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Name of the project 

 

AP09260469 «Development of a control system for configuration 

keeping of the spacecraft formation with taking into account the 

uncertainties» (0121РК00371) 

Relevance 

 

At present, in the tasks of space exploration, an increasing number 

of researchers prefer to consider the spacecraft formation instead of 

a single satellite. This is because in the formation, small spacecrafts 

are involved, the development of which takes less time and money. 

In addition, with the help of formations, it is possible to solve a 

whole class of new problems that cannot be solved by a single 

satellite. For example, the simultaneous measurement of any 

indicators at different spatial points is important when studying 

magnetic or gravitational fields, ionosphere, atmosphere, etc. The 

potential of spacecraft formation is interesting for the tasks of 

astronomical observations, stereographic imaging of the Earth's 

surface, and remote sensing of the Earth in real time. Along with 

new opportunities for researchers, new challenges arise. One of the 

key tasks in the performance of a mission by a formation is to build 

a control system for keeping or rebuilding the configuration of 

spacecrafts. Depending on the mission, various configurations are 

selected, and in each case, the control system is developed for the 

specific tasks. 

Therefore, the development of a control system for a formation in a 

tetrahedral configuration in cases of unperturbed and perturbed 

reference orbits of the major spacecraft, taking into account the 

shape of the Earth, perturbations from the gravitational fields of the 

Moon and the Sun and from uncertainties is an actual scientific and 

technical problem which has great applied value. 

Purpose 

 

Development of a control system able to keep the required 

configuration of spacecraft formation for the performed mission 

purposes, taking into account the uncertainties caused by external 

disturbances 

Objectives • Development of a mathematical model of the spacecraft formation 

motion in the case of an unperturbed reference orbit. Measurable 

indicators: determination of the major spacecraft’s position in an 

unperturbed reference orbit, also the relative positions of any 

spacecraft in the formation at any time. Task role: determination 

of stability conditions of the configuration for further development 

of control algorithms for keeping the required configuration. 

• Constructing control algorithms of formation configuration in case 

of an unperturbed reference orbit. Measurable indicators: control 

algorithm for keeping the spacecraft formation configuration in 

case of an unperturbed reference orbit based on feedback methods. 

Task role: basic algorithm for further more complex task, taking 

into account the main perturbing forces. 

• Development of a mathematical model of the spacecraft formation 

motion in case of an unperturbed reference orbit, taking into 

account the main perturbing forces. Measurable indicators: 

determination of the major spacecraft’s position in an unperturbed 

reference orbit, also the relative positions of any spacecraft in the 

formation, with accounting the inhomogeneity of the Earth 



potential field and lunisolar perturbations. Task role: 

determination of the stability conditions of spacecraft 

configuration for further development of control algorithms for 

keeping the configuration, taking into account the main perturbing 

forces. 

• Constructing control algorithms of the spacecraft formation 

configuration taking into account the main perturbing forces. 

Measurable indicators: control algorithm for keeping the 

spacecraft formation configuration taking into account the main 

perturbing forces based on methods such as LQR (Linear 

Quadratic Regulator). Task role: the basic algorithm for further 

more complex task, taking into account the uncertainties. 

• Development of a mathematical model of the spacecraft formation 

motion in case of a perturbed reference orbit, taking into account 

the main perturbing forces. Measurable indicators: determination 

of the of the major spacecraft’s position in a perturbed reference 

orbit, also the relative positions of any spacecraft in the formation, 

with accounting the inhomogeneity of the Earth's potential field 

and lunisolar perturbations. Task role: determination of the 

stability conditions of the spacecraft configuration for further 

development of control algorithms for keeping the configuration 

taking into account uncertainties. 

• Constructing control algorithms of formation configuration in case 

of a perturbed reference orbit, taking into account uncertainties. 

Measurable indicators: control algorithm for keeping the 

spacecraft formation configuration, with accounting the main 

perturbing forces and uncertainties. Task role: development of a 

control system for keeping the spacecraft formation configuration, 

taking into account the uncertainties. 

Expected and achieved 

results 

 

• Development of a mathematical model of the spacecraft formation 

motion and determination of the configuration stability conditions 

in case of an unperturbed reference orbit. Construction of a control 

system for keeping the spacecraft formation configuration in case 

of an unperturbed reference orbit. 

• Development of a mathematical model of the spacecraft formation 

motion and determination of the configuration stability conditions 

in case of an unperturbed reference orbit, taking into account the 

main perturbing forces. Construction of a control system for 

keeping the spacecraft formation configuration in this case. 

• Development of a mathematical model of the perturbed motion of 

a spacecraft formation and determination of the configuration 

stability conditions in case of a perturbed reference orbit. 

Construction of a control system for keeping the spacecraft 

formation configuration in case of a perturbed reference orbit, 

taking into account uncertainties. 
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