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Abstract—Artificial intelligence and machine learning (AI/ML) algorithms offer 
unprecedented opportunities in on�orbit servicing, space logistics and domain awareness. 
These opportunities include enhancing as well as enabling new Guidance, Navigation, and 
Control (GNC) tasks, autonomous collision avoidance at scale, and decision making for 
space operations and astronauts. At the same time, AI/ML algorithms face challenges for 
space applications that need to be tackled for their trusted deployment. These challenges 
are correlated and include data scarcity, a remote and harsh environment, risk adversity, and 
hard computational constraints. This presentation will provide an overview of the most 
recent research conducted at the Center for Aerospace Autonomy Research (CAESAR) at 
Stanford to unlock the aforementioned opportunities through a judicious incorporation of 
AI/ML algorithms in the autonomy stack for spacecraft Rendezvous and Proximity 
Operations (RPO). Among the key results in perception and navigation, it will be shown how 
a Vision Transformer can be trained online by an adaptive Kalman filter to increase the 
robustness of spacecraft pose estimation and tackle the so-called sim2real gap in RPO. It 
will also be shown how a spacecraft 3D structure can be rapidly abstracted from a single 2D 
image using an Auto-encoder network. Among the key results in guidance and control, it will 
shown how a novel Autonomous Rendezvous Transformer (ART) network can provide near-
optimal warm-starts for a sequential convex program, leading to advantages both in terms 
of fuel optimality and computational efficiency in RPO in Earth as well as Cislunar orbits. 
Finally, preliminary results will be shown on how an open-source Large Language Model 
(LLM) pre-trained on internet-scale data can be adapted to on�orbit servicing applications 
and provide spatial reasoning and navigation around a target resident space object. Index 
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