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Review on Satellite Autonomous and Collaborative Task Scheduling Planning

XIANG Shang1 CHEN Ying-Guo1 LI Guo-Liang2 XING Li-Ning1

Abstract How to make use of limited resources on a satellite for complex and heavy space tasks has attracted much

attention. With the continuous improvement on satellite load capacity and reduction of response time requirements,

the importance of satellite autonomous and collaborative task scheduling research has gradually increased. This paper

starts with the research status of single-satellite task schedule planning. From single-satellite ground off-line task schedule

planning and online task schedule planning, this paper analyzes the research on single-satellite integrated autonomous

task schedule planning, then extends up to the present situation of satellite task schedule planning research including

multiple-satellite ground offline collaborative task schedule plan and satellite onboard collaborative task schedule plan.

Finally, the research on satellite autonomous and collaborative task scheduling is prospected.
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task scheduling, onboard task scheduling, collaborative task scheduling
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253 g Ä z Æ � 45òNÝ5y�Uå, �¥(�âÄ��¸?1gÌ?Ö5y. (þgÌ5yUå�±�¥(Ø2����	.���&E, U
�âÄ����*ÿI�!¢�íÿ^�Ú¥($1G�, ?1(þ3�5y,3;)¤Ä��-. (mÆÓ5y�Uå�±4Æ�I�Ø²/¡, ��ÏL(mó´���½¥(.gÌ�ÆÓ5yEâU
ò�kd/¡XÚ¤«ú�5y!���õU=£�¥(þ. Ø�U
 �/¡Õ5�, !�$E¤�, ü$(/m�&E�p, �­��´U
9�ǑAÄ�*ÿI�, U
ÏLõ(Æ���ª¢y���!�Uÿ!�U�ëY*ÿiÀ, ¢y8Iuy=(�. Ó�, (þgÌ5y�Ä�´¥(¢�G�, ÏdU
¢yé(þ℄
�`z��, U
�é¥(��m�­½$1å�í?�^. dd, ¥(gÌ�ÆÓ?ÖNÝ5y�ïÄ9Ý�FèO.8
IS¥(?ÖNÝ5y�¡�ïÄÚA^Ì��é/¡+��ª, (þgÌ?ÖNÝ5yïÄÿ?uåÚ�ã, ÙÌ��?ÖNÝïÄ±ü(ǑÄ:, ?�Úÿ��õ(ÆÓµee. �©±¥(gÌ�ÆÓNÝ5yïÄǑ¥%, Uì “ü(/¡l� –ü((þ3� –(/�Nz” �(�éü(gÌ?ÖNÝ5yïÄyG?1În�©Û, Uì “õ(/¡l� –õ((þ3� –õ((/�Nz” �(�éõ(ÆÓ?ÖNÝ5yïÄyG?1În�©Û, ��é¥(gÌ�ÆÓNÝ5yïÄ?1o(.

1 ü(gÌ?ÖNÝ5yïÄ
1.1 ü(/¡l�?ÖNÝ5yü(/¡l�?Ö5y���±©Ǒ 4 ��ã[1], Ù¥?Öý?n�ãÌ�©Û^rI�¿ïÄ?Ö©)�àa�{, �.�ï�ãÌ�Uì/ªz�I�(½8I¼ê, 3�Ä�å^�eé?Ö5y8I?1ï�, �O�{�ãïÄ�)¥(5y¯K��{, µ��ãïÄ�{�5UÚ�Y�`�. Ǒ
U
�¤ù
�ãE,�L§, é?nü�O�Uå���p, Ïd~5�?ÖNÝ5y��ÀJ/¡l���ª. 3?Öý?n�ã¥, Ǒ
JpD"¥(℄
�|^Ç, �'ïÄÄk�Ä�¥(?Ö�©)�àa, Wu �[2] JÑ
ü�ãNÝ��{, k^U?���ìy©�{¼�àa?Ö, 2ÄuoN?ÖÚ¼��q?Ö�¤�«·Ü¬+�{5¢yÛÜ�`½Cq�`NÝ, �éù«·��àaüÑ�":, �YïÄJÑ
Ä��?ÖàaüÑ[3] , ǑkïÄl^rI�Ñu, JÑÄu�I�õ8IÛÜ|¢�{5éõ�^rI�

?15y[4], l
J,℄
�oN��. �.�ï�ãp�'ïÄlõ��¡, X: ãØ¯K�.[5−7]!��¯K�.[8−9]!�ê5y�.[10−11] ÚÙ��.[12−13] �5é?ÖNÝ5y¯K?1ï�. �O�{�ã��3�Ä�;Nþ!�mI�å[14] �^�e�)¥(?Ö5y�Y, �
/¡l�?Ö5y��{ïÄ'�´L, Ì�ïÄ�{�n�L 1,d	�'ïÄlE,�ä[15]!N�NÝ[16] �ÆÝ�)NÝ¯K. éu¥(NÝ5y�{�µ���'��mIS?ÖSüêþ½?ÖoNÂ�, Ǒk^ AHP (Analytic hierarchy process) �{[17] 5ïþNÝ�{�. L 2 é�
�ü(/¡l�?ÖNÝ5yXÚ?1În©Û.

ASPEN (Automated scheduling and planning

environment) �O
�«´uL���^�ï��óÚõ�|¢ínÅ�, JÑ
·Üu·ÜÌÄö��­5y�{, Jø
é¥(?Ö�¢�5yÚǑA[18]. APSI (Advanced planning and schedul-

ing initiative) �ï
��^�µe5J,?Ö5y|±óämu�¤���Ú(¹5, r�UNÝ5yEâA^��m?Ö5y�Öþ[19] . MAPGEN

(Mixed-initiative activity plan generation system)ò®k�5y?6Ú℄
ï��óä���Äu�å�ín5yµe(Üå5, l
¢yÊUì�gÄ5y[20].

1.2 ü((þ3�?ÖNÝ5y�'/¡l�
ó, (þ3�?ÖNÝ5y��¥(ä��½�gÌ5: 1) Jpéâu¯��AéUå, XÜ�»/!»ì�u!E��&ÿuy±9����ñ	�ã���, ¥(gÌ?ÖNÝ5y���>u�éÓ�8I:��g¤�, éuk��CX�ã�Ú»/i�?Ö¥vkuyå»:�ã��±3(þáǑíØ, CÑ�;�m; 2) ¯�ǑA?ÖÀâ, �^uÙ�$`k??ÖÚ��NÝSü�?Ö; 3) J,¥($1�U, ?ÖNÝ5y��±�Ä�(þ℄
�°(G�, X�
�¤ì§Ý!��U>³��>þ±9(þ�;ì��{�m, ?�ÚJ,�1?Ö���; 4) ~�é/¡ÿ���6, �¥(Ø7�±�/¡mª�Ï&,Or¥(Õá$1�°�5[21]. 
É(þO�Uå��, (þ3�?ÖNÝ5y��å�\E,, �'ïÄÌ�l5y�{ÚüÑm�[22] , Chien �[23−25]Äu+��£�S�?E5yüÑJÑ
(þg£e�¿?1
ÿ�, Khatib �[26] �^

�éuª�8|¢�{5é(þgÌ5y?1&¢, Dami-

ani �[27] òÄ�5y�{Ú\(þgÌNÝ5
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Table 1 Single-satellite offline task scheduling algorithms�{a. �{¶¡ A^|µ/�{A5°(�{ Ä�5y[28]

ÄuÜ¤?Öm�SAÆ,ò¯KUì¥(���ý{gêy©Ǒõ��ã, |^Ä�5yg�, ��
¯K��`).©|½d[29]
^Ï"�.ÚÅ¬�å5y�.é¥(NÝ¯K?1êÆï�,ò©|½.��)¤·Üå5�)T¯K.�8�{[30]
3¥(���mIÚ?Ö�mI��å^�e,÷v��z℄
|^�8I.BR|¢[31]
�éö��åe�é/*ÿ¥(?ÖÀ��NÝ¯K,�^BR|¢ÏéCq�`�Y..�KFtµÚ�5|¢[32]
òé/*ÿ¥(�F~¤�NÝ¯Kï�¤�ê5y¯K,(Ü.�KFtµ{Ú�5|¢{5�)d¯K.¢D�{[33]
(Ü>^&ÿ¥(�äN�å^�,ïá
*ÿ?ÖÚêâDÑ��INÝ�., �^¢D�{�).Cq�{ âf+�{[34]
3âf+�{¥�^ÛÜ+�ÿÀ(�5;�L�Âñ,¿Ú\©|½.{5JpÛÜ|¢Uå.�©?z[35−36]
Ǒ¢yâCÚ��é?z�N?1¢ê?è,^�85KÀJz��`�N, )è¼�℄
©��Y�?Ö�1�mS�.¬+�{[37]
A^þ!�O(½¬+�{�|�,�OÑ
p��)¯$¥(NÝ¯K�¬+�{.·+�{[38]
æ^<ó·+�{é¥U¥(NÝ¯K?1�),é'uy·+�{`uÙ�+�U�{.�[ò»[3]
�O�[ò»�õÅ�:g·A§Ý��!ÄuBRL­���Å�Ú+�(���U|Ü,p�/�¤
¥(*ÿNÝ¯K.L 2 ü(/¡l�?ÖNÝ5yXÚ

Table 2 Single-satellite offline task scheduling systemNÝ5yXÚ NÝ5yüÑ��{ XÚ¢SA^|µ
SPIKE NÝXÚ[39] éuªNÝ5y�{ NASA �MÇ��"�º

ASPEN XÚ ÛÜJ
5y, S�|¢ NASA ����ÒDS-1 Úé/*ÿ EO-1

APSI XÚ Äu�m���{3�m�+n?Ö�m�ä î³��Û ESA

MAPGEN XÚ 3{ü�S�å�äþ,ò·ÜÌÄª?Ö5y��å5yµe�(Ü »(&ÿì�8L 3 ü((þ3�?ÖNÝ5yXÚ
Table 3 Single-satellite online task scheduling systemNÝ5yXÚ NÝ5yüÑ��{ XÚ¢SA^|µ

RAX-PS XÚ éuªNÝ5y�{ NASA �MÇ��"�º
ASE �¸!CASPER XÚ ëY55y NASA é/*ÿ EO-1S�?E TechSat-2æ^ÛÜ|¢?1Oyìg°[z

AGATA 3�ûü��A./&­.e� {I(|é/*ÿPleiades ¥(�A.Ü©æ^ûü5K&­.Ü©æ^S��Å�8|¢�{



255 g Ä z Æ � 45òy, Beaumet �[40−42] JÑ
�«S���Å�8|¢�{5é¥(�G�!?Ö`k?!¤��m�UþI��?1O�Ú?n, ¢y�&ÿUå�gÌ5y, Sa �[43] JÑ
�«Äu Hopfield  ²�ä�õ?Ö�ª¢�N��{&?¢�A:?Ö�gÌǑA, Baek �[44] JÑ
�«U?¢D�{¿�O
�� GUI 5Jp¥(gÌ?ÖNÝ�oNÂ�, �äT�[45] Äu¢D�{JÑ
�)¥(gÌ$1?ÖNÝ¯K�#.NÝ�{, Kono �[46]|^���;{¤�1$1Oy��£¥5��¥(�gÌ?Ö5y, X�#�[47] |^¢��ÿ¼�?Ö$1L§�Ä��åëê, Äuk�ã�.3�)¤?Ö�-S�. d	, �é(þ3�?ÖNÝ5y��¯�!p�9�{Âñ�AÆ, �
ïÄõæ^Äu8I^S�éuª�{, ÏL·Üõ«5Ké�{?1`z. Kim �[48] Ǒ¢y SAR ¥(?è�Â�^r*ÿ���¯�/?1êâ?nÚ8I©�, �O
Äu¢D�{�¯��)�{, Herz�[49] 0�
 OrbView ?ÖXÚ, §�Ü
��p�ý�1ì�ýì, 3ÆN�õ�åeæ^õ«`z�{Úýk�½Oy¯��Ñ�`¤��Y. L 3é�
�ü(3�?ÖNÝ5yXÚ?1În©Û.

NASA � DS-1 (Deep space-1) �1
1��ÊUìgÌ��XÚ RA (Remote agent), ³/X RAX-PS (Remote agent experiment plan-

ner/scheduler) ��¥(U
�âp�8IgÌ)¤?Ö5y�Y. RAX-PS XÚïá
Äu�å�5y�., òp�8I±9XÚ�©G��Ǒ5y�.�Ñ\, ,�|^5yÚ�?1�)[50−51] . 3
RA�Ä:þ, NASA3 EO-1 (Earth observing-1)þ¢y�«gÌõU, mu
gÌ�Æ¢�� ASE

(Autonomous sciencecraft experiment)[26], Ì�JøeZ�gÌ^�|�[52]: 1) (þ�Æ�{�¬,^u(þ?nã�êâ, J� “k¿g” �AÆ,±uyâu¯�¿?1ûüǑA; 2) °�ª�1^�æ^ SCL �ó� (Spacecraft command lan-

guage) ¢y¯�°Ä�.�gÌ; 3) (þgÌ5y�NÝ^�, æ^ëY¹ÄNÝ5y�1­5yXÚ CASPER (Continuous activity scheduling

planning execution and replanning), �¢y�)*ÿ!êD�?Ö­5y. CASPER U
)¤�©5y�Y, ¿3�1L§¥?n�)#��Æ¯�!íØ$d�ã¡Ú¥(�æ�¯�, é�©�Y?13�(þ­5y. CASPER æ^�«ÄuS�?E�ÛÜ|¢�{)¤5y�Y[53−54] . T�{Äk)¤���U�3Àâ½���å��©�Y, zg}Á)û��Àâ, ��¤k�ÀâÑ��)ûǑ�. éu®²)¤��5y�Y, XJuy
É~

½ö#��Æ¯�, Ǒæ^S�?E��{?1�1)�|¢[55].{IÊUÛ� Pleiades X�¥(�^
gÄzÏ^NXü«A^²� AGATA (Autonomy

generic architecture — test and application) 5¢y(þgÌNÝ5y, ��Â�5g�¸Cz�&E, (þXÚÒ¬gÌN�?Ö>u�'�ëê, Ó�­#O�e�g5y�>u�m, ¿UC�A�5y?Ö��
G�&E. �X�m�í£, ���5y>u�m�, (1?nìm©?1?Ö5y, ¿)¤#�?ÖOy. 3?Ö�¤�, (1?nìÓ��±©Û�?n¤�(J, l¥gÌ)¤I��¤�?Ö, ;�
/¡+��(/êâDÑL§¥�E,6§. Ù¥, ü(5y�.æ^Äu�m���å�ä�{?1ïá[56−57], ¿�ï3�ûü��A./&­.e�[58] , Ù¥�A.��Ü©æ^éuª5K, &­.ínÜ©æ^S��Å�8�{, òéuª5K��ÅÀJ�f�(Ü, #Nl�
G�±Åg4O��ª�½¹ÄOy.

1.3 (/�NzgÌ?ÖNÝ5yü(/¡l��(þ3�NÝ�m�3ØÓ`³, �L 4. (þ²��/¡²�üö�m�����  �ûuûü�¤I&E��^5. 'X, �ééXÚ�æ�¯�ǑA��, w,æ^(þgÌ´Ä�ÀJ; 
éu9�ǑA^r�I�, K/¡gÌ�·^u?nÙE,5, Ïd(/�Nz?ÖNÝ'üX/¡½(þNÝ�ÎÜ�5¢SA^. 8
é(/�NgÌ?ÖNÝ5y�ïÄ�?u&¢�ã, �'ïÄ�): 5yµe[59−60]!5y�{[61]!NÝ�.[62], oN
ó, /¡Ú(þ�ü«��þI�.L 4 ü(/¡l�NÝ�ü(3�NÝ�`³'�
Table 4 The comparison of the advantages between

single-satellite offline task scheduling and onboard task

schedulingü(/¡l�gÌNÝ5y (þ3�gÌ?ÖNÝ5y�^� CPU O�?nUår�^��U(¹5rÿÁL§ØKǑ(þ?Ö�1�ö�
Ú^r��p9�¯$^�mu¤�$ é�¸ǑA�Ý¯3�Ï&ò´��¹e?nã�êâ~�(/�m�Ï&�pgê�IÊ�ÊU¥%�é FireBIRD �8mu� VAMOS (Verification of autonomous mission

planning onboard a spacecraft) ´¡�(/�Nz�?Ö5yµe. TµeÏLD�¥(�½�5y



2Ï �ÿ�: ¥(gÌ�ÆÓ?ÖNÝ5ynã 256Uå��{5)û/¡�åínØ°(�¯K[63] .Äk/¡�â℄
�þe.��)¤?ÖOy¿ÏL�-þD�¥(þ, 3�/¡Õ�Ï&m��mS, /¡?Ö5yXÚE,$1¿�±�UN�?ÖOy, Ó�(þ�¬ÏL×£ã�&ÿuyå»:�âu¯�, �âäN�¸&E>u(þ?Ö5y6§, )¤¢�·-S�¿òÙ�\�?ÖOy¥, 9�N�eDOy�¤éâu¯�¯�ǑA.

VAMOS ¿©(Ü/¡M��O�5UÚ(þ^M�3ǑA�mS�℄
DÂínUå, 3(þgÌ¢y5y, NÝÚ�-S�)¤, ±�y��?ÖNÝ5yXÚ�·^5, ¢^5ÚÂ�[64], �©Ǒn��¬Ü©: 1) ?Ö5yXÚ�/¡NáÜ©,gÄ)¤�?1?ÖOyÿ��|µÚ^�. 2) (þ�¬ OBoTiS (Onboard timeline selection), ^u´Ä-¹®²3/¡?nO�L�ÿÀ?Ö; �T�¬-¹�, (þ5yì¬3J
À½��m:,uÿ�℄
ëê´Ä?u/¡ýkO����S.e÷v^�, K�1?ÖOy�ÿ�. 3) (þ�¬
OBETTE (Onboard event triggered timeline ex-

tension), ^uNÝ�\?Ö; �T�¬�-¹�, (þ5yì��âu¯��>u&E. OBETTE �¬��T¯���1�mÚ*ÿÆÝ�?Öëê, ¿ò�A�ëêC¾�ý½Â�·-?Ö��¥�,�¿ux� OBoTiS �¬, �Ǒ#�ÿ�?ÖOy.�{¥\\
 OBoTiS On-Ground Add-on Ú
OBETTE On-Ground Add-On �¬, ÙõUÒ´é'¢S℄
�^�¹Ú5y�℄
�^�¹, ¿é�
�Ǒ���℄
?1­#ýÿ. 3(þgÌN��Ó�, /¡XÚ�&EǑ��A�#, ±9Ï�Yûü. (þÜ©KU¢y(þ¢�N�¥(G�u��N�, l
û½,�1Ä´ÄU�~��1, Ó��(þ¢�uy��?Ö, |^¥(�ÕA �`³5�÷äkd3d��¹Ä. ¤±ùÒ��éugÌ&ÿ��¯�¯��A!��z(þ℄
|^Ç. Ǒ
¢yù�8I, ÄkI�é§S�>uÅ�?1�O. FireBIRD ¥�O>uÅ�kü«: 1�«´(þz�1����-, é�å�℄
&E?1u���#, euy�å�℄
�&E�ýÿ��ý¢��å�u��É��, �o�éù�Ä�9Ù�'Ä�?1­5y; 1�«´ VIMOS�¬ÏLã�?n, )¤#�?Ö. 3>u5y��m:, (þæ^�«ØC�`k?5?15y (=,«�85K), 8�´Ǒ
ü$(þ^�XÚ�E,5. Ó�, (þ℄
�ýÿǑA�X¢S®�^��¹¢�UC, =ÏLé(þ¢S�å�¸&E�/¡�ýÿ&E'�, ¢y(þ�mI�N�.

2 õ(ÆÓ?ÖNÝ5yïÄ
2.1 õ(/¡l�ÆÓ?ÖNÝ5yé'ü(, õ(äk�õ`³: 1) l��!1Ì��¡Jpé/*ÿ��; 2) õ�ØÓ1Ö�¥(�ÆÓU
���.E,�ü(±¢y����õU; 3) õ(�°�5ruü(. õ(/¡l�?ÖNÝ5yõæ^8¥ªe�[65−67] Ú8¥ –©Ùªe�[68−69], Ì�8I´p�/�¤^r�?ÖI�. *ÿOyd/¡)¤¿þ5�¥((�¥�, äk­5yUå, l
ògÌI�l(þÜ©=��/¡Ü©.3éõ(/¡l�?ÖNÝ5y��{ïÄ¥,Æö�ÏL�OØÓ5KJÑéA��{5)ûõ(NÝ¯K. Globus �[70−71] ò*ÿ?Ö��3õ�¥(¥vk�åÀâ����^��mIS5?1?Ö©�, Richards �[72] éu(�?Ö5y¯K, æ^�£¥5SüØÓ?Ö, Bianchessi �[73]æ^
k�kÑÖ��ª5Süõ(¤�ÚêD?Ö�^SS�, �O
Äu
ÇÚ£EõU�NÝ�{5)ûØÓ1Ö℄
�©�¯K, Dilkina�[74]�éõ¯$¥(?Ö5y¯K�mïÄ, JÑ
�«òü�NÝ�{Ú�åDÂ�{�(Ü��)�{. åA�[75] |^���mII�ÀâÝ5òØÓ*ÿ?Ö©��éA��mI�. ���[12, 76] �O
��?Ö�(¹Ý�I, |^T�I?��?Ö`k?9¿�Ý5(½?Ö�üS, Ó�JÑ
�«Äu`k?�;�Àâ!k�£�!UIeD�éuª�{�{, �¤é/¥*ÿ¥((��NÝ.

Wang �[77] �é?Öá5Cz�Ä�5A:, �O
ü�éuªüÑ5)ûTõ(Ä�NÝ¯K. Li�[78] Ú\�
êÚ ²�ä5�ä6ÄéXÚ�KǑ, e6Ä��K�KéÄ­5y. ñ��[79] é|�¥(3/¡l��ªe�k?ÖÆÓó��¥(?ÖNÝ5y¯K?1
½5©Û, �)/ªzL«õ«ÆÓ�ª±9�éA�#�å'X.3õ(/¡l�ÆÓ?ÖNÝ5y¥, õ
Agent XÚ�{�©ÙªO�e��ïÄ9Ý�5�p, Agogino �[80] �é¡��mÿþ� Cube-

Sats 8+, æ^õ Agent XÚ�{, ±z� Agent�Lü� Cube-Sat, 3^r�½*ÿ?Ö���,� Agent æ^A½�¤��dO�¼êO�ÝI�, UìÝI�?1?Ö©�. Cheng �[81] JÑ
õ(éÜ5yXÚMSCPS (Multiple satellites col-

laborative planning system), òõ(/¡l�ÆÓ?Ö5y¯K=zǑ¥(�m�ÆÓ?Ö©�¯K,,�æ^õ Agent XÚ�{, Äu+�UÚõá5
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Table 5 Multi-satellite ground offline task scheduling systemNÝ5yXÚ NÝ5yüÑ��{ XÚ¢SA^|µ

SpaceCAPS XÚ ©Ǒ(�!(+Úü�¥(n��gþ�5y�E�{�S�?��{�(Ü TechSat21 Oy
PLANET XÚ |±?ÖÄ�­5y MUSIS �8ûü��
nÜµd�{3*�ÜÓ�ÆÆ ECNP

(Extended contract net protocol) e?1çI, /¤k��?Ö5y. Skobelev �[82] æ^©Ùª�õ Agents XÚ5)ûõ(NÝ¯K, ò*ÿI�ÀǑI� Agent, ò¥(Ú/¡ÕÀǑ´℄
 Agent,ÏL℄
ÚI��S���5`zNÝ�Y.L 5 8B
8
'�¤Ù�ü�XÚ, Ù¥,{I��ïÄ¢�¿� TechSat21 ¥(Ì��^
SpaceCAPS (Spacecraft cluster automatic plan-

ner/scheduler) 5�¤é(q�?Ö5y, §´Äu NASA � ASPEN �¸�O
��©�5y�NÝÅ�, Uì(�!(+Úü�¥(½Daì��g©�?Ö, Ù¥z�¥(?èæ^8¥S�?E��EªNÝ�{5(½��Daì�NÝ�Y,3S�?EL§¥æ^õ«éuª5K[83−84] .î³õIÜ�� MUSIS �8 (Multinational

space-based imaging system for surveillance, re-

connaissance and observation) �^
 PLANETXÚ5?1õ(?ÖÆÓ?Ö5y, §ò?Ö©¤ØÓ`k?, Å?|^�«Uì�m^SüS�{5©�?Ö���¥(, ¿��Ì�Ç5 (¯��E#�Y)!�`5 (��USü`k?p�?Ö)!­½5 (�Î�Y��U�C) ��KEÄ/?1­5y[85].

2.2 õ((þ3�ÆÓ?ÖNÝ5y�Ü©ïÄòõ(ÆÓ?ÖNÝ5y¯K{zǑ`z¯K, ¿^DÚ�`z�{, X�8ª[86−87]!£�{[88] Ú{üéuª[89] ��{?1)û, ù
ïÄ����Ä�5�¯K, �{÷vI�¡é�Ä�?Ö�¸�õ(ÆÓ?ÖNÝ�I�. aquü(, õ(?ÖNÝ5yǑÅì����(þ?n,±Aéõ(�ǑE,�Ä��¸, ØÓ�?3uõ(���¢y(mÆÓ. 
Ñu�Å�Ä, õ((þ3�ÆÓ?ÖNÝ5y��æ^8¥ªe�, X
NASA 3 ASE �¸¥ò¥(?è¥��ÊUì�Ǒ1(, ÏL(mÏ&5NÝ��ÊUì�$1.

Truszkowski �[90] JÑ�«ÊUì(��p|µ,�ï±p;¥(ǑÌ(, $;¥(Ǒ¤
(���8¥ªe�. T(�d 16 �$;���ÓÚ¥(Ú
4 �p;¥( (Ù¥1 4 ��Ǒ�°() |¤, Ù¥

p;¥(�Â$;¤
(ux�℄
G�&E, é(���Û1Ǒ?1Ý�, Ù(1O�Åäkr��?nUå, KI��(��+n$1, �/¡��Õ�Ǒ�±Ï&�p; $;¥(�é{ü, lp;¥(?�É��·8I��-�Cz, ¿òg��℄
G�êâDx�p;¥(. Zheng �[91] ±��$ª>^Å&ÿ�8Ǒ�µ, 4Ì(K1��XÚ¤k¥(�?Ö5yó�, æ^g·A¢D�{5©)?Ö8I, �¤(��?Ö5yNÝ, �ý¢�L²ù«��8¥ª�5yNX3áÏ5y¥�¼����`�NÝ). Qin �[92] �éÉ�$;�¥(�ä, æ^��8¥ªe�, JÑ
Äu��FÏ�℄
²ïª?Ö©��{ (Deadline based resource

balancing, DBRB). DBRB �{��3¥(8+�Ì(þ, I�Ì(�oz�¤
(��#G�, |^z�¤
(��{>
>þÚ�1�1Öa.À�ûÀ(, ?1?Ö�1. �8¥ªe�éÌ(�O�UåÚ(mÏ&ó´���p, ���Ì(u)�æ, KXÚ�U¬��ò�.Ǒ
Aé�\E,�Ï&�¸, ~�é¥%¥(��6, �¥%z�©ÙªNÝ�{É�
�à,

Bonnet �[93] �é Fuego �8�é/*ÿ(+?ÖNÝ5y[94] JÑ
©Ñªe�9�A�·Ü`z�{: éuü(5y, æ^&­.�{, (þ)¤ýY, ¿ò?Ö��8ÜÚ�1¿ã���Ù�¥(;éuõ(ÆÓ, æ^�Aª5K, ©O�éP{©����^ÀâÚMÀâæ^ØÓ�Àâ�)üÑÚÚ½, �YïÄ[95] �Ä?Ö��ÉÚ��Úmä5Ï&��¹e©Ùª¥(XÚ¥�©Ùª?Ö©�¯K, JÑ
3�ìCªÄ�|�Å�, ^±enÚ5L«: �¥(Õá5y; �¥(�m�pÏ&, �ï�Ó��£; E,?ÖI�õ�¥(¢yØÓ�f?Ö5�¤, K�¥(�ïÚ?Ué�?è. TA^|µ¥�Ï&�åLyǑ: /¡��Õ=�p;�¥(?1Ï&; p;�¥(3Ùg�, /¡ÕÚ$;�¥(�må�Ï&¥U��^; $;�¥(=U�p;�¥(?1Ï&. Van Der Horst[96] ïÄ©Ùª¥(XÚ�?Ö©�¯K, �^��©Ùª�½|ûñÅ�5k�/©�Ø­½�ä¥�?Ö, 
ØI��Û�G��£, �¤
(�â�g�
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�{Y², O�ÝI�, ¿òÙ�é·AÝ�ǑÝI�, �?Ö©�(?1Ï&. Bonnet[97] æ^¡��Y`z�g·Aõ Agent XÚ5)ûõ8I�(�NÝ¯K, XÚæ^�¥%z�©ÙªNÝ�{5)û(��Ä�NÝ¯K, ��¥(ÏL�/NÝÚõgÆÓ�Ï5�Ù�¥(¼���5¿�.Ü�r[98] ò©Ùª¥(XÚ?Ö5y���¯K©Ǒ(+?Ö5y�ü(gÌ��ü��g, ?
ïá
�«p��5�8¥ –©Ùªe�; �ï
¤�¥( Agent �©�·Ü(�, �)�Û���!Ï&�Æ��!ÛÜ5y�!i��Ú�1�� 5�. 3þãµeÄ:þ, JÑ������(+?Ö5y�{—Äu�å�ª¢ÜÓ�ÆÆ, ©O�Oõ«çI?ÖÀJüÑÚµIüÑ. pi[99] KlÆûÚ?Ö`z©�ü�¡�m
?ÖÆ�Å��ïÄ, éDÚÜÓ�ÆÆ?1*¿, Ú\&?Ý!Ü�ªÝ��UN%�G�ëê. 
¥u[100] l$;¥(3�?Ö5y�����p, ÀâN���pÚ℄
a.õ�n�A:\�, éDÚ�8¥ –©Ùªe�?1ÿ�, 3Ì(Ú¤
(�Ä:þ\\�a¥�+n Agent, l
/¤�¹na Agent �õ
Agent e�.

2.3 õ((/�NÆÓ?ÖNÝ5y(/�Nz�õ(ÆÓ?ÖNÝ5yõæ^8¥ –©Ùªe�, Äk/¡+�´��XÚ�¥%¢N, ÏL�#�(þG¹Ú?Öá5�&E, 3��ÛÜ¢N¥?1?Ö©�, ¿3���mIS��¥(uÙ�Ú5y�Y, z�¥(�Ǒ�/¢N,òg��G�, ¥%¢N�?Ö��/ïÆ, ±9âu¯��Ï��Ä?5, �(+mÆÓ?1gÌNÝ5y. (/�Nze�Q|^�/¡r��O�Uå, qo��(þgÌ�`³, X(þgÌûü�±¢���¥(g��G�&E, 
/¡��ÕØU; (þgÌ&ÿ�#�/¡�¹¿Ué&ÿ���¹?19�ǑA[52] ; (þgÌ��U
�¥(;��^���1¤�¹Ä[101]; (þ�ã�?n©Û�¥(U
Äk£Ø�^�*ÿã�êâ, ,����(þ��;�m, ;��^�êâeD[102−103] .

DIPS (Distributed intelligent planning and

scheduling) XÚ´��©Ùª�U5yÚNÝXÚ[104], �L 6, Äu DIPS �¥(��Â5g/¡Õ�p�8I, ¿3(þ�1gÌNÝ�5y, �Ù�¥(Ü��¤8I?Ö, §òz�¥(ï�Ǒ�kgÌõU� Agent, ¿æ^
�«�©��{, T�{Ï~31�gÆNó���Mï���1�NÝ�Y, l
~�NÝL§¥� Agent mÆû, 3�±�åÚ�å�Ä:þ, �â�åDÂ�ª, æ^

`z Agent 5`z�mÚ℄
��^, ¢yÄu`k?�NÝ, ¿3 Agent �mæ^�gz�(�/Ç�Å�¢y�Û8IÆN[105−107] .L 6 õ((/�NzÆÓ?ÖNÝ5yXÚ
Table 6 Multi-satellite and ground integrated task

scheduling systemNÝ5yXÚ NÝ5yüÑ��{ XÚ¢SA^|µ
DIPS XÚ æ^©Ñ�e��g?Ö©)�gz�(�/Ç�Å�Äu`k?�NÝ�{ 3CSAT (�

Damiani �[94] ± Bird �8 (http://spacesen-

sors.dlr.de/-SE/bird/)Ú Fuego�8[108] ǑïÄ�µ, �é(þgÌ5yNÝ�¬?1ïÄ, ¿JÑ
��(/�Nz�õ(ÆÓ?Ö5y�Y, Ù¥¤ïá�8¥ –©Ùªûüe�düÜ©|¤: 1) ±/¡��ÕǑ¥%��l?Ö©�Å�, ¬�ª�>u; 2) z�¥(äk(þ��Aªûü/5yÅ�, �Ǒ?uó�G�, ���¥ä. Tripp �[109]JÑ
Äu Agent m�Ï&ÆÓ�?Ö+nXÚ,æ^8¥ –©Ùª�e�, Ù¥/¡Õò�X��?Ö���g5�ÜuÙ�¤k�¥(, ,���¥(�â§�g��ó�KÖ, ®�Ù�¥(IPǑ��1�?Ö8ÜÚþÓ¥­E�1�?Ö8Ü��¹, ÀJU
�1�?Ö.

Cesta �[110] 3�¥�¸�S�iÿOy
GMES ��µe, �é©Ùª�UNg£ (Dis-

tributed agents for autonomy, DAFA) Eâ�mïÄ, Øyõ Agent Eâ3¥(A^+��`³,�3Äu Agent ��Oµe, ½Â!�OÚïu
Agent XÚ; Grey[111] �é GMES �8, �ï¡�õ Agent XÚ�gÆ©Ñ.�m��e� (Holonic

agent space architecture, HASA), Ù¥�¹ 4 a
Agents: Product!Executor!Planner ÚResource.©Ol�m©ÙÚ?Öa.ü��Ý, é� Agent?1y©, äNXe: ¡�õ(ÆÓ?Ö�/¡ã,�)^r`k?½Â�¬, ?Ö©��¬Ú/¡Õ;¡�ü(?Ö�/¡ã, �)�1ÄåÆ�¬, êâ?n�¬, ?Ö5yìÚ?Ö`k?½Â�¬; ¡�ü(?Ö��mã, �)(þ5y�¬!(þÏ&�¬!(þ�1ì!(þiÀ!(þ5yNÝìÚ(þ&ÿ1Ö.

3 (Ø��"
3.1 �©(Ø�©nã
¥(gÌ�ÆÓ?ÖNÝ5y�ï
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Îno(. �±w�3T+�®²kéõkd��ïÄ¤J, 
��'ïÄ®²��
­.�IÆö�ÊH'5. �´ØJuy, 8
�ïÄ¤JéõÑkÙäN�A^�µ, ÏdJ�k�½�"�:

1) ü(3�NÝïÄõ´�é�Å��½g�)¤�ü�A:?Ö?1­NÝ, 
¡éÄ�5�5�r�A:?Ö�¸, Ù¥A:?Ö¬kõ�5
, �)/¡A:þ5!�(Ï&D4Úg�A:)¤��, ÆI�«o�A:ǑA5UÚ(þk�O�^��ü(3�NÝÅ�Ú�{.

2) �Ü©ïÄ3�ÄgÌ�ÆÓ?ÖNÝ5y¯K�¬éïÄé�?1õ�{z�b�, X: ©Ùªe�e(mä���Ï&½­½Ï&ó´; (þO�Uå���pY², O��m÷v(þǑA���5; ?Ö�Â�êâeDÑ�Ǒ�«±Ï5½ö(½5¹Ä; XÚS¤k¥(´Ó��, ¤�1�¤�1Öa.���, ù
{zÚb�, ��
ù
ïÄ¤J�¢SA^ò�©(J.

3) �Ü©3�NÝ�{�ïÄÑ´¡��¯$¥(�, é¯$¥(3�NÝ�{ïÄ�Ǒ�f, 
õ¯$gÌ¥(NÝ¯K´�5gÌ¥(�5�A^¥7L�)û�'�5¯K, Ó�, �k�êÆöé¯K¥�m�6��S�å?1ïÄ, T�S�åd�mI�åÚ�m�6�^�ÅÄ�å|¤,´��¯$¥(A^�Ç�'�.

4) �
�õ(ÆÓ?ÖNÝïÄ�õêÊ33e��O�¡, "y�éØÓe���{Å��[�O, ?
�{é¤JÑ�e�?1½þ©Û�y,ØU/¤¡�e��O��"Å�. ,	, éõ(ÆÓSÜÆN��üÑ�ïÄ��, ��ØUé�/��gÌ�ÆÓNÝ5y¯K��)L§, ��¬m��Ü§Ý�$.�éþãJÑ��'ïÄØv�?, Ǒ÷vF�½�!E,��¯���æÚIèiÿI�, �5¥(gÌ�ÆÓ?ÖNÝ5y�ïÄ�kNõó���:

1) éu¥(3�NÝ¯K, I�Ó��Ä¥(¤?�Ä��¸ÚO�Uå: Ù�¥(�G�&E¼�ò´¢�!?ÖuÙ�?Ö���m�3Ä�Ø(½��m�!A:?Ö����^5!(þO�UåéÄ�?Ö�A:ǑA5U�, �½?Ö5y/­5y�ûü�m:!Å�üÑ!5y�{�,òÄ�*ÿI�~�z. d	, ?�Ú�\ïÄI��Ä�¤?Ö¤IÄ�, Q�¤?Ö5y, q��¤�AÄ��5y.

2) �5©Ùª¥(XÚ�õ´É��, õ(3

�ÆÓ�e�õ«õ�, ØÓ�õU���ª/¤ØÓ�ÆÓe�, 
ØÓ�ÆÓe�qû½
ØÓ�ÆÓ�{Å�, ÏdÆIläN�ÆÓ�{�O\�, éØÓ�ÆÓe�?1XÚ�UÚ$1¤��µ�©Û, ?
lJp�¤'�ÆÝ, éõU���ª/¤�".

3) ¥(gÌ5yEâ���´ò�kd/¡XÚ¤«ú�5y!���õU�Ü=£�¥(þ, ÏdgÌ5yL§�©E,, Ø=I��.Ú�{, �����«õU�¬�ÆN�Ü. égÌ5y�¬�õU(�?1O(y©, k�©)E,�gÌ5y¯K�)L§. (½ÆN��üÑ, ��gÌ5y¯K��)L§, ¢y�¬m�ÆN�Ü.

3.2 �5�"nþ¤ã, ¥(gÌ�ÆÓ?ÖNÝ5yäk2,�ïÄ
µ, Ù�5�U�u���k:

1) ¡��5�¥(8+�Æ�?ÖNÝ5y.8
¤A^��©Ùªé/*ÿ¥(XÚ5���,�X¥(5��*�!1Ö«aOõ, ü��+�(�³7¬KǑ�¥(8+Æ��Ç, ��©Ùª�(�(�¬´�5�¥(8+Æ�?Ö5y�u���. 3�5�ïÄ¥, XÛ3�5�¥(8+¥,p�þ/Ä�ǑA,�A½?ÖI�, ÆÓõ1Ö�¤é8Iõ�ã��, �±(�­½$1, ¤Ǒ
ïÄ�5�¥(8+�Æ�?ÖNÝ5y�'�¯K.

2) �C���Ä�å�¥(NÝ5y. �Ü©ïÄ��é,�AÏ|µ?1b�¢�, vk�Ä�õ3¢Só§A^¥��å, X: «�8I/£Ä8I�*ÿI�Cz; (þUþ����Ø(½5;Ï&�mI�ÚÏ&�´éÏ&��å�. �X�5¥(Eâ�u�, ��é¥(¢y°[zNÝ5y, äN�Ǒ:�(½I�Ä�A℄
�NÝ�¹,¿éù
NÝf¯K�¿ï��), ù«�C���Ä�å���Ǒ¥(NÝ5yïÄ�5#���.,	, (þO�Uåk�, XÛ3�ÄE,��åeJp�{��ÝÚ�Ç, Ǒ´e�ÚïÄ��.

3) Ú\ÅìÆS�(þgÌ?Ö5y. gÌ¥(3�1?Ö�, ¬�)�þ�é/*ÿÄ�!êâ£DÄ�!éF½�Ä��êâ. �±Ú\ÅìÆS��¬5)Ûù
êâ, 4¥(�±ÏLgÄ¼��£��ª, JpgÌ5y�¬�5U. rÅìÆS�gÌ¥(?Ö5y(Ü�9�é�¸Ú¥(g�'�&EJ�!G�iÀÚnÜµ�!Äu{¤êâÚûü�.N�NÝüÑ�õ�ïÄ¯K. �5(1O�ÅUåÅì\r!gÌ¥(A^|µØäÿ°, é�UzgÌ¥(�ûüUå!?Ö5yU
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