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Abstract

In this paper, a step-by-step laboratory procedure for performing a satellite’s payload’s
alignment measurement is presented. Four highly accurate theodolites are used along with two or
more alignment corner cube to accurately extract the final attitude. Theodolites are arranged
around the satellite in such a way that they have a clear direct view of the alignment cubes mounted
on the payload and the satellite. Two theodolites should point to the payload’s alignment cube and
the other two theodolites must point to the satellite’s alignment cube. Each theodolite must see at
least one other theodolite, directly. Finally, by forming the coordinates systems of the payload and
satellite in the theodolites coordinate system along with using the coordinate transfer matrices, the
payload alignment correction matrix will be extracted in detail. The total method accuracy is within

the order of few arc seconds.

Keywords: Remote sensing satellite, Optical alignment, Theodolite, Alignment cube

1. Introduction

Alignment is one the most basic concepts in the process
of AIT for many space products [1-4]. As the
performance of a remote sensing payload is strictly
depends on the installation and final integration
performance, it is always necessary to extract the
equipment’s installation angles with an accuracy of a
few seconds based on the requirements.

The most accurate methods for measuring alignment
matrix are optical-based methodologies. So far, various
optical methods have been developed by researchers to
perform the alignment process [2, 5]. Interferometric
methods [6], laser tracker [5] and theodolite [9] are three
main approaches of these methods. The interference
method is used for systems which require very high
alignment accuracy. Based on Toland et al., (2004) the
best accuracy of this method is about 0.36 arcsec for the
azimuth direction and 0.23 arcsec for the elevation
direction [2]. On the other hand, this method is difficult
to setup, which is time and cost consuming. So it is not
recommended for applications that do not require such a
precision. In 2007, Berg et al., proposed a method based

on laser tracker to measure the alignment parameters of
optical components with the accuracy of up to 2 arcsec.
Due to many different optical elements in this method, the
final calibrating process is very difficult which will affect
the final accuracy [5]. As mentioned, another method is
to use theodolites. These tools are used in a wide range of
fields from mapping and meteorology to satellite
alignment [7-9]. These tools have also been used in the
alignment measurements of various satellites’ equipment
such as star trackers, which require high installation
accuracy [10].

In a satellite, accurate measurement of the alignment
attitude of equipment such as star sensors, gyroscopes,
imaging payloads and antennas are very important. After
final AIT, the exact orientation of the imaging payload
must be extracted in satellite coordinate system. Finally,
the transfer matrix of the payload to satellite body
coordinate should be presented with very high accuracy.

2. Methodology

The basis of this method is to extract the normal vectors
of different instruments and transform them into a
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reference coordinate. The following conventional
coordinate systems can be used for an integrated satellite;
Alignment Cube coordinates system (AC), Instrument
Coordinate system (IC), Satellite body Coordinate system
(SC) (Figure 1)
We also used the conventional transformation matrix
mathematics from literatures.
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Figure 1. Coordinate systems definitions

In general, the test procedure can be divided into three
steps; setup arrangement, organize the coordinate
systems, measuring and data gathering.

The main components of this setup are: four theodolites,
two alignment cubes and the satellite. The setup should
be in such a way that each theodolite has a direct seeing
of the respective cubes. As illustrated in figure 2,
Theodolites T1 and T2 point to Csat and Theodolites T3
and T4 also point to Cggq. It is also necessary for the T2
and T3 theodolites to see each other clearly.
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Figure 2. General setup configuration.

The data gathering procedure is as follows: each
theodolite must once point to the cube face and then to
the adjacent theodolites. Each pointing will results the
angles of azimuth and elevation. In this configuration, a
total of 20 data (10 elevation data and 10 azimuth data)
should be obtained.

Table 1. Theodolite pointing arrangement

Theodolite Observed angles (Az, El)

T1—C1: (01101, T1C1)
T1— T2 (01172,0 T1T2)
T2— T1: (01211, T211)
T2 T — C1: (or2c1,0 T201)
T72— Ts: (01213, T213)
T3— T (013712, T312)
T3 T3— Ca: (0713c2,9 T3C2)
T3— T4 (01374, T374)
T 4— T3 (0714713, T473)
T 14— C3: (0143, T4C3)

T1

T4
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3. Results and Discussion

Based on the obtained angles, the transform matrix of the
equipment coordinate system to the satellite coordinate
system (MEQ.SAT) can be extracted with a few seconds
accuracy, upon the accuracy of the theodolites.

4. Conclusions

In this paper, the alignment procedure of an imaging
payload which is installed on an operational remote
sensing satellite is presented. The presented method is
used four theodolites along with two alignment cubes.
Due to the widespread use of theodolites and their
availability in the market, as well as the very low cost of
alignment cubes compared to their accuracy, this
procedure can be used as a reference for measuring the
alignment of equipment that has precise requirements for
installation on satellites in the final AIT process.
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