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Abstract

Accurate collision risk assessment in low Earth orbit increasingly depends on combining trajectory
information from multiple satellite operators. In practice, confidentiality constraints related to commercial
or national security considerations can limit the sharing of high-precision orbital data and complicate
collaborative conjunction analysis. Creating a secure satellite collision risk analysis workflow that enables
using sensitive orbital data in a privacy-preserving way requires implementing trajectory interpolation to
estimate satellite positions between discrete ephemeris samples where approximation error can propagate
into risk estimates. This paper focuses on privacy-preserving trajectory interpolation within a secure
multi-party computation (MPC) based satellite collision risk analysis workflow.

The work adds Lagrange interpolation to an MPC-based conjunction assessment workflow, enabling
higher-fidelity position estimation without revealing any party’s raw trajectory inputs. The interpolation
method is integrated into the existing secure service and evaluated using real-world satellite trajectory data
from the European Space Agency (ESA) to assess prediction accuracy and performance under realistic
conditions.

The proposed interpolation approach reaches position and velocity estimation accuracy close to CDM
values in the tested scenarious, achieving millimeter–meter level position deviations and millimeter-per-
second level velocity deviations, showing relevance for real-world applications. The paper emphasizes the
method’s design, integration, and correctness within an MPC workflow.

The paper concludes that polynomial interpolation can be incorporated into an MPC-based conjunc-
tion assessment to enable trajectory approximation while preserving confidentiality, strengthening the
practicality of privacy-preserving collision-risk analysis as satellite traffic continues to grow.
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