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Custody maintenance
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Rendezvous and close 
proximity operations

Conjunction risk assessment



What happens if the solid 
circle is not realistic, and in 
fact we are outside of it?

completely lost!

Realistic uncertainty

Non-realistic uncertainty

Uncertainty 
realism

How well characterized 
the uncertainty is
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Observations weighting 
matrix (expected noise)

Jacobian of the observations with 
respect to the estimated parameters
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Covariance impact on SSA products 
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Most relevant uncertain parameters in batch 
least-squares Orbit Determination
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A. Cano et al., “Improving orbital 
uncertainty realism through covariance 

determination in GEO”
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Statistical analysis of historic 
space weather data (Celestrak)

Objective Method

Estimate the uncertainty in density 
caused by the dispersion of F10.7 and Ap

Results

Density uncertainty as a function 
of altitude and solar activity

1. Choose solar activity 
strata and reference 
dates

3. For each date:
I. Gaussian 

distribution 
for the proxies 
based on the 
surrounding 
60 days

2. Generate a 3D 
grid of lat/lon/alt

4. For each grid point and epoch: 

I. Use NRLMSISE00 model using the simulated proxies 

II. Aggregate density outputs and compute their 𝜎



Aguado et al., “Uncertainty propagation 
meeting space debris needs”

8th European Conference on Space Debris (2021)



Gaussian: 
• no correlation 

Constant noise: 
• too strong correlation

ሻ𝜌 𝑡 =  ҧ𝜌 𝑡 + 𝑧(𝑡

𝑧 𝑡𝑛 = 𝑎 𝑛 𝑧 𝑡𝑛−1 + 𝑢 𝑛
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Atmospheric density 

uncertainty
(Previous slides)
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𝑡𝜆
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A. Cano et al., “Covariance propagation 
with time-correlated errors”

2nd NEO and Debris Detection Conference

A. Cano et al., “Stochastic Consider 
Parameters for covariance realism in orbit 

determination”
2023 AAS/AIAA Astrodynamics Specialist Conference



800 km altitude circular LEO

Constant 
model 
𝜆 ≈ 0 

Greatest 
covariance

Constant model 
𝜆 ≈ 0 

Deterministic 
dynamics

(ODE)

Gaussian 
model 𝜆 ≈ ∞ 

Smallest 
covariance

Gaussian 
model 𝜆 ≈ ∞

Deterministic 
dynamics

(ODE)
A. Cano et al., “Atmospheric correlation 

impact in uncertainty propagation”
3rd International Conference on Space Situational 

Awareness (IAA-ICSSA-22-0007)



Conclusions
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Uncertain parameters models

• Try to represent the errors present in the dynamic 

and measurement models

• Require a trade-off between accurate model and 

traceability and complexity

Drag force acceleration uncertainty

• Most difficult to model due to the multiple sources

• Stochastic models with correlation can be a good 

representation. But how to estimate it efficiently?

Uncertainty quantification techniques

• Are required to estimate the modelled uncertainty 

and improve the realism and reliability of SSA 

products

SSA products depend on covariance realism

• Custody maintenance, manoeuvre detection

• RPOs, collision risk assessment



Alejandro Cano

alcano@gmv.com

mailto:descobar@gmv.com

	Front Page
	Slide 1: Uncertain parameters in Orbit Determination and their impact in SSA

	Index
	Slide 2

	Content
	Slide 3: Uncertainty realism
	Slide 4: Uncertainty Realism in Orbit Determination and Propagation
	Slide 5: Uncertainty Realism in Orbit Determination and Propagation
	Slide 6: Covariance impact on SSA products 
	Slide 7: Custody maintenance
	Slide 8: Manoeuvre detection
	Slide 9: Rendezvous and close Proximity Operations (RPOs)
	Slide 10: Collision risk analysis
	Slide 11: Collision risk analysis
	Slide 12: Most relevant uncertain parameters in batch least-squares Orbit Determination
	Slide 13: Uncertain parameters
	Slide 14: Measurements uncertain biases
	Slide 15: Dynamic and measurements models uncertainty impact
	Slide 16: Atmospheric density variability
	Slide 17: Atmospheric density uncertainty evolution with altitude
	Slide 18
	Slide 19
	Slide 20

	End
	Slide 21


