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Rachel Knutson — Senior Field Application Engineer

Global Product Data Interoperability Summit | 2018

* Background
« 12 years control software design for DO-178B/C certified programs

« Current assignments
« Consult a variety of clients on best practices for software
architecture and verification strategies to satisfy DO-178C
requirements using SCADE system and software solutions
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Project Scope

Global Product Data Interoperability Summit | 2018

 The Cabin Pressure Control
System (CPCS) is an
avionics system designed
to minimize the rate of
change of cabin pressure.

* The purpose of the CPCS is
to ensure the safety of the
airframe and passengers
while maximizing comfort
for aircrew and passengers
during all phases of flight.
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ARP4754A, ARP476,1 DO-254, DO-178C Standards

Global Product Data Interoperability Summit | 2018

Safety Assessment Process
Guidelines & Methods

ARP 4761

Intended Function, Failure System
Ajrcraft & Safety Design
Function Information Information

Aircraft & System
Development Processes

ARP 4754A | ED-T9A

Electronic Hardware Software
Development Lifecycle Development Lifecycle
DO-254 | ED-80 DO-178B :'|ED-1 2B
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System Safety and Engineering Processes in ARP4761

and ARP4754A
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Safety Assessment Process System Development Process

Am———— Aircraft Function Development
Aircraft Functions

H+EEN

Allocation of Aircraft Functions to Systems

FHA
Functional
Hazard
Analysis

Safety Reguirements I
' System Functions

Safetx Reauirements I

cture

gystem Archite

architecure Sk

ltems Requirements I
l Implementation

Reslﬂls

Allocation of System Requirements to Items.

System Implementation

s R ¢ it Syste™
Certification *
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DO-178C/DO-331 Model Usage Examples
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Process that MB Example 1 MB Example 2 MB Example 3 MB Example 4 MB Example §
generates the (See Note 1) (See Note 1)
life-cycle data

Svstem Requirements
Requirement Requirements Requirements Requirements Requirements from which the
and System allocated to from which the from which the from which the Model 1s
Design software Model is Model is Model is developed
Processes developed developed developed
Design Model
Software Requirements
Requirement from which the Specification Specification Design Model
and Software Model is Model Model
Design developed (See Note 2)
Processes Design Model Design Model Textual
description
(See Note 3)
Software Source Code Source Code Source Code Source Code Source Code
Coding
Process
" GLOBAL PRODUCT DATA BOEING is a trademark of Boeing Management Company
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Objectives of the Approach
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« Take benefits from simulation at all
levels:

« System models for system analyses ARP4754A ARP4761
« Software models for software analyses

* Eliminate most of the low-level software system <> safety
verification activities

sof'{wa re

* Integrate the ARP4754A/ARP47161 and
DO-178C/D0O-331 modeling contexts for \
achieving the certification objectives in
an efficient manner

DO-178C/D0O-331
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Systems Requirements Definition

Global Product Data Interoperability Summit | 2018

« Systems Requirements were created in compliance to
EARS (Easy Approach to Requirements Syntax)
methodology.

« System level requirements were defined for:
« System Operating Modes
« User Interface requirements
« System Performance requirements
« System Architecture requirements
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Requirements Examples from DOORS
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ID Requirement g
PCS-3Y5-3 | Falee 3 System Operating Requirements
CPCS-SYS-4 False 3.1 Normal Automatic Mode Requirements
CPCS-5YS-5 True Test The Normal Automatic Mode shall be the active mode of the system upon system start-up.
CPCS-SYS-7 True The Mormal Automatic Control Mode shall be controlled by the IASC primary channel (Channel A).
CPC5-5YS-9 3.2 Manual Mode Requirements
CPCS-5YS-12  True When the MANUAL ON command is sent from the Control Panel, the Manual Control Mode shall be active.
CPCS-5Y5-13  True Manual Control Mode shall be controlled by the IASC back up channel (Channel B).
CPCS-5Y5-14 True While the Manual Control Mode is active, the IASC primary channel (Channel A) shall be inoperative for control
commands.
CPCS-5YS-15 True While the Manual Control Mode is active, the IASC primary channel (Channel A) shall be active for data monitoring.
CPCS-5YS-16 True While in Manual Control Mode, the system shall allow manual control of the cabin altitude rate of change.
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Architecture Definition
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Allocation of Functions to Software and Platform Components

Functional
Architecture

Platform (ARINC 429 and ARINC 664-P7 / AFDX)
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Architecture Definition
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From system requirements to architecture and operational representation

Reguirements v ox
2]

=-IM System Requirements
B 1 Infroduction
B 2 Project Qverview
=B 3 System Operating Requirements
B 3.1 MNormal Automatic Mode Requirements
B 3.2 Manual Mode Requirements
B 3.3 Ditching Mode Requirements
[z CPCS-SYS-18
% CPCS-3YS3-19
% CPCS-SYS-20
B 34 Emergency Depressurization Mode Requirem
B 4 Interface Requirements
B 5 Performance Requirements
B 6 Architecture Requirements

O--E-E

E-E-E

Description
When the DITCHING ON command is sent from the Control
Panel, the Ditching Control Mode shall be activ...

#|[&]

4| 1 | r‘

Architect

4 EE CPCS_Architecture.etp
4§ CPCS
4 @ Operational
4 ‘A Blocks (1)
4 it Modes
4 {4 Behaviors (2)
4 £% NormalModes
4 @ Auytomatic
"% EMR Switch on
"% DCH Switch on
- @ Emergency Depressure
> @ Ditching Depressure
> ® Init
- £% OperationalModes
4 3 Diagrams (2)
€% SMD_NormalModes

NormalModes

Init

Automatic

DCH Switch on

EMR Switch op EMR Switch off]

ﬁimergency Depressura

DCH Switch on EMR Switch oh

" Ditching Depressure

fE—— B DCH Switch off
‘ g Ditching Depressure €% SMD_OperationalModes i
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Functional Decomposition of Operational Requirements
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System
M. ControlCabinPressure —conialllle
ControlCabinPressure
pilotCmd
valveCmd feedbackAltitude
-manuaICmd m [
—. ! bii 2
‘ i | o8V ;;;e;d_c;:\é | VerifyMode RegulatePressure

modeCMD

pilotinput pilotinput E]__E:l
SupplyAirData | _

_D AirData .—E] AirData
ControlDisplay DisplayParameters

measuredPressure AirData [}

| | o I
ACinformation —‘o: ACinformation Wer E}

displayOut [H] displayln

|
‘ ----------- manualCM
. —‘: modeCMD | manualcmd |
1| Po sesia B tate | | ] T :b
n [] - 'Indmwnbaﬁ | displayDate | m i ‘:
= | | | SR e esiaan ] —i pilotinput n !

’ {] ACInformation
| -

] |

OFVCMD

ProvideManualCommand

SupplyPower

[}
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Architecture Definition (Initial)
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System_Initial

[‘-ﬂ—[ﬁ teedbackAltiudd D 12| AirData
AirData

ElectricalPowerBus

2> 2] Power
PowerA

CaontrolPanel TASC OFV
pilotCmd
i OFVCMD
=4 —)] pilotlnput OFVEMD
P>
SFV1
AltitudeSensar ADIRU
InputSFV1

[€——¢] outputsrvi

SFV2
InputSFV2
B—]—E—E OutputSFV2
DCU EICAS
MCInformation displayOut

|:—) | ACInformation|= -3 displayln
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Architecture Definition
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Software Architecture Perspective — ICD Generation

4 @ SoftwareArchitecture ‘ comaL
A .-' SWMESSEQE Definltlﬂn | ModeController | PressureController
[ @9 (..
) 1 |
4wy A429Labels b—p1 —m {aromegeose
4 3 Types (4)
MessageValveCMD D
. [®] A429 ALT ‘ e
- ]
- [%] A429_CABINPRESSURE ol
\
- [%] A429 TEMPERATURE "
p: 1| activeA
- [®] A429_SET_TEMPERATURE r
A a Tables {1:' \ CrossTalkController
= — |
fidl A429MessageDefinitionTable b aossTairomiascy o0 [
crossTalkToIASC2 E‘
. g AFDXLabels T
- g GenericSWMessageDefn
A B C D E F G H I ]
LabelID Field Type | Position | Size |Bit29mean0| Bit29meanl | Encoding | EquipmentID SDIRole | SSMatrixLength
1 C®A429 ALT 203 positive sign negative sign BNR =1 260 data=0 2
2 = MessageFields
3 R ALTITUDE real 11 18
4 E[®A429 CABINPRESSURE 152 positive sign negative sign BCD =0 98 data=0 ]
5 = MessageFields
6 R CABINPRESSURE real 11 18
7 EI[®A429 TEMPERATURE 187 positive sign negative sign BCD =0 88 data =0 o
8 = MessageFields
9 R TEMPERATURE real 4 18
10 | E[®A429 SET TEMPERATURE 187 positive sign negative sign BCD =0 88 data =0 o
11 = MessageFields
12 R TEMPERATURE real 4 18
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Architecture and Safety Workflow (lterations)
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raditional FHA
+ STPA (Steps 1 + 2)

Refined Functional Architecture
+ Extension STPA Step 3

medini™ analyze

Principled
Architectural
Refinement

Logical
Architecture

Logical
Allocation

Platform
Architecture

Physical

cation

D -

_____
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Functional Safety Analysis with medini
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Checklist

type filter text

* medini provides an
ask/Requirement ecke rtifacts ecke ec
Task/Requi Checked Artif; Checked By | Check
to
functional safety of aerospace
[=I Safety responsibilities O
systems
= Aircraft safety group [
* Development and safety g e P g wetimn 01218
. Identify aircraftlsystem functions 010218
aS S es S m e n t aC C O rd I n g to Ireq:.ired for continued safe flight and ihoffman 1?;0?'
anding
Develop an Aircraft-Level Functional 010318
Hazard Assessment (FHA) [if at the OEM ihoffman oy
ar e level] M 17:.07
t d Develop Systermn FHA manual and ensure = System
5 FHA: rf d i { FHA cabi 23.02.18
supporte o oo el S
the OEM level]

Conduct thorough, integrated
survivability assessments [if at the OEM
level]

* Major safety analysis methods
are provided: ~ ~\

HAZOP JEnvironme Condition
Guide ntal conditi Failure Condition Effect of failure condition Classificat
D Function Word on Phase (Hazard description) on Aircraft/Crew ion DAL | Safety Objective
Significant reduction of
[[F:El] pr::;‘udree Cruise [IPS-1-02] oxygen flow and pressure [S0_01] The
1ps-1-02 | @ -~ air NOT altitude In Flight | <¢* Unannunciated loss | inside cabin decreases. Hazardous |B <2 EICAS has to
exchange of cabin pressure Significant increase on crew be available.
9 workload,
[ ] d = Significant reduction of
an [CFECI’J?;] P”e‘;‘;'u"; [IPS-1-03] oxygen flow and pressure [SO_01] The
1Ps-1-04 | @ and ai? NOT Take off In Flight | <** Annunciated loss of | inside cabin decreases, Major C < EICAS has to
ar e exchange cahin pressure Significant increase on crew be available.
9 workload.
—_
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Safety Analysis
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v (= 21 AIR CONDITIONING AND PRESSURIZATION
v ua Aircraft Level
= 21Air cenditiening and pressurization
ua Functicnal architecture design
i=| Safety program plan [7/74 checked]
w [= Functional hazard assessment
v [=- System FHA
v [= SFHA
~ [ System FHA cabin pressure
B [IP5-1-02] Unannunciated loss of cabin pressure
B [IP5-1-04] Annunciated loss of cabin pressure
1= System Failure condition at system level
v (= Preliminary safety assessment
w [ P55A cabin pressure
w n"—D Cabin pressure
Cabin pressure control system
v [E] [E1] Unannunciated loss of cabin pressure
v [E] [11] EICAS failure

* The Architecture model from SCADE Architect is
iImported into medini for safety analysis
* The safety analysis follows the ARP4754A

phases/activities

 Itis done iteratively and integrated with the system

development

~ () Logical Gate [1 trace] ! System_preSafetyAnalysis
[E] [E1] 1ASC2 failure
~ [E] [E2] 1ASCT failure | ControlPanel | 1ASC | OFV
"y Logical Gate
~ [= System safety assessment pilotCmd =3 = OFVCMD
. OFVCMD 5} =
v [ System Architectur = =
v g2 CPCS
3 Functional -
w [ Software | AltitudeSensor | ADIRU
GRS I AirData |5} = e InputsFv ] Outputsivi
IBD_IASC 2 = = feedbackAltitude
[ SWMessageDefinition
) 1ASC2 SFV2
| 1ASC
(3 Hardware | ElectricalPowerBus
[ Package oo 5 power Inputsev2 [ ] outputsivz
!»'_] Library e
(= FMEA
. DEU . EICAS
= FMES
displayOut
= CCA__ _ e = 2 Acinformation = £ displayin
v (= Specifications
E=1 Safety objectives
=1 Safety requirements from the PS5A
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Functional Safety An

alysis

Global Product Data Interoperability Summit | 2018

HAZOP | Operational/Envir Failure
Guide onmental Failure Condition (Hazard Effect of failure condition on Condition
D Function Word condition Phase description) Aircraft/Crew Classification | DAL | Safety Objective Reference to supporting Material
[F001] Provide cabin Significant reduction of oxygen flow
P10 | @ TemTRAET NOT Cruise altitude In Flight i ‘[\PS-W-O?_] Unannunciatef§ |and pressure inside cabin decreases, Hazardous B [SO_01] The EICAS has | Crew procedures for lass of normal
o oss of cabin pressure \S’:gﬂl‘ﬁoc:dnt INCrease on crew to be available. and reserve modes
) - teaduction of peygen f .
Ps-1-04 | @ Lﬁlgjz::::i:abm NOT Take off In Flight . ‘[\PS-T-OE]{anun(iated E!‘Id Fre;sureins’i-;e cahin decerr;a;ne? Major c SO0 THE ETCR ! Unalnnunl:lated loss of
exchange oss of cabin pressure ag::“\;:dnt increase on crew to be available. and reserve modes cabin pressure
 The System FHA leads
to Failure Conditions | 1 |
=
Fa:ple to announce fow Loss of cabin pressure < [REQ_ARCH_100] The
. .. cabin pressure system shall contain
 The Failure Conditions dua redundant OFs
. (OFV1 and QVF2)). [7]
are analyzed with FTAs -
<<trace>>
| I , |
1 ) EICAS internal failure ¥ | displayln input failure ; ;
i Safety Req u | rem en tS playln inp IASC internal failure I OFV
are derived A
E188
@ [OFV] stuck at open
. |
* Preliminary
A h . t t . ) 1ASC internal failure <<trace>>
recnitecture Is _
> [REQ_ARCH_01] The system shall contain dual ||~ £ © [SROBE] DETECT/
u p d at ed redundant Integrated Air-management System “trace>> PREVENT: [OFV] stuck
Controllers (IASCT and IASC2). 7 at open |
« Traces are established
L " LG ROOUET D BOEING is a tradi k of Boeing M t Ci
g IR 2018 e o S e Compery
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Functional Safety Analysis — System Architecture

Update
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System_postSafetyAnalysis
[REQ_ARCH_100] The system shall contain dual
redundant OFVs (OFV1 and OVF2)). L]
tr__a'ée>- > _.-'f
ControlPanel Controllers OFV1 Vi /
: =] -
pilotCmd 2y T pilotinp OFVCMD <<traces >
OFVCMD1 = -
OFV2
AltitudeSensor ADIRU
AirData | - OFVCMD2 5| = orvemp
= = X 1 = AirData
=T = feedbackAltitude
SFV1
ElectricalPowerBus
InputSFV1 | ] outputsrvi
PowerA j E Power
SFV2
[REQ_ARCH_01] The system shall contain dual redundant | ]
Integrated Air-management System Controllers (IASC1 and (i sfA = = EHprERE
IASC2). e
&}
DCu EICAS
ACInformation o | ACInformation ) ~ .
=1 =] displayOut P =] play
» ‘_," UGT DATA BOEING is a trademark of Boeing Management Company
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Control Laws Design
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* Objectives
« Define requirements allocated to Software: DO-331

* Workflow
« Model the Physical System

* Generate a Reduced Order Model of the Physical System
« Construct the System Model with Twin Builder

« Extract State Space Equations to design the Controller
(Linearization)

« Validate & Optimize Controller requirements within the system
model

BOEING is a trademark of Boeing Management Company
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Model the Physical System
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“ Air inlet diffusers

Horizontal
sections 4

Air outlet

e ANSYS Fluent captures the 3D air flow within a MD-82 cabin

e Virtual sensors distributed spatially in the cabin are used to
monitor temperature and pressure

-
P
=
i
=
o}

e CFD analysis is generated for the entire cabin

O
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Generate Reduced Order Model
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« 3D models are extremely precise but require large CPU time

« ANSYS unique technology (deep learning) enables the creation of
a Reduced Order Model for transient non-linear 3D models

* Resulting Performance improvement:
* Fluent - 40 hours on 48 CPU
* ROM -4 seconds on 1 CPU

2+ ELYSIUM m NORTHROP GRUMMAN QL eoEne
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Construct a High-Fidelity System Model with Twin
Builder

Global Product Data Interoperability Summit | 2018

° A N SYS TW| N B u | I d er Mission Profile Outside air conditions

models the system _m

components (ac.tuators, . -
sensors, etc.) with the
ROM for a complete
system simulation

3
=, &>
- This enables O
CFD boundary

optimization and conditions Cabin ROM  Cabin ROM Outputs
validation of component .

. . [ coo O cov N oo [N cou N oo N cou [N cou [N cou
choices with the system

||||||

Aircraft HVAC
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Extract State Space Equations to Design the Controller
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« Twin Builder can automatically extract a continuous
linear State-Space model from any arbitrarily complex
system model

oo
= .

Generate LTI
matrices:

CFD boundary
Stapinput sponr conditions

Cabin ROM Cabin ROM Outputs

Bouding e PHE Camgressx MHE Ttine W Sepwamr A Miig Maikd  Calin

FIO v B cou W cou M cou (W[ cou [ cou M0 cou BN o

e Aircraft HVAC

== ey
Step Inputs System Step Responses

-‘," i .lllfl::l-:'lI :'IIIII """'[.'. || '-Ialm BOEING is a trademark of Boeing Management Company
¥ ﬁ‘ s U M Hf:h | .l‘. 2 0 1 8 Copyright © 2018 Boeing. All rights reserved.

Copyright © 2018 Northrop Grumman Corporation. All rights reserved.
GPDIS_2018.ppt | 24

2 ELYSIUM m NORTHROP GRUMMAN O woEnve

 ELYSIUM b | ———— &



Perform Initial Controller Tuning

Global Product Data Interoperability Summit | 2018

« A Control Toolbox is used for
the basic control law design

* Analyze properties of the linear
system identified in the previous
step

« Design and tune the controller
— Select the form of the controller
based on properties of the
system
— Discretize the controller
— Determine initial parameters
values for the controller

& LTl Viewer =3 Eon ==
File Edt Window Help
D & ‘\ .\ 2
Step Response
& [+
2 [ /Y
2 R A ——
< |y A,
ol .
30 4
Time (seconds)
Bode Diagram
@ —_— ——:77‘7»7777 \
C 1) N

Frequency (rad/s)

Change the number and type of response piots shown in this LTI Viewer

2 ELYSIUM m NORTHROP GRUMMAN O woEnve

+ ELYSIUM 13-4,

SO T

SUMMIT

72018

BOEING is a trademark of Boeing Management Company

Copyright © 2018 Boeing. All rights reserved.

Copyright © 2018 Northrop Grumman Corporation. All rights reserved.
GPDIS_2018.ppt | 25



Validate Controller Requirements within the System

Model

Global Product Data Interoperability Summit | 2018

 Integrate the controller in the high fidelity system model
 Twin Builder enables parametric analysis
* On the basis of the controller definition designed from the state space

equation, perform a sweep on specific controller parameters with closed-
loop physics simulation

« Select parameters for best performances
» Check robustness to mission profiles and/or system changes

sobo " ’ T TR ¥ " " odoo

YYYYYYY

2 ELYSIUM m NORTHROP GRUMMAN O woEnve

Copyright © 2018 Northrop Grumman Corporation. All rights reserved.

-‘," i .lllfl::l-:'lI :'IIIII """'[.'. || '-Ialm BOEING is a trademark of Boeing Management Company
¥ ﬁ‘ s U M Hf:h | .l‘. 2 0 1 8 Copyright © 2018 Boeing. All rights reserved.
" GPDIS_2018.ppt | 26
 ELYSIM . s s 7L smrene ! ppt |



Allocate System Requirements to SW

Global Product Data Interoperability Summit | 2018

 The System Modeling workflow converts our initial
performance requirements into requirements for the
software controller

5 Performance Requirements ot S

While in Normal_Operational_Mode, the cabin pressure system shall regulate the cabin pressure to maintain a
cabin_pressure_level within 0.2% of the cabin_pressure_target_set point.

While in Normal_Operational_mode, when a 100Hpa change of the cabin_pressure_target_set_point is requested,
the cabin pressure system shall regulate the cabin pressure, to achieve a cabin_pressure_level within 0.2% of
cabin_pressure_target_set_point within 20 seconds.

While in Normal_Operational_Mode, the cabin pressure shall monitor the cabin_pressure_command_panel, and set
the cabin_pressure_target_set_point to reflect the hardware_seleced value with 0.1 seconds.

While in Normal_Operational_Mode, the cabin_environmental_control_system shall regulate the cabin temperate
to maintain a cabin_temperature_level within 0.3° of the cabin_temperature_target_set point.

While in Normal_Operational_mode, when a 3°C change of the cabin_temperature_target_set_point is requested,
the cabin pressure system shall regulate the cabin temperature, to achieve a cabin_temperature_ level within 0.3°
of cabin_temperatire _target_set_point within 20 seconds. - - - - e ; - . )

CPCS-SW-18  \While the CPCS operating mode is "AUTO_NORMAL', the OFV Speed Command shall be calculated using the PID controller using the following
parameters:
Kp =-0.006 (s*ft)"-1
Ki = -0.02 (s"2 * ft)"~-1
Kd = 0.0 (ft)™~1
dT = 100 ms
loLimit = OFV_NORMAL_SFEED_CMD degs
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Definition of Software High Level Requirements (HLRS)

Global Product Data Interoperability Summit | 2018

 HLRs were created in compliance to EARS (Easy
Approach to Requirements Syntax) methodology.

 Example Software HLRs:

CPC5-5W-3 | 1.2 Pressure Controller

CPCS-SW-9  The Pressure Controller shall use the following constants when determining the targeted cabin altitude:
ALT1: 20,000 ft
CAB_ALTL: 4,000 ft
OFY_DITCHING_SPEED_CMD: -20 deg/s
OVF_EMERGENCY_SPEED_CMD: 25 deg)'s
OFY_MORMAL_SPEED_CMD: 10 deg/s

CPCS-SW-18 = While the CPCS operating mode is 'AUTO_NORMAL', the OFV Speed Command shall be calculated using the PID controller using the following
parameters:
Kp =-0.006 (s*ft}~-1
Ki = -0.02 (572 * ft)~-1
Kd = 0.0 {ft)~-1
dT = 100 ms
loLimit = OFV_NORMAL_SPEED_CMD deg/s

CPCS-SW-19  While the CPCS operating mode is '"MANUAL', the OFV Speed Command shall be calculated using the PID controller using the following
parameters:
Kp =-0.006 (s=ft}~-1
Ki =-0.02 (s~2 * f)~1
Kd = 0.0 (ft)~1
dT = 100 ms
loLimit = OFV_NORMAL_SPEED_CMD deg/s
highLimit = - OFV_NORMAL_SPEED_CMD deg/s
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Implementation of HLR

Global Product Data Interoperability Summit | 2018

Our Example requirement has two parts:

 Part 1: Mode constraint
“ While the CPCS operating mode is AUTO_NORMAL’...”

« Part 2: Directive for the output
“...the OFV Speed Command shall be calculated using the PID

controller...”
5
modeCommand >—
ModeController
AC_Information o
AC_Information >_
—> OFV_SpeedCommandAuto
PressureController
tiveA >—
binPressure >_
W 2 0 1 8 BOEING is a trademark of Boeing Management Company
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Software Verification: Example HLR

Global Product Data Interoperability Summit | 2018

i CPCS-5W-18 (( While the CPCS operating mode is 'AUTD_NDRMAL) the(DF\.-' Speed Command shall be calculated using the PID )
! controller using the Tollofving parameters:
I Kp =-0.006 (s=ft)~-1
i
I

Ki = -0.02 (52 * ft)~-
Kd = 0.0 (ft)~-1

dT =100 ms

loLimit = OFV_NORMAW_SPEED_CMD deg/s

Test Case —

modeCommand >—

ModeController

AC_Information >—

AC_Information

>_
activeA >_
>_

—> OFV_SpeedCommandAuto
PressureController

—_— traces to LLRI

——p data flow (SCADE)

cabinPressure

LLR,
(SCADE)
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Software Verification Summary

Global Product Data Interoperability Summit | 2018

 Model-Based Testing on Host
* 100% conformance testing achieved
« 100% model coverage achieved

- & CPCS_Testetp
5 B 1ASC (5/5)
g3 TC_N_001|Passed
g3 TC_N_002|Passed
243 TC_N_003|Passed

2. Coverage Information

Model Test&D
2.1. Overview Coverag 9%7

Coverage percentage of the project: 100.00 %

2.2. Covered Operators

;L';’ TC N Om { passed Entity Path Coverage
<= A IASC::IASC/ 8/8
&3 TC_N_005|Passed IASC::ModeController/ 8/8
- . ModeController (2 /'2) IASC::PC_Cabin_GetTargetCabAly/ 4/4
- [ASC: :PC_OFV_Automatc/ 4/4
g3 TC_MC_001|Passed IASC::PC_OFV_SpeedCommand/ 17/17
é TC MC 002 | Passed IASC::PressureController/ 12/12
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Qualified/Certified Code Generation

Global Product Data Interoperability Summit | 2018

« SCADE Suite KCG is developed according to DO-
178C/DO-330 TQL-1 objectives

with Keg_Types;

« Complete traceability from model to code |~

--# inherit Eeg Types, Keg Config:
packags P

« C Code Generation =

-- Puiind_ts

- Ada Code Generation e

-- P::BSearch/
procedure BSearch_intB_10_4(
-- search/
. h_int8_10_4 : Feg_Config.Feg_Int8:
#ifndef _BSearch P intB_10_4 H_ ittt
#define _BSearch P intB_10_4 H_ values_intB_10_4 : in Eeg_Types.IntB_Range_0_9;
-- IfBlockl:, _L1/, out_of range/
#include "keo t ht out_of_range int@ 10_4 : out Boolean;
N> ind_ include "key types it
F1 idz_int8_10_4 : out ind_t);
mapfoldw2<<Logh>> /% PriBBearch/ */
(0 ind_t) + extern void BSearch_P_int8_10_4( end P
) a #% gearchs =/
((N-1)ind_t) 2 Pl keg int® search_int8 10 4,
7% yalues/ ®/
. |
search * Logh ——— BSearchHelper=<h== >'d" array_int8_10 *values_int8_10_4, SPARK 95 Ada COde
;( /% IfBlockl:, _L1/, out_of_ranges %
values * LogM  — o=t =
g keg_bool *out_of_rangs_int8_10_4,
s% idgs *S

ind_t_P =*idz_int8_10_4);

#endif ~* _BSearch P_intG 10_4 H =/

Standard ANSI C code
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Use the System Model as a Twin

Global Product Data Interoperability Summit | 2018

/System Safety Analysis\
e ( System Simulation & Digital Twins \

1 = variable valve suction

/ Model-Based Systems Engineering \

k Model-Based Software Engineering / K Physics Simulation j
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