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¤¦¥0§�¨ {�npqG� v {�r	m`��q
©¦ª�«B« ¥w¬�­@®^¯�¤ ��xg��°@{��\~jnCq��Wm § ��ecrPlj�}m`stopqWn2�av m`���\y�np{�op�Jr:qKuwv k��tm`��{�±Cm�oC{�y�s-uwv �j{}±goCy\��nCm\r:rPqK±p~jn���q�o�oCq

{�rPm\�\q���² {}±�~Jm\��{}±pq�nG�av {�rPm\�\q3��q�sjsJm	m\ljnC³W±7k��tm`��{�±Cm�oC{�y�s ¤ ��xg�J°@{���~jnCq:�W´ § �
¤zµ�§w¶ ljlj��{�|t~jqWnB·Ksjy�~j¸\q�m`~ ¤ ~Jsjq?u�qW~�¹�{�³WrPq�xzy\{}± § ��mGoCqW�L�jsJ{�|t~jq�uºv kW��m`��{}±pm`op{�y\s�uwv �j{�±�opy��\nLm`rPrPq�±�~jnB�av {�rPm\�\q�y�´�opqWst~Jq

ljnCkW��kWu�qWr:rPqWs�o���» ¼cm�¼ oWv {���~js½�L�0m`sj��q�rPq�sto^¾3¿Ày�~jnC|t~jy�{�¾
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¥J§P¨ {�nCqY�av {�rPm\�\qYØ ¯È­ © ¥ «ËÙ ¬�­@®^¯ �@²�y\~J±PnCq�r	m`nL|t~jq�nCq�ÚÛ|t~ºv {�� ±Wv m`�\{�oNuwv ~jsjqYnLm\u�{�y\��nCm\lj�j{�q½ujq�stoCm\{�nCqY|�~J{
rPy\stopnCq

~jsÜ{�rPlj�}m`stoWi��\v q�±go	·Ýuj{�nCqÞ~Jsjq½±py\npopq½u�q½¸t{}±P±�~Jn-�}m\|t~jqW����q½±pq�nLmÛßj¹�kWqÞ~jsJqÞljnCy`oC�j³W±pq ¤ {a� q\��i2u�qWs�oC{�qWn § lj��~J±-oCm\nCu ¤ �Ixg�
°@{���~jnCqÆà`m § ��áâm\���jqW~jnCq�~J±pq�rPq�sto�i�� v {�rPlj�}m`sto7s�v q�±goKlJm�±�lJm\n�x¦m\{OoCq�rPq�stoG¸\qWn�oC{��Wm`�Ë±�~jn7�}mHnLm\u�{�y\��nCm\lj�j{�q
��q3|t~j{w��y\rPlj��{}|�~Jq
�}mHljnC{}±�q3u�q3rPqW±p~jnpqQlJm`nG~jsÛm`~jopnCqÆm\����y\nC{OoC�jrPq\� ¨ v y\´�ãgq�oGu�q���qÆäG¿RqW±�oGujqÆnCqWujnpq�±p±pq�n7m`~�oCy\r	m�oC{�|t~jqWr:qWstoG��q�o�oCq3{�r	m`��q
u�qHopq�����qHx¦m�å�y\sÝ|�~JqH� v {�rPlj��m\sto3±py\{�oQlJm\n�x¦m\{OoCq�rPq�stoÆ¸\q�npop{}��m\� ¤ �Ixg�w°@{���~jnpqPà�´ § �whQsÝ±�q-ljnpy�l0yt±�q-uwv ~jop{���{}±�qWn3l0y�~jnÆ��q��}m	�}m
äBnCm\sJ±gxzy�nprPkWqÆu�q+æ y`oCq�����{�sj� ¤ äKæ §pç �j¿2nCy���kWu�qWnKu�q���m-x¦m�å�y\sÛ±p~j{�¸�m\s�oCq\i

(1) è nCk�qWnK~jsjq�{�r	m`�\qÆ´j{�sJm`{�nCq ¤ �Py\~é� § q�sY±pq�~j{�����m\s�oK� v {�rPlj�}m`sto
lJm`nKnLm`lJl0y�n�oK·:�av m`nCnp{�³�nCqÆlj��m\stoW�
(2) è m\����~j��q�nK�}m:äBnLm`sJ±�xzy\nCrPk�q3u�q+æ
y\opq�����{�sj� ¤ äKæ §�¤ �Ixg�Jä@m`´j��qP� § ±p~jn ��q�o�oCqÆ{�r	m`��qÆ´J{�sJm\np{}±pk�q\�
(3)

¶ ljlj��{�|t~jqWn��}m+äKæê±p~jn2� v {�r	m`��qKy\nC{���{�sJm\��qGl^y\~jn?��m3nCqWujnpq�±p±pq�n�qWs	~�op{���{}±Cm`sto�~jsjq {�stopqWnpl^y\�}m�oC{�y�s	m`~
lj��~0±Gljnpy��L�jq3¸�y\{}±�{�sº�
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hQsénLm`ljl^q�����q	{}��{���q�±Æxzy\nCrH~j��qW±�u�~Ó��{�¸tnCq	u�q	nCk�xzk�nCq�s0��q	u�q&%éq�q('�±�l���)���¼*),+�� ¨ mYäKæ sjk���qW±C±p{OoCqP|t~jq	� v y\s
�Wm`�}��~j��qÆopy�~�o uwv m`´^y\nLu=��qW±
u�{.-Ëk�nCq�stopq�±G¸�m\��qW~jnL±Ku�q3��mPr	m�oCnp{}��q�u�q���y\nCnpkW��m`op{�y\s è ±�~JnK�av {�r	m\�\q3´j{�sJm`nC{�±pk�q��

C =

(

Cxx Cxy

Cxy Cyy

)

,

m�¸\qW�\i
Cxx =

1

N

∑

s

(xs − xg)
2,

Cyy =
1

N

∑

s

(ys − yg)
2,

Cxy =
1

N

∑

s

(xs − xg)(ys − yg),

y0/È��qW±Pu�{.-^kWnpqWs�oCqW±:±�y�rPrPm`op{�y\sJ±:±pq=xzy\sto	±�~Jn-� v qWsJ±pq�rH´J��qÛu�qW±
N
lJ{O¹�q��}±:´j�}m`sJ�W±-u�q½� v {�r	m`�\qÞ´j{�sJm`nC{�±pk�q��

(xG, yG)
q�±goK��q�´Jm`n21���q�stoCnpq3u�q3�av q�s0±�qWrH´j��q+u�qW±GlJ{O¹�q��}±G´j�}m`sJ�W±
u�q3� v {�r	m`�\q3´j{�sJm\np{}±�kWq\i�{ � q���i

xg =
1

N

∑

s

xs,
q�o

yg =
1

N

∑

s

ys.

¨ qW±Ku�qW~�¹N¸�m`��q�~JnC±GljnCy\lJnpq�±7ujq+��q�opopq�r	m�oCnp{}��q�±py\sto
u�y\sJsjk�q�±GlJm`n�i

λ1 =
1

2

(

Cxx + Cyy +
√

(Cxx − Cyy)2 + 4C2
xy

)

,

λ2 =
1

2

(

Cxx + Cyy −

√

(Cxx − Cyy)2 + 4C2
xy

)

,

32o3� v m`sj����q
θ
uwv y\nC{�q�stoCm`op{�y\sUu�q:� v y�´�ãgq�o ¤ { � q���iw� v {�rPlj�}m`sto § lJm\nÆnLm`lJl0y�n�o3·=� v m`¹�qPu�q�± ¹ ¤ m�¹�q:¸\q�npop{}��m\� § qW±�o

ujy\sjsjkWq3lJm`n�i

θ = arctan
(λ1 − cxx

cxy

)

.
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