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1. Summary of Work Package  

The objectives of WP4 “Orbit characterization” concern the orbit determination process improvement, in 

particular for those recently discovered NEOs in the NEO Confirmation Page (NEOCP) of the Minor Planet 

Center. The scope is to provide information and tools to the consortium observers (and in general to the 

scientific community) in order to increase the efficiency and success of the physical characterization 

observations. The WP will also work on the precovery process that concerns the recovery of observations 

belonging to images in old data databases, with the purpose to improve the NEO orbits determination. The 

WP team will compute and provide follow-up lists, which will be spread among the consortium partners. The 

implementation of a basic rapid response system scenario, which profits of existing robotic telescopes is 

eventually envisaged through the development of the related procedures and tasking SW. 

Description of work   

This WP is coordinated by SpaceDyS Srl, It will last for 30 months (M1 to M30). The interrelated tasks in this 
WP cover the following:  

• Improvement of the Orbit Determination process for just discovered NEOs  

• Ephemerides provision to the consortium partners and to the public for planning the follow-up 
observations in order to improve the orbit and for planning the characterization observations  

• Precovery performed analysing the worldwide available astronomical images databases with the 
purpose of improving the orbit determination  

• Linkeage of NEOs data with Isolated Tracklet File data provided by the Minor Planet Center  

• Computation of the visibility window of the interesting NEOs  

• Detection and computation of Imminent Impactors, which are typically just discovered NEOs that may 
impact within the next days or weeks  

• Provision of the follow-up prioritization list and diffusion among the partners  

• Dedicated follow-up tasking  

• Support to the follow-up team  
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Current status 

The main activity performed so far involved the improvement of the NEOScan system 

(https://newton.spacedys.com/neodys/NEOScan/) with a better and more reliable orbit determination 

process. In particular, the data will make use of the ADES data format information that includes the observer 

provided rms estimation for Right Ascension and Declination. Moreover, the attributed rms will take into 

account the statistics and performance of discovery measurements for at least the major surveys. This code 

is still in beta-testing, but soon ready to be public. 

Another major achievement of the project so far is the setup of the New Priority List for all NEOs in the 

NEODyS database. This tool has a specific page (https://newton.spacedys.com/neodys/index.php?pc=10.0) 

where the presently visible NEOs are listed and prioritized according to an algorithm, which we will soon 

describe in a dedicated peer-reviewed article. This algorithm is considering several observational parameters 

such as the sky uncertainty, the visible magnitude, the solar elongation, the presence of the Moon, the 

presence in Risk List, and so on. This service is now on beta-testing phase and we have a list of amateurs and 

professional astronomers, who are testing it. It is now quite robust and soon will be officially released. 

As an example, this is a screenshot of the New Priority List web page: 

 

This new service will provide also the “Faint Objects Priority List” aimed for professionals who have access to 

big telescopes to perform follow-up activity. 

Another interesting service we setup and is already used by our beta testers is the customized mailing service 

that will mail on a daily basis (but it is also customizable) to the observers who request it, a list of targets 

accessible by their station. Some parameters may be customized such us the limiting magnitude and the 

declination range. This is an example of email: 

https://newton.spacedys.com/neodys/NEOScan/
https://newton.spacedys.com/neodys/index.php?pc=10.0
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You may notice the reference to the NEOROCKS project and EU grant. 

The NEOScan service, moreover, will include also its own NEOScan Priority List. This is listing the NEO 

candidates in the NEOC Confirmation Page according to a scoring system, similar, but not identical to the 

NEO Priority List. In fact, here the sky uncertainty and the visible magnitude constraints are dominant and 

the scoring must be performed and updated with a higher frequency. 

This is an example the present web page in beta-testing: 

 

This page will list the presently visible NEOCP objects and in a separate table the lost objects (even if they are 

still in NEOCP) due to high sky uncertainty and/or high visible magnitude. 



 

5 
 

We performed another tool improvement during the last months to support the astronomical community, 

including the consortium partners, regarding the “Observation Prediction Tool” of NEODyS (for example, see 

https://newton.spacedys.com/neodys/index.php?pc=1.1.4.0&n=433). This now includes the plotting of the 

stars obtained to a proper API from the European GAIA Mission online stars catalogue. It is also possible, 

now, to overplot the field of view set by the observers. This is for sure an important improvement that will 

help the observer to identify the targets in their images. The output is similar to this one: 

 

As part of the project, a detailed process was developed to support the automation of data processing from 

the following telescopes / observatories: GSA, GeminiCFHT / TCFH, CFHTJCMT / TJCM, JCMTHST, HST, BLAST, 

BLASTMOST, MOSTDAO / OFA, DAODRAO, DRAO, MACHO, MACHOOMMUSE, FUKMIRTUSE, OMUKMIRTUSE, 

UKIRT, NEOSSat, and VLASS. This process consists in cyclical, automatic querying of databases for new 

ephemeris sent by the community, downloading data to project’s database, queuing them and validating the 

usefulness of images in manual processing. The process is implemented in dedicated software (Python) 

developed during project. Currently, after proposing ephemeris, available data is automatically downloaded 

from databases and separated for further analysis. While using the program, key practical problems were 

identified, e.g. the need to validate images returned by queries in terms of the area of interest or to divide 

queries into shorter periods of time. After identifying the problems, mitigating actions were taken. In the 

result software provides correct data for further photometric analyzes. 

https://newton.spacedys.com/neodys/index.php?pc=1.1.4.0&n=433


 

6 
 

 

Python console – output of the Yasutani 0.4. software for querying databases and downloading images 

developed during project.  

 

 

Blinking downloaded by Yasutani 0.4. images in SAOImageDS9. 

During the project, over 2,500 FITS files were downloaded and analyzed using the "blink images" function. 

For the found objects, aperture and profile photometry were performed. For the images analyzed so far, the 

presence of the searched objects has not been confirmed. 

 

2. Main Innovations / New knowledge 

The major effort done so far regards the development of tools to support the observers. It is of extreme 

importance that the overall system (including the big surveys, the MPC, the JPL, NEODyS and the 

astronomical community that performs follow-up activities) would reach a higher level of efficiency. 
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It is clear, just simply looking at the NEOScan Priority List, that the present system is not efficient and quick 

enough after the discovery. Several “new discoveries” are practically lost just when they are posted on the 

MPC NEOCP. 

With the tools we developed so far, we want to improve the efficiency and, in turn, to demonstrate to the 

community the need to improve the data flow provision and the orbit determination process. 

A better error model and orbit determination process will provide ephemerides that are more reliable to the 

observers dedicated to the follow-up. When the orbit is very well constrained, the astronomers performing 

the physical characterization, including the consortium partners, will have a higher number of available 

targets. 

Automation of the cyclical database search process for given ephemeris, integration with external services 

(such as external folders and directories), and the use of methods rejecting inappropriate FITS files have 

increased the efficiency of image analyzes. Work that previously had to be done manually is now partially 

automated, and the files provided allow us to focus on photometry. The use of a cloud solution in the process 

of downloading files allowed to increase the amount of data downloaded for analysis and allows to work on 

the same data simultaneously by a few persons. 

The advance features provided by the software will be the following: 

• Object orbit propagation -This shall allow propagating the orbit and covariance of an object with the 

model parameters available in the database 

• Object orbit determination -This shall allow fitting the available observations with a minimum 

residuals orbit and model solution 

• Object ephemeris generation -this shall allow producing object topocentric ephemerides at any time, 

including its uncertainties 

• Objects follow-up: This shall cover three issues: 

o Presentation of the observation parameters computed based in the object ephemeris for a 

telescope 

o Reception of the data from an object of interest based in the subscription to them 

o Retrieval of an object compatible with the observations provided by the user. 

The software system will be based in an architecture high scalable, portable and maintainable due to the 

separation of graphical, processing and data layers over several virtual machines. This kind of architecture 

provides a near-real time performance if the virtual machines are provided with the appropriate level of 

resources.  
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The architecture componentes shall be based in developed software and in third party data software which 

could be used without any problem. The principal third party data are: 

• Liferay for the web user interface in the NodeClient  

• Tomcat as application Server in the NodeServer 

• MariaDB for the database implementation in the Repository 

The development languages shall be java and python mainly. 

The physical infrastructure shall be two virtual machines and the user machines. The elements are the 

following: 

• The NodeClient is the web application which is presented in the user machine. In this machine it is 

deployed the web pages for interaction of the user with the system. The only request for the user 

machine is a browser. 

• The NodeServer is a VM for execution of any processing needed in the system.  

• The Repository is a VM for the deployment of the instance of the database and any needed repository. 
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