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|x]kv ẁ[wt u}= "Ovvm =O}BCUO 'CU= xv=}=Q |}=v}@ |xRwL QOC@=kQ u} QD|rY=

RwQt= x@ =D xDWPo R= u=tDN=U EL=@t QO OQ@ Q=mQB Q=}U@ Kr=Yt R= |}=v@ Kr=Yt
R}v |}xR=U w[a u=wva x@ |}=v@ Kr=Yt R= 'QDW}@ CtOk =@ |=yxR=U QO "CU=
pt=W =Q |}=v@ Kr=Yt |=yxR=U w =yu=tDN=U C}twta xm CU= xOW xO=iDU=
p@=kt QO |}=v@ Kr=Yt |=yxR=U |q=@ Q=}U@ |Q}PB?}U; p}rO x@ xJQo = "OvwW|t
R= xO=iDU= u=vJty &CU= xOQm =O}B Vy=m R}NxrRrR j]=vt QO u; R= xO=iDU= 'xrRrR
R= |Q=}U@ "OQ=O G=wQ u}}=B |R}NxRQr =@ j]=vt R= |Q=}U@ QO QH; w |}=v@ Kr=Yt
'CU=yu; Kr=Yt |O}rm QYva QH; xm OvQ=O OwHw O=} R CtOk =@ |=yu=tDN=U
xOW =yu; OQmrta ha[ Ea=@ Q=_Dv= R= GQ=N |=y|Q=PoQ=@ w u=tR CWPo |rw
CtqU R= u=v}t]= pwYL |=Q@ 'u=Q}= uwJ R}NxrRrR j]=vt QO 'xH}Dv QO "CU=
O}OW |=y|Q=PoQ=@ =@ xH=wt QO u}vJty w u=tR QPo QO |}=v@ Kr=Yt |=yxR=U
TwULt O=} R CtOk =@ |=yu=tDN=U sw=Ot V}=B w |UQR=@ x@ R=}v 'xrRrR uwJ
xOw@ |v=Uv= |UQR=@ 'xOW QmP |=yV}=B |=Q@ OwHwt VwQ u} QDQF-wt uwvm =D "CU=
x=Qty Vr=J =@ =Q u; xQ=wty 'Q}N= VwQ h=Ro |xv} Ry w OwHwt |=y=]N =t= &CU=

pw�Ut xOvU} wv �
"1400 12 21 VQ}PB '1400 11 30 x}LqY= '1400 9 27 Ci=} QO %M} Q=D

DOI:10.24200/J30.2022.59496.3055



"""l
tmx

@|
}=v@

Kr=Y
t|

=yxR
=UQ

Ol
QD|

}=U=
vWpOt R= xO=iDU= =@ [11]'�2019� u=Q=mty w 15w}r "CU= xOw@ lQD |=Q=O Kw]U

'�90 x@ l}ORv |DkO =@ OvDUv=wD w OvOQm x�=Q= |rOt U-Net[10] |O=yvW}B |rY=
u=Wv u}vJty u=W}= "Ovv=UQ@ s=Hv= x@ uD@ lQD Q} w=YD |=Q@ =Q |Ov@VN@ C=}rta
|QDtm Q=}U@ VRwt; |xO=O x@ R=}v u}W}B |=ypOt x@ C@Uv QwmPt pOt xm OvO=O
xO=O 400 R= smCUO xm u}W}B |=ypOt =@ xU}=kt QO 'VRwt; |=Q@ xO=O 57� OQ=O

"�OvOw@ xOQm xO=iDU= VRwt; |=Q@
|Q=Po?UJQ@ w |Qw;`tH ut[ xm CU= xOw@ u}= Q@ OYk Q[=L |xar=]t QO
,=DOta xm lQD |=Q=O |}=v@ Kr=Yt |=yu=tDN=U R= |Q} wYD |xO=O |@U=vt O=OaD
|Q}oO=} R= xO=iDU= =@ xOWQmP Q} w=YD QO =ylQD |Ov@VN@ x@ C@Uv 'OvOw@ |QH;
R= xO=iDU= w U-Net |x}=B Q@ Q[=LVywSB QO xOW xO=iDU= pOt "OwW s=Ok= j}ta
VN@ QO "CU= xOw@ u; Q=PoRtQ u=wva x@ [12] E�cientNetB3 p=vWwrwv=m pOt
VN@ QO "CU= xOW xDN=OQB VywSB VwQ |rm |QwQt x@ 'Q[=L VywSB swO
'xO=O |Q=Po?UJQ@ w |Qw;`tH |=yVwQ pt=W VywSB |Q_v |R=Uwor= x@ 'swU
w VRwt; OQ@y=Q 'VwQ QO OwHwt |=yQDt=Q=B 'xOW xO=iDU= pOt C=}�RH K}[wD
'sQ=yJ VN@ QO C}=yvQO "CU= xOW xDN=OQB pOt QO xDiQ Q=m x@ |xv} Ry `@=wD
xDiQ}PB s=Hv= VwQ |}=yv |@=} RQ= w xOW G=QNDU= xOW xar=]t VwQ R= pY=L G}=Dv

"OwW|t xOy=Wt Q[=L VywSB |rm Ov}=Qi '1 pmW QO "CU=

VywSB VwQ "2
QO xvwou=ty "CU= xOW xDN=OQB VywSB VwQ j}kO K}[wD x@ 'Q[=L VN@ QO
|L=wv xm CU= u}= Q@ |aU Q[=L VywSB QO 'CU= xOW xQ=W= xtOkt VN@
Q@ |vD@t xv=}=Q |}=v}@ |=ysD} Qwor= R= xO=iDU= =@ |}=v@ Kr=Yt Kw]U QO lQD OwHw
x@ 'RGB |ovQ Q} w=YD p=D}H}O |=wDLt u}vJty "OwW |v}@V}B j}ta |Q}oO=}
'u; QO xm CU= V}=tv p@=k W �H �Ch O=a@= =@ |Oa)@xU QwUv=D l} CQwY
xU |xOv}=tv Ch w Q} wYD pw] w ZQa |=DU=Q QO pUm}B O=OaD Qov=}@ H w W
QwmPt QwUv=D R= x}=QO Qy "CU= �Blue� |@; w �Green� R@U '�Red� RtQk p=v=m
QwUv=D Q}O=kt |kta |yvsyQ@ xm Ovm Q=}DN= =Q 255 =D QiY u}@ |Q=Okt Ov=wD|t
Q} wYD l} 'Q}U=iD u}= =@ "CU= Q} wYD R= pUm}B l} |xOv}=tv 'x]kv Qy QO Q}N=
Q=QkQ@ xm CW=O Oy=wN skQ 518400 '360�480 O=a@= =@ w |rwtat C}i}m =@
Q@ xwqa "OQ=O |}q=@ Q=}U@ |oO}J}B 'xOW xQ=W= O=Oa= u}@ |k]vt \=@DQ= uOQm
'u}@ QwO VNQJ =} |}=vWwQ COW Q}}eD uwJty |Q=OQ@ Q} wYD \}=QW QO Q}}eD 'u}=
QO xr�Ut |oO}J}B "Ovm|t O=H}= Q} wYD |r=D}H}O |=wDLt QO xOQDUo |D=Q}}eD
l} OwHw 'xOW QmP |OOa Q}O=kt T=U=Q@ OW=@ Q=Qk xm OwW|t XNWt |Dr=L
'Q} wYD VR=OQB l}Uqm |=yVwQ "OwW |UQQ@ Q} wYD pN=O QO sUH =} <|W
'OvOw@ Q} w=YD |=yRQt X}NWD x@ QO=k xJQo = '16|@=}x@r uwJty |}=yVwQ pt=W
\}=QW x@ C@Uv O=} R C}U=UL u}vJty w u}}=B Q=}U@ CaQU p}rO x@ 'p=L u}= =@
|@Ya |=yxm@W R= xO=iDU= "OvOw@v x=Qty |O=} R C}kiwt =@ ,qta '|Q=OQ@ Q} wYD
Ci=} QO |Q=OQ@ CQwY x@ =Q OwN |OwQw '|@Ya |=yxm@W xmv}= x@ xHwD =@ R}v xO=U
'CU= Oa)@ xU =} wO QO u; QY=va \=@DQ= xm Q} wYD |=yxO=O |wQ Q@ VR=OQB 'Ovvm|t
w xO=U |@Ya |=yxm@W Q=m |=v@t =t= "CU= xDW=Ov p=@vO x@ |v=OvJ C}kiwt
|@Ya |=yxm@W R= |QDO}OH pUv |xaUwD x@ |v=}=W ltm 'u}W=t |Q}oO=} Ov}=Qi
|=yxm@W "OvwW|t xO}t=v p=vWwrwv=m |@Ya |=yxm@W u=wva =@ xm CU= xDW=O
|=yOL=w R= xO=iDU= |=H x@ 'xO=U |@Ya |=yxm@W hqNQ@ 'p=vWwrwv=m |@Ya

|xRwL p�=Ut |t=tD ,=@} QkD u; R= TB w xOw@ xv=}=Q |}=v}@ EL@t QO O}OH |R=e;
[3]'�2017� u=Q=mty w 6=J "Ov=xDW=O pL C}r@=k j}ta |Q}oO=} ltm =@ QwmPt
|vD@ Kw]U |wQ Q@ lQD Q} w=YD |Ov@xDUO |=Q@ uWwrwv=m |@Ya |xm@W l} R=
R= TB u=W}= "OvO=O VQ=Ro QwmPt |Ov@xk@] |=Q@ =Q �98 CkO w OvOQm xO=iDU=
GvB u=tRty |Ov@xDUO w |}=U=vW x@ s=Ok= [4]'�2018� |Qo}O |xar=]t QO w u;
|v=NsWDLt "OvDi=} CUO �87=7 u}ov=}t CkO x@ w OvOQm |}xR=U ?}U; ẁv
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uWwrwv=m |@Ya |xm@W l} w xO=U |@Ya |xm@W l} R= |}xU}=kt '2 pmW
|@Ya |xm@W l} |rm Q=DN=U "OwW|t xOy=Wt |Ov@xk@] |xr�Ut l} |=Q@
xm OwW|t p}mWD |oS} w G=QNDU= CtUk l} R= 'Q}N= pmW j@=]t 'uWwrwv=m
xO=O O=a@= Vy=m =@ ,qwtat xm =Q G=QNDU= pta '`}tHD `@=wD w uWwrwv=m |=yQorta
l} |Q=OQ@ sQi x@ xO=O sQi Q}}eD =@ u; R= TB w Ovv=UQ|t s=Hv= x@ 'CU= x=Qty
C=}rta w sy=Qi pYDt ,=t=tD |=yxm@W x@ xOW xO=U |xO=O p=kDv= u=mt= '|Oa)@
pYDt ,=t=tD |=yOL=w |=H x@ p=vWwrwv=m Ov}=Qi l} QO "OwW|t QU}t |Ov@xDUO
=@ w OvwW|t VRwt; Ov}=Qi OQ=w |Oa)@ xU =} wO |=ypvQm '|@Ya |=yxm@W QO
xm Q}N= Ov}=Qi "Ovvm|t p}tmD =Q OwN Q}O=kt '=yxO=O |wQ Q@ uWwrwv=m pta s=Hv=
u} wv xv=}=Q |}=v}@ swra |rY= |=v@t 'OW xO=O KQW Q} wYD |=yxO=O |Ov@xk@] |=Q@
MU=B R}v xv=}=Q |}=v}@ |xRwL QO u}O=}v@ p�=Ut Q}=U x@ u=wD|t u; ltm =@ xm CU=
X}NWD '|Ov@xk@] %pt=W 'xv=}=Q |}=v}@ u}O=}v@ |xr�Ut xU T=U= u}=Q@ "O=O

"Ow@ Ovy=wN VWwB p@=k |Ov@VN@ w <=}W=
?UJQ@ l} \ki pOt |HwQN 'Q} wYD |Ov@xk@] |xr�Ut l} QO u}vJty
Ov=wD|t |Ov@xk@] 'u}= Q@ xwqa "CU= Q} wYD x@ \w@ Qt |xDUO Qov=}@ xm CU=
X}NWD QO "Ovm |v}@V}B =Q Q} wYD |=wDLt QO sUH =} <|W l} Ow@v =} OwHw
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|=y?UJQ@ w xO=O |xawtHt QO xOW |Qw;OQo Q}w=YD R= |}=yxvwtv "4 pmW
"=yu; Q_=vDt

'u=}=B QO w &OvwW xDiQo Q_v QO QiY x}k@ w Q=Qk l} Q@=Q@ Q_=vDt |xDUO |=ypUm}B
x@ swU Oa)@ |=DU=Q QO QwmPt Q} w=YD |=yT} QD=t 'j}ta |Q}oO=} pOt VRwt; |=Q@
'=y|Q=Po?UJQ@ uOW p}tmD R= TB "OvwW pOt x@ p=UQ= |xO=t; w j=Lr= Qo}Om}
xHwD =@ "CU= xOW xDiQo Q_v QO =yu; |=Q@ |v=Um} O=a@= w CtQi w CUOm} =yxO=O
xO=iDU= 'QwmPt Q} w=YD |=Q@ 'OvQ=Ov |}q=@ C}i}m xW}ty |OwQw Q} w=YD xmv}= x@
|=Q@ 'Q} w=YD TmaQ@ "OwW|t O=yvW}B |rwtat C}i}m =@ w G}=Q CtQi l} R=
CtQi =@ Q} w=YD =Pr &OwQ|t |D}i}m =@ w j}kO G}=Dv Q=_Dv= |HwQN |=y?UJQ@
|Q=PoOm u} QDj}kO xm PNG CtQi =@ =y?UJQ@ w CU= G}=Q CtQi l} xm JPG

"CU= xOW ?=NDv= 'OQ=O G}=Q |=yCtQi u}@ QO =Q
V}=Ri= sOa u}vJty w C}i}m ^iL |=Q@ u}ov=}t Q=}at l} u=wva x@ u}vJty
R= |}=yxvwtv "CU= xOW xDiQo Q_v QO 320�320 =@ Q@=Q@ Q} w=YD O=a@= '|D=@U=Lt Q=@
|xawtHt "CU= xOW x�=Q= 4 pmW j@=]t Q[=L VywSB |=Q@ xOW O=H}= |=yxO=O
<=[a= Q} w=YD R= xOW |Q=Po?UJQ@ |xO=O 115 pt=W '|}=yv |xOW O=H}= |xO=O
17 'pOt VRwt; |=Q@ =yu; R= OOa 81 xm CU= xOw@ QH; xrtH R= |}=v@ Kr=Yt
"Ov=xOW xO=iDU= pOt |}=yv |@=} RQ= |=Q@ Qo}O Q} wYD 17 w |HvUQ=@Da= |=Q@ OOa
OQmrta uOQ@ q=@ CyH 21|}=Ri=xO=O |=yVwQ R= 'xO=O O=OaD C}OwOLt x@ xHwD =@
|iO=YD Q}}eD 'Q} wYD u=QwO %pt=W '|}=Ri=xO=O |=yVwQ "CU= xOW xO=iDU= pOt
Q@ VRwt; R= xrLQt Qy QO |iO=YD CQwY x@ xm |Uwo |xiwv p=ta= '|}=vWwQ
w xOW OQ=w VwQ QO |QDW}@ |=yw} Q=vU ?}DQD u}O@ &Ov=xOW p=ta= =yxO=O |wQ

"CU= xDi=} Vy=m R}v VR=Q@V}@ ẁkw p=tDL= R}v

j}ta |Q}oO=} pOt "2"3
xOW xQ=W= Q[=L VywSB QO xOW xO=iDU= pOt C=}�RH KQW x@ 'Q[=L VN@ QO
xOw@ [10] U-Net R= |Q}os=yr= =@ Q[=L VywSB QO xOW xO=iDU= pOt "CU=
[12] E�cientNetB3 |xDiQW}B p=vWwrwv=m |@Ya |xm@W R= u; QO xm CU=
w[a u}tQ=yJ 'Q[=L VywSB Q=PoRtQ pOt "CU= xOW xO=iDU= Q=PoRtQ u=wva x@
jDWt =yu; |t=tD xm CU= E�cientNet |=ypOt |w[a CWy |xawtHt R=
|a=O@= VwQ "CU= E�cientNetB0 |va} Q[=L Q=DWwv |rY= pOt R= xOW
22?mQt T=}kt VwQ u=wva =@ Q}N= |xawtHt QO =ypOt T=}kt |=Q@ xOW xO=iDU=
uwJty u}W}B |=yVwQ QO "CU= xOQm sy=Qi =Q pOt jta QDW}@ V}=Ri= u=mt= [12]

'Oa)@ l} QO \ki T=}kt [13] VGG uwJ |}=ypOt QO xOW xO=iDU= |=yVwQ
=@ VGG19 pOt OwW|t xOy=Wt u; |xH}Dv QO xm CU= xOW p=ta= 'jta |va}

"Q}w=YD |Ov@VN@ p�=Ut pL QO =WoRtQ � Q=PoRtQ pOt l} |rm Q=DN=U "3 pmW
|=yx}q R= xO=iDU= =@ |}=WoRtQ pta '|HwQN Q} wYD x@ uO}UQ |=Q@ w u; R= TB
R= xO=iDU= =@ OwHwt pOt "OwW|t s=Hv= Deconvolution =} Upsampling

Ov}@|t VRwt; 'CU= xOW xO=O KQW uDt |xt=O= QO xm u}W=t |Q}oO=} |=yVwQ
lQD Q} wYD w s=Hv= |v}@V}B '|O}OH Q} wYD Qy |wQ Q@ xm OwW|t QO=k C}=yvQO w
VR=OQB x@ QO=k OwHwt VwQ ?}DQD u}O@ "OwW VQ=Ro q=@ |DaQU =@ xOW|}=U=vW
|ak=w p�=Ut |=Q@ |rta pLx=Q l} u=wva x@ Ov=wD|t w CU= Q} w=YD 18nvQOq@

"OwW xO=iDU=

|Q_v |R=Uwor= "3
'xOW xO=iDU= |xO=O K} QWD x@?}DQD x@ xm OwW|t p}mWDCtUk 5 R= Q[=LVN@
19|xv} Ry `@=wD '|@=} RQ= |=yQDt=Q=B '�j}ta |Q}oO=} pOt� xOW xDiQo Q=m x@ pOt

"CU= xOW xDN=OQB pOt VRwt; Ov}=Qi w xOW xO=iDU=

xO=O |xawtHt "1"3
Q[=L VywSB EL@ ẁ[wt xm j}ta |Q}oO=} ,=YwYNt w u}W=t |Q}oO=} QO
|=Q@ "O};|t ?=UL x@ |D=}L QY=va R= pOt VRwt; |=Q@ OwHwt |xO=O 'CU=
'OwW x}@WD RwUuwQO QwDwt l} x@ u}W=t |Q}oO=} |=ypOt Qo = 'EL@ |R=UxO=U
QO 'xH}DvQO "OwW|t xO=iDU= u; VRwt; |=Q@ xm CU= |}xO=O 'Q}N= QwDwt CNwU
OQmrta |xOvvmu}}aD 'xO=O w pOt QYva wO u=tRty OQmrta '|Q}oO=} pOt l}
QO |xO=O xmv}= x@ xHwD =@ 'Q[=L VywSB QO "CU= xOW xO=iDU= VwQ |}=yv
CU= xOW |aU =OD@= QO 'CU= xOw@v TQDUO QO |}xOW |Q=Po?UJQ@ w TQDUO
'CU= xOQm RwQ@ lQD =yu; QO xm |}=v@ Kr=Yt |=yu=tDN=U R= Q} wYD |O=OaD
'Q[=L VywSB QO xOW xO=iDU= |=yxO=O "OvwW |Q=Po?UJQ@ TBU w |Qw;`tH
|DUO CQwY x@TBU w |Qw;`tH 'CvQDv}= QO TQDUO p@=k w OwHwt Q} w=YD ,=DOta
|UQQ@ Q[=L VywSB QO xm Q} w=YD |Ov@VN@ Ov}=Qi QO "Ov=xOW |Q=Po?UJQ@
Ov}=Qi QO xm =QJ &CU= xOw@ syt Q=}U@ |Q=Po?UJQ@ C}i}m w CkO 'CU= xOW
XwYNt |xDUO QO w |Ov@xDUO xv=o =OH CQwY x@ pUm}B Qy 'xr�Ut p}rLD
'|Q=Po?UJQ@ Ov}=Qi QO xOW O=H}= |HwQN |=y?UJQ@ "CU= xDiQo Q=Qk OwN x@
|xv}tR Qov=}@ 'QiY Q=Okt =@ |=ypUm}B u; QO xm CU= xOw@ 20|} wOwO Q} wYD l}
x@ sRq "OvDUy Q} wYD QO OwHwt lQD |xOv}=tv 'l} Q=Okt =@ |=ypUm}B w Q} wYD
'OW=@ Q=}DN= QO xDUO wO R= QDW}@ '=yxO=O |Q=Po?UJQ@ Ov}=Qi QO Qo = CU= QmP
'=yu; R= l} Qy QO w OwW O=H}= |} wOwO Q} wYD '=yxDUO O=OaD <=R= x@ CU= sRq
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yt QO &CU= xrLQt 5 QO O=a@= Vy=m 'Q=PoRtQ CtUk QO xmv}= x@ xHwD =@ "OQ}o|t wor=

pOt |=WoRtQ xH}Dv QO "CU= xOW p=ta= O=a@= V}=Ri= xrLQt 5 R}v =WoRtQ CtUk
|x}q O=a@= Q@=Q@ wO x@ O=a@= 'x}q Qy QO xmCU= xOw@ x}q 5 pt=W E�cientNet-B3
"OwW|t xOy=Wt xOW xO=iDU= pOt |rm |Q=tat '5 pmW QO "Ov=xDi=} V}=Ri= |r@k

|r=kDv= |Q}oO=} w Q=WDv=TB sD} Qwor= =@ pOt VRwt; "3"3
xOW |UQQ@ j}ta |Q}oO=} pOt l} 24Q_=v =@ |Q}oO=} Ov}=Qi 'Q[=L VN@ QO
Cr=L u} QDxO=U QO j}ta |Q}oO=} w u}W=t |Q}oO=} p�=Ut QO Q=m Ov}=Qi "CU=
\=@DQ= w xO=iDU= xOW |Q=Po?UJQ@ |xO=O |O=OaD R= xm CU= CQwY u}= x@
CU= QO=k pOt TBU &OwW|t xQ}NP pOt QO w G=QNDU= pOt \UwD =yu; u}@
'|@ wN CkO =@ w OyO s=Hv= |v}@V}B R}v ?UJQ@ Ok=i w O}OH |=yxO=O |=Q@ xm
xm 25Q=WDv=TB sD} Qwor= ltm x@ Ov}=Qi u}= "Ovm VQ=Ro =Q =yu; =@ Q_=vDt ?UJQ@
sD} Qwor= "OQ}PB|t s=Hv= 'CU= u}W=t |Q}oO=} |xRwL QO OwHwt VwQ u} QDhwQat

%CU= ?}DQD u}= x@ xm CU= CtUk xU pt=W QwmPt
x@ =Q x; y = Wx |x]@=Q QO Ov=wD@ xm |O=a@= QO �W � =yuRw QwUv=D ?=NDv= "1
"�Random� |iO=YD Q}O=kt =@ u; |=yx}=QO uOQm QB TBU w Ovm Q_=vDt y
j} Q] R= ŷ w y hqDN= |x@U=Lt w ŷ = Wx |x]@=Q R= ŷ Q=Okt |x@U=Lt "2

&�Loss Function� xv} Ry `@=wD R= |m}
xv} Ry Q=Okt xm |Qw] x@ R=Uxv}y@ sD} Qwor= R= xO=iDU= =@ W Q}O=kt KqY= "3
Ov}=Qi u}= Q=QmD w 2 |xrLQt x@ CWoR=@ w OwW �minimize� xv}tm '�Loss�

"O}; CUOx@ xv}y@ W xm |}=H =D
QiY Cr=L R= pOt 'Q[=L VywSB QO xOW xO=iDU= |r=kDv= |Q}oO=} Ov}=Qi QO
R= pY=L Q}O=kt '|iO=YD Q}O=kt =@ W uOQm QB |=H x@ w xOQmv VRwt; x@ ẁQW
xHwD =@ "CU= xOW xO=iDU= [14] Image-Net |xO=O xawtHt |=Q@ pOt VRwt;
=yxO=O |xawtHt u} QD`t=H w u} QDpt=m R= |m} 'QwmPt |xO=O xawtHt xmv}= x@
G=QNDU= QO |}q=@ |}=v=wD xOW xQ=W= |x}rw= Q}O=kt 'CU= xv=}=Q |}=v}@ |xRwL QO
%uwJ |i}=_w xm QN; |=yx}q QO QDW}@ VRwt; Ov}=Qi w xDW=O Q} w=YD 26|=y|oS} w
'6 pmW QO "CU= xOW RmQtDt 'OvQ=O xOya x@ =Q |Ov@s}UkD =} uw}UQoQ '|Ov@xDUO
xOy=Wt lQD |Ov@xDUO pOt l} VRwt; |=Q@ |r=kDv= |Q}oO=} Ov}=Qi l} R= |}xvwtv
QO 'CU= |Ov@VN@ ẁv R= xr�Ut xmv}= x@ xHwD =@ 'Q[=L VywSB QO "OwW|t
|r=kDv= |Q}oO=} R= '�Q=PoRtQ |=yx}q� CU= xOW s=Hv= |oS} w G=QNDU= xm |}=yx}q
MQ QwmPt |=yx}q QO |O=} R Q}}eD w xOW xO=iDU= xO}OVRwt; V}B R= |=yuRw w
sRq w xOw@v QU}t |r=kDv= |Q}oO=} R= xO=iDU= '=WoRtQ CtUk QO =t= &CU= xO=Ov

"OwW s=Hv= ,qt=m VRwt; Ov}=Qi xm CU= xOw@

|@=} RQ= |=yQDt=Q=B "4"3
xm CU= |}=yQDt=Q=B x@ R=}v Q[=L VywSB R= pY=L G}=Dv |@=} RQ= w VHvU |=Q@
CUOx@ Qw_vt x@ "OvyO x�=Q= Q} wYD |Ov@VN@ Ov}=Qi C}i}m R= |DUQO Q}UiD Ovv=wD@
?UJQ@ QO OwHwt Q}O=kt Cy=@W xm Ow@ sRq '=yxO=O R= l} Qy |=Q@ CkO uOQw;
QO OwHwt O}OW uR=wD sOa x@ xHwD =@ "OwW xO}HvU pOt R= |HwQN ?UJQ@ =@ x}rw=
x@ =Q xDUO QyCkO xm OwW xO=iDU= |}=yQDt=Q=B R= xOw@ QDy@ 'xOW |UQQ@ lQD Q} w=YD
'CU= xOW |UQQ@ Q[=L |xar=]t QO xm |rY= QDt=Q=B "Ovvm x@U=Lt |@Uv CQwY
29|v=wN=Qi w 28CLY QDt=Q=B wO R= CN=wvm} `} RwD |awv xm CU= 27F1 Q=}at

"=ypOt Q}=U =@ E�cientNet C=kDWt QDt=Q=B O=OaD w OQmrta |xU}=kt "1 pwOH
�uw}r}t� QDt=Q=B O=OaD CkO pOt

60 �77=8 [15] ResNet-152
7=8 �79=1 E�cientNet-B1
84 �80=9 [16] ResNext-101
12 �81=6 E�cientNet-B3
89 �82=7 [17] NASNet-A

19 �82=9 E�cientNet-B4
556 �84=3 [18] GPipe

66 �84=3 E�cientNet-B7

[17]"�E�cientNet-B3� Q=PoRtQ QO xOW xO=iDU= pOt C=}�RH "2 pwOH
x}q O=OaD |HwQN O=a@= pvQm R}=U lwr@lwr@ QO OwHwt uWwrwv=m

1 160� 160� 40 3� 3 uWwrwv=m
2 160� 160� 24 3� 3 1
3 80� 80� 32 3� 3 2
3 40� 40� 48 5� 5 3
5 20� 20� 96 3� 3 4
5 20� 20� 136 5� 5 5
6 10� 10� 232 5� 5 6
2 10� 10� 384 3� 3 7

xm VGG16 pOt =@ |Dw=iDt u=OvJ OQmrta '=yQDt=Q=B O=OaD QO O}OW V}=Ri= OwHw
'E�cientNet pOt |oS} w u} QDsyt "CU= xO=Ov x�=Q= 'CU= xDW=O |QDtm jta
QYDNt |}xU}=kt '1 pwOH QO "CU=ypOt |m@U w CaQU Q=vm QO CkO |v=tRty
=yQDt=Q=B O=OaD u}vJty w [14] ImageNet |xO=O xawtHt |=Q@ |Ov@xDUOCkO R=
R}v w �CkO ^=Lr x@� =yu; R=QDsy |=ypOt w E�cientNet |=yxawtHtQ} R |=Q@
Q}N= |=ypOt "CU= xOW x�=Q= 1 pwOH QO E�cientNet C=kDWt j}kO OQmrta
R}v =Q |QDtm Q=}U@ |=yQDt=Q=B O=OaD 'OvyO|t x�=Q= |}q=@ Q=}U@ CkO xmv}= Q@ xwqa
E�cientNet |=ypOt CaQU QO Q}otWJ |QDQ@ |vat x@ u}= xm OvwW|t pt=W

"CU=
pOt R= xO=iDU= 'CaQU w CkO x@ u=tRty R=}v x@ xHwD =@ 'Q[=L VywSB QO
E�cientNet-B3 pOt R= xO=iDU= |=Q@ "CU= xOW O=yvW}B E�cientNet-B3
QO |Ov@xDUO |xi}_w xm |}=yv pt=m p=YD= |=yx}q CU= sRq Q=PoRtQ u=wva x@
pYDt =WoRtQ x@ ,=t}kDUt p=vWwrwv=m |x}q u} QN; w OvwW hPL 'OvQ=O =Q|rY= pOt
Mobile-inverted Bottleneck lwr@ 7 R= E�cientNet-B3 pOt "OwW
|oS} w u} QDsyt "OwW|t p}mWD �MBConv� Q=YDN= x@ =} [19] Convolution

u}vJty w 23Q}PBl}miD |kta '|vWwrwv=m |=yx}q R= xO=iDU= QO Q}N= |=ylwr@
|}xYqN '2 pwOH QO "CU= ReLU |=H x@ ReLU6 |R=Up=ai `@=D R= xO=iDU=

"CU= xOW x�=Q= E�cientNet-B3 pOt C=}�RH R=
U-Net[10] |=WoRtQ CtUk R= E�cientNet-B3 pOt |=WoRtQ CtUk
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"Q[=L VywSB QO xOW xO=iDU= pOt |rm |Q=tat "5 pmW

"Q}wYD |Ov@xk@] Ov}=Qi |=Q@ |r=kDv= |Q}oO=} "6 pmW

|=ypUm}B xm CW=O Oy=wN p}=tD '?P=m |=yC@Ft uOQm xv}tm |=Q@ VqD QO
|O=} R O=OaD u}@ u}= QO 'xH}Dv QO &Ovm |Ov@xDUO |ivt u=wva x@ =Q |QDW}@
Tma "CW=O Oy=wN |B QO =Q |v=wN=Qi Vy=m xm OwW|t O=H}= ?P=m |ivt
pOt 'OwW RmQtD |v=wN=Qi |R=Uxv}y@ Q@ \ki Qo = "CU= jO=Y R}v ?r]t u}=
OwW CkO "CW=O Oy=wN ?P=m |=y|ivt |R=Uxv}tm QO |aU |Dt}k Qy x@
|Ov@xDUO lQD u=wva x@ =Q =ypUm}B |t=tD Ov=wD|t pOt 'Cr=L u} QDO@ QO xm
uOw@v QiY x@ xHwD =@ u}vJty w OwW|t QiY Q@=Q@ FN ?}DQD u}= x@ w Ovm
'Q[=L VywSB |xr�Ut ?wr]t =@ xm OW Oy=wN �100 Q@=Q@ |v=wN=Qi 'TP
u} QDy@ Ov=wD|t QwmPt QDt=Q=B wO u=tRty ?}mQD =t= "OQ=O |O=} R Q=}U@ |xrY=i
R}v =Q Qo}Om} ha[ \=kv w OvDUy Qo}Oty ptmt xm =QJ 'OQw; x=Qty x@ =Q G}=Dv
CN=wvm} |a} RwD CQwY x@ F1 CkO Q=}at T=U= u}= Q@ "OvyO|t VWwB ,qt=m
h} QaD 3 |x]@=Q j@=]t F1 QDt=Q=B "CU= h} QaD p@=k u}W}B QDt=Q=B wO R=

%OwW|t
F1 = 2� Pr�Re

Pr +Re
(3)

R= |m} F1 Q=}at "OwW|t |v=wN=Qi w CLY pt=W u=tRty Qw] x@ F1 QDt=Q=B
Q} w=YD |Ov@VN@ |=ypOt CkO VHvU QO =yQDt=Q=B u} QDOQ@ Q=mQB w u} QD?w@Lt
xOw@ F1 Q=}at Q=Okt u} QDW}@ x@ uO}UQ hOy C}=yvQO 'Q[=L VywSB QO "CU=

"CU=

\re pUm}B |v}@V}B p=tDL= 'OW=@ QDW}@ CLY Q=Okt xm u=R}t Qy x@ "CU=
s=tD X}NWD x@ |v=wN=Qi Q=Okt uDiQ q=@ xm |r=L QO &Ow@ Oy=wN QDtm pOt QO
MU=B x@ uO}UQ |=Q@ xm CU= K[=w "OQm Oy=wN ltm lQD |=ypUm}B p=tm w
uOWxv}y@ xm =QJ 'Ovvm CiQW}B u=tRty Qw]x@ Q}N= QDt=Q=B wO xm CU= sRq xv}y@
Qo = 'Qo}O |DQ=@ax@ "Ovm pY=L |@ wr]t G}=Dv Ov=wD|tv |}=yvD x@ =yu; OQwt l}
R= p=tDL= 'OW=@ sm |v=wN=Qi =t= 'OW=@ O=} R |v}@V}B CLY '|v}@V}B l} QO
Qo = xm |r=L QO &CW=O Oy=wN OwHw lQD |=ypUm}B R= |O=} R O=OaD uDiQ CUO
x@ x=@DW= x@ xm Ow@ Ovy=wN =ypUm}B R= |O=} R O=OaD 'ODi= j=iD= ẁ[wt Tma
2 w 1 \@=wQ x@ u=wD|t ẁ[wt uOW uWwQ |=Q@ "OvwW|t |Ov@xDUO lQD u=wva

%OQm CkO

Pr = TP
TP + FP

(1)

Re = TP
TP + FN

(2)

xO=O X}NWD lQD |DUQO x@ xm CU= |}=ypUm}B O=OaD Qov=}@ 30TP '=yu; QO xm
x=@DW= x@ xm CU= |}=ypUm}B O=OaD Qov=}@ R}v 31FP "�K}LY C@Ft� OvwW|t
|}=ypUm}B O=OaD Qov=}@ 32FN w �?P=m C@Ft� OvwW|t xO=O X}NWD lQD
CUQO=v |v}@V}B u}= xm |r=L QO 'OvwW|t |v}@V}B xv}tR u=wva x@ xm CU=
pOt 'OwW xv}y@ |}=yvD x@ CLY Qo = xm CU= lQO p@=k "�?P=m |ivt� CU=
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xt=O= Qo}O |xrLQt OvJ QO QwmPt pOt |=Q@ VRwt; Ov}=Qi Qo = CU= QmP x@ CU=
xm |r=L QO 'OW|t |v=yo =v Ci= Q=JO |HvUQ=@Da= |=yQDt=Q=B Q}O=kt 'Ci=}|t
u}= R= V}B xm Qw]u=ty "OvO=O|t xt=O= CiQW}B x@ u=vJty VRwt; |=yQDt=Q=B
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CUOx@ swO CtUk QO xOW u=wva |=yQDt=Q=B |=Q@ 4 pwOH Q}O=kt 'QwmPt |xO=O

"CU= xOt;
'|@=} RQ= |xO=O |=Q@ CkO Q}O=kt xm Ci=} QO u=wD|t 4 pwOH x@ xHwD =@
u}O@ "OQ=O 3 pwOH QO OwHwt |HvUQ=@Da= |=yQDt=Q=B Q}O=kt =@ |Q=}U@ Cy=@W
w OQm pY=L u=v}t]= xOW xar=]t pOt CkO w CLY x@ C@Uv u=wD|t ?}DQD

xv} Ry `@=D "5"3
h} QaD |a@=D CU= sRq 'u}W}B |xrLQt QO xOW h} QaD |=yQDt=Q=B x@ xHwD =@
u} QDW}@ x@ Q_vOQwt QDt=Q=B Q=Okt 'j}ta |Q}oO=} pOt VRwt; u}L QO xm OwW
VRwt; R= xrLQt Qy QO 'VRwt; Ov}=Qi l} |] QO '|rmQw]x@ "OUQ@ umtt Q=Okt
"OwW XNWt pOt R= |HwQN w x}rw= |=y?UJQ@ u}@ hqDN= xm CU= sRq
=@ sRq |m}ORv w \=@DQ= O}=@ 'CU= swUwt 33xv} Ry `@=D x@ xm hqDN= u}=
hOy 'OW xDio p@k VN@ QO Qw]u=ty "OW=@ xDW=O =Q xr�Ut |@=} RQ= QDt=Q=B
&CU= F1 VHvU Q=}at |=Q@ Q=Okt u} QDW}@ x@ |@=}DUO Q[=L VywSB QO
=Q F1 Q=}at xm OwW h} QaD |DQwY x@ xv} Ry `@=D xm OQ=O OwHw u=mt= u}=
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|xrLQt 40 |=Q@ pOt |HvUQ=@Da= w VRwt; Ov}=Qi C=}�RH '3 pwOH QO "OwW
uwD}=B |U} wvxt=vQ@ u=@ R R= xO=iDU= =@ VRwt; Ov}=Qi "CU= xOW x�=Q= xOW QmP
Vwy |=ysQiDrB u} QDxOWxDN=vW R= |m} xm Tensor
ow[20] |xv=N@=Dm R}v w
|oO}J}B p}rO x@ CU= QmP x@ sRq u}vJty "CU= xDiQ}PB s=Hv= 'CU= |awvYt
|q=@ Q=}U@ |D=@U=Lt |xv} Ry w j}ta |Q}oO=} |=ypOt VRwt; O=} R Q=}U@
=@ VRwt; w xOw@v QU}t CPU |xOvR=OQB xO=iDU= =@ QwmPt pOt VRwt; '=yu;
s=Hv= N-VIDIA TESLA K80 ẁv R= p=m}i=Qo |xOvR=OQB l} R= |Q}oxQy@
|Q}oO=} Ov}=Qi QO |m}i=Qo |=yxOvR=OQB R= xO=iDU= |rY= p}rO "CU= xDiQ}PB
Ovv=wD|t xDUy O=} R Q=}U@ O=OaD |x]U=w x@ QwmPt |=yxOvR=OQB xm CU= u; j}ta
u}= xm Ovvm O=H}= VRwt; s=ovy x@ =Q lJwm |=yOL=w QO |R=wt VR=OQB |awv
x@ C@Uv Q}N= |=yxOvR=OQB QO VR=OQB CaQU Q}otWJ V}=Ri= Ea=@ ẁ[wt
QO VRwt; Ov}=Qi |] QO pOt CkO w xv} Ry C=Q}}eD |=yQ=Owtv "OwW|t CPU

105



"""l
tmx

@|
}=v@

Kr=Y
t|

=yxR
=UQ

Ol
QD|

}=U=
vW

"VRwt; |] QO pOt |=yQDt=Q=B C=}�RH "3 pwOH

106



2/
1|

xQ=t
W'

38
�2

|xQ
wO'

�14
01

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt

"|@=}WRQ= |=yxO=O R= |O=OaD |=Q@ pOt |HwQN "9 pmW

=@ |Q} w=YD R= CU= xOW |aU Q[=L VywSB QO xOW xO=iDU= |=yxO=O |Qw;`tH
QDl}ORv |ak=w Q} w=YD x@ =yxO=O xH}Dv QO &OwW xO=iDU= R}v QDxO}J}B ,=D@Uv |=yxv}tR
R= xO=iDU= CQwY QO 'Qo}O CQ=@a x@ "OwW|t QD|OQ@ Q=m |}=yv pOt w OvDUy
|=yw} Q=vU QO =t= &OwW|t QDW}@ pOt |tU= CkO 'xO=U |xv}tR |=Q=O Q} w=YD
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E�cientNet-B3 |xDiQW}B p=vWwrwv=m |@Ya |xm@W pOt R= xm CU= xOw@
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p@=k Q=Okt xv=}=Q |}=v}@ pOt l} u=wva x@ Q[=L pOt QO xOt; CUOx@ CkO xJQo =
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V}=B EL@t QO xm |r=L QO 'CU= xOw@ lQD X}NWD |=Q@ Q[=L |xar=]t RmQtD
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"OQm xHwD |D; C=ar=]t QO u=wD|t =y?}U; |k@=t x@ w CU=yu; R= |m} \ki lQD
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VwQ R= xO=iDU= =@ Ov}=Qi u}= "CU= xOW |}=v@ Kr=Yt <=[a= QO lQD |}=U=vW x@
Q} wYD QO OwHwt |=ypUm}B l}=m} u; |] xm CU= xOW s=Hv= Q} w=YD |Ov@VN@
=@ Q} wYD QO lQD OwHw |L=wv ?}DQD u}O@ w |Ov@xDUO lQDQ}e w lQD |xDUO wO x@
|Q}oO=} ẁv R= xOW xO=iDU= |Q}oO=} Ov}=Qi "Ov=xOW G=QNDU= umtt CkO u} QDW}@
pOt VRwt; |=Q@ xOW |Q=Po?UJQ@ |=yxO=O R= u; |] xmCU= xOw@ Q_=v =@ j}ta
O}OH |=yxO=O |=Q@|v}@V}B u=mt= pOt 'VRwt; Ov}=Qip}tmD R=TB w xOW xO=iDU=
'Ov=xOW lQD Q=JO xm |}=v@ Kr=Yt |=yxR=U R= Q} wYD 115 O=OaD "CU= xOQm =O}B =Q
VRwt; Ov}=Qi '=yu; |DUO |Q=Po?UJQ@ R= TB w OvOW x}yD CvQDv}= |xr}Uwx@
w |}xrLQt |HvUQ=@Da= =@ xrLQt 40 |] QO pOt |Q}oO=} "CiQ}PB CQwY pOt
QO CU= QmP x@ sRq "CU= xOW s=Hv= |r=kDv= |Q}oO=} VwQ R= xO=iDU= u}vJty

=yCWwv=B
1. deep learning

2. convolutional neural networks
3. Krizhevsky
4. classi�cation
5. ImageNet
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6. Cha
7. transfer learning
8. Feng
9. structural health monitoring
10. object detection
11. semantic segmentation
12. fully convolutional networks
13. Yang
14. encoder - decoder
15. Liu
16. edge detection
17. regressor
18. real-time
19. loss function
20. binary image
21. data augmentation
22. compound scaling method
23. Depth-wise separable convolutions
24. supervised learning
25. Back-propagation algorithm
26. feature extraction
27. F1-score
28. precision
29. recall
30. true positive
31. false positive
32. false negative
33. loss function
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