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1EIATLADE ... AGV (Automated Ground Vehicle)
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for Industrial Robots

Challenge

Shorten development times for laser-based
perception, computer vision, fleet management, and
control algorithms used in industrial robots

Solution

Israel Aerospace Industries Develops DO-178B Level B
Certified Software for a Hybrid-Electric Aircraft Tractor

Challenge
Develop control software for the world’s first certified
aircraft-taxiing vehicle

Solution
Use Model-Based Design to model the control loops,
application logic, and plant; run simulations and HIL
tests; and generate DO-178B certified production
code
Results

= Development time halved

= 50% of models reused

= DO-178B certification simplified

visualize ROS data,
ly the latest advances
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Clearpath Robotics Accelerates Algorithm Development

 \

An OTTO self-driving vehicle from Clearpath Robotics.

‘ROS is good for robotics research and development, but not for
data analysis. MATLAB, on the other hand, is not only a data
analysis tool, it's a data visualization and hardware interface
tool as well, so it's an excellent complement to ROS in many
ways.”

- llia Baranov, Clearpath Robotics

https://jp.mathworks.com/company/user_stories/clearpath-robotics-

accelerates-algorithm-development-for-industrial-robots.html..html

The TaxiBot from lsrael Aerospace Industries

“We initially intended to develop only control loops with Model-
Based Design, but the process proved so efficient that we
decided to use Model-Based Design for the application layer as
well. Being able to run a model, see that it's working right, and
then generate certifiable code is a big advantage.”

- Zeev Gabbin, Israel Aerospace Industries

https://jp.mathworks.com/company/user_stories/israel-aerospace-industries-

develops-do-178b-level-b-certified-software-for-a-hybrid-electric-aircraft-tractor.html
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BIATFLADER...UAV (Unmanned Air Vehicle)

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 Modei-Bg
than 95% of co
used the test fi
isolate remainil

more reliable, 4
- Marko Thaler, 4

https://jp.mathworks.com/company/user_stories/airnamics-develops-

unmanned-aerial-system-for-close-range-filming-with-model-based-design.html
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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 A Korean Air unmanned aerial vehicle.
= 100% of run-time errors in handwritten code “The model reuse and efficiency improvements enabled by
identified and eliminated MATLAB and Simulink save time and lower costs. We estimate
= Development effort reduced by 60% a time savings of more than 50% is achievable with Model-
= Costly flight tests minimized Based Design compared with hand-coding, and the advantages

of Model-Based Design increase with the complexity of the

project.”
= Jungno MOOH, Korean Air

4\ MathWorks

https://jp.mathworks.com/company/user_stories/korean-air-speeds-uav-flight-

control-software-development-and-verification-with-model-based-design.html
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DO Qualification Kit

- DO-178C/DO-331##&ED-/7J0—-

- Y=ILERET IV — )V B RZ 1R

- TAM —ADETIVED-R TANFE TANERD

AADORFIAT

=Rk (UAME)

- TANT=ZADYYE>Y - NL—HEFT 1 DA

DO Qualification Kit
Model-Based Design Workflow for DO-178C

v
MATLAB&SIMULINK

DO Qualification Kit

Simulink® Test™
Test Cases and Procedures

SRl

Plans Test Cases Requirements
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= = SOURCE CODE Verif

Simulink Report Generator

Model Advisor Compile & Build

Requirements
Traceability Report Conformance Report
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OBJECT CODE

Document

Simulation  Model Coverage
Report

Report

Simulink Coverage - Code Coverage

>
Embedded Coder (PIL) /

Code Inspection PolySpace Code Coverage
Report
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Simulink
Stateflow
SimEvents
Simscape

Simulink Test

- =

Trace

Simulink Check
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BTV VRHEFED-JJ0-
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— — — > REQUIREMENTS

Simulink Requirements

MODELS

File  Edit

B

(@ Model Advisor - untitled

Run  Settings Highlighting  Help

Pl I —

O
~ m

Simulink Check
Conformance

.-l
o Yo

L]
‘e

~

v Model Advisor

(& By Product
[ By Tesk
[W] £ Code Generation Efficiency
[] C Data Transfer Efficiency
[J & Frequency Response Estimation
[W] £ Managing Data Store Memory Blocks
[ Managing Library Links And Variants
[J & Mmigrating to Simplified Initialization mode:
[W] = Model Metrics
[W] £ Model Referencing
[W] £ Modeling Guidelines for MISRA C:2012
[W] £ Modeling Physical Systems
[W] & Modeling Signals and Parameters using Buses
[J £ Modeling Single-Precision Systems
[W] £ Modeling Standards for DO-178C/D0-331
[J &1 *Check model object names
[J 5] ~Display model version information
[5] Check safety-related optimization settings
[Z] Check safety-related code generation settings
7] [5] Check for variant blocks with ‘Generate preprocessor condition:

ETNTRINA5—

ETIIRERFIV)

ETIWAPITR

ETIWI7I5V>Y

] [5] *Check sample times and tasking mode
7 (5] Check solver for code generation
7 5] Check the hardware implementation

A RSA SEHUIZE
TIVECHR(CIRO TS
LR

ETILRERICE®E
BRIz REAFER

ETIOYAX, 1852,
a4 EESLLTE
TIORBEZAIE

SLs
oo

54730 0vI(CEHA
UCEBHAMEZR

WEEUZET IV E

] £ Requirements Traceability

[=] Check for blocks that do not link to requirements.

[5] 1dentify requirement links that specify invalid locations with
[=] Identify requirement links with missing documents

[=] 1dentify requirement links with path type inconsistent with
[] dentify selection-based links having description fields that
7 3 Model Diagnostic Settings

i] 2 Simulink

] & Stateflow

7 23 Library Links

GUIOEFNF IV
i« HEMEIE
- LR— MR

-+ DASAFTYIEN
HEm e

[Smulink 1/0 TREEEEE] L. HTF0Fe-TTAREMNTIEE.
*pouir

Ll | WBPhUa
D Statefow Fr- 1T Simulink 10 TREETEE SERLTE

u_control system venfiact control

ANIIZAYS3R—R

« P—F¥70Fv
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Ex¥_ﬂ L
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7 51 Model Referencing

7 [ Bug Reports

[Z] Display bug reports for DO Qualification Kit

[=] Display bug reports for Embedded Coder

[=] Display bug reports for Polyspace Code Prover

[] Display bug reports for Polyspace Bug Finder

[5] Display bug reports for Simulink Code Inspector

[E] Display bug reports for Simulink Report Generator

[=] Display bug reports for Simulink Verification and Validation
[=] Display bug reports for Simulink Test

3 Modeling Standards for EN 50128

3 Modeling Standards for IEC 61508

or

on Advisor

idvisor

Modeling Standards for DO-178C/D0O-331

Model Advisor
Analysis

Contains checks for safety critical or mission critical code generation

Run Selected Checks'

[ Shew report after run
Report

Report: Generate Report...| ...\report_460.html
Date/Time: Not Applicable
summary: @ Pass: 0

Q o

b Warning: 0 5] Not Run: 69

Tips

To process all enabled items in this folder and generate a new report, dick "Run Selected
Checks™.

Right-click to select or deslect all items in this folder.

To automatically display the report after processing, select "Show report after run”,
To display the last report generated, click the "Report” path link

For a list of all possible actions, right-click an item in the Task Hierarchy.

To show or hide By Product folder, select or clear "Show By Product Folder” in the Settings
> Preferences dialog box.

To show ar hide By Task folder, select or ciear "Show By Task Folder" in the Settings >
Preferences dialog box.

Legend

~ Running this check triggers an Update Diagram.
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Supported coverage types

Decision coverage
Condition coverage
MC/DC

Lookup table coverage
Signal range coverage
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Polyspace Bug Finder
B \JF&H - 01— RAREY -
t:\‘—:LUT{HfL%% - X I\U’]Zﬁﬂﬁ

VIV RHFED—JJ0-

l’(/oid Corrected_partial lvwrittenarray(void) - » MODELS
Lt tablsl = (0,1, 2,3, 41 /’
W\ /
[ ] } \0 *ﬁtlj / Polyspace BF
=5 N2 Trace | Generate Code Conformance Verif
i Trace | Verify
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— MISRA-CHHL T~ - SOURCE CODE
- EFIUFT HEES1E
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Polyspace Code Prover
DI/ & IT—D
F1E/ANx%5EHA

static woid pointer arithmetic (woid) {
“ int arravy[100]:
- - int #*p = array;
JU->  IEE - v
Y—A0—Fi"E4¢ 5. int i;
. _ for (1 = 0; i < 100; i++) {
L”?I" : I?— B \12 = [P S
FTENSRII P AT~ B+ variable I’ (int32): [0 . 99]
} assignment of ‘I' (int32): [1 .. 100]
H— = FyRra—Rk if (get bus status{) > 0) { Eﬂﬁiﬂﬁ
| if (get_oil pressure() > 0) {
X W—JLFuT
\“\k *p = 53
e} elae [
ALY% : Unproven| i

EH AT ATS— }
. }

i = get bus statusa():

JX=7)b : Violation _if (i >=10) {

MISRA-C/C++, JSF++ ~ *(p - i¥= 10;
______________________________ | .

}
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—EIDEESET LT U ACIFEOREFSHDET. OpenssL S TSURSEEELT
C f Common Weakness Enumeratlon THROEETRITNER0FEEA.
—

FESTILOUR AN EEELSS. MES RO REOERNHETDINECLoT. T

Fa nY
O mgatins = 7 TUA L EE:M E:";issi:‘”;“‘Remﬂ";L:‘Crymaph‘i’:';'t':‘; Hews || seaet HEIE Frik
Encryption algorithm of 'EVP_Encryptlm—ms—ms"s Msure a suffident security level, T FLUIFBIEN. Z2THILEEBSNTLETILTVALERERLET.
The Encrypted data can be retrieved. = L& RiE. EEBSIEEE (AES) FELZEFANSHTLEESFILOUILTT.
IUse a strong cipher with a strong mode, for example, AES with CBC mode. ':...m..n, |
B does not implement a required step in a cryptographic algorithm, resulting in weaker encryption
SR FrAll A31-7 T foo oy ihat algorth. > DESFLIAULLOEM
1 Call to EVP des che Semrity. . bug prmdpherweakﬁipher{} 1143 'z;rr;ilsg:;;alions should follow the algorithms that define them exactly, otherwise encryption can R
— — ' — e Platforms o -
2 Assignment to local pointer 'ciph’ security.c bug_cryptocipherweakcpher) 1148 Z:—le ;_jlu,a
RERLAES 7L TUF L security.c  bug_cryptocipherweakcipher() 1149 F?ﬂiﬁ?"“‘“ im0
rr——— % [ S S HEX: crypto_cipher_wesk_cipher

If the cryptographic algorithm s used for authentication and authorization, then an attacker |
could gain unauthorized access t
Confidentiality Tachnical Impact: Read application data; Moty appication data [ '

https://cwe.mitre.org/data/defi n|t|ons/325 html7browser F1heLD'
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Simulink Checks:
s BT RINAH—(CLBI—)VEMTF Y

Simulink Coverage:
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 Simulink Test:
e MIL. SIL. HILIC&AERIRE

« Simulink Design Verifier:
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« TANT-ZBE#ERK
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- Embedded Coder:
« C/C++Y—-RAI—RBE&ERL
« VY-ZOA-REEFIDOR—BEYT/
« PILE—RCKB4REIE

« Simulink Code Inspector:
o Y—2J—REET I OFMIEAREE

« Polyspace Bug Finder:
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« TFIUTHA RS ERDESE (CERT C. CWE)

- Polyspace Code Prover:
s ERFAILLDIOAM LTSRS

« Simulink Report Generator:
« FREEVIDERK

4\ MathWorks

38



4\ MathWorks

' DO-178CES;&E1— 5=/

DO-178B Level A certified

SR \,:mxmjb;;

Bell 525:Bell Helicopter Develops World’s First Commercial Fly-by-Wire Helicopter
* Hardware Integration time cut by 90% from 10 weeks to 1 week.
* EC generates the right code, and SLCI guarantee that it is traceable to the model.

“We have the same high level of confidence in the quality of the generated code as in the
code created using our traditional manual processes” Read User Story

AWG609: Augusta Westland Develops the First Civilian Tiltrotor, Using MBD DO-178B Level A
* Full collaboration with suppliers via Simulink models under certification
* Flight control system code generated automatically from models
* 40% improvement in design and development time
* Flawless first flight, which went exactly like the simulation Read Technical Article

M-346: Alenia Aermacchi Develops Autopilot Software with MBD
* Requirements review for certification up to 30% shorter DO-178B Level A certified
* Low-level certification activities automated

* Time-to-flight reduced by 20%

“Result is higher quality, DO-178B certified SW, and faster iterations.” Read User Story
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http://www.mathworks.com/company/user_stories/alenia-aermacchi-develops-autopilot-software-for-do-178b-level-a-certification.html
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