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Model-Based Systems Engineering 

Model Based 
Mechanisms 

Systems Engineering 
Characteristics 

• Increasing performance of Systems 
• Increasing role of dependencies 
 

• Formalization of information 
• Object oriented concepts 

We can formalize the description of a satellite system 
 but the model will be large. 
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Divide et Impera (Divide and Conquer) 

Plug-in Mechanism Knowledge Base 
a) Parametric Rules 

b 
 
a) Topologic Rules 

• Exchangeable Subsytems 
• Generically resolve 
   dependencies 

• Straightforward expression of 
engineering knowledge 

• Declarative expression of  
knowledge 
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Design Language Information Hierarchy 

geometry 

physics 

CAD Thermal 

design 
compiler 

analysis project 
plans 

SPG 

design evaluation 

design evaluation 

loads, ...., 
materials. 

Catia V5 
OpenCascade 
.... 

ESATAN-TMS 

Mathematica 
Matlab 
Yacas  
Maxima 
.... 

MS-Project 
MS-Excel 
.... 

design 
language 

language „spoken“ by 
humans and 

compiled by a 
machine 

only n instead of 
n(n-1) interfaces 
due to machine 

translation 
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Design Process Satellite 

loop 1 

loop 2 

loop 3 

Requirements (external) 
• Communication 
• Orbit 
• Orientation 
• Launcher 

Sub-Systems 
• Structure (prim., sec.) 
• TTC 
• Power 
• Orbit control 
• Attitude control 
• OBDH 

Requirements  
    (internal)               

System Budgets 

System 
• Mass  
• Moments of Inertia 
• Communication Budget 
• Power Budget 
• Attitude control 
• Orbit control 
• Size 

Mission 

Source: „Satellite design by design grammars“ 
Schaefer, Rudolph, Aerospace Science and Technology 
Volume 9, Issue 1, January 2005, Pages 81-91  

Payload 
• Mass 
• Power 
• Operations 

Packaging 
loop 4 

Integration 
• CAD 
• Thermal 
• AOCS Simulation 
• FEM 

Harness Routing 
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Design TTC System 

Requirements to the satellites antenna: 
• gain 
• wavelength (lossSpace) 
• mass 
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Selection Antenna 

requirements abstract product functions solution principles embodiments 
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Choice Solution Principle and Embodiment 
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Performance TTC System 
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Create Solar Panels 

design rules: 
• cells with low efficiency  
   are cheaper than cells  
   with high efficiency 
• more efficient cells are  
   cheaper than more panels 

delivered power [W] 

required power [W] 
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loop 4 
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System Integration 

…
 

telescope 
resolution [m] 

wavelength [nm] 

mass 
[kg] 
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Analytical Evaluation 

• Mass = 134 kg 
• Size: 

• length = 420mm 
• width  = 400mm 
• height = 390mm 
 

• Mass = 308 kg 
• Size: 

• length = 600mm 
• width  = 560mm 
• height = 510mm 
 

resolution [m] 

wavelength [nm] 

mass 
[kg] 
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TTC Design Decisions 
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Design Space Regions 

resolution [m] 

wavelength [nm] 
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Integration 
• CAD 
• Thermal 
• AOCS Simulation 
• FEM 

Design Process Satellite 

loop 1 

loop 2 

loop 3 

Requirements (external) 
• Communication 
• Orbit 
• Orientation 
• Launcher 

Sub-Systems 
• Structure (prim., sec.) 
• TTC 
• Power 
• Orbit control 
• Attitude control 
• OBDH 

Requirements  
    (internal)               

System Budgets 
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• Mass  
• Moments of Inertia 
• Communication Budget 
• Power Budget 
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• Orbit control 
• Size 
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Source: „Satellite design by design grammars“ 
Schaefer, Rudolph, Aerospace Science and Technology 
Volume 9, Issue 1, January 2005, Pages 81-91  

Payload 
• Mass 
• Power 
• Operations 

Packaging 
Harness Routing loop 4 
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Thermal Design 
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Thermal Design 
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Harness Routing 

Integration 
• CAD 
• Thermal 
• AOCS Simulation 
• FEM 

Design Process Satellite 
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1. _ 
 
 
 

2. _ 
 
 
 
 

3. _ 

Harness Routing 

Different Routing Rules:  
1. Attraction of cables 
2. Attraction to wall 
3. Strong attraction to wall 

distance [mm] 

co
st
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Thinking MBSE Further 

data 

competence 

knowledge 

information 

 named values: 11010101, 10111011, 01001010,  
00110110, 10101000, 1111, 001, 10110101 

 syntax 
 information representation,  
  formats, interfaces  
 

 semantics 
 patterns, couplings 

 pragmatics 
 capability of model synthesis and analysis 
  with arbitrary boundary conditions  
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 syntax 
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thank you! 
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