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Project Overview

Objective
Use digital engineering to validate and implement 
modularity in satellite technology 

Current Satellite Methods
One-Off Satellites, expensive, inaccessible, and limited to fixed 
operations 

Our Approach
Uses of CAD Simulation and MBSE to create an initial design for a 
modular satellite

Our Results 
Our approach suggests DE could help achieve modularity by continuous  
V&V and Requirement  traceability



Need 
statement

• Northrop Grumman is pursuing a 
case study to explore the 
possibilities of On  Orbit Attachable 
Components (OACs). 

• We aim to aid NG in the 
development of 
innovative modifications to satellite 
operations. 



Implemented Approach

• Systems Engineering methodology (ISO/IEC/IEEE 15288)

• Model-Based Systems Engineering (OOSEM Methodology)

Ensure that mission requirements are met
Support continuous Verification and Validation 
MBSE model provides a reference architecture for future mission modifications 



Research
Do you have to send a new one?
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Why sending a whole new satellite, when you can only send 
part of it?
• Interoperability
• Interfaces
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Modular Systems Approach

What is known about modularity? 
• Modularity has existed for a long time

USB XHCI

They all have in common: 
Standards and Interfaces
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Research

Satellites are very inaccessible; what happens if they fail?

How do you repair this in space?
How can you replace it with a 
better Camera?



Case Study Assumptions
• Is not within the scope making a grappling system for the 

MRV to onboard the satellite.

• MRV and RSGS robotics will be provided by Northrop 
Grumman

• A scratch design of a satellite is not required nor designing 
the circuits

• It is not within the scope of the project to consider the real 
life details of a satellite such as weight, space, launch 
logistics.



The concepts generated will apply for the development of future 
satellites following the same concepts

Case Study Assumptions
Our mission will start considering that a compatible 
satellite is:

 Already on GEO

 MRV is already attached to satellite and 
  carrying a prepared module to make a  
  modification to satellite.



Our Case Study

Representing modulatory in satellite 
reference 



Tools Aimed To Achieve Modularity?

Magic Systems of Systems Architect

(CAMEO)



OACs Satellite Mission

Identifies System of Interest and its Enabling systems



Reference Context Diagram



Use Case Diagram



General Requirements

Requirements elicitation, management, and traceability



Sample Subsystem Requirements - Casing Subsystem

Hierarchical approach for better traceability



Casing Requirements 

The specificity facilitates System-level Testing, Verification and 
Validation



Internal Composition 



Power Module IBD Diagram



Central Processing Module IBD Diagram



Connection IBD Diagram



Physical Representation



Tools Aimed To Achieve Modularity?

Fusion 360



Parametric Design
Mathematical Formulas



Parametric Design
Mathematical Formulas



Simulation



System Design Interaction



Conclusion 

By utilizing Digital Engineering, we have devised a 
methodology aimed to redefine satellite 
modularity. Through the application of digital 
engineering principles, we have crafted a 
blueprint that offers interface adaptation and 
interoperability in satellite technology. 

Our results enable Northrop Grumman to 
seamlessly integrate on-orbit attachable 
components and enhance operational missions 
across a spectrum of satellite platforms.



Acknowledgments 

Northrop Grumman
Dr. Andrew Kwas
Mr. Oscar Machado

UTEP
Systems Engineering Program

Mr. Juan Del Real
Mr. Rene Dominguez 
Maurilio Resendiz Engr. – Aerospace Center
Dr. Sergio Luna



Questions? 


