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�D D ? t !B�:x#�C�AMLL δ, %L)M"��!�0℄ t0 !B:x#�C�)?�2!C�-iA>�L
P0

(

r cos
2πT0

T ∗
, r sin

2πT0

T ∗
, 0

)

,z-
T0 =

t0

t∗
.�
	u_AMLL δ0, �
ÆZ
) (0, 0, 1) � SP0 1q4 δ0 �AZ
��C��:xm4Ay'-�
ÆZ
%.�(����U

−−→
PN =

(

sin
2πT0

T ∗
sin δ0,− cos

2πT0

T ∗
sin δ0, cos δ0

)

.

−→
PS � −−→

PN A�"L π

2
− δ, �2
sin δ = sin

2π

(

D +
t− t0

t∗

)

T ∗
sin δ0.��)M"�}?p�(����

sin δ = sin
2πD

T ∗
sin δ0.
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�hHA!� t, R�A!"L
α =

π

12
(t− 12).
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� P FAMLL φ, � t !BA>�L
P (R cosφ cosα,R cosφ sinα,R sinφ),z- R LC�A	2�

�
�
�
�
�
�

�
�
�
�
�
�

6
n
A
A
A
A
A
A
A
AA

Um

-
l

.

.....

.....

....

.....θ
�
��
N

PCg
P F8�}xgA9OX
OL

n = (cosφ cosα, cosφ sinα, sinφ).UD D ? t !B:xA��Z
L
m = (− cos δ, 0,− sin δ),:x`R�CgAy" (%L:xdL") θ _:

sin θ = cosφ cos δ cosα+ sinφ sin δ.�U>L L, �D�$LL
l =

L

tan θ
.:xr�Cg�AD�
OL

l = m − (m · n)n,z$LL
|l| = cos θ.

P FA�
Z
L P %

ÆAZ
� P F-}xg�A9OD�
O�|3) z1�
�}xg�A9OD�
O��
N =

z − (z · n)n

|z − (z · n)n| .�2
N = (− cosα sinφ,− sinα sinφ, cosφ).�)��
Z
 N q4):x�8Z
A"L (%L�8ZO") ω _:

N · l = cos θ cosω = cos δ cosα sinφ− sin δ cosφ,

3



�
cosω =

cos δ cosα sinφ− sin δ cosφ

cos θ
.T}Zg�C�A�IZ
L

E = N × n = (− sinα, cosα, 0),�U
E · l = cos θ sinω = sinα cos δ,�

sinω =
sinα cos δ

cos θ
.:xr4I:C.y7{ ,�C�!�
W ��^d��:xA��ZL n, ��"L π

2
− θ′, �	��HY
n =

cos θ

cos θ′
,�

cos θ′ =
cos θ

n
.�2��?X:x��A�E[�U>A�8$LL

l =
L

tan θ′
.
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.!� (!)

�8$L(m)

|gAm&)�C��:xAq4v?)�5A
l�}s-
?K)<�q4A��G=+GA��/�E[��A!�|3)Re�#8�A�!�%Lx:x!��x?XC��:xAq4v?)H
�C�`R�:xA94�)<�A�2!�>A!�%L�:x!��:x! =x:x! +�x:x!!.
10 � 22 �A�x:x!!L 15 ℄ 31 h�
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.!� (!)

�8$L(m)
U�REBCAHfNd��!�y�
.!�A�E[� L	H<C!�}O*A/skk�� ti (i = 0, · · · , n) L�O!�F�z- n+ 1 L�OF/� ∆t L�OA!��e��

ti = t0 + i∆t.

ti !B#
A�8$LL
li =

L

tan θi

,:xdL"L
sin θi = cosφ cos δ cosαi + sinφ sin δ,!"L

αi =
π

12
(ti − 12).	H t0 } φ, $�

min

n
∑

i=0

(li − l∗i )
2.;)��8$LI\$Am&-#
A$L L |)N!A��zo{��YvA�/3) 3 f�U�) 2 f�m�{/AahL

min

n−1
∑

i=0

(

li+1

li
− l∗i+1

l∗i

)2

.�.��ML�� ±90◦ "�
|φ| ≤ 90.
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#
�8'
�:xO�Cx_��
+^
θ > 0.�!�y	H!�}CFA/skk3u(L�[A��Q=�� t0, φ, $�

min

n−1
∑

i=0

(

li+1

li
− l∗i+1

l∗i

)2

,

s.t. |φ| ≤ 90,

θi > 0, i = 0, 1, · · · , n.0L ψ A	H�
ψ = 120 − 15(t∗0 − t0),z- t∗0 L�8*%!B8R�A
.!��i6�8$LA����AvO+#
�8A<C!�)�T�)[T��8$L9GE�)[T�2!A��}f�.��

t0 ≥ 12.�8$L9GE�)�T�2!A���.��
t0 ≤ 12 − n∆t.�8$L℄E��E�� 12:00 }H��� [ti−1, ti+1] p�2!A���.��

12 − (i+ 1)∆t ≤ t0 ≤ 12 − (i− 1)∆t.�)}f\_n��Q=�A�� Matlab� LINGO-8�.��A��jU�)�|A��tSX�rtSX�)��A���/4X�M8
4XB+q4X�)��A���37X,m�)�37XÆ,�)a5�!���O�}H/LH����>}YQH�$�R8
�gH�$,ma5�t�+z-A<�)�`�A���O$�37X$L�9��'���;k=O77�LP��37!��A����$37X�℄�$7A/LR���OH���37�>z-A<�)�`�A���O$���6e/L��<��O$_-�je/LH����,m37�0^�}y'�#>6>(℄�HA/LL&���$37X�� 37/LA�E[�77��P37!��<dP37fZ�Z�_VRESQIBCAHfNd�+!?
.!���!?�yA�E[� L	H�y�<C!�}O*A/skk�2!��gA\_n��kk�A$���BA)���y�!A�E[�)M"
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A�	H�U��yN!A�E[�3
��}fN!�/ (�y), �~�f�/)�k�O��<C!��0ML)#k�O�B��x��37X�)�'oR�y�9373A�P��g*�A37X}��$37XA�#%$��R�y,ma5�R
}?���}&h+A37X���$37X�)��>
}?A<�)�`�A���O$�����>A 365 f<�$-r�<�)��x��tSX�rtSXBz9ZX���!�y=L#k�O#%,m���)�A!��4X�37X`(��R�y,ma5�R
}?����4X�)��>
}?A<�)�`�A���O$����,mr��91��:x�8A$LjX,mYv�Yvfx��)<Ia��m�{/-A�J�jTA�!jX�
ti !B�8ZO" ωi _:

cosωi =
cos δ cosαi sinφ− sin δ cosφ

cos θi

, sinωi =
sinαi cos δ

cos θi

.3�>_�-5�h+P�8MFA>��;)�N0i>�1)�~r�A��x#%��ZO"=Lv�~6�3
T��}f�/ (>�q4"L). LP�����/�A��ZO"A!=Lv�~6�
n−1
∑

i=0

[(ωi+1 − ωi) − (ω∗

i+1 − ω∗

i )]2.�z�A�>�[��Q=�
min

n−1
∑

i=0

λ

(

li+1

li
− l∗i+1

l∗i

)2

+ (1 − λ)[(ωi+1 − ωi) − (ω∗

i+1 − ω∗

i )]2,

s.t. |φ| ≤ 90,

θi > 0, i = 0, 1, · · · , n,z- λ (0 < λ < 1) L��Y/��A�,}����[m�{/��J�jTjX�
n

∑

j=i+1

n−1
∑

i=0

λ

(

lj

li
−
l∗j

l∗i

)2

+ (1 − λ)[(ωj − ωi) − (ω∗

j − ω∗

i )]2,�?X
�Nf!�F"��$}q4"LA���U�++)`SNf!�F"�A��� 
�WOYKAHfNd
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R�*w/6��L)0y����A��q�9CÆL*w-�8A$L�#��8A$L&�K�
�

�
�

��	

PPPPPPq

6

���������������
HHHHHHHHHHHHHHH

x

y

z

O

Q1

Q2

Q3

Q′

1

Q′

2

Q′

3

Pi

P ′

i

���b
A1E (�ri) �R#
�ri>�L O(p, q, r), �*_Z
L n =
−−→
OQ3 = (−p,−q, 0), z- Q3(0, 0, r) L4riu*_Z
R��#
�AF�4riu*_YZ
R��bxg#
�AFL Q′

3(a, b, r).

a

b
=
p

q
,

√
a2 + b2

√

p2 + q2
=
k + 1

k
,

k =
|Q1Q2|
|Q′

1Q
′

2|
=
L

lLUb�
a =

k + 1

k
p, b =

k + 1

k
q.��8MFA>�L Pi(xi, yi, 0), �8bMFA>�L P ′

i (x
′

i, y
′

i, z
′

i), �bxgAZ'L
p

(

x′ − k + 1

k
p

)

+ q

(

y′ − k + 1

k
q

)

= 0.	 Pi, O, P ′

i �Fn_A�
xi − p

x′i − p
=
yi − q

y′i − q
=
zi − r

z′i − r
.

P ′

i ^�bxg-��U
p

(

x′i − p− 1

k
p

)

+ q

(

y′i − q − 1

k
q

)

= 0.
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)�
x′i = p+

(p2 + q2)(xi − p)

k[p(xi − p) + q(yi − q)]
,

y′i = q +
(p2 + q2)(yi − q)

k[p(xi − p) + q(yi − q)]
,

z′i = r +
(p2 + q2)(zi − r)

k[p(xi − p) + q(yi − q)]
.�lF^�Cg�� zi = 0, �


z′i = r − (p2 + q2)r

k[p(xi − p) + q(yi − q)]
.

w′ =
(k + 1)r

k
, w′′ =

(k + 1)r − L

k
.#
A�8$LL

l′i = |P ′

iQ
′

1| =

√

(p2 + q2)(pyi − qxi)2 + r2(pxi + qyi)2

k|p(xi − p) + q(yi − q)| .#
�8Aq4"L_:
cos θ′ij =

−−−→
Q′

1P
′

i ·
−−−→
Q′

1P
′

j

l′il
′

j

.	H*wu�!�}CFA/skkAu(L���y D, *%<C!� t0, ML φ,ri>� (p, q, r), $�
min

n
∑

j=i+1

n−1
∑

i=0

λ

(

l′j

l′i
−
l′∗j

l′∗i

)2

+ (1 − λ)(θ′ij − θ′∗ij)
2,

s.t. |φ| ≤ 90,

θi > 0, i = 0, 1, · · · , n.L�JTMaAPX)M"A-2m&
δ =

180

π

[

0.006918− 0.399912 cos

(

2Nπ

365

)

+ 0.070257 sin

(

2Nπ

365

)

− 0.006758 cos

(

4Nπ

365

)

+ 0.000907 sin

(

4Nπ

365

)

− 0.002697 cos

(

6Nπ

365

)

+0.00148 sin

(

6Nπ

365

)]

.
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,m℄W�|b
h+��tY�(#���g��tYR�g�fQ=A):)

2A�D 2 )D 4 Q{�h+�bfAqA!�}CF�;;7T/��QK'h+P}f!�}CF�	��8A��q�0℄��℄�J)�\)8
-2R%n��Bz/L[

TfAqA!�}CF��
}�℄��Qb
?X>
.!��
.<C!�A�B��h+?�ds"-#
�8$L!�!
.!�#%=L
.<C!�,m=F�4U�>P5VA(x��	H!�}CF!�
}�℄��Q!�8$L-2C*L<C!�AV3{/�J�V3r�!�8$L<NA!�=L-T 12:00,�/ZX|)A�A�;V![7�;)
��℄s �+J� 2 f� 3 f>�FAjX�Ay)Z';AZX	H!�}CF�/��/ZX�[P7�℄jX�+J�P�OjX�)}/�|AZX�� L��kk,m�/Yv!��i	h�,Yvkk��Fm�{/}�.���7T/��Q'?XPm�{/�Ub
i	h+�.���
g��Q5�h+P�.���;�J��;�)b
?X�8'Aq��?+^�K�)�Aq
A�4U��P�.������Yv4X!�7T/QK'�9C$�P/s��-A�5{/�;b
h�,�$��g{/!��3�"`�{/-A�/�~	H��.���~-I�;�C�b
>^YvA�4<�)A1a�
}�℄Q��>�F,mYv��r��[Am�{/�
n

∑

i=0

[(xi − x∗i )
2 + (yi − y∗i )2].�g�G>��+��$Am�{/`��J�PjTjX�;	�>�1Ar�Z&N!�o{��}f>�1q4"L=LYv�/�4U��PYvAoL��2��/ZX5�)A�A�;�)<|AZX�BzC�#%��$=Lm�{/��L��P
$=LYv�/�|�)<�ZX�RD 3 Q�	��yA,n�!��0MLA,n�B�Yvkk)8
���OA��Q=��2��\P-�i	0i���O��Q=)�~-IA�U��WCC0����4�>(x�v�kk}�4ZXA�Ro{Rkk,m�w�;7T/QKb
?X>�}F��`�hH�y}CFA�E[�J�D 1 QAkk9mo�/6���J�9� LAYvkk}�)ZXR9�o�A/6,mYv�G	H�y�CF���hHA�y}CF`�$��2G�wYvkk}�ZXA|���RD 3 Q,m�w!�|A�3C���J�_� 1 <lA/6���Q= 3 Akk}4X,mYv���Q= 2 A(x`�$�
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