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Abstract: This paper presents a systems concurrent engineering approach for the conception of an Attitude and 

Orbit Control System for a Satellite (AOCS). Systems Engineering uses a multidisciplinary approach in order to 

better understand complex systems and its processes, its products and its organization. The main goal is to 

satisfy all stakeholders involved in the product and its processes. In this paper several concepts of Systems 

Engineering, as well as its methodology, were applied in the main processes of  the life cycle of an AOCS of an 

artificial satellite, in order to give a better understanding of the development of this kind of product, from  

requirements analysis to  system operation. 
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1   Introduction 

 
Concurrent Engineering is a systematic approach to the concurrent and integrated development of the product 

and its related processes, including support and manufacture. This approach is essential to bring the 

requirements from all people involved in the product life cycle process implementation to the early stages of 

product development. All measurable elements in the product life cycle – from the conception to the disposal – 

such as costs, deadlines, quality and requirements, are essential in this study. Concurrent Engineering requires 

an environment of development, with interrelationship between several types of professionals that are important 

for the product life cycle processes. To accomplish this goal it is essential to use diagrams and a methodology 

that allows all people involved in the project to understand each other. The philosophy is to build a map of the 

product life cycle so that everyone has a general view and understands his role.  

 

The development of complex systems, such as those found in space industry, usually requires effort of several 

technical areas such as computer, electrical, mechanic, control, thermal and materials engineering, physics, 

chemistry, etc. During a satellite development phase, specific technical teams are called in order to build a 

successful product. Those teams usually don’t communicate with each other, ignoring important information 

produced by their work neighbors, which leads to a rise in the cost of the project during the development phase, 

the assembly phase, the integration and testing phase and the operational phase. This can lead to an early and 

unexpected failure. Therefore, space systems need to use methods that are capable of giving a holistic view of 

the scope of development. This paper was made in order to give such a vision applying concepts of Systems 

Engineering, where the product and the life cycle process organizations are  analyzed as a part of the same 

whole.  

 
2   The AOCS 
 
The mission of the AOCS is to point and maintain satellite pointing with previously established precision, 

regarding its mission within all its life cycle. To achieve this objective, it is essential to have a broad view of the 

system life cycle, with all its relationships with the ground segment, the space segment, the launcher and the 

user. Therefore, several relations between development environments were created. Those relations considered 

human elements or entities (technicians, engineers, users, administrators, government, companies, etc), physical 

effects (radiation, particle collision, electric current, etc) and information (data, knowledge, projects, etc).    

For the AOCS there were identified the following processes during the system life cycle: development, 

production, integration and tests, launch, operation and toss (figure 1). 
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Figure 1. Processes in the life cycle of the AOCS. 

The Development Process involves the project conception, where the first ideas are given and gathered together 

in order to meet the basic needs (requirements) established by the stakeholders. These ideas will pass through 

several reviews, whose objective is to improve the system design before any material is acquired. There is also 

the Viability Analysis, which is responsible for studying the viability of the whole process taking into 

consideration the chronogram and the financial availability for the project.  

 

In the Production Process the material acquisition takes place. These materials must be qualified, attending all 

norms in order to guarantee a safe and satisfactory operation for the product during launch and in space 

environment. In the fabrication all materials acquired become modules of electronic circuits, mechanical 

devices, structures, thermal ducts and so on. The assembly is the integration of those systems, linking the 

different subsystems so that they can operate as a whole (for example, the electronic circuits are placed inside a 

structure that has a cooling system to maintain certain temperature so that the circuits operate without loss of 

energy). After that the verification begins. It consists in several tests that permit identify if and how the system 

works, using simulation to measure performance. When the system meets all norms in this phase, the next step 

takes place. 

 

The Integration and Tests phase is responsible for tests of static and dynamic nature of the subsystem AOCS 

individually, as well as those same tests with the AOCS integrated to the entire system (satellite). Those tests are 

four: thermal, vibration, acoustic and electromagnetic compatibility (EMC). After the system proves that it 

attends all requirements of those tests it is ready for launch. In this phase, another integration and test take place. 

This will guarantee that the AOCS and the satellite are integrated to the launcher, and therefore are ready for 

launch and operation. 

 

Before the full operation of the system there are some probatory tests that must take place – with the satellite 

already in orbit. Those tests are conduced by the Track and Control Center whose goal is to check the operation 

of all subsystems that compose the satellite. After this phase, the system enters in a continuous operation phase, 

in which each subsystem begins to perform its specific task. The AOCS uses the data collected by its sensors 

and those given by the on board computer to adjust the vehicle attitude and orbit so that the vehicle is able to 

perform its main task. 

 

The final phase (orbit ejection) occurs either if the subsystem (AOCS) is damaged or if another important 

subsystem suffers the same. In a more optimistic case, this phase will take place at the end of the mission, when 

the satellite has already fulfilled all expectations. 

 

 
3   Method 

 
The analysis method was separated in seven parts as follows: 
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1. Process Structure; 

2. Stakeholder Analysis; 

3. Context and Architecture Diagrams; 

4. Functional structure (Data Flow Diagrams (DFD)) and behaviour (State Transition Diagrams); 

5. Hazard Analysis; 

6. Architecture Flow and Interconexion Diagrams ; 

7. Allocation matrix. 

 

Each part is responsible for a specific view of the product and its life cycle processes. 

The activity  diagram (1), also called IDEF0, is a function modelling methodology for describing manufacturing 

functions, and shows all the system life cycle in study with rectangles (processes) that are connected by arrows 

(flows of material, energy and information). 

 

The stakeholder analysis (2) was divided in four parts: product stakeholders (operation process / production 

process); and organization stakeholders (development process / integration and tests process). Due to the 

different emphasis of each part, the views of the same stakeholder may be different (or not).  

 

The context and architecture diagrams (3) show the exchange of material, energy and information between the 

elements of the environment and the objects in the product and  life cycle process organizations. A this stage 

some circumstances for the environments elements are identified. 

 

The DFD and transition diagrams (4) are tools that enable a better understanding of the data flow in the system. 

The DFD shows the messages sent and received by each physical component, creating an information net that 

links all subsystems, while the transition diagrams shows all the possible states of  the system (rectangles) and 

the events responsible by its changes (arrows). 

 

There is a hazard analysis (5), that is a process used to assess risk. The result of such analysis is the 

identification of unacceptable risks and the selection of means for mitigating them.  

 

Other diagrams include those of interconnection and flow (6), which represent, respectively, the flows of 

material, energy and information and the physical connections between the inner components of a product or life 

cycle process organization.  

 

Finally, there is the allocation matrix (7), the final stage of application of systems concurrent engineering. This 

matrix relates the functions and all parts responsible by them. 

 
4   Results 

 
The IDEF0 diagram was constructed considering all  life cycle process of the AOCS, since the initial sketches. 

Figure 2 shows the flow of the product AOCS. 
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Figure 2. IDEF0 Diagram of the AOCS. 

 

As it can be seen, the flows that enter in the upper side of the rectangles are controls (information) that allow 

coordinate the process. They work as a guide element. In the development phase, they are reports, chronograms 

and technical specifications. 

 

The left side entries are inputs and the right ones – that go out – are outputs. They are used to show the 

materialization of the product, specifying what will be the basic material – the product in a stage of development 

– to start the process, and how the product or information (output) comes out after the process has been 

executed.  

 

All flows that come from below are necessary in most processes. They represent the entry of energy, basic 

material and human resources in the process. 

 

Stakeholder analysis took into consideration four points of view (see Method section). Each one of them has a 

particular look at the process/product. Figures 3 to 6 show the stakeholders in each of these cases. 

 

 

Figure 3. Stakeholders of Product: Operation 

Process 

 

Figure 4. Stakeholders of product: Production 

Process. 
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Figure 5: Stakeholders of Organization: 

Development Process. 

 

Figure 6: Stakeholders of Organization: 

Integration and Tests Process. 

After identifying the stakeholders, their interests were defined in each process. And for one stakeholder in each 

analysis metrics – something that affects directly the interest – and measures – for measuring the metrics – were 

pointed out. Tables 1 to 4 show those relations. 

Table 1. Metrics and measures for the process of operation (Control Center). 

 

Table 2. Metrics and measures for the process of production (Regulamentary Institutions). 

 

Table 3. Metrics and measures for the process of integration and tests (Engineers and technicians). 

 
 



.                     

                                             

6 
2o Workshop em Engenharia e Tecnologia Espaciais, 03, 04 e 05 de Maio de 2011 

Souza, A. C. C.; Neto, L. P. S.; Oliva, L. L.; Loureiro, G. Systems Concurrent Engineering for the Conception of an Attitude and Orbit 

Control System                                                                 

Table 4. Metrics and measures for the process of development (Government). 

 
The context and architecture diagrams were built for the product in operation. Both diagrams complement each 

other, and show the physical and informational relations of the AOCS with the environment and other 

subsystems. 

 

Figure 7. Context diagram for AOCS in operation. 

 

Figure 8. Architecture diagram for AOCS in operation. 

 

Following the same line of thought of the context and architecture diagrams, the state transition and data flow 

diagrams elaborated considered the product (AOCS) in operation (figures 9,10). 

 

 

Figure 9. State transition diagrams for product in operation. 
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Figure 10. Data flow diagrams for the AOCS in operation. 

The hazard analysis takes in consideration the physical connections in the context of architecture diagrams, the 

circumstances defined in the context diagram, and the data flow diagram. The main goal of such study is to 

point flaws and dangers that may occur in the life cycle of the product – AOCS. And also define the gravity, 

probability, risk and detection function for each case (table 5). 

Table 5. Failure Analysis: AOCS in operation. 
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The flow diagram emphasizes the material, energy and information flow between physical components of the 

subsystem AOCS (figure 11). 

 

The interconnection diagram focus only in the physical relations between the components of the AOCS 

subsystem (cables, connectors, etc), giving a physical view of the product in operation (figure 12). 

 

 

Figure 11. Flow diagram: product in operation. 

 

Figura 12. Interconnection diagram: product in operation. 

The final step of the method consists in elaborating an allocation matrix. This matrix relates all functions and 

parts responsible for them. Table 6 shows the allocation matrix for the product in operation 
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Table 6.  Allocation matrix for product in operation 

 
 

As can be seen in table 6, each component of the AOCS has one or more functions. This table helps to elaborate 

relations between functions and components, making easier to study failures that may occur in the system. 

The method shall be applied for the product in each of its life cycle process scenarios. In each scenario the 

organization that implements that scenario is also analyzed and its relationship with the product is captured.  In 

this paper, for the sake of demonstration only, only the processes of operation, production, integration & testing 

and development were considered, but the method must be applied to all other life cycle processes and their 

scenarios. 

 
5   Discussion 

 
The parallelization of tasks permits a better view of the development process, since the early sketches to the end 

of the life cycle of the product. And different diagrams allow a more clear view of a particular aspect of the 

system. For example, a software engineer might be interested only in the flow of information for the design of 

the embedded software, ignoring other aspects, while an electrical engineer is interested in the relations between 

the system and its environment of operation, due to the relation between temperature and malfunction of 

electronic equipments. But, at the same time, it is important that all personnel involved in the development of 

the product realize that their job affects (and is affected) by the other professionals.  

 

Stakeholder analysis is another point to be considered in concurrent engineering. The stakeholders provide 

important information that helps the developers to make clear requirements. Also, it is important that they are 

identified as soon as possible, as well as its metrics and measures, because this information will serve as a guide 

to all developers (engineers, technicians, administrators, suppliers, etc).  

 
6   Conclusion 

 
Through the use of Systems Concurrent Engineering methodology in the description of the AOCS the authors 

realized that it is essential to work in a systematic manner in order to obtain  correct tables and diagrams that 

will allow engineers, techicians and administrators to take important decisions in the product and/or process 

development. Most important, the methodology makes possible the dialog between professionals with different 

backgrounds, thanks to relations built through  several kinds of diagrams and tables. 

 

One can detect easily flaws or critical points if the model of the process is built considering all interests 

involved. And finally, the use of the methodology and concepts of systems engineering makes it easier to 

eliminate unnecessary costs and accomplish deadlines.    
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