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Abstract

This paper presents analysis and improvements on a star identification algorithm based on
singular value decomposition. To improve the identification results, modifications have been
made to the algorithm. Moreover, analysis and simulation are presented to investigate the effect
of field of view dimensions and the number of stars used on the identification results, and the rate
of duplicate sets in the database. In addition, identification has been considered a two-step
process based on singular values and vectors. The results show the superiority of the improved
algorithm in increasing the identification rate and reducing the rate of duplicate sets in the
database. The identification rate of the improved algorithm in 10° x 10° and 12° x 12° fields of

view dimension is always more the %97.
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1. Introduction

One of the essential requirements in aerospace is attitude
determination. The star sensor is one of the most reliable
attitude sensors for space applications. The process of
determining the attitude by the star sensor includes
several steps: image processing, star identification,
database searching, and finally attitude calculation. Star
identification is an essential step for attitude
determination by the star sensor. The identification
algorithms in the star sensors are based on properties that
do not change with the transformation of coordinate
systems. One of the less noticed properties is the
invariance of matrix singular values and the right singular
vectors under the transformation of coordinate systems.
This property is the basis of the star identification
algorithm based on singular value decomposition [1].
This paper deals with the analysis and modification of the
star identification algorithm based on singular value
decomposition. Modifications have been implemented to
enhance the algorithm. The influence of the required
number of stars and the dimensions of the field of view
on the algorithm has been analyzed and investigated to

determine the best number of the stars and best size of the
sensor's field of view for this algorithm.

2. Star identification based on singular value
decomposition

If the star unit vectors in reference and measurement
frames are denoted by v; and w;, respectively; For N stars
in the field of view, the column matrices of these vectors
are denoted by V =[v,vy,..,vy] and W=
[wq,Ws,, ....wy], respectively[2]. These vectors satisfy
the (equation.1).

W =Cv

In which C is the direction cosine matrix.

where P, and P, are 3 X3 orthogonal matrices
corresponding to the left singular vectors. Q,, and Q,, are
N x N orthogonal matrices corresponding to right
singular vectors, three of which correspond to the singular
values of V and W.

There are invariant properties for singular values and the
right singular vectors in singular value decomposition
under any unique coordinate transformation, which
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makes this method suitable for star identification. These
properties are as follows:

Oyi = Oy

Qwi = £qy; (2)
Pwi = iCp‘lli (i = 11213)

In the original singular value decomposition algorithm, the
directional vector of each star is calculated and considered
as the direction of the center of the field of view. According
to the size of the field of view, the neighboring stars of the
primary star are identified. In the next step, four brighter
stars are selected among the primary star and its neighboring
stars. Finally, the corresponding matrix is made using their
directional vector, and singular values and also the right
and left singular vectors of this matrix are calculated.
The database is created using these singular values and
singular vectors. There are some disadvantages to this
method of database building. By selecting 4 brighter stars
for each direction, neighboring clusters can have identical
stars. The number of these duplicated sets increases
significantly in regions of the celestial sphere where there is
a high density of stars. In this paper, some changes have been
made to improve the identification performance. In the new
approach, instead of choosing 4 brighter stars, the primary
star is kept, regardless of its magnitude. This significantly
reduces the number of duplicate sets in the database. The
second one is the change in the dimensions of the field of
view. Here, in order to investigate the effect of the field of
view on the performance of the star identification algorithm
based on singular value decomposition, four different fields
of view with the dimensions of 6" x 6°, 8° x 8°,10° x
10°and 12° x 12° have been investigated, and the results
related to the influence of the field of view size on the
identification rate, duplicate sets in the database and the lack
of stars have been investigated. The third one is the number
of stars required for identification. In general, 3 stars are
enough to perform identification operations; because the
number of singular values of a matrix is equal to its rank. But
since the direction vector for each star is a three-component
vector, regardless of the number of stars, there will always
be three singular values. In this paper, the effects related to
the number of stars are also investigated. The number of
stars tested here is 3, 4, and 5 stars.

3. Simulation

The simulations are performed based on stars brighter than
magnitude 6.5 in the Hipparchus star catalog. The simulations
for the original singular value decomposition algorithm and
the improved algorithm have been carried out and their results
have been presented. In each of the approaches, the
simulations for the number of 3, 4, and 5 stars and the
dimensions of the field of view are 6" X 6°, 8" x 8°,10° x
10°and 12° x 12°, implemented by MATLAB software. A
computer with Intel (R) Core™ i7-2670QM 2.20 GHz CPU
and 6GB RAM specifications was used to run the algorithms.
To evaluate the methods, simulations have been performed for
200 random directions of the star sensor for each of these
methods for the different number of stars and the different
dimensions of the field of view. In this paper, star
identification is considered a two-step process: unigque
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solutions with ngular values and unique solutions with
singular vectors. In the second case, unique answers cannot be
obtained only by using singular values, and in addition to
them, singular vectors must also be evaluated.

4. Conclusions

In this paper, the analysis and improvement of the star
identification algorithm based on singular value
decomposition was presented. The improved algorithm is
obtained by adding a condition for keeping the primary
star, regardless of its magnitude. The presented analyses
included the effect of the dimensions of the field of view
and the number of stars on the identification rate and the
number of duplicate star sets in the database. For this
purpose, fields of view with dimensions of 6° X 6°,
8°x8°,10°x 10°and 12°x 12° were examined.
Moreover, regardless of the number of stars used for the
algorithm, there are always three singular values.
Therefore, database construction based on three, four, and
five stars was investigated. The average identification rate
in the original approach is 42.41% and the average
identification rate in the improved approach is 94.08%.
Therefore, the improved approach shows more than 50%
improvement in identification performance. The
identification rate in the improved approach in the field of
view 10° x 10° and 12° x 12° is always more than 97%.
In the fields of view of 10° x 10° and 12° x 12° for 3, 4,
and 5 stars, at magnitude 6.5, there are enough stars in the
field of view for identification. The average identification
rate of the two approaches and in the different number of
stars for the field of view 10° x 10° is 70.33% and for the
field of view 12° x 12°is 68.5%. According to the results
as well as construction considerations and space
environment, 10° x 10°can be considered the most
appropriate size for the field of view in the singular value
decomposition algorithm. Furthermore, the analysis
showed that by using three stars, in some cases, the third
singular value becomes very small and the conditional
number of the matrix becomes very large. With this value
being smaller than the considered error limit, this singular
value is practically excluded from the calculations.
Therefore, it is better to use more than three stars in this
algorithm. According to the obtained results, using five
stars in the singular value decomposition algorithm is the
more appropriate choice.
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