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Introduction 

The optical observations available while compiling a catalogue of Earth-orbiting objects are often limited. 

Without previous correlation of measurements received at various periods, no orbit determination is conceivable 

in this scenario. This is the most computationally costly process, and it becomes increasingly harder as the 

number of items to discover grows. We evaluated two distinct techniques, as well as prototype software, to 

tackle the correlation problem for objects in Geostationary Orbit in this work (GEO). By using full least-squares 

solutions with all six orbital components, the methods enable reliable orbit determination. Due to the presence 

of a significant subpopulation of high area-to-mass ratio objects in the GEO region that are strongly affected by 

non-gravitational perturbations, it was necessary to solve for dynamical parameters describing these effects as 

well, which meant fitting between six and eight free parameters for each orbit. Data from the European Space 

Agency's (ESA) Space Debris Telescope (ESASDT) at the Teide Observatory were used to validate the results 

(Canary Islands). We showed how to build a set of sparse data into a set of orbiting objects. This would allow a 

survey approach to just cover the specified sky region once a night. 

Only the angles and angular rates of the track may be calculated from optical observations of Earth-orbiting 

objects, whether from the ground or space. The range and range rate, in other words, are mainly unknown. As a 

result, several measurements must be integrated to estimate the orbit of the observed object. However, it is 

difficult to tell if two random tracks belong to the same item. The essence of the Too-Short Arc (TSA) issue is 

this. Fujimoto and Scheeres have developed a correlation approach for ground-based observations that employs 

an uncertainty zone of an observed object's range and range rate, known as the acceptable region, which is 

specified by some physical limitations on the potential orbits. Multiple acceptable zones intersecting can be 

utilised to correlate optical observations and provide an initial state estimate. 

Human extraterrestrial operations need situational awareness of Earth-orbiting particles. An acceptable zone can 

be established across the topocentric range/range-rate space based on an optical observation, with each point 

indicating a probable orbit for the object. However, we believe that some orbits in that distribution, such as 

circular or zero-inclination orbits, will be more frequent than others based on our knowledge of Earth-orbiting 

objects. We provide an analytical technique for characterising the presence of such unusual orbits for a given 

observation pass and use singularities in orbital elements to examine topological characteristics of the 

range/range-rate space. 

For future human operations in space, situational awareness of Earth-orbiting particles such as active satellites 

and space trash is critical. Over 300,000 particles are predicted to exist at this time, with over 80,000 

observations every day. Radar or optical sensors are used to make observations. Only the angles and angular 
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rates of the track may be estimated via optical measurements, which are often used for objects in Medium Earth 

Orbit (MEO) and Geostationary Orbit (GEO). The range and range rate, in other words, are mainly unknown. 

As a result, several measurements must be integrated to estimate the orbit of the observed object. However, it is 

sometimes unclear if two random tracks belong to the same object, and tackling this problem with classic orbit 

determination approaches necessitates repetitive operations with poorly defined convergence criteria. This is the 

essence of the problem with overly short arcs. Milani and Kneevi have studied this problem for heliocentric 

orbits, where each track is described in a four-dimensional quantity called the attributable vector, and the range 

and range rate are restricted to an area termed the acceptable region by applying a few physical restrictions. 

Virtual Asteroids are discretized locations within the acceptable area (VAs). This approach was developed to 

include objects circling the Earth. a new technique based on maps of the acceptable region in Delaunay orbit 

element space. 

The acceptable zone described in Poincare orbit element space is used to suggest a strategy for correlating 

numerous optical measurements. If the correlation method yields a positive result, an initial orbit estimate is 

obtained instantly. The acceptable region, as well as other essential notions, are first introduced and formally 

defined. The algorithm and the use of observation data are then described. The 6-D Poincare space, which is 

discretized into several hyper cubes or bins, is used to map an acceptable region for observation. The density of 

Virtual Particles (VPS) is calculated at each bin, and their distribution throughout the Poincare space may be 

seen as a probability density function (pdf) indicating where the observed item might reside. 

More than 16 000 objects with a diameter of more than 10 cm circle the Earth. Only roughly 6% of them are 

currently functioning satellites. The rest is made up of various sorts of space junk, which today pose a severe 

threat to safe circumterrestrial space exploration. The majority of the listed objects are in Low Earth Orbit 

(LEO), spending the majority of their lives below 2000 km altitude. This is the area of space with the largest 

spatial density of objects, as well as the location of all known collisions. However, another sector of space is 

home to a vast number of spacecraft that are essential to our daily lives. At an altitude of around 36 000 km, it is 

a geosynchronous area. The rising threat presented by space congestion necessitates several steps, including 

those aimed at reducing the chance of operating spacecraft colliding with space junk. This necessitates precise 

information about both objects' orbits. The United States Strategic Command (USSTRATCOM) now leads the 

charge in detecting and documenting the space debris population, utilising a global network of radar and optical 

sensors. The USSTRATCOM catalogues the bulk of the bigger things in the Two-Line Element (TLE) database. 

About 16 000 objects are documented in this collection, along with their current orbital characteristics. Due to 

constraints in sensor capacity and observation and data processing techniques, the catalogue's limiting size is 

roughly 5 cm-10 cm below a few thousand kilometres altitude and about 0.5 cm-1 m in higher orbits up to S 

(GEO). The TLE library now lists around 1000 geosynchronous objects with a diameter greater than 1 m. 

Dedicated optical campaigns from the ESA Space Debris Telescope (ESASDT) (a 1-m telescope on the Teide 

volcano in the Canary Islands) and other comparable American or Russian sensors, on the other hand, showed a 

huge number of uncorrelated objects, items not included in the TLE database.  
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