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Abstract―The paper proposes an approach to the 
determination (recovery) of parameters of the SamSat 
nanosatellite rotational motion using data from the TCS3472 
RGB light sensors and the MPU-9250 angular velocity sensors 
that are part of the on-board unit of SamSat nanosatellite 
platform, developed at Samara University, and the light sensors 
are used for monitoring the operation of solar panels. The use 
of this type of sensor enhances the navigation capabilities of the 
platform, for example, light sensors can be used in the event of 
the failure of one or more measuring instruments. The main 
difference of this sensor from the solar sensor is the 
impossibility of determining the direction vector on the Sun by 
one measurement. The resulting estimation of angular motion 
can be used, for example, to link scientific data to the 
orientation of a nanosatellite during post-flight processing of 
experimental data. 
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I.  INTRODUCTION 
The reconstruction of nanosatellite’s rotational motion is 

based on the integration of the kinematic and dynamic 
equations of rotational motion. In the approach proposed in this 
paper, information about the intensity of the light flux is 
collected at a certain time interval, and information from the 
angular velocity sensor MPU-9250 [1] is used to determine the 
initial conditions for integrating the dynamic equations. In this 
way, the integration of the measurements of the light sensor 
and the angular velocity sensor is realized to determine the 
initial state vector of the nanosatellite. The initial conditions for 
the kinematic equations are found from the condition of the 
best (in the sense of minimum squared error) matching of the 
measurement data of the intensity of the light flux with its 
calculated values. 

II. NANOSATELLITE ROTATION MOTION MODEL 
The rotational motion of a nanosatellite is described by the 

dynamic and kinematic Euler’s equations [2]. The right-hand 
sides of the dynamic equations take into account the 
gravitational and aerodynamic moments. The equations of 
motion have the form: 
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Expressions for the gravitational moment are described in 
[3], and for the aerodynamic moment in [4]. The Euler’s 
kinematic equations in quaternions have the form: 
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where si
орб    is the angular velocity vector of the 

nanosatellite relative to the inertial coordinate system. 

III. PROBLEM FORMULATION 
Under the solution of the problem of reconstruction the 

angular motion of a nanosatellite in a certain time interval, we 
shall consider the joint solution of the systems (1) and (2), from 
the condition of the best smoothing of telemetric data of the 
light flux taken from the sensors TCS3472, that is, 
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where 푏 = [ψ(t ), α(t ), 휑(t )] – estimated values vector. 푁  
– number of measurements from i-th sensor, t  – initial time 
moment. 

IV. SENSOR CHARACTERISTECS AND MEASUREMENT 
MODELS 

Light sensor TCS34725 to measure the intensity of red, 
green, blue and white light. The sensor consists of 12 
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photodiodes (three with a red filter, three with a green filter, 
three with a blue filter and three without a filter.) The spectral 
sensitivity of the sensor is shown in Fig. 1 (a), and in Fig. 1 (b) 
is shown the change in the sensor readings from the angle of 
incidence of the light flux to the sensor normal [5]. 

 

 
Fig. 1. TCS34725 sensor characteristics 

When modeling the measurements, we assume that the 
surface of the light sensor is a plane defined by the normal 
vector n  in the coordinate system associated with the 
nanosatellite. The signal generated by the sensors is assumed to 
be proportional to the cosine of the angle of incidence of the 
sun's rays on their photosensitive surface: 

  пр cosmaxp p n S 

 

In contrast to [6], in addition to taking into account the 
signal from the direct solar radiation described by (4), this 
work also takes into account the signal generated by the solar 
radiation reflected from the Earth: 

 отр ср 2maxp p A    

where mean Earth albedo , combined angular 
coeficient [7]. Thus, the measurement model in this problem 
has the form: 

 пр отрp p p   

V. OPTIMIZATION ALGORITHM 
We will search for the minimum of the functional (3) using 

the algorithm of differential evolution (DE algorithm) [8], 
which consists in the following steps: 

 Creation of X array consists of N vectors b (N on each 
iteration is constant and it is one of DE parameters), 
each element of b vector is randomly generated within 
the required limits; 

 New array Xnew of vectors b is generated as follows. For 
each bi vector from X array is chosen three b1, b2, b3, 
vectors of X array, excluding bi vector. Then modified 
(mutant) vector bm is created using following equation 

, where F – is one of DE 
parameters, (constant in the range [0, 1]); 

 For mutant bm vector is made crossover operation, 
which consists in the fact that some of its elements are 
replaced by the corresponding elements from the 
original bi vector (each element is replaced with 
probability P, which is also one of the DE parameters); 

 The resulting vector bt after crossover is named trial 
vector If it is better than bi vector ( ), so in 
new array Xnew bi vector is replaced by bt vector, 
otherwise  – bi is remained. 

VI. ESTIMATION OF APPROACH PERFOMANCE 
The simulation of reconstruction algorithm was performed. 

For different values of the measurements noise of the light 
sensor, the modeling of the proposed approach was carried out 
until the error of attitude determination did not exceed five 
degrees. The values of the root-mean-square noise deviation 3σ 
were set as a percentage of the maximum value of the useful 
signal. In Fig. 2 is shown error distribution functions for the 
minimum 3σ=0% and maximum 3σ=35% measurements noise. 
The remaining distribution functions lie between them. 

 
Fig. 2. Error distribution function 

Further, the effectiveness of the reconstruction approach 
was taken into account, taking into account the real noise of the 
angular velocity sensor MPU-9260 and the light sensor 
TCS34725 that are used on the SamSat nanosatellite platform. 



For angular velocity sensor σrms =0.1 deg/s [1], for light sensor 
3σ=5%. The result of the simulation of the operation of the 
approach taking into account the noise of real sensors is shown 
on Fig.3. 

 
Fig. 3. Simulation result 

VII. CONCLUSION 
Thus, the possibility of solving the attitude reconstruction 

problem of a nanosatellite, using on-board measuring unit of 
the SamSat nanosatellite platform, is shown. With a probability 

of 0.95, the error in determining the orientation does not 
exceed one degree. 

REFERENCES 
[1] https://www.invensense.com/wp-content/uploads/2015/02/RM-MPU-

9250A-00-v1.6.pdf 
[2] Beleckij, V.V. Dvizhenie iskusstvennogo sputnika otnositel'no centra 

mass (An artificial satellite motion relative to the center of mass). 
Moscow: Nauka, 1965. 

[3] Ivanov, D.S., Karpenko, S.O., Ovchinnikov, M.Yu., Kalman Filter 
Algorithm for Satellite Attitude Parameters Estimation, Preprint of 
KIAM RAS, 2005, no. 47, pp. 1-32. 

[4] Belokonov, I.V., Timbai, I.A., The Selection of the Design Parameters 
of the Aerodynamically Stabilized Nanosatellite of the CubeSat 
Standard, Procedia Engineering, 2015, no. 104, pp. 88-96. 

[5] https://cdn-shop.adafruit.com/datasheets/TCS34725.pdf 
[6] Ivanov D.S., Ovchinnikov M.Yu., Pantsyrnyi O.A., Selivanov A.S.,  

Fedorov I.O., Khromov O.E., Yudanov N.A. Attitude motion of the 
TNS-0 №2 nanosatellite, Preprint of KIAM RAS, 2017, no. 126, pp. 1-
26. 

[7] Kozlov, L.V., Nusinov, M.D., Akishin, A.I., Modelirovanie teplovyh 
rezhimov kosmicheskogo apparata i okruzhajushhej ego sredy 
(Modeling of thermal regimes of a spacecraft and its environment). 
Moscow: Mashinostroenie, 1971. 

[8] Storn, R., Price. K., Differential evolution – a simple and efficient 
heuristic for global optimization over continuous spaces, Journal of 
Global Optimization. 1997, no. 11, pp. 341-359. 

 


