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Abstract Surveying projects of near-earth asteroids continue to emerge, and obtain massive observation data. However,
this pattern makes the obtained arc too short, and the traditional methods have great difficulty in orbit determination and
identification with ill-posed problem in itself when the arc is short. Then how to effectively use these short arc is of

great significance for discovering, monitoring and evaluating the threat of asteroids. Under the evolutionary algorithms,
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a calculation framework for too-short-arc is constructed with three-variable (a, e, M) optimization, which keeps the di-
mensionality low while makes the optimization results no longer rely on observational measurements. The differential
evolution algorithm with fewer parameters and simple operation is used to conduct experiments using orbital simulation
data of asteroids with different eccentricity, then the optimal solutions and their aggregation regions are analyzed. The
large eccentricity orbits will have an impact on the sensitivity of the algorithm search due to its complexity, it is need to
reduce the search space to improve the search ability. The results show that the algorithm performs well in small eccentric-
ity problem, and can obtain valid results to provide information for subsequent work. And for large eccentricity problem,
while the traditional method fails, the distribution of the algorithm still contains the real solution. For the phenomenon
that the optimal solution is not obvious in the global distribution, it can be analyzed by combining the distribution density

and fitness value. Further research on the issue of large eccentricity is needed in the future, the influence of different

observation positions and observation time on the algorithm should be considered, and calculate by classification.
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Fig. 1 The flowchart of Evolutionary Algorithm
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Fig. 2 The locations of Earth and asteroid when R - L < 0
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Table 1 The results of orbit determination with measured
data and simulated data

a/AU e M/(°) Fitness/("")
Measured Data

POD 0984503 0.031113 133.346404
2001 FR85  Laplace 0.995914 0.020222 113.348185
DE 1.017569 0.018538  51.355262
POD 1.910483 0.322444  327.572296
2006 SV189 Laplace 1.210928 0.483620  42.871209
DE 1.196976  0.390417  53.232234
POD 3224325 0.604047 341.973334

2019 UJ10 Laplace — — —
DE 1.534307 0.602229  50.961877

Simulated Data

POD  0.984503 0.031113 133.346404
2001 FR85  Laplace 0.984503 0.031113 133.346500
DE 0.986985 0.030011 130.888 285
POD 1.910483 0.322444 327.572296
2006 SV189 Laplace 1.910547 0.322472 327.573488
DE 2.082770 0315995 331.524987
POD  3.224325 0.604047 341.973334
2019 UJ10 Laplace 3.226270 0.604316 341.993750
DE 3.397868 0.620189 342.473476

A LU Y, AU R AP iR R AT A BT 45
R, Laplace J7 VA ST HERAAE. K SO I, 24
Tl 0> 2R 4L/, DE VLS5 R 22 RS K, 24 i O 2R 15 T
4K, Laplace 77545 R B AEEEI R, B e > 0.6
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Table 2 Orbital elements of asteroids

Astoroids a/AU e i/(°) Q/(°) w/(®) M/(°)

2011 AA37 1.095 827 0.017 100 3.81745 275927177 128.532 85 82.7403920
2003 YN107 1.003992 0.027 646 4.41696 269.67298 123.627 11 56.5003900
2001 FR85 0.984 503 0.031113 5.31903 184.116 62 231.56973 133.346 4049
2011 FS2 1.079097 0.114917 13.95702 180.37132 76.447 69 299.7794115
2018 XBS 1.412314 0.310591 25.88103 263.09190 151.367 84 22.0014882
2006 SV189 1.910483 0.322 444 16.2300 4.36293 60.644 82 327.572296 4
2011 HT 1.926 796 0.450236 7.105 66 90.13539 163.553 17 351.8613406
2000 BO28 1.619994 0.562 540 5.82393 320.384 40 301.96148 303.150690 5
2019 UJ10 3.224 325 0.604 047 12.51605 90.007 79 3.94012 341.9733342

Kl 4 451 T /MTA 2001 FR85 7E— R 52 it
HidEhEEKE o FEEAEL Hd e e
[0.0,0.3], NP = 300. 7] LU H DE Bk B2 IR =,
WS AR AR

1.4 r r r r T 50
—a
—-—- fitness
140
130 ©
> e
< &
] g
120 +=
110
R
0.9 T E = 0
0 20 40 60 80 100 120

Generation
[ 4 2B KAE o RUEME FBEGTRR

Fig. 4 The convergence process of the semi-major and fitness value
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Table 3 Orbital Elements of Different Asteroid 0.20 )
a/AU e M/(°) Fitness/("") 015 .
2001 FR85
0.986985  0.030011 130.888 285 0.181778 o 10T K ]
0984318  0.030567 133.393316 0.475931 0.051 R ]
: D
0990014  0.027876 127.321 475 0.515531 Qf)
1.006797  0.025788 102.020 195 0.548 881 0.00 i
0.986895  0.029784 130.890 601 0.558 875 e
0.85 0.90 0.95 1.00 1.05 1.10 1.15 1.20 1.25 1.30
2006 SV189
a/AU
2082770 0315995  331.524987 0.037715 2011 FS2
2.010468 0.302787 330.246 984 0.039.878 0.14 [ T e
2220032 0441947  333.641082 0.042 658 0.12 1
1.862698 0362860  327.127992 0.046913 0.10¢ ]
0.08 ]
2377135 0506021 336.745 957 0.048914 0.06 &
o
2019 UJ10 0,04 . ]
3397868  0.620189  342.473476 0.051316 0.02 o ]
2262050  0.873037 216492927 0.080 805 0.00 - <@ ]
2.825896 0.866 400 279.269 031 0.080 884 —0.02 1
3345057 0876144  302.300839 0.081220 —0o04p ]
0.991.001.011.021.03 1.04 1.051.06 1.07 1.08 1.09
2253552 0.872341 215.462254 0.081269 a/AU
2018 XBS5
o70F — T ]
2011 AA37 0.65
I A e e 0.60 |
0.55 |
o5l ] 0.50
o 045}
0.40
0.10} ]
0.35 |
) 0.05 030
: 0.25 |
0.20
0.00 ] e,
10 12 14 16 1.8 20 22 24 26 28
005! | a/AU
. 2 1
08 09 1.0 LI 12 13 14 15 16 ‘ _2006SVI89 ‘
a/AU 0.65" 1
2003 YN107 0.60 1 ]
040+ ] 0.55} 4
035+ ] 0.50} ]
0.30+ ] 0.45" ]
o
0.25+ ] 0.40} ]
0.20¢ 1 035} i
o 0.15} ] 030l ]
0.10} 1 025} 1
0.05¢ | 020 1
0901 ] 15 20 25 30 35
—0.05} ] : ' a/AU : '
—0.10} ]

0.6 0.7 0.8 0910 111213141516

a/AU

K5 MR A

Fig. 5 Probability Density
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Fig. 5 Probability Density (continued)
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Table 4 Orbital Elements of 2011 FS2

a/AU e M/(°) Fitness/("")
e €[0.0,0.3]
1.027265 0.004 585 258.835833 0.017 129
1.057 837 0.076 810 295.051426 0.021 945
1.033584 0.021779 284.625 207 0.022782
1.052979 0.067 073 293.707 137 0.023 763
1.026 038 0.002 329 162.882 101 0.024 745
e c[0.1,0.2]
1.080318 0.117711 299.989 662 0.011945
1.086512 0.127705 301.139081 0.016 160
1.082233 0.121 021 300.353 267 0.016728
1.111677 0.164917 305.239 106 0.020 154
1.112930 0.167 321 305.441476 0.022 636
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Fig. 6 Probability density of e € [0.6,0.7]
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Table 5 The results of orbit determination with error

a/AU e M/(°) Fitness/("")
2001FR85 0.1”
0.999619 0.019 654 107.957 672 0.041248
1.002358 0.017911 99.1877 84 0.045113
0.988 085 0.030174 129.770443 0.127 206
1.132064 0.111704 357.291704 0.131 164
0.935180 0.084 773 152.628 119 0.135407
2001FR85 0.2”
0.978 638 0.037070 138.512470 0.022375
0.995 247 0.021935 117.245573 0.030 564
1.098 669 0.085014 359.416225 0.068 457
1.007 197 0.016404 81.631699 0.078 731
1.070 656 0.060428 3.716 294 0.085410
2006 SV189 0.1”
1.944 146 0.323988 328.258 906 0.022012
1.841 636 0.326713 326.207 099 0.036 506
2.044 408 0.336463 330.171249 0.037213
1.953433 0.413790 329.787036 0.040 055
2.354393 0.431933 334.921945 0.042248
2006 SV189 0.2”
2.485266 0.515720 337.823 844 0.045720
2.258492 0.462591 334.452402 0.052731
1.704 182 0.342562 324.050 662 0.052974
1.730 160 0.314 588 323.892115 0.059 503
2.685304 0.372031 342.314 194 0.064 788
2019 UJ100.1”
3.356 890 0.621594 343.288 181 0.052986
2.468214 0.868 742 247.505 268 0.054 670
2.278942 0.874 385 218.089 595 0.058 740
2.333013 0.852230 238.272460 0.059 685
3.248 946 0.872978 299.276 790 0.061 447
2019 UJ10 0.2”
3.966 946 0.885872 318.246 089 0.036671
3.544 484 0.622052 339.782510 0.042 862
2.157960 0.860 626 201.924 056 0.051058
2.431080 0.841721 253.152155 0.065 566
2.729 538 0.755 464 37.511735 0.067517
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