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ABSTRACT 

The success of most of the Space Debris Mitigation practices, such as on-orbit collision avoidance, post mission 
disposal by de-orbiting/re-orbiting, controlled or semi-controlled re-entry into atmosphere etc. necessitates attitude 
knowledge of the space vehicle. Attitude control is crucial when spacecraft based systems are employed for Active 
Debris Removal, which has to fly in the close proximity of a target space object. Attitude Determination (AD) is an 
essential pre requisite for attitude control. Attitude sensors based on directional vector measurements can be utilized 
to determine three axis attitude of a space vehicle.  If a set of reference directions relative to inertial reference frame 
are known based a-priori, the platform attitude can be found from pairs of reference and sensed directions. Cameras 
being compact, lightweight, space proven, and reliable instruments, a method using line of sight vectors to 
landmarks as sensed by cameras as the directional references for attitude determination is proposed in this paper. 

 In case the distinctive features of planets or large space objects are sufficiently well known, a reference template of 
landmarks can be established a-priori. The landmark pattern in the image captured by the camera will be warped due 
to perspective projection depending on the viewing geometry. A related problem of estimating camera/ sensor pose 
(position and orientation) from corresponding ground point and their images is well known as resection problem 
within photogrammetry community. Here, instead of finding complete pose (position and orientation), we assume 
the knowledge of orbital position (translation), so that camera attitude (orientation / rotation) alone needs to be 
estimated.  The positional knowledge is further utilized to reduce the search space within the catalogue of 
landmarks. We use of the fact that the angular separation between directed vectors connecting a pair of landmarks to 
the camera does not depend on camera attitude, but only on the camera position. Once the landmarks are identified 
by angular separation match, the matched landmark directions in reference frame as well as camera frame are 
readily found. If more than one pair of such vector directions in reference frame and observed camera fixed frame 
are available, the attitude corresponding to the rotational transformation of reference frame to camera fixed frame, 
can be computed by standard methods of attitude determination from vector observations. 

The proposed method determines absolute three axis attitude of the camera with respect to a known reference frame, 
and unlike homography based methods, the landmarks need not be coplanar.  Thereby, independent attitude updates 
to supplement other sensors can be provided, and the method can serve as a back-up option of AD in case of 
catastrophic failure of conventional attitude sensors on-board a spacecraft at its end-of-life. 
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