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Abstract

The optimum design of an SAR (Synthetic Aperture Radar) satellite constellation is developed herein using a genetic 

algorithm. The performance of Earth observations using a satellite constellation can be improved by minimizing the maximum 

revisit time. Classical orbit design using analytic methods has limitations when addressing orbit dynamics due to various 

disturbances. To overcome this issue, an optimization technique based on a genetic algorithm is used. STK (Systems Tool Kit) 

is utilized to propagate the satellite orbit when considering external disturbances, and the maximum revisit time on the earth 

observation area is calculated. By minimizing the performance index using a genetic algorithm, the optimum orbit of the 

satellite constellation is designed. Numerical results are provided to demonstrate the performance of the proposed method.
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1. Introduction

Since advanced small satellite technologies have been 

developed, satellite constellations have been widely studied. 

The operation of a constellation comprising small satellites 

is more cost-effective than the operation of a large satellite. 

Therefore, satellite constellations have become an interesting 

research topic for future space missions [1-8].

Sensor payloads used to obtain image information can 

be categorized as optical sensors and Synthetic Aperture 

Radar(SAR) sensors. Optical sensors can be operated only 

when sunlight exists, and therefore, the optical sensors have 

a limited operational time. However, the operational time of 

SAR sensors does not depend on the existence of the sunlight. 

For this reason, SAR sensors have contributed to providing 

major interesting payloads and to accomplishing Earth 

observation missions [8-11].

Various environments should be considered in the design of 

the orbits of satellite constellations to enhance the operational 

performance of the satellite constellations [1-8, 16]. The Walker 

constellation is one of the traditional satellite constellation 

designs. However, it is difficult to design optimum orbits 

of satellite constellations because the Walker constellation 

design method has only a few design parameters, i.e., the total 

number of satellites, the number of equally spaced planes, the 

relative spacing between the satellites in adjacent planes, and 
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the inclination angle. Therefore, the Walker constellation is 

not suitable for designing satellite constellations in a small 

region of observation to minimize the maximum revisit 

time [3]. Classic analytical methods of orbit design also have 

limitations due to the fact that various and complicated 

external disturbances cannot be considered [7].

Numerical optimization techniques have been utilized to 

solve optimization problems in a variety of fields [3-8, 12-15]. 

The genetic algorithm, one of the numerical optimization 

techniques, has an advantage in that it searches for a global 

optimum and does not require the derivative of the objective 

function. Crossley and Williams compared the design results 

of a simulated annealing and genetic algorithm approach 

for the discontinuous coverage of satellite constellations [3]. 

Williams et al. used a multiobjective genetic algorithm to 

construct the satellite constellation without considering the 

observing sensors, and analyzed the trade-off between the 

average revisit time and maximum revisit time for satellite 

constellations [4]. Kim and Chung used a genetic algorithm 

to optimize the incidence angle of sensor and the looking 

direction of satellite for minimizing the system’s response 

time of SAR satellite constellations of which the each orbit 

is fixed[8]. Kim et al. studied how to minimize the revisit 

time of a single satellite using a genetic algorithm without 

considering the observing characteristics [13].

In this paper, the coverage problem of satellite 

constellation is addressed for the Earth observation 

missions such as fire monitoring, oil spill monitoring, and 

commercial surveillance of the territory. For example, a 

major oil spill occurred on the Yellow Sea coast of Taean in 

2007 and the oil spread caused the extreme contamination. 

Especially, the importance of the small region observation 

has been increased, and the purpose of this study is to find 

the better satellite constellation considering the several 

constraints including the specification of SAR sensors, the 

operation altitudes, and the orbit inclination. To improve the 

observation performance of the satellite constellation, the 

maximum revisit time is chosen as an operations parameter 

and is minimized for the orbit design of the satellite 

constellation. To design accurate orbits of SAR satellite 

constellation, the specification of SAR sensor should be 

considered in the orbit design phase. Therefore, the sensing 

range of the SAR sensor is considered to calculate the 

maximum revisit time. The satellite constellation is designed 

for multiple satellites not a single one to improve the 

observation performance. The optimized orbit parameters 

are obtained by genetic algorithm. STK (Systems Tool Kit) 

and Matlab are integrated to analyze the designed orbits of 

the SAR satellite constellation.

This paper is organized as follows. Section 2 presents the 

operations parameters for a satellite constellation and the 

figures of merit using the operations parameters. Section 3 

provides the information of the mission that is considered 

in this study. Section 4 describes the constellation design, 

including a classical method of orbit design and simulation-

based optimization methods, i.e., genetic algorithms. Section 

5 provides the integration of STK and Matlab to design and 

analyze the orbits, and shows numerical simulation results 

to demonstrate the performance of the proposed orbit 

design approach. Finally, the conclusions are presented in 

Section 6.

2.  Satellite Constellation and Operational   
Efficiency

2.1 Overview of the Constellation

A constellation is a group of several satellites that operate 

in one or more orbits. The operation of multiple small 

satellites is more cost-efficient than that of a single large 

satellite with respect to the total capacity of the operation. 

The constellation is typically designed at the same altitude 

and inclination. This arrangement is chosen because 

satellites can drift apart from one another when they are 

at different altitudes and inclinations. Therefore, a single 

orbit is first designed while considering the specification 

of a SAR satellite and the given mission; then, the altitude 

and inclination of the other satellites of the SAR satellite 

constellation are chosen to be the same values as in the 

design of the first orbit.

2.2 Operational Efficiency

In this section, the concept of a satellite constellation and 

the operation parameters for operational efficiency analysis 

are introduced, and their characteristics are described 

[16,22]. Typically, the operation parameters are defined 

considering the relation between the satellites and ground 

segments, i.e., the communication station, target area, and 

etc. The figure of merit (FOM) can be defined using operation 

parameters, and it can be utilized as the performance index 

of the satellite constellation.

Let us briefly explain the operational efficiencies 

considered in this study; The first one is a contact (or access) 

overlap. The concept of contact overlap is similar to that of 

access overlap. The contact overlap means the time duration 

of a communication that occurs simultaneously and involves 

multiple satellites with respect to a specific ground station. 

The access overlap is the time duration during which two 

or more satellites observe a target or area simultaneously. 
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The second one is a coverage time. The coverage time is the 

time duration in which a target area is covered by satellites. 

The percent coverage is the coverage time divided by the 

total simulation time, which gives the percentage of time 

during which a target area is covered. If a large amount of 

observation data is required in the target area, the resulting 

percent coverage must be maximized. The third one is a 

system response time. The system response time is the time 

that it takes until the final acquisition of the image data from 

the end user’s requests during the mission. This parameter 

is used when a satellite system operates in urgent situations, 

such as military surveillance systems to detect abnormal 

activities. The last one is a revisit time. The revisit time is the 

time that elapses between the observation of the same target 

or area by a satellite or multiple satellites. Unlike the access 

overlap gap, if one of the multiple satellites can observe the 

target or area, then the revisit time can be decreased. In other 

words, the probability of continuous target observation can 

be increased by reducing the revisit time. Therefore, the 

minimization of the maximum revisit time can be a suitable 

FOM for regional observation. 

Figure 1 shows the difference of access overlap and revisit 

time. In Fig. 1, the green, blue, and yellow boxes represent 

the accessible time period for the target observation or the 

region observation of each satellite, respectively. Figs. 1 (a) 

and (b) show the concepts of access overlap and access 

overlap gap. Fig. 1-(c) shows the concepts of the revisit time 

and the maximum revisit time. Because one of the most 

important characteristics of SAR sensor is to obtain clear 

image information regardless of the time of day or night, the 

minimization of the maximum revisit time is chosen as an 

FOM in this study.

3. Mission Design

3.1 Observation Area

In this study, four SAR satellites are considered to constitute 

a constellation for a small region observation, including 

fire monitoring, oil spill monitoring, and commercial 

surveillance of the territory. The considered target area is 

limited to the southern part of the Korean peninsula, which 

is roughly composed of a polygon, as shown in Fig. 2. Table 

1 shows the points of a polygon defined as the latitude and 

longitude.

3.2 Specification of SAR Satellites

Typically, three monostatic modes of SAR sensor exist. The 

first mode of the three is the stripmap mode, which is used 

to obtain information along a satellite flight path; another 

mode is the scan mode, which is used to acquire information 

from several subswaths by scanning, and the last mode is 

the spotlight mode, which is used to obtain high resolution 

images by steering the radar to maintain the target [18]. 

The mission considered in this study, as mentioned above, 
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is the observation of a small region, and it is assumed that 

only the nadir pointing stripmap mode is required for the 

operation of an SAR satellite constellation. Therefore, the 

attitude maneuver control of the satellites, except for attitude 

stabilization, is not considered in this study.

Figure 3 shows the stripmap mode of SAR sensor used in 

this study. The swath width of SAR sensors can be defined 

using the altitude h, the minimum incidence angle α, and the 

maximum incidence angle β, as shown in Fig. 4. In this study, 

the maximum incidence angle and the minimum incidence 

angle are chosen to be 70 and 30 degrees, respectively. 

The operation altitude range of an SAR satellite is defined 

to be between 500 km and 550 km. The latitude perspective 

view of the observation area and a satellite is shown in Fig. 

5. Note that it may be impossible to observe the area if the 

inclination angle is too low. The approximate minimum 

inclination angle can be calculated geometrically.

In Fig. 5, Re is the radius of the Earth, ϕmax denotes the 

highest latitude of the observation area, ϕmin denotes the 

lowest latitude of the observation area, 

9 
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2Sun J                                   (4) 

where 360 / 365.2422 0.9857 /Sun day day    . In this study, the eccentricity of a satellite is 

defined as 0, the semi-major axis of a satellite is determined by considering the mission, and the 

inclination of the satellite is calculated as follows: 

=360o/365.2422day=0.9857o/day. In this study, 

the eccentricity of a satellite is defined as 0, the semi-major 

axis of a satellite is determined by considering the mission, 

and the inclination of the satellite is calculated as follows:

11 

 22 2
1

2
2

2 1
cos

3
Sun

e

a e
i

R J n

    
 
 


                          (5) 

The analytic method can be used to design an orbit of a satellite easily with several constraints. In an 

actual operation environment, however, additional various perturbation effects should be considered. 

The formulations considering these effects are very complicated, and therefore, an analytic method 

cannot be applied to design the orbit. To overcome these issues, simulation-based optimization can be 

used to design an orbit for a satellite. 

 

4.3 Optimum Design using a Genetic Algorithm 

An optimization problem can be solved by minimizing or maximizing a performance index while 

satisfying various constraints of the systems [20]. The process of optimization consists of several 

procedures. The mathematical modelling of a system should be performed, and the physical 

constraints of the system should be considered. Then, the performance index should be defined 

considering the characteristics of the given missions. Finally, the optimal solution is obtained by 

utilizing optimization technique. 

Usually, dynamic systems are highly nonlinear and very complicated. Therefore, it is difficult to 

construct a mathematical model of a complicated nonlinear system and solve the optimal problem. For 

this reason, numerical optimization techniques have been widely used to address complicated systems. 

The basic idea of a genetic algorithm originated from Darwin's theory of natural selection [21]. The 

optimization process using a genetic algorithm starts from an initial population that consists of 

randomly generated individuals. The fitness, which means the measurement of the performance, is 

evaluated using an objective function. Then, the next generation is reproduced through selection, 

crossover, or mutation. In the selection process, a new population that has good fitness in the current 

generation is chosen. In the crossover process, genetic information is exchanged between individuals. 

In a mutation, genetic information is changed randomly. These processes continue until the predefined 

criterion is satisfied. 

The various external disturbances of the orbit dynamics should be considered to obtain an accurate 

(4)

The analytic method can be used to design an orbit of a 

satellite easily with several constraints. In an actual operation 

environment, however, additional various perturbation 

effects should be considered. The formulations considering 

these effects are very complicated, and therefore, an analytic 

method cannot be applied to design the orbit. To overcome 

these issues, simulation-based optimization can be used to 

design an orbit for a satellite.

4.3 Optimum Design using a Genetic Algorithm

An optimization problem can be solved by minimizing 

or maximizing a performance index while satisfying various 

constraints of the systems [20]. The process of optimization 

consists of several procedures. The mathematical modelling 

of a system should be performed, and the physical constraints 

of the system should be considered. Then, the performance 

index should be defined considering the characteristics of 

the given missions. Finally, the optimal solution is obtained 

by utilizing optimization technique.

Usually, dynamic systems are highly nonlinear and 

very complicated. Therefore, it is difficult to construct a 

mathematical model of a complicated nonlinear system 

and solve the optimal problem. For this reason, numerical 

optimization techniques have been widely used to address 

complicated systems.

The basic idea of a genetic algorithm originated from 

Darwin's theory of natural selection [21]. The optimization 

process using a genetic algorithm starts from an initial 

population that consists of randomly generated individuals. 

The fitness, which means the measurement of the 

performance, is evaluated using an objective function. 

Then, the next generation is reproduced through selection, 

crossover, or mutation. In the selection process, a new 

population that has good fitness in the current generation 

is chosen. In the crossover process, genetic information 

is exchanged between individuals. In a mutation, genetic 

information is changed randomly. These processes continue 

until the predefined criterion is satisfied.

The various external disturbances of the orbit dynamics 

should be considered to obtain an accurate solution. 

However, the analytical representation of the external 

disturbance is very complicated. The genetic algorithm 

does not need the derivative of the objective function and 

constraint equations to find a global optimum. Therefore, 

the genetic algorithm is utilized to solve the minimization 

problem of the maximum revisit time of an SAR satellite 

constellation in this study.

5. Optimum Orbit Design Results

5.1 Integration of STK (Systems Tool Kit) and Matlab 
for Optimum Orbit Design

The Systems Tool Kit (STK) is a commercially available 

aerospace software toolkit to model, analyze and visualize 

aerospace systems. The STK can evaluate the performance 

index of a mission, even though it is difficult to obtain 

an optimum solution due to the relatively complicated 

geometry. In this study, the STK is connected with Matlab 

to be utilized in a simulation. Matlab users can use the STK 

components directly with a COM interface. Fig. 6 shows the 

simulation flow chart.

For the earth’s gravitational model, EGM2008 is used, 

where the degree and order of geopotential coefficients are 

21 equally. 1976 US standard atmosphere model is used, 

and the gravitational forces of the sun and moon as n-body 

perturbation are considered.

STK provides a visualization of the SAR sensing view 
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For the earth’s gravitational model, EGM2008 is used, where the degree and order of geopotential 

coefficients are 21 equally. 1976 US standard atmosphere model is used, and the gravitational forces 

of the sun and moon as n-body perturbation are considered. 

STK provides a visualization of the SAR sensing view from a satellite and the observation area as 

shown in Fig. 7. The observation area is divided into small grids, and STK recognizes that the 

observation area is detected if at least one grid enters into the sensing range of an SAR sensor. Then, 

STK calculates the maximum revisit time. 
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from a satellite and the observation area as shown in Fig. 

7. The observation area is divided into small grids, and STK 

recognizes that the observation area is detected if at least one 

grid enters into the sensing range of an SAR sensor. Then, 

STK calculates the maximum revisit time.

5.2 Design Result

As mentioned above, the Walker constellation is one of 

the basic satellite constellations, Sun-synchronous orbits 

are frequently used for SAR satellite constellations because 

SAR sensors usually consume a large amount of power. 

Therefore, in this study, the Walker constellation with Sun-

synchronous orbits is first considered as a design for the 

initial satellite constellation. Then, a genetic algorithm is 

used to minimize the maximum revisit time of the SAR 

satellite constellations with Sun-synchronous orbits and 

with non-Sun-synchronous orbits. Then, a genetic algorithm 

is used to minimize the maximum revisit time of the SAR 

satellite constellations with Sun-synchronous orbits and 

non-Sun-synchronous orbits. The functions of crossover and 

mutation in genetic algorithm are a scattered function and 

a Gaussian distribution function, respectively, in this study.

The operation duration of the SAR satellite constellation 

is assumed to be 5 years from 1 May 2015 12:00:00. The 

total simulation time in this study is 5 days, but the orbits 

will be perturbed after 5 days. However, the structure of the 

SAR satellite constellation will be remained because the 

perturbation have effects on all satellites together. Therefore, 

it is assumed that the 5-day simulation time is enough to 

perform numerical simulations.

The altitude is selected to be 520 km, the total number 

of orbital planes is chosen as 4, and the relative spacing 

between between the satellites in adjacent planes is chosen 

to be 90 degrees for the Walker constellation with the Sun-

synchronous orbit (Case 1). The maximum revisit time 

of the SAR satellite constellation design using the Walker 

constellation is 7.10 hrs.(25,558 sec). The results of the 

Walker constellation are used for the initial orbit to minimize 

the maximum revisit time of the SAR satellite constellation 

with the Sun-synchronous orbit. In the first optimization, the 

optimization parameter is the altitude (Case 2). The other 

orbit elements are fixed as the values of the initial orbits. 

Therefore, the ground track trajectories of the satellites 

are the same as the ground track trajectories of the Walker 
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constellation are used for the initial orbit to minimize the maximum revisit time of the SAR satellite 

constellation with the Sun-synchronous orbit. In the first optimization, the optimization parameter is 

the altitude (Case 2). The other orbit elements are fixed as the values of the initial orbits. Therefore, 

the ground track trajectories of the satellites are the same as the ground track trajectories of the Walker 

constellation. The altitude for the optimization ranges from 500 km to 550 km. Fig. 8 and 9 show the 

ground track and orbit in 3D view of the SAR satellite constellation using the genetic algorithm, 

where the altitude is the optimization variable. The number of populations and the number of 

generations for the genetic algorithm in Case 2 are chosen to be 20 and 150, respectively. Fig. 10 

shows the process of the finding the solution in genetic algorithm. The penalty value in y-axis denotes 

the maximum revisit time and the unit of y-axis is the second. The optimum altitude is 500 km, the 

inclination angle is determined to be 97.4018 deg, and the maximum revisit time is 7.07 hrs.(25,449.7 

sec). 

 

Fig. 8. The ground track of the designed SAR satellite constellation: Case 2 Fig. 8.  The ground track of the designed SAR satellite constellation: 
Case 2
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Fig. 9. The orbit of the designed SAR satellite constellation in 3D view: Case 2 
 

 

 

Fig. 10. The convergence of the genetic algorithm: Case 2 
 

Fig. 9.  The orbit of the designed SAR satellite constellation in 3D view: 
Case 2
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Fig. 9. The orbit of the designed SAR satellite constellation in 3D view: Case 2 
 

 

 

Fig. 10. The convergence of the genetic algorithm: Case 2 
 

Fig. 10. The convergence of the genetic algorithm: Case 2
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constellation. The altitude for the optimization ranges from 

500 km to 550 km. Fig. 8 and 9 show the ground track and 

orbit in 3D view of the SAR satellite constellation using the 

genetic algorithm, where the altitude is the optimization 

variable. The number of populations and the number of 

generations for the genetic algorithm in Case 2 are chosen to 

be 20 and 150, respectively. Fig. 10 shows the process of the 

finding the solution in genetic algorithm. The penalty value 

in y-axis denotes the maximum revisit time and the unit of 

y-axis is the second. The optimum altitude is 500 km, the 

inclination angle is determined to be 97.4018 deg, and the 

maximum revisit time is 7.07 hrs.(25,449.7 sec).

Now, the Case 2 result of the optimization is used as 

the initial orbit to minimize the maximum revisit time of 

the SAR satellite constellation with the Sun-synchronous 

orbit. The RAAN and the mean anomaly are selected as 

the optimization parameters in Case 3. The altitude and 

inclination angle are the same as those of Case 2. Fig. 11 and 

12 show the ground track and orbit in 3D view of the SAR 

satellite constellation using the genetic algorithm where the 

RAAN and the mean anomaly are the optimization variables. 

The range of the RAAN and the range of the mean anomaly 

for the optimization are from 0 deg to 180 deg and from 0 

deg to 360 deg, respectively. The size of the population and 

the number of generations for the genetic algorithm in Case 

3 are chosen to be 20 and 250, respectively. Comparing 

with the figures of Case 2, it can be seen that the shape of 

the constellation remains similar but the positions of each 

satellite are changed. The optimized RAANs are [9.2421 deg, 

45.8038 deg, 102.3343 deg, 158.3034 deg], and the optimized 

mean anomalies are [304.9265 deg, 15.0557 deg, 230.7994 

deg, 91.9395 deg], respectively. Fig. 13 shows the convergence 

of the genetic algorithm in Case 3. In the process of finding 

solution, the number of generation in Case 3 is bigger than 

that in Case 2 because the number of orbit elements to be 

optimized is increased. The maximum revisit time in Case 3 

is 3.97 hrs.(14,292.4 sec). The maximum revisit time in Case 

3 decreases drastically compared to the result in Case 2. This 

means that the RAAN and the mean anomaly are dominant 

factors with regard to the maximum revisit time.

If the electronic power is generated sufficiently, then 

the non-Sun-synchronous orbit can be an alternative good 

candidate to minimize the maximum revisit time. All of 

the orbit elements are the optimization parameters in Case 

4. The considered range of the inclination angle for the 

optimization is from 30 deg to 60 deg. This range is used 

because the target area is located at the north latitude of 38 

degrees, and the SAR sensors cannot observe the target area 

if the SAR satellites pass directly over the target area. The 

size of the population and the number of generations for 

a genetic algorithm in Case 4 are chosen to be 40 and 250, 

respectively. The optimized altitude is 500 km, the optimized 

inclination angle is 52.2520 deg, the optimized RAANs are 

[110.8922 deg, 179.9354 deg, 0.2581 deg, 32.6880 deg], and 
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Fig. 11. The ground track of the designed SAR satellite constellation: Case 3 
 

 

Fig. 12. The orbit of the designed SAR satellite constellation in 3D view: Case 3 
 

Fig. 11.  The ground track of the designed SAR satellite constellation: 
Case 3
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Fig. 13. The convergence of the genetic algorithm: Case 3 
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276.9908 deg], respectively, in Case 4. Figs. 14 and 15 show the ground track and orbit in 3D view of 

the SAR satellite constellation using the genetic algorithm, where the inclination, the RAAN and the 

mean anomaly with respect to the fixed altitude are the optimization variables. Comparing Fig. 15 

with Fig. 12, the shape of the constellation and the positions are all changed. Fig. 16 shows the 

convergence of the genetic algorithm in Case 4. The maximum revisit time is 3.09 hrs.(11,110.2 sec) 

Fig. 13. The convergence of the genetic algorithm: Case 3

17 

 

Fig. 11. The ground track of the designed SAR satellite constellation: Case 3 
 

 

Fig. 12. The orbit of the designed SAR satellite constellation in 3D view: Case 3 
 

Fig. 12.  The orbit of the designed SAR satellite constellation in 3D 
view: Case 3
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the optimized mean anomalies are [60.7139 deg, 79.6037 deg, 

344.6067 deg, 276.9908 deg], respectively, in Case 4. Figs. 14 

and 15 show the ground track and orbit in 3D view of the SAR 

satellite constellation using the genetic algorithm, where the 

inclination, the RAAN and the mean anomaly with respect to 

the fixed altitude are the optimization variables. Comparing 

Fig. 15 with Fig. 12, the shape of the constellation and the 

positions are all changed. Fig. 16 shows the convergence of 

the genetic algorithm in Case 4. The maximum revisit time is 

3.09 hrs.(11,110.2 sec) in Case 4, which is slightly decreased 

from the result of Case 3; it means that the result of Case 4 is 

the best performance compared with previous cases in this 

study.

Table 2 summarizes the orbit elements that were designed 

using the Walker constellation and the genetic algorithm. 

Note that the orbits are considered to be circular orbits, i.e., 

they have zero eccentricity, and therefore, the argument of 

the periapsis of each orbit is zero in this study. Note also that 

each satellite in a constellation has the same values for the 

semi-major axis and the inclination angle, and the radius of 

the Earth is 6,378.144 km. The RAAN and true anomalies of 

the simulations can be regarded as the initial positions and 

velocities of satellites on the constellation. Cases 2 and 3 

show the performance results in case of the optimized initial 

positions and velocities.

As the inclination on each orbit is changed in cases 3 and 4, 

the optimized initial positions and velocities are also changed. 

Cases 3 and 4 show the relatively different but meaningful 

result considering the upper bound of the inclination.
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in Case 4, which is slightly decreased from the result of Case 3; it means that the result of Case 4 is 

the best performance compared with previous cases in this study. 

 

Fig. 14. The ground track of the designed SAR satellite constellation: Case 4 
 

 

Fig. 15. The orbit of the designed SAR satellite constellation in 3D view: Case 4 
 

Fig. 14.  The ground track of the designed SAR satellite constellation: 
Case 4
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Fig. 16. The convergence of the genetic algorithm: Case 4 
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Fig. 16. The convergence of the genetic algorithm: Case 4
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in Case 4, which is slightly decreased from the result of Case 3; it means that the result of Case 4 is 

the best performance compared with previous cases in this study. 

 

Fig. 14. The ground track of the designed SAR satellite constellation: Case 4 
 

 

Fig. 15. The orbit of the designed SAR satellite constellation in 3D view: Case 4 
 

Fig. 15.  The orbit of the designed SAR satellite constellation in 3D 
view: Case 4

Table 2. Summary of the orbit elements of the SAR satellite constellations
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Table 2. Summary of the orbit elements of the SAR satellite constellations 
Case 1 2 3 4 

Semi-major axis (km) 6898.144 6878.144 6878.144 6878.144 
Inclination angle (deg) 97.4779 97.4018 97.4018 52.2520 

RAAN (deg) 0, 
45, 
90, 
135 

0, 
45, 
90, 
135 

9.2421, 
45.8038, 

102.3343, 
158.3034 

110.8922, 
179.9354, 

0.2581, 
32.6880 

Mean anomaly (deg) 0, 
90, 

180, 
270 

0, 
90, 

180, 
270 

304.9265, 
15.0557, 

230.7994, 
91.9395 

60.7139, 
79.6037, 

344.6067, 
276.9908 

Maximum revisit time (hrs) 7.10 7.07 3.97 3.09 
 

6. Conclusions 

Satellite constellations are designed while considering the specification of a Synthetic Aperture 

Radar (SAR) sensor via a genetic algorithm. STK (Systems Tool Kit) and Matlab are used to design 

the orbits of the SAR satellite constellation. STK is utilized to propagate the orbit dynamics while 

considering the disturbances and to calculate the maximum revisit time, and the objective function is 

evaluated to be minimized using a genetic algorithm. The result of the Walker constellation subject to 

the Sun-synchronous condition is considered to be the initial orbit. Then, the semi-major axis, the 
right ascension of the ascending node (RAAN), and the mean anomaly are optimized by modifying 

the Walker constellation using a genetic algorithm under the assumption of a Sun-synchronous orbit. 

Under the assumption of a sufficient power budget, the inclination of the satellite is also considered to 

be one of the optimization parameters. As a result, the maximum revisit time of the satellite 

constellation, where the RAAN and mean anomaly are optimization variables, is reduced by 44.1% 

compared with that of the Walker constellation. Also, the maximum revisit time of a non-Sun-

synchronous satellite constellation is reduced by 22.3% compared with that of a Sun-synchronous 

satellite constellation. It can be stated that the RAAN and mean anomaly are dominant terms among 

the optimization parameters, to minimize the maximum revisit time of a satellite constellation. The 

designed SAR satellite constellation could be utilized to design the satellite constellation for the 

observation of the Korean peninsula. 

 
Acknowledgement 

This work was supported by the LIG NEX1. 

 

 

 

(334~343)2016-007.indd   341 2017-07-03   오전 10:13:24



DOI: doi.org/10.5139/IJASS.2017.18.2.334 342

Int’l J. of Aeronautical & Space Sci. 18(2), 334–343 (2017)

6. Conclusions

Satellite constellations are designed while considering the 

specification of a Synthetic Aperture Radar (SAR) sensor via 

a genetic algorithm. STK (Systems Tool Kit) and Matlab are 

used to design the orbits of the SAR satellite constellation. 

STK is utilized to propagate the orbit dynamics while 

considering the disturbances and to calculate the maximum 

revisit time, and the objective function is evaluated to be 

minimized using a genetic algorithm. The result of the 

Walker constellation subject to the Sun-synchronous 

condition is considered to be the initial orbit. Then, the 

semi-major axis, the right ascension of the ascending node 

(RAAN), and the mean anomaly are optimized by modifying 

the Walker constellation using a genetic algorithm under 

the assumption of a Sun-synchronous orbit. Under the 

assumption of a sufficient power budget, the inclination of 

the satellite is also considered to be one of the optimization 

parameters. As a result, the maximum revisit time of 

the satellite constellation, where the RAAN and mean 

anomaly are optimization variables, is reduced by 44.1% 

compared with that of the Walker constellation. Also, the 

maximum revisit time of a non-Sun-synchronous satellite 

constellation is reduced by 22.3% compared with that of a 

Sun-synchronous satellite constellation. It can be stated that 

the RAAN and mean anomaly are dominant terms among 

the optimization parameters, to minimize the maximum 

revisit time of a satellite constellation. The designed SAR 

satellite constellation could be utilized to design the satellite 

constellation for the observation of the Korean peninsula.
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