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Abstract Space science satellite’s astronomy observation mission planning is a complex multi-

objective optimization problem. A multi-objective model is proposed based on abstraction of the

mission planning elements and the constraints. Three scheduling criteria are considered, including

minimizing important tasks unscheduled time, resource cost and scan tasks unscheduled time. Fur-

thermore, Multi-objective Observation Mission Planning Algorithm (MOMPA) is put forward using

the proposed model. The MOMPA solves conventional observation mission planning problem us-

ing the iteration constrained adjustment in population evolutionary methods. In order to validate

MOMPA’s performance, the mission planning test cases are designed. The short-term test case has

12 tasks with one week’s observation period and the long-term test case has 36 tasks with three

months’ observation period. These experiments are conducted and analyzed, and results showed

that MOMPA is applicable to astronomy observation planning in various scales.
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1.2 <=89

Oi =

{
1, �B4< i 5Æ��@�;

0, �B4< i (5Æ��@�.
i ∈ W .

Dj =

{
1, ���B j 5Æ��@�;

0, ���B j (5Æ��@�.
j ∈ L.

Ω ij =

{
1, +< ���B j ! i :��;

0, +< ���B j  i E�9/.
i, j ∈W .

Tij =

{
1, +< ���B j ! i :5Æ;

0, +< ���B j  i E�9/.
i, j ∈ L.

I(i, t) 1�B4<7;<�, 7; t �=!��
�B4<8. / i ∈ W ,

I(i, t) =

{
1, tib � t � tie;

0, t < tib � t > tie.

Olap(i, j) 14<>?7;<�, 7;9,��
4<�=>?. / i, j ∈ W ,

Olap(i, j) =

{
0, tie < tjb � tje < tib;

1, tib � tjb ∧ tjb � tie � tjb � tib ∧ tib � tje.
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> 1 ?@+ABC,
Table 1 Set and variable definition

=F @D

Asc ��:A, Asc = [Ts, Te], Ts G��;H:�, Te G����:�

C ��	�CB, � C = {Point, Region, Scan, ToO}, Point >
C?��, Region I�<=>��, Scan >

E�=>, ToO >
DF����

U ��@G:�H?	�CB, � U = {Once, Range, Sum}, Once G
A@G:�, Range G
C:�DJ,

Sum GE�:�

P �	FIJ���KEFD�KCB
M ��CB, ∀t ∈ M , t ≡ 〈Ct, P t, ttes, t

t
ls, U

t, tt, ωt, νt〉. AE, Ct G��	�; P t G��KE���K, P t ∈ P ;

ttes G��FLGH:�; ttls GFLGH:�; U t G��@G:�	�; tt 
M��@G:�; ωt 
M���N
BH; νt 
M����BC�FICCD

W t ��:AEFG�� t ���DJDKCB, ∀w ∈ W t, w ≡ 〈tw, tw
b , tw

e , θw〉. AE, tw G
M�����; tw
b

G��GH:�, tw
e G����:�; θw ≡ 〈yw, pw, rw〉 
MEÆHOFI����HOGJD, KL yw GG

HMÆ, pw GINMÆ, rw GJKMÆ. ��:AEP������DJDK�G W = ∪t∈MW t

R FGLOCB, ∀a ∈ R, F
MG a ≡ 〈pa, αa, ϕa〉. AE, pa GHNQM, αa G�RIOFINM, ϕa GFG
LO�NH

La ��	PFGLOSLH�FGDJCBG La, 
� ∀l ∈ La F
MG l ≡ 〈al, tl
b, tl

e, b
l, ϕl〉. AE, al GFG

LO�I, tl
b GGH:�, tl

e G��:�, bl GJA, ϕl G�NH. � L >
P�FGDJ, TK ∪a∈RLa = L

N ��PKAF, Q�	��PK���J�C, N =
∑

i∈W Oi

Q �	�KLLMD

Wac ����E�	��PK���J, Wac ⊆ W

Lac ����E�	FGPK���J, a ∈ R, La
ac ⊆ La

Δθij 1���B i M j �NU#)NO�,

Δθij = |yj − yi| + |pj − pi| + |rj − ri|;

τ(x) 1 0, 1 7;<�, τ(x) =

{
0, x = 0;

1, x > 0.

Γ (x) 1.VQR<�, Γ (x) =

{
0, x < 0;

1, x � 0.

Ψ(x) =

{
x, x � 1;

1, x > 1.

1.3 P�:�
!����8O6R�=/'2 ,M� ��

���-�9��+.

:� 1 9,��@� i, j Q����ST
�,9,��@� i, j,/ Δtij 1P.,��@

�*CMPN,��@�"WQ�����O, Q1
9,��@�Q����ST. Δtij = tjb − tie, /@

� j ! i Q:"W.

:� 2 �������@��� Tac,x

/ Tac, x ;X��+< ���� x ���@
���, �, ∀x ∈ M , �+#D:

Tac, x =
∑
i∈W

ti=x

Oi(tie − tib)Di. (1)

" , Di = τ
[ ∑

j∈La

a∈R

Γ (tjb−tie)Dj

]
.  !#P���B

4< i ����A9D�, S Di = 1; =S, Di = 0.

:� 3 �����������6��
/ Tta, x ;XY ���� x �����6�

�, �, ∀x ∈ M , Tta, x �NO �"���-�
9. 7 Ux 1���"��6��- once � sum �,

Tta, x = tx;7 Ux1���"��6��- range�,

1$T.3����6� tx �2��B4<Æ��
�'!1�������6��, ∀i ∈ Wx, / t0b �
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$T.36���B4<�"W��, S

Tta, x =
∑

t0b�ti
b<t0b+tx

(tie − tib). (2)

:� 4 �������.3$
/ Sx ;X���� x ���.3$, 1���

����@��� ������6����O;
X�����.3$, �, ∀x ∈ M ,

Sx = Ψ
(Tac,x

Tta,x

)
. (3)

1.4 -R
-R 1 �����$Q����@C
���������RU�,$Q���

� Tmin, S

∀x ∈ M, Tac,x � Tmin. (4)

-R 2 ����$QOR��@C
��!P"9,����Q�OR�,���O

RU(4,����$QOR�� Smin, S

p, q ∈ M, ∀i ∈ Wp, ∀j ∈ Wq,

Ωij = 1 → Δtij � Smin. (5)

-R 3 ����@��U@C
��!$.�VS�5Æ.,��@�.

t ∈ Asc →
∑
∀i∈W

OiI(i, t) � 1. (6)

-R 4 +82Q�@C
9��AD�Q����5Æ��@�%Æ�

�A�(�S8���+82Q�.

∀Tij = 1 →
∑
k∈W

tk
b�ti

e∧tk
e �t

j
b

νtk(tke − tkb)Ok � Q. (7)

-R 5 ��+� ZVR�W?@C
11S��W2TS,��W2!���RUU

"ZV�X[,��+� ZVR��W?.V)�
(4,$4W?@C.

1.5 TUVW
�����������$X
��1�X.

$����TW, X0��U, 8+��%)%��
�����Y $'28$���,+�, )!.,
+�YM$3, 99B-1"\+�$N, &!6)

Y2�
�3��]^�Æ�(. ',Y 8+, �
+�%�3�
�<�#D.

(1) ��%)%
�<�
fimp(x) = min

∑
x∈M

(1 − Sx)ωx. (8)

(2) ������Y $
�<�

fscan(x) = min

⎡
⎢⎢⎢⎣1 − Ψ

(
∑
x∈M

Cx=Scan

Tac, x

∑
x∈M

Cx=Scan

Tta, x

)
⎤
⎥⎥⎥⎦ . (9)

(3) 28$�
�<�

fcost = min

[
λ1

∑
i,j∈W

(
OiOjΩijΔθij

)
+λ2N

]
. (10)

" , λ1 ' λ2 �2,�.�V�&OZ�, 0Z
/ λ1 = λ2 = 1.

2�_WT[

������������.,�� NP-hard

%Y��%. -;Z2 , �����������
�%��`��(<���X[��. !��>Æ
\+�5Æ8O ,�����>'��99�![
X�Æ�)�. �,!���%��, 11Z�!�
���a�!3��*P,0Z%2.*',@C#
)]^��
���'%�(���������
���%.

!$%������������
��%
�-'2 , (��.*�
�������'
% (Multi-objective Observation Mission Planning Al-

gorithm, MOMPA), MOMPA ', NSGA-II[7] '%
�Æ�
�3�, Y\�%�UV�[W, /]\W
*XY �#$�̂ ]�$]�Z^@C#)�^�
'''%Y *X���_!.

2.1 [TU\]^_`a
NSGA-II �.*',_b[/Z[_�``(

1�'%, �\a$3a��
���'%Q., !
-; .M�\]Z2."%2�_b[/Z[_`
]#D.7�X� (9"\,�/Z�,��[/
Z,�, "[_O^1 1, Sa[/Z,��Æ"�
P.b[/Z,�Æ; !:, 109,�X7�X�
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 ^_, b�Y�[/Z,��[_O1 2, . �
Æ"1PNb[/Z,�Æ. c��c, bM2�,
�� Pareto [_O.M5�. `A[_:*,[/
Z(�abd'1"Æ�eZO.

2.2 .c^/de
^�''c�f*X�gU_d,�,*X��

�49%). 1�1Z'%�1!�*�V.M 
Æ� Pareto :<(Æ, /]',@C#)�^�'
', f.!*.^��8O .M� Pareto :<(
Æb�e-;�%� Æ(. �.

2.2.1 hijk
l"8+���B'���B, 1�5,'%

_!, %2��N�+)"[W+�Y\UV�.

Chen[7] !�;"bcdg���28��#$�(
# , �c8+��<d%Æ@�'����@�,

%2��W':W+�Y$UV�[W. 0Z/0
"ae[W�]^,�+������������
%[W.

UV�[We�W':W9aa. ,UV�[
W��daa (�W) %2e("��������
B4<[6�e'N�+[W+�,0,[W%2c
`R� Zi(Oi, pi)f�; [W�:daa (:W)%2
e("��28����B[6�e'N�+[W
+�, 0,[W%2c`R� Li(Di, pi) f�. 0Z,

Oi ' Di ���f+7 1.2f�c`$��+, pi 2
,gg*,���B 5Æ���9/, pi �+#
D:

pi =

{
1, ;X���B�5Æ��h8;

0, ;X���B�5Æ��h8.

7 pi = 1 �, !�� 6'&� Oi � Di ( 
ig$;7 pi = 0�, !�� 6'&� Oi � Di  

Yg$.

0*[W+�8+� ToO ���`h. ToO �
��.*Zi����,m)�����i�jfh
i��i-'�a�ÆU8. 7*, 7�i ToO �
��, 6)jnk+<o!5Æ�*���, fb&
� ToO��+��_b��]�, gY ToO��
:, iTMkj�����. &!6)�k+<lD
���Æ%b��. !4� ToO ����Mj��
��( , j'& pi 1 0; 75Æ ToO ��:, '%
\W��`A��5� pi O, fUV�gck+<
�h5Æaa.

),��*P� |M | + |R| ,N�+_6'
"2^;����Bk���BÆ".  YQ*.
, |W t| ,� |La| ,�e'N�+_61.,UV
�e, #k 1 2X. ^�''_!'
�<�O]'
b�!0 |M |+ |R|,��k%�e'N�+_62
^;�UV�e �Æ�.�WUV�e �'& 
���B..�Z,:WUV�e �'& ���
B..�Z.

2.2.2 pq�80^/
&��%[Wl"8+���B'���B�

!�,/]�&����BUV�e'���BUV
�e���^]''.��^]''!*,����
����B_6 #$.,^]�'&, !���B
_6 #$.,^]�'&, �Æ^]_!, #k 2

2X. l^,�Y2', Pareto 3d9/�l�e
#N+�.M, k 2  =�7�UV�&f9,�
WUV�e (9,�������_6) '.,:W
UV�e (.,��28���@�_6), �*.,
�WUV�eY .,^]�,�:WUV�erm
Y .,^]�, -i��^]_!.

l 1 fgmhhMm
Fig. 1 Notion of chromosome coding
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l 2 mijDMm
Fig. 2 Notion of cross operation

'%%29�.�$]+�, 78.��/)
*�+%g$.,���B5ÆgUYk.,��
�B5ÆgU, 1UV�e $]��'&O� Oi

� Di Nn. g$],�%2.�#$+��Y.

�Æ 0^]'$]_!�� �B�Y( 
Æ(, 6)�Æ@C#). @C#)'%�'']i
��b�Y�,��ÆZ^n5, e, pi = 1 �'
&c`��2�Z����B'���B5Æ��
h8, �B4<�@�T[�5��, &�n5'&
On! pi = 0 (5Æ��h8) �'&�# �Æ.

�
�����'%MOMPA�abZ�&o
*X�� N , $�n^� T , ;S#$<: Crite-

rionOption, ��Æ M , ���BÆ W '���B
Æ L, a�Z�1[/Z(Æ P ∗. '%��ks#
D.

t1 1 `A N, M, W, L Y$\W*X P0.

t1 2 5Æ��_!, ! Pt  5ÆZ�#
$�̂ ]'$]_!Y b�*X Qt.

t1 3 1 Pt ' Qt !bM Rt.

t1 4 `A;S#$<: CriterionOption �
Rt �Æ_b[/Z[_, �Y2�lp'Æ
F1, F2, ..., Fn.

t1 5 �b*X Pt+1 \W^O.

t1 6 #Pb*X Pt+1  lp'Æ Fi �,
��Q'(�,*X��, S1 Fi  2�,�.b
b*X Pt+1; =S, ]' Fi  ,��oqSTO, o
u4ks 8.

t1 7 #$D.,lp'Æ, i = i+1,ou4

ks 6.

t1 8 2_b[_�P i mlpÆ Fi $%j
_9/.

t1 9 !P i mlp'Æ Fi  #N,�p
. Pt+1.

t1 10 5ÆXnq-7;, #P t � T �.
3"\Xnq-, 1 Pt+1  �[/Z(Æ!1 P ∗,

a� P ∗, Xn'%.

t1 11 /vn^�1D.^, t = t + 1, ou
4ks 2.

3�kpror

1��eq J2000w�/D�n4* 60◦�ns
* 30◦ a�, *,�#$ 1 ,��, m 36 ,��>
!�g���
���. '%��9Z�/v#D:

*X�41 100, ``(*X�41 100, ^]p�
1 0.9, $]p�1 0.1, $�Z^��1 5000^. 1
��Æ*P��, !-r ',���ts'%, Y
 \W*X, 1\W*X�
�<�O MOMPA

'%*P�Æ�!. \W*XY\�'']^�, e
q38�b���'NU#)?$12����B
'���Ba�et_[_,cq[*_����B
_6'���B_6,eX�4:�u_c�1.3
@C����B'���B6b+<; l��hY 
��6�, S(iT[6������B; 0sc�
Y �,\W,�,b4,���.3\W*X)�
1n.
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1�rZ MOMPA '%��4%, eqQ�'
 �����a�/]("���-r23. Q�
����x�/1.x, ��� 12;  �����x
�/1m,t, ��� 36.

k 3 M���Q�����*P, k 3(a) 1 3

,3�
��'Æw�3k, k 3(b)∼(d) 199

��NV3k. e,Q�������%��!4,

Pareto 3�(�,�uS� 15 ,, '%S2!��
^�u'';nM3�(, !�@ 50^��_!:,

uvM��%2�� Pareto 3�(.

k 4 M�� �����*P, '�a� 500

^�1000 ^' 5000 ^�]'*P, .fZ^���
5., �%� 500 ^*P''9 5000 ^2/Z, (
�oqSTO X*P�aouwjwvx. -rv
oMOMPA'%�yb�
��� � Pareto3�
(;n.

4�wp

������������������.*
�
�."3��%,78�����������
�)wk@Cq-�Æp- �0, $%�Y��
%)%�������Y $'28$�1qx;
S��
��������%���-, /]�',
@C#)�^�'', !Y2 NSGA-II '%�]^
-ir*�(ao%,$%��
�������'
% MOMPA. 0.'%l"8+� ToO ���+<
' ToO ��:%��+<�)�3�%. MOMPA

 `A6)#$f2Sa�aaqx;S, ((�'
%�e2%'s@%.`AQ�' �����-r
23Æ"�Æ'%-r,*P;o'�+%�1�4
(c("������������%, YM"23
���'��28f2�
�.

l 3 qt��������
Fig. 3 Short-term mission planning experimental result
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l 4 Et��������
Fig. 4 Mid-term mission planning experimental result
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