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Cpi

1 =W pi
1 sin ξ3 −

W pi
3 cos ξ3 − ξ1 sin ξ3 + ξ2 cos ξ3

Cpi
2 =W pi

2
Cpi

3 =W pi
1 cos ξ3 +W pi

3 sin ξ3 − ξ1 cos ξ3 − ξ2 sin ξ3

con i = 1, . . . , n
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1 = h2i−1(x) = αx
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3

= αx

W pi

1
sin ξ3−

W pi

3
cos ξ3−ξ1 sin ξ3+ξ2 cos ξ3

W pi

1
cos ξ3+W pi

3
sin ξ3−ξ1 cos ξ3−ξ2 sin ξ3

+ υ1(t)
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W pi
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W pi

1
cos ξ3+W pi

3
sin ξ3−ξ1 cos ξ3−ξ2 sin ξ3

+ υ2(t) )9831 G�5
;  #� i = 1, . . . , n

1
ω ∈ N(0, Q)

�
υ ∈ N(0, R)
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S1[k + 1] = S1[k] + u1[k] cos(S3[k])
S2[k + 1] = S2[k] + u1[k] sin(S3[k])
S3[k + 1] = S3[k] + u2[k]
S4[k + 1] = S4[k]
S5[k + 1] = S5[k]
S6[k + 1] = S6[k]
S7[k + 1] = S7[k]
S8[k + 1] = S8[k]
S9[k + 1] = S9[k]
S10[k + 1] = S10[k]
S11[k + 1] = S11[k]
S12[k + 1] = S12[k]
S13[k + 1] = S13[k]
S14[k + 1] = S14[k]
S15[k + 1] = S15[k]
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u1[k]

Ã
u2[k]

Ì�Ë#É�ËqÔ!Ç�ÅQÅ>É�Ô#Ï�Ã�Ì�Ì�Å^ÃJÏ�Æ#Â�Â�Ï�Ã�Ì�Ã.É-Í7Æ#É�ËYÏBÅ>Ì�Â&ÃKÍ�Í�ÅLÚ#Æ�ÒJÃ�É-Í�Ã*Ç�ËYÌ�Â&Ë�Û
ÌBÍ7Æ#Ò�Ã�É�Í�ËJÇ�Å�É�Ã.Æ#Ï�Ã�ÃUÆ#É�Ô!Ë#Ç>Æ#Ï�ÃNÊ�Ã�ÇHÏ�Ë#Ü&Ë#ÍEÉ�Ã�Ç>Ç9Ý Å�É-Í�Ã�ÏBÚ#Æ#Ç�Ç�ËJÊ�ÅHÄ.Æ#Ò�Â�Å�Ë#ÉdÆ�Ò�Ã.É-Í�Ë ØcÞ Ã�Ï
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β1 =W p1

1 sin ξ3 −
W p1

3 cos ξ3 − ξ1 sin ξ3 + ξ2 cos ξ3

β2 =W p1

1 cos ξ3 +W p1

3 sin ξ3 − ξ1 cos ξ3 − ξ2 sin ξ3

β3 =W p2

1 sin ξ3 −
W p2

3 cos ξ3 − ξ1 sin ξ3 + ξ2 cos ξ3

β4 =W p2

1 cos ξ3 +W p2

3 sin ξ3 − ξ1 cos ξ3 − ξ2 sin ξ3

β5 =W p3

1 sin ξ3 −
W p3

3 cos ξ3 − ξ1 sin ξ3 + ξ2 cos ξ3

β6 =W p3

1 cos ξ3 +W p3

3 sin ξ3 − ξ1 cos ξ3 − ξ2 sin ξ3

β7 =W p4

1 sin ξ3 −
W p4

3 cos ξ3 − ξ1 sin ξ3 + ξ2 cos ξ3

β8 =W p4

1 cos ξ3 +W p4

3 sin ξ3 − ξ1 cos ξ3 − ξ2 sin ξ3
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z1
1 [k] = αx

β1

β2

z1
2 [k] = αy

wp1

2
[k]

β2

z2
1 [k] = αx

β3

β4

z2
2 [k] = αy

wp2

2
[k]

β4

z3
1 [k] = αx

β5

β6

z3
2 [k] = αy

wp3

2
[k]

β6

z4
1 [k] = αx

β5

β6

z4
2 [k] = αy

wp4

2
[k]

β6
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A =
∂ f

∂ S
=

























1 0 − sin(x3[k])u1[k]
0 1 cos(x3[k])u1[k] 0 0 0 0
0 0 10 1 0 0 00 0 1 0 00 0 0 1 00 0 0 0 1
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


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αx
β1 cos ξ3−β2 sin ξ3

β2

2
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β1 sin ξ3+β2 cos ξ3

β2

2

αx
β2

1
+β2

2

β2

2
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cos ξ3
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sin ξ3
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2
β1
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β3 cos ξ3−β4 sin ξ3
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β7 sin ξ3+β8 cos ξ3
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0 −H(1, 2) b b b
αy

β2
−H(2, 2) b b b

−H(3, 1) 0 −H(3, 2) b b
−H(4, 1)

αy

β4
−H(4, 2) b bb −H(5, 1) 0 −H(5, 2) bb −H(6, 1)

αy

β6
−H(6, 2) bb b −H(7, 1) 0 −H(7, 2)b b −H(8, 1)

αy

β8
−H(8, 2)































V =
∂h

∂υ
=





























1 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 1 0 0 0 0
0 0 0 0 1 0 0 0
0 0 0 0 0 1 0 0
0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 1





























c
dOegfihkjilnmJopm�q�r
s�t�fis�c
f,ugq�s�t,m
3x3 v w jilnmJopm�q�r
s�t�fiu�x
l�lnm 3x3

f K jys�lzegf�q
q�d�r
f
[ 0 0 0 ] {
|�}�~ �p�,���y�,� �������y�
� f�s/�/r�d����
s�o�s/�/m�r�m���r�m��kr
s��]d�r�q�snm�o�d�l�f	�
s�o�x
lnm��,s�d�u
sM�
s��p��s���u
s��Mt,m?q�s�egf v opf�ugq�r
f	m�l�lnm�/u
fpc
f�l�t,m��
s�q�d�l�d��Hegf�c
s��/m�r { ��{ � � c
f,�
t�r
s�e�snm�opdalnm��
r
d�t�f�c
x
r�m��]f,r s�u
c
s�e�s�c
x/m�r�fplnmq�r�m��
�Ad�r
opm���s�d�u
f�t��/f��]f�r
o�f�q�q�f�c
s.�/m��
��m�r
f�c/m�s.�/m�r�m�o�f�q�r
s.��q�s�opm�q�s]c/m�l]�/l�q�r
d��Hegf�c
sd��
� { ��{�� � m*��x
f�l�l�s r
f,m�l�s {¡ u/m�l�s�����snm�o�did�r�mks#r�s���x
l�q�m?q�s#d�q
q
f,u�x�q�s#s�uJ�
s�o�x
lnm���s�d�u
f�t�d�uTlW¢ m��
�
l�s�tOm��,s�d�u
f�c/f�l�/l�q�r
d�c
s�£ m�lnopm�u�f��
q�f��
d-m�l�lnm	��q�s�opm�c
f�l�l�fPt,d�d�r
c
s�u/m�q
fPc
f,l�l�fz�Af,m�q
x
r
f,�¤s�u�q�f�r
u/m��/����m {¥ �/m�r�m�o�f�q�r
s(��d�u/d�s(��f���x/f�ugq�s �Mf,r�q�x�q
q�f-l�f �
s�o�x
lnm���s�d�u
sW¦

• § q
f,����s���f�¦�¨ {�� ��f�t
• § d�l�egf�r�¦©d�c
f � �Wª©x
l�f,r �

«­¬A®�¬�¯ °­±�²´³�µ�¶©·.±�¸�¹	º»¯
¥ c/m?q�s r�f,lnm?q�s�e�s m�l�lnm*�
sno�x
lnm���s�d�u
f �
d�u
d�¦
¼ F�@C½©K�D#>�[,>A@RV#GHB/¾g>HK]N&F ¦�¨?¿ � ¨�¨*�
f,t�À
Á K(KML?D#>WN&B�=OFJ>AN#>H¾�>HB/GA>PLOF�BMGA>PD&F�GAGAFTSUF�B�=?V&L?F ¦

•
W p1 = [700 40 100]mm
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Ä.Å^Æ�Ç ÈAÉRÊ#ËHÌ/ÍgÈAÎMÏ¤È

•
W p2 = [850 − 80 80]mm

•
W p3 = [900 50 90]mm

Ð Î(ÎMÑ�Ò#ÈAÏ&Ì�ÓOÔJÈAÏ#ÈHÍ�ÈHÌMËAÈPÕ�Ó?ÈAÉCÌ�ÓOÔJÒ&Ô�ËAËHÔJÖUÔ�Ì�Ó?Ê&Ñ?Ô´×
•

W p1st = [2625 150 375]mm

•
W p2st = [1594 − 150 150]mm

•
W p3st = [2700 150 270]mm

Ð Î]Ï]ÓOÑOÎ]ËAËAÈPÌ/ËzÑ?ÎMØ©Î/Ó
(u1, u2) = [40mm/s, 0r ad/s] Ù/Ú
Û�Ü�ÝßÞ
àzá
Ú/Ü�â/à�ã�ã�à�äHàOÜ?å�á
æ
àæ�Ü�ç�ç�è�á
Ú
ç�à*è�ã¤é]Û�æ
â
Ûyâ
à�ã�ã�Ûyê
ÝßÞ
à,æ�ë�Ûyà (u1, u2) = [−40mm/s, 0r ad/s] Ù/Ú
ÛÜ�ã�ãnÜ�ì]Û�ê
è�í�è�Û�Ú
à	è�Ú/è�í�ènÜ�ã�à	â
à�ã�ã�à	äAà,Ü?å�á
æ
à�î�Ü�ã�å�à�æ
Ú/Ü�å�è�ï�Ü�ë�à,Úgå�à�Ù/Ú
Û�Ü�ã�ãnÜ Ù/Ú
à	â
à�ã�ã^Üê
è�ë�á
ãnÜ�í�è�Û�Ú/à�ð

ñ Ê#ÉCÎMÑ?ÔJÕ,Ê#ËAËHÔRÉEÈAÕ,Ê&Ñ?Ôóò à,æyÛ�ç�Ú
è-Ý�Û�Û�æ
â
è�Ú/Ü�å�Ü_â
à�ã-ì
á
Úgå�Ûôê�á
ã�ãWõ è�ë�ëpÜ�ç�è�Ú
àZê�è�öÜ�ç�ç�è�á
Úgå�Û�á
Úiæ
á
ë�Û�æ
à�ç�Ü�á
ê�ê
ènÜ�Ú
Û�â
è]ë�à�â
ènÜ�Ú�á/ã�ãnÜ�à	ï�Ü�æ
ènÜ�Ú
í,Ü σ2 = 0.1pixel ÷
ñ Ê#ÉCÎMÑ?ÔJÕ,Ê#ËAË"ø�Î Ò#ÎMÉEÔgÓ,Ñ�ÈHÌ

σ2
l = 0.1mm ì]à�æ�ã�Ûaê�ì]Û�ê
å�Ü�ë�à,Úgå�Ûaã�è�Ú
àOÜ�æ
àpà σ2

a =
0r ad ì]à�æ�ã�Û�ê
ì]Û�ê�å�Ü�ëpà�Úgå�ÛpÜ�Ú
ç�Û�ãnÜ�æ
à�÷

ù Ì
Ó,Ñ�ÈAúgÈPÒ#ÈPú�Î�û
Ì
Ñ�ÈHÌ/Ï#Í�Ì
Q = 10 ∗ ey e(9) à R = 10 ∗ ey e(6) ð

ü è�ì]Û�æ�å�ènÜ�ë�Û�â
è�ê�à�ç�á
è�å�ÛEè	æ
è�ê�á
ã�å�Ü�å�è	Û�å
å
à,Ú�á�å�è × è	ç�æ�Ü?Ù/Ý,è�Ù/ç�ð ý�ðÿþ î�Ù/ç
ð ý�ð � àaÙMç�ð ý�ð �æ�Ü�ì
ì
æ
à�ê�à�Úgå�Ü�Ú
Û�ãWõ à,æ
æ�Û�æ
à â
è&ê�å�è�ëpÜ�ìMà,æ�ã�à Ý�Û�Û�æ
â
è�Ú/Ü�å�à â
à�ãnã�à-äAà,Ü�å
á
æ
à�è�Ú�å�à�æ
Ú/Ü*Ù/ê
ê�Ü�ð

�������	��

�����������������������������������	���������
� è©ïgà�â
àpÝßÞ
àpç�ã�è©à,æ�æ
Û�æ
è�â
è�ê�å�è�ëpÜ�Ú/Û�ÚEÝ�Û�Ú�ï�à,æ�ç�Û�Ú
ÛTÜ�ã�ã�Ûaí,à�æ
Û�î¤à�Ý�Ý,à�í�è�Û�ÚCäAÜ�å
å�Ü�ì]à�æãWõ Ü�ã�å�à�í,í,Üyâ
à�ã�ãnÜiäAà,Ü�å�á
æ
à�ð! �á
à�ê�å�Û�ö*ïgà�æ
ÛaÜ�Ú/Ý�Þ
à�ì]à�æ-ã�àpÜ�ã�å
æ
à*äAà,Ü�å
á/æ�à,ê�ð ü è�ì]Û�æ�å�ènÜ#"ë�Ûyè�Ú�ï�à,Ý�à�â
è\ê
à�ç�á
è�å�Ûyè¤æ
è�ê
á
ã�å�Ü�å�è¤ÝßÞ
à�ê�è¤Û�å
å
à,Ú
ç�Û�Ú
Û�Ü�ì
ì
ã�è�Ý,Ü�Ú
â
Û
î Üiì]Û�ê
å�à�æ
è�Û�æ
èWî(ãnÜì
æ
Û�Ý�à�â
á
æ�Ü*â
à,ê
Ý�æ
è�å
å�Ü*Ú
à�ã ì/Ü�æ�ð ý�ð � ×

• (ξ1, ξ2, ξ3) = (185.3640mm,−10.3136mm,−0.0183r ad)æ
è�ê
ì]à�å
å�ÛpÜ�ã�ãnÜ*ì]Û�ê
å�á
æ
Ü�æ�àOÜ�ã�à
(408mm,−1.1318e − 011mm,−2.1645e − 014r ad) ÷

•
W p1 = [719.7876, 41.1307, 102.8268]mm ÷

•
W p2 = [869.2036,−81.8074, 81.8074]mm ÷

•
W p3 = [1098.6, 61, 109.9]mm ÷
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¸º¹w»P¹
400sec. ¼ �{½\�X¾v�F¿°�wÀO�X¹7ÁFÂL¿°��½�Ã\�X¾!��½\�F¿X¿XÂ-�w¿³Ã\ÂOÀOÀOÂ-ÄL½~¹ ¼F¼ �X½�ÅH�wÆOÂOÁ�Ã\ÂL»PÂO�Ç¿XÂ»F�~�X¾AÂqÈ{Å+ÂJ�:Ã\�F�~Âw��É1�v½�Ã\�X¾!� ¼ ÂO�P»@�w�\�:¾AÂOÃ~�~� ξ1 Ê ξ2

Â
ξ3
Ä�ÂO�~�\�#Ã}�v»PÂO�~Æ}Ë@Ä�¿HÌ ÂO�~�~¹w�~Â ¼ �½~Ã\�X¾!�Í½~�F¿°¿°��Ã\ÂO�~ÀJ��Å+ÂJ�:Ã\�F�~ÂÎ½~���~�X»PÂO�~ÆO�F¹wÃ\Â�Á@ÂO¿X¿°�Í¿X¹�ÆJ�w¿X�XÀOÀJ�wÀO�X¹7ÁFÂ ¼ ÂO¿��~¹wÏP¹wÃJ�
ÐÑ¹wÃ\�°�:¾A¹ Ê�XÁF¹7¿³Ã\�~Â Ê ÆtËFÂD¿°ÂTÅ+ÂJ�:Ã\�F�~Â Ê ¿XÂ5ÆO¹7Á ¼ �XÀJ�X¹wÁF���XÁF�XÀO�°�w¿X��Â5¿XÂB�:¿³Ã\�~Â5ÆJ�w�\�#Ã~Ã\ÂO�~�X½~Ã~�°Æ}ËFÂ ¼ ÂO¿X¿Q�½\�X¾v�F¿°�wÀO�X¹7ÁFÂc½~¹7ÁF¹{¿XÂc½�Ã\ÂO½\½~Â ¼ ÂJ¿X¿°��½\�X¾v�F¿°�wÀO�X¹7ÁFÂºÒ ¼ ÂJ¿�ÆJ�w»F�³Ã\¹w¿X¹ Ó �;ÁF¹7Ág½\��¹:Ã~Ã\ÂOÁF�7¹7ÁF¹¾A�X�7¿X�X¹7�\�:¾!ÂOÁ�Ã\�	ÆJ¹wÁTÔ��FÂJ½�Ã\¹A½~ÆtËFÂO¾Õ� ¼ ��Ö@¿³Ã\�\�w�w�7�X¹F�

×�Ø+ÙÍØHÚ Û�Ü~ÝßÞ�à�á�â	Ü�ã�ä�å�Ú
æ²ÁDÔ��FÂO½~Ã}��»F�~¹=çw�A�\� ¼F¼ ¹w»@»F�°�:¾!¹A�X¿	Ã\ÂJ¾A»P¹ ¼ �1½~�X¾g�F¿°�:ÀJ�X¹wÁFÂ7�>¸��X¾!¹w½~Ã~�~ÂJ��ÂJ¾A¹!¿°�A¾A�éè�7¿X�X¹7�~ÂºÆO¹7Á�ç�ÂO�~�7ÂOÁFÀJ� ¼ ÂO¿X¿XÂ{½�Ã\�X¾AÂ ¼ ÂJ¿X¿XÂºÆO¹�¹w� ¼ �XÁ9�#Ã\Â ¼ ÂJ¿X¿XÂ�Å+ÂJ�:Ã\�F�~ÂºÂº¿°�gÆO¹7ÁF½~ÂJ�w�FÂJÁ�Ã\Â¾A�X�7¿X�X¹7�~Â{¿X¹�ÆJ�w¿X�XÀOÀJ�wÀO�X¹7ÁFÂ ¼ ÂO¿���¹7ÏP¹wÃO�æ ¼ �:Ã\�	�~ÂO¿°�:Ã\�³ç��1�:¿X¿°��½\�X¾v�@¿°�:ÀJ�X¹wÁFÂq½~¹7ÁF¹A��½~ÂO�7�FÂOÁ�Ã\�H�
ê>ë �-ì���í
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•
W p1 = [700 40 100]mm

•
W p2 = [850 − 80 80]mm

•
W p3 = [900 50 90]mm
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� ���	�#þ;û�
1ý�ú=ÿ5û�
;û! �û3ý��+û"�sú=û+ü/ý�úJÿBþ1ÿ����3ÿ��²ÿ�ý�ú��#�=ÿ%$
•

W p1st = [2625 150 375]mm

•
W p2st = [1594 − 150 150]mm

•
W p3st = [2700 150 270]mm

� ��
Pú��&�����+ûÎý	�'�&�	
(�@ú
(u1, u2) = [40mm/s, 0rad/s] )�*,+.-0/21,3'4,*�-05,3768693(:�3�-�;<4,=>3

=<-@?�?@A84,*�?@3BA96DC	+�=>5,+E5,376868+EF>/21,37=>GH+E3 (u1, u2) = [−40mm/s, 0rad/s] )�*,+
-@6869-JI�+@F<A8K7A8+�*,3LA8*,A8K�A9-�683M5,37686830:�3�-�;<4,=>3@NO-@6P;>3�=>*�-&;<APQ@-@GH37*�;<30)�*,+B-�686R-S)�*,3M5,376869-
F<A8GT4,69-@K7A8+�*,3@U

V �
üW�	�=ÿX���#���3ÿ5ü/û������=ÿZY 37=E+�?�*,A./�+�+�=>5,A8*�-�;<-[5�376.I,4,*�;<+\F>4,686�] A8G^G^-�?�A8*,3�F>AS_
-@?�?@A94,*`;<+T4�*a=>4,GH+@=>3.?�-@4,F>F<A9-�*�+T5,A�G^375,A9-T*�4,6869-T3LQ@-@=>A9-�*�K�- σ2 = 0.1pixel b

V �
üW�	�=ÿX���#���dcP��þ��Pü-ÿ�ú��:û3ý
σ2

l = 0.1mm I�37=J68+eF>I�+�Ff;g-@GH37*�;<+e68A8*,3�-@=>3^3 σ2
a =

0rad I�37=h68+HF<I�+@F>;g-�GH3�*`;<+^-@*,?@+�69-@=>3@b
i ý�ú��:û��7ûcþ;û�����jFý,�:û3ý�
� �ý

Q = 10 ∗ eye(9) 3 R = 10 ∗ eye(6) U
k A8I	+�=f;<A9-@GH+a5,ADF>37?�4,AP;<+aAD=>A8F>4,6P;g-�;<A#+@;>;<37*�4O;<A�N�/7+�*,F>A85,3�=>-@*,5,+aF<+�68+a683l-�6P;<3�K7K73nm!Q`375,A
)�?,U o�Upo q2U
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���R�������X�#�!���`���	�D�
�\�������O�D �¡�¢f£(¤M¢l��¥M¦§¦f ¨��¢f©%¥M¦f (¡�¢§£�¤M�%ª
«S¬�­�®�¯<¬�°�±7­�²T³�´�­8µ,³�¶`·<³J±2¸,³J¹9³Jºf·<­8»H³Tº>¼�¶,¼¾½,­8¿�½,¯>³7±�­8º>³T¯f­9º>½�³�·>·<¼a¬�¹8¹9¬^º<­8»TÀ,¹9¬@Á7­8¼�¶,³
½,¯>³�±7³7µ,³7¶�·<³@ÂO­8¶E½�¬@¯§·<­8±�¼@¹9¬@¯>³.½�³7¯�¹9¬T·<³7¯>Á�¬JÃ�³�¬�·<À,¯>³@Ä�Å0­8½	¼�¯f·<­9¬�»^¼Bµ,­�º>³�®@À,­P·<¼l­�¶�À,¼�´�­
¯>­8º<À,¹P·g¬&·<­�±2¸,³.º<­�¼@·f·<³�¶,®@¼�¶,¼H¬@½,½,¹8­8±�¬@¶,µ,¼,Â,¬B½�¼@º>·<³7¯>­8¼@¯>­�Â,¹9¬B½,¯>¼�±7³7µ,À�¯>¬Bµ,³�º>±7¯>­P·>·g¬B¶,³7¹
½�¬@¯7Ä Æ�Ä Ç È

• (ξ1, ξ2, ξ3) = (33.53420mm, 0.5709mm,−4.6576e − 004rad)¯>­8º>½�³�·>·<¼^¬@¹8¹9¬l½�¼@º>·<À,¯>¬H¯f³�¬�¹8³
(32mm,−1.8778e − 012mm, 3.8381e − 016rad) É

•
W p1 = [703.6858, 40.2106, 100.5265]mm É

•
W p2 = [854.2793,−80.4028, 80.4028]mm É

•
W p3 = [909.8391, 50.5466, 90.9839]mm É

«.¼@½�¼
800sec.

µ�­#º>­8»BÀ,¹9¬@Á7­8¼�¶,³T¹9¬¾ºf·<­8»^¬¾º<À,¹8¹8³l¬�¹P·<³7Á�Á7³T²Bº>¼�µ,µ,­8ºfÃ�¬@±7³7¶�·<³T½�³7¯L·<ÀO·>·<³
¹8³SÃ�³�¬�·>À�¯f³�Ä�Ê�¬lºf·<­8»^¬Hµ,³7­�½�¬@¯<¬@»H³�·<¯>­

ξ1
Â
ξ2
³

ξ3
µ,³�¹�¯>¼�Ë	¼@·L²SË,À,¼�¶�¬OÄ

ÌhÍ�Î0Í�Î Ï ¢>©Ð¥M¦f (¡�¢§£�¤M� Î
Ñ�µ�¬�·>­�¯>³7¹9¬�·<­P´�­�¬�¹8¹9¬lº<­8»TÀ,¹9¬@Á7­8¼�¶,³�º>¼�¶,¼H­�º>³7®�À,³7¶�·<­�È
Ò�Ó �WÔ(��ÕD��Ö����X�#�!�����!��� Ó È�×�ØdÇ`×@×lº<³7± É
Ù ���	Ú�Õ#�����OÛ Ó ���#�!���!�	���'Ú Ó �����"Õ Ó ��� Ó�ÜÝÓ �,Û���Ú Ó È

•
W p1 = [700 40 100]mm

•
W p2 = [850 − 80 80]mm

•
W p3 = [900 50 90]mm

Ù ���	Ú�Õ#�����OÛ Ó ���#�!���!�	����Ö�Û&���W�OÛ Ó Õ Ó ��� Ó�ÜÝÓ �OÛ&��Ú Ó È
•

W p1st = [2625 150 375]mm

•
W p2st = [1594 − 150 150]mm

•
W p3st = [2700 150 270]mm

Ù ����Û�Ú������������'Ú&�	Þ(��Û
• u1 = 40mm/s

½	³�¯.ß�àTº>³7±S³
u1 = −40mm/s

½�³7¯.ß&à
º>³�±@Â�¬@¹P·<³7¯>¶�¬�·<­P´@¬�»^³7¶`·<³S°�¶,¼^¬@¹8¹9¬B°�¶,³�µ,³7¹8¹9¬lº<­8»TÀ,¹9¬@Á7­8¼�¶,³ É

• u2 = 0.02 ∗ sin(2π ∗ 0.05 ∗ t)rad/sec É
á �#�W�	Ú Ó Ö��#��� Ó �â��Ö���Ú ÓZã ³�¯E¼�®@¶,­S±7¼�¼�¯>µ,­8¶�¬�·g¬[µ,³7¹S½,À,¶`·<¼\º<À,¹8¹�ä ­8»H»^¬@®@­8¶,³�º<­.²

¬�®�®�­8À,¶`·<¼BÀ,¶a¯>À,»H¼�¯>³M®�¬@À,º<º>­9¬@¶,¼Bµ,­�»H³7µ,­9¬T¶�À�¹8¹9¬J³L´@¬@¯>­9¬@¶,Á�¬
σ2 = 0.1pixel É

å�æ



ç�è�é�ê&ë�ìWíâî�ï�ð�ð!ï�ñ�ò�ò	ó�î#ë�ô�íOê�ï�î�ï�ð�ó�ò	õ�ò�êHïXî�ï�ð�ð!ï�öÝï�í,ê�÷�ó&ï�ë�ô�ê�ï�ó�ô�í�ø�ù�ù7í
ñ�ò�ô�ø�ðRê�ó�ò[î#ë�úeí�ð�ìWí	ô

û ÷DìWò	ó�ïXù�÷#ð�ðdüPò�î�ò�ìWï`ê�ó�ë!í
σ2
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• ®+¯�°�±�²�±�¯
³A´\µA³A¶
·�´Z¸�´�·�·�´N¹¡´�¶�º�»�¼�´Z°�»A·0½�±�¶
³�¯�±�¾�¾�¶
¿�±�³�´�À6±�¾�¾�¶�¿�±�³�´NµA³A¶
·�´XÁ<Â
• Ã�º�±�¾�¶1¸�´�·�·�¶1½�¯�°	º�»�¼�¶1¸�´�·0¼�¯�Ä%¯
º (ξ1st, ξ2st, ξ3st) ¶
·�·�¶xµA³�´Z¸�´�·hµ%·*º�¼�¶
¿�¿
±�¯�Â
• Ã�º�±�¾�¶1¸�´�·�·�´ZÅ�¯ ¯
¼�¸�±�³A¶�º�´Z¸�´�·�·�´N¹¡´�¶�º�»�¼�´Z±�³4º�´�¼�³A¶xµA°�°�¶ W Pist ÂÆ ¶�±ÈÇ
¶
·�¯
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¶
³�¯4·�´Å�¯�¯�¼	¸�±�³%¶�º�´l±�³A±�²�±�¶
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³íë1½�¯
°�°�±�Ä�±�·�´x°�´�¾�½�·�±*µAÅX¶�¼�·�¯UÅ�¯�¾�´LÇ,±�°	º�¯U³�´�·(½A¶
¼�Ð Ø,Ð æ ½�´�¼�Å�Ö�ë1±½A¶
¼�¶
¾�´Pº�¼�± ξ1 ï ξ2 ´ ξ3 °�¯�³�¯�·�´�¿�¶�º�±f¶
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