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A Brief History
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Marshall Aerospace Vehicle Representation in C (MAVERIC)
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Model-Based Design

a Consistent Documentation & Implementation

Q Elimination / Reduction of Coding Translation Errors
a Continuous Verification & Validation

0 Reusable Code

0 Automatic Code Generation

Three Steps of Model-Based Design:

1. Identify Components & Design Goals

2. Analyze System Behavior via Simulation
3. Component Design & Verification
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Problem Statement

Develop a repeatable and modular design method for
MAVERIC simulation model development using a model-
based design approach




MAVERIC Architecture
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MAVERIC File Structure

Executable,
makefile, etc.



MAVERIC Architecture
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Model data sturcture
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MAVERIC Model Data Flow




Design Process

» System Definition

» |nputs / Outputs

» Sampling Rate

» Implementation, Verification, & Validation




Case Study

1. Introduce the 2" Order Oscillator model
2. Block-based Methods
3. Code-Based Methods

(a) (b)




Case Study

Second-Order Oscillator
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Case Study

Second-Order Oscillator State Space Representation
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Case Study: Model-Based Method
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Case Study: Model-Based Method

Conversion Walk-through
» Use the Simulink Autocoder
» Construct model with input and output ports

> Note the configuration parameters: Default behavior: Tunable; Uncheck Enable local block
outputs

& Configuration Parameters: secondOrderOscillator/QuickStart_50021_5_6_15_27_28181 (Active) — O X
Solver Default parameter behavior: <. Tunable - Configure...

Data Import/Export
Math and Data Types
» Diagnostics Loop unrolling threshold: 5
Hardware Implementation
Model Referencing
Simulation Target ¥ Advanced parameters
¥ Code Generation
Optimization

[«] Use memcpy for vector assignment Memcpy threshold (bytes): |64

Maximum stack size (bytes): |Inherit from target -

Inline invariant signals

Report 2 Signal storage reuse

Comments | | Enable local block outputs

Identifiers v R : T

Custom Code euse local block outputs

Interface [¢] Eliminate superfluous local variables (expression folding)
» Coverage [+] Use memset to initialize floats and doubles to 0.0

[¢] Remove code from floating-point to integer conversions with saturation that maps NaN to zero
|«] Remove code from floating-point to integer conversions that wraps out-of-range values

[+] Buffer for reusable subsystems

OK Cancel Help Apply




Case Study

Second-Order Oscillator State Space Representation
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Case Study: Code-Based Method
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Python Second-Order Oscillator Step Response
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Case Study: Code-Based Method

Conversion Walk-through

>

Python 3 Module: Pure Embedding
m Embeds the Python interpreter into the resultant C code

Wrap the C caller function in the Python script and add the Python.h header

Incorporate the compilation of this C code and the linker scripts to attach the
Python headers into the MAVERIC Makefile

Note that a similar approach can be used for MATLAB scripts that are structured
as function calls

The same process flow outlined can be used for any coding / scripting language
with C code generation functionality
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» Applied tenets of Model-Based Design

» Created a repeatable and modular method to reduce coding and
code-translation errors

> Allowed for continuous verification and validation in the much
simpler Python, or Simulink models

» (Generated autocoding framework that is consistent and repeatable

> Method can be generalized to other simulation environments that
depend on low-level coding (i.e., C, C++, FORTRAN, etc.)
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Thank you for your time!

Mason Nixon, M.S. / Leidos, Inc.
Mason.E.Nixon@leidos.com




