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Abstract. Today’s Earth Observation Satellites (EOSs) have complicated missions with an 

agility capability. For this reason, a great importance for satellite mission optimization problem 

has been arisen. In this paper, a multi-objective equation has been formulated which contains 

three selected objectives (Gain, image quality and time execution). There are three constraints 

(Target exclusiveness, due date and transition time) which have been selected and presented by 

three equations. Satellite Tool Kit (STK) has been used to simulate the relation between 

satellites and customers’ targets. The output opportunities from STK have been saved in an 

excel sheet and they will be used as inputs for our problem. Genetic Algorithm (GA) has been 

used as one of the optimization techniques to solve this problem and it has been applied by 

using Matlab program and its graphical user interface. The result from solving our problem is a 

plan which contains selected targets numbers, satellite numbers, target’s gain, shooting time, 

combined angle, target’s objective function value and the total objective function value. In this 

paper, a case study has been presented assuming there is a constellation of four (4) satellites 

(Superview constellation), thirteen (13) random targets and the required output is an optimum 

daily plan for shooting. 

1.  Introduction 

Thousands of satellites have been operated, since the first satellite had been lunched 62 years ago. The 

technologies of mission control system for satellite have been also developed, with an expectation of 

high complicated missions. Today’s earth observation satellites have complicated missions with an 

agility capability. Mission planning and scheduling problem of earth observation satellite has been 

discussed in many papers. Each paper has its own specific conditions. These conditions include types 

of satellite’s operation (imaging, downloading or both) [1], maneuverability of satellites (not agile or 

agile) [2,3], number of tasks (single or multi) [2], number of satellites (single or constellation) [4,5], 

and number of ground stations (single or multi) [5,6]. 

There are many objectives, related to EOSs mission optimization problem, which have been 

discussed in many papers. Such as maximizing the total amount of downloaded data [6], the profits of 

the scheduled targets [7,8], the total priority of selected targets [9,10], the profit of satellite [4,11], the 

quality values [12], the observation income and completing dynamic tasks as many as possible 

[13,14]. From all previous objectives, gain, image quality and time execution have been selected to be 
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determined and summed in one equation. This multi-objective equation has been formulated using 

weighted sum method and normalization. 

There are many constraints which have been discussed in many researches such as energy [5,6], 

capacity [7,15], data buffer limits, time of each interval [5,6], target exclusiveness [7,10], due date 

[16] and transition time for consecutive targets [15,17]. From all previous constraints, target 

exclusiveness, due date and transition time have been selected to be determined in our problem.   

STK has been used as an orbit propagator to simulate the relation between satellites and customers’ 

targets. The STK output report contains shooting opportunities (satellites shooting times and satellites 

shooting combined angles) which have been saved in an excel sheet and they will be used as inputs for 

our problem. 

There are many optimization techniques which have been used for solving EOSs mission 

optimization problem for agile earth observation satellites such as GA, Dynamic Programing (DP), 

Ant Colony Optimization (ACO)…etc. GA has been used in this paper. Matlab program and its 

graphical user interface have been used as a tool for applying genetic algorithm optimization 

technique.    

The next section contains a detailed explanation for satellite mission scheduling. Section 3 

determines scheduling scenario including customers, orbit propagator (STK), objectives, constraints, 

model structure and output plan sequentially. At section 4, our case study will have a detailed 

explanation. At section 5, results will be discussed. 

2.  Satellite mission scheduling 

In general, the meaning of mission scheduling is to make a plan contains a timetable to perform 

requested missions from users or customers. Distribution of the limited resources which can manage 

the tasks can be applied by mathematical techniques or heuristic algorithms. Proper distribution of 

resources is a very important factor to achieve mission operations goals successfully. The example of 

scheduling problem with each task and resource is shown in table 1 [18]. 

 

Table 1. Examples of scheduling problem 

 Missions (Tasks) Resources 

Airport Landing and Takeoff of planes Runway 

Satellite Taking images Memory, Power, Agility 

 

In the field of satellites missions operations, the scheduling problem is to generate a conflict-free 

mission timeline, which contains tasks to be operated by each satellite. The scheduling process can be 

summarized as follows:  

1. Making a schedule for each satellite to execute tasks in a regular sequence.  

2. Arranging tasks for each satellite not to conflict with each other.  

3. Making an optimized plan with the given objectives and constraints.  

 

In this work, a multi-objective equation has been formulated with three chosen objectives (Gain, 

image quality and time execution), three constraints (target exclusiveness, due date and transition 

time) have been taken in consideration, the mission optimization problem has been solved and an 

optimized plan has been resulted to satisfy customers. 

3.  Scheduling scenario 

The mission scheduling scenario can be explained by the following sections: 

3.1.  Customers 

Each customer prepares its own requests for shooting with specific conditions. Each request may 

contain one or more spot target. 
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3.2.  Orbit propagator  

Satellite Tool Kit (STK) will be used to simulate and get access windows (Number of access time and 

shooting start time), target name and shooting combined angles between each satellite and each target 

as shown in figure 1. 

 

 

Figure 1. An example of STK access report 

3.3.  Objectives  

We considered three objectives in our case. These objectives are gain, image quality and time 

execution. 

 

3.3.1.  Gain objective. It means getting the maximum gain for each selected request. This doesn’t 

mean that the selected requests have the absolute maximum gain but have the highest gain among the 

requests that have the opportunity to be included in the plan. This objective has been expressed as 

profit or quality which transfers to money for commercial companies [3,7]. 

 

3.3.2.  Image quality objective. It means getting the best resolution from all requests opportunities. 

This means that the plan will include the feasible requests that can be shot at the minimum combined 

angles to increase the image quality [2]. 

 

3.3.3.  Time execution objective. It means shooting requests as soon as possible. This means that the 

plan will include the feasible requests that can be shot at the nearest time by any of the constellation's 

satellites [16]. 

 

All these objectives have been chosen because they are common in most of commercial companies 

which use their constellations of satellites such as Airbus Company, China's commercial aerospace 

companies and European Space Agency. All these objectives have been summed together in one 

equation using the weighted sum method and normalization formulating a multi-objective equation. 

Equation (1) shows the multi-objective equation. 

 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 [∑ ∑ 𝜔𝑇 .  𝑡𝑖𝑚 .  𝑋𝑖𝑚 +  ∑ ∑ 𝜔𝑄  .  𝜃𝑖𝑚 .  𝑋𝑖𝑚 −  ∑ ∑ 𝜔𝐺  .  𝐺𝑖 .  𝑋𝑖𝑚 𝑘
𝑚=1

𝑛
𝑖=1

𝑘
𝑚=1

𝑛
𝑖=1

𝑘
𝑚=1

𝑛
𝑖=1 ] (1) 

 

where: 
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T   : The set of targets. {T1, T2, … … … . T𝑛} 

Sat  : The set of satellites {Sat1, Sat2, … … … . Sat𝑘} 

 

For each target Ti ∈ T 

1. 𝑛    : The number of targets.   𝑖 ∈ [1, 2... n] 

2. Gi   : The gain for each target (Priority, Urgency, Cost ...etc.) 

 

For each satellite Sat𝑚∈ Sat 

k   : The satellites’ number.   m ∈ [1, 2... k] 

 

Decision Variables 

𝑋𝑖𝑚 =  {
1 , If the target 𝑇𝑖 is scheduled to 𝑆𝑎𝑡𝑚                                     

      0 ,          𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                                                                 
 

𝜔𝑇  : The weight of the execution time objective 

𝜔𝑄  : The weight of the image quality objective 

𝜔𝐺  : The weight of the gain objective 

 

3.4.  Constraints 

There are three constraints in our case. These constraints are request exclusiveness, request due date 

and transition time. 

 

3.4.1.  Target exclusiveness constraint. It means shooting any request just once as shown in equation 

(2). This constraint is very important for reserving satellites resources [7]. 

 

3.4.2.  Request due date constraint. It means shooting time for each request doesn’t exceed its due 

date as shown in equation (3). This constraint is very important for customer who has our priority and 

interest [16]. 

 

3.4.3.  Transition time constraint. It means the time between each two consecutively selected targets 

doesn’t conflict with the agility of the shooting satellite as shown in equation (4). This constraint has 

an important relation between target and satellite agility [16]. 

 

 ∀𝑖 ∈ [1,2, … 𝑛], ∑ 𝑋𝑖𝑚 ≤ 1𝑘
𝑚=1  (2) 

 ∀𝑋𝑖𝑚 = 1, 𝑡𝑖𝑚. 𝑋𝑖𝑚 ≤ 𝐷𝑒𝑎𝑑𝑇𝑖
 (3) 

 ∀𝑋𝑖𝑚 = 1, 𝑡𝑖𝑚. 𝑋𝑖𝑚 + 𝐷𝑖𝑚 + 𝑀𝑖𝑗𝑚
≤ 𝑡𝑗𝑚. 𝑋𝑗𝑚 (4) 

where: 

𝐷𝑒𝑎𝑑𝑇𝑖
 : The dead time for target 𝑇𝑖 

Decision Variables 

𝑋𝑗𝑚 =  {
1 , If the target 𝑇𝑗 is scheduled to 𝑆𝑎𝑡𝑚                                     

      0 ,          𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                                                                 
 

For two consecutive targets i and j 

1. θim  : The combined angle for shooting target 𝑇𝑖 by Satm 

2. tim   : The shooting time for target 𝑇𝑖 by Satm 

3. tjm   : The shooting time for target 𝑇𝑗 by Satm 
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4. Dim  : The duration for shooting target 𝑇𝑖 by Satm 

5. 𝑀𝑖𝑗𝑚
 : The transition between consecutive targets 𝑇𝑖 and 𝑇𝑗 by Satm 

3.5.  Model structure 

Genetic algorithm is being applied by using MATLAB program. The default main GA parameters are 

being used. Such as, population type (Double Vector), population size (50), scaling function (Rank), 

selection function (Stochastic Uniform), crossover fraction (0.8), mutation function (Constraint 

Dependent), crossover function (Constraint Dependent) and migration fraction (0.2). There will be an 

input data for our model such as customers’ requests, access windows times, shooting combined 

angles, requests priorities and due date for each request. The objectives and constraints are included in 

our model. The architecture of our model describes that we receive inputs from customers which refers 

to requests that may be one spot target or more, then those spot targets and our constellation satellites 

and planning horizon get in the STK, the output from STK contains the spot targets shooting 

opportunities, these opportunities enters the satellites mission scheduling system which apply genetic 

algorithm, objectives and constrains to them and the output is an optimized plan for shooting targets 

satisfying our customers. Figure 2 shows the satellites mission scheduling architecture system for our 

model. 

 

 

Figure 2. Satellites Mission Scheduling System Architecture 

 

The workflow for our model can be described as follows: 

1. Receive the input requests while each request contains one or more spot target. The spot 

targets appear in a table in section 4 containing the spot target name, Location, Gain and 

Validity date. The gain refers the priority for each target and it has four levels as level (1) 

refers to the standard request, level (2) refers to the priority request, level (3) refers to the high 

priority request and level (4) refers to the urgent request. Each priority level has its own credit 

that refers to money. The validity date is considered an important constraint for me as 

shooting the request after that date has no meaning or benefit for the customer. The spot 

targets have been chosen randomly just for explaining the algorithm. 
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Figure 3. An example of STK graph access report 

 

2. STK will calculate the access times between each satellite from the constellation and all 

targets. Figure 3 represents an example of STK graph access report, shows that approximately 

at 9:00 UTC, Damascus can be shot by this satellite with different combined angles (From 21̊ 

to 30̊ ). 

3. The output report of STK (access times and combined angles) will be saved as excel sheet and 

the proposed system will read the data in that excel sheet automatically. The data will be taken 

as inputs for the proposed system beside other inputs. 

4. The weight for each objective will be chosen according to decision maker depending on the 

previous experience.  

5. The inputs data will be entered to the proposed system. 

6. The proposed system will run getting the daily output plan for shooting.  

3.6.  Output plan 

The output from our model is an optimized plan which satisfies customers and saves satellites 

resources. This optimized plan contains the target number, the satellite number, the target gain, the 

shooting time, the combined angle, the result (the fitness value at each target with its parameters) and 

the objective function value for all chosen targets. 

4.  Case study 

Our case study is a one day planning horizon (from 15/9/2018 at 00:00:00 to 16/9/2018 at 00:00:00) 

with a Superview constellation and (13) random spot targets. This constellation consists of (4) Chinese 

satellites (superview_1, superview_2, superview_3 and superview_4). Each one is inclined by 97.6º at 

530 Km height. Parameters of customers’ requests are collected together as shown in Table 2. The 

weight factors for each objective in our case study are ωT=0.2, ωQ=0.3 and ωG=0.5. The decision 

maker has a great experience so the gain weight seems to be the greatest one as the gain importance as 

it refers to money. 

 

Figure 4 and figure 5 show the locations of the (13) targets. They are distributed but not scattered.  

The input data will be entered as shown in figure 6. Gain and dead time will be entered for each 

target. Weights for gain, quality and time will be entered also. Then press the start button.  The 

proposed system will run after pressing start button getting the daily output plan for shooting as shown 

in figure 7. 
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Table 2. Table of targets parameters 

Serial Target Name 
Location  

(Lat., Long.) 

Validity Date 

Date/Time 
Gain 

1 Abu Zenima 29.05, 33.10 
16-09-2018 

00:00:00 
1 

2 Adis Ababa 9.024, 38.75 
16-09-2018 

00:00:00 
4 

3 Amman 31.95, 35.93 
16-09-2018 

00:00:00 
2 

4 Ankara 39.92, 32.86 
16-09-2018 

00:00:00 
3 

5 Baghdad 33.34, 44.39 
16-09-2018 

00:00:00 
1 

6 Casablanca 33.59, -7.61 
16-09-2018 

00:00:00 
3 

7 Damascus 33.5, 36.3 
16-09-2018 

00:00:00 
4 

8 Darnah 32.77, 22.64 
16-09-2018 

00:00:00 
2 

9 Khartoum 15.59, 32.53 
16-09-2018 

00:00:00 
1 

10 Makka 21.43, 39.83 
16-09-2018 

00:00:00 
3 

11 Masqat 23.61, 58.59 
16-09-2018 

00:00:00 
1 

12 Tel Aviv 32.06, 34.77 
16-09-2018 

00:00:00 
2 

13 Tunis 36.80, 10.18 
16-09-2018 

00:00:00 
4 

5.  Results and discussion 

Before start the discussion, we have to know that the targets opportunities are shown in table 3. 

For our case study, it is noticed that the output optimized plan has nine (9) chosen targets to be 

executed from the thirteen (13) entered targets according to the proposed objectives, constraints and 

weights for gain, quality and time. It is good to mention that the output optimized plan contains also 

the result (the fitness value at each target with its parameters) and the objective function value for all 

chosen targets. The smaller the better are these results, as our multi-objective equation has 

minimization objectives. 

All the previous selected targets examples are the fittest from point of view for our proposed 

satellites mission scheduling system. As choosing the others opportunities may make a conflict with 

other selected targets. This conflict may be in transition time. 
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Figure 4. The constellation of satellites and spot targets 

 

 
Figure 5. The spot targets 
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Figure 6. Mission scheduling system inputs 

 

 

 
Figure 7. Mission scheduling system output 
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Table 3. Table of targets opportunities 

Target Number Target Name Satellite Number Combined Angle Shooting Start Time 

1 Abu Zenima 
1 2 9:02:25 AM 

4 21 8:45:02 AM 

2 Adis Ababa 3 14 8:04:12 AM 

3 Amman 

1 1 9:01:30 AM 

2 26 8:23:58 AM 

4 4 8:44:27 AM 

4 Ankara 
1 25 8:59:36 AM 

4 24 8:42:34 AM 

5 Baghdad 4 10 7:57:43 AM 

6 Casablanca 2 8 11:33:44 AM 

7 Damascus 

1 21 9:01:01 AM 

2 26 8:23:31 AM 

4 24 8:44:05 AM 

8 Darnah 3 13 9:32:57 AM 

9 Khartoum 

1 27 9:05:45 AM 

2 27 8:28:16 AM 

4 30 8:48:48 AM 

10 Makka 3 28 8:00:54 AM 

11 Masqat 
1 30 7:28:26 AM 

2 21 6:50:58 AM 

12 Tel_Aviv 
1 11 9:01:30 AM 

4 14 8:44:33 AM 

13 Tunis 
1 10 10:35:31 AM 

4 7 10:18:35 AM 

6.  Conclusion and future work 

Satellites Mission Scheduling Problem for a satellites’ constellation is considered an NP problem. 

There is no doubt that genetic algorithm is a very effective optimization technique which has been 

used for solving this type of problems. Matlab program, its graphical user interface and STK play an 

effective role in our proposed model. A multi-objective equation has been created to combine a very 

important objectives (Gain, image quality and time execution). There are three important constraints 

(Target exclusiveness, transition time and due date) have been taken in consideration. The proposed 

model has been run with the proposed case study and output a logic optimized plan. This optimized 

plan contains the target number, the satellite number, the target gain, the shooting time, the combined 

angle, the result (the fitness value at each target with its parameters) and the objective function value 

for all chosen targets. Applying our multi-objective equation by the proposed model is very effective 

in decreasing the load of satellites mission scheduling problem, saving satellites’ resources and satisfy 

customers’ needs. 

Some facilitation was considered in the proposed Satellites Mission Scheduling System to simplify 

the implementation for the current time. For more precise SMS system, this facilitation should be 

eliminated. Therefore, as a future work, some contributions are recommended for the AEOSs SMS 

systems. According to constraints, take into consideration other constraints, energy, storage capacity, 

intervals’ time for ground station and data rate constraint, beside the proposed three constraints. 

According to satellites constellation, take into consideration another satellites with different 

specifications instead of the proposed constellation.   

 

 



18th International Conference on Aerospace Sciences & Aviation Technology

IOP Conf. Series: Materials Science and Engineering 610 (2019) 012059

IOP Publishing

doi:10.1088/1757-899X/610/1/012059

11

7.  References 

[1] Li Jun, Chen Hao, and Jing Ning, "A data transmission scheduling algorithm for rapid-response 

earth-observing operations," Chinese Journal of Aeronautics, 2014. 

[2] Kai Sun, Jufang Li, Yingwu Chen, and Renjie He, "Multi-objective mission planning problem of 

agile Earth observing satellites", National University of Defense Technology, 2012. 

[3] Xu Rui, Huaping Chen, Xinle Liang, and Huimin Wang, "Priority-based constructive algorithms 

for scheduling agile earth observation satellites with total priority maximization," Elsevier, 

2016. 

[4] Liu Xiaolu, Bai Baocun, Chen Yingwu, and Yao Feng, "Multi satellites scheduling algorithm 

based on task merging," ELSEVIER, 2013. 

[5] Sara Spangelo, James Cutler, Kyle Gilson, and Amy Cohn, "Optimization-based scheduling for 

the single-satellite, multi-ground station communication problem," Elsevier, 2014. 

[6] Jeremy Casating, Amy Cohn, and James Cutler, "Scheduling Downloads for Multi-Satellite 

Multi-Ground Station Missions," in 28th Annual AIAA Conference on Samll Satellites, USU, 

2014. 

[7] Jianjiang Wang, Erik Demeulemeester, and Dishan Qiu, "A pure proactive scheduling algorithm 

for multiple earth observation satellites under uncertainties of clouds", KU LEUVEN, 

Faculty of Economics and Business, 2016. 

[8] Guohua Wu, Jin Liu, Manhao Ma, and Dishan Qiu, "A Heuristic for an Earth Observing 

Satellite Constellation Scheduling Problem with Download Considerations," ELSEVIER, pp. 

1884–1894, 2010. 

[9] Jianjiang Wang, Xiaomin Zhu, Dishan Qiu, and Laurence T. Yang, "Dynamic Scheduling for 

Emergency Tasks on Distributed Imaging Satellites with Task Merging," IEEE, pp. VOL. X, 

NO. X, 2012. 

[10] Feng Yao, Jufang Li, Baocun Bai, and Renjie He, "Earth Observation Satellites Scheduling 

Based on Decomposition Optimization Algorithm", MECS, pp. 10-18, 2010. 

[11] Guohua Wu, Jin Liu, Manhao Ma, and Dishan Qiu, "A two-phase scheduling method with the 

consideration of task clustering for earth observing satellites," ELSEVIER, pp. 1884–1894, 

2013. 

[12] Virginie Gabrel, "Strengthened 0-1 linear formulation for the daily satellite mission planning," 

2006. 

[13] Qiu Dishan, He Chuan, Liu Jin, and Ma Manhao, "A Dynamic Scheduling Method of Earth-

Observing Satellites by Employing Rolling Horizon Strategy," The ScientificWorld Journal, 

pp. Volume 2013, Article ID 304047, 11 pages, 2013. 

[14] Maocai Wang, Guangming Dai, and Massimiliano Vasile, "Heuristic Scheduling Algorithm 

Oriented Dynamic Tasks for Imaging Satellites," Hindawi Publishing Corporation, 2014. 

[15] Pei Wang, Gerhard Reinelt, Peng Gao, and Yuejin Tan, "A model, a heuristic and a decision 

support system to solve the scheduling problem of an earth observing satellite constellation," 

ELSEVIER, pp. 322–335, 2011. 

[16] Amr Qamar Al Shenawy, "Design of Mission Planning and Scheduling for Earth Observation 

Space System", MTC University, Cairo, Egypt, Master Thesis 2016. 

[17] Pei Wang and Gerhard Reinelt, "Solving the Earth Observing Satellite Constellation Scheduling 

Problem by Branch-and-Price," Springer, pp. 491-496, 2011. 

[18] Soon-mi Han, Seung-woo Beak, Kyuem-rae Cho, Dae-woo Lee, and Hae-dong Kim, "Satellite 

Mission Scheduling Using Genetic Algorithm," in SICE Annual Conference 2008, Japan, 

2008, pp. 1226-1230.  


