.2G0&()& ,&3-(")0&,.+4 )(5+#K

3-6)) =%&2)0)%-&" %#&3? )(5&#&(,- 3+’&2) (- %)’&+.-#"& NVIDIA GeForce

RTX 3090 Ti %,&9+ (- 21% (’+ 85 3, (- )/+B#-C&()&), 0"+ ’&2-&" 7#&’2+C&(K

(=G -#<)"&."=#= 7#-.")0&,.) 7#)3&()3+4 % .2)()0&,.)< =,2+%)?<, %.2G0-?
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,6&(-#)) )("&#-.")%(+9+ %)/=-28(+9+ -(-2)/- )2) ,)3=2?6)) 7+%&’&()? %#-0-

% +B#-/+%-"&28(:< ,),"&3-<.

D&,3+"#? (- %:,+.=G "+0(+,"8 3+’&2), #?’ -,7&."+% "#&B=&" ’-28(&4K

I&9+ )/=0&()?:

– D&+B<+’)3+ 7#+%&,") .+2)0&,"%&((:4 -(-2)/, ,#-%()%-GH)4 ,&3-(")K

0&,.)& "+.&(: , /+(-3) .2)()0&,.+9+ )("&#&,-.

– D&+B<+’)3+ =0)":%-"8 .+9()")%(:& +,+B&((+,") 7+%&’&()? #&("9&(+K

2+9-, %.2G0-? %2)?()& 7-"+2+9)), +7:"- ) ,")2? 0"&()?.

– >&"+’ 2+9)"-2)(/: 0=%,"%)"&2&( . I=3= +" 5+(+%:< )2) (&#&2&%-("K

(:< 5#-93&("+%, +,+B&((+ 7#) +",=","%)) ?%(:< +BM&."+%. $%&’&()&

3-,.)#+%-()? )2) ,&3-(")0&,.+4 5)28"#-6)) 3+C&" =2=0I)"8 =,"+4K

0)%+,"8.

*#&’2+C&((-? -#<)"&."=#- LogitGaze-Med /-’-^" (+%:4 =#+%&(8 .-K

0&,"%- % /-’-0& 7#&’,.-/-()? 6&2&(-7#-%2&((+9+ %/92?’- % 3&’)6)(,.)<

)/+B#-C&()?<. 1("&9#-6)? ’+3&((+-,7&6)5)0(:< %)/=-28(:< 7#)/(-.+% )

,&3-(")0&,.+4 )(5+#3-6)), )/%2&.-&3+4 0&#&/ 2+9)"-2)(/=, +B&,7&0)%-&" B)+K

2+9)0&,.) 7#-%’+7+’+B(:&, .2)()0&,.) )("&#7#&")#=&3:& ) ,"-"),")0&,.)

’+,"+%&#(:& "#-&."+#)) %)/=-28(+9+ 7+),.-. E&/=28"-": ’&3+(,"#)#=G" 7+K

"&(6)-2 ),7+28/+%-()? "-.)< 3+’&2&4 (& "+28.+ % ,)3=2?6)) 7+%&’&()? %#-0-,

(+ ) .-. %,7+3+9-"&28(:< .+37+(&("+% % ,),"&3-< 7#)(?")? #&I&()4, +B=0&K

()? ) +BM?,()3+9+ 11 % 3&’)6)(&.
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+#$%$ 2. )’&*:&’(& %="#0*$ :&’4"&’.#."$ % "#,-./,6 1.*&#2

/#$88(9(/$;(( <$4.#."(> #&"/(?

2.1 )%&*&’(&

E-/%)")& 3&"+’+% 92=B+.+9+ +B=0&()? /- 7+,2&’(&& ’&,?")2&")& ,=H&K

,"%&((+ 7+%2)?2+ (- +B2-,"8 -(-2)/- 3&’)6)(,.)< )/+B#-C&()4, %.2G0-?

-%"+3-")0&,.=G )("&#7#&"-6)G #&("9&(+%,.)< ,()3.+% 9#=’(+4 .2&".). *#)K

3&(&()& ,%&#"+0(:< (&4#+((:< ,&"&4, "#-(,5+#3&#+% ) 3=28")3+’-28(:<

3+’&2&4 7#+’&3+(,"#)#+%-2+ %:,+.)4 =#+%&(8 "+0(+,") % /-’-0-< .2-,,)5)K

.-6)), ,&93&("-6)) ) 2+.-2)/-6)) 7-"+2+9)4 [1; 40]. A,+B&((+ /(-0)"&28(+&

#-,I)#&()& 7#-.")0&,.+9+ 7#)3&(&()? 11 % 3&’)6)(,.+4 ’)-9(+,").& 7#+K

)/+I2+ % 7&#)+’ 7-(’&3)) COVID-19, .+9’- %+/().2- +,"#-? 7+"#&B(+,"8 %

-%"+3-")0&,.)< )(,"#=3&("-< 7+’’&#C.) 7#)(?")? #&I&()4 %#-0--#&("9&(+2+K

9-. A’()3 )/ %-C(&4I)< I-9+% % F"+3 (-7#-%2&()) ,"-2 /-7=,. % E+,,)4,.+4

Q&’&#-6)) 3-,I"-B(+9+ F.,7&#)3&("- 7+ %(&’#&()G "&<(+2+9)4 ),.=,,"%&(K

(+9+ )("&22&."- % ,),"&3= /’#-%++<#-(&()? [4], +<%-":%-GH&9+ 3(+C&,"%+

.2)()0&,.)< /-’-0, %.2G0-? )("&#7#&"-6)G 2=0&%:< ),,2&’+%-()4.

D&,3+"#? (- %7&0-"2?GH)& .+2)0&,"%&((:& #&/=28"-":, ’+,")9-&3:&

,+%#&3&((:3) 11-3+’&2?3), ,=H&,"%=&" %-C(-? 7#+B2&3-, ,=H&,"%&((+ +9#-K

()0)%-GH-? )< I)#+.+& .2)()0&,.+& 7#)3&(&()& – F"+ (&’+,"-"+0(-? )("&#K

7#&")#=&3+,"8 ) ,%?/-((-? , (&4 (&7#+/#-0(+,"8 7#)(?")? #&I&()4. $ +B2-,")

#&("9&(+2+9)), 9’& ’)-9(+,")0&,.)& /-.2G0&()? ’+2C(: B:"8 +B+,(+%-(: )

7#+%&#?&3:, S0^#(:4 ?H).T 3+’&2&4 92=B+.+9+ +B=0&()? %:/:%-&" +B+,(+%-(K

(:& ,+3(&()? = 3&’)6)(,.+9+ ,++BH&,"%- [41]. D&)("&#7#&")#=&3:& +I)B.)

-29+#)"3+% 3+9=" 7#)%&,") . ="#-"& ’+%&#)? ,+ ,"+#+(: %#-0&4, - "-.C& 7+,"-K

%)"8 7+’ =9#+/= B&/+7-,(+,"8 7-6)&("+% % ,2=0-& 7#)(?")? (&%&#(:< #&I&()4

(- +,(+%& 3+’&28(:< 7#&’,.-/-()4.

]+2&& "+9+, ),,2&’+%-()? 7+.-/:%-G", 0"+ %(&’#&()& 11 % .2)()0&K

,.=G 7#-.").= 3+C&" ,+7#+%+C’-"8,? .+9()")%(:3) #),.-3). $ 0-,"(+,"),

% #-B+"& [6] 7+.-/-(+, 0"+ #&("9&(+2+9) ,.2+((: S,2&’+%-"8T 7+’,.-/.-3

,),"&3: 7#)(?")? #&I&()4, ’-C& &,2) "& +I)B+0(:. N-.-? )/B:"+0(-? /-K

%),)3+,"8 +" #&.+3&(’-6)4 11 3+C&" ,()C-"8 .-0&,"%+ .2)()0&,.+4 +6&(.)
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) =,=9=B2?"8 ’)-9(+,")0&,.)& +I)B.), +,+B&((+ 7#) +",=","%)) 3&<-()/3+%

%&#)5).-6)) ) +BM?,(&()? 7#&’,.-/-()4. @"+ 7+’0^#.)%-&" (&+B<+’)3+,"8

,+/’-()? 11-,),"&3, (& "+28.+ %:,+.+"+0(:<, (+ ) 7+’’&#C)%-GH)< .+("#+K

2)#=&3+& %/-)3+’&4,"%)& , 7+28/+%-"&2&3 0&#&/ )("&#7#&")#=&3:& 3&<-()/3:

+BM?,(&()?.

A’()3 )/ 7+"&(6)-28(:< 7+’<+’+% . #&I&()G ’-((+4 7#+B2&3: ?%2?&",?

%.2G0&()& )(5+#3-6)) + %()3-()) %#-0-, % 0-,"(+,"), ’-((:< + (-7#-%2&())

%/92?’- #&("9&(+2+9- 7#) -(-2)/& 3&’)6)(,.)< )/+B#-C&()4. *-""&#(: %/92?K

’- 7#&’,"-%2?G" ,+B+4 %-C(:4 .+9()")%(:4 ,)9(-2, +"#-C-GH)4 +B2-,"8

)("&#&,- ) 7#&’7+2-9-&3=G ,&3-(")0&,.=G /(-0)3+,"8 #&9)+(+% )/+B#-C&K

()? [42]. 1("&9#-6)? "-.+9+ ,)9(-2- % -#<)"&."=#= 3+’&2) 7+/%+2?&" (& "+28.+

7+%:,)"8 "+0(+,"8 /- ,0^" 5+.=,)#+%.) (- #&2&%-("(:< +B2-,"?<, (+ ) =2=0K

I)"8 +BM?,()3+,"8 7#&’,.-/-()4.

E-(&& B:2) 7#&’2+C&(: 3&"+’:, ),7+28/=GH)& #&-28(:& ’-((:& %/92?’-

#&("9&(+2+9- ’2? 2+.-2)/-6)) +B2-,"&4 )("&#&,- (- LN-,#&/-< 2^9.)< [43], -

"-.C& ’2? .+3B)()#+%-((+9+ -(-2)/- ,+%3&,"(+ , 11-3+’&28G [44]. $ #-3.-<

+’(+9+ )/ ),,2&’+%-()4 [14] B:2 ,+B#-( ) +7=B2).+%-( (-B+# ’-((:<, %.2G0-GK

H)4 +.+2+ 1000 #&("9&(+%,.)< )/+B#-C&()4 9#=’(+4 .2&".) )/ 7=B2)0(+4 B-/:

’-((:< MIMIC-CXR [45], ’+7+2(&((:& )(5+#3-6)&4 + (-7#-%2&()) %/92?’-

#&("9&(+2+9- %+ %#&3? -(-2)/- )/+B#-C&()4. ;%"+#: ),,2&’+%-()? ),7+28/+K

%-2) 92=B+.=G ,%&#"+0(=G (&4#+((=G ,&"8 ’2? .2-,,)5).-6)) 7-"+2+9)4 (-

#&("9&(+%,.+3 )/+B#-C&()) 9#=’(+4 .2&".). O+7+2()"&28(+ . F"+4 (&4#+((+4

,&") B:2 ’+B-%2&( ’&.+’)#+%H)., .+"+#:4 7#&’,.-/:%-2 "&72+%=G .-#"= %/92?K

’- #&("9&(+2+9- (- +,(+%& ,.#:"+9+ 7#&’,"-%2&()? )/+B#-C&()?, 0"+ 7#)%&2+

. =2=0I&()G .-0&,"%- .2-,,)5).-6)) 7-"+2+9)4. *+’<+’: , ),7+28/+%-()&3

’+7+2()"&28(+4 /-’-0) ’2? 7+%:I&()? .-0&,"%- #&I&()? 6&2&%+4 /-’-0) -.K

")%(+ ),7+28/=&",? % -%"+3-")/)#+%-((+3 -(-2)/& 3&’)6)(,.)< )/+B#-C&()4.

D-7#)3&#, .+9’- 7#) #&I&()) /-’-0) ,&93&("-6)) -(-"+3)0&,.)< +B2-,"&4 (-

#&("9&(+%,.+3 )/+B#-C&()) 9#=’(+4 .2&".) ’+7+2()"&28(+ 7#&’,.-/:%-G",?

.+("=#: F")< -(-"+3)0&,.)< +B2-,"&4, 7+/%+2?? 7+%:,)"8 =%&#&((+,"8 ,&") (-

9#-()6-< +B2-,"&4 #&9)+(+%, 9’& +B:0(+ (-)B+28I-? (&+7#&’&2&((+,"8 % 7#&’K

,.-/-()), 7#)%+’?H-? % <=’I&3= .-0&,"%= ,&93&("-6)) [46]. *+’+B(:3 +B#-/+3

)("&9#)#+%-((:& ’-((:& %/92?’- % ,%&#"+0(=G (&4#+((=G ,&"8 7+/%+2)2)

7+%:,)"8 .-0&,"%+ .2-,,)5).-6)) ) =2=0I)"8 +BM?,()3+,"8 7#&’,.-/-()4 7+K

,#&’,"%+3 "&<(). -"#)B=6)).



37

A’(-.+ ,B+# "-.)< ’-((:< % 3-,I"-B-<, (&+B<+’)3:< ’2? +B=0&()? ,+K

%#&3&((:< 3+’&2&4, 7#&’,"-%2?&" ,+B+4 "#=’+^3.)4 ) ’+#+9+,"+?H)4 7#+6&,,.

*+3)3+ 7#)%2&0&()? .%-2)5)6)#+%-((:< ,7&6)-2),"+%, +( "#&B=&" "&<()0&K

,.+9+ +,(-H&()? ) ,+B2G’&()? =,2+%)4 7#+"+.+2)#+%-()?, 0"+ ’&2-&" &9+

(&7#-.")0(:3 ’2? B+28I)(,"%- ),,2&’+%-"&28,.)< ) .2)()0&,.)< =0#&C’&K

()4. $ ,%?/) , F")3 3+C&" +.-/-"8,? 7+2&/(:3 ),7+28/+%-()& ,)("&")0&,.)

,9&(&#)#+%-((:< ’-((:< %/92?’-, 7+2=0&((:< 7#) 7+3+H) 3+’&2&4 7#+9(+/)K

#+%-()? %()3-()?.

D- +,(+%& )/2+C&((+4 )(5+#3-6)), % #-3.-< ’),,&#"-6)) %5*%(’,4.

<:&*<.#.B&’(& + "+3, 0"+ ,)("&")0&,.) ,9&(&#)#+%-((:& ’-((:& %/92?K

’- #&("9&(+2+9-, )("&9#)#+%-((:& % -#<)"&."=#= ,%&#"+0(+4 (&4#+((+4 ,&"),

3+9=" =2=0I)"8 .-0&,"%+ -%"+3-")0&,.+4 .2-,,)5).-6)) 7-"+2+9)4 (- #&("9&K

(+%,.)< )/+B#-C&()?<. $ 92-%& 2 7#&’,"-%2&(- 92=B+.-? 3+’&28 LogitGaze-Med

’2? 7#&’,.-/-()? 7+,2&’+%-"&28(+,") %/92?’- (- #&("9&(+%,.+3 )/+B#-C&())

9#=’(+4 .2&".) ) LogitGaze ’2? 7#&’,.-/-()? 7+,2&’+%-"&28(+,") %/92?’-

(- +BH)< )/+B#-C&()?<. L.<.#’(4&#2’.& <:&*<.#.B&’(& /-.2G0-&",? %

"+3, 0"+ ),7+28/+%-()& ,)("&")0&,.)< ’-((:< %/92?’- +" ,7&6)-2)/)#+%-((+4

3+’&2) LogitGaze-Med B=’&" 7#)%+’)"8 . 2=0I&3= .-0&,"%= .2-,,)5).-6)) 7-K

"+2+9)4, 0&3 +" 3+’&2) LogitGaze.

2.2 H.84$’.%/$ =$*$3(

E-,,3-"#)%-&",? /-’-0- 3=28").2-,,+%+4 .2-,,)5).-6)), % .+"+#+4 .-CK

’+3= #&("9&(+%,.+3= )/+B#-C&()G 9#=’(+4 .2&".) (&+B<+’)3+ 7#),%+)"8 +’)(

)/ ,2&’=GH)< ’)-9(+,")0&,.)< .2-,,+%:

– ’.:1$ – +",=","%)& %:#-C&((+4 7-"+2+9)) (- )/+B#-C&());

– =$84.>’$0 8&:*&3’$0 ’&*.84$4.3’.842 (EJ) – 7#)/(-.) ,&#’&0(+4

(&’+,"-"+0(+,"), %)/=-2)/)#=&3:& (- #&("9&(+9#-33&;

– <’&%1.’(0 – %+,7-2)"&28(:& )/3&(&()? 2^9+0(+4 ".-().

Q+#3-28(+, 7=,"8 I → R
H↑W – %<+’(+& #&("9&(+%,.+& )/+B#-C&()& #-/3&K

#+3 H ↑W 7).,&2&4. a&2&%+4 /-’-0&4 ?%2?&",? 7+,"#+&()& +"+B#-C&()?

f : RH↑W ↑ R
m↑2 ↔ {0, 1, 2},
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9’& m – .+2)0&,"%+ "+0&. 5).,-6)), - .-C’+& (-B2G’&()& )/ Rm↑2 7#&’,"-%2?K

&" ,+B+4 .++#’)(-": (xi, yi) 5).,-6)) %/92?’-, ) %:<+’ f(I, ·) – 7#&’,.-/-((:4

’)-9(+,")0&,.)4 .2-,,.

O2? )/=0&()? #+2) )(5+#3-6)) + %/92?’& B:2) #&-2)/+%-(: ) ,+7+,"-%K

2&(: "#) #-/2)0(:< 7+’<+’-:

1. baseline: .2-,,)5).-6)? +,=H&,"%2?&",? "+28.+ 7+ )/+B#-C&()G I ,

B&/ ),7+28/+%-()? )(5+#3-6)) + %/92?’&;

2. temporal: ),7+28/=&",? 7+,2&’+%-"&28(+,"8 "&72+%:< .-#", ,++"%&"K

,"%=GH)< 5).,-6)?3, ’+7+2()"&28(+ +B#-B-":%-&3-? 0&#&/ #&.=#K

#&("(=G 3+’&28;

3. static: ),7+28/=&",? -9#&9)#+%-((-? "&72+%-? .-#"- 7+ %,&3 5).,-6)K

?3, .+"+#-? 7+’-^",? .-. ’+7+2()"&28(-? %<+’(-? )(5+#3-6)?.

A,(+%(-? 9)7+"&/- /-.2G0-&",? % "+3, 0"+ ,)("&")0&,.) ,9&(&#)#+%-(K

(:& 5).,-6)) %/92?’- #&("9&(+2+9- 7+/%+2?G" =2=0I)"8 7#+)/%+’)"&28(+,"8

.2-,,)5).-6)+((+4 3+’&2) /- ,0^" ’+7+2()"&28(+9+ ,)9(-2-, .+##&2)#=GH&9+

, #-,7+2+C&()&3 .2)()0&,.) /(-0)3:< +B2-,"&4 (- )/+B#-C&()).

2.3 F:?(4&/4,:5 ’&>:.’’5? 8&4&>

1. Baseline. $ B-/+%+4 -#<)"&."=#& )/+B#-C&()& I +B#-B-":%-&",? ,%&#"+0K

(+4 (&4#+((+4 ,&"8G (CNN-F(.+’&#+3) EI , +B=0&((+4 )/%2&.-"8 F3B&’’)(9

X img → R
d )/+B#-C&()?. O-2&& 7+2=0&((:4 F3B&’’)(9 7+,"=7-&" % 7+2(+K

,%?/(:4 .2-,,)5).-6)+((:4 ,2+4, %:’-GH)4 %&#+?"(+,") 7#)(-’2&C(+,") .

.-C’+3= .2-,,=:

ŷ = softmax(WcX
img + bc). (2.1)

1(5+#3-6)? + %/92?’& (& ),7+28/=&",?. @"- -#<)"&."=#& ,2=C)" B-/+K

%:3 #&I&()&3 ’2? +6&(.) %2)?()? ’-((:< %/92?’-, ),7+28/=&3:< % ’#=9)<

-#<)"&."=#-<, (- .-0&,"%+ #&I&()? /-’-0) .2-,,)5).-6)).

2. Temporal. ;#<)"&."=#- Temporal ),7+28/=&" )(5+#3-6)G + 7+,2&’+%-K

"&28(+,") 5).,-6)4 %/92?’-. O2? .-C’+4 5).,-6)) k = 1, . . . ,m ,+/’-&",?

"&72+%-? .-#"- Gk, .+"+#-? 7&#&’-^",? 0&#&/ +"’&28(:4 CNN-.+’)#+%H). Eg,
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E),=(+. 2.1 J $)/=-2)/-6)? %"+#+9+ ,7+,+B- (Temporal) ’2? #&I&()? /-’-0)

.2-,,)5).-6)) 7-"+2+9)4

5+#3)#=? F3B&’’)(9 Xgaze
k → R

d→. *+2=0&((-? 7+,2&’+%-"&28(+,"8 F3B&’’)(9+%

Xgaze
1 , . . . , Xgaze

m 7+’-^",? % ’%=(-7#-%2&((=G LSTM, )/%2&.-GH=G %#&3&((:&

/-%),)3+,") % 7-""&#(-< ’%)C&()? %/92?’-:

Xgaze = BiLSTM(Xgaze
1 , ..., Xgaze

m ).

O-2&& 5)(-28(:4 F3B&’’)(9 5+#3)#=&",? 7="^3 .+(.-"&(-6)) %:<+’(+9+ %&.K

"+#- LSTM , F3B&’’)(9+3 X img )/+B#-C&()?:

Z = [X img;Xgaze].

Q)(-28(:4 F3B&’’)(9 Z 7&#&’-^",? % .2-,,)5).-6)+((:4 ,2+4. ;#<)K

"&."=#- %)/=-2)/)#+%-(- (- #),=(.& 2.1.

3. Static. $ F"+4 -#<)"&."=#& "&72+%:& .-#": 7+ %,&3 5).,-6)?3 =,#&’(?K

G",? )2) -9#&9)#=G",? % &’)(=G .-#"= Gagg, 7#&’,"-%2?GH=G +B+BH^((+&

#-,7#&’&2&()& %()3-()? #&("9&(+2+9-. 1/+B#-C&()& I +B#-B-":%-&",? F(.+K

’&#+3 EI , .-. ) #-(&&. *+,2& 0&9+ F3B&’’)(9 X img )/+B#-C&()? 7+’-&",?
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E),=(+. 2.2 J $)/=-2)/-6)? "#&"8&9+ ,7+,+B- (Static) ’2? #&I&()? /-’-0) .2-,K

,)5).-6)) 7-"+2+9)4

7-#-22&28(+ % ,%&#"+0(:4 ’&.+’&# DG ’2? #&.+(,"#=.6)) .-#": %/92?’- Gagg

) % 7+2(+,%?/(:4 ,2+4 )/ %:#-C&()? 2.1 ’2? 7#&’,.-/-()? 7-"+2+9)). N-.-?

3=28")/-’-0(-? 7+,"-(+%.- ,7+,+B,"%=&" )/%2&0&()G 7#)/(-.+%, )("&#7#&")#=K

&3:< , "+0.) /#&()? %()3-()?, ) 7+"&(6)-28(+ 7+%:I-&" =,"+40)%+,"8 3+’&2)

. I=3=:

L = Lcls+ λLheatmap,

9’& Lcls – .#+,,-F("#+7)4(-? 7+"&#? .2-,,)5).-6)), Lheatmap – +I)B.- #&K

.+(,"#=.6)) .-#": %/92?’-, λ – %&,+%+4 .+F55)6)&(". !<&3- 3+’&2) 7#)%&’&(-

(- #),=(.& 2.2.

O2? %,&< "#^< -#<)"&."=# ),7+28/+%-2,? )’&(")0(:4 7#+"+.+2 +B=0&()?,

,++"%&","%=GH)4 3&"+’+2+9)) ),<+’(+4 ,"-"8) [14]. $ 0-,"(+,"):

– A7")3)/-6)? 7#+)/%+’)2-,8 , ),7+28/+%-()&3 Adam-+7")3)/-"+#-;

– E-/3&# B-"0- – 32;

– Q=(.6)? 7+"&#8 – .-"&9+#)-28(-? .#+,,-F("#+7)? (’2? .2-,,)5).-K

6)));

– L+2)0&,"%+ F7+< – 50, , #-((&4 +,"-(+%.+4 7+ %-2)’-6)+((+4 3&"#).&;

– ;=93&("-6)? )/+B#-C&()4 (& 7#)3&(?2-,8;

– E-/’&2&()& (- +B=0-GH=G ) "&,"+%=G %:B+#.) B:2+ 5).,)#+%-((:3;
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– $,& 3+’&2) +B=0-2),8 (- +’(+3 ) "+3 C& (-B+#& )/+B#-C&()4, #-/2)K

0-?,8 "+28.+ 7+ ),"+0().= ’-((:< %/92?’- (#&-28(:4 )2) ,)("&")0&K

,.)4).

O2? .-C’+4 -#<)"&."=#: (Temporal ) Static) B:2) #&-2)/+%-(: %&#K

,)) , ),7+28/+%-()&3 ,)("&")0&,.)< "#-&."+#)4 %/92?’-, ,9&(&#)#+%-((:<

"#&3? #-/2)0(:3) 3+’&2?3): GazeFormer, LogitGaze ) LogitGaze-Med. N-.)3

+B#-/+3, ,=33-#(+ B:2+ +B=0&(+ I&,"8 3+’&2&4, ’+7+2(?GH)< B-/+%=G .+(5)K

9=#-6)G B&/ %()3-()?. @"+ 7+/%+2?&" ,+7+,"-%)"8 %2)?()& .-. -#<)"&."=#(+9+

#&I&()?, "-. ) .-0&,"%- 3+’&2) 9&(&#-6)) %/92?’- (- )"+9+%=G F55&.")%(+,"8

.2-,,)5).-6)).

2.4 J$-.:5 *$’’5?

O2? +B=0&()? ) +6&(.) 3+’&2&4 .2-,,)5).-6)) 7-"+2+9)4 2^9.)< ),7+28K

/+%-2),8 ’%- ),"+0().- ’-((:<: (1) 3-,I"-B(:4 +BH&’+,"=7(:4 (-B+# ’-((:<

#&("9&(+9#-33 9#=’(+4 .2&".) MIMIC-CXR, ),7+28/=&3:4 ’2? 9&(&#-6)) ,)(K

"&")0&,.)< ’-((:< %/92?’- ) (2) ,7&6)-2)/)#+%-((:4 (-B+# 7#&,"-%2&((:4

Karargyris ) ’#. [14], ,+’&#C-H)4 #&-28(:& /-7),) ’%)C&()4 92-/ #&("9&(+2+K

9+%, ),7+28/+%-((:4 ’2? "&,")#+%-()?.

D-B+# ’-((:< MIMIC-CXR [45] ,+’&#C)" B+2&& 370,000 #&("9&(+%,.)<

)/+B#-C&()4 9#=’(+4 .2&".), ,+7#+%+C’-&3:< "&.,"+%:3) /-.2G0&()?3).

O2? 6&2&4 (-,"+?H&9+ ),,2&’+%-()? B:2) +"+B#-(: %,& ’+,"=7(:& )/+B#-C&K

()? B&/ 5)28"#-6)) 7+ 7+2=, %+/#-,"=, .-0&,"%= )2) ")7= 7#+&.6)). N-.+4

%:B+# +BM?,(?&",? ,"#&32&()&3 ,+<#-()"8 #&-2),")0(+& #-,7#&’&2&()& 7#)K

3&#+%, <-#-."&#(+& ’2? #&-28(+4 .2)()0&,.+4 7#-.").).

*+,.+28.= ,B+# F37)#)0&,.)< ’-((:< 5).,-6)4 %/92?’- #&("9&(+2+9-

"#&B=&" ,7&6)-2)/)#+%-((+9+ +B+#=’+%-()?, 7#+9#-33(+4 ,#&’: ) 7#+%&’&K

()? F.,7&#)3&("+% % .+("#+2)#=&3:< =,2+%)?<, 3-,I"-B)#=&3+& 7#)3&(&()&

"-.)< ’-((:< % 3&’)6)(,.)< 11-,),"&3-< +,"-^",? /-"#=’()"&28(:3. O2? 7#&K

+’+2&()? F"+9+ +9#-()0&()? % (-,"+?H&3 ),,2&’+%-()) ),7+28/+%-2,? 7+’<+’

,)("&")0&,.+4 9&(&#-6)) "#-&."+#)4 %/92?’- (- +,(+%& 3+’&2&4 7#+9(+/)#+%-K

()? %)/=-28(+9+ %()3-()?. @"+ 7+/%+2)2+ ,=H&,"%&((+ #-,I)#)"8 +B=0-GH=G

%:B+#.= B&/ 7#)%2&0&()? F.,7&#"+% ) B&/ /-"#-" (- +",2&C)%-()& %/92?’-.
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$ F.,7&#)3&("& B:2) 7#)3&(&(: "#) 3+’&2) 7#+9(+/)#+%-()? "#-&."+#)4

%)/=-28(+9+ %()3-()?, #-/2)0-GH)&,? 7+ -#<)"&."=#& ) ,"&7&() -’-7"-6)) .

3&’)6)(,.+3= ’+3&(=:

– GazeFormer [22] – "#-(,5+#3&#(-? 3+’&28, +B=0&((-? (- +BH&’+K

3&((:< ’-((:< %)/=-28(+9+ 7+),.-. A(- (& =0)":%-&" ,7&6)5).=

3&’)6)(,.)< )/+B#-C&()4, (+ I)#+.+ ),7+28/=&",? .-. +".#:":4 #&K

7#&/&("-")%(:4 B-/+%:4 3&"+’.

– LogitGaze – 3+’&28, #&-2)/=GH-? 3&<-()/3 2+9)"-2)(/: ’2? )("&#K

7#&")#=&3+9+ 7#+9(+/)#+%-()? 5).,-6)4. $ +"2)0)& +" GazeFormer,

),7+28/=&" %(="#&(()& ,&3-(")0&,.)& ,)9(-2: %)/=-28(+-?/:.+%:<

3+’&2&4 (VLM) ) /-’-0= #&9#&,,)) .++#’)(-" 5).,-6)4.*+’#+B(+& +7)K

,-()& F"+4 3+’&2) 7#&’,"-%2&(+ % 92-%& 2.

– LogitGaze-Med – 3+’)5).-6)? LogitGaze, -’-7")#+%-((-? . 3&’)K

6)(,.+3= .+("&.,"=. A(- +B=0&(- (- ,7&6)-2)/)#+%-((+3 ’-"-,&"&

GazeSearch, ,+’&#C-H&3 #&-28(:& ’%)C&()? 92-/ #&("9&(+2+9+% % 7#+K

6&,,& ’)-9(+,").) 7-"+2+9)4 (- #&("9&(+9#-33-< 9#=’(+4 .2&".).

*+’#+B(+& +7),-()& F"+4 3+’&2) 7#&’,"-%2&(+ % 92-%& 2.

*#)3&(&()& .-. +BH&’+3&((:<, "-. ) ’+3&((+-,7&6)5)0&,.)< 3+’&2&4

7+/%+2)2+ +6&()"8 %2)?()& <-#-."&#- ),"+0().- %/92?’- (- F55&.")%(+,"8

.2-,,)5).-6)) 7-"+2+9)4.

L-C’-? 3+’&28 (- %<+’ 7+2=0-&" #&("9&(+%,.+& )/+B#-C&()& I → R
H↑W

) 9&(&#)#=&" 7+,2&’+%-"&28(+,"8 5).,-6)4:

{(x1, y1), (x2, y2), ..., (xm, ym)},m → N,

9’& .-C’-? 7-#- .++#’)(-" (xi, yi) ,++"%&","%=&" 7#&’,.-/-((+4 "+0.& 5).,-K

6)) %/92?’-.

O2? 7+,2&’=GH&9+ ),7+28/+%-()? % -#<)"&."=#-< .2-,,)5).-6)) 5).,-K

6)) 7#&+B#-/=G",? % "&72+%=G .-#"= G → R
H↑W , 7#)3&(&()&3 ’%=<3&#(+4

9-=,,+%+4 5=(.6)), 6&("#)#+%-((+4 % .-C’+4 "+0.& 5).,-6)). *+2=0&((:&

.-#": (+#3-2)/=G",? 7+ )("&(,)%(+,") % ’)-7-/+(& [0, 1], 0"+ +B&,7&0)%-&"

,+92-,+%-((:4 3-,I"-B 3&C’= #-/2)0(:3) )/+B#-C&()?3) ) 3+’&2?3).

!2&’=&" +"3&")"8, 0"+ 9&(&#-6)? ,)("&")0&,.)< "#-&."+#)4 (& ,+7#+%+CK

’-&",? ’+7+2()"&28(+4 .-2)B#+%.+4. $ 0-,"(+,"):

– (& 7#)3&(?2-,8 5)28"#-6)? 5).,-6)4, %:<+’?H)< /- 7#&’&2: 2^9+0K

(:< +B2-,"&4 )2) #^B&#(+4 ’=9);
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– (& 7#+%+’)2-,8 .+##&.6)? 72+"(+,") "&72+%:< .-#" % /-%),)3+,") +"

%#&3&() 5).,-6)) )2) 7#)+#)"&"(+,") +B2-,"&4;

– (& ),7+28/+%-2),8 -(-"+3)0&,.)& 3-,.) )2) ,&93&("-6)), 0"+ 3+92+ B:

7+%:,)"8 ,7&6)5)0(+,"8 9&(&#-6)).

N-.)3 +B#-/+3, ,9&(&#)#+%-((:& ’-((:& 3+9=" %.2G0-"8 -#"&5-.":,

(&<-#-."&#(:& ’2? #&-28(+9+ 7+%&’&()? %#-0&4. A’(-.+, .-. 7+.-/-(+ ’-2&&

% #-/’&2& #&/=28"-"+%, ’-C& % "-.+3 %)’& +() %(+,?" 7+2+C)"&28(:4 %.2-’

% /-’-0= .2-,,)5).-6)), +,+B&((+ 7#) ),7+28/+%-()) ’+3&((+-,7&6)5)0&,.+4

3+’&2) LogitGaze-Med. O2? .-C’+9+ )/+B#-C&()? B:2- ,9&(&#)#+%-(- 7+,2&’+K

%-"&28(+,"8 5).,-6)4, ’-2&& 7#&+B#-/+%-((-? % "&72+%=G .-#"=. *+2=0&((:&

7-#: )/+B#-C&()&–%/92?’ +B#-/+%-2) ,)("&")0&,.=G +B=0-GH=G %:B+#.= ’2?

3+’&2&4 Temporal ) Static.

O2? 5)(-28(+4 +6&(.) 3+’&2) ),7+28/+%-2,? (-B+# ’-((:<, 7#&’,"-%K

2&((:4 % ),,2&’+%-()) Karargyris ) ’#. [14], 7+2=0&((:4 , ),7+28/+%-()&3

+B+#=’+%-()? ’2? +",2&C)%-()? %/92?’- %+ %#&3? -(-2)/- #&("9&(+%,.)< ,()3K

.+% 9#=’(+4 .2&".) #&("9&(+2+9-3). D-B+# ’-((:< %.2G0-&":

– +.+2+ 1000 )/+B#-C&()4 )/ (-B+#- ’-((:< MIMIC-CXR;

– /-7),) ’%)C&()? 92-/;

– -=’)+’)."+%.= /-.2G0&()4, 7+/%+2?GH=G -((+")#+%-"8 %#&3&((:& ,&9K

3&(":, #&2&%-("(:& +7#&’&2^((:3 ’)-9(+/-3.

$ #-3.-< ’-((+9+ F.,7&#)3&("- ),7+28/+%-2),8 "+28.+ )/+B#-C&()?

) ,++"%&","%=GH)& 5).,-6)), +"(+,?H)&,? . "#^3 .2-,,-3: (+#3-, /-,"+4K

(-? ,&#’&0(-? (&’+,"-"+0(+,"8 ) 7(&%3+()?. *#&’%-#)"&28(-? 5)28"#-6)?

)2) B-2-(,)#+%.- 7+ .2-,,-3 (& +,=H&,"%2?2),8. @"+" (-B+# ),7+28/+%-2,?

),.2G0)"&28(+ .-. 5).,)#+%-((-? "&,"+%-? %:B+#.-, )’&(")0(-? ’2? %,&<

,#-%()%-&3:< 3+’&2&4, 0"+ +B&,7&0)2+ 0&,"(+& ,#-%(&()& %2)?()? #-/(:< ),K

"+0().+% ’-((:< %/92?’- (,)("&")0&,.)<, 9&(&#)#=&3:< 92=B+.)3) 3+’&2?3),

) (-"=#-28(:<) (- .2-,,)5).-6)G 7-"+2+9)4.

2.5 @&=,#24$45

$ ’-((+3 #-/’&2& 7#&’,"-%2&(: #&/=28"-": .+2)0&,"%&((+4 +6&(.) 3+K

’&2&4 .2-,,)5).-6)) 7-"+2+9)4 2^9.)< , #-/2)0(:3) ,7+,+B-3) )("&9#-6))
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N-B2)6- 5 J !#&’(&& /(-0&()& AUROC 7+ %,&3 "#&3 7-"+2+9)?3 ((+#3-, /-K

,"+4(-? ,&#’&0(-? (&’+,"-"+0(+,"8 ) 7(&%3+()?) ’2? .-C’+4 3+’&2).

C84.3’(/ %="#0*$ Baseline Temporal Static

D-"=#-28(:& (Eye-Gaze [14]) 0.77 ± 0.02 0.82 ± 0.03 0.87 ± 0.02

GazeFormer [22] 0.78 ± 0.02 0.84 ± 0.02 0.89 ± 0.01

LogitGaze 0.80 ± 0.01 0.87 ± 0.02 0.90 ± 0.01

LogitGaze-Med 0.82 ± 0.01 0.90 ± 0.02 0.91 ± 0.01

)(5+#3-6)) + %/92?’& #&("9&(+2+9-, %.2G0-? .-. #&-28(:& 5).,-6)), "-. )

,)("&")0&,.) ,9&(&#)#+%-((:& "#-&."+#)). A,(+%(:3 .#)"&#)&3 +6&(.) %:K

,"=7-&" ,#&’(&& /(-0&()& 72+H-’) 7+’ ROC-.#)%+4 (AUROC) 7+ "#^3 .2-,,-3:

(+#3-, /-,"+4(-? ,&#’&0(-? (&’+,"-"+0(+,"8 (!D) ) 7(&%3+()?.

E&/=28"-": 7#&’,"-%2&(: % "-B2)6& 5. $ 7&#%=G +0&#&’8 ,#-%()%-G",?

"#) -#<)"&."=#(:< %-#)-("-: B-/+%-? 3+’&28 B&/ %/92?’- (Baseline), 3+’&28 ,

%#&3&((+4 +B#-B+".+4 5).,-6)4 (Temporal) ) 3+’&28 , ),7+28/+%-()&3 ,"-")0&K

,.+4 "&72+%+4 .-#": (Static). $ .-0&,"%& ),"+0().+% %/92?’- #-,,3-"#)%-2),8:

– #&-28(:& 5).,-6)) #&("9&(+2+9- ((-B+# ’-((:< Eye-Gaze [14]),

– ,)("&")0&,.) ,9&(&#)#+%-((:& "#-&."+#)) 7#) 7+3+H) 3+’&2&4

GazeFormer, LogitGaze ) LogitGaze-Med.

O2? %,&< 3+’&2&4 B:2) %:0),2&(: /(-0&()? AUROC 7+ .-C’+4 )/ "#^<

7-"+2+9)4, - "-.C& ,#&’()& /(-0&()? ) ,"-(’-#"(:& +".2+(&()?:.

;(-2)/ 7+2=0&((:< ’-((:< 7+/%+2?&" ,’&2-"8 (&,.+28.+ .2G0&%:< (-K

B2G’&()4:

1. !)("&")0&,.)& ’-((:& %/92?’- 7+/%+2?G" =2=0I)"8 .-0&,"%+ .2-,K

,)5).-6)) %+ %,&< ,2=0-?<, % ,#-%(&()) , 7+’<+’+3 [14], % .+"+#+3

),7+28/=G",? (-"=#-28(:& ’-((:& %/92?’-.

2. 1("&9#-6)? %/92?’- =2=0I-&" .2-,,)5).-6)G. *+ ,#-%(&()G , B-/+%+4

3+’&28G, +B- %-#)-("- )("&9#-6)) )(5+#3-6)) + %()3-()) #&("9&(+K

2+9- – .-. %#&3&((+4 (Temporal), "-. ) ,"-")0&,.+4 (Static) – 7#)%+’?"

. ,=H&,"%&((+3= =2=0I&()G 3&"#).) AUROC. N-., ),7+28/+%-()& #&K

-28(:< ’-((:< %/92?’- 7+/%+2?&" 7+%:,)"8 ,#&’()4 AUROC , 0.77

(Baseline) ’+ 0.87 (Static), 0"+ ,%)’&"&28,"%=&" + %:,+.+4 )(5+#3-")%K

(+,") 7-""&#(+% %)/=-28(+9+ %()3-()? #&("9&(+2+9-.
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3. O+3&((+-,7&6)5)0&,.-? 9&(&#-6)? 7#&’7+0")"&28(&&. !#-%(&()& 3&CK

’= GazeFormer ) LogitGaze-Med 7+’0^#.)%-&" %-C(+,"8 +B=0&()?

3+’&2) %()3-()? % ,++"%&","%=GH&3 ’+3&(&. D&,3+"#? (- "+, 0"+

GazeFormer ?%2?&",? 3+H(+4 -#<)"&."=#+4, +B=0&((+4 (- I)#+.+3-,K

I"-B(:< ’-((:< +BH&9+ (-/(-0&()?, &^ 7#&’,.-/-()? =,"=7-G" 7+

.-0&,"%= "&3, 0"+ 9&(&#)#=G",? LogitGaze-Med – 3+’&28G, ,7&6)-2)/)K

#+%-((+4 7+’ #&("9&(+%,.)& )/+B#-C&()? 9#=’(+4 .2&".) ) +B=0&((+4

(- ’-"-,&"& GazeSearch.

4. Static-3+’&28 #-B+"-&" 2=0I& Temporal. O2? %,&< ),"+0().+% ’-(K

(:< %/92?’+% %-#)-(" Static ’&3+(,"#)#=&" B+2&& %:,+.)& /(-0&()?

AUROC, 0&3 Temporal. @"+ 3+C&" B:"8 ,%?/-(+ , "&3, 0"+ -9#&9)#+%-(K

(-? "&72+%-? .-#"- B+2&& =,"+40)%- . +I)B+0(:3 )2) (&#&2&%-("(:3

5).,-6)?3, - "-.C& 7#+H& % +B=0&()). D-7#+")%, Temporal-3+’&28

0=%,"%)"&28(- . 7+#?’.= ) ’)(-3).& 5).,-6)4, 0"+ "#&B=&" B+28I&4

"+0(+,") ,)("&")0&,.+9+ 9&(&#-"+#-.

E&/=28"-":, 7#&’,"-%2&((:& % ’-((+4 92-%&, ’&3+(,"#)#=G", 0"+ )(K

"&9#-6)? ,)("&")0&,.+4 )(5+#3-6)) + (-7#-%2&()) %/92?’- #&("9&(+2+9-

/(-0)"&28(+ =2=0I-&" "+0(+,"8 .2-,,)5).-6)) 7-"+2+9)4 (- #&("9&(+%,.)<

)/+B#-C&()?< 9#=’(+4 .2&".). *+2=0&((:& ’-((:& 7+’"%&#C’-G" %:’%)(=K

":& 9)7+"&/:.

*+.-/-((-? F55&.")%(+,"8 ,)("&")0&,.)< ’-((:< %/92?’- +".#:%-&"

7&#,7&.")%: ,+/’-()? +BM?,()3:< ) B+2&& .-0&,"%&((:< ,),"&3 7+’’&#C.)

7#)(?")? #&I&()4, (& "#&B=GH)< ’+#+9+,"+?H&9+ ,B+#- ’-((:< %/92?’-. N-K

.)& 7+’<+’: 3+9=" B:"8 +,+B&((+ 7+2&/(: % =,2+%)?< +9#-()0&((:< #&,=#,+%

)2) % .+("&.,"& B:,"#+9+ 3-,I"-B)#+%-()? 11-,&#%),+% (- =#+%(& #&9)+(-28K

(:< )2) 5&’&#-28(:< 7#+9#-33 /’#-%++<#-(&()?.

$ ’-28(&4I&3 ),,2&’+%-()& 3+C&" B:"8 #-,I)#&(+ % ,2&’=GH)< (-7#-%K

2&()?<:

– -(-2)/ +BM?,()3+,") 7#&’,.-/-()4 , 7+3+H8G 3&"+’+% -""#)B=6))

(Grad-CAM, Integrated Gradients);

– #-,I)#&()& (-B+#- /-’-0 ((-7#)3&#, ’&"&.6)?, ,&93&("-6)?, 9&(&#-6)?

#&("9&(+2+9)0&,.)< +"0&"+%) , =0^"+3 %()3-()? #&("9&(+2+9-;

ZGB+4 )/ ’%=< ,7+,+B+% )("&9#-6)) ’-((:< %/92?’- % ,%&#"+0(=G (&4K

#+((=G ,&"8 7#)%&2 . /(-0)3+3= 7+%:I&()G .-0&,"%- .2-,,)5).-6)). !7+,+B

, 7#&’,.-/-()&3 ,"-"),")0&,.+4 "&72+%+4 .-#": %/92?’- 7+/%+2?&" ’+B)"8,?
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2=0I&9+ .-0&,"%- .2-,,)5).-6)), 0&3 , 7#&’,.-/-()&3 %#&3&((+4 "&72+%+4

.-#":. !#&’) ),"+0().+% %/92?’- LogitGaze-Med ’+,")9-&" (-)2=0I&4 7#+)/K

%+’)"&28(+,") %+ %,&< ,2=0-?<.
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+#$%$ 3. @$=:$-.4/$ ( %$#(*$;(0 A/8<&:(1&’4$#2’.> ,84$’.%/( *#0

8-.:$ ( $’$#(=$ *$’’5? %="#0*$ % ,8#.%(0?, <:(-#(B&’’5? /

/#(’(3&8/.> <:$/4(/&

3.1 )%&*&’(&

D-,"+?H-? 92-%- 7+,%?H&(- #-/#-B+".& ) %-2)’-6)) =,"-(+%.) ’2? 7#+%&K

’&()? F.,7&#)3&("+% 7+ +",2&C)%-()G %/92?’- #&("9&(+2+9+% %+ %#&3? -(-2)/-

3&’)6)(,.)< )/+B#-C&()4. O2? 7#+%&’&()? %-2)’-6)) =,"-(+%.) B:2- %:K

B#-(- <+#+I+ )/%&,"(-? % 2)"&#-"=#& /-’-0- +6&(.) =,"-2+,") #&("9&(+2+9-

7#) -(-2)/& #&("9&(+%,.)< ,()3.+% 9#=’(+4 .2&".). N-.)3 +B#-/+3, /-’-0-

%-2)’-6)) ,"-2- 5+#3=2)#+%-"8,? .-. )/=0&()& /-.+(+3&#(+,"&4 %/92?’- #&("K

9&(+2+9- 7#) ’2)"&28(+3 -(-2)/& #&("9&(+%,.)< )/+B#-C&()4 9#=’(+4 .2&".).

$ #-3.-< ’),,&#"-6)) #-/#-B+"-(- F.,7&#)3&("-28(-? =,"-(+%.- %3&,"& ,

7#+9#-33(:3 +B&,7&0&()&3 (,3. #-/’&2 3.2) ’2? +",2&C)%-()? %/92?’- #&("9&K

(+2+9- %+ %#&3? -(-2)/- #&("9&(+%,.)< ,()3.+% 9#=’(+4 .2&".). O2? =0-,")?

% F.,7&#)3&("& 7#)%2&0&(: 4 7#-.").=GH)< #&("9&(+2+9- , #-/(:3 +7:"+3

#-B+":. O2? "+9+, 0"+B: .+37&(,)#+%-"8 (&B+28I+& .+2)0&,"%+ =0-,"().+%

F.,7&#)3&("- ) ,+B#-"8 ’+,"-"+0(+ ’-((:< ’2? ,"-"),")0&,.+9+ -(-2)/-, B:2

#-/#-B+"-( ,7&6)-28(:4 7#+"+.+2 F.,7&#)3&("- (,3. #-/’&2 3.3). $ #-3.-< F.,K

7&#)3&("- .-C’:4 #&("9&(+2+9 ’+2C&( B:2 7#+-(-2)/)#+%-"8 400 ,()3.+%

9#=’(+4 .2&".), 0"+ /-(?2+ B+2&& 5 0-,+% ’2? .-C’+9+ #&("9&(+2+9-.

E-((&& % 2)"&#-"=#& B:2+ 7+.-/-(+ [47J50], 0"+ , =%&2)0&()&3 .+2)0&,"%-

7#+,3+"#&((:< ,()3.+% #&("9&(+2+9) /-"#-0)%-G" 3&(8I& %#&3&() (- -(-2)/

.-C’+9+ ,()3.-, 7#) F"+3 ,=H&,"%=G" 7+2+C)"&28(-? .+##&2?6)? 3&C’= /-K

"#-0&((:3 %#&3&(&3 (- -(-2)/ ,()3.- ) .-0&,"%+3 ’)-9(+,").). D-7#)3&#,

]&#2)(9 ) ’#. [50] +B(-#=C)2), 0"+ #&("9&(+2+9) "#-"?" (- 30% 3&(8I& %#&K

3&() ’2? -(-2)/- 7+,2&’()< 7?") LN-,()3.+% B#GI(+4 7+2+,"), 0&3 7&#%:<

7?") %+ %#&3? ,%+)< #-B+0)< ,3&(.

*#)0)(+4 "-.+9+ F55&."- 3+C&" B:"8 =,"-2+,"8 #&("9&(+2+9-, .+"+#-?

?%2?&",? +’()3 )/ +,(+%(:< ),"+0().+% ’)-9(+,")0&,.)< +I)B+. [51]. *#+B2&K

3: , -(-2)/+3 =,"-2+,") (-0)(-G",? , I)#+.+9+ +7#&’&2&()? =,"-2+,") .-.

+BH&9+ 0=%,"%- ="+32?&3+,"). \,"-2+,"8 ?%2?&",? ,=BM&.")%(:3 0=%,"%+3 )
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7+F"+3= && "#=’(+ .+2)0&,"%&((+ +6&()"8. L#=7)(,.) ) ’#. [48] ),7+28/+%-K

2) +7#+,(). U%&’,.+9+ 7&#&0(? 7#+5&,,)+(-28(+4 =,"-2+,") (-(92. Swedish

Occupational Fatigue Inventory, ,+.#. SOFI) ) 7+’I.-2= +.=2+3+"+#(+9+ (-K

7#?C&()? )/ +7#+,().- 7+ ,)3=2?6)+((+4 B+2&/() (-(92. Simulator Sickness

Questionnaire, ,+.#. SSQ) ’2? +6&(.) =,"-2+,") #&("9&(+2+9+%. $ )< ),,2&’+%-K

()) 7#)(?2) =0-,")& 40 #&("9&(+2+9+%, .+"+#:& 7#+,3+"#&2) 60 #&("9&(+%,.)<

,()3.+%. ;%"+#: ),,2&’+%-()? 7#)I2) . %:%+’=, 0"+ 7+,2& #-B+0&9+ ’(? (-K

B2G’-2+,8 =%&2)0&()& ,)37"+3+% =,"-2+,"), +.=2+3+"+#(+9+ (-7#?C&()? )

=<=’I&()& .-0&,"%- ’)-9(+,").). [-((- ) ’#. [52] ),,2&’+%-2) %2)?()& (+0K

(:< ,3&( (- .-0&,"%+ ’)-9(+,").) #&("9&(+2+9-. $ ),,2&’+%-()) 7#)(?2)

=0-,")& 12 #&("9&(+2+9+%, .-C’:4 )/ .+"+#:< 7#+,3+"#&2 20 )/+B#-C&()4

% "&0&()& ")7)0(+9+ #-B+0&9+ ’(? ) ="#+3 7+,2& (+0(+4 ,3&(:. *+,2& (+0K

(:< ,3&( (-B2G’-2+,8 =<=’I&()& % +7#+,().& SOFI ) .-0&,"%& ’)-9(+,").). $

F"+3 ),,2&’+%-()) ),7+28/+%-2+,8 +",2&C)%-()& %/92?’-, ) B:2+ +B(-#=C&(+,

0"+ =,"-%I)3 #&("9&(+2+9-3 "#&B=&",? B+28I& %#&3&(), 0"+B: (-4") 7&#%=G

+B2-,"8 )("&#&,- (- #&("9&(+%,.)< ,()3.-<. ;(-2+9)0(+& ),,2&’+%-()& B:2+

7#+%&’&(+ 7+ )("&#7#&"-6)) LN-)/+B#-C&()4 #&("9&(+2+9-3) , #-/(:3 +7:K

"+3, 9’& %,& #&("9&(+2+9) ’&3+(,"#)#+%-2) <=’I)& B-22: SOFI ) SSQ, % "+

%#&3? .-. 3&(&& +7:"(:& #&("9&(+2+9) ’+7+2()"&28(+ ’&3+(,"#)#+%-2) /(-K

0)"&28(+& ,()C&()& ’)-9(+,")0&,.+4 "+0(+,") [53].

$ (-=0(+3 ,++BH&,"%& 7#&’7+2-9-&",?, 0"+ %/92?’ #&("9&(+2+9- ,+’&#C)"

)(5+#3-6)G + .-0&,"%& %)/=-28(+9+ -(-2)/- 3&’)6)(,.+9+ ,()3.-. [+,7 )

’#. [54] 7#&’,"-%)2) 7+’<+’, +,(+%-((:4 (- 3-I)((+3 +B=0&()), 7+/%+2?GH)4

+7#&’&2)"8 +7:"- <)#=#9- %+ %#&3? -#"#+,.+7)0&,.+4 +7&#-6)) (- 72&0&. N8&(

) ’#. [55] #-(&& 7#)I2) . %:%+’=, 0"+ 3&(&& +7:"(:& <)#=#9) )3&G" B+28I=G

F("#+7)G /#-0.- 7#) %:7+2(&()) .+9()")%(+ ,2+C(:< /-’-0, % "+ %#&3? .-.

F.,7&#": )3&G" B+28I=G 0-,"+"= 5).,-6)4 ) "#-"?" B+28I& %#&3&() (- +BK

2-,") )("&#&,-. ]#=(8& ) ’#. [56] (-B2G’-2) /(-0)"&28(:& )/3&(&()? #-/3&#-

/#-0.-, .+9’- %#-0) +,3-"#)%-2) #-/2)0(:& +B2-,") 9),"+7-"+2+9)) 3+2+0(+4

C&2&/:. ;(-2+9)0(:3 +B#-/+3 L-,"(&# ) ’#. [57] /-5).,)#+%-2) =%&2)0&((:4

’)-3&"# /#-0.- = +7:"(:< %#-0&4 %+ %#&3? -(-2)/- ,2+C(:< +B2-,"&4, % .+"+K

#:< (-B2G’-2),8 )/3&(&()? /=B+% 7+ ,#-%(&()G , 3&(&& +7:"(:3) %#-0-3).

A’(-.+ (&B+28I)& )/3&(&()? #-/3&#- /#-0.- (& 3+9=" B:"8 "+0(+ /-5).,)#+%-K

(: +B:0(:3) =,"#+4,"%-3) +",2&C)%-()? %/92?’- ) +B:0(+ "#&B=G" =,"-(+%.)

,7&6)-28(+9+ +B+#=’+%-()?. 1/3&(&()?, ,%?/-((:& , =,"-2+,"8G, "-.C& 3+C(+
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+",2&’)"8 % "#-&."+#)?< %/92?’-, .+"+#:& ,"-(+%?",? B+2&& ,<&3-")0(:3) )

3&(&& ,5+.=,)#+%-((:3) [47]. ‘-,"+ F") )/3&(&()? (& +"#-C-G",? % 0),2+%:<

7+.-/-"&2?<, "-.)< .-. ’2)(- "#-&."+#)) %/92?’- ) .+2)0&,"%+ "+0&. 5).,-K

6)), ) 7+F"+3= "#&B=G" B+2&& 92=B+.+9+ -(-2)/- "#-&."+#)) %/92?’-.

D- +,(+%& )/2+C&((+4 )(5+#3-6)) % #-3.-< ’),,&#"-6)) %:’%)(=":

8#&*,67(& <:&*<.#.B&’(0 +B +C)’-&3:< /-.+(+3&#(+,"?< % F.,7&#)3&(K

"-28(:< ’-((:<:

– +C)’-&",? 7+’"%&#C’&()& +"#)6-"&28(+9+ .+F55)6)&("- .+##&2?6))

*)#,+(-, +B(-#=C&((+9+ #-(&& ),,2&’+%-()?< [47J50], 3&C’= /-"#-K

0&((:3 %#&3&(&3 (- -(-2)/ ,()3.- ) .+2)0&,"%+3 7#+,3+"#&((:<

,()3.+%;

– +C)’-&",? ,%?/8 3&C’= .+2)0&,"%+3 7#+,3+"#&((:< ,()3.+% ) "&,"-3)

=,"-2+,")/.+(6&("#-6)), .+"+#:& #-(&& B:2) 7#&’,"-%2&(: % 2)"&#-K

"=#& (,3. 7+’#+B(+,") #&-2)/-6)) "&,"+% =,"-2+,")/.+(6&("#-6)) %

#-/’&2& 3.4;

– #-(&& B:2+ +B(-#=C&(+, 0"+ , =%&2)0&()&3 .+2)0&,"%- 7#+,3+"#&((:<

,()3.+% ,()C-&",? .-0&,"%+ ’)-9(+,").) ) %/92?’ ,"-(+%)",? 3&(&&

,5+.=,)#+%-((:3 [47] ) "#&B=&",? B+28I& %#&3&() (- 7+),. 7-"+2+K

9)) [52]. >+C(+ 7#&’7+2+C)"8, 0"+ =<=’I&()& ’)-9(+,").) 7#+),<+’)"

)/-/- B+2&& 7+%&#<(+,"(+9+ %)/=-28(+9+ -(-2)/- +B2-,") 7+"&(6)-28(+K

9+ )("&#&,-, %(="#) .+"+#+4 3+C&" (-<+’)"8,? 7-"+2+9)?. *+,.+28.=

% (-,"+?H&3 ),,2&’+%-()) ),7+28/=G",? #&("9&(+%,.)& ,()3.) 9#=’K

(+4 .2&".), "+ +B2-,"8G )("&#&,- ?%2?G",? 2&9.)&. !2&’+%-"&28(+,

% (-,"+?H&4 ’),,&#"-6)) 7#&’7+2-9-&",?, 0"+ , =%&2)0&()&3 .+2)0&K

,"%- 7#+,3+"#&((:< ,()3.+% B=’&" ,()C-"8,? ’+2? 7+.#:")? %/92?’+3

+B2-,") )("&#&,- (2&9.)<) ) B=’&" =%&2)0)%-"8,? ,.+#+,"8 7+.#:")?

%/92?’+3 +B2-,") )("&#&,- (,3. 7+’#+B(+,") 3&"+’- % #-/’&2& 3.5).

3.2 @$=:$-.4/$ ,84$’.%/( *#0 .48#&B(%$’(0 %="#0*$ :&’4"&’.#."$

O2? 7#+%&’&()? F.,7&#)3&("+% , #&("9&(+2+9-3) B:2- #-/#-B+"-(- =,"-K

(+%.-, )3)")#=GH-? #-B+0=G ,"-(6)G #&("9&(+2+9- ’2? -(-2)/- 3&’)6)(,.)<

)/+B#-C&()4. !-3- =,"-(+%.- +,(-H-2-,8 =,"#+4,"%+3 ’2? +",2&C)%-()?
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%/92?’-. D&,.+28.+ ,&-(,+% .-2)B#+%.), % <+’& .+"+#:< 7#+%&#?2-,8 +BH-? .+#K

#&."(+,"8 ) (-’&C(+,"8 =,"-(+%.), 7+.-/-2), 0"+ %/92?’ 7+28/+%-"&2? ,2)I.+3

0-,"+ 7&#&3&H-&",? (- .2-%)-"=#= ’2? %%+’- ’)-9(+/- ) 7&#&.2G0&()? (- (+K

%:4 #&("9&(+%,.)4 ,()3+.. @"+ (-B2G’&()& 7+B=’)2+ 7&#&#-B+"-"8 =,"-(+%.=,

’+B-%)% % (&& /-7),8 9+2+,-. @"+ 7+/%+2)2+ ,%&,") . 3)()3=3= ),7+28/+%-()&

.2-%)-"=#: ) 3:I). $ +.+(0-"&28(+3 %-#)-("& =,"-(+%.) 7+28/+%-"&28 ’)."+K

%-2 ’)-9(+/:, - 7&#&<+’ . ,2&’=GH&3= #&("9&(+%,.+3= ,()3.= +,=H&,"%2?2,?

(-C-")&3 .2-%)I) Enter. N-.C& B:2- #&-2)/+%-(- %+/3+C(+,"8 )/3&(&()?

?#.+,") ) .+("#-,"(+,") #&("9&(+%,.+9+ )/+B#-C&()? 7#) 7+3+H) .+378GK

"&#(+4 3:I), 0"+ "-.C& 5).,)#+%-2+,8 =,"-(+%.+4. \,"-(+%.- /-7),:%-2- )

,)(<#+()/)#+%-2- +",2&C)%-()& ’%)C&()4 92-/, 9+2+, #&("9&(+2+9- ) .+3-(’:

, .+("#+22&#+%. O)-9(+,")0&,.)& 3&".) )/%2&.-2),8 %#=0(=G 7+,2& F.,7&#)K

3&("- )/ 9+2+,+%:< /-7),&4. E-B+0-? ,"-(6)? #&("9&(+2+9- B:2- =,"-(+%2&(-

% )/+2)#+%-((+4 .+3(-"& B&/ 7+,"+#+((&9+ I=3-. !"-(6)? B:2- +B+#=’+%-(-

10-B)"(:3 3+()"+#+3 LG , #-/#&I&()&3 3840 ↑ 2160 7).,&2&4 ) 72+"(+,"8G

7).,&2&4 ρ = 7.31 px/mm ’2? +"+B#-C&()? #&("9&(+%,.)< )/+B#-C&()4. O2?

+",2&C)%-()? ’%)C&()4 92-/ ),7+28/+%-2,? Tobii Eye Tracker 4C , 0-,"+"+4 90

P6, - ’2? /-7),) 9+2+,- – 9-#()"=#- Logitech 960. D- #-B+0=G ,"-(6)G B:2-

=,"-(+%2&(- ,+B,"%&((-? #-/#-B+".- 7#+9#-33(+9+ +B&,7&0&()? ’2? 7#+%&’&K

()? F.,7&#)3&("+% 7+ -(-2)/= #&("9&(+%,.)< )/+B#-C&()4 , +",2&C)%-()&3

%/92?’- %#-0-.

D- #),=(.& 3.1 7+.-/-(- #-/#-B+"-((-? =,"-(+%.-. E&("9&(+2+9 -(-2)/)K

#=&" 3&’)6)(,.+& )/+B#-C&()&, +"+B#-C&((+& (- 3+()"+#& (,3. #),=(+. 3.1-).

*#) 7+3+H) =,"#+4,"%- ’2? +",2&C)%-()? %/92?’- % #&C)3& #&-28(+9+ %#&K

3&() )/%&,"(+ .=’- B:2 (-7#-%2&( %/92?’ %#-0- (- 3&’)6)(,.+3 )/+B#-C&())

(,3. #),=(+. 3.1B). O-2&& %/92?’ 3+C&" B:"8 +B#-B+"-(. D-7#)3&#, (- #),=(K

.& 3.1% 7+.-/-(: +B2-,") 5).,-6)) %/92?’- % %)’& .#=9+%, 9’& ’)-3&"# .#=9-

+"+B#-C-&" #-/B#+, %/92?’- %(="#) +B2-,") 5).,-6)). ‘),2- (- .-C’+3 .#=9&

+B+/(-0-G" 7+#?’.+%:4 (+3&# 5).,-6)), - 6%&" .#=9- +B+/(-0-&" .+2)0&,"%+

"+0&. (0&3 6%&" B2)C& . .#-,(+3=, "&3 B+28I& "+0&. %/92?’- %(="#) +B2-,")

5).,-6))). Q).,-6)) ,+&’)(&(: ,-..-’-3) (B:,"#:3) ’%)C&()?3) %/92?’-),

.+"+#:& +"+B#-C&(: /&2&(:3) 2)()?3).
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-) Q+"+9#-5)? +’(+9+ )/

7#)%2&0&((:< #&("9&(+2+9+%

%+ %#&3? 7#+%&’&()?

F.,7&#)3&("-

B) N+0.) %/92?’- (-

#&("9&(+%,.+3

)/+B#-C&()),

7+2=0&((:& 7#)

7+3+H) =,"#+4,"%-

+",2&C)%-()?

%/92?’-

%) *#)3&#

+B#-B+".) "+0&.

%/92?’-, 9’&

%:’&2?G",? "+0.)

5).,-6)) ) ,-..-’:

E),=(+. 3.1 J O&3+(,"#-6)? =,"-(+%.) ’2? +",2&C)%-()? %/92?’- #&("9&(+2+K

9- ) 7#)3&# +B#-B+".) ’-((:< %/92?’-

3.3 H:.4./.# A/8<&:(1&’4.% 8 <:$/4(/,67(1( :&’4"&’.#."$1(

‘&":#& 7#-.").=GH)< #&("9&(+2+9- B:2) 7#)%2&0&(: ’2? =0-,")? %

F.,7&#)3&("&. E&("9&(+2+9 A % ,%+&4 7+%,&’(&%(+4 .2)()0&,.+4 7#-.").&

-(-2)/)#=&" .-. #&("9&(+%,.)&, "-. ) LN-)/+B#-C&()?. E&("9&(+2+9 B ,7&6)K

-2)/)#=&",? (- -(-2)/& LN-)/+B#-C&()4, % "+ %#&3? .-. #&("9&(+2+9) C ) D

% ,%+&4 .2)()0&,.+4 #-B+"& -(-2)/)#=G" "+28.+ #&("9&(+%,.)& )/+B#-C&()?.

L2)()0&,.)4 +7:" = #&("9&(+2+9+% A, B, C ) D ,+,"-%2?&" 3, 4, 3 ) B+2&& 30

2&" ,++"%&","%&((+. E&("9&(+2+9) (& /(-2) 6&2&4 F.,7&#)3&("-, 0"+B: +() (&

7:"-2),8 )/3&()"8 ,%+& 7+%&’&()& 7#) %)/=-28(+3 -(-2)/& 3&’)6)(,.)< )/+BK

#-C&()4. A() B:2) 7#+)(5+#3)#+%-(: "+28.+ + "+3, 0"+ 6&28 F.,7&#)3&("-

/-.2G0-&",? % -(-2)/& )< ’)-9(+,")0&,.+4 7#+)/%+’)"&28(+,") ) /-7),) )<

’%)C&()? %/92?’-. N-. C& #&("9&(+2+9) ’+2C(: B:2) 7#+4") (&.+"+#:& "&K

,": (- +6&(.= .+(6&("#-6)), =,"-2+,") ) #&-.6)) %+ %#&3? F.,7&#)3&("- [48;

58; 59]. $ "&0&()& +’(+9+ ’(? .-C’:4 #&("9&(+2+9 7#+-(-2)/)#+%-2 %,& 400

#&("9&(+%,.)< ,()3.+%, #-/’&2&((:& (- 0&":#& 7-#")) 7+ 100 ,()3.+%, 9’&

7#+7+#6)) 7-"+2+9)4 ) /’+#+%:< ,2=0-&% ,++"%&","%+%-2) 7#+7+#6)?3 %+ %,&3

(-B+#& ’-((:<. *+,2&’+%-"&28(+,"8 7-#")4 ) ,()3.+% %(="#) ()< B:2) ,2=K

0-4(:3 +B#-/+3 7&#&3&I-(: ’2? .-C’+9+ #&("9&(+2+9-.
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L-C’+3= #&("9&(+2+9= B:2+ 7#&’2+C&(+ ,2&’+%-"8 7#+"+.+2= F.,7&#)K

3&("-, 0"+B: ,"-(’-#")/)#+%-"8 7#+6&’=#= -(-2)/- 3&’)6)(,.)< )/+B#-C&()4

) 3)()3)/)#+%-"8 ’%)C&()? 92-/, (& ,%?/-((:& , 0"&()&3 #&("9&(+%,.)<

,()3.+%. D-0-2+ ) /-%&#I&()& -(-2)/- .-C’+9+ #&("9&(+%,.+9+ ,()3.- .+("#+K

2)#+%-2),8 .2-%)I&4 Enter. L+("#-,"(+,"8 ) ?#.+,"8 #&("9&(+%,.)< ,()3.+%

3+C(+ B:2+ #&9=2)#+%-"8 , 7+3+H8G 3:I) 7#) (&+B<+’)3+,"). ‘"+B: )/K

B&C-"8 2)I(&9+ (-B+#- "&.,"-, #&("9&(+2+9) =,"(+ -((+")#+%-2) 7#+6&,,

7#)(?")? #&I&()?, +.+(0-"&28(:4 ’)-9(+/ ) =#+%&(8 =%&#&((+,") (7+ I.-2&

+" +’(+9+ ’+ ’&,?")) ’2? .-C’+9+ )/+B#-C&()?. 1(5+#3-6)? B:2- %#=0(=G

)/%2&0&(- ,2=I-"&2&3 )/ /-7),&4 9+2+,- %#-0-.

O2? .-C’+9+ #&("9&(+2+9- F.,7&#)3&(" 7#+%+’)2,? % %:<+’(+4 ’&(8,

7+,2& 7+2(+6&((+9+ (+0(+9+ ,(-. *&#&’ (-0-2+3 F.,7&#)3&("- #&("9&(+2+9 7#+K

I&2 10-3)(="(+& +B=0&()&, 0"+B: +/(-.+3)"8,? , =,"-(+%.+4 ) 7#+9#-33(:3

+B&,7&0&()&3 , ),7+28/+%-()&3 7#)3&#(:< #&("9&(+%,.)< ,()3.+% 9#=’(+4

.2&".). E&("9&(+2+9= B:2+ 7#&’2+C&(+ (-,"#+)"8 %:,+"= ) (-.2+( .#&,2- ’2?

3-.,)3-28(+9+ .+35+#"- #-B+":. N&<()0&,.)4 -,,),"&(" +B&,7&0)%-2, 0"+B:

7+2+C&()& #&("9&(+2+9- (-<+’)2+,8 % #&.+3&(’=&3+3 ’)-7-/+(& +",2&C)%-()?

%/92?’-, .+"+#:4 ,+,"-%2?&" +" 50 ’+ 100 ,-(")3&"#+%. E-,,"+?()& 3&C’= 7+28K

/+%-"&2&3 ) =,"#+4,"%+3 +",2&C)%-()? %/92?’- -%"+3-")0&,.) +",2&C)%-2+,8

7#+9#-33(:3 +B&,7&0&()&3. !7&6)-28(+& /%=.+%+& +7+%&H&()& 7#&’=7#&C’-K

2+ 7+28/+%-"&2?, &,2) +( 7&#&3&H-2,? . 9#-()6-3 #&.+3&(’=&3+9+ ’)-7-/+(-

#-B+": =,"#+4,"%- ’2? +",2&C)%-()? %/92?’-.

E&("9&(+%,.)& ,()3.) -(-2)/)#+%-2),8 7-#")?3). >&C’= 7-#")?3) 7#+K

%+’)2),8 )/3&#&()? =,"-2+,"), .-2)B#+%.- =,"#+4,"%- +",2&C)%-()? %/92?’-

) .+#+".)& 7&#&#:%: (+.+2+ 5 3)(="). *+,2& -(-2)/- 7&#%:< ’%=< 7-#")4 .-CK

’:4 #&("9&(+2+9 ’&2-2 40-3)(="(:4 +B&’&((:4 7&#&#:%. \#+%&(8 =,"-2+,")

"-.C& )/3&#?2,? % (-0-2& ) % .+(6& F.,7&#)3&("-. 1/-/- "&<()0&,.)< 7#+B2&3

)/3&#&()? =,"-2+,") (& B:2) 7#-%)28(+ /-7),-(: ’2? #&("9&(+2+9- A. *+,.+28K

.= #&("9&(+%,.)& ,()3.) 3+C(+ B:2+ 7+.-/-"8 .-C’+3= #&("9&(+2+9= "+28.+

+’)( #-/, (& B:2+ %+/3+C(+,") 7+%"+#)"8 F.,7&#)3&(" ’2? #&("9&(+2+9- A.

N-.)3 +B#-/+3, )/3&#&()? =,"-2+,") B:2) 7#+-(-2)/)#+%-(: "+28.+ ’2? #&("K

9&(+2+9+% B, C ) D.

$ F.,7&#)3&("& ),7+28/+%-2-,8 7=B2)0(-? B-/- ’-((:< VinDr-CXR [60],

,+,"+?H-? )/ 18 000 #&("9&(+%,.)< ,()3.+% 9#=’(+4 .2&".), ,+B#-((:< % ’%=<

B+28()6-< $8&"(-3-. 1/+B#-C&()? B:2) 7+2=0&(: , 7+3+H8G #-/2)0(:< ,+K
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%#&3&((:< #&("9&(+%,.)< ,.-(&#+% ) )3&2) #-/(:& #-/#&I&()& +" 1624↑ 1775

’+ 3320 ↑ 3408 7).,&2&4. L-C’+& )/+B#-C&()& % B-/& ’-((:< B:2+ -((+")#+K

%-(+ "#&3? #&("9&(+2+9-3) )/ %8&"(-3,.)< B+28()6. $,&9+ B:2+ %:’&2&(+ 27

#-/2)0(:< 7-"+2+9)4. 1/+B#-C&()& ,0)"-2+,8 B&/ 7-"+2+9)4, &,2) #&("9&(+2+K

9) (& =.-/-2) () +’(+4 )/ ()<. 1/ F"+4 B-/: B:2) +"+B#-(: 400 #&("9&(+%,.)<

,()3.+% ’2? 7#+%&’&()? F.,7&#)3&("+% 7+ +",2&C)%-()G %/92?’- #&("9&(+K

2+9+%. !0)"-2+,8, 0"+ (- )/+B#-C&()) 7#),=","%=&" +7#&’&2&((-? 7-"+2+9)?,

&,2) %,& "#) #&("9&(+2+9-, .+"+#:& #-/3&0-2) ,()3+. % ),<+’(+4 B-/& ’-(K

(:<, &^ +B(-#=C)2). !++"(+I&()& /’+#+%:< ) 7-"+2+9)0&,.)< ,2=0-&% B:2+

+B+,(+%-(+ #-,7#&’&2&()&3 7-"+2+9)4 % ),<+’(+4 B-/& ’-((:< [60] ) C&2-()&3

,+<#-()"8 ’+,"-"+0(+& .+2)0&,"%+ .-C’+9+ ")7- 7-"+2+9)) % ’-((:<. !+,"-%

7-"+2+9)4 ) ’&3+9#-5)0&,.-? )(5+#3-6)?, ’+,"=7(-? ’2? (&.+"+#:< ,()3.+%,

,=33)#+%-(: % "-B2)6& 6. $-C(+ 7+’0&#.(="8, 0"+ +’)( 7-6)&(" 3+9 )3&"8

(&,.+28.+ 7-"+2+9)4 )2) +’(- 7-"+2+9)? 3+92- 7#+?%2?"8,? % (&,.+28.)< +BK

2-,"?< )/+B#-C&()?.

3.4 N&4.*5 .;&’/( ,84$#.84( ( /.’;&’4:$;(( :&’4"&’.#."$

]:2+ #&-2)/+%-(+ 0&":#& "&,"- ’2? )/3&#&()? =,"-2+,") ) .+(6&("#-K

6)). *&#%:4 "&," B:2 +,(+%-( (- ,-3+%:#-C&()) =,"-2+,") , ),7+28/+%-()&3

+7#+,().- SSQ [48]. @"+" "&," 7#&’,"-%2?&" ,+B+4 -(.&"=, ,+,"+?H=G )/ 16

%+7#+,+%, ,9#=77)#+%-((:< 7+ 7+’I.-2-3 +5"-283+3+"+#(+9+ (-7#?C&()?,

’&/+#)&("-6)) ) "+I(+":. [+"? SSQ +B:0(+ ),7+28/=&",? % ),,2&’+%-()?<

%)#"=-28(+4 #&-28(+,"), &9+ +5"-283+3+"+#(-? 7+’I.-2- B:2- ),7+28/+%-(-

#-(&& ’2? +6&(.) =,"-2+,") % #&("9&(+2+9)). D-7#)3&#, L#=7)(,.) ) ’#. [48],

1.=,)3- ) ’#. [61] 7#+’&3+(,"#)#+%-2), 0"+ +5"-283+3+"+#(-? 7+’I.-2-

SSQ 7+2&/(- ’2? +6&(.) =,"-2+,"8 #&("9&(+2+9+% ) /(-0)"&28(+ .+##&2)#=K

&" , ,()C&()&3 ’)-9(+,")0&,.+4 "+0(+,") 7+,2& #-B+0&9+ ’(? #&("9&(+2+9-.

A5"-283+3+"+#(-? 7+’I.-2- SSQ %.2G0-&" ,2&’=GH)& %+7#+,:: +BH&& (&’+K

3+9-()&, =,"-2+,"8, 9+2+%(-? B+28, (-7#?C&()& 92-/, "#=’(+,") , 5+.=,)#+%.+4

) .+(6&("#-6)&4, #-/3:"+& /#&()&. L-C’:4 %+7#+, +6&()%-&",? =0-,"().+3 7+

0&":#&<B-228(+4 I.-2&. N-.)3 +B#-/+3, +BH)4 B-22 "&,"- #-%&( ,=33& B-22+%

7+ %,&3 %+7#+,-3. $:,I)4 B-22 ,++"%&","%=&" B+28I&3= +5"-283+3+"+#(+3=
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N-B2)6- 6 J 1(5+#3-6)? + (-B+#& ’-((:< ’2? 7#+%&K

’&()? F.,7&#)3&("- , #&("9&(+2+9-3).

[-#-."&#),").- V(-0&()&

L+2)0&,"%+ 7-6)&("+% 400

O+2? 7-6)&("+% 3=C,.+9+ 7+2- 61%

!#&’()4 %+/#-," (2&") 41

>)()3-28(:4 %+/#-," (2&") 4

>-.,)3-28(:4 %+/#-," (2&") 90

O+2? 7-6)&("+% C&(,.+9+ 7+2- 39%

]&/ +B(-#=C&((:< 7-"+2+9)4 168

L-#’)+3&9-2)? 62

E-,I)#&()& -+#": 53

\"+2H&()& 72&%#: 82

Q)B#+/ 99

\/&2+. )2) 3-,,)%(+& (+%++B#-/+%-()& 76

D&7#+/#-0(+,"8 2&9.)< 102

;"&2&."-/ 24

1(5)28"#-6)? 80

*2&%#-28(:4 %:7+" 66

L-286)(-": 11

L+(,+2)’-6)? 44

*(&%3+"+#-., 49

*#+0)& /-B+2&%-()? 53

*-6)&(": , +’(+4 7-"+2+9)&4 52

*-6)&(": , ’%=3? 7-"+2+9)?3) 35

*-6)&(": , "#&3? 7-"+2+9)?3) 51

*-6)&(": , 0&":#83? 7-"+2+9)?3) 23

*-6)&(": , 7?"8G 7-"+2+9)?3) 27

*-6)&(": , B+2&& 0&3 7?"8G 7-"+2+9)?3) 44
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(-7#?C&()G. $ ’-28(&4I&3, 7#) =7+3)(-()) +7#+,().- SSQ B=’&3 7+’#-/=3&K

%-"8 "+28.+ +5"-283+3+"+#(=G 7+’I.-2= SSQ.

$"+#-? +6&(.- B:2- %:7+2(&(- , ),7+28/+%-()&3 "&,"- (- /-3&(= 6)5#

,)3%+2-3) (-(92. Digit Symbol Substitution Test, ,+.#. DSST) [58]. \0-,"().=

7#&’2-9-2+,8 B:,"#+ %+,,"-(+%)"8 7+,2&’+%-"&28(+,"8 6)5#, /-.+’)#+%-((:<

9#-5)0&,.)3) ,)3%+2-3), ),7+28/=? "-B2)6= ,++"%&","%)? 6)5# ) ,)3%+2+%

(,3. #),=(+. 3.2-). >&"#).- 7#+)/%+’)"&28(+,") % DSST +,(+%:%-2-,8 (- +"K

(+I&()) "+0(+,") ) /-"#-0&((+9+ %#&3&().

-) N&," /-3&(: 6)5#+%:< ,)3%+2+% (DSST) B) N&," (- %#&3&() #&-.6))

(RTT)

E),=(+. 3.2 J P#-5)0&,.)& 7+28/+%-"&28,.)& )("&#5&4,: ’2? "&,"- /-3&(:

6)5#+%:< ,)3%+2+% ) "&,"- %#&3&() #&-.6)). @") "&,": 7#+%+’)2),8 % +7#&’&K

2&((:& %#&3&((:& "+0.) F.,7&#)3&("- 7+ +",2&C)%-()G %/92?’- ’2? +6&(.)

=#+%(? .+(6&("#-6)) ) #&-.6)) =0-,"%=GH)< #&("9&(+2+9+%

N#&"8? +6&(.- B:2- %:7+2(&(- , ),7+28/+%-()&3 3+’)5)6)#+%-((+9+ "&K

,"- (- 7+.#:")& .#=9- %/92?’+3 [59]. D- F.#-(& #-B+0&4 ,"-(6)) +"+B#-C-2,?

.#=9 #-’)=,+3 rcircle. \0-,"().= 7#&’2-9-2+,8 %)/=-28(+ 7#+,3+"#&"8 .+("=#

.#=9- 3-.,)3-28(+ B:,"#+ ) "+0(+. >&"#).- +6&(.) +7#&’&2?2-,8 .-. ,#&’(&&

+".2+(&()& %/92?’- +" )’&-28(+4 "#-&."+#)), (+#3)#+%-((+& (- /-"#-0&((+&

%#&3? T :

DSST =

∑T
t=0 (|pt|↗ rcircle)

2

T
, (3.1)

9’& p(t) J .++#’)(-"- %/92?’- % 3+3&(" %#&3&() t, (+#3)#+%-((-? +"(+,)"&28(+

6&("#- .#=9-. D-0-2+ .++#’)(-" (-<+’)2+,8 % 6&("#& .#=9-.

‘&"%&#"-? +6&(.- B:2- %:7+2(&(- , ),7+28/+%-()&3 "&,"- (- #&-.6)G (-(K

92. reaction time test, RTT). O&,?"8 .#=9+% B:2) #-,7+2+C&(: % =92-< ) 6&("#&
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’&%?")=9+28().- (#),=(+. 3.2B), +"+B#-C&((+9+ (- F.#-(& #-B+0&4 ,"-(6)). $

(-0-2& "&,"- 6&("#-28(:4 .#=9 +.#-I)%-2,? % /&2&(:4 6%&", ) =0-,"().= 7#&’K

2-9-2+,8 ,5+.=,)#+%-"8 %/92?’ (- F"+3 .#=9&. L-C’:& 3 ,&.=(’: "&.=H)4

/&2&(:4 .#=9 ,"-(+%)2,? ,&#:3, - (+%:4 ,2=0-4(:4 .#=9 +.#-I)%-2,? % /&2&K

(:4. \0-,"(). ’+2C&( B:2 7&#&3&H-"8 %/92?’ (- /&2&(:& .#=9) .-. 3+C(+

B:,"#&&. N&," )/3&#?2 ,#&’(&& %#&3?, (&+B<+’)3+& ’2? 7&#&3&H&()? %/92?’-

=0-,"().- (- /&2&(:& .#=9).

3.5 N&4.*5 $’$#(=$ %="#0*$ :&’4"&’.#."$

[+"? %)/=-28((:4 -(-2)/ #&("9&(+%,.)< ,()3.+% 9#=’(+4 .2&".) ,)28K

(+ 7&#,+(-2)/)#+%-(, #&("9&(+2+9 +B:0(+ ,2&’=&" +7#&’&2&((:3 .2)()0&,.)3

#=.+%+’,"%-3. @") #=.+%+’,"%- +,(+%-(: (- )’&& 7+,2&’+%-"&28(+9+ -(-2)/-

’:<-"&28(:< 7="&4, 72&%#-28(+9+ 7#+,"#-(,"%-, .-#’)+3&’)-,")(-28(+9+ .+(K

"=#- ) .+,"(:< 7-"+2+9)4, 0"+ 7#)%&2+ . #-/2)0(:3 7#-%)2-3, "-.)3 .-.

ABCDE ) DRSABCDE [62]. A,(+%(-? )’&? F")< #=.+%+’,"% – +B&,7&0)"8 ,),"&K

3-")0&,.+& 7+.#:")& %,&< +B2-,"&4 2&9.)<, 9’& 3+9=" 7#+?%2?"8,? 7-"+2+9)).

$ ),,2&’+%-()) ),7+28/+%-2+,8 92=B+.+& +B=0&()& ’2? -%"+3-")/-6)) "-.+9+

-(-2)/- 7+.#:")?.

]:2 #&-2)/+%-( -29+#)"3 92=B+.+9+ +B=0&()? ’2? -%"+3-")0&,.+4 ,&93&(K

"-6)) +B2-,"&4 2&9.)< (- #&("9&(+%,.)< ,()3.-< 9#=’(+4 .2&".). O2? F"+9+

),7+28/+%-2-,8 3+’)5)6)#+%-((-? -#<)"&."=#- (&4#+((+4 ,&") U-Net ’2? ,&9K

3&("-6)) , =0&"+3 .+("=#+% -(-"+3)0&,.)< +B2-,"&4 [63]. D&4#+((-? ,&"8 B:2-

+B=0&(- 7#&’,.-/:%-"8 7+ %<+’(+3= #&("9&(+%,.+3= ,()3.= 9#=’(+4 .2&".)

’%& ,&93&("-6)+((:& 3-,.) "+9+ C& #-/3&#-, 9’& 7&#%-? 3-,.- ,++"%&","%+%-K

2- +B2-,") 2&9.)<, - %"+#-? 3-,.- – .+("=#= +B2-,") 2&9.)<. *:"-?,8 ?%(+

7#&’,.-/:%-"8 .-. +B2-,"8 2&9.+9+, "-. ) &9+ .+("=#, +I)B.) (- 7).,&2?< %+K

.#=9 9#-()6 2&9.)< %2)?2) (- 5=(.6)G 7+"&#8 U-Net ,)28(&&, 0&3 +I)B.)

(- 7).,&2?< % 6&("#& 2&9+0(:< 7+2&4. *+,.+28.= .+##&."(-? )’&(")5).-6)?

7).,&2&4 (- 9#-()6-< B+2&& ,=H&,"%&((- ’2? +BH&9+ .-0&,"%- ,&93&("-6)), "+

.+’)#+%H). U-Net B:2 /-3&(&( (- 50-,2+4(=G ,&"8 ResNeXt [64], 7#&’%-#)"&28K

(+ +B=0&((=G (- B-/& ’-((:< ImageNet [65]. Q=(.6)? 7+"&#8 L 7#&’,"-%2?2-

,+B+4 .+3B)(-6)G B)(-#(+4 .#+,,-F("#+7))
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BCE(X, Y ) = ↗
∑

p→P

[Yp lnXp + (1↗ Yp) ln(1↗Xp)] (3.2)

) .+F55)6)&("- O-4,-

DSC(X,Y ) =
2
∑

p→P XpYp
∑

p→P X2
p +

∑

p→P Y 2
p

, (3.3)

9’& X – F"+ ,&93&("-6)+((-? 3-,.-, 7#&’,.-/-((-? 92=B+.+4 3+’&28G, Y J

,++"%&","%=GH-? ),")((-? ,&93&("-6)+((-? 3-,.-, - P J (-B+# )(’&.,+% 7).K

,&2&4 % 3-,.-< X ) Y .

O2? +B=0&()? 92=B+.+4 3+’&2) ),7+28/+%-2),8 7=B2)0(+ ’+,"=7(:&

#&("9&(+%,.)& ,()3.) 9#=’(+4 .2&".) , #=0(+4 ,&93&("-6)&4 [66; 67]. ]:2-

7#)3&(&(- -=93&("-6)? , 7+3+H8G 7+%+#+"+% ’+ ±15°, ,’%)9+% ’+ ±10% )

3-,I"-B)#+%-()? ’+ ±20% .-. +7),-(+ % #-B+"& [68]. U-Net B:2 +B=0&( , ),K

7+28/+%-()&3 +7")3)/-"+#- Adam [69] , (-0-28(+4 ,.+#+,"8G +B=0&()? 0.001

) #-/3&#+3 B-"0- )/ 16 )/+B#-C&()4.

!&93&(")#+%-((:& +B2-,") 2&9.)< % ,+0&"-()) , ’-((:3) %/92?’- 7+/K

%+2?G" .+2)0&,"%&((+ +6&()"8 7+.#:")& 2&9.)< %/92?’+3 7#) %)/=-28(+3

-(-2)/& #&("9&(+%,.)< ,()3.+%. O2? +6&(.) 7+.#:")? ,(-0-2- (=C(+ +7#&K

’&2)"8 =92- +B/+#- θ, 7+/%+2?GH)4 #-,,0)"-"8 #-/3&# +B2-,") )/+B#-C&()?,

%+,7#)(?"+9+ %/92?’+3 % .-C’:4 3+3&(" %#&3&(). [+"? =()%&#,-28(+9+ /(-K

0&()? θ (&", (&.+"+#:& ),,2&’+%-()? +6&()%-2) %+,7#)?")& )(5+#3-6)) (-

3&’)6)(,.)< )/+B#-C&()?< % /-%),)3+,") +" #-,,"+?()? 3&C’= 7-"+2+9)&4 )

"+0.+4 %/92?’- [70]. D&’-%(+ Wolfe ) ’#. [71] 7+.-/-2), 0"+ = #&("9&(+2+9+% &,"8

33% %&#+?"(+,") 7&#&3&,")"8 %/92?’ (- 7-"+2+9)G 3+2+0(+4 C&2&/:, &,2) +(-

(-<+’)",? %(="#) =92- +B/+#- 2 9#-’=,-. @"+ 7+’"%&#C’-&",? Stransburger )

’#. [72], .+"+#:& 7#+’&3+(,"#)#+%-2), 0"+ 2G’) ,7+,+B(: %+,7#)()3-"8 +BMK

&.": % =92& +B/+#- 1.5-2 9#-’=,- +" "+0.) 5+.=,)#+%.). !++"%&","%&((+, %

(-,"+?H&3 ),,2&’+%-()) B:2+ 7+2+C&(+ θ = 2°.

AB2-,"8 At %+,7#)()3-&3+4 %)/=-28(+4 )(5+#3-6)) % "+0.& %/92?’- g(t)

% 3+3&(" %#&3&() t 3+C(+ #-,,0)"-"8 .-.:=

At = {(x,y) :
√

(x↗ xt)↗ (y ↗ yt) ↭ ztρ tg

(

θ

2

)

}, (3.4)

9’& xt, yt → gt – .++#’)(-": %/92?’- (- 3+()"+#&, zt → g(t) – #-,,"+?()& % 3)2K

2)3&"#-< 3&C’= =0-,"().+3 F.,7&#)3&("- ) .++#’)(-"-3) %/92?’-, θ – =9+2
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+B/+#-, ρ – 72+"(+,"8 7).,&2&4 3+()"+#-, - x, y → I J -B,+2G"(:& .++#’)(-":

)/+B#-C&()? I % 7).,&2?<.

*2+H-’8 7+.#:")? 2&9.)< C lung
τ , #-,,0)"-((-? /- 7&#)+’ %#&3&() τ +"

(-0-2- %)/=-28(+9+ -(-2)/- #&("9&(+%,.+9+ ,()3.-, #-%(-

C lung
τ =

|
⋃τ

t=0(At

⋂

L)|

|L|
, (3.5)

9’& L – 3(+C&,"%+ 7).,&2&4, 7#)(-’2&C-H)< +B2-,") 2^9.)<, - |L| +B+/(-0-K

&" #-/3&# 3(+C&,"%- L. D- #),=(.& 3.3 7#&’,"-%2&(- )(5+#3-6)? + 7+.#:"))

%/92?’+3, .+"+#-? 7+/%+2?&" .+2)0&,"%&((+ +6&()"8 +B2-,"8 2&9.)<, (-B2G’-K

&3=G %#-0+3 % .-C’:4 3+3&(" %#&3&() -(-2)/- )/+B#-C&()?.

3.6 @&=,#24$45 A/8<&:(1&’4.%

O2? .-C’+9+ 7#+,3+"#&((+9+ #&("9&(+%,.+9+ ,()3.- B:2) #-,,0)"-(:

,2&’=GH)& <-#-."&#),").): 1) /-"#-0&((+& %#&3? (7#+I&’I&& 3&C’= (-0-K

2+3 ) +.+(0-()&3 -(-2)/-); 2) ’2)(- "#-&."+#)) %/92?’-; 3) ,#&’(?? ,.+#+,"8

’%)C&()? %/92?’-; 4) ’+2? 7+.#:")? +B2-,") 2&9.)<; 5) ’+2? 7+.#:")? #&("9&K

(+%,.+9+ ,()3.-; 6) ’+2? (&.+##&."(:< "+0&. +",2&C)%-()? %/92?’-, (-7#)3&#,

.+9’- %/92?’ %#-0- (-7#-%2&( (& (- F.#-( )2) 92-/- /-.#:":; 7) 0-,"+"-

3+#9-()?; 8) =%&#&((+,"8 % ’)-9(+/&; 9) ,#&’()4 )(5+#3-6)+((:4 7#)#+,".

1(5+#3-6)+((:4 7#)#+," (2^9.)<) +7#&’&2?&",? .-. =92+%+4 .+F55)6)&("

2)(&4(+4 3+’&2) 3&C’= ’+2&4 7+.#:"+4 +B2-,") 2&9.)< %/92?’+3 ) /-"#-K

0&((:3 %#&3&(&3 ’2? .-C’+9+ 3+3&("- t. ;(-2+9)0(:3 +B#-/+3 +7#&’&2?&",?

)(5+#3-6)+((:4 7#)#+," (#&("9&(-), (+ %:0),2?&",? (& ’+2? 7+.#:"+4 +BK

2-,") 2&9.)<, - ’2? %,&9+ )/+B#-C&()?. L+F55)6)&(": .+##&2?6)) *)#,+(-

3&C’= <-#-."&#),").-3) ) ,+%+.=7(+4 #-B+"+4 (7+#?’.+%:3 (+3&#+3 #&("9&K

(+%,.+9+ ,()3.- % -(-2)/&), 7#)%&’&(: % "-B2)6& 7.

O2? .-C’+4 7-#")) ,()3.+% ("+ &,"8 100 #&("9&(+%,.)< ,()3.+% 9#=’(+4

.2&".)) B:2- #-,,0)"-(- 7#+)/%+’)"&28(+,"8 ’)-9(+,").) #&("9&(+2+9+% .-.

,#&’(&& /(-0&()& F-3&#:, .+"+#+& 7#&’,"-%2?&" ,+B+4 9-#3+()0&,.+& ,#&’(&&

3&C’= "+0(+,"8G (-(92. precision) ) 7+2(+"+4 (-(92. recall) ) I)#+.+ ),7+28/=K
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E),=(+. 3.3 J !#-%(&()& "&72+%:< .-#" %/92?’- 0&":#&< #&("9&(+2+9+%,

(-2+C&((:< (- 0&":#& )/+B#-C&()? 9#=’(+4 .2&".). a)5#: 7+’ .-C’:3 #&("K

9&(+3 =.-/:%-G" 7+#?’+., % .+"+#+3 F"- ,()3+. B:2- 7+.-/-( #&("9&(+2+9=,

0&4 %/92?’ (-2+C&( (- )/+B#-C&()&. L-C’-? ,"#+.- ,+’&#C)" +’)( ,()3+.,

7+.-/-((:4 .-C’:3 #&("9&(+2+9-3 % #-/(:& 3+3&(": %#&3&() F.,7&#)3&("-.

_&2":3 6%&"+3 %:’&2&( .+("=# 2&9.)<
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N-B2)6- 7 J L+F55)6)&(": .+##&2?6)) *)#,+(- 3&C’= <-#-."&#),").-K

3) )/ ’-((:< %/92?’- ) 7+#?’.+%:3 (+3&#+3 ,()3.- %+ %#&3? -(-2)/-

.-C’:3 #&("9&(+2+9+3. *#)/(-.) #-,,0)":%-G",? , ),7+28/+%-()&3 )(K

5+#3-6)) + %/92?’& #&("9&(+2+9- )/)2) ,&93&("-6)) #&("9&(+%,.+9+

,()3.- (- +,(+%& 7#&’,.-/-()? 92=B+.+4 3+’&2). L-C’-? ?0&4.- "-B2)6:

,+’&#C)" .+F55)6)&(" .+##&2?6)) 0&2+%&.- , ’+%&#)"&28(:3 )("&#%-2+3

95%. !"-"),")0&,.) /(-0)3:& .+F55)6)&(": .+##&2?6)) %:’&2&(: /&2&K

(:3 6%&"+3.

[-#-."&#),").-
E&("9&(+2+9

A B C D

V-"#-0&((+& %#&3? -0.16 -0.52 -0.42 0.23

L+2)0&,"%+ (&.+##&."(:< "+0&. %/92?’- 0.04 -0.20 -0.20 -0.03

O+2? (&.+##&."(:< "+0&. %/92?’- 0.27 -0.10 0.21 -0.03

O2)(- "#-&."+#)) %/92?’- -0.08 -0.54 -0.44 -0.25

!#&’(?? ,.+#+,"8 %/92?’- 0.27 0.10 0.13 -0.08

\%&#&((+,"8 % ’)-9(+/& -0.01 -0.05 -0.10 0.15

O+2? 7+.#:")? #&("9&(- %/92?’+3 0.00 -0.22 -0.53 -0.28

O+2? 7+.#:")? +B2-,") 2^9.)< %/92?’+3 -0.20 -0.12 -0.52 -0.28

!#&’()4 )(5+#3-6)+((:4 7#)#+," (#&("9&(-) -0.04 -0.26 -0.53 -0.35

!#&’()4 )(5+#3-6)+((:4 7#)#+," (2^9.)<) -0.20 -0.21 -0.52 -0.31

&",? ’2? +6&(.) .-0&,"%- .2-,,)5).-6))

F =
2 ↘ precision ↘ recall

precision+ recall
, (3.6)

9’& precision = TP
TP+FP

+"#-C-&" ’+2G %&#(+ .2-,,)5)6)#+%-((:< +BM&.K

"+% (-(92. true positive, TP) ,#&’) %,&< +BM&."+% %:B#-((+9+ .2-,,- (,=33-

.+2)0&,"%- %&#(+ .2-,,)5)6)#+%-((:< +BM&."+% TP ) 2+C(+7+2+C)"&28(:<

+BM&."+% FP, -(92. false positive), - recall = TP
TP+FN

+"#-C-&" +"(+I&()& %&#(+

.2-,,)5)6)#+%-((:< +BM&."+% TP %:B#-((+9+ .2-,,- . +BH&3= 0),2+ +BM&.K

"+% F"+9+ .2-,,- (,=33- .+2)0&,"%- %&#(+ .2-,,)5)6)#+%-((:< +BM&."+% TP

) 2+C(++"#)6-"&28(:< +BM&."+% FN, -(92. false negative).

O)-9(+/ ’2? .-C’+9+ #&("9&(+%,.+9+ ,()3.- B:2 %#=0(=G )/%2&0&( )/

/-7),&4 9+2+,- #&("9&(+2+9+%. b,2) 7#),=","%+%-2+ (&,.+28.+ 7-"+2+9)4, #&("K

9&(+2+9-3 #&.+3&(’+%-2) =7+3?(="8 %,& )/ ()< 7#) 7#)(?")) #&I&()?, (+
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7#+,)2) %:B#-"8 +’(= 7-"+2+9)G % .-0&,"%& +.+(0-"&28(+9+ ’)-9(+/-. ;(-K

2)/ #&("9&(+%,.+9+ ,()3.- ,0)"-2,? 7#-%)28(:3, &,2) +.+(0-"&28(:4 ’)-9(+/

#&("9&(+2+9- )/ F.,7&#)3&("- ,++"%&","%+%-2 +’(+4 )/ F"-2+((:< 7-"+2+9)4

)/ (-B+#- ’-((:< )2) &,2) #&("9&(+2+9 )/ F.,7&#)3&("-, "-. ) F"-2+((-? 9#=7K

7- #&("9&(+2+9+%, ,0)"-G" #&("9&(+%,.)4 ,()3+. (+#3-28(:3. F-3&#- , 95%

’+%&#)"&28(:3) )("&#%-2-3), #-,,0)"-((:& ’2? .-C’+9+ #&("9&(+2+9-, 7#&’K

,"-%2&(: (- #),=(.& 3.4.

E),=(+. 3.4 J O)-9(+,")0&,.-? "+0(+,"8 #&("9&(+2+9+%, #-,,0)"-((-? ’2? .-CK

’+4 7-#")) )/ 100 #&("9&(+%,.)< ,()3.+%. *#+)/%+’)"&28(+,"8 "#&< )/ 0&":#&<

#&("9&(+2+9+% =2=0I)2-,8 7+,2& +B&’&((+9+ 7&#&#:%- (200 ↔ 300). *#+)/K

%+’)"&28(+,"8 "#&< )/ 0&":#&< #&("9&(+2+9+% =<=’I)2-,8 (- 7+,2&’()< 100

#&("9&(+%,.)< ,()3.-< (300 ↔ 400)

!#&’(&& %#&3? -(-2)/- 3&’)6)(,.+9+ )/+B#-C&()? ,+,"-%)2+ 24.4 ,&.=(K

’:, 35.1 ,&.=(’:, 21.8 ,&.=(’: ) 25.1 ,&.=(’: ’2? #&("9&(+2+9+% A, B, C )

D ,++"%&","%&((+. $#&3? 0"&()? /(-0)"&28(+ .+##&2)#+%-2+ (p-value < 0.01)

, ’2)(+4 "#-&."+#)) %/92?’-, )3&? .+F55)6)&(": .+##&2?6)) *)#,+(- 0.93,

0.87, 0.92 ) 0.74 ’2? #&("9&(+2+9+% A, B, C ) D ,++"%&","%&((+.
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!#&’(&& 7+.#:")& +B2-,") 2&9.)< ,+,"-%)2+ 64%, 65%, 58% ) 55%, - 32%,

29%, 30% ) 30% ’2? %,&9+ #&("9&(+%,.+9+ ,()3.- ’2? #&("9&(+2+9+% A, B, C ) D

,++"%&","%&((+. !#&’(&& (± ,"-(’-#"(+& +".2+(&()&) 7+.#:")& +B2-,") 2&9.)<

,+,"-%)2+ 64 ± 16%, 65 ± 14%, 58 ± 17% ) 55 ± 17% ’2? #&("9&(+2+9+% A, B,

C ) D ,++"%&","%&((+. Z)(&4(:& #&9#&,,)+((:& 3+’&2), 7+,"#+&((:& (- ’-(K

(:< 7+.#:")? +B2-,") 2&9.)<, )3&2) =92+%:& .+F55)6)&(": ↗0.026, ↗0.013,

↗0.076 ) ↗0.04 ’2? #&("9&(+2+9+% A, B, C ) D ,++"%&","%&((+. 1(:3) ,2+%-3),

#&("9&(+2+9 C 7+.#:%-&" (- 1% 3&(8I& 2&9+0(:< 7+2&4 7+,2& .-C’+9+ 13-9+

7#+0)"-((+9+ ,()3.- (1/0.076 ≃ 1). E),=(+. 3.5 7+.-/:%-&" #&9#&,,)+((:& 3+K

’&2) , ’+%&#)"&28(:3) )("&#%-2-3). Z)(&4(:& #&9#&,,)+((:& 3+’&2) "-.C&

B:2) %:0),2&(: ’2? .-C’+9+ ")7- 7-"+2+9)) (#),=(+. 3.5B). L+F55)6)&(":

(-.2+(- ,+,"-%)2) -0.041, -0.041, -0.035, -0.034, -0.034 ) -0.041 ’2? -"&2&."-/-, )(K

5)28"#-6)), 7(&%3+"+#-.,-, =/&2.+%/3-,,)%(:< +B#-/+%-()4, .-#’)+3&9-2)) )

/’+#+%:< #&("9&(+%,.)< ,()3.+% 9#=’(+4 .2&".) ,++"%&","%&((+.

-) >+’&2) 2)(&4(+4 #&9#&,,)),

7#)3&(&((:& . 3&"#).& +<%-"- 2&9.)<,

#-,,0)"-((+4 ’2? .-C’+9+ )/ 0&":#&<

#&("9&(+2+9+%, =0-,"%+%-%I)< %

F.,7&#)3&("&

B) >+’&2) 2)(&4(+4 #&9#&,,)),

7#)3&(&((:& . ’-((:3 +<%-"- %/92?’+3

’2? %,&< #&("9&(+2+9+%, #-,,0)"-((:&

’2? .-C’+4 7-"+2+9))

E),=(+. 3.5 J E),=(+. ’&3+(,"#)#=G", .-. )/3&(?&",? +<%-" 2&9.)< %/92?’+3

#&("9&(+2+9+% % /-%),)3+,") +" .+2)0&,"%- )/+B#-C&()4, 7#+-(-2)/)#+%-((:<

#&("9&(+2+9-3). >+’&2) 2)(&4(+4 #&9#&,,)) (-.2-’:%-G",? (- ,++"%&","%=K

GH)& "+0.) ’-((:<; "+0.) =,#&’(&(: 7+ 20 %:B+#.-3 ’-((:< ’2? 2=0I&4

(-92?’(+,")

1/3&#&()? =,"-2+,"), #-,,0)"-((:& ’2? #&("9&(+2+9+% B, C ) D, B:2)

,#-%(&(: , F"-2+((:3) /(-0&()?3) 7#+’&2-((+4 #-B+": (7+#?’.+%:3 (+3&#+3
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,()3.- % -(-2)/&) ) ’)-9(+,")0&,.+4 7#+)/%+’)"&28(+,"8G. N&," SSQ ,+’&#C)"

,&38 %+7#+,+%, .-C’:4 )/ .+"+#:< 3+C&" B:"8 +6&(&( +" 1 ’+ 4, 9’& B+2&& %:K

,+.)& +6&(.) ,++"%&","%=G" B+28I&3= ’),.+35+#"=, 7+"&(6)-28(+ ,%?/-((+3=

, =,"-2+,"8G. E&("9&(+2+9) B, C ) D +6&()2) =#+%&(8 =,"-2+,") .-. 7 % (-K

0-2& "&,"-, "+ &,"8 7+2(+,"8G B&/ =,"-2+,"), ) .-. 15, 8 ) 13 ,++"%&","%&((+ %

.+(6& F.,7&#)3&("- (#),=(+. 3.6). *#+)/%+’)"&28(+,"8 DSST B:2- +6&(&(- .-.

,#&’(&& %#&3?, (&+B<+’)3+& ’2? /-3&(: +’(+9+ ,)3%+2-, ’&2&((+& (- ,#&’(GG

"+0(+,"8 /-3&(: (#),=(+. 3.6). D)C()& /(-0&()? DSST ,++"%&","%=G" B+2&&

B:,"#+4 ) "+0(+4 /-3&(&. E&/=28"-": "&,"- (- 7+.#:")& .#=9- B:2) #-,,0)K

"-(: .-. ,#&’(&& #-,,"+?()& 3&C’= %/92?’+3 #&("9&(+2+9- ) .+("=#+3 .#=9-

(#),=(+. 3.6). ]+28I)& #-,,"+?()? =.-/:%-G" (- B+28I&& +".2+(&()& +" +7K

")3-28(+4 "#-&."+#)). N&," RTT +6&()%-2 ,#&’(&& %#&3?, (&+B<+’)3+& ’2?

7&#&<+’- . ,2&’=GH&3= %:’&2&((+3= .#=9= (- F.#-(& (#),=(+. 3.6).

E&/=28"-": "&,"- SSQ B:2) /-7),-(: ’2? #&("9&(+2+9+% B–D, % "+ %#&K

3? .-. ’2? #&("9&(+2+9- A +() (& B:2) /-7),-(: )/-/- 7#+9#-33(+4 +I)B.).

1,7+28/=&3-? +5"-283+3+"+#(-? 7+’I.-2- "&,"- SSQ )3&&" ’)-7-/+( +" 7,

=.-/:%-GH)4 (- ,-3:4 ()/.)4 =#+%&(8 =,"-2+,") )/ %,&< 7+’0-,"&4 "&,"-, ’+

28, =.-/:%-GH)4 (- 3-.,)3-28(:4 =#+%&(8 =,"-2+,"). E&("9&(+2+9) B–D (&

,++BH)2) +B =,"-2+,") % (-0-2& F.,7&#)3&("-; "+ &,"8 +() +6&()2) %,& ,&38

+5"-283+3+"+#(:< )/3&#&()4 SSQ (-)3&(8I)3 %+/3+C(:3 B-22+3 S1T. *+K

,2& -(-2)/- 200 #&("9&(+%,.)< ,()3.+% ,#&’()4 =#+%&(8 =,"-2+,") %:#+, , 7

’+ 11 ± 1.4. AB&’&((:4 7&#&#:% %&#(=2 =#+%&(8 =,"-2+,") . 7+0") ),<+’(+3=

=#+%(G 7.7 ± 0.5. $ .+(6& F.,7&#)3&("- ,#&’()4 =#+%&(8 =,"-2+,") ,+,"-%)2

12.7 ± 2.1.

1,7+28/=? ,#&’()4 (-.2+( 2)(&4(:< 3+’&2&4, 7+,"#+&((:< (- ’-((:<

+"’&28(:< #&("9&(+%,.)< ,()3.+%, 7#+)/%&’&(- +6&(.- "+9+, 7#&%:I-&" 2)

7+.#:")& +B2-,"&4 2&9.)< %/92?’+3 ’2? .-C’+9+ #&("9&(+2+9- ,#&’(GG "&(K

’&(6)G )2) (&". 1,7+28/+%-2,? 7+#?’.+%:4 (+3&# #&("9&(+%,.+9+ ,()3.- ’2?

#-,0&"- +C)’-&3+9+ 7+.#:")? %/92?’- ) ,#-%()%-2,? &9+ , (-B2G’-&3:3

7+.#:")&3 ’2? .-C’+9+ #&("9&(+2+9-. AB(-#=C&(+, 0"+ #&("9&(+2+9 A 7#&%:K

I-&" "&(’&(6)G % 64.5% ,2=0-&%; "+ &,"8 +( 7+.#:%-&" B+28I=G 0-,"8 2&9+0(:<

7+2&4, 0&3 +C)’-2+,8 +" ,#&’(&9+ #&("9&(+2+9-. E&("9&(+2+9 B 7#&%:I-2 "&(K

’&(6)G % 66.3% ,2=0-&%, #&("9&(+2+9 C – % 42% ,2=0-&%, - #&("9&(+2+9 D J

% 38.5% ,2=0-&%.
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E),=(+. 3.6 J E&/=28"-": +7#+,().- ,)33=2?6)((+4 B+2&/() (,2&%- %%&#<=),

/-3&(: ,)3%+2+% 6)5# (,7#-%- %%&#<=), +<%-"- .#=9- (,2&%- %()/=) ) %#&3&()

#&-.6)) (,7#-%- %()/=), #-,,0)"-((:& ’2? #&("9&(+2+9+% B, C ) D, =0-,"%+%-%K

I)< % F.,7&#)3&("&. N&,": 7#+%+’)2),8 % (-0-2& F.,7&#)3&("- ) 7+,2& .-C’:<

100 7#+-(-2)/)#+%-((:< #&("9&(+%,.)< ,()3.+% ’2? )/3&#&()? )/3&(&()4 %

="+32?&3+,"), #&-.6)) ) .+(6&("#-6)). O+7+2()"&28(-? ,&#)? "&,"+% B:2-

7#+%&’&(- 7+,2& +B&’&((+9+ 7&#&#:%- 7+,2& -(-2)/- 200 #&("9&(+%,.)< ,()3K

.+%

3.7 !-8,B*&’(&

\,"-2+,"8 #&("9&(+2+9- ?%2?&",? +’()3 )/ +,(+%(:< ),"+0().+% ’)-K

9(+,")0&,.)< +I)B+. [51; 52]. 1/-/- 7#),=H&4 &4 ,=BM&.")%(+,") =,"-2+,"8

0-,"+ +6&()%-&",? , 7+3+H8G +7#+,().+%, /-7+2(?&3:< ,-3+,"+?"&28(+, "-K

.)< .-. SOFI ) SSQ. [+"? #&/=28"-": "-.)< +7#+,().+% % 6&2+3 ,+92-,=G",?

, +C)’-&3:3 #+,"+3 =,"-2+,") 7+,2& #-B+0&9+ ’(? % #-’)+2+9)) [48], = ()<

&,"8 ,=H&,"%&((:& (&’+,"-".). $+-7&#%:<, -(.&": (&’+,"-"+0(+ ’&"-2)/)#+K



65

%-(:, 0"+B: +"#-/)"8 (&7#&#:%(+,"8 #+,"- =,"-2+,"). $+-%"+#:<, #&/=28"-":

-(.&")#+%-()? .#-4(& ,=BM&.")%(: ) (& 7+/%+2?G" (-’&C(+ ,#-%()%-"8 #&("K

9&(+2+9+%. $"+#+4 (&’+,"-"+. 7#+?%)2,? % 7#&’,"-%2&((+3 % (-,"+?H&4 92-%&

),,2&’+%-()) ,9’& #&("9&(+2+9 C ,++BH)2 + 3)()3-28(+3 #+,"& B-22+% SSQ

7+ ,#-%(&()G , #&("9&(+2+9-3) B ) D, 08? ,-3++6&(.- =,"-2+,") SSQ =’%+)K

2-,8 . .+(6= F.,7&#)3&("- (#),=(+. 3.6). $ +"2)0)& +" ,-3++6&(.) =,"-2+,"),

’)-9(+,")0&,.-? F55&.")%(+,"8 #&("9&(+2+9- C =7-2- . .+(6= F.,7&#)3&("-,

"+9’- .-. = #&("9&(+2+9- B +(- =2=0I)2-,8. $-C(+ +"3&")"8, 0"+ #&("9&(+2+9)

7+2=0-2) #&("9&(+%,.)& ,()3.) % ’#=9+3 7+#?’.&, 7+F"+3= #&("9&(+2+9 B 3+9

7+2=0)"8 SB+2&& 2&9.)&T #&("9&(+%,.)& ,()3.) % .+(6&.

*+,.+28.= -(.&": .#-4(& ,=BM&.")%(:, =0-,"().) 3+92) (&%+28(+ .+#K

#&.")#+%-"8 ,%+) +"%&": % ,++"%&","%)) , +C)’-&3+4 =,"-2+,"8G ,#&’(&,"-K

"),")0&,.+9+ 0&2+%&.-. $ F.,7&#)3&("& ),7+28/+%-2),8 "#) -28"&#(-")%(:<

"&,"-, )/3&#?GH)< .+(6&("#-6)G ) -..=#-"(+,"8, .+"+#:& .+##&2)#=G" , =,"-K

2+,"8G ) ),7+28/+%-2),8 ’2? -(-2)/- =,"-2+,") [58; 59; 73; 74]. E&/=28"-":

"&,"- (- 7+.#:")& .#=9+3 =<=’I)2),8 ’2? #&("9&(+2+9+% B ) C , #+,"+3 .+2)0&K

,"%- 7#+,3+"#&((:< ,()3.+%. E&/=28"-": "&,"- 7+.#:")? .#=9+3 #&("9&(+2+9-

D "-.C& =<=’I)2),8, /- ),.2G0&()&3 )/3&#&()? ’+ F.,7&#)3&("-. DSST ) RTT

7+.-/-2) (&7+,2&’+%-"&28(:& #&/=28"-":. $+7#&.) +C)’-()?3, #&("9&(+2+9 B

=2=0I)2 ,%+) #&/=28"-": 7+ /-3&(& 6)5# % DSST, - #&("9&(+2+9 D – 7+ RTT.

N-.)& (-B2G’&()? 3+9=" =.-/:%-"8 (- "+, 0"+ #&("9&(+2+9) =2=0I-G" #&/=28K

"-": "&,"- (- .+(6&("#-6)G /- ,0&" 7+%:I&()? (-%:.- 7#+<+C’&()? F"+9+

"&.,"-, .+"+#-? .+37&(,)#=&" =<=’I&()& #&/=28"-"+%, ,%?/-((:< , =,"-2+,"8G.

*+"&(6)-28(:4 F55&." 7+%:I&()? (-%:.- 7+’"%&#C’-&",? "&3 5-."+3, 0"+

%,& "#) #&("9&(+2+9- =2=0I)2) ,%+) #&/=28"-": 7#) %"+#+4 7+7:".& DSST,

- ’%+& )/ "#&< #&("9&(+2+9+% =2=0I)2) ,%+) #&/=28"-": 7#) %"+#+4 7+7:".&

RTT. >+C(+ 7#&’7+2+C)"8, 0"+ 7#) %"+#+4 7+7:".& #&("9&(+2+9) =C& <+#+K

I+ +/(-.+3)2),8 , 6&2?3) "&,"-, (+ &H& (& =,"-2) +" -(-2)/- #&("9&(+%,.)<

,()3.+%.

V(-0&()& /-"#-0&((+9+ %#&3&() (- -(-2)/ ,()3.- )3&2+ ,"-"),")0&,.)

/(-0)3=G +"#)6-"&28(=G .+##&2?6)G , .+2)0&,"%+3 7#+,3+"#&((:< ,()3.+%

’2? %,&< #&("9&(+2+9+% % F.,7&#)3&("&. $ (-,"+?H&3 ),,2&’+%-()) %#&3? 0"&K

()? #&("9&(+%,.)< ,()3.+% % ,#&’(&3 ,+.#-H-2+,8 (- 0.02, 0.09, 0.08 ) 0.03

,&./#&("9&( ’2? #&("9&(+2+9+% A, B, C ) D ,++"%&","%&((+. D&,3+"#? (-

,"-"),")0&,.) /(-0)3=G +"#)6-"&28(=G .+##&2?6)G 3&C’= %#&3&(&3 -(-2)K
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/+3 ,()3.- ) .+2)0&,"%+3 7#+,3+"#&((:< ,()3.+% ’2? %,&< #&("9&(+2+9+%,

%#&3? -(-2)/- (& ?%2?&",? ’+,"-"+0(:3 7#&’)."+#+3 =,"-2+,"). *#+B2&3- /-K

.2G0-&",? % %:,+.+4 )/3&(0)%+,") ,#&’(&9+ %#&3&() -(-2)/- ,()3.- 3&C’=

#&("9&(+2+9-3), .+"+#+& %-#8)#=&",? +" 21.8 ,&. ’2? #&("9&(+2+9- C ’+ 35.1 ,&.

’2? #&("9&(+2+9- B. !2&’+%-"&28(+, %#&3? 0"&()? ’2? +’(+9+ )2) (&,.+28.)<

#&("9&(+%,.)< ,()3.+% ’2? 7#+)/%+28(+9+ #&("9&(+2+9- (& 3+C&" 7#&’,.-/-"8

,"&7&() =,"-2+,") B&/ 7#&’%-#)"&28(+ ,+B#-((:< /(-()4 + "+3, .-. B:,"#+ F"+"

#&("9&(+2+9 -(-2)/)#=&" ,()3.), .+9’- +(/+(- ,%&C)4 ) =,"-%I)4. E-,,"+?()&,

7#+4’&((+& %/92?’+3, ,)28(+ .+##&2)#=&" , %#&3&(&3 0"&()? (.+F55)6)&(":

.+##&2?6)) ,+,"-%2?G" 0.87-0.93), 7+F"+3= &9+ /-.+(+3&#(+,") ) (&’+,"-".)

,<+C). ‘-,"+"- (&’&4,"%)"&28(:< "+0&. %/92?’- 7+2+C)"&28(+ .+##&2)#+%-K

2- , .+2)0&,"%+3 7#+,3+"#&((:< ,()3.+%, ". &. #&("9&(+2+9) 0-H& +"%2&.-G"

,%+& %()3-()& +" #&("9&(+%,.+9+ ,()3.- % .+(6& F.,7&#)3&("-, 0&3 % (-0-2&.

\%&#&((+,"8 % ’)-9(+/& (&/(-0)"&28(+ .+2&B-2-,8 = #-/(:< #&("9&(+2+9+%.

$ +"2)0)& +" 7#+4’&((+9+ #-,,"+?()?, ’+2? 7+.#:")? %/92?’+3 #&("9&(-

) 2&9.)< (& ?%2?&",? 7#+)/%+’(+4 +" /-"#-0&((+9+ %#&3&() (- -(-2)/ ,()3K

.-. E&("9&(+2+9 3+C&" 7+"#-")"8 3(+9+ %#&3&(), #-,,3-"#)%-? (&B+28I=G

+B2-,"8 )/+B#-C&()?, 0"+ (& =%&2)0)" 7+.#:")& )/+B#-C&()? %/92?’+3. O+2?

7+.#:")? 2&9.)< +"#)6-"&28(+ .+##&2)#+%-2- , .+2)0&,"%+3 7#+,3+"#&((:<

,()3.+% ’2? #&("9&(+2+9+% A, C ) D, % "+ %#&3? .-. ’2? #&("9&(+2+9- B /(-0)K

3+4 .+##&2?6)) (& (-B2G’-2+,8. 1,7+28/=? %#&3? 0"&()? ,()3.-, 7#+4’&((+&

#-,,"+?()& %/92?’+3, ,.+#+,"8 %/92?’- ) ’+2G 7+.#:")? 2&9.)< %/92?’+3, 3+CK

(+ #&.+(,"#=)#+%-"8 ,<&3= -(-2)/- ,()3.- #&("9&(+2+9-3), .+9’- +() =,"-G".

E&("9&(+2+9 A (-0)(-2 "#-")"8 3&(8I& %#&3&(), (+ ,"-#-2,? B:,"#+ +<%-":K

%-"8 )/+B#-C&()? %/92?’+3. *#+’+2C-? +<%-":%-"8 #&("9&(+%,.)& ,()3.) (-

"+3 C& =#+%(&, #&("9&(+2+9 A +<%-":%-2 2&9.)& /(-0)"&28(+ 3&(8I& , #+,"+3

.+2)0&,"%- 7#+,3+"#&((:< ,()3.+%. @"+ (-B2G’&()& 9+%+#)" + "+3, 0"+ &9+

-(-2)/ )/+B#-C&()4 ,"-(+%)",? 3&(&& ,+,#&’+"+0&((:3 ,+ %#&3&(&3. !.+#+,"8

%/92?’- ’2? #&("9&(+2+9+% B, C ) D ,2&9.- 3&(?2-,8 % <+’& F.,7&#)3&("-, 0"+,

=0)":%-? ,+.#-H&()& %#&3&() -(-2)/- ,()3.-, 7#)%&2+ . =3&(8I&()G ’+2)

7+.#:")? #&("9&(- %/92?’- , #+,"+3 .+2)0&,"%- 7#+,3+"#&((:< ,()3.+%. E&("K

9&(+2+9 ! 7#+’&3+(,"#)#+%-2 (-)B+2&& ,=H&,"%&((+& 7-’&()& ’+2) 7+.#:")?

#&("9&(- ) +B2-,") 2&9.)<, 0"+ ,+7#+%+C’-&",? ,-3:3 %:,+.)3 +"(+,)"&28(:3

7-’&()&3 7#+)/%+’)"&28(+,") ,#&’) %,&< #&("9&(+2+9+%.
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1(5+#3-6)+((:4 7#)#+," +.-/-2,? ,-3:3 (-’&C(:3 7#&’)."+#+3 .+2)K

0&,"%- 7#+,3+"#&((:< ,()3.+% % F.,7&#)3&("-. [-#-."&#),").-, #-,,0)"-((-?

’2? +B2-,") 2&9.)<, 7+.-/-2- ,"-"),")0&,.) /(-0)3=G .+##&2?6)G , .+2)0&K

,"%+3 7#+,3+"#&((:< ,()3.+% ’2? %,&< #&("9&(+2+9+%. !=’? 7+ .+F55)6)&("-3

.+##&2?6)), #&("9&(+2+9-3 (=C(+ 3&(8I& )(5+#3-6)) ’2? 7#)(?")? #&I&()?

% .+(6& F.,7&#)3&("-, 0&3 % (-0-2&. A’()3 )/ .2G0&%:< 7#&)3=H&,"% )(5+#K

3-6)+((+9+ 7#)#+,"- ?%2?&",? "+, 0"+ +( +BM&’)(?&" %#&3? -(-2)/- ,()3.-,

,.+#+,"8 %/92?’- ) 7+.#:")& +BM&."- (%,&9+ #&("9&(- )2) +B2-,") 2&9.)<)

%/92?’+3 % +’(+ /(-0&()&. N-.-? 3&"#).- 3+C&" ,3?90)"8 )(’)%)’=-28(:&

/-.+(+3&#(+,") -(-2)/- #&("9&(+%,.)< ,()3.+%, (-B2G’-&3:& = =,"-%I)< #&("K

9&(+2+9+%: B+2&& B:,"#:&, (+ (&"+0(:& ’%)C&()? %/92?’- (#&("9&(+2+9 A),

B+2&& B:,"#+& ,0)":%-()& , 3-2:3 (#&("9&(+2+9 B) )2) B+28I)3 (#&("9&(+K

2+9 C) .+2)0&,"%+3 (&’&4,"%)"&28(:< "+0&. %#&3&() %/92?’- ) B+2&& B:,"#+&

,0)":%-()& , B+2&& 3&’2&((:3) ’%)C&()?3) %/92?’- (#&("9&(+2+9 D).

1,,2&’+%-()& 7+.-/-2+, 0"+ ,&93&("-6)? -(-"+3)0&,.)< ,"#=."=# (-

+,(+%& 92=B+.+9+ +B=0&()? (- 3&’)6)(,.)< )/+B#-C&()?<, % 0-,"(+,") ,&93&(K

"-6)? +B2-,") 2&9.)< (- #&(9"&(+%,.)< )/+B#-C&()4 9#=’(+4 .2&".), 3+C&"

B:"8 #-,I)#&(- ’-28I& .2-,,)0&,.)< 7#)2+C&()4 .+378G"&#(+4 ’)-9(+,")K

.). $ F.,7&#)3&("& ,&93&("-6)+((:& 3-,.) +B2-,") 2&9.)< ),7+28/+%-2),8 ’2?

.+2)0&,"%&((+4 +6&(.) 7+.#:")? 2&9.)< %/92?’+3 ) B:2) ,+7+,"-%2&(: , .+K

2)0&,"%+3 7#+,3+"#&((:< ,()3.+% .-C’:3 #&("9&(+2+9+3. N-.-? +B#-B+".-

’-((:< %/92?’- 3+C&" ,"-"8 ,=H&,"%&((:3 ’2? ’-28(&4I&4 +6&(.) F55&.")%K

(+,") #&("9&(+2+9+%. D&,3+"#? (- .+##&2?6)) , .+2)0&,"%+3 7#+,3+"#&((:<

,()3.+% ’2? (&.+"+#:< "&,"+% (- .+(6&("#-6)G, +() (& 7#+’&3+(,"#)#+%-K

2) /(-0)"&28(+4 7#&’,.-/-"&28(+4 ,)2:. @"+" 5-." (& +/(-0-&", 0"+ "&,":

(&7#)3&()3:, (+ (&+B<+’)3 B+2&& 7+’#+B(:4 -(-2)/, 0"+B: ),.2G0)"8 7+"&(K

6)-28(:& 5-."+#: =2=0I&()? 7#+)/%+’)"&28(+,") )/-/- 7+%:I&()? (-%:.-

7#+<+C’&()? "&,"-.

*#&’,"-%2&((+& ),,2&’+%-()& )3&&" (&,.+28.+ +9#-()0&()4, ,%?/-((:< ,

.+("#+2)#=&3+4 +B,"-(+%.+4 F.,7&#)3&("-. $ .2)()0&,.+4 7#-.").& #&("9&(+K

2+9) ’&2-G" (&#&9=2?#(:& 7&#&#:%: %+ %#&3? -(-2)/- ,()3.+%, "#-"?" %#&3?

(- .2)()0&,.)& /-3&".), .+(,=28")#=G",? , .+22&9-3) ) ".’. *+F"+3= F.,7&#)K

3&(" (& ?%2?G",? 7+-(-,"+?H&3= .2)()0&,.)3. $ "+ C& %#&3? ’2? (-’&C(+9+

,#-%(&()? 3&C’= =0-,"().-3) F.,7&#)3&("- B:2- (&+B<+’)3- ,"-(’-#")/)#+K

%-((-? ,#&’-. O#=9)3 +9#-()0&()&3 ?%2?&",? "+, 0"+ B:2) %:B#-(: ,()3.) ,
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7-"+2+9)?3), .+"+#:& &’)(+92-,(+ ’)-9(+,")#+%-2) .+3-(’+4 #&("9&(+2+9+%,

.+"+#:& ,+/’-2) +BH&’+,"=7(=G B-/= ’-((:< #&("9&(+%,.)< ,()3.+% 9#=’(+4

.2&".). [+"? "-.+& &’)(+92-,)& 7#&’7+2-9-&" %:,+.+& .-0&,"%+ ) (-’&C(+,"8

),")((:< 3&"+. + /-B+2&%-()?<, +(+ "-.C& 3+C&" =.-/:%-"8 (- "+, 0"+ F")

,2=0-) 3+9=" B:"8 7#+H& ) B:,"#&& ’)-9(+,")#+%-(:, 0&3 ,2=0-) , (&?,(:K

3) ’)-9(+/-3).
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+#$%$ 4. C’4&:$/4(%’$0 8&"1&’4$;(0 1&*(;(’8/(? (=.-:$B&’(> ’$

.8’.%& %="#0*$

4.1 )%&*&’(&

$ .2)()0&,.+4 7#-.").& #&I&()? (- +,(+%& 92=B+.+9+ +B=0&()? +.-/:K

%-G" (-)B+2&& ,=H&,"%&((+& %2)?()& % ,&93&("-6)) 3&’)6)(,.)< )/+B#-C&K

()4 [75]. !&93&("-6)? 3&’)6)(,.)< )/+B#-C&()4 ?%2?&",? 5=(’-3&("-28(:3 )

%-C(:3 7#+6&,,+3 ’2? )’&(")5).-6)), %:’&2&()? ) %)/=-2)/-6)) +B2-,"&4 )(K

"&#&,- (- 3&’)6)(,.)< )/+B#-C&()?< [76J78]. @"- /-’-0- +,+B&((+ -."=-28(-

’2? 72-()#+%-()? <)#=#9)0&,.)< +7&#-6)4 ) 2=0&%+4 "&#-7)), 9’& ,&93&("-K

6)? )9#-&" .2G0&%=G #+28 [79]. *#) 72-()#+%-()) 2=0&%+4 "&#-7)) (&+B<+’)3+

+.+("=#)"8 B+28I+& .+2)0&,"%+ -(-"+3)0&,.)< +B2-,"&4 7-6)&("- (- +BM&3(+3

3&’)6)(,.+3 )/+B#-C&()) (LN )2) >EN-,()3.&) [80; 81]. $(&’#&()& #&I&()4

(- +,(+%& 92=B+.+9+ +B=0&()? % .2)()0&,.=G 7#-.").= /(-0)"&28(+ +B2&90-K

&" /-’-0= +.+("=#)%-()?, .+"+#-? 3+C&" /-()3-"8 (&,.+28.+ 0-,+% #-B+":

%#-0- ’2? .-C’+9+ +"’&28(+9+ ,2=0-? [82]. A’(-.+ (&"+0(+,") % ,&93&("-6))

0-,"+ "#&B=G" "H-"&28(+4 #=0(+4 .+##&.6)). *+,2&’()& ’+,")C&()? % +B2-K

,") )("&#-.")%(+4 ,&93&("-6)) =2=0I)2) F55&.")%(+,"8 7#+6&,,- .+##&.6))

% #-/2)0(:< +B2-,"?<, %.2G0-? 3&’)6)(=, 7+/%+2?? %(+,)"8 )/3&(&()? %,&9+

(&,.+28.)3) H&20.-3) 3:I) [83J85].

>&"+’: ,&93&("-6)) 3&’)6)(,.)< )/+B#-C&()4 %.2G0-G" #=0(=G, 7+2=K

-%"+3-")0&,.=G ) -%"+3-")0&,.=G ,&93&("-6)). E=0(-? ,&93&("-6)? ?%2?&",?

"#=’+&3.+4, 7+’%&#C&(- (&,++"%&","%)?3 3&C’= #-/(:3) F.,7&#"-3) ) )3&&"

()/.=G (-’&C(+,"8, 0"+ +9#-()0)%-&" && 7#)3&(&()& % .2)()0&,.)< =,2+%)K

?< [86J88]. $ "+ C& %#&3? -%"+3-")0&,.-? ,&93&("-6)? =,7&I(+ 7#)3&(?&",?

% >EN ’2? #-/2)0(:< 3&’)6)(,.)< /-’-0 [89J92]. A’(-.+ F") -%"+3-")0&K

,.)& 3&"+’: 0-,"+ (& 7#+<+’?" 7+2(=G %-2)’-6)G ) % +,(+%(+3 +9#-()0&(:

-.-’&3)0&,.)3) ),,2&’+%-()?3) )/-/- %+/3+C(:< (&"+0(+,"&4 ,&93&("-6)).

D-7#)3&#, -#<)"&."=#- U-Net [63] +"2)0(+ ,7#-%2?&",? , ,&93&("-6)&4 .#=7K

(:< ,"#=."=# B#GI(+4 7+2+,"), (+ ,"-2.)%-&",? , "#=’(+,"?3) 7#) #-B+"& ,

3&2.)3) +#9-(-3) ) ,2+C(:3) ,"#=."=#-3), "-.)3) .-. 7+0.), 7+’C&2=’+0K

(-? C&2&/- ) .#+%&(+,(:& ,+,=’: [93; 94]. ;(-2+9)0(+, <+"? 3+’&28 nnU-Net [95]
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7#&’+,"-%2?&" <+#+I=G +,(+%= ’2? /-’-0 ,&93&("-6)), +(- "#&B=&" ’+7+2()K

"&28(+9+ ’++B=0&()? ’2? =/.)< .2)()0&,.)< 7#)2+C&()4, 0"+B: 7+%:,)"8 &9+

F55&.")%(+,"8 [92]. *+2=-%"+3-")0&,.-? ,&93&("-6)? 7+.-/-2- ,&B? .-. B+2&&

(-’&C(:4 %-#)-(" ’2? LN ) >EN. *+ ,#-%(&()G , 7+2(+,"8G -%"+3-")0&,.)K

3) 3&"+’-3), 7+2=-%"+3-")0&,.-? ,&93&("-6)? ’-&" #&/=28"-":, .+"+#:&, .-.

7#-%)2+, B+2&& "+0(: ) 7#&’7+0")"&28(: .2)()6),"-3) B2-9+’-#? 7+%:I&(K

(+4 7#+/#-0(+,") 7#+6&,,- ,&93&("-6)) [87; 96; 97].

!+%#&3&((:& -%"+3-")0&,.)& 3&"+’: ,&93&("-6)) (- +,(+%& 92=B+.+9+

+B=0&()?, % ,+0&"-()) , "-.)3) 3&"+’-3) .-. +",2&C)%-()& %/92?’-, /(-0)"&28K

(+ 7+%:I-G" )("&#-.")%(+,"8, F55&.")%(+,"8 ) +"/:%0)%+,"8 )(,"#=3&("+%

,&93&("-6)) % 3&’)6)(,.+4 +B2-,") [98J105].

1("&#-.")%(-? ,&93&("-6)? +"(+,)",? . 7+’<+’=, .+"+#:4 7+/%+2?&"

7+28/+%-"&2?3 .+("#+2)#+%-"8 7#&’,.-/-()? 92=B+.+4 3+’&2) ’2? =2=0I&()?

7#+6&,,- ,&93&("-6)). $ 0-,"(+,"), 7+28/+%-"&2) 7#&’+,"-%2?G" (-0-28(=G

,&93&("-6)+((=G 3-,.= 7#) 7+3+H) .2).+% 3:I), %:’&2&()&3 +9#-()0)%-K

GH)< #-3+. )2) "&.,"+%:3) +7),-()?3) +B2-,") )("&#&,-. V-"&3 +() 3+9="

="+0(?"8 7#&’,.-/-((:& #&/=28"-": % (&,.+28.+ )"&#-6)4 [106]. D-0)(-? ,+

%#&3&(, .+9’- #&I&()? (- +,(+%& 92=B+.+9+ +B=0&()? ?%2?2),8 3-2+#-,7#+K

,"#-(&((:3), )("&#-.")%(-? ,&93&("-6)? #-/%)%-2-,8 (- +,(+%& 9#-5+%+9+

7#&’,"-%2&()? ’-((:< [107] ) ,2=0-4(:< B2=C’-()?< [108], ’+ ,+%#&3&((:<

5=(’-3&("-28(:< 92=B+.)< 3+’&2&4 [109; 110].

>+’&28 Segment Anything Model, )2) SAM [109] ?%2?&",? ,+%#&3&(K

(+4 5=(’-3&("-28(+4 92=B+.+4 3+’&28G )("&#-.")%(+4 ,&93&("-6)). SAM

’&3+(,"#)#=&" %7&0-"2?GH=G 7#+)/%+’)"&28(+,"8 % #-/2)0(:< /-’-0-<, "#&K

B=GH)< %/-)3+’&4,"%)? , 0&2+%&.+3. b& -#<)"&."=#- %.2G0-&" .+’)#+%H).

)/+B#-C&()4 (- +,(+%& Vision Transformer [111], ’&.+’)#+%H). 3-,+. ) .+K

’)#+%H). /-7#+,+%, .+"+#:& +B#-B-":%-G" %<+’(:& ’-((:& %/-)3+’&4,"%)?,

"-.)& .-. .++#’)(-": .2).+% 3:I), +9#-()0)%-GH)& #-3.), 3-,.) ) ".’. [+K

"? SAM 7+.-/-2 3(+9++B&H-GH)& #&/=28"-": (- &,"&,"%&((:< )/+B#-C&()?<,

&9+ 7#+)/%+’)"&28(+,"8 % .2)()0&,.)< 7#)2+C&()?< 3&(&& =,"+40)%- [112].

‘"+B: #&I)"8 F"= 7#+B2&3=, MedSAM [84] B:2 ’++B=0&( (- B+28I+3 (-B+#&

3&’)6)(,.)< ’-((:< ) ,7&6)-28(+ -’-7")#+%-( ’2? ,&93&("-6)) 3&’)6)(K

,.)< )/+B#-C&()4 , ),7+28/+%-()&3 +9#-()0)%-GH)< #-3+.. AB& 3+’&2),

SAM ) MedSAM, 3+9=" B:"8 ’++B=0&(: ’2? 7+%:I&()? "+0(+,") ,&93&(K

"-6)) % .+(.#&"(+4 .2)()0&,.+4 /-’-0&. D-7#)3&#, 3+’&28 Med-SA [113]
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),7+28/=&" -’-7"&#:, ,+<#-(?? +,"-28(:& 7-#-3&"#: SAM /-3+#+C&((:3).

L#+3& "+9+, #-/2)0(:& 5+#3: /-7#+,+% ’2? ,&93&("-6)) 3&’)6)(,.)< )/+BK

#-C&()4 3+9=" 7#)%&,") . ,=H&,"%&((+3= 7+%:I&()G .-0&,"%- #&/=28"-"-.

ScribblePrompt [114] ),7+28/=&" +9#-()0)%-GH)& #-3.), .2).) ) I"#)<) % .-K

0&,"%& /-7#+,+% ’2? 9&(&#-6)) 3-,+. ,&93&("-6)), %.2G0-? 3+’&28 nn-Unet [92]

’2? 7#&’,.-/-()? %:,+.+.-0&,"%&(:< ,&93&("-6)+((:< 3-,+.. D&’-%(+ B:2

7#&’,"-%2&( Medical SAM2 [115], .+"+#:4 +,(+%-( (- ’++B=0&()) SAM2 [116]

(- 3&’)6)(,.)< ’-((:< ) ,7+,+B&( 7#&’,.-/:%-&3 "#&<3&#(:& ,&93&("-6)+(K

(:< 3-,.) ,#-/= ’2? %,&9+ +BM&3(+9+ )/+B#-C&()?, % +"2)0)& +" SAM [109]

) MedSAM [84], .+"+#:& 7+/%+2?G" #&I-"8 "+28.+ /-’-0= ,&93&("-6)) ’%=K

3&#(:< )/+B#-C&()4.

$ )("&#-.")%(+4 ,&93&("-6)) B:2) ),,2&’+%-(: #-/2)0(:& 3+’-28(+,")

7+28/+%-"&28,.)< /-7#+,+%. $ +"2)0)& +" ,=H&,"%=GH)< 7+’<+’+%, ),7+28/=GK

H)< .+##&.6)) 7+28/+%-"&2? 0&#&/ +9#-()0)%-GH)& #-3.) [84; 117], .++#’)(-"

.2).+% 3:I8G [118] )2) I"#)<) [114], ’-((:& %/92?’- 7#&’+,"-%2?G" %-C(:&

,)9(-2: ’2? +B=0&()?, .+"+#:& (&+B<+’)3: ’2? 3&’)6)(,.)< )/+B#-C&()4,

<-#-."&#)/=GH)<,? (&0&".)3) 9#-()6-3) ) ()/.+4 .+("#-,"(+,"8G. ]+2&& "+K

9+, ,&93&("-6)? , ),7+28/+%-()&3 %/92?’- 7#+’&3+(,"#)#+%-2- /(-0)"&28(+&

=%&2)0&()& F55&.")%(+,"), #-B+"-? 7#)3&#(+ % ’%- #-/- B:,"#&&, 0&3 "#-’)6)K

+((:& 3&"+’:, +,(+%-((:& (- .2).-< [119]. AB&,7&0)%-? 39(+%&((:& .+##&.6))

(- +,(+%& %)/=-28(+9+ %()3-()? 7+28/+%-"&2?, ,&93&("-6)? (- +,(+%& +",2&C)K

%-()? %/92?’- 3+C&" ,"-"8 B+2&& F55&.")%(+4 -28"&#(-")%+4 "#-’)6)+((:3

3&"+’-3 %%+’- ’-((:< [11].

N&<(+2+9)? +",2&C)%-()? %/92?’- ,"-2- 6&((:3 )(,"#=3&("+3 % +B2-,")

3&’)6)(:, 7#&’+,"-%2?? I)#+.)4 ,7&."# 7#)3&(&()4 % #-/2)0(:< ’),6)72)K

(-< [120], +,+B&((+ % ,&93&("-6)) )/+B#-C&()4. A’)( )/ /-3&"(:< 3&"+’+% B:2

7#&’2+C&( !-’&9) ) ’#. [99]. $ F"+3 3&"+’& ),7+28/=&",? ’-((:& %/92?’- ’2?

)("&#-.")%(+4 7+28/+%-"&28,.+4 ,&93&("-6)). @"+" 3&"+’ 7#+’&3+(,"#)#+%-2

/(-0)"&28(+& =,.+#&()& 7#+6&,,- 7+ ,#-%(&()G , "#-’)6)+((:3 =7#-%2&()&3

3:I8G.

D-,.+28.+ )/%&,"(+, ,=H&,"%=&" "+28.+ +’(- 3+’&28 )("&#-.")%(+4 3&’)K

6)(,.+4 ,&93&("-6)) , ),7+28/+%-()&3 %/92?’-, - )3&((+ GazeSAM [119]. @"+

(&’-%(&& ),,2&’+%-()& ),7+28/+%-2+ +#)9)(-28(:4 SAM ’2? 9&(&#-6)) ,&93&(K

"-6)+((+4 3-,.) (- +,(+%& +’(+4 "+0.) %/92?’-. ;%"+#: 7#+%&2) ,#-%(&()&

3&C’= ,&93&("-6)&4 (- +,(+%& %/92?’- ) "#-’)6)+((+4 ,&93&("-6)&4 (- +,(+%&
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.2).+%, 7+.-/-%, 0"+ 7+’<+’ , ),7+28/+%-()&3 %/92?’- B:2 7#)3&#(+ % ’%- #-K

/- B:,"#&&, <+"? ) , (&3(+9+ 3&(8I)3 .-0&,"%+3, 0&3 3&"+’ , ),7+28/+%-()&3

.2).+% 3:I). D&,3+"#? (- F") #&/=28"-":, ),,2&’+%-"&2) (& =92=B2?2),8 %

F55&.": ),7+28/+%-()? (&,.+28.)< "+0&. %/92?’-, +,"-%2?? (&+7#&’&2&((+,"8

% +"(+I&()) #&/=28"-"+%, .+9’- %/92?’ ,3&H-&",? +" +B2-,") )("&#&,- J 0"+

%&#+?"(+ 7#+),<+’)" )/-/- &,"&,"%&((:< 52=."=-6)4 %+ %/92?’&.

D- +,(+%& )/2+C&((+4 )(5+#3-6)), % #-3.-< ’),,&#"-6)) %5*%(’,45

8#&*,67(& <:&*<.#.B&’(&:

1. (-B+# .++#’)(-" %/92?’- #&("9&(+2+9- 3+C&" ),7+28/+%-"8,? % .-K

0&,"%& /-7#+,- ’2? 3+’&2) )("&#-.")%(+4 ,&93&("-6)) % #&C)3&

#&-28(+9+ %#&3&();

2. +B=0&()& 3+’&2) %+/3+C(+ (- ,)("&")0&,.)< ’-((:< %/92?’- "-.)3 +BK

#-/+3, 0"+B: ,+.#-")"8 #-/()6= 3&C’= &,"&,"%&((:3 ) ,)("&")0&,.)3

),"+0().+3 %/92?’- %+ %#&3? ),7+28/+%-()? 3+’&2).

) :$1/$? *(88&:4$;(( 7#&’,"-%2&( ,7+,+B ’++B=0&()? Segment

Anything Model (SAM) [84; 109] ’2? -’-7"-6)) . ),7+28/+%-()G ’-((:<

%/92?’- %#-0- % .-0&,"%& /-7#+,- (- +,(+%& ),7+28/+%-()? ,)("&")0&,.)< ’-(K

(:< %/92?’- %+ %#&3? ’++B=0&()?. @"+" 7+’<+’ +,+B&((+ 3+C&" B:"8 7+2&/&(

’2? ,2+C(:< ,7+,+B+% %)/=-2)/-6)), %.2G0-? LN ) >EN ,()3.), .+"+#:&

,+,"+?" )/ B+28I+9+ 3(+C&,"%- ,#&/+%, - (& )/ +’(+9+ )/+B#-C&()? [75; 99].

D- #),=(.& 4.1 7+.-/-( +BH)4 7#+6&,, .+##&.6)) ,&93&("-6)+((:< 3-,+. (-

LN-)/+B#-C&()) , ),7+28/+%-()&3 %/92?’- (- +,(+%& #-/#-B+"-((+9+ 7+’<+’-.

4.2 @$-.3$0 84$’;(0 :&’4"&’.#."$

*#&’,"-%2&((-? % 92-%& 1 #-B+0-? ,"-(6)? #&("9&(+2+9- B:2- 3+’)K

5)6)#+%-(- ’2? %+/3+C(+,") +"+B#-C&()? ,#&/+% +BM&3(:< 3&’)6)(,.)<

)/+B#-C&()4. $ 7#+9#-33(+& +B&,7&0&()& B:2+ %(&’#&(+ #-/#-B+"-((+& #&I&K

()& ’2? )("&#-.")%(+4 ,&93&("-6)) (- +,(+%& %/92?’- ) ’2? )("&#-.")%(+4

,&93&("-6)) (- +,(+%& %:’&2&()? +9#-()0)%-GH)< #-3+. %+.#=9 +B2-,") )(K

"&#&,-. *#+9#-33- 7+/%+2)2- 7+,2&’+%-"&28(+ +"+B#-C-"8 ,#&/: +BM&3(:<

3&’)6)(,.)< )/+B#-C&()4, /-7),:%-"8 .++#’)(-": +9#-()0)%-GH)< #-3+. )

"+0&. %/92?’- , %#&3&((:3) 3&".-3). \ #-/#-B+"-((+9+ 7#+9#-33(+9+ +B&,7&K
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-) C&93&("-6)+(K

(-? 3-,.- 7&0&()

%+ %#&3?

.+##&.6))

%/92?’+3

B)

C&93&("-6)+((-?

3-,.- 7&0&() %

.+(6& .+##&.6))

%/92?’+3

%)

C&93&("-6)+((-?

3-,.- ,&2&/&(.)

%+ %#&3?

.+##&.6))

%/92?’+3

9)

C&93&("-6)+((-?

3-,.- ,&2&/&(.) %

.+(6& .+##&.6))

%/92?’+3

E),=(+. 4.1 J *#+6&,, .+##&.6)) ,&93&("-6)((:< 3-,+. ’2? +#9-(+% B#GI(+4

7+2+,"), "-.)< .-. 7&0&(8 ) ,&2&/&(.-, , %)/=-2)/-6)&4 .+("=#+% F"-2+((+4

3-,.) ,&93&("-6)) (/&2&(-?), 7#+9(+/)#=&3+4 3-,.) ,&93&("-6)) (C&2"-?) )

"+0&. %/92?’- (,)(??) (- LN-)/+B#-C&())

0&()? 9#-5)0&,.)4 )("&#5&4, (-0)(-2,? , 92-%(+9+ F.#-(-, .+"+#:4 /(-.+3)"

7+28/+%-"&2? , +,(+%(:3) =7#-%2?GH)3) .(+7.-3) ) +#9-(+3 ’2? ,&93&("-K

6)). $,& +7&#-6)) =7#-%2?G",? )("=)")%(:3) .+3-(’-3):

1. (-C-")& Enter +"+B#-C-&" LN-,#&/ ) /-7=,.-&" 7#+6&,, ,&93&("-6)).

*+28/+%-"&2) ,(-0-2- ,&93&(")#=G" -(-"+3)0&,.)4 +#9-(, %:’&2??

+9#-()0)%-GH)& #-3.), 7#) (&+B<+’)3+,") 7+%"+#?? F"= +7&#-6)G;

2. (-C-")& Space -.")%)#=&" ,&93&("-6)G , ),7+28/+%-()&3 %/92?’-;

3. 7+28/+%-"&2) 3+9=" %.2G0-"8/%:.2G0-"8 %)/=-2)/-6)G "+0.) %/92?K

’- ) 7#&’,.-/-((+4 3-,.) ,&93&("-6)) , 7+3+H8G .2-%)I Shift ) Alt

,++"%&","%&((+;

4. ’2? =2=0I&()? %)’)3+,") (&B+28I)< +B2-,"&4, "-.)< .-. (-’7+0&0()K

.) )2) 7)H&%+’, 3+C(+ -.")%)#+%-"8 5=(.6)G =%&2)0&()? (-C-")&3

Space;

5. 0-,"+"- +B(+%2&()? 7#&’,.-/-((+4 3-,.) 3+C&" B:"8 )/3&(&(- 0&#&/

.+(5)9=#-6)+((:4 5-42, .+"+#:4 "-.C& 7+/%+2?&" (-,"#-)%-"8 .+2)K

0&,"%+ "+0&. %/92?’- ) ’#=9)& 7-#-3&"#: F.,7&#)3&("-;

6. ’2? +"3&(: #&/=28"-"- ,&93&("-6)) "&.=H&9+ LN-,#&/- ) 7+%"+#(+9+

/-7=,.- 7#+6&,,- , ),7+28/+%-()&3 +",2&C)%-()? %/92?’- ),7+28/=&",?

.2-%)I- Backspace;

7. #&/=28"-" ,&93&("-6)) ,+<#-(?&",? 7#) (-C-")) .2-%)I) Enter.
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4.3 H.84$’.%/$ =$*$3(

ABM&3(+& 3&’)6)(,.+& )/+B#-C&()& X → R
H↑W↑D ,+,"+)" )/ D ,#&/+%

#-/3&#+3 H↑W , 7+2=0&((+& , 7+3+H8G .+378G"&#(+4 "+3+9#-5)). $ #&/=28K

"-"& +B#-B+".) )/ .-C’+9+ )/+B#-C&()? X )/%2&.-&",? (-B+# )/ D ’%=3&#(:<

,#&/+% #-/3&#+3 H ↑W . L-C’:4 ,#&/ 7+’-&",? % ,&93&("-6)+((=G 3+’&28 M

) % #&/=28"-"& 7+2=0-&",? +BM&3(+& )/+B#-C&()& X̂ → R
H↑W↑C , ,+’&#C-H&&

,&93&("-6)+((:& 3-,.) ’2? C +#9-(+%.

!&93&("-6)+((-? 3+’&28 M +,(+%-(- (- )("&#-.")%(+4 ,&93&("-6)),

.+"+#-? ),7+28/=&" ’-((:& %/92?’- 7+28/+%-"&2? % .-0&,"%& /-7#+,- ’2? .+#K

#&.6)) ,&93&("-6)+((:< 3-,+.. O-((:& %/92?’- ,+,"+?" )/ .++#’)(-" (xt, yt),

,++"%&","%=GH)< "&.=H&3= 7#+,3-"#)%-&3+3= ,#&/=, /-7),:%-&3:< % .-C’:4

3+3&(" %#&3&() t. a&28 J =2=0I)"8 ,&93&("-6)+((=G 3-,.= % #&-28(+3 %#&K

3&() , 7+3+H8G 7+,2&’+%-"&28(+,") "+0&. %/92?’- Gt = {(xi, yi)}
t
i=0,

Q(M(X,Gt), GT ) > Q(M(X,Gt→), GT ),

9’& Q +B+/(-0-&" 3&"#).= .-0&,"%- (B+2&& %:,+.)& /(-0&()? =.-/:%-G" (-

2=0I&& .-0&,"%+), GT – #&5&#&(,(-? ,&93&("-6)+((-? 3-,.- )/ B-/: ’-((:<

WORD, t⇐ < t.

4.4 N&4.* 8&"1&’4$;(( 8 (8<.#2=.%$’(&1 *$’’5? %="#0*$

$ #-B+"& 7#&’,"-%2&( 7+’<+’ ’2? )("&#-.")%(+4 ,&93&("-6)) 3&’)6)(K

,.)< )/+B#-C&()4 , ),7+28/+%-()&3 %/92?’-, .+"+#:4 7+.-/-( (- #),=(.& 4.2.

$ F"+3 #-/’&2& 7#&’,"-%2&(: ’&"-2) ’++B=0&()? MedSAM J 5=(’-3&("-28(+4

3+’&2) ,&93&("-6)) 3&’)6)(,.)< )/+B#-C&()4, - "-.C& )("&9#-6)) ’-((:<

%/92?’- % 3+’&28.

$ #-B+"& ),7+28/+%-(- 7#&’+B=0&(&((-? 3+’&28 MedSAM ’2? )("&#-.")%K

(+4 ,&93&("-6)), .+"+#-? %.2G0-&" .+’)#+%H). /-7#+,+% % %)’& +9#-()0)%-K

GH)< #-3+., .-. 7+.-/-(+ (- #),=(.& 4.2. $ 7#+6&,,& ’++B=0&()? 7-#-3&"#:

.+’)#+%H).- )/+B#-C&()4 MedSAM (& )/3&(?2),8, "-. .-. +( =C& F55&.")%(+

.+’)#=&" 3&’)6)(,.)& )/+B#-C&()? ) B:2 +B=0&( (- B+28I+3 (-B+#& ’-((:<.
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E),=(+. 4.2 J $)/=-2)/-6)? -#<)"&."=#: )("&#-.")%(+4 3&’)6)(,.+4 ,&9K

3&("-6)) , ),7+28/+%-()&3 %/92?’-. !),"&3- ),7+28/=&" ’-((:& %/92?’- ’2?

9&(&#-6)) ,&93&("-6)+((+4 3-,.) "&.=H&9+ +#9-(-. @"+ ’+,")9-&",? /- ,0&" ),K

7+28/+%-()? (-B+#- .++#’)(-" %/92?’- % .-0&,"%& /-7#+,- ’2? 3+’&2) MedSAM

%3&,"& , %<+’(:3 ,#&/+3 LN-)/+B#-C&()?. L+’)#+%H). )/+B#-C&()4 +,"-K

&",? /-3+#+C&((:3 (% 7#+6&,,& +B=0&()? &9+ 7-#-3&"#: (& +B(+%2?G",?).

O++B=0-&",? .+’)#+%H). /-7#+,+% ) ’&.+’)#+%H). 3-,+.. D- #),=(.& 7#+’&K

3+(,"#)#+%-( 7#)3&# 7#&’,.-/-()? ,&93&("-6)+((+4 3-,.) .)I&0().-

‘"+B: -’-7")#+%-"8 MedSAM . /-7#+,-3 % %)’& ’-((:< %/92?’-, B:2- ’++B=K

0&(- 0-,"8 ’&.+’)#+%H).- 3-,+. ) .+’)#+%H).- /-7#+,+% , ),7+28/+%-()&3

,)("&")0&,.)< ’-((:<, )3)")#=GH)< ’-((:& %/92?’-. @") ,)("&")0&,.)& ’-(K

(:& 3+’&2)#=G" %<+’(:& .++#’)(-": %/92?’- #-/2)0(+4 ’2)(:.

O-((:& %/92?’- )3&G" ,=H&,"%&((:& +"2)0)? +" ’#=9)< ),"+0().+%

/-7#+,+%, "-.)< .-. +9#-()0)%-GH)& #-3.), .++#’)(-": .2).+% 3:I8G ) "&.K

,"+%:< +7),-()4, - )3&((+

1. % +"2)0)& +" .2).+% 3:I8G, 9’& ’2? .-C’+4 .++#’)(-": .2).- =.-K

/:%-&",? C&2-()& 7+28/+%-"&2? (’+B-%)"8 +B2-,"8 % ,&93&("-6)+((=G

3-,.= )2) =’-2)"8 )/ (&&), (&%+/3+C(+ =.-/:%-"8 C&2-()& 7+28/+%-K

"&2? ’2? .-C’+4 "+0.) %/92?’-. @"+ ,%?/-(+ , B+28I)3 .+2)0&,"%+3
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"+0&. %/92?’- (% #-B+"& ),7+28/=&",? =,"#+4,"%+ ’2? +",2&C)%-()?

%/92?’- % 0-,"+"+4 90 P6);

2. %/92?’ )3&&" &,"&,"%&((=G ’),7&#,)G ) (& 7+2(+,"8G .+("#+2)#=&",?

7+28/+%-"&2&3.

O2? #&I&()? F")< 7#+B2&3 %+ %#&3? ’++B=0&()? 3+’&2) ),7+28/+%-K

2),8 ,)("&")0&,.)& .++#’)(-": %/92?’-. !2=0-4(:3 +B#-/+3 %:B)#-2+,8 80%

,9&(&#)#+%-((:< "+0&. )/ +B2-,") #&5&#&(,(+4 ,&93&("-6)+((+4 3-,.), -

+,"-%I)&,? 20% "+0&. %:B)#-2),8 %(& F"+4 +B2-,"). @") 7#+7+#6)) +,(+%-(:

(- 7#&’7+2+C&()), 0"+ B+28I-? 0-,"8 "+0&. %/92?’- B=’&" (-6&2&(- (- +B2-,"8

)("&#&,- ("&.=H)4 +#9-(), - +,"-%I)&,? 20% "+0&. %(& +B2-,") )("&#&,- ,%?K

/-(: , 52=."=-6)?3) %/92?’- ) 7+"&(6)-28(:3) (&"+0(+,"?3), ,%?/-((:3) ,

+",2&C)%-()&3 %/92?’- ((-7#)3&#, 7#) /(-0)"&28(+3 +".2+(&()) 7+2+C&()?

9+2+%: 7+28/+%-"&2? +" )/(-0-28(+9+ 7+2+C&()?).

>+’&28 ’++B=0-2-,8 (- .+378G"&#& , %)’&+.-#"+4 NVIDIA GTX 3090 Ti.

$ 7#+6&,,& ’++B=0&()? ),7+28/+%-2,? +7")3)/-"+# AdamW [121] , (-0-28(+4

,.+#+,"8G +B=0&()? 5 ↑ 10↗5. >+’&2) +B=0-2),8 % "&0&()& 200 F7+<. ]:2 ’+K

B-%2&( ’+7+2()"&28(:4 .#)"&#)4 +,"-(+%- ’2? ,2=0-?, &,2) (- 7#+"?C&())

10 F7+< /(-0&()& 5=(.6)+(-2- .-0&,"%- (- %-2)’-6+((+3 (-B+#& ’-((:< (&

=2=0I-2+,8.

$ .-0&,"%& 5=(.6)) 7+"&#8 ),7+28/+%-2-,8 .+3B)(-6)? 7+"&#) O-4,- )

.#+,,-F("#+7)):

L = LDSC + LCE,

.+"+#-? 7+.-/-2- ,%+G (-’&C(+,"8 % #-/2)0(:< /-’-0-< ,&93&("-6)) [84; 92].

*+"&#? O-4,- %:0),2?&",? .-. 1 ↗ DSC, 9’& DSC - .+F55)6)&(" O-4,-, +7#&K

’&2?&3:4 ,2&’=GH)3 +B#-/+3:

DSC(G,P ) =
2 · |G ⇒ P |

|G|+ |P |
,

9’& G ) P +B+/(-0-G" #&5&#&(,(=G ) 7#&’,.-/-((=G ,&93&("-6)+((=G 3-,.)

,++"%&","%&((+. L+F55)6)&(" O-4,- ),7+28/=&",? ’2? +6&(.) 7&#&,&0&()? +BK

2-,"&4 3&C’= #&5&#&(,(:3) ) 7#&’,.-/-((:3) ,&93&("-6)+((:3) 3-,.-3),

&9+ /(-0&()? %-#8)#=G",? +" 0 ’+ 1.
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4.5 J$-.: *$’’5?

$ ),,2&’+%-()) ),7+28/+%-2,? +BH&’+,"=7(:4 (-B+# ’-((:< WORD [82],

.+"+#:4 %.2G0-&" 150 LN-,()3.) ’2? 150 7-6)&("+%. D-B+# ’-((:< ,+’&#C)"

16 +#9-(+% B#GI(+4 7+2+,"): 7&0&(8, ,&2&/&(.=, 2&%=G ) 7#-%=G 7+0.), C&2=K

’+., C&20(:4 7=/:#8, 7)H&%+’, ’%&(-’6-")7&#,"(=G .)I.=, +B+’+0(=G .)I.=,

"+(.=G .)I.=, (-’7+0&0().), 7#?3=G .)I.=, 3+0&%+4 7=/:#8, - "-.C& 2&%=G

) 7#-%=G 9+2+%.) B&’#&((+4 .+,"). L-C’:4 LN-,()3+. ,+’&#C)" +" 159 ’+ 330

,#&/+% #-/3&#+3 512×512 7).,&2&4. E-/3&# 7).,&2? ,+,"-%2?&" 0.976↑0.976 33,

, #-,,"+?()&3 3&C’= ,#&/-3) +" 2.5 ’+ 3.0 33. L-. 7+.-/-(+ % "-B2)6& 8, %&,8

(-B+# ’-((:< ,+,"+)" )/ 150 "#&<3&#(:< LN-,.-(+%, 7#&+B#-/+%-((:< % ,++"K

%&","%=GH)& ,#&/:. O2? +6&(.) .-0&,"%- 3+’&2) ),7+28/+%-2,? +5)6)-28(:4

"&,"+%:4 (-B+# ’-((:< )/ WORD, ,+’&#C-H)4 LN-,()3.) 30 7-6)&("+%.

N-B2)6- 8 J O&"-2) ) .2)()0&,.)& <-#-."&#),").) (-B+#+% ’-((:< ’2? +B=K

0&()?, %-2)’-6)) ) "&,")#+%-()? )/ B-/: WORD [82].

[-#-."&#),").) AB=0-GH)4 $-2)’-6)+((:4 N&,"+%:4

L+2)0&,"%+ ,.-(+% (7-6)&("+%) 100 20 30

L+2)0&,"%+ ,#&/+% 85 921 17 652 28 110

$+/#-," (3&’)-(-) 47 (28-75) 52 (32-78) 49 (26-72)

>=C0)(: 63 12 13

_&(H)(: 37 8 17

E-. 7#+,"-": 28 7 10

E-. I&4.) 3-".) 29 6 5

E-. 7#?3+4 .)I.) 26 3 8

>&"-,"-")0&,.)& +7=<+2) 17 4 7

4.6 O/8<&:(1&’45 ( :&=,#24$45

*&#&’ 7#+%&’&()&3 +,(+%(:< F.,7&#)3&("+% , 7#-.").=GH)3) %#-0-3)

B:2 7#)%2&0&( #&("9&(+2+9-,"-C^# ’2? 7#+%&’&()? 7#&’%-#)"&28(+9+ F.,7&K
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#)3&("- , 6&28G ,+%&#I&(,"%+%-()? )("&9#-6)) #&-28(:< ’-((:< %/92?’- %

#-/#-B+"-((=G ,),"&3=.

$/92?’ 0&2+%&.- 7+,"+?((+ (-<+’)",? % ’%)C&()). b,"8 7#+3&C=".) +"K

(+,)"&28(+4 (&7+’%)C(+,") %/92?’-, .+"+#:& (-/:%-G",? "+0.-3) 5).,-6)).

$ F")< 7#+3&C=".-< 7#+),<+’)" %+,7#)?")& B+28I&4 0-,") %)/=-28(+4 )(5+#K

3-6)). "+0.) 5).,-6)4 ,+&’)(&(: B:,"#:3) ’%)C&()?3) %/92?’-, .+"+#:&

(-/:%-G",? ,-..-’-3). $+ %#&3? ,-..-’ %)/=-28(-? )(5+#3-6)? 7+0") (& %+,K

7#)()3-&",? [122]. 1/ ’-((:< %/92?’- B:2) )/%2&0&(: "+0.) 5).,-6)) (,3.

#),=(+. 3.1%).

$ F.,7&#)3&("& ,+ ,"-C^#+3-#&("9&(+2+9+3 B:2) 7#+"&,")#+%-(: #-/2)0K

(:& ,"#-"&9)) %:B+#- "+0&. %/92?’- ’2? ),7+28/+%-()? % 3+’&2) )("&#-.")%K

(+4 ,&93&("-6)):

1. )’;A-?81% &*A<# "B+’2$-: )/ %,&4 7+,2&’+%-"&28(+,") .++#’)(-" %:K

B)#-&",? 20 ,2=0-4(:< "+0&. %/92?’-;

2. C#<)-.## ) "*B",-&*0: )/ (-B+#- ’-((:< %/92?’- )/%2&.-G",? "+0.)

5).,-6)), )/ .+"+#:< ,2=0-4(:3 +B#-/+3 )/%2&.-&",? 20 "+0&. 5).K

,-6)) , %+/%#-"+3;

3. C#<)-.## ) $*D-"’%8#%0: %:B)#-G",? 20 7+,2&’()< "+0&. 5).,-6)).

O2? %:B+#- +7")3-28(+4 ,"#-"&9)) #&("9&(+2+9-,"-C&# ’+2C&( B:"8 %:K

7+2()"8 )("&#-.")%(=G ,&93&("-6)G (7#) 7+3+H) %/92?’-) #-/2)0(:< +#9-(+%

(- 54 ,#&/-< LN-,()3.+%, ),7+28/=? 3+’&28, +B=0&((=G (- 5% (-B+#- ’-((:<

WORD , 20 "+0.-3) % /-7#+,&. $ "-B2)6& 9 7+.-/-(: ,#&’()& /(-0&()? .+F55)K

6)&("- O-4,- ’2? "#&< #-/2)0(:< 7+’<+’+%. E&/=28"-": 7+.-/-2), 0"+ %:B+#

20 ,2=0-4(:< "+0&. )/ %,&4 ),"+#)) +",2&C)%-()? %/92?’- +B&,7&0)%-&" (-)K

2=0I=G F55&.")%(+,"8.

$ "-B2)6& 10 7+.-/-(: #&/=28"-": ,#-%(&()? .-0&,"%- ,&93&("-6)) 7#&’K

2+C&((+9+ 7+’<+’- , ),7+28/+%-()&3 %/92?’- (+B+/(-0&( .-. GazeSAM) ,

,+%#&3&((:3) 3+’&2?3) ,&93&("-6)), .+"+#:& B:2) 7#+"&,")#+%-(: (- (-K

B+#& ’-((:< WORD. *#&’2+C&((:4 7+’<+’ GazeSAM B:2 +B=0&( (- 7+2(+3

(-B+#& WORD , /-7#+,-3) % %)’& 20 ,)("&")0&0&,.)< "+0&. %/92?’-, 9’& 80%

"+0&. #-,7+2-9-2),8 %(="#) -(-"+3)0&,.+4 ,"#=."=#:, - 20% /- && 7#&’&2-3).

$ ,#-%(&()& "-.C& B:2 %.2G0&( +#)9)(-28(:4 MedSAM, .+"+#:4 "&,")#+%-2K

,? , ),7+28/+%-()&3 +9#-()0)%-GH)< #-3+..

!+92-,(+ "-B2)6& 10 7#&’2+C&((:4 7+’<+’ 7#&%+,<+’)" .-. +#)9)(-28K

(:4 MedSAM , +9#-()0)%-GH)3) #-3.-3), "-. ) ’#=9)& ,+%#&3&((:& 7+’<+’:
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N-B2)6- 9 J !#-%(&()& .-0&,"%- ,&93&("-6)) (- +,(+%& .+F55)6)&("- O-4K

,- (% 7#+6&("-<) ’2? "#&< ,"#-"&9)4 %:B+#- "+0&. %/92?’-. _)#(:3 %:’&2&(

(-)2=0I)4 #&/=28"-" ’2? .-C’+9+ +#9-(-.

N+0.) 5).,-6))
A#9-( !2=0-4(:& "+0.)

!2=0-4(:& ! %+/%#-"+3

*&0&(8 96.74 62.49 94.15

!&2&/&(.- 91.64 92.85 93.88

Z&%-? 7+0.- 86.05 56.56 96.00

*#-%-? 7+0.- 88.12 92.68 88.69

_&2=’+. 96.85 90.69 95.07

_&20(:4 7=/:#8 93.43 90.36 89.74

*)H&%+’ 88.99 92.34 62.07

*+’C&2=’+0(-? 93.35 81.75 91.07

O%&(-’6-")7&#,"(-? .)I.- 88.78 79.39 82.82

AB+’+0(-? .)I.- 85.46 88.20 82.05

N+(.-? .)I.- 83.94 79.33 77.50

D-’7+0&0(). 65.00 77.30 75.45

*#?3-? .)I.- 93.87 68.98 87.84

>+0&%+4 7=/:#8 39.44 16.17 72.83

P+2+%.- B&’#- 2&%-? 89.19 87.65 92.36

P+2+%.- B&’#- 7#-%-? 92.32 85.85 82.86

!#&’(&& 87.03 80.79 84.42

’2? ,&93&("-6)) #-/2)0(:< +#9-(+% B#GI(+4 7+2+,"). ]+2&& "+9+, 7#&’,"-%K

2&((:4 7+’<+’ 7+.-/:%-&" /(-0)"&28(+& =2=0I&()& .-0&,"%- ,&93&("-6)) %

+,+B&((+ ,2+C(:< ,2=0-?<, "-.)< .-. ’%&(-’6-")7&#,"(-? .)I.- ) (-’7+0&0K

().). D-7#)3&#, 7#&’2+C&((:4 7+’<+’ ’&3+(,"#)#=&" =2=0I&()& .+F55)6)K

&("- O-4,- (- 14% 7+ ,#-%(&()G , nnUnetV2 [92] ’2? (-’7+0&0().-.
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N-B2)6- 10 J !#-%(&()& .+F55)6)&("- O-4,- (% 7#+6&("-<) , ,+%#&3&((:3)

3+’&2?3).

!"#$%
&’()*

nnUNetV2 [92] ResUNet [123] MedSAM [84] +’"%,$-"**./ 0$%1$%

+"2"*3 96.19 ± 2.16 96.55 ± 0.89 92.15 ± 1.22 96.00 ± 0.33

4","5"*6) 94.33 ± 7.72 95.26 ± 2.84 78.68 ± 0.00 96.18 ± 0.05

+$26) (7) 91.29 ± 18.15 95.63 ± 1.20 83.40 ± 0.00 96.20 ± 0.00

+$26) (+) 91.20 ± 17.22 95.84 ± 1.16 91.93 ± 0.00 96.35 ± 0.00

8",9%$6 91.12 ± 3.60 91.58 ± 2.86 91.61 ± 0.00 95.51 ± 0.18

8",2*./ 095.’3 83.19 ± 12.22 82.83 ± 11.8 85.43 ± 0.00 92.57 ± 0.02

+:;"<$% 77.79 ± 13.51 77.17 ± 14.68 88.94 ± 5.61 90.29 ± 1.23

+$%-",9%$2*)= 83.55 ± 5.87 83.56 ± 5.60 79.78 ± 0.00 90.85 ± 0.23

12-#: 0"’>#*)= 6. 64.47 ± 15.87 66.67 ± 15.36 80.07 ± 0.00 89.82 ± 0.51

&?$%$2*)= 6:@6) 83.92 ± 8.45 83.57 ± 8.69 75.96 ± 0.00 91.80 ± 1.13

A$*6)= 6:@6) 86.83 ± 4.02 86.76 ± 3.56 84.00 ± 0.00 90.78 ± 1.87

B)%0$2"2*:6 70.0 ± 11.86 70.9 ± 10.12 62.74 ± 5.28 84.77 ± 0.77

+’=C)= 6:@6) 81.49 ± 7.37 82.16 ± 6.73 92.54 ± 2.33 92.53 ± 0.27

!$2"<$/ 095.’3 90.15 ± 16.85 91.0 ± 13.5 86.74 ± 0.00 95.26 ± 0.02

D$,$<6) ?"%’) (7) 93.28 ± 5.12 93.39 ± 5.11 70.17 ± 0.00 94.99 ± 0.30

D$,$<6) ?"%’) (+) 93.93 ± 4.29 93.88 ± 4.30 63.28 ± 0.00 95.13 ± 0.29

4’"%*"" 85.80 ± 5.27 86.67 ± 4.81 81.71 ± 9.39 92.53 ± 3.24

4.7 O/8<&:(1&’45 8 :&’4"&’.#."$1(

$ F.,7&#)3&("& =0-,"%+%-2) ’%- 7#-.").=GH)< #&("9&(+2+9-. E&("9&K

(+2+9 A ,7&6)-2)/)#=&",? (- -(-2)/& #&("9&(+%,.)< ) LN )/+B#-C&()4 ,

7?")2&"()3 +7:"+3 #-B+":. E&("9&(+2+9 B )3&&" %+,83)2&"()4 +7:" #-B+":

% .2-,,)0&,.+4 ’)-9(+,").&, -(-2)/& LN ) >EN ,()3.+% , -.6&("+3 (- +(.+K

2+9)G ) ’)-9(+,").= /2+.-0&,"%&((:< +B#-/+%-()4. AB- %#-0- (&/-%),)3+ (B&/

,+%3&,"(:< +B,=C’&()4) ),7+28/+%-2) 7#&’2+C&((:4 7+’<+’ ’2? ,&93&("-6))

+#9-(+% (- LN-,#&/-<. V-"#-0&((+& %#&3? (- .-C’:4 ,2=0-4 % F.,7&#)3&("-<

5).,)#+%-2+,8.

O2? 7#+%&’&()? F.,7&#)3&("- B:2+ +"+B#-(+ 100 LN-,#&/+% )/ "&,"+%+9+

(-B+#- WORD, +<%-":%-GH)< 20 7-6)&("+%. ]:2+ %:B#-(+ 7+ 5 LN-,#&/+%

’2? .-C’+9+ 7-6)&("-, +B&,7&0)%-? 7#&’,"-%2&()& #-/(:< +#9-(+% (- .-CK

’+3 )/+B#-C&()). E-,7#&’&2&()& +#9-(+% % %:B#-((:< +B#-/6-< 7#&’,"-%2&(+

% "-B2)6& 11. *#+6&’=#- +"B+#- ’-((:< ’2? F.,7&#)3&("- +,(+%:%-2-,8 (-

7#+)/%+’)"&28(+,") ,&93&("-6)) +#)9)(-28(+9+ MedSAM , ),7+28/+%-()&3

+9#-()0)%-GH)< #-3+.. ]:2+ %:B#-(+ 60 +B#-/6+% , ()/.+4 7#+)/%+’)"&28K
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(+,"8G (.+F55)6)&(" O-4,- 3&(&& 0.7) ) 40 +B#-/6+% , %:,+.)3) /(-0&()?3)

.+F55)6)&("- O-4,- (B+2&& 0.7). $ #&/=28"-"& +B#-/6:, +"+B#-((:& ’2? F.,7&K

#)3&("+%, % +,(+%(+3 %.2G0-2) ,2+C(:& ,2=0-) ’2? "#-’)6)+((:< 3&"+’+%,

+,+B&((+ +,(+%-((:< (- +9#-()0)%-GH)< #-3.-<. @") LN-)/+B#-C&()? B:2)

7#&’,"-%2&(: #&("9&(+2+9-3 A ) B %+ %#&3? F.,7&#)3&("-.

N-B2)6- 11 J AB#-/6: ,#&/+%, +"+B#-((:& ’2? F.,7&#)3&("+% , %#-0-3).

A#9-( L+2)0&,"%+ +B#-/6+%

*&0&(8 7

!&2&/&(.- 3

Z&%-? 7+0.- 7

*#-%-? 7+0.- 3

_&2=’+. 3

_&20(:4 7=/:#8 7

*)H&%+’ 7

*+’C&2=’+0(-? 7

O%&(-’6-")7&#,"(-? .)I.- 7

AB+’+0(-? .)I.- 7

N+(.-? .)I.- 7

D-’7+0&0(). 7

*#?3-? .)I.- 7

>+0&%+4 7=/:#8 7

P+2+%.- B&’#- (Z) 7

P+2+%.- B&’#- (*) 7

$,&9+ 100

AB- F.,7&#"- (#&("9&(+2+9 A ) B) 7+2=0)2) /-’-()& %:7+2()"8 ,&93&("-K

6)G -(-"+3)0&,.)< +B2-,"&4 (- +,(+%& +9#-()0)%-GH)< #-3+. , ),7+28/+%-()K

&3 +#)9)(-28(+9+ MedSAM. L+9’- #&/=28"-": ,&93&("-6)) (& ,++"%&","%+%-2)

+C)’-()?3, #&("9&(+2+9) ="+0(?2) ,&93&("-6)G , 7+3+H8G 7#&’2+C&((+9+

7+’<+’- , ),7+28/+%-()&3 %/92?’- (GazeSAM).

E&("9&(+2+9= A 7+"#&B+%-2+,8 ,.+##&.")#+%-"8 , ),7+28/+%-()&3 %/92?’-

11 3-,+. ,&93&("-6)) +" 9 7-6)&("+% 7+ 6 +#9-(-3, %.2G0-? 7+’C&2=’+0(=G C&K

2&/=, +B+’+0(=G .)I.=, "+(.=G .)I.=, (-’7+0&0(). ) +B& 9+2+%.) B&’#&((+4

.+,"). *+’<+’ (- +,(+%& +9#-()0)%-GH)< #-3+. 7+.-/-2 ,#&’()4 .+F55)6)&("
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O-4,- 0.39 7#) ,#&’(&3 /-"#-0)%-&3+3 %#&3&() 9.7 ,&.=(’. *+,2& .+##&.6))

, 7+3+H8G %/92?’- 7#+)/%+’)"&28(+,"8 ,&93&("-6)) /(-0)"&28(+ =2=0I)2-,8

(- 0.24 % ,#&’(&3, +’(-.+ ,#&’(&& %#&3? =%&2)0)2+,8 7#)3&#(+ ’+ 15.7 ,&.=(’,

.-. 7+.-/-(+ % "-B2)6& 12. A,"-28(:& 89 +#9-(+% ((& "#&B=GH)& .+##&.6)))

B:2) ,&93&(")#+%-(: , ),7+28/+%-()&3 +#)9)(-28(+9+ 3&"+’- MedSAM , ,+K

/’-((:3) +9#-()0)%-GH)3) #-3.-3), ’2? ()< ,#&’()4 .+F55)6)&(" O-4,-

,+,"-%)2 0.704.

N-B2)6- 12 J E&/=28"-": .+##&.6)) 3-,+. , ),7+28/+%-()&3 %/92?’- ’2? #&("K

9&(+2+9- A.

*+’<+’

A9#-()0)%-GH)& #-3.) $/92?’A#9-(

L+F5. O-4,- $#&3?, ,&. L+F5. O-4,- $#&3?, ,&.

*+’C&2=’+0(-? 0.554 3.14 0.509 5.02

AB+’+0(-? .)I.- 0.62 22.15 0.897 23.64

N+(.-? .)I.- 0.497 20.69 0.627 24.54

D-’7+0&0(). 0.432 4.54 0.665 14.19

P+2+%.- B&’#- (Z) 0.148 9.67 0.541 7.68

P+2+%.- B&’#- (*) 0.244 6.06 0.587 19.41

!#&’(&& 0.39 9.69 0.631 15.72

E&("9&(+2+9= B 7+"#&B+%-2+,8 ,.+##&.")#+%-"8 , ),7+28/+%-()&3 %/92?K

’- 14 3-,+. +" 9 7-6)&("+% 7+ 7 +#9-(-3. A#9-(: %.2G0-2) 7&0&(8, 7)H&%+’,

’%&(-’6-")7&#,"(=G .)I.=, +B+’+0(=G .)I.=, "+(.=G .)I.=, 7#?3=G .)I.=

) 3+0&%+4 7=/:#8. !+92-,(+ "-B2)6& 13, 7+’<+’ (- +,(+%& +9#-()0)%-GH)< #-K

3+. 7+.-/-2 ,#&’()4 .+F55)6)&(" O-4,- 0.617 7#) ,#&’(&3 %#&3&() +.+2+ 13.5

,&.=(’. *+,2& .+##&.6)) %/92?’+3 ,#&’()4 .+F55)6)&(" O-4,- =%&2)0)2,? ’+

0.715, % "+ %#&3? .-. ,#&’(&& %#&3? %+/#+,2+ 7+0") ’+ 42 ,&.=(’. O2? +,"-28K

(:< 86 +#9-(+%, (& "#&B=GH)< .+##&.6)), 7+’<+’ (- +,(+%& +9#-()0)%-GH)<

#-3+. 7+.-/-2 ,#&’()4 .+F55)6)&(" O-4,- 0.713.

*#&’,"-%2&((:4 7+’<+’ )("&#-.")%(+4 ,&93&("-6)) 3&’)6)(,.)< )/+BK

#-C&()4 , ),7+28/+%-()&3 ’-((:< %/92?’- 7#+’&3+(,"#)#+%-2 /(-0)"&28(:&

7#&)3=H&,"%- 7+ ,#-%(&()G , "#-’)6)+((:3) 7+’<+’-3). L2G0&%:& #&/=28"-K

": ),,2&’+%-()? %.2G0-G":
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N-B2)6- 13 J E&/=28"-": .+##&.6)) 3-,+. , ),7+28/+%-()&3 %/92?’- ’2? #&("K

9&(+2+9- B.

*+’<+’

A9#-()0)%-GH)& #-3.) $/92?’A#9-(

L+F5. O-4,- $#&3?, ,&. L+F5. O-4,- $#&3?, ,&.

*&0&(8 0.577 6.67 0.609 17.67

*)H&%+’ 0.685 7.75 0.752 12.55

12-") 7&#,"(-? .. 0.669 8.66 0.75 41.01

AB+’+0(-? .)I.- 0.573 9.48 0.668 58.42

N+(.-? .)I.- 0.526 26.94 0.767 65.99

*#?3-? .)I.- 0.853 7.27 0.666 24.03

>+0&%+4 7=/:#8 0.556 8.86 0.578 42.78

!#&’(&& 0.617 13.58 0.715 41.78

1. 7+’<+’ +B&,7&0)%-&" ,=H&,"%&((+& =2=0I&()& "+0(+,") ,&93&("-6)) (%

,#&’(&3 (- 10.82% .+F55)6)&("- O-4,- % ,#-%(&()) , +#)9)(-28(:3

MedSAM) % "&,")#+%-()) (- ,)("&")0&,.)< ’-((:< %/92?’-, +,+B&((+

’2? ,2+C(:< ,2=0-&%;

2. #-/#-B+"-((-? ,),"&3- F55&.")%(+ ),7+28/=&" &,"&,"%&((:& ’%)C&()?

92-/ %#-0&4 ’2? )("&#-.")%(+9+ ="+0(&()? 3-,+. ,&93&("-6)) % #&-28K

(+3 %#&3&();

3. F.,7&#)3&(": , 7#-.").=GH)3) #&("9&(+2+9-3) 7+’"%&#’)2), 0"+

7#&’2+C&((:4 7+’<+’ 7+/%+2?&" =2=0I)"8 .-0&,"%+ ,&93&("-6)) %

,#&’(&3 (- 24% (DSC) ’2? ,2+C(:< ,2=0-&%, "#&B=GH)< .+##&.6)).

]=’=H)& ),,2&’+%-()? 3+9=" B:"8 ,.+(6&("#)#+%-(: (- /-’-0& 7#&’K

,.-/-()? +BM&3(:< ,&93&("-6)+((:< 3-,+., 7+%:I&()? .-0&,"%- 9&(&#-6))

,)("&")0&,.)< ’-((:< %/92?’- %+ %#&3? +B=0&()? ((-7#)3&#, /- ,0&" %(&’#&K

()? 3-"&3-")0&,.)< 3+’&2&4 %/92?’- )2) 92=B+.)< 3+’&2&4 ’2? 7#&’,.-/-()?

7+,2&’+%-"&28(+,") %/92?’-), #-/#-B+".& 7+’<+’+% F55&.")%(+ ,+0&"-GH)<

#-/2)0(:< ")7: /-7#+,+% ((-7#)3&#, %/92?’ ) +9#-()0)%-GH)& #-3.) )2)

"&.,"+%+& +7),-()&).
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4.8 !-8,B*&’(&

-) A9#-()0)%-GH)4

7#?3+=9+28()., +7#&’&2^((:4

#-’)+2+9+3 ’2? ,&93&("-6))

(-’7+0&0().-

B) >-,.- ,&93&("-6))

(-’7+0&0().-, 7+2=0&((-? (-

+,(+%& +9#-()0)%-GI&4 #-3.)

E),=(+. 4.3 J E&/=28"-": ,&93&("-6)) (-’7+0&0().-, ,.+##&.")#+%-((:& 3&K

’)6)(,.)3 F.,7&#"+3

$ 92-%& 7#&’,"-%2&( 3&"+’ .+##&.6)) ,&93&("-6)) 3&’)6)(,.)< )/+B#-K

C&()4 , ),7+28/+%-()&3 )(5+#3-6)) + %/92?’&. @.,7&#)3&(": 7#+%+’)2),8

, =0-,")&3 ’%=< 3&’)6)(,.)< F.,7&#"+%, %:7+2(?%I)< ,&93&("-6)G +#9-(+%

(- LN-)/+B#-C&()?< B#GI(+4 7+2+,"). E&("9&(+2+9) )/(-0-28(+ %:7+2(?2)

#-/3&".= 7#) 7+3+H) +9#-()0)%-GH)< #-3+. (-(92. bounding boxes), 7+,2& 0&K

9+ 7#) (&+B<+’)3+,") %(+,)2) .+##&.")#+%.) (- +,(+%& ’-((:< + (-7#-%2&())

%/92?’-. *#+%&’^((:& F.,7&#)3&(": 7+.-/-2), 0"+ ),7+28/+%-()& .+##&.6)) (-

+,(+%& %/92?’- 7+/%+2?&" ,=H&,"%&((+ 7+%:,)"8 "+0(+,"8 ,&93&("-6)). D-7#)K

3&#, ’2? #&("9&(+2+9- A ,#&’(&& /(-0&()& .+F55)6)&("- .+F55)6)&("- O-4,-

=%&2)0)2+,8 7+0") % 1.5 #-/- 7+,2& 7#)3&(&()? 3&"+’- (- +,(+%& %/92?’-. A’K

(-.+, .-. 7+.-/-2) #&/=28"-":, ),7+28/+%-()& .+##&.6)) (- +,(+%& %/92?’-

"#&B=&" ’+7+2()"&28(+9+ %#&3&(), 0"+ =.-/:%-&" (- .+37#+3),, 3&C’= "+0(+K

,"8G ) F55&.")%(+,"8G. N&3 (& 3&(&&, % =,2+%)?< 3&’)6)(,.+4 ’)-9(+,").),

+,+B&((+ % +(.+2+9)0&,.+4 7#-.").&, 7#)+#)"&" +"’-&",? "+0(+,"), 0"+ 7+’"%&#K

C’-&" 7#-.")0&,.=G 6&((+,"8 7#&’2+C&((+9+ 7+’<+’-. L#+3& "+9+, (&,3+"#?
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-) >-,.- ,&93&("-6))

7+’C&2=’+0(+4 C&2&/:,

7+2=0&((-? , ),7+28/+%-()&3

+9#-()0)%-GH&4 #-3.)

B) >-,.- 7+’C&2=’+0(+4 C&2&/:,

7+2=0&((-? (- +,(+%& ’-((:< +

%/92?’&

E),=(+. 4.4 J !#-%(&()& 3&"+’+% ,&93&("-6)) 7+’C&2=’+0(+4 C&2&/:, 7#+%&K

#&((:< 3&’)6)(,.)3 F.,7&#"+3

(- .#-".)4 )(,"#=."-C 7+ ),7+28/+%-()G ,),"&3: +",2&C)%-()? %/92?’-, 7#+K

’&3+(,"#)#+%-(- &^ =,7&I(-? )("&9#-6)? % #-B+0)4 7#+6&,,, , 7+"&(6)-2+3

7+%:I&()? F55&.")%(+,") 7#) ’-28(&4I&4 -’-7"-6)) % .2)().&.

D&,3+"#? (- .#-".)4 )(,"#=."-C 7+ ),7+28/+%-()G "&<(+2+9)) +",2&C)K

%-()? %/92?’- 7&#&’ (-0-2+3 F.,7&#)3&("+%, +B- %#-0- =,7&I(+ -’-7")#+%-K

2),8 . 7#&’2-9-&3+3= )("&#5&4,=. !2&’=&" +C)’-"8, 0"+ 7#) B+2&& ’2)"&28(+3

+B=0&()) ) ’-28(&4I&4 )("&9#-6)) 7+’+B(:< )("&#5&4,+% % .2)()0&,.)4 #-K

B+0)4 7#+6&,, F55&.")%(+,"8 ),7+28/+%-()? 3&"+’- %+/#-,"^".

O+7+2()"&28(:4 -(-2)/ 7#+’&3+(,"#)#+%-2, 0"+ (& ’2? %,&< -(-"+3)0&K

,.)< ,"#=."=# "#&B+%-2-,8 .+##&.6)?. N-., ’2? ,&2&/^(.), C&2=’.-, C&20(+9+

7=/:#?, 7)H&%+’- ) 7+0&. +9#-()0)%-GH)& 7#?3+=9+28().) +B&,7&0)%-2) %:K

,+.+& .-0&,"%+ ,&93&("-6)), (& "#&B=GH&& =2=0I&()? , "+0.) /#&()? %#-0-.

D-7#)3&#, ,#&’(&& /(-0&()& .+F55)6)&("- O-4,- ’2? ,&2&/^(.) ,+,"-%)2+

0.882, - ’2? 7#-%+4 7+0.) J 0.869, .-. 7+.-/-(+ % "-B2)6& 14. O2? 3+0&%+9+

7=/:#? "+C& B:2) 7#+’&3+(,"#)#+%-(- <+#+I-? 7#+)/%+’)"&28(+,"8 ,&93&("-K

6)) (.+F55)6)&(" O-4,- 0.778), /- ),.2G0&()&3 +’(+9+ ,2=0-?, 9’& = %"+#+9+

%#-0- 7+,2& .+##&.6)) (-B2G’-2+,8 7+()C&()& .+F55)6)&("- O-4,- ’+ 0.579,
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-) >-,.- ’%&(-’6-")7&#,"(+4

.)I.), 7+2=0&((-? 7+ bounding box

B) >-,.- ’%&(-’6-")7&#,"(+4

.)I.), 7+2=0&((-? (- +,(+%&

’-((:< %/92?’-

E),=(+. 4.5 J E&/=28"-": ,&93&("-6)) ’%&(-’6-")7&#,"(+4 .)I.) , ),7+28/+K

%-()&3 #-/(:< 3&"+’+%

0"+ +BM?,(?&",? (&B+28I+4 72+H-’8G +#9-(- ) ,2+C(+,"8G &9+ %:’&2&()?,

.-. +"3&0-&",? % [124].

$ +"2)0)& +" F")< 7#)3&#+%, "-.)& +#9-(:, .-. 7&0&(8 ) 7+’C&2=’+0(-?

C&2&/-, +.-/-2),8 B+2&& ,2+C(:3) ’2? -%"+3-")0&,.+9+ %:’&2&()?. D&,3+"K

#? (- +"(+,)"&28(+ B+28I)& #-/3&#:, 9#-()6: 7&0&() (&#&’.+ (&#-/2)0)3:

(- 5+(& +.#=C-GH)< ".-(&4, 0"+ ,+92-,=&",? , 7#&’:’=H)3) (-B2G’&()?3)

% 2)"&#-"=#& [92]. *+’C&2=’+0(-? C&2&/-, +B2-’-? (&B+28I+4 ) (&#&9=2?#(+4

5+#3+4, "-.C& ’&3+(,"#)#+%-2- ()/.+& .-0&,"%+ ,&93&("-6)) (.+F55)6)&("

O-4,- 0.534), 0"+ 7+’"%&#C’-&" )/%&,"(=G "#=’(+,"8 % &^ -%"+3-")0&,.+3 %:K

’&2&()) [82; 125; 126]. 1,7+28/+%-()& %/92?’- 7+/%+2)2+ .+37&(,)#+%-"8 F")

+9#-()0&()? ) ,=H&,"%&((+ 7+%:,)"8 "+0(+,"8, +,+B&((+ % ,2=0-& +#9-(+% ,

3-2+4 72+H-’8G )2) ,2+C(+4 9&+3&"#)&4.

D- )22G,"#-6)?< 4.3–4.5 7#&’,"-%2&(: 7#)3&#: ,&93&("-6)) (-’7+0&0K

().-, 7+’C&2=’+0(+4 C&2&/: ) ’%&(-’6-")7&#,"(+4 .)I.). $ 0-,"(+,"), %

,2=0-& (-’7+0&0().- ),7+28/+%-()& +9#-()0)%-GH&9+ 7#?3+=9+28().- 7#)%&K

2+ . /(-0)"&28(+4 +I)B.& (.+F55)6)&(" O-4,- 0.53), +’(-.+ %#-0 +".-/-2,? +"

.+##&.6)) %/92?’+3, 7+,0)"-% #&/=28"-" =’+%2&"%+#)"&28(:3. *#) 7+%"+#(+4

+6&(.& 3&’)6)(,.)4 F.,7&#" +"3&")2, 0"+ 7#&’,.-/-((-? 3-,.- /-<%-":%-2-
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N-B2)6- 14 J !#&’()& /(-0&()? .+F55)6)&("- O-4,- ) %#&3&() (% 3,) 7#) ),K

7+28/+%-()) "+28.+ +9#-()0)%-GH)< #-3+. (’+ )2) B&/ .+##&.6)) 7+ %/92?’=)

’2? #&("9&(+2+9+% A ) B.

A#9-( DSC $#&3?, 3,

*&0&(8 0.62700 2660

!&2&/^(.- 0.88223 2357

*+0.- (2&%-?) 0.78354 1482

*+0.- (7#-%-?) 0.86920 1571

_&2=’+. 0.86827 24

_^20(:4 7=/:#8 0.73060 2145

*)H&%+’ 0.59689 4001

*+’C&2=’+0(-? C&2&/- 0.53449 4372

O%&(-’6-")7&#,"(-? .)I.- 0.70931 5326

N+2,"-? .)I.- 0.68445 7418

L)I&0(). 0.52838 20209

D-’7+0&0(). 0.51400 3409

*#?3-? .)I.- 0.64763 5955

>+0&%+4 7=/:#8 0.77774 2818

P+2+%.- B&’#&((+4 .+,") (2&%-?) 0.36910 7242

P+2+%.- B&’#&((+4 .+,") (7#-%-?) 0.36551 9513

!#&’(&& 0.64024 5495

-+#"=, 0"+ ,()C-&" "+0(+,"8 -((+"-6)). ;(-2+9)0(+, % ,2=0-& , 7+’C&2=’+0K

(+4 C&2&/+4 %)/=-28(+ 3-2-? +I)B.- 7#)%&2- . /-3&"(+3= ,()C&()G "+0(+,"),

7+,.+28.= +#9-( 7#&’,"-%2&( (- ,#&/& % %)’& (&B+28I+4 +B2-,"), ) 3-,.-,

7+2=0&((-? (- +,(+%& %/92?’-, "-.C& +.-/-2-,8 (&"+0(+4. $ ,2=0-& , ’%&(-’6-K

")7&#,"(+4 .)I.+4 )/(-0-28(:4 .+F55)6)&(" O-4,- ,+,"-%)2 0.63, (+ 7+,2&

.+##&.6)) 7+ %/92?’= J =%&2)0)2,? ’+ 0.80, ) B:2 7#)/(-( F.,7&#"+3 "+0(:3.

@"+ 7+’"%&#C’-&", 0"+ % ,2=0-& (&,)33&"#)0(:< )2) %+9(=":< ,"#=."=# +9#-K

()0)%-GH)& 7#?3+=9+28().) 3+9=" +<%-":%-"8 )/B:"+0(=G +B2-,"8, "+9’- .-.

.+##&.6)? %/92?’+3 7+/%+2?&" ="+0()"8 5+#3=.

]:2 7#+%&’^( .+##&2?6)+((:4 -(-2)/ 3&C’= #-/2)0(:3) 7-#-3&"#-3).

$:?%2&(- 7+2+C)"&28(-? ,%?/8 3&C’= %#&3&(&3, /-"#-0&((:3 (- ,&93&("-K

6)G, ) #-/3&#+3 +#9-(- (.+F55)6)&(" *)#,+(- r = 0.67), 0"+ ,++"%&","%=&"

)("=)")%(:3 +C)’-()?3: .#=7(:& ,"#=."=#: "#&B=G" B+28I&9+ %)/=-28(+9+
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%()3-()? ), ,2&’+%-"&28(+, =%&2)0&((+9+ %#&3&() -((+")#+%-()?. O+7+2K

()"&28(+, +B(-#=C&(+ ,2-B+& 7+2+C)"&28(+& %2)?()& %#&3&() (- "+0(+,"8

,&93&("-6)) (r = 0.13), 0"+ ,+92-,=&",? , #-(&& 7#&’,"-%2&((:3) #&/=28"-K

"-3) [82].

*+ ,#-%(&()G , ’#=9)3) 3&"+’-3) ,&93&("-6)) , )("&#-.")%(+4 .+#K

#&.6)&4 J "-.)3) .-. ScribblePrompt [114], MedLSAM [127] ) Med-SA [113]

J 7#&’2+C&((:4 7+’<+’ 7+/%+2?&" 7+%:,)"8 .-0&,"%+ ,&93&("-6)) /- ,0^"

%.2G0&()? ’-((:< + %/92?’& F.,7&#"-. $ +"2)0)& +" 3+’&2&4, (-6&2&((:< (-

9&(&#-6)G 3-,+., 7#&’,"-%2&((-? ,),"&3- +#)&(")#+%-(- (- ="+0(&()& 9#-()6

) =,"#-(&()& +I)B+., 0"+ +,+B&((+ %-C(+ % /-’-0-< .2)()0&,.+4 "+0(+,").

!#&’) +9#-()0&()4 ),,2&’+%-()? ,2&’=&" +"3&")"8 ),7+28/+%-()& 2)I8

+’(+9+ (-B+#- ’-((:< ) +",=","%)& "#^<3&#(+4 -((+"-6)). $ 7&#,7&.")%&

72-()#=&",? #-,I)#&()& 3&"+’+2+9)) (- +BM^3(:& 3&’)6)(,.)& ’-((:& , %+/K

3+C(+,"8G 7#+,3+"#- % #-/2)0(:< 72+,.+,"?<, - "-.C& )/=0&()& 7#)3&(&()?

7+’<+’- % ’#=9)< 3+’-28(+,"?< ) -(-"+3)0&,.)< /+(-<.
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D$/#63&’(&

$ ’),,&#"-6)+((+4 #-B+"& 7+2=0&(: ,2&’=GH)& +,(+%(:& #&/=28"-"::

1. E-/#-B+"-(- 92=B+.-? 3+’&28, =0)":%-GH-? ,&3-(")0&,.=G )(5+#3-K

6)G, 7+2=0&((+4 7#) 7+3+H) 3&"+’- 2+9)"-2)(/:, ’2? 7#&’,.-/-()?

%/92?’- #&("9&(+2+9- (- #&("9&(+%,.+3 )/+B#-C&()) 9#=’(+4 .2&".).

2. E-/#-B+"-( ,7+,+B 7+%:I&()? .-0&,"%- .2-,,)5).-6)) 7-"+2+9)4 (-

#&("9&(+%,.+3 )/+B#-C&()) 9#=’(+4 .2&".) 92=B+.+4 3+’&28G, 7="&3

),7+28/+%-()? ,)("&")0&,.)< ’-((:< %/92?’- #&("9&(+2+9- %+ %#&3?

+B=0&()? 3+’&2).

3. E-/#-B+"-(- ) -7#+B)#+%-(- F.,7&#)3&("-28(-? =,"-(+%.- ’2? -(-K

2)/- %)/=-28(+9+ 7+%&’&()? #&("9&(+2+9- 7#) -(-2)/& #&("9&(+%,.)<

)/+B#-C&()4. *#+%&’&(: %-2)’)#=GH)& F.,7&#)3&(": , =0-,")&3

7#-.").=GH)< #&("9&(+2+9+%.

4. E-/#-B+"-( ,7+,+B ) 92=B+.-? 3+’&28 ’2? )("&#-.")%(+4 ,&93&("-6))

3&’)6)(,.)< )/+B#-C&()4 (- +,(+%& %/92?’-. *#+%&’&(: F.,7&#)3&(K

": , +",2&C)%-()&3 %/92?’- #&("9&(+2+9+% ’2? "&,")#+%-()? 92=B+.+4

3+’&2);

5. E&-2)/+%-( .+372&., 7#+9#-33 ’2? 7#+%&’&()? F.,7&#)3&("+% 7+ -(-K

2)/= 3&’)6)(,.)< )/+B#-C&()4 , +",2&C)%-()&3 %/92?’- % #&C)3&
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