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The Alenia Aermacchi M-346.

HAWK surface-to-air missile launch.

NASA'’s Ares | rocket.
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Airnamics co-founders Marko Thalerand Airbus A380, the world’s largest

Zoran Bjeli¢ with the R5 MSN1 prototype
after its first flight.

commercial aircraft.

Artist's rendition of Mars rover.

The IRIS observatory.

Graphics courtesy of NASA/JPL/Cornell.
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5 “The current trend in system design is an increasing level of E?*ﬁ&iﬁﬁ_(l\ﬂ B D)

- integration between aircraft functions and the systems that i

. implement them. While there can be considerable value galned . AR e

when integrating systems with other systems, the increased | #'FE || 2 # ot | CH+ f
" complexity yields increased possibilities for errors, 5 i

particularly with functions that are performed jointly across V

- multiple systems.” Simulink "

[ARP4754]

. “Modeling, simulation, and prototyping used during
architecture definition can significantly reduce the risk of
. failure in the finished system. Systems engineers use modeling

' techniques and simulation on large complex systems to Requirements Svstﬂ p—

' manage the risk of failure to meet system mission and . . = D — G4 =

performance requirements.”’ il o e -
[INCOSE] =
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Lear Delivers Quality Body Control Electronics
Faster Using Model-Based Design

xF

Challenge
Design, verify, and implement high-quality automotive
body control electronics

H Lear automotive body electronic
SOIUtlon control unit.

Use Model-Based Design to enable early and continuous
verification via simulation, SIL, and HIL testing

-?E;R*‘“‘ ] g.q:aﬁskﬁlj 2|'||] ‘—ﬁ Results ” ;
- \ We adopted Model-Based Design not
™ %i o /)‘ ]'I = Requirements validated early. Over 95% of issues

only to deliver better-quality systems

fixed before implementation, versus 30% previously faster, but because we believe it is a
| . s = Development time cut by 40%. 700,000 lines of code smart choice. Recently we wona
ReqU"ement-BaSed MBD TeStlng generated and test cases reused throughout the project that several of our competitors
development cycle declined to bid on because of its tight
e = Zero warranty issues reported gme. constramttst.hUsm.g .Moldzl-rBased
« Divide Specification into Workable e detmgn_,ﬂ\:ve . ble ongina e
Pieces. Requirements Re ateiWith NG proboi,

’ Jason Bauman
Lear Corporation

= |dentify Causes and Effects Oracle Link to user story
— Create Cause-Effect Graph

Test
Vectors

Expected

SEMREE

= Automatically generate
Requirement Based test vectors.

Implem
Mo
= Generate Expected Output Values

{100%

i C a
= Execute the test cases against the oyerage

Test Oracle for expected results Simulation
Output

Pass?
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External

Requirements Simulink Requirements . EANER:
I * Word / Excel
External Requirements . i

m . g IBM® Rational®
= Vs crs_req DOORS®
p— v & Importl References to crs_req.docx « ReglF™ standard
— B 1 Overview

VE 2 System overview o 5EXKIERLEF

»E 2.1 System inputs
2.2 Cruise control mode indicator
o~ ﬁ"l]ise st vnng_c;

« AMEEFR  R2019a

Authored Requirements o YRIBTER
z DF v 4 crs_req_func_spec
eq val Driver Switch Request Handling - EidReqlIFiaiL
e || e B e - . sz =
Req uirements @11 SWIiECh preceleence 5458 23 T AE4£2201%9a
E1.2 Avoid repeating commands

Man agements R20.| Qa > E 1.3 Long Switch recognition

Tools €14 Cancel Switch Detection

) =1 40T Tl Qur e DT e
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Requirements

& TransmissionReq : PR
vel Transmission Operating Modes Imp lemented A — Hy

E rmlz brake ., g%r
B1.1 Reverse cannot be entered from drive ‘:M o T2 :
| | By g =
612 Engine only starts in Park openthe GUI Veerasananandt
) input maneuver
wvehicle mph
(yellow)
V . f . d E Copyrigh 014 The MathWorks, Inc. & ot
erifie  — —
4 )
Test Case
’i Test Harness: basic_inport_outport - Simulink W
I n p u tS File Edit View Display Diagram Simulation Analysis Code Tools Help AS S eS S m e n tS
E-8 Cl = E— = ormal o | @ v|&
Scenario Test Harness

Signal 1

basic_inport_outpart ¥ M ixls 1
[ o /

— | | 3

Signal Editor

& u @ _H ) MAT / Excel Test
'\Q_IAT(/, EXC;)G' 1 - ) ’ File (baseline) Assessments
Ie In U shift_logic
p g v +| function customCriteria
| | Slmullnk Test » Perform custom criteria

1 test.verifyThat (test.sl

OB B UE®|e

\ Test Sequence
\

/ \_ MATLAB Unit Test /)
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Physical Modeling

Discrete-Event Systems

MATLAB EXPO 2019

Model-Based Design of Processes

Analyze Simulation
Statistics Toolbox
Simulink Control Design
Simulink Design Optim
MATLAB
Simulink
Optimize using
Genetic Algorithm
Global Optim Toolbox
Optimization Toolbox
MATLAB
Speed Up Analysis
& Optimization

Discrete Event
Processes
SimEvents
Simulink
MATLAB
Decision Logic
Stateflow
Simulink
MATLAB
Time and
Siralink Frequency
Imuin
Dynamics
System Identification
Toolbox
MATLAR

Parallel Computing Toolbox
MATLAB
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o ®notengaged I Lk U3 B o T borisignal)  anspressignaly i ) - 44 %4 c) Compute residual (Estimation Error)
1 Actuator 3 demand 26 [ foete tomer accustor raitare.  ssiatea fieis I e
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function [symbols,

welghts] =
% l-tap adaptive equalizer using LMS or RLE algorithm

gainectrl (rxsig, train)

‘{Enable_ComroHer = 0; Torque = 0;}

-| Start
(S e

% Equalizer settings 2
lambda = 0.99; e S", T -
_ Q. wingl [dTheta > 0] wingrig
De]l_ta = 0. l+DJ.' ; during: “during:
weights = 0+01; Torque = -TORQUE_LEVEL]  [dTheta < (0] . Torque = TORQUE_LEVEL |
A
for n = 1:length (rxsig) [Theta < THETA_WAIT]1 1[Theta < THETA_WAIT]
u = rxsign); % received sample "Wlait .
v = conj (weights) * u; O_lﬂ'heta > THETA_SWING] entry:
if n<=length(train) ¢ Torque = 0;
d = train(n); b =
1[Theta < THETA_BALANCING]
else = _ ~
d = detect (real (yv)) + 1lj*detect (imagiy)); Balancing
a entry:
en ) Enable_Controller = 1;
% Hingle-tap RLS [Theta > THETA SWING] exit:
Delta = 1/ {lambda/Delta + u*conj(u)); C= Enable_Controller= 0;
B J Rigid Rigid
= * .
G Delta v ) ) Solver Transform A Transform B
e =d - y: % @ymbol estimation error Stateflow Configuration
weights = weights + G*conj (e): FE =6 ‘4R‘\[E ] =
symbols (n) = v; flx)=0 ] . J"
end Ej
Mechanism ﬁﬁ' w
MATLAB Configuration SPS =t b Arm ' Mass
@‘1 Torque e
L icE— Simulink-PS  Revolute Joint
-’\\> Converter
Differential equation to solve:
®@" = (T - mgl*sin(®) - KO)(mI?) \World Frame
| dps s Theta
Measurements W E—
PS-Simulink
Torque Theta
- 1 1
sin K- — — dTheta i
D 4’> d2Theta | S |dTheta] | S | Theta —>{PS $ z
A
sin_Theta mal 1/mi*2 |_dTheta [_Theta e Measurements
4%, - dTheta
d2Theta
k >PS S
Add —
PS-Simulink
d2Theta
Simulink Simscape 12
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. . . . . Rigid Rigid
function [symbols, weights] = gainctrl (rxsig, train) Solver Transform A Transform B
% l-tap adaptive equallizer using LMS or RLE algorithm Configuration
FE
y————————[B =
% Equalizer settings q
lanbda = 0.99; Mechanism & v
Delta = 0.1401i; Configuration >t b ' Am ' Mass
. _ s, F<§‘-\\ Torque L
weights = 0+0i; [ Simulink-PS  Revolute Joint
s Converter
for n = l:lengthirzsig)
u = rxsig(n); % received sample World Frame
. . B Theta
y = con] (welights) * u; >{PS S
; : A== W g —] —»
if n<=lengthitrain) 7 PS_Smmdink C Code
d = train(n);: Theta
else dThet
) . >{PS § : H
d = detect (real (y)) + 1j*detect (imag(y)): —> M "
_ easurements
and PS-Simulink C++ Code
. dThet:
% Bingle-tap RLS eta

. d2Theta
Delta = 1/ (lambda/Delta + u*conjiu)): . .f. d
Unifie

= =
G Delta u;i PS-Simulink

e =d - y: % symbol estimation error d2Theta . HDL COde
weights = weights + G*coni(e): Slmscape representatlon

symbols (n) = v

=ne PLC Code
MATLAB

¥
Di"fferential efljlation t‘z SOIVE:Q {Enable_Controller = 0; Torque = 0;} FI n d d eSIQ n
@" = (T -mgl*sin(®) - K@) (mI<)
< (T [dTheta=0] -~ errors
4" Measurements]
Swingleft ] dTheta > 0 SW\ngr\ght M th l I l t I
% s during: [dTheta = 0] | during: a e a I Ca
d2Theta dTheta Theta Torque = -TORQUE_LEVELY  [¢Theta<0] | Torque = TORQUE_LEVEL] . Test cases
h mgl 1/mir2
sin_Theta | dTheta |_Theta e e n g I n eS
k . o
Add . Fixed-point
1 [Theta < THETA_BALANCING] auto scalin g
Simulink
Enable_Controller = 1;
[Theta > THETA_SWING] exit
O‘ Enable_Confroller = 0;
Stateflow
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SIL and PIL

Non-Real-Time Synchronization
with Host at Each Time Step
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FEIRIGUE In—Loop Verification

[C] systemModel _ O]
File Edit View Simulaton Format Tools Help
D SHE|+t 28| 4|22 » =[00  [Noma | BB E |
MyAlgorithm
v (PIL)
le:l input output Plant > eﬂ
n Model
TeaolE Verification
Ready 0% lode45 o

Execution History
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Logged signal results comparison

Code coverage
Execution timing
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FEIRGUE In—Loop Verification
HIL, Rapid Prototyping
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[C] systemModel _ O]
File Edit View Simulaton Format Tools Help
D SHE|+t 28| 4|22 » =[00  [Noma | BB E |
M emd Controller | Plant X
7 Model Model (.
Test Suite Verification
Code
Generation
Ready 100% 'e43 S
Logging and
Tuning via Host
1100101
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Hard Real-Time Execution

16



4\ MathWorks:

FEIRIGUE In—Loop Verification

FIL, Test Bench Simulation

L
Simulink Test Bench g

Output
response
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Component and system

IEC 61508
1ISO 26262
IEC 62405
EN 50128

DO-178C
DO-254
DO-331
DO-333
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Equivalence

testing testing
_______________________________
ezl ) S~< - i =~
e N Review and ——s o7 e Equwalence S
¢ N ; e 27NN ", S, checking N,
V \ static analysis & \ N " ¥
\

Textual
Requirements

Modelling

Requirements

Validation

Design
Verification
Compliance

generation

Model used for
Executable .
Specification ‘ production code P

Generation

\

1
Generated Object
C/C++code code

Compilation

and Linking

Source Code Code on

Target

Design

Conformance

Source Code
Conformance

Source Code
Verification

Compliance

Compliance

Object
Code

Object Code
Verification
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Deployment

A MODEL CHECKING EXAMPLE - SOLVING SUDOKU
USING SIMULINK DESIGN VERIFIER

By Walter A. Storm, Lockheed Martin Aeronautics Company A User’s Experience with Simulink® and Stateflq

Real-Time Embedded Applications

Fleet Modeling

sy-to-understand application of formal methods—
. in example based on the popular game Sudoku, |
Technology Evaluation s of s tecinology ss implemented within

ent for Model-Based Design. The overarching

CHEE T COMSIEr S S SETOgy Ot game to real-world constraint problems.

INTRODUCTION

Sudoku s a logic-based number-placement puzzle. The objective is to populate a 9x9
. grid 50 that each column, row, and 3x3 box contains a single instance of the digits 1-9.
System Requirements The game starts with 3 partially completed grid, and the solution to the puzzle is the
arrangement of digits that meet the single-instance criteria.

The Sudoku grid is analogous to the complex finite state machines (often implemented
as hybrid control automata) that are responsible for executing the modes and behaviors

) Acceptance and
Deployment

of emerging software systems. As the grid is populated, the temporary switching and

o
storing of digits is representative of the various states and modes that the system can [
enter at any given time. The alteration of the grid is a result of the environment in
. which the system operates.
Modeling Standards
hore orticles ond subscribe ot mafwor The strategy behind using a model checker to solve a Sudoku puzzle is this: formulate a
logical proposition that suggests, given an initial state, no cases exist that meet all
A:celernting NASA GN&C thh' Soffware Developmem Sudoku r The resultant is a solution to the puzzle.
By Scot Tambyn and ot Heney, NASA, s o Raps Lockbeod Martin
0 o
Ttrany FORMALIZING THE REQUIREMENTS
e “:"‘:“‘_:";,“':‘;::“‘}:’ ey Our approach to the Sudoku example is to first formalize the requirements of the game
dorin arge part 0 2 mew developencnt apprinach wiing Model- Besed D, as a graphical model in Simulink (Figure 1). This formalization consists of an initial board
e : danaly he behavioe and an input vector that the puzzle’s lly, all the blank
e s e, i COR, ot 0 spaces to which a digit can be assigned. System-level
" - 1 gn ;
b e s o ok W e = Integration and Test

The G NASA, Lockheed Martin, and other

cwatractors.

concurrenty. Simsslink” midcl serve 43 an executable specificatio froem which Bight software s sutomatically enerated. A« a result, the
GNAC

be toterpreted by software developers (Figure 1)

TheMatiinka NewsNoes

Lockheed Martin

Develops a Tool for 3D Antenna
Data Visudlization

FIGURE 1 - MODEL OF SUDOKU REQUIREMENTS.

HDL Verification

Subsystem

em Design Integration and Test

Production Code
Generation

Antenna Subsystem
Design

DUV

MQTLQB EXPD 2019 Subsystem Implementation
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