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�ui;j = 4��ui;j�1 � 2�ui;j + �ui;j+1

�.
(xj+1 � xj�1)2 (6)

�di;j = 4
�
�di;j�1 � 2�di;j + �di;j+1

�.
(xj+1 � xj�1)2 (7)

h} QaD 8 |x]@=Q j@=]t R}v s)= i Owt |Y}NWD |=yXN=W Q=OQ@ |xOW p=tQv
%OwW|t

DIi = max

(
0; [DIi;j ]� 1 5� [DIi;j ]

max [DIi;j ]�min [DIi;j ]

)
(8)

s)= i Owt ?}U; |}=U=vW |=yXN=W Q=OQ@ \UwDt Q=Okt �[DIi;j ] 'u; QO xm
%OwW|t h} QaD 9 |x]@=Q j@=]t ,q}P w CU=

�[DIi;j ] = 1
n

nX
j=1

DIi;j (9)

23?rDt \}Lt QO |U} wvOm s=Hv= =@DIi |Y}NWD |=yXN=W Q=OQ@ C=@U=Lt
QO |Q=Owtv G}=Dv "CU= xOW s=Hv= ?}U; hrDNt |=yC}a[w |=Q@ �2021a�
0=5Pcr |QwLt Q=@ QF= CLD uwDU ?}U; |=yC}a[w |=Q@ '5 |r= 3 |=ypmW
XNWt RtQk nvQ =@ xm � ?}U; |=yC}akwt QO xO=O MQ |@Uv |xv}W}@ Q}O=kt

"OvwW|t xOy=Wt �CU= xOW
xO=O MQ |@Uv |xv}W}@ Q=Okt T=U= Q@ |}=U=vW |=]N OYQO '6 pwOH QO

%�10 |x]@=Q� CU= xOW x@U=Lt ?}U; |x}L=v RmQt w =yQ=Owtv QO
e = �

�100
h
jz (DIi;max)� z (D)j

�
(10)

Q=Okt u} QDW}@ |v=mt C}akwt ?}DQD x@ z(D) w z(DIi;max) 'u; QO xm
|ak=w RmQt |v=mt C}akwt w �?}U; |xk]vt QO� ?}U; |}=U=vW |=yXN=W
xOW x@U=Lt |}=U=vW |=]N OYQO e w �QDt 4 =@ Q@=Q@� uwDU `=iDQ= h w ?}U;
"CU= |R}J=v |=]N xm 'CU= xOw@ �1 |}=U=vW |=]N Q=Okt u} QDW}@ "CU=

|}=U=vW |=yXN=W Q=OQ@ Q@ |Q=@ |=yC@Uv Q}=U QF= "1"5
xm OvyO|t u=Wv G}=Dv "CU= xOW s=Hv= R}v |Q=@ |=yC@Uv Qo}O |=Q@ =y|UQQ@
?}U; |}=U=vW |=yXN=W Q=Okt Q@ =Q Q}F-=D u} QDtm 'hrDNt |Q=@ |=yC@Uv

|v=QL@ Q=@� |v=QL@ |QwLt Q=@ R= hrDNt |=yC@Uv QF= CLD uwDU |Ot=U@ p}rLD
Q}O=kt w xOW s=Hv= ?}U; =@ w ?}U; uwO@ |=yC}a[w |=Q@ �D3 ?}U; C}a[w
w 4 |=ypwOH QO �xvwtv u=wva x@� D1 ?}U; w sr=U Owt |=ypmW Q}_v |Ot=U@
sr=U C}a[w wO Qy QO =yOwt Ot=U@ Q=Okt xm OwW|t xOy=Wt "CU= xOW x�=Q= 5
|=yC@Uv |t=tD QO 'u}vJty "CU= xDi=} Vy=m |QwLt Q=@ V}=Ri= =@ ?}U; w

"CU= xOw@ QDtm sr=U C}a[w Ot=U@ R= ?}U; C}a[w Ot=U@ '|Q=@

?}U; |}=U=vW "5
'?}U; QF= QO xm CU= u}= ?}U; C}akwt u}}aD w X}NWD QO |U=U= ZQi
QO "OwW|t |t_v|@ w pqDN= Q=JO 'CQ=UN |=yC}akwt QO xR=U |=yMU=B
|}=U=vW p@=k |tWJ |=y|UQQ@ =@ =yMU=B QO xO=O MQ |=y|t_v|@ 'C=kw= QDW}@
=yv; ?re= xm 'OwW x�=Q= |WR=OQB |=yVwQ CU= sRq 'u}=Q@=v@ &CU}v X}NWD w
|Y}NWD XN=W l} 'Q[=L Q=DWwv QO "Ot=Hv=|t |}=U=vW XN=W O=yvW}B x@
KQW u}= x@ |W=aDQ= |=yOwt |x} wv=F w x}rw= |=ypmW |=vLv= w ?}W Q@ |vD@t
uwDU QO ?}U; hrDNt |=yC}akwt u}}aD w |}=U=vW QO u; |}=Q=m w O=yvW}B

"CU= xOW |UQQ@ |v=QL@ Q=@ R= hrDNt |=yC@Uv QF= CLD
"�Hz� sr=U uwDU Ot=U@ Q}O=kt Q@ Q=@ hrDNt |=yC@Uv QF= "4 pwOH

� Hz� |a}@] Ot=U@
P=Pcr

!4 !3 !2 !1
225/30 127/60 56/992 14/291 QiY
224/60 126/90 56/286 13/569 0/1
223/91 126/20 55/572 12/806 0/2
223/22 125/49 54/848 11/994 0/3
222/52 124/78 54/114 11/123 0/4
221/82 124/07 53/371 10/178 0/5
221/11 123/35 52/616 9/1360 0/6
220/41 122/62 51/850 7/9580 0/7
219/70 121/90 51/073 6/5719 0/8
218/99 121/17 50/284 4/8007 0/9

"�Hz� D1 ?}U; =@ uwDU Ot=U@ Q}O=kt Q@ Q=@ hrDNt |=yC@Uv QF= "5 pwOH
� Hz� |a}@] Ot=U@

P=Pcr
!4 !3 !2 !1

225/24 127/07 56/516 14/230 QiY
224/55 126/37 55/804 13/504 0/1
223/86 125/66 55/084 12/738 0/2
223/16 124/95 54/353 11/921 0/3
222/46 124/24 53/612 11/045 0/4
221/76 123/52 52/861 10/092 0/5
221/06 122/80 52/099 9/0400 0/6
220/36 122/07 51/326 7/8475 0/7
219/65 121/34 50/540 6/4376 0/8
218/94 120/61 49/743 4/6149 0/9
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Owt |Q=Owtv G}=Dv 'p=Ft u=wva x@ "OQm Q_vhQY =yv; R= u=wD|t xm |Qw] x@ &OvQ=O
pmW QO 0=9Pcr w 0=5Pcr '0=1Pcr x@ \w@ Qt D3 ?}U; C}a[w |=Q@ pw=
?}U; |}=U=vW XN=W Q@ |QwLt Q=@ QF= uOw@ R}J=v p}rO "OwW|t xOy=Wt 6
h} QaD 11 |x]@=Q j@=]t xm '24 �MAC� p=Owt |oDU@ty Q=}at R= xO=iDU= =@

%CU= xOW |UQQ@ [32 w 31]'OwW|t

MACi;j =

�Pn
k=1

�
�u;P1
i;k � �u;P2

j;k

��2�Pn
k=1

�
�u;P1
i;k

�2��Pn
k=1

�
�u;P2
j;k

�2� (11)

Q=@ QF= CLD sr=U s)= j w i Owt |=ypmW ?}}DQD x@ �u;P2
j;k w �u;P1

i;k 'u; QO xm
QiY u}@ xQ=wty 'MAC Q}O=kt u}vJty "OvDUy k C}akwt QO P2 w P1 |QwLt

%�12 |x]@=Q� OQ=OQ=Qk 1 w
LMAC = �log (MAC) � 0 (12)

0=5Pcr =D 0=1Pcr =@ Q@=Q@ P2 w P1 = 0 xm |Dr=L |=Q@ LMAC Q}O=kt
|=yx}=QO xm OwW|t xOy=Wt "Ov=xOW x�=Q= 11 |r= 7 |=ypwOH QO xm 'CU=
w xOW s=Hv= Q=Wa= skQ 10 =D C=@U=Lt "OvDUy QiY =@ Q@=Q@ LMAC |Q]k
xOy=Wt u}vJty "CU= xOt; CUO x@ |Q]k |=yx}=QO |=Q@ QiY Q=Okt 'u=vJty
Q=@ QF= '|va} &OvDUy uQ=kDt Q=Wa= skQ 3 CkO =@ LMAC |=yT} QD=t xm OwW|t
R}J=v Q=}U@ '|W=aDQ= Owt |=ypmW |O=R; |=yxHQO |@Uv |}=Hx@=H Q@ |QwLt

"CU=
|=yT} QD=t xm OvyO|t u=Wv Q=Wa= skQ 4 smCUO =@ |D=@U=Lt |=yCkO
x@ l}ORv Q=}U@ |Q]k |=yx}=QO Q}O=kt 'xH}Dv QO w OvDU}v uQ=kDt ,qt=m LMAC

"?}U; Cr=L pw= Owt |Y}NWD |=yXN=W Q=Owtv "3 pmW

"?}U; Cr=L swO Owt |Y}NWD |=yXN=W Q=Owtv "4 pmW
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=vW"?}U; Rm =Qt w |@Uv |=yxv}W}@ T=U= Q@ ?}U; |=yC}akwt |}=U=vW |=]N OYQO Q}O=kt "6 pwOH
|=]N |}=U=vW RmQt |xv}W}@ Q=Okt RmQt Cr=L��� |}=U=vW ?}U; |xOW |}=U=vW XN=W ?}U; ?}U;Owt Owt Owt Owt Owt Owt Owt Owt Owt �QDt�swU swO pw= swU swO pw= swU swO pw=

0/9953 0/4069 0/9855 0/9602 0/9837 1/0394 0/9045 0/8825 0/9025 1 D1
0/9953 0/3481 0/9855 3/0398 3/0139 2/9606 0/9039 0/8820 0/9025 3 D2
0/9953 0/4069 0/9855 0/9602 0/9837 1/0394 0/8595 0/8403 0/8530 1

D30/9953 0/3481 0/9855 3/0398 3/0139 2/9606 0/4541 0/3787 0/4085 3

|QwLt Q=@ QF= CLD D1 ?}U; =@ uwDU pw= Owt |Y}NWD XN=W Q=Owtv "7 pmW
"`]kt w 0=5Pcr

j@=]t xm 'OwW|t xOy=Wt pw= Owt |=Q@ |Q=Owtv |xH}Dv '7 pmW QO 'p=Ft u=wva
xO=Di= j=iD= ?}U; C}akwt QO ?}U; |}=U=vW |=yXN=W Q=Owtv QO VyH 'u;

"CU=

|}=U=vW |=yXN=W Q@ ?}U; COW QF= |UQQ@ "3"5
|=yXN=W Q@ ?}U; ptDLt C}akwt l} ?}U; COW u=R}t Q}F-=D |UQQ@ |=Q@
|x]@=Q pmW x@ 8 |x]@=Q xm CU= sRq ?}U; hrDNt |=yC}akwt |Y}NWD

%OwW h} QaD 13
DIi = max

n
0; [DIi;j ]� 1 5� [DIi;j ]

o
(13)

|UQQ@ |Y}NWD |=yXN=W Q=OQ@ Q@ =Q ?}U; COW Q}F-=D u=wD|t CQwY u}= QO
"OQm

C}a[w |=Q@ pw= |W=aDQ= Owt |x} wv=F w x}rw= |=ypmW R= xO=iDU= =@ =y|UQQ@
1 C}akwt QO OYQO 30 w 20 '10 ?}U; COW Q}O=kt h} QaD =@ D3 ?}U;

"|QwLt Q=@ |=Q@ D3 ?}U; Cr=L pw= Owt |Y}NWD |=yXN=W Q=Owtv "6 pmW

|=yT} QD=t xm OwW|t xOy=Wt 11 |r= 7 |=ypwOH |xU}=kt R= "OvDUy QiY
Q=Okt Q}F-=D seQ|ra '=Pr &OvDUy Q@=Q@ Q=Wa= skQ 3 CkO =@ LMAC |D=@U=Lt
R}J=v Q=}U@ |W=aDQ= Owt |=ypmW Q@ Q=@ Q=F; 'Ot=U@ Q}O=kt Q@ |QwLt Q=@

"CU=

|}=U=vW |=yXN=W QO `]kt QF= |UQQ@ "2"5
|QwLt Q=@ QF= CLD |}xQ}=O w |r=NwD |a@ Qt `]=kt =@ uwDU ?}U; |}=U=vW
|Q=Owtv G}=Dv "CU= xOW s=Hv= hrDNt |=yOwt QO D1 ?}U; C}a[w |=Q@
x@ "CU= xO=Di= j=iD= ?}U; C}akwt QO |@Uv |xv}W}@ Q=Okt xm OvyO|t u=Wv
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"P2 = 0=1Pcr w P1 = 0 |QwLt |=yQ=@ QF= CLD Owt |=ypmW u}@ LMAC Q}O=kt "7 pwOH
|QwLt Q=@ QF= CLD uwDU Owt |xQ=tW

LMAC6 5 4 3 2 1
14/0479 15/2601 14/0106 13/8730 15/1442 0/0000 1

Owt |xQ=tW13/6998 14/3732 14/8412 14/5411 0/0000 15/1442 2

QF= uwO@ uwDU14/2560 14/7223 16/2381 0/0000 14/5411 13/8730 3

|QwLt Q=@14/9691 16/8635 0/0000 16/2381 14/8412 14/0106 4
17/6728 0/0000 16/8635 14/7224 14/3732 15/2600 5
0/0000 17/6726 14/9691 14/2560 13/6998 14/0479 6

"P2 = 0=2Pcr w P1 = 0 |QwLt |=yQ=@ QF= CLD Owt |=ypmW u}@ LMAC Q}O=kt "8 pwOH
|QwLt Q=@ QF= CLD uwDU Owt |xQ=tW

LMAC6 5 4 3 2 1
14/0479 15/2601 14/0106 13/8730 15/1442 0/0000 1

Owt |xQ=tW13/6998 14/3732 14/8412 14/5411 0/0000 15/1442 2

QF= uwO@ uwDU14/2560 14/7223 16/2381 0/0000 14/5411 13/8730 3

|QwLt Q=@14/9691 16/8635 0/0000 16/2381 14/8412 14/0106 4
17/6729 0/0000 16/8635 14/7223 14/3732 15/2600 5
0/0000 17/6726 14/9691 14/2560 13/6998 14/0479 6

"P2 = 0=3Pcr w P1 = 0 |QwLt |=yQ=@ QF= CLD Owt |=ypmW u}@ LMAC Q}O=kt "9 pwOH
|QwLt Q=@ QF= CLD uwDU Owt |xQ=tW

LMAC
6 5 4 3 2 1

14/0479 15/2601 14/0106 13/8730 15/1442 0/0000 1

Owt |xQ=tW13/6998 14/3732 14/8412 14/5411 0/0000 15/1442 2

QF= uwO@ uwDU14/2560 14/7223 16/2381 0/0000 14/5411 13/8730 3

|QwLt Q=@14/9691 16/8635 0/0000 16/2381 14/8412 14/0106 4
17/6730 0/0000 16/8635 14/7223 14/3732 15/2600 5
0/0000 17/6726 14/9691 14/2560 13/6998 14/0479 6

"P2 = 0=4Pcr w P1 = 0 |QwLt |=yQ=@ QF= CLD Owt |=ypmW u}@ LMAC Q}O=kt "10 pwOH
|QwLt Q=@ QF= CLD uwDU Owt |xQ=tW

LMAC6 5 4 3 2 1
14/0479 15/2601 14/0106 13/8730 15/1442 0/0000 1

Owt |xQ=tW13/6998 14/3732 14/8412 14/5411 0/0000 15/1442 2

QF= uwO@ uwDU14/2560 14/72223 16/2381 0/0000 14/5411 13/8730 3

|QwLt Q=@14/9691 16/8635 0/0000 16/2381 14/8412 14/0106 4
17/6731 0/0000 16/8635 14/7223 14/3732 15/2600 5
0/0000 17/6725 14/9691 14/2560 13/6998 14/0479 6
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|QwLt Q=@ QF= CLD uwDU Owt |xQ=tW

LMAC6 5 4 3 2 1
14/0479 15/2601 14/0106 13/8730 15/1442 0/0000 1

Owt |xQ=tW13/6998 14/3732 14/8412 14/5411 0/0000 15/1442 2
QF= uwO@ uwDU14/2560 14/7223 16/2381 0/0000 14/5411 13/8730 3
|QwLt Q=@14/9691 16/863 0/0000 16/2381 14/8412 14/0106 4

17/6732 0/0000 16/8634 14/7224 14/3732 15/2600 5
0/0000 17/6725 14/9691 14/2560 13/6998 14/0479 6

"?}U; hrDNt |=yC}akwt QO |Y}NWD |=yXN=W |xv}W}@ Q=Okt "12 pwOH
?}U; C}akwt QO ?}U; X}NWD |=yXN=W |xv}W}@ ?}U; s=v�QDt 3 =@ Q@=Q@ ?}U; RmQt� 2 �QDt 1 Q@=Q@ ?}U; RmQt� 1

0/0335676 0/0106493 D3�10�20
0/0305903 0/0305904 D3�20�20
0/0269331 0/0562437 D3�30�20

xOw@ QDtm 1 C}akwt QO |Y}NWD |=yXN=W |xv}W}@ Q=Okt V}=Ri= COW R= '2
C}akwt wO Qy QO ?}U; COW xm |DQwY QO OwW|t xOy=Wt 'u}vJty "CU=
|=yC}akwt QO |v=Um} |Y}NWD |=yXN=W |xv}W}@ Q=Okt 'OW=@ Q@=Q@ ?}U;

"OwW|t O=H}= ?}U;

|Q}oxH}Dv "6
|}=U=vW =@ "CU=|vt}= u}t-=D w xR=U |Q=Oyov |x}rw= C=} QwQ[ R=|DtqU|@=} RQ=
|=yCQ=UN ẁkw R= u=mt= OL =D u=wD|t =yv; s}tQD w xO}O?}U; <=[a= `kwt x@
CtqU V}=B u=wva =@ =yxR=U QO |DtqU |@=} RQ= xQ=wty "OQm |Q}owrH Q}PB=vu=Q@H
xOw@ xHwD OQwt =[i=wy w l}v=mt 'u=Qta |UOvyt hrDNt |=yV}=Qo QO xR=U
'xR=U |W=aDQ= |=yMU=B |=v@t Q@ |DtqU V}=B '|rm |Ov@s}UkD l} QO "CU=
xDN=OQB xR=U QO ?}U; OwHw |xr�Ut x@ 'pw= |xrLQt QO %CU= xrLQt Q=yJ pt=W
u}}aD x@ 'swO |xrLQt QO 'OwW O}}-=D xR=U QO ?}U; OwHw xm |DQwY QO "OwW|t
Q_v R= ?}U; Q=Okt u}}aD x@ 'swU |xrLQt QO "OwW|t xDN=OQB ?}U; C}akwt
u} QDpt=m xm 'sQ=yJ |xrLQt QO "OwW|t xDN=OQB CQ=UN K]U =} w jta 'COW
?}U; ptDLt |xR=U Qta pw] u}tND x@ 'CU= xR=UCtqUV}=B |xar=]t K]U

"OwW|t xDN=OQB
|=yC@Uv QF= CLD uwDU QO ?}U; C}akwt u}}aD hOy =@ 'Q[=L Q=DWwv QO
|=ypmW |=vLv= w ?}W Q@ |vD@t |Y}NWD XN=W '|v=QL@ |QwLt Q=@ hrDNt
?}U; C}akwt u}}aD QO u; |}=Q=m w O=yvW}B |W=aDQ= |=yOwt |x} wv=F w x}rw=

%CU= xOt; CUO x@ G}=Dv u}= w xOW |UQQ@
C}akwt w CU= T=UL '?}U; C}akwt x@ |Y}NWD |=yXN=W Q=OQ@ �1
p@=k �1 R= QDtm |=]N =@ ?}U; |xk]vt QO |@Uv |=yxv}W}@ O=H}= =@ ?}U;

"CU= |}=U=vW
Q@ |Q}F-=D =t= 'CU= Q=PoQF= Ot=U@ Q}O=kt Q@ |QwLt Q=@ Q=Okt xmu}= seQ|ra �2
|=yT} QD=t |x@U=Lt =@ ẁ[wt u}= "OQ=Ov ?}U; |Y}NWD XN=W Q}O=kt

'10 ?}U; |=yCOW =@ D3 ?}U; Cr=L |Y}NWD |=yXN=W Q=Owtv "8 pmW
"2 C}akwt QO OYQO 20 ?}U; COW w 1 C}akwt QO OYQO 30 w 20

pwOH QO "CU= xOW s=Hv= 2 C}akwt QO OYQO 20 C@=F ?}U; COW Q=Okt w
QO w x@U=Lt ?}U; |=yC}akwt |Y}NWD |=yXN=W Q=Okt |xv}W}@ '12
xOW x�=Q= 13 |x]@=Q R= xOt; CUO x@ |Y}NWD |=yXN=W Q=Owtv '8 pmW

%CU=
COW V}=Ri= =@ |Y}NWD |=yXN=W |xv}W}@ Q=Okt xm OwW|t xOy=Wt
|=yXN=W uOw@ T=UL |xOvyOu=Wv xm 'CU= xDi=} V}=Ri= 1 C}akwt ?}U;
COW V}=Ri= =@ xm CU= |r=L QO u}= "CU= 1 C}akwt ?}U; COW x@ |Y}NWD
2 C}akwt QO ?}U; X}NWD |=yXN=W |xv}W}@ Q=Okt '1 C}akwt QO ?}U;
C}akwt QO |Y}NWD |=yXN=W |xv}W}@ Q=Okt Vy=m COW u}= w xDi=} Vy=m

60



4/
2|

xQ=t
W'

38
�2

|xQ
wO'

�14
01

u=DU
tR�

h}
QW

u=Qt
a|

UOv
yt 'OW=@ Q@=Q@ 2 w 1 ?}U; C}akwt wO QO ?}U; COW Q=Okt xm |DQwY QO �6

1 ?}U; |=yC}akwt QO |v=Um} |Y}NWD |=yXN=W |xv}W}@ Q=Okt x=ou;
R= |QD?U=vt |L]Usy =@ ?}U; |=yC}akwt '|DQ=@a x@ &OwW|t O=H}= 2 w

"CU= |}=U=vW p@=k |Y}NWD |=yXN=W Q}O=kt
xOt; CUO x@ G}=Dv u}= 'Q[=L Q=DWwv QO xOW s=Hv= |=y|UQQ@ R= 'u}vJty

%CU=
C}a[w Ot=U@ 'u=Um} |QwLt Q=@ QF= CLD w ?}U; QF= QO =yOwt |t=tD QO �7
COW V}=Ri= =@ QwmPt hqDN= w xDW=O hqDN= ?}U; C}a[w Ot=U@ =@ sr=U
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