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Key Takeaways

1. Model-Based Design increases productivity for development of certified systems

2. Asingle development environment for System on a Chip
3. Qualified tools that span ARP 4754A, DO-178C and DO-254
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Certification is Difficult

Comply with regulatory guidance

Requirements
Allocation to

Software Life Cycle
Process
(DO-178C)

Coordinate between engineering domains

Processes
P 4754A)

ép 4761 Safety AssE3

Allocation to
Hardwarf

l Requirements

Provide evidence
To regulators

Hardware Design

Information Exchange
Between Software
And Hardware

(DO-254)

Life Cycle Process

LAB BXIPO

&\ MathWorks



Solution - Model-Based Design

S
GUIDANCE REQUIREMENTS 4
ARCHITECTURE & DESIGN
Environment Models
_|
SyStemS Physical Components 4 E,n)
. —
Domain o
Algorithms <
p
) T Evidence
>
3
£ L Y O
IMPLEMENTATION =z
Hardware <
C, C++ VHDL, Verilog
&
Software MCU | DSP FPGA | ASIC ST
: SYS
Domains \ y Y_EMJ
INTEGRATION «
.

LAB BXIPO &\ MathWorks



System Model Development
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System Level Architecture Model of Helicopter Flight Controls

System Architecture
Components

= Plant Models

= Physical Items

- Digital Hardware Items
= Software Items

= Redundancy
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System Requirements to Architecture Traceability

¥ Properties
Type: Functicnal 7
Index: 1.3.6

Custom ID: | SR_6

Summary: |AJ:t'|tude Rate Tracking Performance

_ Flight Controd Computer

Description Rationale

iy |mssheipig2 ~[10 ~|B r U A

R

error, rise time of 2 seconds (+/-0.5), maximum of 10% overshoot.

The control system shall track set point changes in theta and phi within
steady-state error, rise time of 2 seconds (+/-0.5), maximum of 10% owvershoo
control system shall track set point changes in r within 0.5 degree/sec steady-si

1 degrg

Keywords:

} Revision information: a
®
¥ Links \e
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=l 4= Implemented by: \\

| Flight Control Computer

=l 4= Refined by:
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Flight Control Computer Architecture for Xilinx Zyng SoC
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Allocation of System Requirements to Software — CPU View

Wcru

BusDataProcessing * 0 AHR SVoter * [ OuterLoop = [ | =
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Allocation of System Requirements to Hardware — FPGA View
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Plant Models can be used with System Composer Components

Force Source

s r~
. . . |
Electrohydraulic Actuator with Proportional Valve 5. o < - ‘
This example shows an actuator that consists of a proportional Load
4-way directional valve driving a double-acting hydraulic cylinder. ® - o Force
The cylinder drives a load consisting of a mass, viscous and R c
Coulomb friction, constant force, and a spring. The actuator is 4 C R R,\MC 74
powered by a variable-displacement, pressure-compensated pump, A o %
driven by a constant velocity motor. Pipelines between the valve, A
cylinder, pump, and the tank are simulated with the m < ® I §
Hydraulic Pipeline blocks. R c 0.1
Pipe_A Pipe_B Friction .
e o T zero offset

C
—RA)VWD

Motion Sensor

piston
{75 T T
] A
D T
- c
valve % s Model: actuator
Proportional o & Power Unit Model Version: 1.107
Valve Actuator 5 owe Last Modified: Mon Oct 21 11:11:35 2019
2
f(x)=0 S Copyright 2019 The MathWorks, Inc.
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Software and Hardware Model Development
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DO-178 and DO-254 Processes Using Models

—
gum—

[ REQUIREMENTS REQUIREMENTS ]

l
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I‘_ _’I HDL Code
[ Source Code (Detailed Design) ]
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[ Software

—
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Trace Models to Requirements

bi ActuatorLoop - Simulink

SIMULATION

REQUIREMENTS X

c©

. i )
5 @ e L Import | 2% Highlight Links @) o<
Save All | Requirements New 1 Open H Layout Check Share
- Editor Requirement Set Consistency =
FILE EDIT REQUIREMENT SET VISUALIZE AMALYZE SHARE
ActuatorLoop
®
Wodel Narme: ActuatorLoap
Model Versian: 1.34 ‘o
Last Madified: Sat Jan 25 12:20:13 2020 .
Q Copyright 2019 The Math\Warks, Inc \
o Subv) & Subd implement artiwingup of integrator \
subd
=+ (e
(|
singie|0. 1132768
positionieedback TypaComergiant - = actuatorcomemand
“aling single(-0.3] 1o singl Scaing?
singie(0. 113276E
i
Sealing1
]
» \\
. L]
Requirements - ActuatorLoop L4
view: [Requirements v | | (% 3| @ |E|[E]||ZE]| | & L2 (=

N

~
v = 13 CY e High-Level Hardware Requirements High-Level Hardware Reguirements = = perived from:
El 131 * \ HR_1 Hydraulic Actuator Feedback .
=l SR_4 Hydraulic Actuator Control Loop
E 132 HR_2 Hydraulic Actuator Drive
B 133 0 HR_3 Hydraulic Actuator Loop Control S Implemented by:
E 134 HR_4 Hydraulic Actuator Command .
- : T Gain
¥ [ S e
Ready 79% FixedStepDiscrete 3

Property Inspector ¥ x

Reguirement: HR_3

Details
~
* Properties
Type: Functicnal &7
Index: 133

Custom ID: | HR_3 |

Summary: | Hydraulic Actuator Loop Control |

Description

Rationale

Each hydraulic actuator loop shall be X
implemented as a proportional/
integral/derivative (PID) control loop
operating at 1 millisecond frame rate.

The proportional gain shall be 0.135,

The integral gain shall be 0.00122.

The derivative gain shall be -0.00134.

The derivative filter coefficient shall be
0.0157 A

Keywords:

» Revision information:

* Links
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Verify Conformance to

Model Standards

SIMULATION

= id
[

5 B

Ei

©)

Embedded Fixed-Point Requirements Coverage Simulink Polyspace DO Qualification HDL Maodel e
Add-Ons = Coder Tool Manager Analyzer Test Code Verifier Kit Coder Advisor
APPS
ActuatorLoop
@
@ & Model Advisor - ActuatorLoop Ch\Users\bpotter\MATLAB\Projects\HDL_Example_Project\toclsichecks\DO234_Checks.mat () - O
£ File Edit Run Settings Highlighting Help o
= BP S m 0 e \,0
Modeling Stan ro0-254
¥ Model Advisor %
= v [ LA By Task M e@r
s
(Bl v [E8 Modeling Standards for DO-254 AR
o “Display model version information . » . . i
" ) ntains checks for safety critical or mission critical code generation
IC&y High-Integrity Systems
IC% Library Links J
IC& Model Referencing 6 Run Selected Checks
ICg Requirements Consistency
- 8 HDL Coder [ show report after run
@ Checks for blocks and block settings ‘ Repart
hd @ Industry standard checks
— . o Check VHDL file extension Report: Generate Report...| ...\report_2.html
e m S0y ingl Date/Time: 04-Feb-2020 06:54:44 —( 1)
positionfeedback TypeConversioni L— rtnames Summary: @ Pass: 89 @ Fail:0 A\ Warning: 1 [=] Not Run: 0 ctuatorcommand
r—— Tips
- int16 .- singla »lsingl To process all enabled items in this folder and generate a new report, click "Run Selected
positioncommand TypeConversion2 — generics Checks”.
neck clock, reset, and enable signals Right-click to select or deselect all items in this folder.
Check architecture name To automatically display the report after processing, select "Show report after run™
Check entity and architecture To display the last report generated, dick the "Report” path link.
0 Check clock settings For a list of all possible actions, right-click an item in the Task Hierarchy.
I3 Model configuration checks To show or hide By Product folder, select or dear "Show By Product Folder” in the Settings =
IC§ Native Floating Point checks Preferences dialog box.
[C§ Cnecks for ports and subsystems - T T T ' T T T T T
(@A Help
»
Readv 109% FixedStenDiscrete
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Perform Formal Analysis on Models

P’ﬁ ActuaterLoop - Simulink

SIMULATION

DESIGN VERIFIER x

& @ ‘o > | @
: . ActuatorLoo Earli -
Design Error Error Detection = = y Detect Load Earlier
Detection « Settings * Target lA Check Compatibilig] Design Errors = Results
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'D'E ActuatorLoop - Simulink

SIMULATION

£ =

ntegrated Requirements, Simulation & Model Coverage Analysis

'bi ActuatorLoop ™ - Simulink

SIMULATION

|5 Requirements Editor

File Edit Display Analysis Report Help
&OE = i S

View: Reguirements ~

K]
¥

Index D Summary
v h, HelicopterHardwareRequirements
¥ 51 HelicopterHardwareRequirements Requirements for an FPGA actuator lo,
E 11 Introduction Introduction
E 1.2 System Description System Description
¥ E 13 High-Level Hardware Reguirements  High-Level Hardware Require: @

E 1.3.1 HR_1 Hydraulic Actuato il
= 1.3.2 HR_2 Hydraulic Actues:
B 133 HR_3 Hydraulic | N Control
= 1.34 HR_4 Hydrauli r Ccommand

|hj HelicopterSystemReguirements

0_0

COVERAGE x DESIGN VERIFIER

st Manager

TESTS
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New Open | Save B Copy
FILE

QCELEILEE  Results and Artifacts
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Get Requirements Simulink Coverage Todel > <]£,L (e > i Q}
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ActugtorLoop
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Delete TestSpec  Run  Run with Parallel Visualize Preferences Help
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ctuator Control Test » ChirpFrequency

Actl oopTest »

esponse Simulation
Select releases for simulation: | Current
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HR_3: Hydraulic Actuater Loop Control (HelicopterHardwareRequirements#8)

* SYSTEM UNDER TEST
= Model: | ActuatorControlLoop mRAC
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Simulation Test
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SIMULATION

DESIGN VERIFIER x

Test Generation for Missing Coverage

b o - ;
oxd s G -
&&g RESULTS

4 Analyze
o Actuatorl 4
Test Advisor | Test Generation = - Generate
Generation « Settings = Target Model = @ Check Compatibility Tests =
MODE QREPARE ANALYZE
ActuatorLoop
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& S
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System Level Simulation
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Provide Verified Models from Software (DO-178C) and Hardware
(DO-254) Processes back to Systems (ARP 4754)

Hardware Item Allocation Software Item Allocation
Hardware Software
Allocation Allocation
Model Model
Configuration Set Configgra}tion Set
Chip Architecture Refine Refine Data Dictionary
Fixed Point CPU Architecture

Hardware Software
Design Verify Design
Feedback to Modol Model Feedback to

Systems Process Systems Process
for verification for verification
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System Simulation using Design Models

System Response

Software and Hardware Design Models

4\ Test Manager
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Software and Hardware Implementation
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Generate C and VHDL Code and Deploy to SoC

C code VHDL code

#L, FCC - Simulink

SIMULATION hd b SYSTEM ON CHIP
Hardware Board @
ZedBoard v | Configure, Build = Hardware
& Deploy settings v
HARDWARE BOARD BUILD & DEPLOY SETTINGS
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C Code Generation and Traceability Report

'Pﬁ AHRS_voter * - Simulink

SIMULATION DEBUG MODELING FORMAT SYSTEM ON CHIP APPS C CODE X _

— . xR
. g @ — = L o:g
{ CJ 0 7, Code for = =] [ OpenReport ~ L¥
Embedded Quick C/C++ Code Settings | AHRS voter Generate View % Remove Highlighting Verify Share
CCode = Start Advisor « - Code « Code Code = -
—
OUTPUT ASSISTANCE PREPARE GENERATE CODE RESULIS VERIFY SHARE
@ Web Browser - AHRS_voter_chtml — O X Code Generation Report -
AHRS_voter_contents.html AHRS_voter_chtml + BHOBEO ~ h < (el l:l # ¥ Match Case
@ #h | Location: EXPO_Project/DO178Software/DO_04_Code/specification/slprj/ert/AHRS _voter/html/AHRS _voter_chtml Contents Traceable Simulink Blocks / Stateflow Objects / MATLAB Functions
95 case 3: -
96 /* Outputs for IfAction SubSystem: '<Root>/Mid_Value' incorporates: Summary, Root system: AHRS voter
97 *  ActionPort: '<S3>/Action Port' Subsystem Report
98 * Traceability Report Object Name Code Location
99 * Block requirements fc.vr' '<Root>{'Mid_VaLue'; . ) Static Code Metrics Report <Root>/Avg_Value AHRS voter.c:391, 394, 481
lee * 1. HLR_11: AHRS Voting for Triple Sensors (HelicopterSoftwareRequirements#15) <Root>/Defaut AHRS voter.c:575, 582
. Code Replacements Report — —
le1 / _ <Root>/Merge AHRS voter.c:40, 50, 52, 57, 58, 61
1e2 /* MinMax: '<S3>/MinMax' Coder Assumptions AHRS voterh:82, 83
ies * <Root>/Mid Value AHRS voter.c:96, 39, 387
104 * Block requirements for '<S3>/MinMax': Generated Code <Root>/Single Value AHRS voter.c:485, 488, 571
1es * 1. HLR_11: AHRS Voting for Triple Sensors (HelicopterSoftwareRequirements#15) [-1Model files <Root>/Sum AHRS voter.c:84, 89, 92, 93
les */ AHRS voter.c <Root>/Switch Case AHRS voter.c:82, 86, 92, 95, 390, 484, 586
107 if (rtu_AHRS1->theta < rtu_AHRS2->theta) { AHRS voterh
1e8 localB->y = rtu_AHRS1->theta; . Subsystem: AHRS voter/Avg_Value
189 } else { [+] shared files (1)
i1e localB-»y = rtu_AHRS2->theta; [+1 Other files (1) Object Name Code Location
111 } <S1>/Action Port AHRS voter.c:392
112 <S1>/Constant AHRS voter.c:20, 398, 403, 414, 421, 426, 437, 444, 449, 460
113 /% MinMax: '<S3>/MinMax1’' AHRS voter.h:70, 71
114 * <S81>/Gain AHRS voter.c:25, 466, 469, 475, 476, 480
115 * Block requirements for '<S3>/MinMax1': AHRS voterh:73, 74
116 * 1. HLR_11: AHRS Voting for Triple Sensors (HelicopterSoftwareRequirements#15) <S1>/Sum AHRS voter.c:467, 472, 476, 477
117 */ - <S1>/Switch AHRS voter.c:397, 400, 406, 407, 408, 409, 410, 411, 413,414, 418
O Type here to search ) S} QP 1 ) )
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C Code Inspection and Formal Analysis

*ﬁ AHRS_voter - Simulink

SIMULATION DEBUG MODELING FORMAT APPS I
eS &
Get Embedded Polyspace Requirements
Add-Ons = Coder Code Verifie Manager

| ENVIRONMENT

@ Web Browser - Simulink Code Inspector Report for ActuatorLoop.slx — O X

| Simulink Code Inspector Report for ActuatorLoop.skx |+ | HOBO
oS @ | Location: -/DO_04_Code/verification/code_reviews/ActuatorLoop/ActuatorLoop, >

Code Verification Results : Verified \'\

- . - . Table 1.1. Code Metrics S
Function Interface Verification Results : Verified e able ode Metrics Summary
Polyspace Code Metrics
Function Status Details 6 Pass/Fail
ActuatorLoop_Disable Verified - \o Table 1.2. Coding Standard Summary - MISRA C:2012 Guidelines

ActuatorLoop_initialize Verified - % @y _
ActuatorLoop Veriﬁﬁo Vielations 6 !
Pass/Fail
o Table 1.3. Run-Time Checks Summary &
é Results : Verified

Model To Code Verific
\J

Number of Red Checks 1]
Status i Number of Gray Checks 6 0
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odel objects with status Verified : Number of Green Checks . \e b
Proven \ 100.0%
Pass/Fail @

Table 1.4. Gloj# I 2%alle Summary

[§9]

. Model objects with status Partially processed :
1fie
Model objects with status Unable to process :

=R ==

Model objects with status Failed to verify :

Used non-shared variable 1
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VHDL Code Generation and Traceability Report

'bi ActuatorLoop - Simulink
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Hardware and Software Testing
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Host-Based Software In-The-Loop and Co-Simulation Testing

Code Coverage Analysis

N\
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Target-Based Processor and FPGA In-The-Loop Testing

Hardware-Software Integration Tests
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RollCorr - CMD —».
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Alternate Hardware Testing Methods Using Test Benches

« Simulation cases and Simulink Design Verifier cases are exported to Test Benches

£ Configuration Parameters: ActuatorLoop/Configuration (Active) — O >
Q
Solver Test Bench Generation Output
Data Import/Export
Math and Data Types HDL test bench
» Diagnostics Cosimulation model
Hardware Implementation SystemVerilog DPI test bench
Model Referencing
Simulation Target Simulation tool: | Mentor Graphics Modelsim - HOL code coverage
» Code Generation
» Coverage Configuration
¥ HDL Code Generation Test bench name postfix: i
Target
Optimization Force clock
Floating Point Clock high time {ns): h
Global Settings Clock low time (ns): 5
Report
Test Bench Held time {ns): 2
EDA Tool Scripts - Setup time (ns): 8 -
OK Cancel Help Apply
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Alternate Hardware Testing Methods using Universal
Verification Methodology (UVM)

= Simulation cases and Simulink Design Verifier cases are exported to UVM

open_system( "hdlv_uvmbuild');

> A

Sequence DUT Scoreboard

Generate UVM Test Bench

Generate a UVM test bench from this Simulink model, specifying the paths to the DUT, sequence, and scoreboard subsysiems.

uvmbuild('hdlv_uvmbuild/DUT', "hdlv_uvmbuild/Sequence', "hdlv_uvmbuild/Scoreboard"');
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« Simulink &/

Requirements

System Composer
Simulink
Stateflow

Embedded Coder
HDL Coder

Qualified Tools </

REQUIREMENTS

ey )

\ /
ARCHITECTURE & DESIGN

Environment Models

Physical Components

Algorithms

~

IMPLEMENTATION

C, C++ VHDL, Verilog

MCU | DSP FPGA | ASIC

J TEST
‘ SYSTEM I
s .

NOILVOIdId3IA ® 1S3L

\ /
INTEGRATION

Simulink Check v
Simulink Test v/

Simulink Coverage \/
Simulink Design Verifier v/
Simulink Report &/
Generator

Simulink Code Inspector &/
Polyspace Bug Finder /
Polyspace Code Prover

HDL Verifier
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User Stories and Examples st |-

A4
DO Qualification Kit (for DO-178) — S
Develop a controller for the Airbus A380 fuel management commercial srcraft.
system
Examples
Use MATLAB, Simulink, and Stateflow for Model-Based
Design to model and simulate the control logic, “The SImulink and Stateflow
1 H communicate the functional specification, and accelerate
TOO‘I Qu a I Ifl catl O‘n the development of simulators models enabled us to validate
Results requirements early and
. H H = Months of development time eliminated IR Cate the functional
DO-178C Simulink Project Template B ot specification to our suppliers,
« Additional complexity handled without staff increases complementing the written
requirements in conformance with
ARP 4754.”
Christopher Slack
Airbus

BAE Systems Delivers DO-178B Level A
Flight Software on Schedule with Model-
Based Design

-‘ Challenge
. . Develop flight-critical software for a midsized business Primary flight control computers from BAE
Helico pter Fi g ht Control: A jet in compliance with DO-178B Level A standards Systems.
Model-Based Design Solution |
Use Model-Based Design to model the software and .
Example for DO-178C an... systems, run simulations with customer-provided test When we generated code from our
vectors, trace requirements to model elements, and Simulink models with Embedded
Demonstrates the use of the DO- generate 200,000 lines of certified code Coder, the team we handed it off to
178C project template in a helicopter Results B ot gold—that it was
. . = Development efficiency doubled debugged and fully met the
ﬂlght control prDJE‘Gt. = Certification schedule maintained requirements—because we had run
= Communication between teams facilitated it through the Simulink test vectors
supplied by our customer. That was
a huge advantage on this program.”
Maria Radecki
BAE Systems
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Conclusion

Model-Based Design increases productivity for development of certified systems

= Asingle development environment for System on a Chip
Qualified tools that span ARP 4754A, DO-178C and DO-254

- Whether you are a systems engineer, software engineer or hardware engineer, you
can deploy Model-Based Design on your certification project
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Learn More

ARP 4754 Solutions Page
— https://www.mathworks.com/solutions/aerospace-defense/standards/arp-4754.html

DO-178 Solutions Page
— https://www.mathworks.com/solutions/aerospace-defense/standards/do-178.html

DO-254 Solutions Page
— https://www.mathworks.com/solutions/aerospace-defense/standards/do-254.html

DO Qualification Kit
— https://www.mathworks.com/products/do-178.html
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