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GEIST: Graphical Electromagnetic
ISAR Simulator for THz waves

» Uses ray-tracing in open-source
software Blender to create
point-cloud map of target.

» Metaheuristic — Reproduces the
Important features of ISAR
Imagery.

» Built to generate large datasets:
huge computation time
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We have conducted a study to demonstrate the viability of dedicated space-based
Inverse synthetic aperture radar (ISAR) monitoring platforms for observation of high-
value GEO assets. This required the development of novel radar simulator GEIST.

We have used the proprietary orbit propagator GOFOD to model the orbits of GEO
assets, and optimised monitoring platform orbital parameters to ensure greatest long-
term stability and dwell on the target without the use of station-keeping manoeuvres,
enabling us to deliver the best observation of key satellite features with the shortest
possible revisit time.

Following this, we have used the encounter data to generate ISAR images using
GEIST, demonstrating its ability to rapidly produce images with different perspectives.
This work represents a significant step toward autonomous decision-making on-orbit.

» ISAR simulations of static and realistic flyby parameters have been conducted using GEIST.

» High resolution ISAR images of a GEO asset are seen In Fig. 2. A bandwidth of 6 GHz was used for both
75 GHz and 300 GHz images, giving a range resolution of 2.5 cm. To achieve 5.7 cm cross-range
resolution at both frequencies, 0.5° integration was used for 300 GHz, while 75 GHz required 2°.

Fig. 3: Boresight perspective of GEO asset used for Fig. 4 ISAR simulations at (a) tp and (b) t4
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» By splitting the total angular span y into smaller sub-integrations of angular width Q (given by the

desired cross-range resolution), we can synthesise many ISAR images that view the spacecraft from 10
different perspectives. A selection of these ISAR frames can be seen in Fig. 4. The solar panels of the
model of the satellite have been shortened to accelerate computation time.

Future directions for the work include:

» Experimentation using GOFOD of longer observation epochs incorporating station-
keeping manoeuvres and exploring different orbital scenarios.
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» Performing detailed verification of GEIST using full electromagnetic simulation
\ software and by comparing to experimentally acquired measurements. /
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Fig. 2. Multi-frequency GEIST simulations. Resolutions — Range: 2.5 cm. Cross-range: 5.7 cm
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