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This paper presents the design, implementation, and validation of a robust feature extraction architecture for real-time on-board monocular vision-based pose initialization of a target
spacecraft in application to on-orbit servicing and formation flying. The proposed computer
vision algorithm is designed to detect the most significant features of an uncooperative target
spacecraft in a sequence of two-dimensional input images that are collected on board the chaser
spacecraft. A novel approach based on the fusion of multiple and parallel processing streams
is proposed to filter a minimum number of extracted true point features, even in case of unfavourable illumination conditions and in presence of Earth in the background. These are then
combined into relevant polyline structures that characterize the true geometrical shape of the
target spacecraft.

I. Introduction
Estimating the pose (relative position and attitude) of a target spacecraft or neighboring spacecraft is an important
problem for a wide range of mission scenarios, such as formation flying (FF) [1, 2], on-orbit servicing (OOS) [3], active
debris removal (ADR) [4]. Relative pose estimation and navigation is indispensable to safe close-proximity operations
(from a few meters to several tens of meters), such as rendezvous, final approach and docking, station-keeping, and
monitoring. In particular, relative navigation maneuvers must be performed autonomously without the use of ground
control stations. Indeed, relative navigation maneuvers based on ground commands would be infeasible or difficult due
to unavoidable communication delays or the lack of satellite coverage and in situ information.
Several approaches and metrology systems can be used for spacecraft pose determination, depending on whether the
target is actively cooperative, passively cooperative, uncooperative, known or unknown [5]. In the most general case of
uncooperative target (i.e., it is not equipped with any artificial marker and any communication link), a vision-based
approach can be adopted for its pose estimation. Unlike LIDARs, Vision-based pose estimation involves the use of
lower power passive electro-optical sensors (monocular or binocular cameras), also compatible with small and very
small platforms (e.g., nanosatellites, picosatellites, and femtosatellites) [1, 6, 7].
In this paper, we focus on monocular vision-based pose determination, since a single camera with vision processing
offers a low-cost solution that works for close to far-distance ranges. As illustrated in Fig. 1, the goal of pose determination
is to estimate the translation T®BC and rotation RBC between the body frame of the target and the camera frame on board
the spacecraft chaser, by processing the pixels in the image frame. The vision-based pose determination process consists
of three main steps (see Fig. 2): i) image processing (and feature extraction), ii) feature matching, and iii) estimation of
the transformation between the matched features. While in our previous research [5] we mainly investigated the last two
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