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Background considering the Application of MBD
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Rocket and Satellite

▪ Rocket and Satellite are based on similar technologies.

V-2 ARTEMIS
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Transformers

▪ Each car and robot is composed of same components in the Transformers.
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Fast Jump Up

▪ To be an eager pursuer or a bold challenger ?  

▪ Creative new challenging with MBD
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Practical Effects obtained by applying MBD
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Abundant Library

▪ Inhouse and own legacy ▪ Outsourcing and abundant library
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Automation

▪ Hard-working ant and relaxed grasshopper … with automated farm
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Expert Tools

▪ Tools are simple and poor.

▪ But I am an expert.

▪ I am a beginner.

▪ But tools are professional and plentiful.
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Concentration

▪ An engineer should be a super-hero ▪ MBD allows an engineer to focus on 

design.
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Reliable Auto-code … Quality ?

▪ An engineer is not a programmer. ▪ MBD allows an engineer to get high-

quality code.
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Efficient Communication

▪ Co-workers based on various 

background
▪ MBD allows co-workers to discuss 

using model.
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MBD Process applied to National Defense Development
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Verified and Validated Legacy

▪ The legacy of national defense has been accumulated through many 

developments over long time.
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New system … How to ?

Easy starting Limit

LimitEasy starting

New setup Acceleration

Acceleration
Fast

Prototype
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Complex system

▪ Properties of missile system

– Various kinds of units

– Various kinds of technologies

– Complex control system

▪ Properties of missile control system

– Multiple feedback loops

– Including dynamic models

– Linear, non-linear, and complex system
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Multiple and Extendable systems

▪ System of multiple systems with same models should be simulated.
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Approach to apply MBD
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Design, Verification and Validation

Results from Legacy Results from Legacy

Case study
Architecture/Framework

Research

Base function modeling

Library stacking

Open loop design 

and verification

Own Guidelines 

based on MAB Guidelines

Closed loop design 

and verification

Version build up

• MATLAB version up

• Model version up

• Validation reference: Legacy

• Very important period
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Lesson Learn from Case Study

▪ Good models lead to good auto-code, bad models lead to bad auto-code.

Hardware Engineer

Modeling is difficult.

Software Engineer

Readability of auto-code 

is very poor.

MBD Engineer

Sometimes the solution to 

a problem is ambiguous.

• Supplement of Requirements and 

References from Hardware Engineer

• 100% inhouse modeling by Software 

Engineer

• Technical assistance from MBD Engineer

Lesson Learning

[ Policy ]

• Official training

• Own guidelines

• Inhouse modeling

• Automated process

• MBD-centered process
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Modeling Guidelines

▪ Focus: mandatory rules related on code generation

Title Requirement

Priority Mandatory

Strongly Recommended
Recommended

Scope …

MATLAB Version …

MA Check Yes/No

Prerequisites …/None

Description …

Rationale Readability

Workflow
Simulation
V&V

Code Generation
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Architecture

▪ The designed framework has a hierarchical structure, and certain principles 

and rules are assigned to each layer.

Layer concept Layer purpose

Top Layer
Function layer Broad functional division

Schedule layer Expression of execution timing (sampling, order)

Bottom Layer

Sub function layer Detailed function division

Control flow layer Division according to processing order (input → judgment → output)

Selection layer Division into a format that switches and activates the active subsystem

Data flow layer Layer that performs one calculation that cannot be divided
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Principle of the Top layer 

▪ The setting range of atomic blocks has a great impact on execution and code.

▪ Difference: Simple subsystem and Atomic block

▪ Easy integration

▪ Poor readability of auto-code

▪ Good readability of auto-code
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Algebraic loop

▪ Inner loop contains an algebraic loop.

▪ Model does not contain any algebraic loop.

▪ Model contains an artificial algebraic loop.
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DO-178C Workflow with Code Generation



2727

MBD Process with feedback

Design(Modeling) Code Generation Auto-code / SIL

PIL / HIL
“Feedback”
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MBD Application Plan for Space Development
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No Legacy 

▪ The legacy of space development in ADD.
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How to develop space control systems ?

▪ New project can be developed based on experience in national defense and 

space field resources.
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Simulation template: CubeSat
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Spacecraft sub-library (1/2)
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Spacecraft sub-library (2/2)
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Toolbox related on satellite (1/3)
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Toolbox related on satellite (2/3)
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Toolbox related on satellite (3/3)
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Co-simulation or Inter-simulation
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[White Paper] MBD for space control systems (1/6)
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[White Paper] MBD for space control systems (2/6)
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[White Paper] MBD for space control systems (3/6)
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[White Paper] MBD for space control systems (4/6)
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[White Paper] MBD for space control systems (5/6)
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[White Paper] MBD for space control systems (6/6)
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MBD Process

▪ MBD Process: DO-178C and ESA ECSS



4545

DO-178C and ECSS Workflows with MATLAB & Simulink
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Conclusion
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Potential value of MBD Process
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Thank you !!


	Slide 0
	Slide 1: Presenter
	Slide 2: Contents
	Slide 3
	Slide 4: Rocket and Satellite
	Slide 5: Transformers
	Slide 6: Fast Jump Up
	Slide 7
	Slide 8: Abundant Library
	Slide 9: Automation
	Slide 10: Expert Tools
	Slide 11: Concentration
	Slide 12: Reliable Auto-code … Quality ?
	Slide 13: Efficient Communication
	Slide 14
	Slide 15: Verified and Validated Legacy
	Slide 16: New system … How to ?
	Slide 17: Complex system
	Slide 18: Multiple and Extendable systems
	Slide 19: Approach to apply MBD
	Slide 20: Design, Verification and Validation
	Slide 21: Lesson Learn from Case Study
	Slide 22: Modeling Guidelines
	Slide 23: Architecture
	Slide 24: Principle of the Top layer 
	Slide 25: Algebraic loop
	Slide 26: DO-178C Workflow with Code Generation
	Slide 27: MBD Process with feedback
	Slide 28
	Slide 29: No Legacy 
	Slide 30: How to develop space control systems ?
	Slide 31: Simulation template: CubeSat
	Slide 32: Spacecraft sub-library (1/2)
	Slide 33: Spacecraft sub-library (2/2)
	Slide 34: Toolbox related on satellite (1/3)
	Slide 35: Toolbox related on satellite (2/3)
	Slide 36: Toolbox related on satellite (3/3)
	Slide 37: Co-simulation or Inter-simulation
	Slide 38: [White Paper] MBD for space control systems (1/6)
	Slide 39: [White Paper] MBD for space control systems (2/6)
	Slide 40: [White Paper] MBD for space control systems (3/6)
	Slide 41: [White Paper] MBD for space control systems (4/6)
	Slide 42: [White Paper] MBD for space control systems (5/6)
	Slide 43: [White Paper] MBD for space control systems (6/6)
	Slide 44: MBD Process
	Slide 45: DO-178C and ECSS Workflows with MATLAB & Simulink
	Slide 46
	Slide 47: Potential value of MBD Process
	Slide 48

