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Korean Air Speeds UAV Flight Control Software 
Development and Verification with Model-Based Design

Challenge
Develop and verify flight control software for 
unmanned aerial vehicles

Solution
Use Model-Based Design to design and simulate 
flight control laws and operational logic, generate and 
verify production code, and conduct HIL tests 

Results
 100% of run-time errors in handwritten code 

identified and eliminated
 Development effort reduced by 60%
 Costly flight tests minimized

“The model reuse and efficiency improvements enabled by 

MATLAB and Simulink save time and lower costs. We estimate a 

time savings of more than 50% is achievable with Model-Based 

Design compared with hand-coding, and the advantages of 

Model-Based Design increase with the complexity of the 

project.”

- Jungho Moon, Korean Air

Link to user story

A Korean Air unmanned aerial vehicle.
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Avoiding simulation before deployment can be dangerous  
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Fixing bugs late is very expensive

Requirements phase Design phase Coding phase Testing phase
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Project phase where error is fixed

Errors introduced early but found late 
in the process are expensive to fix! 

requirements phase

design phase

Errors introduced in: 

coding phase

Source: Return on Investment for Independent Verification & Validation, NASA, 2004.
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What are we discussing today?
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Algorithms 
Development

• Sensing & 
Perception

• Planning & 
control

Simulation

• Tuning 
Parameters

• Visualization

Deployment

• Code 
Generation

• Hardware 
and Flight 
Tests

Data Import

• Data 
Logging & 
Processing

• Interactive 
Plots

Waypoint following
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Desktop Simulation
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Co-Simulation with QGroundControl
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Key takeaways

 Simulink as a platform for System level design of UAV

 Model environmental effects and 6DOF aircraft simulations

 Design autopilot and test its performance under simulated flight conditions 

 Deploy and test correctness of Flight Controller’s generated code



13

V Development Cycle

Requirements

Architecture

Flight Testing

System Level 
Integration and Test
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Model-Based Design

Model-in-Loop Simulations
Processor-in-Loop 

Simulations
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Hardware-in-Loop 
Simulations
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V Development Cycle
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Model-Based Design with 
MATLAB and Simulink

 Cost
– Minimize prototypes and 

rework

– Facilitates design reuse

 Schedule
– Shortens time-to-market

– Enhances team 
communication

 Performance
– Fosters innovation

– Improves quality

INTEGRATION

IMPLEMENTATION

DESIGN

T
E

S
T

 &
 V

E
R

IF
IC

A
T

IO
N

RESEARCH REQUIREMENTS
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Structured 
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VHDL, VerilogC, C++

Environment Models
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TEST 
SYSTEM
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SYSTEM
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Airnamics Develops Unmanned Aerial System for Close-
Range Filming with Model Based Design

Challenge
Design and develop an unmanned aerial camera 
motion system for close-range aerial filming

Solution
Use Model-Based Design with MATLAB and Simulink 
to accelerate the design, debugging, and 
implementation of the vehicle’s fly-by-wire and flight 
management system software

Results
 Development time reduced by one year or more
 Coding errors eliminated
 80% model reuse achieved

“With Model-Based Design our three-engineer team found more 

than 95% of control software bugs before the first flight. We 

used the test flights to increase our Simulink models’ fidelity and 

isolate remaining bugs with high precision. The result is a safer, 

more reliable, and higher-quality product.”

- Marko Thaler, Airnamics

Link to user story

Airnamics co-founders Marko Thaler and 
Zoran Bjelić with the R5 MSN1 prototype 
after its first flight.
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V Development Cycle

Requirements
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Requirements

Sample Requirements for the flight controller
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Integrate with requirements tools and author requirements 

Simulink Requirements

Authored Requirements

External Requirements

External 
Requirements

Requirements 
Managements 

Tools

• Import from:
• Word / Excel 
• IBM® Rational® 

DOORS® 
• ReqIF™ standard

• Update synchronizes 
changes from source

• Edit and add further 
details to import

• Author requirements 

• Export ReqIF
• Enables roundtrip with 

external tools 

Import

Update

Export



20

Roundtrip workflow with external tools thru ReqIF

Simulink Requirements

Authored Requirements

External Requirements

External 
Requirements

Requirements 
Managements 

Tools

• Import from:
• Word / Excel 
• IBM® Rational® 

DOORS® 
• ReqIF™ standard

• Update synchronizes 
changes from source

• Edit and add further 
details to import

• Author requirements 

• Export ReqIF
• Enables roundtrip with 

external tools 
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V Development Cycle

Requirements

Architecture

Flight Testing

System Level 
Integration and Test

Component Testing
Design

Implementation

Model-Based Design
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Connected

Facilitate Analysis Tackle Complexity

What goes into the bridge?

Be Intuitive Enable Implementation

Digital Thread for Traceability

ModelsConcepts/Descriptions
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MathWorks Solution: System Composer                 and

Requirements Coverage Reporting and Impact Analysis 

 

Simulink Requirements

MATLAB Simulink

Be Intuitive Facilitate Analysis Tackle Complexity Enable Implementation


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Electric UAV Architecture modeling using
Intuitively design system and software architectures

System Composer 
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System Composer
Perform trade studies based on data driven analysis to optimize architectures 

Add custom data Calculate mass roll-up data Create analysis model
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V Development Cycle

Requirements

Architecture

Flight Testing

System Level 
Integration and Test

Component Testing
Design

Implementation

Model-Based Design

Model-in-Loop Simulations
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Representing a UAV with a kinematic model 

Controlling and tuning the model using a 
waypoint following algorithm 

Visualizing the flight behavior and analyzing 
the flight data

Design using Simulink
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Representing a UAV with a kinematic model 

Controlling and tuning the model using a 
waypoint following algorithm 

Visualizing the flight behavior and analyzing 
the flight data

UAV Guidance Model Block

Waypoint Follower Block

UAV Animation Block
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Two approaches to Modeling

High Fidelity 
Simulation

Low Fidelity 
Simulation



31

Low Fidelity Simulation

UAV Guidance Model Block

Quick tuning and 
simulation results
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Low Fidelity Simulation for Fixed-Wing UAV
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High Fidelity 
Simulation

Test the parameters with 
environmental conditions

Low Fidelity 
Simulation
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High Fidelity 
Model

Plant Model

UAV Dynamics 
model

Weather Model

Actuator Model

Autopilot

Lateral Control

Longitudinal 
Control

High Fidelity 
Simulation

Test the parameters with 
environmental conditions

Low Fidelity 
Simulation

Built with Aerospace Blockset
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High-Fidelity Simulation Model
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Co-simulation with QGroundControl
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Intel Creates Dynamic Simulation Environment 
for Testing GNC Algorithms for Multirotor UAVs 

Challenge
Develop and test advanced control algorithms for 
existing and next-generation multirotor UAVs 

Solution
Use MATLAB and Simulink to model multirotor UAV 
dynamics, verify control algorithms via simulation, and 
evaluate control design ideas 

Results
 Complex calculations verified before flight testing
 Design ideas evaluated in days, not weeks
 Design iterations and testing time reduced

“Modeling and simulation with Simulink is the only way 

that we can get the results we need with the speed and 

quality that’s expected in our industry today. If we had to 

do everything by hand and rely solely on flight testing, we 

would require more bug fixing iterations and need more 

testing time per iteration. The problem would grow 

intractable. There’s no other way.”

- Jan Vervoorst, IntelLink to user story

The eight-rotor Intel® Falcon™ 8+.
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V Development Cycle

Requirements

Architecture

Flight Testing

System Level 
Integration and Test
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Software In the Loop (SIL) Testing

Test 
Vectors

Desktop Simulation
(on PC)

Results

Model

Object Code 
Execution (on PC)

Results

Generated 
Code Object File

Embedded
Coder

PC
Compiler

== ?

Compare

 Show equivalence, model to code

 Assess code execution time

 Collect code coverage
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V Development Cycle

Requirements

Architecture

Flight Testing

System Level 
Integration and Test

Component Testing
Design

Implementation

Model-Based Design

Processor-in-Loop 
Simulations
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Processor In the Loop (PIL) Testing

Test 
Vectors

Desktop Simulation
(on PC)

Results

Model

Object Code 
Execution (on target)

Results

Generated 
Code Object File

Embedded
Coder

Cross
Compiler

== ?

Compare

 Verify numerical equivalence

 Assess target execution time

 Collect on target code coverage
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Connection to Hardware
Raspberry Pi 3 Support

 Raspberry Pi 3 Model B offers 10 times the 
performance of the first Raspberry Pi

 Simulink support is now available for 
Windows, Mac OSX and Linux

 UDP Send and UDP Receive blocks let you 
communicate over Raspberry Pi 3’s 
integrated 802.11n wireless LAN

 Simulink support now makes use of the 
Jessi version of the Raspbian OS

Run Simulink models on Raspberry Pi 3 
hardware

» raspberrypi_communication

» raspberrypi_host_communication
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Embedded Coder Support Package for PX4 Autopilots

 Integration of the Pixhawk CMAKE build 
system with Embedded Coder

 Sensor/peripheral block library for inertial 
measurements, GPS, vehicle estimation, 
PWM output, and ADC and serial Rx/Tx

 View signal values and tune parameters 
in real time to interactively test behavior 
of generated code

Generate, build, and deploy Simulink 
models on Pixhawk flight controllers

Pixhawk 4 hardware
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Connection to Hardware
Simulink Support Package for Parrot Minidrones

 Lets you program a low-cost palm-sized reliable 
minidrone that is available worldwide

 Lets you learn more about Model-Based Design 
workflows from modeling to hardware deployment

 Aerospace Blockset provides a ready-to-fly example 
that you can use to get started in minutes

 Simulink Coder gives you access to C code 
generated for the flight controller

Design, simulate, and deploy algorithms 
to fly Parrot Minidrones  

 Introductory video (also on YouTube)

 Hardware Catalog Page: parrot 
Minidrones Support from Simulink
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V Development Cycle

Requirements

Architecture

Flight Testing

System Level 
Integration and Test

Component Testing
Design

Implementation

Model-Based Design

Hardware-in-Loop 
Simulations
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Hardware-in-the-loop (HIL) Simulation

Embedded Controller Hardware Target Computer Hardware

Wiring and Signal Conditioning
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Why HIL Simulations?

 Enables repeatable testing

 Avoid mechanical wear and tear and test boundary/extreme conditions

 Simulate faults and test fault tolerance of control system

 Can also ease path of certification by conducting exhaustive flight tests
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Simulink Real-Time
From Desktop Simulation to Real-Time Execution

Ethernet link 

1 Code Generation 2 Compile and Link 3 Download and Ready to Run

Automatic Code 
Generation1

Compiler2 .mldatx

Development Computer 
with MATLAB and Simulink

Target Computer 
Hardware
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Ethernet link

Target Computer 
Hardware

.dlm

Development Computer 
with MATLAB & Simulink

Development Computer 
with MATLAB & Simulink        

& Simulink Real-Time 
Target Computer 

Hardware            
from Speedgoat

Simulink Real-Time with Speedgoat
Real-time software environment + real-time target computer
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Real-Time Simulation and Testing
Complete Solution

MathWorks Simulink 
Real-Time

Speedgoat real-time target 
machines

Speedgoat I/O Modules and 
protocol support

Speedgoat driver library

FPGA-based solutions

MathWorks instrumentation

Toolboxes

Simscape/SimMechanics/Sim
PowerSystems

HDL Coder

MathWorks Kernel
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HIL Simulations - setup
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HIL Simulations Video
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Key takeaways

 Simulink as a platform for System level design of UAV

 Model environmental effects and 6DOF aircraft simulations

 Design autopilot and test its performance under simulated flight conditions 

 Deploy and test correctness of Flight Controller’s generated code
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Where is this UAV development heading?
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Autonomous quadcopters cooperate to build structures
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So, What’s your mission?
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Training Services
Exploit the full potential of MathWorks products

Flexible delivery options:
 Public training available in several cities

 Onsite training with standard or 
customized courses

 Web-based training with live, interactive 
instructor-led courses

More than 30 course offerings:
 Introductory and intermediate training on MATLAB, Simulink, 

Stateflow, code generation, and Polyspace products

 Specialized courses in control design, signal processing, parallel computing, 
code generation, communications, financial analysis, 
and other areas

www.mathworks.in/training
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Thank you!
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