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Abstract: A new fast attitude determination algorithm
based on panoramic annular lens has been developed. The
panoramic annular lens is used as the static infrared sensor,
which forms a large field of view to get the infrared image of
the Earth. The algorithm of PAL projects the image points onto
the virtual earth formatting a space circular loop. The points on
this loop are used to construct the spatial vectors. Through the
cross product of these spatial vectors, the micro-satellite
direction vector can be estimated. This algorithm abandons the
iterative process, which reduces the calculation time to meet
the demand of rapid maneuver of micro-satellite.
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Introduction

Nowadays, the typical micro-satellite attitude determination
algorithm of infrared earth sensors consists of Hough transformation
and Least Squares fitting [1], and its iteration process is inevitable.
Although the accuracy is increased, it takes a large amount of
computation time and poses a serious problem for the rapid movement

71



of micro-satellite [2—4]. In this research, a new attitude determination
method of a panoramic annular lens (PAL) sensor has been developed
which compensates the distortion and reduces the operation time. The
PAL is used to construct the static infrared sensor, which forms a
large field of view to get the infrared image of the earth. Then this
algorithm projects the image points onto the virtual Earth, and the
points are divided into different groups to construct the spatial vectors.
Through the multiplication cross, a set of satellite direction vectors is
obtained. The micro-satellite direction vectors are distributed
normally, thus micro-satellite attitude angle can be estimated by the
average number of direction vectors according to maximum
probability. The experimental results show the improvement of new
algorithm performance.

Spatial vector algorithm

The static infrared earth sensor testing system is shown in Fig.1.
The PAL is used as the static infrared sensor [5, 6], which forms a
large field of view to get the infrared image of the earth. Upper
computer sends the rotation angle to the rotary table, and then the
PAL obtains infrared earth images at different angles. Through the
processing of DSP the infrared earth image data are transferred back
to the upper computer.

Simulated earth

panoramic annular lens

Infrared earth
imaging data

Base
Fig.1. Static infrared earth sensor testing system.

The imaging principle of PAL sensor is
y="f-0 1)
The imaging of PAL sensor is positively correlated with angle
0. Therefore, no matter what direction the sensor moves, the earth
imaging faces are the same, as shown in Fig.2.
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Fig.2. Diagrammatic sketch of PAL imaging.

The imaging point on the imaging plane of the optical system is
(X, Y), and the goal of the system algorithm is to obtain  values by
means of (X, Y).

According to the lens imaging formula (1) there is

JX24+Y2 =1.0 2)

Then the relationship between the coordinate of imaging
position and the three-dimensional direction of infrared imaging can
be obtained.

X= RS|n(9)ﬁ (3)
. A

=Rsin(@) —== 4

Y = Rein(6) —— ()

z =Rcos(0) (5)

The mapping points of the optical imaging points (X, Y) to the

sphere can be represented as points (X, Y, z), and the mapping result is
a cross section circle.
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The space transverse circle is obtained from the distortion of the
imaging point, as shown in Fig.3.
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Fig.3. Space transverse circle.

The spatial transverse loop is mapped by the earth's infrared
imaging points, and it can be divided into three parts A, B and C. Each
part contains n image points, thus three parts can be represented as
three sets A= {a1,a2,8s...an}, B={b1,b2,bs...bn} and C= {c1,C2,Cs...cn}

Three points ak, bk and ck are selected from three sets, then we
connect them together to get two vectors Vask and Vack called a spatial
vector pair. There can be at least n spatial vector pairs, and they are in
the same plane, and that is exactly the spatial transverse plane.

Vectors Vapk and vaek are distributed in the same plane, and they
are not on the same line. According to vector theory, we can get

D={d|d, =V, XV, k=12...n} (6)

dk is perpendicular to the plane of vectors Vapk and Vack, and that

is the desired direction vector. In the same way, at least n directional
vectors d € D can be obtained, which are parallel to each other and

perpendicular to the spatial transverse loop.
Then the angle B can be calculated

Bt= {B |B= arccos(|zd—d|), d=(Xy, Y4, 24) € D} (7

But in fact, the result of distortion is that all the image points
are not distributed in the same plane totally, which causes a little

ack !
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difference in angle B. And it is near normal distribution. In order to
solve the problem, the angle B value of the maximum probability near
the median is taken, and taking an average of them allows to estimate
a more accurate angle f.

In order to obtain higher precision positioning, the traditional
algorithm repeats the Hough transform and least squares fitting to
remove the noise points. The k-th calculated distance between cross
sectional and imaging center of sphere can be recorded as r«. Until the
difference between r¢ and rq.1 is less than the rated value, the iteration
process stops and the corresponding B value is output. However, due
to the Hough transformation, the least square method, and the iterative
process, the calculation becomes pretty complicated, and usually
consumes a large amount of time.

Experimental results and analysis

The t Actual measurement scene is shown in Fig.4. The
turntable is rotated from -10 degrees to 10 degrees, and PAL takes
infrared images of the earth at different angles.
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Fig.4. Actal measurement scene.
The resulting data is processed by different algorithms. And the

angle B between the image axis and the geocentric vector is obtained,
as shown in Fig.5.
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Fig.6. Angle deviation Ap test results.

The experimental results show that the satellite attitude angles
derived from two algorithms are generally the same, and there is a
small deviation near zero. Detailed performance comparisons are
shown in the table 1

As shown in the Table 1, the accuracy of new algorithm is
almost the same as traditional one, but the new algorithm can improve
the efficiency up to nearly 94%.

76



JICA, Oct. 3-7, 2017, Byurakan
Table 1. Results of convergence step length

Algorithm A\_/er_age Star_ldard Computation time,
deviation, ° variance second
Traditonal 0.035 0.046 0.354
Spacial 0.024 0.082 0.018
vector
Conclusions

This paper presents a new fast algorithm for micro-satellite
attitude determination based on PAL. It was shown that the new fast
algorithm, namely Spatial vector algorithm, discards the iterative
process of the traditional algorithm, but calculates the attitude angle
with the vector cross product. The experimental results show that the
pose accuracy of this algorithm is about 0.03 degree, and it can
improve the efficiency up to nearly 94%. This helps to achieve more
accurate and rapid control of micro-satellites.
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