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p=wR Ov}=Qi R= |WN@ xm O@r]|t ẁ[wt u}= w CU= p=wR |xYNWt OWQ
umtt |v}@V}B |=]N CQwY u}= Q}e QO &OW=@ |H} QOD V}=Ri= |=Q=O u=k=D=}
'O}OH |Q}oxR=Ov= =} xOy=Wt Q=@ Qy =@ |O=yvW}B sD} Qwor= "O@=} V}=Ri= CU=
Oy=wN x�=Q= p=wR |xYNWt OvwQ |xOv}; OWQ C}a[w R= |O}OH |v}@V}B
VN@ %OQm s}UkD VN@ xU x@ u=wD|t =Q u=k=D=} p=wR Ov}=Qi '|rm Qw] x@ "OQm
`} QU OWQ VN@ '?}a |xDUy; OWQ w |Q}opmW VN@ 'sr=U w |O=a

xO=iDU= =@ 'u}= Q@ xwqa [3]"Ovm |R=UpOt R}v =Q Qta |v}@V}B |xr�Ut |=yC}a]k
|=yVwQ R= |Qo}O |xDUO� |@Ya |xm@W xrtH R= |awvYt Vwy |=yVwQ R=
CU= TQDUO QO u=k=D=} l} |xDWPo R= xm |}=yxO=O uOQ@ Q=m x@ =@ '�QwLtxO=O
|=ypOt uDW=O x@ |R=}v CQwY u}= QO w OQm |R=UpOt =Q p=wR |=ywor= u=wD|t
R= xO=O |QU OvJ =} l} \UwD VRwt; x@ =OD@= QO =yxm@W u}= "Ow@ Oy=wNv |[=} Q
'xm@W VRwt; R= TB &OvOvtR=}v u}W=t u=ty |r@k |xJN} Q=D =} x@=Wt |=yu}W=t
u=WxOv=t}k=@ Qta =D OwW|t xO=iDU= x@=Wt |=yu=k=D=} |wQ |R=UxO=}B |=Q@ u; R=

[5w3]"OwW |v}@V}B
R= |Q=}U@ \UwD 1QwNW}B |@Ya |xm@W 'G}=Q |@Ya |=yxm@W u}@ QO
xOW xDiQo Q=m x@ |WDre |=yu=k=D=} xOv=t}k=@ O}it Qta |v}@V}B |=Q@ u=kkLt
|xYNWt |QU l} =D CU= R=}v =OD@= QO Q=R@= u}= R= xO=iDU= Qw_vt x@ [3]"CU=
l} TBU "OwW G=QNDU= =yu=k=D=} |W=aDQ= |xJN} Q=D |=yp=vo}U R= ?U=vt
|=[i x@ |W=aDQ= |=yxYNWt |=[i R= |@Ya |xm@W \UwD CW=ov C=}rta
|x}yD w |@Ya |xm@W |Q=tat |xwLv "OQ}o|t CQwY xOv=t |k=@ O}it Qta
hrDNt |=yxO}= |x�=Q= Qw_vt x@ R=@ |}=[i Ov=wD|t ?U=vt |W=aDQ= |=yxYNWt
|=yp=vo}U 3|orwJ w 2QF-wt Q=Okt |xYNWt R= xO=iDU= =@ [6]u=Q=mty w Q}Om "OW=@
QwLtxO=O VwQ 'QwNW}B |@Ya |xm@W |=y|OwQw u=wvax@ C=W=aDQ= |xJN} Q=D
|y=oW}=tR; |xO=O |QU l} |wQ =Q u=k=D=} |xOv=t |k=@ O}it Qta |v}@V}B

"OvOQm |R=UxO=}B
QF-wt Q=Okt '?U=vt |W=aDQ= |=yxYNWt |x}yD Qw_vt x@ [5]u=Q=mty w O=Ry@
|OwQw u=wvax@ w xOQm l}miD u}}=B w q=@ |Uv=mQi |=yxR=@ QO =Q |W=aDQ= p=vo}U
Ow@y@ ?Hwt Q=m u}= xm OvO=O u=Wv =yv; &OvDiQo Q_v QO QwNV}B |@Ya |xm@W

"CU= xOW u}W}B |=ypOt x@ C@Uv CkO
Qta '|@Ya |xm@W w uw}UQoQ |xr�Utl}?}mQD =@ R}v [7]u=Q=mty w u=wJ=} S
|=yxYNWt =OD@= =yu; "OvOQm |v}@V}B |@ wN CkO =@ =Q =yu=k=D=} |xOv=t}k=@ O}it
TBU w xOQm VR=Q@ |[=} Q |x]@=Q l} =@ =Q p=vo}U QF-wt Q=Okt w |orwJ |W=aDQ=
=Q =yu=k=D=} Qta � QwNW}B |@Ya |xm@W |OwQw u=wvax@ � =yu; R= xO=iDU= =@
=@ xm |DvU |@Ya |=yxm@W |=yO=Q}= R= O=kDv= =@ [8]u=Q=mty w nvB "OvOR u}tND
|xm@W l} ?}mQD =@ 'OvR=OQB|t xYNWt l} G=QNDU= x@ ,=iQY G}=Q |=yVwQ
x@ 5COtx=Dwm |vqw] |x_i=L |@Ya |xm@W l} w 4|WJ}B j}ta |@Ya

"OvDi=} CUO xOv=t |k=@ Qta |v}@V}B QO |QDy@ CkO
|vqw] |x_i=L |@Ya |xm@W R= xO=iDU= Qw_vt x@ [9]u=Q=mty w |=S
u} QDy@ w OvOQm G=QNDU= |W=aDQ= |=yp=vo}U R= =Q |O=} R |=yxYNWt 'COtx=Dwm
OvO=O xm@W x@ |OwQw u=wvax@ 'CW=O u=k=D=} p=wR =@ |QDW}@ |oDU@ty xm =Q =yu;
x@ 7s=Q; u=}O=Qo C} wkD w 6u=@}DWB Q=OQ@ Qou}tND pOt wO x@ C@Uv C}=yv QO w

"OvDi=} CUO |QDy@ CkO
R= =Q j}ta |=yxYNWt |WJ}B |@Ya |xm@W ltm =@ [10]u=Q=mty w w�=t
|x_i=L |@Ya |xm@W |OwQw u=wvax@ w xOQm G=QNDU= s=N |W=aDQ= p=vo}U
|xrLQt QO \ki Qta |v}@V}B 'xr=kt u}= QO "OvOQm xO=iDU= COtx=Dwm |vqw]

"CU= xOW |R=UxO=}B 'CU= QwyWt 8`} QU p=wR x@ xm u=k=D=} p=wR |}=yv
|vqw] |x_i=L |@Ya |xm@W ?wN OQmrta x@ xHwD =@ 'Q}N= |=yp=U QO
hrDNt |=yxRwL u}kkLt '|v=tR |=y|QU w =yxO=O |v}@V}B Qt= QO COtx=Dwm
Ov=CQ=@a =yu; R= |NQ@ xm Ovvm|t xO=iDU= |irDNt |=yxv}tR QO xm@W u}= R=
|=yQ=R=@ QO Ct}k OvwQ |v}@V}B [11]'=Rv=wriv; Ovv=t |}=y|Q=t}@ OvwQ |v}@V}B %R=

[13]"Civ |=yx=J O}rwD OvwQ |v}@V}B w [12]|r=t

64



1|
xQ=t

W'
38

�3
|xQ

wO'
�14

01
Q=y@

�h
}QW

l}
v=mt

|U
Ovyt

V}=tR; 1 'xQ=tW u=k=D=} C=W=aDQ= l}B |xYNWt |vwDU Q=Owtv "1 Q=Owtv
"=}DUwvwQB

V}=tR; 3 xQ=tW u=k=D=} C=W=aDQ= l}B |xYNWt |vwDU Q=Owtv "2 Q=Owtv
"=}DUwvwQB

V}=tR; 4 xQ=tW u=k=D=} C=W=aDQ= l}B |xYNWt |vwDU Q=Owtv "3 Q=Owtv
"=}DUwvwQB

"COt|vqw] |x_i=L |@Ya |xm@W pwrU |Q=tat "1 pmW

=Q VN@ xU u}= R}v C=ar=]t |[a@ QO [20]"u=k=D=} |oO=Di= Q=m R= w ?}a
15CNU p=wR VN@ w 14xDUy; p=wR VN@ '|O=a OQmQ=m VN@ '?}DQD x@

[5]"Ov=xO}t=v
xDUy; w sQv OvwQl} |=Q=O '?w}a OWQ w |Q}opmW |xrLQt QO u=k=D=} ,qwtat
C=W=aDQ= p=vo}U QF-wt Q=Okt w l}B XwYNx@ |W=aDQ= |=yxYNWt OWQ QO
|R=UxO=}B =Q xr=kt u}= QO xOW |iQat l}vmD u=wD|t 'p=wR R= xrLQt u}= QO "CU=
=@ l}B |W=aDQ= |xYNWt Q=Owtv 'C=v=Uwv w R} wv Vy=m |=Q@ xmu}= ut[ "OQm
xOW QDr}i Q=Owtv |wQ =yp}rLD |xt=O= w OwW|t QDr}i 16lQLDt u}ov=}t VwQ

"OQ}o|t CQwY
'CU= Q=O}=B=v |v=tR |QU l} u=wvax@ |W=aDQ= |xYNWt u}= xm =Hu; R= =t=
Q=}at h=QLv= w u}ov=}t w CU= |OwaY ,=O}m = CQwYx@ xW}ty p=wR OvwQ xm =QJ
|QU l} x@ p}O@D =OD@= CU= QDy@ u}=Q@=v@ "Ovm|t Q}}eD u=tR QPo =@ |v=tR |QU u}=
xO=iDU= =@ |v}@V}B QO |QDy@ C}r@=k Q=O}=B |v=tR |=y|QU =Q} R OwW Q=O}=B |v=tR
Q=O}=B |v=tR |QU u}= TBU "OvQ=O COtx=Dwm |vqw] |x_i=L |@Ya |xm@W R=

"OW Oy=wN |v}@V}B |xrLQt OQ=w
`} RwD |xwLv x@ O}=@ 'Q=O}=B |v=tR |QU l} x@ =yxYNWt u}= p}O@D Qw_vt x@
|xYNWt 17|vwDU Q=Owtv '3 =D 1 Q=Owtv QO "OQm xHwD l}B |xYNWt |=yxO=O
Q[=L VywSB QO xm � 18=}DUwvwQB ?=DWQB Qta V}=tR; R= u=k=D=} xvwtv wO l}B
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"CU= xOW hPL =y|v}@V}B R= |O=OaD =Q} R
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NnP
i=1
jPRi�Pij

Pi

Nn
(5)

=yCWwv=B
1. feed forward neural network
2. root mean square (RMS)
3. kurtosis
4. convolutional neural network
5. long short-term memory (LSTM)
6. support vector regression (SVR)
7. light gradient boosting machine (LGBM)
8. fast degradation
9. kalman �lter
10. deep neural network
11. stationary

12. spectrum
13. peak
14. slow degradation
15. hard degradation
16. moving average
17. histogram
18. PRONOSTIA
19. log-normal distribution
20. sigmoid
21. fully connected layer
22. MATLAB
23. validation
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