
Computer model of high-precision navigation of 
a small satellite constellation for remote Earth 
sensing tasks 

Valeriy Tutatchikov1*,  Oleg Drozd1 и Denis Kapulin1

1 Siberian Federal University, School of Space and Information Technology, 660074, Krasnoyarsk, 
Russian Federation

Abstract. One of the key tasks in the formation of the small satellite 
constellation is to ensure its stable configuration in time. The specific of 
this problem lies in the fact that the task must be solved in real time with 
sufficiently high accuracy with significant restrictions on the power 
consumption of onboard satellite systems. The paper briefly discusses one 
possible approach of secondary signal processing and solving the 
navigation and ballistic tasks, which involves the joint use of code, phase 
measurement methods, integer phase ambiguity resolution, and inter-
satellite measurements.

1 Introduction 
It can be argued that by now conditions have emerged for the creation and deployment 

of fully functional space systems based on orbital constellations of of the small satellite 
(SST), which are considered not as an alternative to existing systems based on medium and 
heavy spacecraft, but as an addition, significantly expanding the solution applied tasks in 
various fields of activity.

SST open up wide opportunities for the synthesis of space systems with new qualitative 
capabilities. For example, for space systems of Earth remote sensing (ERS), the following 
systemic effects are possible:

1. Multi-position, multi-range and simultaneous observation of an object from several 
SSTs, providing the effect of stereo photography.

2. Possibility of integrating information received from heterogeneous onboard 
complexes of special equipment of SST, leading to an increase in the information content of 
observation.

3. Ensuring the continuity of observation due to the possibility of "passing the baton" of 
observation to other SST of the orbital constellation that are sequentially entering the 
object's visibility zone.

The use of SST for remote sensing purposes has great prospects and can significantly 
improve the consumer qualities of space information, but at the same time it requires 
solving a number of scientific and technical problems. Along with the system-wide tasks of 
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maintaining the integrity of the orbital constellation, it is required to solve the tasks of 
autonomous navigation-ballistic and frequency-time support [1].

At present, for autonomous navigation support of autonomous small satellite, onboard 
navigation systems based on optical-electronic sensors of celestial bodies (Earth, Sun, 
navigation stars), inertial attitude control systems, multichannel receivers of signals from 
global navigation satellite systems (GNSS) are used [3–5]. For ground support of small 
satellite operation, networks of ground posts for radar and optical control of the current 
satellite position are used [6–9]. One of the key disadvantages of the existing control 
facilities is their dependence on the ground segment of the group control and the presence 
of gaps in the navigation field associated with the territorial location of control posts. In this 
paper, we propose a solution to the problem of high-precision navigation and ballistic 
support of a large group of SST in autonomous mode without the use of ground facilities 
and with minimization of the cost of the proposed solutions [2].

2 Method description
The proposed methodology for the navigation support of the SST constellation is a new 

combination of known methods of secondary processing of navigation information received 
from GNSS GPS and GLONASS. Solving the navigation problem by the onboard means of 
the small spacecraft in autonomous mode includes the following procedures:

1) individual and group calculation of the absolute and relative coordinates of the SST 
by means of code and phase measurements [10, 11];

2) calculation of the motion parameters of the center of mass of the small satellite 
(components of the velocity vector) based on the results of the assessment of pseudo-
velocities in the code and phase modes;

3) solution of the integer ambiguity of phase measurements of pseudo-range by methods 
based on the use of second phase differences, calculated using the first phase differences 
[12, 13];

4) provision of mutual navigation measurements by means of onboard equipment for 
inter-satellite measurements and inter-satellite communication lines [14, 15].

3 Experimental results
To test the theoretical principles of the implementation of these procedures as applied to 

a constellation of small satellite with a minimum composition: the master (leader) and the 
slave satellites, a computer model of navigation support was developed. The simulation 
model is implemented in C ++ in the Qt development environment. The results of 
calculating the absolute coordinates and speed of the master small spacecraft are shown in 
Figure 1, relative coordinates and speed of the slave small spacecraft - in figure 2.

The simulation results showed that the simulation model of the autonomous navigation 
support of the small satellite constellation meets the requirements for solving the 
navigation-ballistic problem, in particular, in terms of the root-mean-square error in 
measuring relative coordinates - no more than 0.02 m and relative speed - no more than 
0.01 m / s (figure 3).
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Fig. 1. The absolute coordinates and speed of the leading SST

Fig. 2. Relative coordinates and speed of the slave SST
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Fig. 3. Estimation of the accuracy of calculating the coordinates and speed of the slave SST

4 Conclusion
The development of methods and means of navigation support for high-precision 

autonomous navigation of constellation of small satellite for performing the tasks of remote 
sensing of the Earth involves the integration of various methods of processing navigation 
signals. The paper briefly considers one of the options for such a complex procedure for the 
secondary processing of navigation signals and the solution of the navigation-ballistic 
problem, involving the combined use of methods of code, phase measurements, solution of 
integer phase ambiguity, and intersatellite measurements.
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