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Abstract—Ephemerides of the Solar System’s objects are calculated using dynamical models fitted to obser vations. The accuracy of these ephemerides can be estimated using statistical methods. The methods consist in constructing a set of possible orbits, based on observations. One of these methods, the bootstrap method of repeated sampling, has many advantages: minimal assumptions about distributions of observational errors, easy implementation, etc. DOI: 10.1134/S0010952510050163



INTRODUCTION Ephemerides for objects of the Solar System are calculated using dynamical models referred to obser vations. Dynamical model depend on the initial con ditions (coordinates, velocities, etc.), which are calcu lated by the least squares method in order to minimize the difference between calculated and observed coor dinates. Then, a dynamical model referred to observa tions allows one to find ephemerides. The accuracy of ephemerides depends on the quality of the dynamical model (intrinsic error) and on accuracy and distribu tion of observations (external error). Observation errors are a main cause of the global error. For estimation of the accuracy of ephemerides one can use the OC method, but it is applicable only dur ing the observation period. Beyond this period, in par ticular, in the future the accuracy of ephemerides can be estimated by the Monte Carlo method. METHODS These methods are based on construction of a set of possible orbits which represents the region of possible motions. Classical Way The classical way of constructing possible orbits is to apply small variations to the initial conditions and to measure the differences in orbits caused by these initial conditions. The small variations can be calcu lated using the Monte Carlo method —by adding a random noise to the initial values of parameters owing to the problem’s covariance matrix (MCCM) (see [1, 2]);



—by adding a random noise to observations (MCO) with subsequent determination of new initial conditions by adjustment to these observations [8]. The principal scheme of these two methods is pre sented in Fig. 1. The new values of parameters give an orbit, and all constructed orbits represent the region of possible motions. These methods presume that the distribution of observation errors is Gaussian, and they are referred to as parametric methods. Bootstrap Method The bootstrap method was first suggested by E. Efron [4] as applied to variance estimation. After that the bootstrap method has been successfully applied to many other problems, for example, to esti mating the error distribution in an estimating algo rithm [5]. The idea of the bootstrap method consists in imi tating the entire process of sampling in order to gener ate a new set. For a set with N elements the bootstrap sample is found by sampling N times with changing all N elements. In particular, some of the elements appear in the bootstrap sample several times. In this case, the weight of these elements corresponds to the number of their appearances. The bootstrap method, as applied to estimation of the error of extrapolation can be described in the fol lowing way. One should —generate a random set of independent integer numbers (kj)j = 1, …, N with uniform distribution in the range [1, N];



(



—construct the new set of observations tk j,αk j i.e., a bootstrap sample;
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Fig. 1. Principle of modeling the region of possible motions with the use of MCCM (a) and using MCO or bootstrap (b). 1 is the new initial conditions, 2 is the sets of initial conditions, 3 is initial observations, and 4 is new observations.



—adjust the model to the bootstrap sample which determines an orbit; —repeat this process as many times as desired. In our context of accuracy estimation we can gen eralize the bootstrap method in the following way (see Fig. 1b): —the bootstrap method is applied to a set of obser vations, —the model is adjusted to the new observations, —all bootstrap orbits represent the region of possi ble motions. We have demonstrated that the bootstrap method allows one to estimate the accuracy of calculating ephemeris and yields the results similar to those obtained by other methods [3]. However, two points engage our attention. Theoretical aspect: the boot strap method is a nonparametric method. This means that we do not make any assumptions as far as the observation errors are concerned. We only assume the observations to be independent. Practical aspect: no additional information is required in this case (unlike the MCO case), and the bootstrap method is applica ble to any type of observations. Finally, having a dynamical model and a set of observations of an object we can estimate the accuracy of its ephemerides.



where x k, y k, z k and x0, y0, z 0 are, respectively, spatial coordinates of orbit k and the reference orbit. In order to summarize the information provided by k orbits we find the root mean square value of quantity (d k(t ))k = 1,..., N : K



σ D( t ) =



∑



2 1 d k( t ) , N k =1



where σD(t) represents the accuracy of a predicted position or, in particular, is a measure of accuracy. ACCURACY OF PREDICTING THE POSITIONS OF TWO NEAREARTH ASTEROIDS We make use for asteroids of the NOE dynamical model [6] adapted to asteroids. Equations of motion and variational equations are integrated numerically. Perturbations of the eight planets, Pluto, and the Moon are taken into account according to ephemeri des DE414 of the Jet Propulsion Laboratory (JPL) [7]. We have applied this dynamical model to two near Earth asteroids, Toutatis and Apophis. Toutatis



MEASURE FOR COMPARISON In order to compare all bootstrap orbits, we use comparison in distance between the kth orbit and the reference orbit (LSM). d k( t ) = ( x k( t ) − x 0( t )) + ( y k( t ) − y 0( t )) + ( z k( t ) − z 0( t )) , 2
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Object (4179) Toutatis represents a nearEarth asteroid of irregular form discovered in January 1989. Nevertheless, before 1989 about ten observations of this object were made. As many as 2701 observations are available in the database of the Minor Planet Cen ter dated from 1934 to 2007, but the majority of them belong to the period from 1989 to 2007. Residuals of these observations are approximately 0.5″ in absolute coordinates.
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Fig. 2. The accuracy in Toutatis position since 1820 until 2050.
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Fig. 3. The accuracy in logarithmic distance for positions of Toutatis in the period from 1500 to 2500.



Using this set of observations one can estimate, with the help of the bootstrap method, the accuracy of ephemerides. For example, we have calculated 500 bootstrap orbits which represent the region of possible motions. Figure 2 presents parameter σD(t) and distri bution of night observations in the period from 1820 to



2050. During this period of observations the accuracy was high enough (about 50 km), but beyond this period the accuracy is poorer. Figure 3 presents the accuracy in logarithmic dis tance for positions of Toutatis in the period from 1500 to 2500. The accuracy falls down when there are no COSMIC RESEARCH
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Fig. 4. The minimum distance between Toutatis and the Earth for 500 generated bootstrap orbits. The cross represents the mini mum for a reference orbit.



observations, but also in the case when the asteroid approaches a planet. Table presents the dates and distances of conver gence between the Earth and Toutatis. Closest approaches are well seen in Fig. 3, since the accuracy is quickly reduced for these dates. For three oncoming COSMIC RESEARCH
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approaches in 2012, 2069, and 2322 we have estimated the accuracy of calculation. For example, we have cal culated the dates and minimum distances for all 500 bootstrap orbits. For December 2012 the accuracy of approach is approximately 15 s in time and 200 km in distance (Fig. 4). For November 2069 the accuracy
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Fig. 5. The accuracy in Apophis position since 1820 until 2050.



reduces in time (130 km in distance and 7 min in time). For October 2322 the calculation of approach was so inaccurate (2.5 ⋅ 106 km in distance and 84 h in time) that any forecast of the next approaches became impossible and useless. Apophis The object (99942) Apophis represents an asteroid with a diameter of 270 m discovered in June 2004. The first calculation of its orbit showed a nonzero probabil ity of collision with the Earth in 2029. However, more Table. Date, time 2.I.1853, 13.52
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accurate determination of the orbit excluded such a possibility. Nevertheless, in April 2029 the distance between Apophis and the Earth will reach a minimum value of order of 37000 km. In the MPC database there are 1000 observations for the period 2004–2006. Residuals of the observa tions are equal approximately to 0.45″ in absolute coordinates. In order to estimate the accuracy of bootstrap determination of Apophis position, we have calculated 1048 bootstrap orbits. Figure 5 presents parameter σD(t) and distribution of night observations per year in the period from 1980 to 2029. Figure 6 presents the accuracy in logarithmic dis tance for positions of Apophis in the period from 1910 to 2060. The accuracy falls down when there are no observations, but also in the case when the asteroid approaches the planet, in particular, in 2029. The dis tance between the Earth and Apophis will be so small that the errors in orbit determination will play an important role after this approach. In particular, there is a risk of collision in April 2036. In order to estimate the accuracy of approaches in 2029 and 2036 we have calculated the dates and mini mum distances between the Earth and Apophis for 1048 bootstrap orbits. For April 13, 2029 the accuracy is approximately 7000 km in distance and 2 min in time (Fig. 7a), while for April 2036 corresponding val ues are 1 AU and 4 months (Fig. 7b). However, for April 13, 2036 the distance between the Earth and one bootstrap orbit reaches a value of less than one radius COSMIC RESEARCH
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Fig. 6. The accuracy in logarithmic distance for positions of Apophis in the period from 1910 to 2060.
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Fig. 7. The minimum distance between Apophis and the Earth for 1048 generated bootstrap orbits. The cross represents the min imum for a reference orbit. COSMIC RESEARCH
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of the Earth, thus indicating to a certain risk of colli sion in 2036. CONCLUSION The bootstrap method is quit interesting for esti mating the accuracy of calculation of asteroid (Solar System objects) position in time and the accuracy of determination of approaches. Unlike other methods, this method is not parametric, since the only limiting hypothesis is independence of the observation errors without any assumptions about the distribution of these errors. The bootstrap method is also easy in practical real ization, since it does not require the initial informa tion and can be used for any type of observation. It seems that the only constraint of this method is the number of observations (one should have sufficient number of observations in order to generate different bootstrap samples). To improve the accuracy of esti mation one needs to improve the dynamical model (i.e., to take into account major asteroids, nongravi tational effects, etc.) and to make other measurements (radio location ant other).



REFERENCES 1. Avdyushev, V.A. and Banschikova, M.A., Regions of Possible Motions for New Jovian Satellites, Solar Sys tem Research, 2007, vol. 41, no. 5, pp. 413–419. 2. Bordovitsyna, T., Avdyushev, V., and Chernitsov, A., New Trends in Numerical Simulation of the Motion of Small Bodies of the Solar System, Celestial Mechanics and Dynamical Astronomy, 2007, vol. 80, issue 3/4, pp. 227–247. 3. Desmars, J., Arlot, S., Arlot, J.E., et al., Estimating the Accuracy of Satellite Ephemerides Using the Boot strap Method, Astronomy and Astrophysics, 2009, vol. 499, no. 1, pp. 321–330. 4. Efron, B., Bootstrap Methods: Another Look at the Jacknife, Ann. Statist., 1979, vol. 7, no. 1, p. 1. 5. Efron, B. and Tibshirani, R.J., An Introduction to the Bootstrap, vol. 57 of Monographs on Statistics and Applied Probability, London: Chapman and Hall (CRC Press), 1993. 6. Lainey, V., Duriez, L., and Vienne, A., New Accurate Ephemerides for the Galilean Satellites of Jupiter. I. Numerical Integration of Elaborated Equations of Motion, Astronomy and Astrophysics, 2004, vol. 420, pp. 1171–1183. 7. Standish, E.M., JPL Planetary Ephemeris de414, 2006. Available at ftp://ssd.jpl.nasa.gov/pub/eph/planets/ ioms/de414iom.pdf. 8. Virtanen, J., Muinonen, K., and Bowell, E., Statistical Ranging of Asteroid Orbits, Icarus, 2001, vol. 154, pp. 412–431.



COSMIC RESEARCH



Vol. 48



No. 5



2010



























des documents recommandant







[image: alt]





Assessing the accuracy of approximation 

along which a solution method should be tested. ... the execution CPU time, there is often the time spent on developing the code! ... Testing the accuracy of a.










 


[image: alt]





Accuracy of Hexapods .fr 

relatively simple and well structured machine models is enabled by the hexapods' ... KEY WORDS: Parallel kinematic accuracy, Model based control, .... specifies how these influencing variables effect the temporal temperature gradient.










 


[image: alt]





performed by Nirvana 

Oh Me performed by Nirvana. Riff. \A---------7- ... The way I. D do. E. I don't have to think. I only have to do it. The results are always perfect. But that's old news. E.










 


[image: alt]





Estimation of the orientation of textured patterns 

Oct 7, 2010 - fore a crucial task for all applications concerning land coverage management and monitoring. Among the existing approaches ... Gradient-based methods consist in estimating the orientation on the basis of the derivatives of ...










 


[image: alt]





Quantitative Assessment of the Accuracy of the Poissonâ€“Boltzmann 

May 16, 2014 - ABSTRACT: The cell model is a ubiquitous, fast, and relatively easily implemented model used to estimate the osmotic pressure of a colloidal ...










 


[image: alt]





Effect of Aging on the Accuracy of Visually Guided 

rivative of the eye position curve by electronic differentia- tion. The onset and .... saccades were much more variable, ranging from 60 to. 1,200 ms. ... Discussion.










 


[image: alt]





This program displays the contents of the bootstrap ... - Matthieu Benoit 

This program displays the contents of the bootstrap ROM in a Motorola ... fetch a byte from the bootstrap area, invert it and display on 8 LEDs loop: lda ... Page 3 ...










 


[image: alt]





Multiresolution approach to the estimation of the 

coordinates of the vertices of the polyhedral shape are modeled as a first order ... approach is considered in which the number of vertices of the polyhedron is.










 


[image: alt]





Experimental assessment of the accuracy of ... - Yves Rousselle 

Aug 2, 2013 - 10 Gb (Grivet and Arruda 2001; D'Hont 2005). Chromo- some behavior at meiosis displays mainly bivalents, but pairing affinity within a given ...










 


[image: alt]





accuracy of spatial localizations near the time of ... - Science Direct 

of hammer blows was 20 min arc (SD = 67 mitt arc) from the target when the ... Position of responses varied slightly with time of target exposure relative to the ...










 


[image: alt]





Effect of Aging on the Accuracy of Visually Guided 

ments induced by presentation of a visual target were analyzed. ... longer time was necessary for elderly subjects to locate the target, the accuracy of the initial ...










 


[image: alt]





Two procedures for the estimation of the uncertainty of ... .fr 

Mar 20, 2007 - sphere and the entrance slit of the monochromator is positioned ... diffraction grating (wavelength selector) and a prism (order selector).










 


[image: alt]





Inffuence of Disk Separation Distance on Accuracy of the Disk 

Aug 7, 2006 - Frank, A. L., J. F. Marcinak, P. D. Mangat, J. T. Tjhio, S. Kelkar, P. C. ... mother. 49:1222â€“1224. 19. Lim, J. A., A. R. Kwon, S. K. Kim, Y. Chong, ...










 


[image: alt]





Estimation of the Visibility Distance by Stereovision: a Generic Approach 

suring the extinction coefficient k; they are transmis- someters and ... f(Î¸) the value of the diffusion function in the Î¸ direc- tion, k the ..... (brakes, steering wheel, gas pedal) and GPS RTK. .... cal conditions. First of all, experimental val










 


[image: alt]





Estimation of the Visibility Distance by Stereovision: a Generic Approach 

sensor, driving assistance, intelligent transportation systems. 1. Introduction. The visual .... model and then to estimate the meteorological visibility distance.










 


[image: alt]





close encounter of a certain kind et12488160114 english edition dbid 1xo 












 


[image: alt]





The accuracy of dynamic wedge dose computation in the ... - CiteSeerX 

dynamic wedges on both Varian and Siemens LINACs. The beam data, acquired with a WellhÃ¶fer chamber array and a Sun Nuclear profiler, are used for model-.










 


[image: alt]





estimation of performance of heavy vehicles by sliding modes 

Electrical Engineering. Faculty of ... proportionate economic cost. A large number of car ... first order sliding mode and backstepping to estimate the system state ...










 


[image: alt]





Estimation of Structured Gaussian Mixtures: the 

are distinguished according to the parameter value Î¶z which depends on the variable z ... which consists of singular positive matrices. The prior dis- tribution ...










 


[image: alt]





The internal consistency, stability, and accuracy of the discrete 

Apr 19, 2006 - An early attempt to remedy this lack of a sound theoretical basis is the work of Goad [5], ...... In the second part of Table 1, the results are shown.










 


[image: alt]





The diagnostic accuracy of different natriuretic peptides in the 

Jan 4, 2008 - OBJECTIVES: We aimed to validate and determine the accuracy of a new sandwich ELISA for canine N-terminal pro-B-type natriuretic peptide.










 


[image: alt]





Estimating the accuracy of satellite ephemerides using the ... - DI ENS 

For the main satellites of giant planets, the problem is quite different. Satellites are much observed, and over a large time period (see Fig. 1). Their motions are ...










 


[image: alt]





A new estimation of the size of informal economy using 

There are two main methods which use micro data for the estimation of the ..... save certain amounts of their under reported income to finance durable and .... collar occupation, wife in white collar occupation, wife worker at the company (under ...










 


[image: alt]





Estimation of the global regularity of a multifractional Brownian ... - Hal 

8 juil. 2016 - Mat. Iberoamer- icana, 13(1):19–90, 1997. [BM83]. P. Breuer and P. Major. Central limit theorems for nonlinear functionals of gaussian fields.










 














×
Report Estimation of Accuracy of Close Encounter Performed by the Bootstrap





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



