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Development of an autonomous star tracker 
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Abstract. This work presents the development of an autonomous star tracker 

by the Electro-Optics group of the Aerospace Electronics Division at INPE. 
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1. Introduction 

Star trackers (also known as star sensors or star cameras) are among the most accurate 

attitude sensors in existence, being widely used in missions with stringent pointing 

requirements [Liebe 2002]. With this in mind, the development of an autonomous star 

tracker has been selected as one of the top priorities for the Electro-Optics group of the 

Aerospace Electronics Division at Instituto Nacional de Pesquisas Espaciais (INPE). 

2. A Brief History 

The first initiatives in the development of star trackers in Brazil, as far as the authors of 

this work know, were the development of a non-autonomous star tracker for the 

MASCO balloon borne telescope [Cabeza 1997] and the development of a non-

autonomous star tracker by the Aerospace Electronics Division (DEA). Another 

important accomplishment was the Matlab program SIATS, written by Carvalho (2001) 

and used by him to perform a detailed study classifying star identification algorithms. 

During the early 2000s began the effort to develop an autonomous star tracker, having 

been created in this period the software PTASE [Fialho and Saotome 2005], used to 

evaluate algorithms in the autonomous attitude determination chain, with emphasis on 

image processing and star identification algorithms [Fialho 2007]. PTASE was written in 

C++. 

3. Results and Future Steps 

In a test performed at INPE’s astronomical observatory with an engineering model of the 

star tracker (Figure 1), attitude was successfully acquired.  Nowadays, three models of 

this star tracker, suitable for use in stratospheric balloons, are being built, two of which 

will fly aboard the balloon borne experiment protoMirax [Braga et. al. 2015]. 

The purpose of the stratospheric balloon flight is to validate the equipment operation in 

an environment very similar to the space environment, before commencing the 

development of the qualification and flight models for spacecraft use. 
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                            a)                                          b)                                                     c) 

Figure 1. Star tracker during field test:  a) engineering model;  b) test setup at 
INPE’s astronomical observatory;  c) obtained attitude. 

The star tracker presented in this work can also be used as a test platform for the 

development of new algorithms and techniques related to the autonomous attitude 

determination chain, namely: image processing, optics modeling, stellar identification and 

attitude determination. 

4. Conclusion 

This work has presented pioneering efforts in the development of an autonomous star 

tracker in Brazil, a brief history and future perspectives. 
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Attitude determined by the 
star tracker: 

 right ascension:   20.415036°  
 declination       :  -23.344961° 
 roll angle          : 149.421052° 
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