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AstDyS2:  

https://newton.spacedys.com/astdys2/index.php?pc=5 

 

AFP:        

http://asteroids.matf.bg.ac.rs/fam/properelements.php 

 

PDS A&D subnode: 

https://sbnarchive.psi.edu/pds4/non_mission/ast.nesvorny.families_V2_0/data/ 

https://newton.spacedys.com/astdys2/index.php?pc=5 

Synthetic proper elements of asteroids (> 1M) available from: 

Using basically the same software: Orbfit (orb507)  – different integration time 

spans and dynamical models 

 

Knežević and Milani, Synthetic proper elements for outer main belt asteroids, CMDA, 78, 

17–46, 2000 

Synthetic proper elements for outer main belt asteroids, CMDA, 78, 17–46, 2000 



Synthetic method to compute proper elements: 

  Numerical integration of orbits;  

 - digital filtering of short-periodic perturbations: mean elements 

                            proper semimajor axis 

        

  Fourier analysis: 

- removal of forced perturbations (Ferraz-Mello, 1981); 

- computation of frequencies from time series of slow angles; 

- extraction of proper modes from time series of equinoctial elements: 

proper eccentricity and (sine of) proper inclination  

 



Output: 

 

Numerical integration:    

 

vast.dat/fil – osculating/filtered elements for asteroids 

vpla.dat/fil – osculating/filtered elements for planets 

 

Fourier analysis: 

 

vprs.pro - proper elements 

vprs.sig – standard deviations 

vprs.del – maximum excursions 

 

vprs.ang – proper angles 

vprs.err  - error in elements (NaN in LCE) 

vprs.out – auxiliary data  

  



Failures in computation of proper elements 

Errors in numerical integration – model and time span dependent: 

  - error in elements  - e.g. hyperbolic orbits (a>100 au): discarded, no 

proper elements produced; 

  - too short integration step – asteroid removed from integration; 

Errors manifested in proper elements computation: 

- unreasonable semimajor axis and large errors of proper elements    

- Good proper elements but format problems (****) in the output due to 

too large errors; if in vprs.sig & vprs.del: asteroid removed  

Partial failures: 

  - failure of the computation of variational equations – NaN in LCE 

  - proper elements and LCE acceptable but **** in vprs.del 

    asteroid accepted 

 



Statistics: numbered asteroids 

Total of 390992 asteroids  (185655 till April 2008 + 295347 after June 2017) 

========================================= 

130 outer belt discarded in -2 My integration  (4 for format problems) 

499 outer belt discarded in 10 My integration  (15 for format problems) 

  54 inner belt discarded in +-1My (2) integration (5 for format problems) 

 

 

            91  outer belt with LCE set to 999.99 in -2 My integration 

          384 outer belt with LCE set to 999.99 in 10 My integration 

            49  inner belt with LCE set to 999.99 in +-1 My integration 

 



Overview of the Main Belt (numbered asteroids) 



Overview of the Main Belt (numbered asteroids) 

SFM et al,  

    1998 



Overview of the Main Belt (numbered asteroids) 



Examples: (494895) 2008UA53 

Onset of close encouters with 

Jupiter at -1.127 My  

(shown by arrow) 



Examples: (590879) 2012VK14 

Close encounters with Jupiter 



Examples: (590879) 2012VK14 

Onset of close encouters with 

Jupiter at -1.608 My  

(shown by arrow) 



Asteroid 

(590879) 

locked in 

5:2 MMR 



Overview of the Main Belt (numbered asteroids) 



Overview of the Main Belt (numbered asteroids) 



Overview of the Main Belt (numbered asteroids) 



Statistics: multiopposition asteroids 

Total of 528913 asteroids  (as of June2024) 

========================================= 

  404 outer belt discarded in -2 My integration  (16 for format problems) 

1441 outer belt discarded in 10 My integration  (20 for format problems) 

    99 inner belt discarded in +-1My (2) integration (1 for format problems) 

 

 

          330  outer belt with LCE set to 999.99 in -2 My integration 

          975 outer belt with LCE set to 999.99 in 10 My integration 

          115  inner belt with LCE set to 999.99 in +-1 My integration 

 



Overview of the Main Belt (multiopposition asteroids) 



Overview of the Main Belt (multiopposition asteroids) 



Overview of the Main Belt (multiopposition asteroids) 



Overview of the Main Belt (multiopposition asteroids) 



Overview of the Main Belt (multiopposition asteroids) 



Overview of the Main Belt (multiopposition asteroids) 



Optimization of computation of proper elements: the time span 

of orbit propagation and complexness of the dynamical model 

 
AstDyS (orbfit): 

    outer belt, Trojans 5/50My, TNOs 100My;   

    dynamical model with 4 outer planets (barycentric correction) 

    Hungaria -2/10My, inner belt ±1My,  

    with 7 planets (except Mercury, barycentric correction)  

AFP (orbfit): 

all for 10 My 

all with 7 planets (as in AstDyS) 

 

PDS (orbfit like): 

all for 10 My 

all with 8 planets, largest asteroids, relativistic correction 

 



 Accuracy of proper elements:  the average standard deviations of 

proper elements and frequencies in the AstDyS and AFP data bases 

 

 



2.5 <a <3.3; T
L 
> 105 y  

 
>  7450/7448 

 

Integration for -2 My with 4 planets 

 

Integrated for 10 My with 4 planets 

and for -2 My with 7 planets105 y) 

10000 asteroids Nos. 494657 - 509585 



 Proper elements computed using short (−2 My) and long (10 My) integration time 

span, and the dynamical models including either 4 or 7 planets 

 

 



2 My vs. 10 My  
2 My vs. 10 My (2.5 <a <3.3; T

y) 



4 planets vs. 7 planets 



Conclusions 

 different types of failures identified;  

 hyperbolic orbits occur for 0.3% asteroids over 10My; 

 failures distributed along strong MMRs in the asteroid belt; 

 typically, close approaches to Jupiter give rise to instabilities;  

  

  

► proper elements obtained in different runs are nearly the same; 

► no significant improvement of the overall accuracy of results when 

using the longer integration or more complex dynamical model; 

► from the point of view of the application of these elements in 

classification of asteroids into families, they can be considered as 

practically equal.  



               Thank you ! 


