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C=YDNt -=O@t QO O=tDa= C}r@=k XN=W |=y|[}@ RmQt 'xOWp=tQv |=[i QO
3 'Ovm Q}}eD �1 =D �1 R= |oDU@ty ?} Q[ Q=Okt xm |t=ovy "CiQo Oy=wN Q=Qk

%ODi}@ j=iD= CU= umtt Cr=L
"OW Ovy=wN xQ}=O x@ p}O@D =y|[}@ x=ov; 'OW=@ � = 0 Qo = "1

CQ=@a x@ "OW Ovy=wN CU=Q \N x@ p}O@D =y|[}@ x=ov; 'OW=@ � = �1 Qo = "2
"OvDUy xDU@ty ,qt=m CQwYx@ Q}eDt wO 'Qo}O

=y|[}@ |rY= QwLt Cr=L u}=QO 'Ovm Q=}DN= =Q Q}O=kt Q}=U � Q=Okt xJv=vJ "3
|rN=O K]U '�1 Q}O=kt x@ � uOWl}ORv =@ w O}NQJ Ovy=wN 7 pmW j@=]t

"OvwW|t l}ORv CU=Q \N x@ w OW Oy=wN QDlJwm =y|[}@ u}=
|oDU@ty QDt=Q=B QF= xm OUQ|t Q_v x@ |QwQ[ Q=}U@ xOWxDio?r=]t x@ xHwD =@
xOW|WmyR\}=QW QO|v=wQ}Wl}|oDN}Uo p=tDL=u}}aD x@ \w@ QtC=@U=Lt QO
|oDN}Uo Q=}at j@] '8 pmW QO xOWxO=O u=Wv |v=wQ}W |=Q@ "OwW xDiQo Q_vQO
|v=wQ}W u=v}t]= ?} Q[ Q=Okt |OL pO=aD VwQ R= xO=iDU= =@ w ?trwm � Qywt

%Ow@ Oy=wN 9 |x]@=Q j@=]t

F:S = 2c
H:


�
" 1

sin �( 1
tan � � tan �)(sin � � tan' cos �)

#
(9)

%CW=O s}y=wN =Q 10 |x]@=Q '� ?UL Q@ 9 |x]@=Q uOQmxv}tm =@
�cr = �

4 + '
2 �

�
2 (10)

[12]"FOSM VwQ x@ |oDN}Uo p=tDL= |@=} RQ= l}D=tW V}=tv "4 pmW

p=tDL= w O=tDa= C}r@=k XN=W hrDNt Q}O=kt |=Q@ USACE OQ=Ov=DU= "5 pmW
[14]"|oDN}Uo

|xar=]t QO "CU}v u=U; u=OvJ O=tDa= C}r@=k XN=W u}}aD 'OvDUy xDU@ty
|vLvt |xrY=i u} QDtm =@ Q@=Q@ =Q O=tDa= C}r@=k XN=W '6 pmW j@=]t |Qo}O
[15]"Ov=xOQm h} QaD xOWp=tQv C=YDNt x=oDUO QO -=O@t R= |}=Q=m `@=D x@ \w@ Qt

%OwW|t x@U=Lt 7 |x]@=Q j@=]t '6 pmW QO Zi |xOWp=tQv C=YDNt

Zi = Xi � �xi
�xi

(7)

6



"""w
VN

@KQi
?=}

t=m
uU

L'
|Q=

vJ
|O}

WtH
=[Q

"=y|v=wQ}W O=tDa= C}r@=k XN=W QO |oDU@ty ?} Q[ Q}F-=D "9 pmW

C}r@=k XN=W |=y|[}@ QO |oDU@ty ?} Q[ hrDNt Q}O=kt Q}F-=D "7 pmW
"O=tDa=

"xar=]t OQwt |v=wQ}W l}D=tW pmW "8 pmW

%OwW|t h} QaD 11 |x]@=Q j@] |}=Q=m `@=D 'u}=Q@=v@
M = 2c


H
�� 1

[(cos �cr � sin �cr tan�)(sin �cr � cos �cr tan')]

�
� 1

(11)

w C}vt= |x}W=L `@=D '|oDU@ty ?} Q[ hrDNt Q}O=kt uDiQoQ_vQO ZQi =@
"CU= xOW s}UQD 9 pmW QO O=tDa= C}r@=k XN=W x@ \w@ Qt |=y|[}@

|oDU@ty ?} Q[ Q}}eD =@ 'CU=O}B 9 pmW hrDNt |=yVN@ R= xm Qw]u=ty
�0 5 R= |a}@] |v=wQ}W |rN=O l =m]Y= |x} w=R w xOW|WmyR |oOv@UJ u}@

7



"""|
Q=O}=

BQO
l=N

|D=P
|vw

oty
=vQF

=|U
QQ@|xRwL |Qw�D R= l =N |WQ@ Ctw=kt |=yQDt=Q=B |R=U|ak=w Qw_vt x@

x]kv Qy QO Q_vOQwt QDt=Q=B Q}O=kt |Qw�D u}= T=U=Q@ "OwW|t xO=iDU= |iO=YD
Qw=Ht \=kv Q}=U =@ xDU@ty CQwYx@ �OwOLt Cq[=iD |Ov@Vt QO =yuwR RmQt�
u=wva =@ hrDNt |=yQDt=Q=B u}@ |oDU@ty TBU w O}rwD 6|oDU@tyOwN u=wva =@
|=yQ=OQ@ =OD@= xm CU= KQW u}O@ Q=m VwQ "OwW|t u=}@ 7|[Qa |oDU@ty
Q}e OQ=Ov=DU= |Uwo |=yQ=OQ@ CQwYx@ |rN=O l =m]Y= |x} w=R w |oOv@UJ
x@ |oDU@tyOwN p=ta= Qw_vt x@ TBU w OvwW|t O}rwD ("'; "c) xDU@tyOwN
\w@ Qt �13 |x]@=Q� �AC '|oDU@tyOwN T} QD=t '|Dtw=kt |=yQDt=Q=B R= l} Qy
'pY=L |FrFt u}}=B T} QD=t ?Q[ =@ w x} RHD |mUrwJ VwQ x@ QDt=Q=B Qy x@
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|=[i T} QD=tG0 w |mUrwJ |x} RHD VwQ x@ �cc T} QD=t |R=U=OH R= pY=L
|oOv@UJ QDt=Q=B |=Q@ |iO=YD u=O}t C}=yv QO "CU= |[Qa |xDU@ty |iO=YD
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1. Slice methods
2. stationarity
3. original
4. residual
5. US army corps of engineers
6. auto correlation
7. cross correlation
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