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(1 -ýÑfb+Ñq)�ðL�ÑfÍ¹��¤W¬ 210023)

(2 -ýÑf�/'f)�Æz�Ñffb�¥ 230026)

(3 -ýÑfbÔ�L�fS��°-��¥ 230026)X� ¾nn�Ñ0�L�hS/Ñ0)SÑK�få\�Í�è�K�, 6�1�ÂK'��ÂK¾�åÊ�!��6�, �î�X(��hSïî. ú�JPL (Jet Propulsion Laboratory)�)Spn�-3���Ñ0�L��hSpn, ùvhS9pïî�U�ß¡���v. Ñ°Ñ0�L�hSJ��ïîX(Ìð��°a, �§���àÆÂK'µ���	s.�v�J��ïîÆÂK'��sû,�0�ß���¾0.90�ÞR¹�. Û�e�Ýù�IÂp�Q(�, Ç(BP (Back Propagation)^ÏQÜ�¹ÕùÂKË+ö�è��hSh��Ýù�I�J��ïî-ú�Âp�QÜ, å¹Õ��ß���Û�e�Gó0.96, ý�ë���0ùÑ0�L�J��ïîÛLÄ0. d�, ùÔ�ÂK'�ùJ��ïî�O��ïî�>Òïî�qÍ, Ñ°3�ǑÂK'�� �9Û��X(î�. �Æ, ØùÔ���J��ÆhS>Òïî��ǑhS>Ò�Ø�, Ñ°>Òïî��y�ÆÂK¾��	éH�	s. Ù�ß¡��å\	©�� ùÑ0�L�hSïî��Ä��¤Æ, :Û�e9ÛÑ0�L�hS¾���Â�.s.Í �)S: Ñ0�L�, )S�f: hSïî, ¹Õ: ß¡-þ�{÷: P135; �.�Æ�: A

1 ���L�/*3û���{©(�)S, v-ÑåÝ��1.3 au�«�I:Ñ0�L�(near-Earth

asteroid, NEA). 9nhSJ��a�ÑåÝq�ÜåÝQ�'�ï�Ñ0�L�hS�:?«��
(1.017 au < q < 1.3 au)�?âW�(a > 1.0 au, q

< 1.017 au)�?{�(a < 1.0 au, q > 0.983 au)åÊ?���(0.718 au < Q < 0.983 au). 1�Ñ0�L��hSïýÆ0�hS¤É, àdX(�û0��ïý, «¤:/º{��b4�Í'�h�
Á[1].Ñ0�L��:øØ�����, ������ÎpAlÌ§ós§(���«R{:A�S),�:ø���pÏ��', 9nGranvikI[2]�!�¨KÝù�I25I(ù����:350m)å��Ñ0�L�pÏ¾80���, FîMùd{�L�Ñ°��³4%. îMï(�Ñ0�L�hS�KÏD�;��ì0úIfKÒpn�0ú÷¾KÝ�K�pn, F1�Ñ0�L���^8�1,àdÂKX(>W�	éH�[3], y+/'ÏÑ0
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65w ) � f ¥ 5��L��ÂK'µí��Ǒ, Î�ù�î��hSïî&e��qÍ. *b02023t5�26å, Ñ0�L��Ñ°pîò¾32087�(v-Å+Ifpn�Ñ0�L�31054�, 1001��+	÷¾pn), ù�ì�hSïîÊvÆhS9p�Ýù�I�øs'�Uß¡���v, ïå(;S
�}0�ãÑ0�L�hSïî���Ä�, v:*e�Ñ0�L�ÑK�hS¾�9Û��Â�.�L�hS9pïî�8/1¾Æ�hÇ�-�O¹îé5en��, v�îM;�/�ùU�î���v. áÿQI[4–5])(ý���IfÆ÷¾pn�ùæ%�÷Þ�¢Kî�(4179) Tou-

tatis �U�¾Æ�hå\, ·���&�ïî¾
5 km��hÓ�. 0�[6–7]�ù)î�÷¢Kî�
(469219) Kamoòalewa)(0úIfpn�U�¾Æ�h, v)(¿'�¹Õ�v�hSïî� . LiuI[8](�Q^��H�(Å�ï+¯úH�)ÆùKamoòalewa)(��pn�U�¾Æ�h,vùvÆí���hS���U��v. H��I[9–10](ÂKïî����, Ç(Zß�P��ß¡�¹Õ, ùÑ0�L�(10302) 1989 ML�(4660)

Nereus�hS3�'Êøs¨�fy�ÛL���. 1�è�Ñ0�L�îMê	U!²ÂK, àdø��í'�h¹Õ��v_(ý��×0�Ûsè, �Nk�I[11])(Û��ÕùÑ0�L��U�í'�h�v.ý�f�(�v;&�L��hSïîö, Ñ°hSïîÆÂK�ö��í	s, ��HoutenI[12]� v ¤ : ; & � L � � h S ¾ � �V � Â K � � + ö � è �. MuinonenI[13]ú�HoutenI[12]�Â¹, )(�S!�¡��10000�U!²ÂK;&�L��hSïî, ���ÂK!p�ÂKË+ö�è��hS9pÊvïîK��sû, �0hS(Ï��ÆÂK!p�ÂKË+ö�è��B�sû. CarpinoI[14])(ß¡¹Õ�v��L�IfKÏïî, Ñ°vß�

�îïå(Ø¯ß¡ÏÛLß�. DesmarsI[15]���v��L�pn�-���hSïîÂp, v0¡��KÏ¹ÕùhSïî�qÍ.,�6Æ��ý·�¨Û��¤(Jet Propul-

sion Laboratory, JPL)Ñ���)Spn, ùv-Ñ0�L��hSïî(y+/J��ïî)ÛLß¡��, �Í�v��hS9pïîK��øs'åÊÆvÖi�Âp(ÂKË+ö�è��hSh��Ýù�I�hS>ÒI)K��sû. �à�H³��îM;A�Ñ0�L�pn��y¹åÊø���:+, 	gpny¹	é���pn�ÛL��; 6Æ)(�CÞRß����Ñ0�L�J��ïî�ß¡��y�, Ùú�J��ïîǑÂK'µ�ß¡sû; Û�)(BP (Back

Propagation)QÜ�¹ÕùÑ0�L��J��ïîÛL�Û�e��, -ú����QÜÓ�, ·Ö�Øß���hSïî�0!�; �Æ, ��ÂK'�ùvÖhS9pïî�qÍåÊhS>Ò��ù>ÒïîÆJ��ïî�qÍ.

2 pne�
2.1 8(Ñ0�L�pn�îMïå·Ö�hSpn�e�;��ì:ýE�L�-�(Minor Planet Center, MPC)�hSpn�(MPC Orbit Database, MPCORB1)�
Lowell)�ð��L�hSpn�(Asteroid Or-

bit Database, AstorbDB2)��ý·�¨Û��¤��)Spn�(Small-Body Database Query,

SBDQ3)�1'z���')Ô('fIq��¤�Ñ0)Spn�(Near Earth Objects Dynam-

ic Site, NEODys4)åÊ'z�L�2¡�l¤�Ñ0î��ù-�(NEO Coordination Centre,

NEOCC5)I.

MPCORB���Ý»åâå100 då��hS9p����eå(Modified Julian Day, MJD)�J��a�O��e�hS>Òi�G¤¹Ï�Ω�Ñ
1http://www.projectpluto.com/mpcorb.htm/
2ftp://lowell.edu/puh/elgb/astorb.htm/
3https://ssd.jpl.nasa.gov/tools/sbdb-query.html/
4http://newton.dm.unipi.it/cgi-bin/neodys/neoibo/
5https://neo.ssa.esa.int/about-neocc/
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65w �ÀwI: Ñ0�L�hSïî�ß¡�� 5�å¹ÒÝω�sÑ¹ÒM , d�Ø	hSn��
U�i�Âp(Ýù�IH���Âp�Íg�)��/+ÂKö��IfÂK!p�÷¾ÂK!p�hSß��îIpn.

AstorbDB/ú�PostgreSQLsûpn�-ú���, åá³�å�����L�pîÆpn�B', pn{��:4'{: �L�áo�hS^'���h�i�'(. pn�+�nÒhS9p�ÂKË+ö�è��hSß���î(root

mean square, rms)�Ë+ÂKå��ÂKp�²pI[16].

JPL-SBDQ����)ShSpn�ïá�(f/L«�Û¤ï, v-Ñ0�L�pn�+hS9pÊvïî�ÂKË+ö��ÂK!p�hSh��L�(0��(�)hS��¤GÝ»åÊÑ0�L��i�Âp(:ø�Íg��êlh��r�p�^��H�Âp)I.

NEODys���Ñ0�L��;�9p�,�9p, 1��oö�OrbFit¡��0. d�, �Ø���Ñ0�L��ÂKáo, �ú��	ïýÆ0�°���L��Æ0��Ñ¤G�ö��Æ0����hS¤GÝ»(Minimum orbit inter-

section distance, MOID)�°���åÊ°�ïýÊ>ú�ýÏI[17].

NEOCCQÙ���pn�ìÑ0�L��hS9p�hSh��Æ0�hS��¤GÝ»�n��U<�i�Âp(Ýù�I�:ø�êlh�I)�/&/Îi/Í¹î�åÊÂK�áo(Ñ°ö��Ñ°�). åQÙØ���*Ñ0�L�!ßÂKåw(Near-Earth Object Population Ob-

servation Program, NEOPOP6), ï(���0�DÑ��)SpÏ�Ä0á)ÂK�H��Ä0�Ü\ÂK�Ñ°�I.

2.2 hSïî��
MPCORBpn-Ç(�UÂÏh�hS�n��, h¾���:

U = INT
§
0.673 ln

��
σTe+

10

P
σP

�
k0

P

�
+ 0.246

ª
+

7 , (1)v-σT/Ñå¹ö;�ïî, P/hSh�, σP/hSh�ïî, k0/Ø¯8p, INT/Öt�&. 9nå�I, 'è�Ñ0�L��hSn��ï��:0–9I, n��<��ïî��. ù��O��î�, U<;�Ö³�J���ïî. æ�, 	��è��L��hSàÕn���O��/�K�0�, Ùè�î��U<°:“D”�“E”��“F”,�ì(,��¨ºK�.

AstorbDBú�MuinonenI[13, 18]�!��(SM��ïî(Current Ephemeris Uncertainty, CEU)�
CEU�åØ���CEU�å�, ÎCEUå��Ë���µ��n�'ð<(Peak Ephemeris Un-

certainty, PEU),q¡4*ÂÏ�ÏhSïî. v-,

PEUïå(�¡�9�hS��s)SKÏÂKö�.

JPLpn�-��¥Ùú�6*hS9pïîåÊÑåÝ�ÜåÝ�hSh�IvÖÂpïî.{<�, NEODyspn�_Ùú��9pïî, �óØÙú�ø��O¹îé5. NEOCCQÙÇ(�MPCORB�UÂÏh�hS�n��, �ö_Ùú�6*hS9p�ïî.ü
�ð, ï�¥·Ö�ÏhSïî�ÂÏ	3Í: MPCORB�U<� AstorbDB�CEU<åÊhS9p�ïî. M$�ê(�*Âp1ïÏðhSn��, Å/�:�'�h¾. ,�;�ùhS9p�ïîÛL��, Ù	©��ßhSïîÆhS9p�sû, pne�Ç(�/JPL-

SBDQ�hSpn�.

3 Ñ0�L�hSïîÆøssû
3.1 UÂÏÆhS9pïî���ß¡:�Î;S
�ãhSïî��y�, þ1�+Ùú�hSn��U<�5*hS9pïî(s
σa�σe�σi�σΩ�σω)���ß¡, 1�sÑ¹ÒïîÆ�Cøs'�', (dZ��. ¹�Ñ°, þ-J���O���hS>Ò�ïî��ýX($*ð<, ��σa�σe���Ó��:¥Ñ.

6http://neo.ssa.esa.int/neo-population/
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þ 1 JPLÑ0�L�pn�-U<ÆhS9pïî���ß¡þ(J��ïîUM:au,Ò9pïî�UM:'�)

Fig. 1 Frequency statistical graph of parameters U and orbital elements error in the JPL small-body database (The unit of

semi-major axis error is au, and the unit of angular root error is radian)ù�J��e�, ïî'�(10−6 au����:��. øÔK�, Ìðy�(Ñå¹ÒÝ�G¤¹Ï�ïî���
h°�£HÆ>. ÌðÓ����ÆÑ0�L��ÂK'µ��	s, Ù�¹�(����çí¨º. æ�, U���_X(ÌðÓ�, ��U<:3���:��. �ÇÔ�ïåÑ°, U<h��hSn��>6�:“�Ù”,àÕU°ú�Æ®���Ó�. �ÎJ��ïî���Ó�-ïåÑ°ïî�+(10−8 au�10−3 au�¾0�'<.

3.2 hSJ��ïî�ß¡��
HoutenI[12]��v¤:�L�hSïîÆÂKË+ö�è�(L)>Wøs, v�MuinonenI[18]�å\ê�Q�U!²p�;&�L�, ,��/ù�	òÑ°�Ñ0�L�(�ì²p'�1�Ñ0�L�)�J��ïîÆLZ��ß¡, Ñ°$�w	Æ>�øs'. :��ÏÏð$��sû, Ç(ß¡f�ÞRÀ�¹Õ, �(ß���

R2 = 1−

Pn

i=1 (yi − ey)2Pn

i=1 (yi − ȳ)
2

(yi:,i*��<, n:7,;p, ey:ß�<, ȳ:��G<)�G¹ïî(mean-square error, MSE)e

�ÏÞR¹�ù��pnß��}O. v-, R2�<�¥Ñ1, �ÆÞR<ù��<�ß����};ÍK, R2�<��, �ÆÞR<ù��<�ß����î.pn�-è�Ñ0�L��ÂKpn-�+�dIf��÷¾pn, à:÷¾KÏ¾��Ø,��ÆIfKÏùMn��_p}�e. �7ÂKö�è��Ñ0�L�, ��w	÷¾pn, vhS¾�ÔÅ	IfÂKpn�Ñ0�L��Ø[19].�þ2, ùhSJ��ïîÆÂKö�è�(Öùp)\¿'ÞR��(Linear Method, LM), ���÷¾pn��ß�ò¿	Æ>��û, �öÎß����Ò��, Td÷¾pnÆ, Î0.8419Û0
0.842. ÙhÆ, øÔ�÷¾ÂK, IfÂK�Ñ0�L�hSïîÆÂK;'�sû�'. (Æ����-, �Z&�Å+IfÂKpn�Ñ0�L�7,.þ2-Ñ0�L�²MnÂK!p(�ð²p,

opp)ÆÂKË+ö�è�'S
�e� , (ö�è�:316 dæóX(pnÂ�, ù��pß¡þ-ÌðÓ�z}è�. U!²ÂK�Ñ0�L�J��¾�
P:10−6 au, ��²ÂK�¾��Øý¾010−10 au, Ñ0�L�K��J��¾�4
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65w �ÀwI: Ñ0�L�hSïî�ß¡�� 5�sîÝ�'. Ñ0�L��,ê	(¥Ñ0�öMý«ÂK0, w	�:�vÑ'. Ñ0�L��!ÂKÆ, (�*0�llh���0,2!ÂK�:���, ��/(�tKÆM	ïý�!«ÂK0($v/�:ø�Ñ0�L�), àd(LÖùpÆ, *���
X(Â�. 1�J��ïîÆL�:øs', àdü�J��ïî���X(Ìð��°a(þ1). d�, 1�pn�-�ÂKö�UMêý¾n01 d, *P�¹�(���L<�X(�:Æ>�»'. ��Ñ0�L��J������, ø��ö�è�ïýù���ÂK'µ. :d, �IÂK'�('�6) eL = L

T
, v-L:ÂKË+ö�è�, T:�L�hSh�.�þ3,ù(hSJ��ïîσa�øùïîσa

a
)Æ

(ÂKË+ö�è�L�ÂK'�eL)ÖùpÆÛL¿'ÞR��, 4EþG/H°úùp¿'sû,þ(A)�(B)�(C)�(D)�tSß����+:0.842�
0.867�0.895�0.899. Ó�hÆ, Ç(hSJ��øùïîe\:àØÏ, ÂK'�\:êØÏ, Gï(����
�ØtS�ß���. þ3 (D)Þ

R¹���
lg
�σa

a

�
= −6.506− 1.759 lg eL , (2)vMSE:0.71, ïå�e�Ï0ÏðÑ0�L��J��ïîÆÂK'��sû.æ�, þ3 (D)hÆ(�IÂK'��aö�,

σa

a
(µt¹�
X(���öU, Ù/1�J��øùïîσa

a
ïýÆÝù�IH�ÂK!pIà øs. þ4U:�σa

a
�H�N 3�K����sû,�þ4 (A), Ǒ�H��', Ñ0�L��:øØ�,�öσa

a
¾�4s_(tS
ǑKMN. Ù/1�Ǒ�Ñ0�L��:øØ�, ÂK�¾��', ù��ÂK!pøù��(þ4 (B)). �QÝù�IùJ��ïî�qÍ, Ç(�C¿'ÞR�¹Õ,� ØÏH , ·��CÞR¹�lg(σa

a
) = −4.624

− 1.913 lg eL − 0.088H , v-H�ß�ûp:�<,Ù/1�eLÆHøsûp:�, tSß����Gó0.9044, MSEMN:0.6915, F9Û��	P. �ö:��MïýX(�Çß�Åµ, ù�ÞRß�¹Õú®�(��U�(2)�.

þ 2 hSJ��ïîσaÆÂKË+ö�è�L���sû. “+”h:�/	÷¾pn�NEA,vÖb¶¹h:�/�ÂK²p�Ifpn�NEA, Ñr�¿h:Å	IfÂKpn�ß�Ó�,ÑrZ¿�/�+If�÷¾ÂKpn�ß�Ó�.

Fig. 2 The distribution of semi-major axis error σa and the time span of the observation (L). The “+” represents the NEA with

radar data, and the other shape points represent the NEA with optical data with different observed impulses, the black line

represents the fit with only optical observations, while the black dotted line represents the fit with both optical and radar

observations.
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þ 3 J��ïîÆö�è����sû. A:(L, σa), B:(L, σa

a
), C:(eL, σa), D:(eL, σa

a
). �Pþ-Ñr�¿:ù�ØÏ�¿'ß�Ó�.

Fig. 3 The distribution of semi-major axis error and time span. A is (L, σa), B is (L, σa

a
), C is (eL, σa), D is (eL, σa

a
). The black

line in each subfigure is the linear fitting result of the corresponding variable.

þ 4 hSïîσa

a
ÆÝù�IH���sû(Pþ(A),Z¿h:hSïî�����)åÊÝù�IHÆÂK!pN���sû(Pþ(B))

Fig. 4 Distribution of orbital error σa

a
with absolute magnitude H (subfigure (A), the dashed line indicates the gap of the orbit

error distribution) and distribution of absolute magnitude H with the number of observations N (Subfigure (B))

3.3 J��ïî�^ÏQÜ�!�
MarcoI[20])(:hf`�¹Õ�v��L�pnÆ, (e0¡�L��y': '�/b¶�(Ï/Æ��êË��èÓ��i(Ä�I,�öÏð�L�;�y��n�'. MurrayI[21])(

BP (Back Propagation)QÜ�v�;&�L��Íg�ÆhS9pK��sû. ×v/Ñ, BP^ÏQÜ¹Õï(���Ñ0�L�hSïîÊøspnÆ, v�BP!�(����^¿'���ö,w	�Ø�êf`ý��Û�ý�[22], _�M�H
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65w �ÀwI: Ñ0�L�hSïî�ß¡�� 5�¿'ÞR-Çß��Åµ, àd�Ñ0�L��Âp\:�eUC, ïî\:�úUC, ý�-úØH��hSJ��ïî�0QÜ.(BP^ÏQÜÂp�Ç�-, �eÏ:(L�
T�H), �ú:σa

a
, ¾nQÜ�ÏBp:6B. (Âp�KM��ù�pnÛLpn��Æ��,	g70%:15%:15%�Ô�, ��pnÆåǑ:½7�¹Õ��:�Æ��ÁÆ�KÕÆ. �\baö¾n:íã!p< 10000, ïî�<< 10−5, Û�4s< 6, àd(íã237!Æ\bíã.

BP!�tS�øsûp:0.98, ß���:
0.958, �(2)��øsûp:0.95, ß���:0.898,�öïå¿'ÞR�MSE:0.71, '�BP!�MSE�0.21. þ5�+/	sLM¹Õ�BP¹ÕÆ��<K��ùÔåÊ$Í¹Õß�Æ��î��¶µ,�þ5 (A)�:Ñr�¿:45◦¿, ¢r¹:BP!�0¡<Æ��<�ùÔ,Ýr�/:¿'ÞR(LM)�0¡<Æ��<�ùÔ, ¹�Mn�¥Ñ�¿hÆ0¡<�¥Ñ��<. ùÔK�BP!��0¡<� ¥Ñ��<, v�Æ��<K���î���`Ñ0 (þ5 (B)), àd)(�Æ�BPQÜïå¾n0ë�0¡Ñ0�L��hSJ��ïî.

þ 5 BP^ÏQÜ!�Æ�C¿'ÞR�Ó�ùÔåÊß��î�ùÔ
Fig. 5 Comparison between BP neural network model and multiple linear regression, and comparison of fitting residual

3.4 ÂK'�ùïî�qÍ:��vÆùÔÂK'�eLùÑ0�L��
σa

a
�σe�σi�qÍ, (dÇ(�¿'¹Õ. �þ6�:, hSïîσ∗ (ã�σi�σe� σa

a
)GÆeLX(���øs', ÂK'µ� ��ö, σ∗ǑKMN, tS
σi (þ-UM:'�)ÆσeùeL�O��N�σa

a
.SeL < 0.01ö, sÂKö�è���hSh��1%, Ñ0�L��9pïîùÂKö�è��Ø�O��Ø, åè�;�ù�ÂK'µ�í�NEA, hS9pïî;��V�ÂK¾�Ià . ù�í'ÂK�Ñ0�L�, vhS>Ò¾�4sØ�hSO���hSJ��. Ǒ�eL�� ,

3*9pïî4sG	���
�9Û, v-hSJ��ïî9Û��$:Æ>. SeL > 1ö, sÂKö�è�'�vhSh�, hS>ÒïîÆO��ïîùeLO�'�1, ïî9Û�z�³�*pÏ§. �hSJ��ïî(ÂKö�è�¾0�*hSh�Æ, Íïå	$*pÏ§å
�9Ûz�. ùÔïÁ, ÂK'�ùhSJ��ïî�qÍ�:>W.

3.5 hS>Òùïî�qÍùòÑ°�Ñ0�L�hS>Òß¡ïåv-M<:8.59◦, (d�Ñ0�L��:“i < 8.59◦”�“i > 8.59◦”$Ä. J��ïîÆ>ÒïîH°ú
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65w ) � f ¥ 5�����Ä�, �þ7 (A)-hSJ��øùïîσa

a
�$Ä�¹��Í6H°ÌðÓ�, v�ð<Mn¡	Oû, Ù/1�ÂK'�/³�J��¾�4s�;üà , �>Ò��ÅqÍ��²p�Ñ0�L�pÏ`Ô. �þ7 (B)-hS>Òïîσi��¹��>:hS>Òi > 8.59◦�è�, Ñ0�L��>ÒïîO'.Ñ0�L�>Òi < 8.59◦�J��øùïîÆ>Òïî��-, H°úæð(Ø¾�)��N�óð(N¾�), ShS>Òi > 8.59◦ö, >Òïî

æð<Æóð<�î���Ï�. �70, (σa

a
�$Ä�¹��-_X({<�¿. Ìðæó`ÔØ��à(�i > 8.59◦�Ñ0�L�-ÂK²p'�1!�Ô��', ²p:1�`Ô:65.35%, ù��ÂK'�øù��, �i < 8.59◦è��Ñ0�L�åU!²:;, `Ô:82.79%. þ8�+/σa

a
�

σiÆi���, ïÁº/U²Ø/�², Ñ0�L�hSJ��ïîÆ>Òøs'ý�1(þ8 (A)),�hS>ÒïîÆ>ÒHùp¿'øs, s>Ò���Ñ0�L�hS>Òïî��(þ8 (B)).

þ 6 �9pïîÆÂK'�eL���sû. 3a�¿:¿'ß�Ó�,ÿr: >Òïîσi, ¢r: O��ïîσe, Ýr: J��øùïîσa

a
.

Fig. 6 The distribution relationship between the error of different orbital elements and the observation arc length eL. The three

lines are linear fits, green: inclination error σi, red: eccentricity error σe, blue: semi-major axis relative error σa

a
.

þ 7 J��øùïîÆhS>Òïî(�>Ò����Æ���
Fig. 7 The density distribution of semi-major axis relative error and orbital inclination error in different inclination ranges
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þ 8 �>Ò����²pÑ0�L�hSJ���>ÒÊvïî���
Fig. 8 Distribution of near-Earth asteroids′ orbital semi-major axis, inclination and errors with different opposition in different

inclination rangesþ9�+/i�MOIDÆD���sû. Û�e��Ñ°, îMòÑ°�Ñ0�L��hS>ÒÆ��X(����
�øs'(þ9 (A)), �':ø�Ñ0�L�w	�Ø�hS>Ò, U²ÂK�Ñ0�L�øÔ��²ÂK�>Ò�N�:ø��. �ö, òÑ°�Ñ0�L�Æ0����hS¤GÝ»_Ǒ�Ñ0�L���D��'��'
(þ9 (B)), ü�ïå:ø�'�Ñ0�L�, hS>ÒOØ�vÆ0��MOID�Ü. 1ÂK��,J��ÆhS>Ò�¾��_aö/�7�, J��ïî;��V�ÂK'�, �hS>Òïî�V��:B�ÂKaöIà , ×ÂK	éH��qÍ, î��Ü�ÂKùhS>Ò�¾��_��.

þ 9 �>Ò���, �²pÑ0�L�hSJ���>ÒÊvïî���.Â�Ýù�IHÆ��D�Íg�Pv�sû[23], ÖPv=0.14, ¡�D<.

Fig. 9 Distribution of near-Earth asteroids orbital semi-major axis, inclination and errors with different opposition in different

inclination ranges. The relation between absolute magnitude H, diameter D and albedo Pv is considered[23]. Take Pv = 0.14 for

calculating D value.
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Statistical Analysis of Orbital Uncertainty of Near-Earth

Asteroids
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ABSTRACT Precisely determining the orbit of near-Earth asteroid (NEA) is one of the important parts of
the near-Earth objects monitoring and early warning. However, due to the constraints of the observation
arc length, observation accuracy and force model, different objects have different orbit errors. Based on
the orbit data of more than 30000 near-Earth asteroids in JPL (Jet Propulsion Laboratory) small body
database, the orbital elements error can be analyzed statistically. It is found that the semi-major axis
error of the NEAs orbit has a bimodal distribution, and the reason is related to the distribution of the
observation arc. The relationship between semi-major axis error and observation arc length is studied,
and a regression equation with a goodness of fit of 0.90 is obtained. Furthermore, taking the absolute
magnitude parameter into account, BP (Back Propagation) neural network training method is used to
build a parameter training network for the beginning and end time span of observation, orbit period,
absolute magnitude and semi-major axis error. The proposed method further improves the goodness of
fit to 0.96, which can be used to quickly and reasonably evaluate the semi-major axis error of near-Earth
asteroids. In addition, the influence of the observation arc length on the semi-major axis error, eccentricity
error and inclination error is compared, and it is found that the improvement degree of the three is different
with the increase of the observation arc length. Finally, the variation of the distribution of semi-major
axis and orbit inclination error with orbit inclination is compared and analyzed, and it is found that the
distribution characteristics of inclination error are related to the selection effect of observation accuracy.
These statistical analyses contribute to a better understanding of the distribution of NEA orbit errors,
and provide reference for further improvements in the orbital accuracy.

Key words small bodies: near-Earth asteroids, celestial mechanics: orbital errors, methods: statistical
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