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Overview

The Trent 7000 EMU is the first time that Rolls-Royce has gone through the
DO-178C (ED-12C) certification process for certifying software in an airborne
system using the Model Based Supplement DO-331 (ED-218)

This presentation discusses the Model Based Design method used during the
application software development and the MathWorks tools which enabled

the workflow.
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What is the EMU

The EMU is the Engine Monitoring Unit
Also known as the EVHMU Engine Vibration and Health Monitoring Unit.

The unit has two primary functions:-

1. A high integrity partition which interfaces with the cockpit displays.

2. A engine health monitoring partition which sends data in the form of reports back to
Rolls-Royce to feed into the TotalCare® aftermarket service.

Airframe Data Bus | — Airframe Data Bus/
- - Cockpit Display Cockpit displays
Processor =
Engine Munted signal 40kHz speed,
- Acquisition vibration and .*
Hardware pressure data
Engine Cohtraller
Input _ = Engine Health Monitoring . Rolls-toyce Cloud .
- Processor "' =
1|
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What is the EMU

From 2006 to 2016:

Hardware: Supplied by sub-tier supplier

Cockpit Displays Software: Specified by Rolls-Royce, supplied by sub-tier supplier
EHM Software : Specified by Rolls-Royce, supplied by sub-tier supplier
Engines fitted with EMUs: Trent900, 1000, XWB

From 2016 onwards:

Hardware: Rolls-Royce Control Systems

Cockpit Displays Software: Rolls-Royce Control Systems

EHM Software: Rolls-Royce Control Systems

Engines (to be) fitted with EMUs: All future Civil Large, and Medium Corporate engines ......

A software development method which could deliver to the tight engine timescales was required:

The solution:- Model Based Design Rolls-Royce



What is the EMU

Aircraft level certification for large aeroplanes requires that:-

“An indicator to indicate rotor system unbalance” is displayed to the
pilot for turbo-jet engine-powered aeroplanes. icss directive 25.1305 d3)

As the pilot makes decisions based on information provided by the EMU the HW
and SW need to be developed to the appropriate Design Assurance Level (DAL).

The EMU is designated as a DAL C unit as misleading indication could lead to
increased pilot workload and as such it must be certified by EASA against the
standard “Software Considerations In Airborne Systems and Equipment
Certification” also known as DO-178 (ED-12)

Rolls-Royce



What steps are required for DO-178C certification

System
Requirements A-3.1 Compliance

\-3.6 Traceability

A-3.2 Accuracy & Consiste
A-3.4 Verifiability

A-3.5 Conformance
A-3.7 Algorithm Accuracy

A-6.1 Compliance A-7.1 Procedures are correct
A-6.2 Robustness A-7.2 Results are Correct

A-7.3 Test Coverage of HLRs
A-7.4 Test Coverage of LLRs
A-7.7 Statement Coverage

A-7.8 Coupling Coverage

High-Level
Requirements

) o A-4.1 Cdmpliance
A-4.8 Architecture Compatfbility A-4.6 Traceability

A-4.9 Consistency Software Low-Level
A-4.12 Conformance Architecture Requirements
A-4.13 Partition Integrity

A-5.2 Compliknce A-5.1 Corpipliance
A-5.5 Trafeability

A-5.4 Conformance
A-5.6 Accuracy & Consistenc
A-5.8 PDI Correct & Complete Source Code
A-5.9 PDI Verified

“Compliance” with requirements )
“Conformance” to standards A-5.7 Comp'etem AW
Orange indicates Testing xecutable
Green indicates Review/Analysis Object Code ROIIS_Rche ’




What steps are required for DO-178C certification

High-Level
Requirements

Simulink Verification and Validation

SIMULINK Design Model* Software |- ||

Simulation and Model-Based Design tation | AfChit(‘%‘S:[llJlre ] {Requirements|

Automatic Documen R
Simulink Report Generator

Automatic Traceability

Automatic Code Generation

Embedded Coder

Source Code

use
Simu\at'\on Test Case Re

Processor-In-The-Loop (PIL) Executanie
Simulation Object Code

“Orange indicates Testing

Green indicates Review/Analysis Rolls-Royce
* A Design Model includes low-level requirements and/or architecture [po-17sc mB.1.6.2]



Development Process
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Model development from requirements

Starting with an example High Level Requirement:

Rgmt : The Boolean fault status associated with t
being True if the N1C-1 fault status ys continuougly set to any other stat

seconds.

e_fault. OK

1
SPEED_FAULTS

BS

b_Confirmed_N1C_1_Gult

b_Cenfrmed_MNIC_2_Gult

N1C-1 speed signal shall be confirmed and latched as
OK for more than 3

LATCHED
FAULT
b INTEGRATOR -3

Time =10

Latched_Fault_|ntegrators

Boolean True for the time defined in the mask ‘Confirmation Time’ parameter

i

b_Confirmed_NZ_1_fzul

enum_OK
[— L{&JCHED
» dhy
< MIC_1_fult- | » ~-= INTEGRATOR
RO Time=32
MAC_1_Fault_Integrator
LATCHED
» FAULT
<e_NIC_2_gult- |, = INTEGRATOR
RO Time =23
M1C_2 Fault Integrator
LATCHED
- -l FALLT
<SPEED_FN.ILTS>' <2 M2_1_fauk> _;B—b INTEGRATOR
RCZ Time=23
NZ_1_Fault_Integrator
LATCHED
» FAULT
< MZ_2_fauks | » -= INTEGRATOR
RO3 Time=2
N2_2_Fault_Integrator
LATCHED
» FAULT
<2 M3_fauls Ly ~= INTEGRATOR
RO4 Time =3

b_Confrmed_NZ_2_faul

M2 Fault_Integrator

b_Confirmed_N2_faul

v

BC

SPEED_CONFIRMED_FAULTS
- SPEED_CONFIRMED_FAULTS

u ounter starts counting in increments of 1 every sample period When ¢
tis set True and a latch is set 1o keep the state at True
t True. This ensures that the counter never saturates (this presumes that the

Rolls-Royce =
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Model development from requirements

Adding traceability between the model and the requirement.

The Requirements Management Interface from the Verification and Validation Toolbox is used to add bidirectional
traceability.

I#2.| DOORS svnchronization settinas for Sneed Pressure Valid_ . [Ses |

‘e [ 177000-0317 T7000 EMU Cox Apolication Laver
Signals & Ports »
e_fault OK
enum_Ck Requirements G 1. "DOORS Surrogate Item” |
Linear Analysis L4 2."4.2.3.0-77 The Boolean fault status associated with the M1C-1 speed sign” B
LATCHED . . —_— ——
ol EALLT Design Verifier L4 3."4.2.2.0-78 The Boelean fault status associated with the N1C-1 speed sign” ——
<e_N1C_1_gule EI_> INTEGRATOR Coverage > _
Te) Add link to current DOORS object -
Time =32 Ty R ———
MAC_1_Faut_Intgre odel visor . —
— — Select for linking with Simulink |
LATCHED < —
»l FAULT Fixed Point Tool... Add link to selected object(s)
e — tTEsRATeR - - -
RO Time=2 C/C++ Code L Edit/Add Links ... —
M1C_2 Fault_Int=gre HDL Code 3 Deelete All Links ... f—
s _—— - - —
a o LATCHED PLC Code 3 P —
i ——
EED_FAULTS> [ == NZ_1_fsuts — - INTEGRATOR Copy URL to Clipboard
> Block Parameters (Subsystem) oD FALLTS e a—
RC2 Time =3 =
N2_1_Fault_lntegrat Properties... — ——
o 112712 RQ] 162 1.12.8 Speed_Range_Check_Enable * SubSystem i e T T . i S AR | S G —
1127.13 RG) » lopo The faut eats °
112,14 enlin_OK 162 11.12.8.1 gSPEEDS -’-“F" b oy o — G —— - — o ——
TATCHED 112715 SEbED.q| 164 1.12.8.2 SPEED_FAULTS Inpost The it o - L--- e e —
FAULT - 1.12.8 Speed_Rahge _C| 1685 * o1 8800 e
< N b E’_p wreemaror 4 B iz8speee e = 1528 [ ONEIRM EDES REEDEFAUCTS! 'L‘:” " isdaebounts - e—— . —_—— - p— o — ——
b_Conimed_N\&_taut 511210 Speed Shivet I Coos csdore b - prt—ecem—tmy S et a—_  So | —
RO+ Time=1 11211 SPEED_GALLT 167 Logic firponsonn p— s e ———————— —
1.12.12 SPEED_ONFI 168 * Lo The fauk sssock - .
BS N3 Faul igratcr 112,13 SPEED_$ELEC| o ==ha T fouik assoch g - —— gt —
B 169 Logic - —ra =
11214 sPEED_fC_Et The folowng e —
1.13gSPEED_PRESRURE, 170 * Logic The Bolean fo - Y - - .-
’ . L. 7. 442Ra4NDE * Losic The Boslean . = - e e e T ———— . L
« i ol i
Usemame: David Owena Fead-only mads [Usemame: David Owers Pty mode

| Save DOORS surrogate module
[7] save Simulink model (recommended)

[ synchronize | [  cancel




Model development from requirements

« The models were developed from 359 High Level Requirements
e A r\otal of 10 individual Design Models form the EMU application software design

* A total of 3876 Model Blocks are used and all are traceable to the High Level
Requirements

Rolls-Royce



Model verification activities

Check that the model conforms to standards.

The Model Advisor Checks from the Verification and Validation Toolbox are used.
"‘“ﬂ_g lg!]

(_) Medel Advisor - S'pEed Pra-su Bal

Simulink version: 8.1
| System: Speed_Pressure_Validation

Run Summary

- Pass Fail Hwarming I Not Run
. @ 51 o a2 =1 10

= Modeling Standards for DO-178C/DO-331

Model Advisor Report - Speed_Pressure_Validation.slx ~

Model version: 1d
Current run: 07-Nov-2016 15:28:13

e P N -
PR ——— — P o @ Display model version information
o e - e 2 " 2 "
5B P [ .._:\,-...:uu... Display model configuration and checksum information.
e - - .
L - Model configuration and checksum information

[l TSR [Attribute || alue

Model Version

cece SRR

A uthor EMU DEV_PC1
Date Wed Nov 02 11:50:32 2016

[Model Checksum|[1684242041 1349583278 410703400 385426520]

j,..;,-.u. & Check safety-related optimization settings

;mmjzu,»ﬁ?“““"“

Verify "Block reduction” settin

Passed
Optimization > Block reduction is cleared.

Check optimization settings in the model configuration that might impact safety.

g
Check whether the Block reduction check box is cleared.

3 Passed

Verify “implement logic signals as boolean data (vs. double)’ setting
( Check whether the Implement logic signals as boolean data (vs. double) check box is selected.

Optimization > Implement logic signals as Boolean data (vs. double) is selected.

Verify "Application lifespan® setting

2

Rolls-Royce =




Model verification activities

Simulate the model

Simulation cases written against the high level requirements were used to fully exercise the model using a test tool
developed in house.

Reviewed and
approved Design
Model taken from CM

Analysed and
documented simulation
environment taken from

Reviewed and
approved test case

taken from CM tool. CM tool. tool Test output report
added to CM tool
cc2 cc2 CC1
T i cc2

+ Simulink ¢ ?

Simulation Case Signal Synthesis APSW Software Design Test Output
- . Test input variables 1 -y i
Vibration i Test input variabies 2 A report is generated
sensor N detailing the requirement
xmilfile |ati i } Test output variableg IDs tested by the test, plots
. emulations ] Fcn 3 | of the test point data of
Test strategy and Fcn 1 w2 (subsystem - Automatic interest ﬁ"df tt';e E’asts’fa“
f Pass/Fail (=] result o e test.
expected results Speed sensor | under test) Check
emulations Hard_VV_a_re This report is added to the
fil acquisition | t Output CM tool as evidence of the
-m file chain npu |: > utpu verification activity.
5 cn -
Test case Pressure emulation (The same data sets are
static inputs file sensor also output as in test
emulations activity A to help
) investigations into test
-m file failures).
Hardware
Test case Inputs Model coverage analysis
dynamic inputs file

.mat file

Time series
expected results

Time-Series Expected Results

Rolls-Royce




Model verification activities

Simulation activity outputs - Results Re e ———

Expected Results: The hardware
) o !

ag is set to Fail for the first 2.9952=s which is 1
ond timer therefore the fault should not be confirmed.

doantee

The Confirmation ocutput is initialised to 0.

At 3.072s a combination of continuous faults are introduced: these are out of range low
then high then hardware acquisition fail. The combined failures persist for longer than 3
seconds so the fault is confirmed at 6.0928s.

All Faults are then cleared and the confirmed fault skavs latched.

REQUIREMENT TESTING [MIL] SPV_TEST26

-
It provides a results summary of requirement testing performed on a |

Floating - Point Tolerance: Pass/Fail tolerance wvalue s=t to 0.

—
1 This is a Matlab auto-generated report.

i Signal Name Description ?ata Dims
e MN1C_ 1 fawlt Enumeration indicating cperational state of the -| Enum: e_- 4
MNIC_1 s fault
TEST SUMMARY b_Confirmed_NicC_1_fa- wlt v NiC_1 s=n 1C-
ult 1 Fauls (lazchad) - Boolean 1
Tester Identification: RRLocal [EMU_DEWV_PC1]
EMU-DEWV-PC-OMNE Time Series Fiobe_MAC_1_Tauwt
Date and Time: 10 March 2017 17:03:24 —
Linit Undar Tect; Design Model i
Module Na
ﬁ Compiled Checksum | Unit Version | Configured Vererom -
peed_ Pressure_WValidation
16847420 41-134558 32 7 A1 0O ANN- 3B EATEETFN | 1D | MATCHED ]

B 5 kel

TEST RESULT PASS El
e (seconds)

A point-to-point comparison of output signals is carried out against a manually reviewead ~ Trre Sedies Flolh_Confmned_NT1C_1_Taul

set of expected signals. A PASS result indicates that all cutput signals yield their expecte-
d walues at all times during the simulation.

\ \ aal -
06
REQUIREMENTS UNDER TEST [
R = a.z
% Requirement Description \ o
>~ 203 The Boolean fault status associated with the M1C-1 speed signal shall N EY
confirmed and latched as being True until the Application Layer is re Time {seconds)
1 == = S N
initialised, if the N1C-1 fault status is continuocusly set any other state
than OK for more than 3 seconds. . .
- 541 The Boolean fault status associated with the N1C-1 speed signal shall be ‘/ re X2 MAaAD Figune: SPr_Test2s, Curpunriotl
initialised to False. ™

— Maodel-in-the-Loop: Simulin




Model verification activities

Simulation activity outputs — Model Coverage
Decision and Condition

AND 0
>

c1
- J < i
I—>_° l_"—l ~=0 N : ‘
SwW > »——c y
SW1

NOT
RO
ceillconfTime' TsConf)

Consiamt

RN N

BS

A Rolls-Royce »



Model verification activities

Simulation activity outputs — Model Coverage Report

27. SubSystem block "IN1C 1 Fault

Parent: Speed Pressure
Metric Coverag
Cryclomatic Complexity 1]
Condition {C1) NA
Decision (D1) NA

Logic block "AND"

Parent: Speed Pressure
Metric Coverag
Cryclomatic Complexity 0
Condition {C1) 10024 (4
Conditions analvzed:
Description:

input port 1

input port 2

Logic block "XNOT"™

Parent: Speed Pressure
Metric Coverag
Cryclomatic Complexity 1]
Condition {C1) 1

Conditions analvzed:

Description:

input port 1

Mlodel Hierarchy/ Complexity:

Test 1, SPV_Test26_ TestData

........... 1T 1 Fawlt Intesrator

—bilCo2 Fault Iutesrator
L M2 1 Fault Intesrator

......... M2 2 Fault Intesrator
......... I3 Fault Intecrator

1. Speaed Pressure Walidation B 562
2 . . Pressware Fault Dwetection 19 S0
i T Fault Confinmation 3 B3
4. MIC 1 Fault Intesrator 2 1002
¥ o Pl&e0 Calibration Fail 14 =50

2 50%

2 50%

2 50%

2 50%
100 ... ..., - Fressure Excitation Wrap 2 50%: = LA
13 ... ... .. - Fressure Excitation Wrap 057 Cal 2 50% LA
i - Fressure Excitation Wrap 5% Cal 2 50%: - LA
13 ... _Pl160 Eanse Check 2 0 A
4 .. ... - B1&0_Fault 2 0 A
15 ... Speed Fault Detection 4T 58% e— 55%0 e—
6. ... - HWW Spesd Faults 5 60%: S4%c ——
i OPF._HW Fail 2 50%:  —— 55%0 ———
18 ... .... - Essetable Faunlt Intesrator 4 50%:  —— S0 —
18 Count Clear 2 50% =—— S0%c e—
20 Count Set 2 50% =—— S0%c e—
20 - 4 porsty T .adc 0] A S0%e e—
oo - FEesetable Fault Intesratorl 4 S0% e— SOF e—

- Conant Clear 2 50%: = S0Fe —

24 L Count Set 2 S0%: —— S0%0 e—
A5 .. - 4 ] atc 0] A S0%e e—
2 10

2

2

2

2

2

0]

15

S0%%  m—
S0%%  —
S0%%  —
MA GO —
ST A
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Model verification activities

Simulation activity outputs — Model Coverage Report - Cumulative

19 .. Count_Clear 2 100% e 00% ———
200 ... Count_Set 2 1000 e 100% ———
21 L Reset Priority Latch 0 NA 100%  e———
22 Besetable Fanlt Integratorl 4 1000 o (0% ——— TATCHED
L Count_Clear 2 100% o ]00% —— <a_N1C_1_fue> oo .Nyéﬁuaﬂoa
b_Confrmed_NIC_1_uit
24 Count_Set 2 1000 e 100% ——— RO Time=2
5 Reset_Priority_ Latch 0 NA 100%  e— e
26 ... .. Speed_Fault_Confirmation 10 100% 100% T > Sl b 5
- N , , b_Confrmed_NIC_2_8ult
27 NIC_1_Fault Intesrator 2 1000 eo— (0% ——— RO Tina =3
28 NIC_2 Fault Intesrator 2 100% e 100% —— NIC_2 Fault Integrator
LATCHED
29 ... ... N2 1 Fault Integrator 2 100% s ]00% S——— 1 ;g FAULT
- . . SPEED. FAUL%PED—‘“US’ AN > g SRAEREIIOR b_Confemed_N2_1_fask & SPEED _CONFIRMED FAULTS g B
0. ... N2 2 Faylt | 2 100% 100% = o S —Conme e = “SPEED_CONFIRMED_FAULTS
ime =
3 N3 Fault Integrator 2 100% o 100% ——— N2_1_Faut_integraior
320000, Speed_Range_Check Fnabl 0 NA 100% —— L’;Iﬁtfo
N2_2_tast> - G
353 Speed_Ranse Checks 15 100%  eo—— NA T ‘:D_’ NIECRATOR b_Contmed_IC_2_fask
- - . - RO3 y Time =3
34 NIC_1_Fault 2 100% — NA AN
K 5 T NIC_2 Fanlt 2 100% =— NA L:LLCJ':ED
36 ... N2_1_Fault 2 100% — NA e ':E]_. WIEGRATOR  [rotmerrea
37 N2_2_Fault 2 100% — NA ROt o
_ ) 85 N3_Fault_Integrator
3o N3_Fanlt 2 100% e—— NA B
39 Speed_Selection 4 100% 100%

Rolls-Royce



Model verification activities

The model is automatically documented using the report generation tool

E Speed_Pressure_\Val

File | Edit

View Display Diagram
MNew 3
Open... Ctrl+ O
Close »
Save Ctrl+5S
Save As...
Sowurce Control
Export Model to »
Reports 3
Model Properties »
Print >
Simulink Preferences
Stateflow Preferences
Exit MATLAE Ctrl+

Simulation  Analysis Code

< @ >

Jools Help

(®) ~ |inf

lNcrmaI

=)

Systern Design Description

Systermn Requirements

I »|gSHAFT_TEETH

|——— - gSPEEDS

CS_BIT_Resuls
OS_BIT_Resuls"  —

gDEBUG_COUM

:IE&}EBUG_COUNTER

»| OS_BIT_Results

| gDEEUG_COUNTER

SPEED_FAULTS

SPEED_ COMNFIRMED_FAULTS

SPEED_SFELECTION

SPEED_RC_ENABLE

<SPEED_FAULTS=

<=_M1C_1_gult-

[

<e_NIC_Z_Gult-

<= NZ_1_faul>

<= NZ_Z_faul>

<= NZ_faul>

=b_Confrmed_M1C_1_faut>

oy

Y

<SPEED_SELECT

Speed_Fautt_D etection

}OhE=

<SPEED_COMFIRM F_D_ilin P r—— T g

<b_Confrmed_N2_1_Guls

<b_Confrmed N2 2 Sult

<b_Confrmed_N3_Gult-
BS1

3R

<BZ_MN1_shaft_freg>

<B2_M2_shaft_freg>

v 4 3

<B2_M3_shaft freq-

Y

=b_Ni_Speed_Onigin=>

<b_MZ_Spesd_Ornigin=

¥

=b_Confrmed_N1_sul

<b_Confrmed_N2_Suit=

BSZ2

vy

-
“f gSPEED,_FRESSURE_WALIDATIOM
YSFEED_FPRESS

E_VALIDATION

Rolls-Royce



Model verification activities

The Design Description Report captures the complete In-Memory Representation

of the Model_

o e e -
=R [l Table of Contents InheritedTsInSrcMsg error
u Chapter 1. Model Version DiuscretelnheritContinuousMsg error
MultuTaskDSMMMsgs erTor
[+]
=] Chapter 2. Root System MultiTaskCondExecSysMsg error
H u Chapter 3. Subsystems MulitiTaskRate TransMsg error
; SingleTaskRateTransMhMsg error
[+]
H u \C,l’h::"'p-:;elr 4. System Design TasksWithSameProntyMsg error
= ariabies SigSpecEnsuwreSampleTiuneMsg error
[] Chapter 5. Requirements CheckMatrixSingularityMsg error
o Traceability IntegerOverflowMsg errer
[] Chapter 6. System Model Int32ToFloatComvMsg R Tave of Cotere P =
Configuration ParameterDowncasthisg E E:Ep(erj :Odeslvem" e =
apter 2. Root System MultiTaskCondExecSysMsg emor
[l Chapter 7. Glossary ParameterOverflowhMsg L] G Soreroimmcamig -
ParameterUnderflowhsg L] o=y Teo WiSemcProdyMog —
= @] Chapter 5. Requirements CheckMatrixS: Msg. encor
m Chapter 8. About this Report Par p— o o = - romEie gty =
Chapter 6. System Model Int32ToFloatConvMsg ‘warning
= ParameterTunabilityLossMsg T i =
FixptConstUnderflowMsg =[ Chapter 8. About this Report P AT o
FixptConstOverflowhsg e =
L | FixptConstPrecisionl ossMsg ;ﬁ;cﬁ;m“’:%ﬁgg o
UnderSpecifiedDataTypeMsg | erTor

I <e_NZ_taul>

BS

FALLT
INTEGRATOR

Time =3
M3_Faul_Integrator

-
b_Confirmed_MN3_fsul I



Model verification activities
¢ 129 ere authored against the high level

requirements

» A total of 1.7 million test points compared in the automatic
| pass/fail reporting

-\‘ Testing against high level requirements achieved the
'“  necessary level of model coverage

. The functionality of the design is fully valldated before a smgle
I|ne of code is produced '

\
\
\

\\‘ _— Rolls-Royce



1616:30
610:22
61641
1615:57
615:42
716:24
16 14:55
615:57
1615:57
61131
615:57
615:57
1615:57

615:24

pL- it

6 1£5

61 n “
|

Code production and verification

a_] Code Generation Report

} /* End of Switch: *"<S17>/SW4" */

Back | [Forward| e

/* DnitDelay: '<S3&6>/M2" */
Contents Speed Pressure Validation B.M2 ktmo =

Speed Pressure Validation DW.M2 DSTATE lnel:
|
Summary
ey

S

UnitDelay:

Speed Pressure Validaticn B.M1 hgpa =
Speed Pressure Validation DW.MI

'i‘ Subsystem Report
| Code Interface Report
1
|

/* RelationalOperator: *‘x<S13>/RO’
Traceability Report S22 SCS
> Constant: '<Sio9>/anum OK*

-/

Static Code Metrics Report
Code Replacements Report

Speed Pressure Validation B.RO _hixv =

/7* Logic:

Speed Pressure Validation B.NOT lirk =

"'<S3E>/NOT"' =/

Generated Code
=1 Model files

/* Logic:

'<S36>/AND" */

| [+ Utility files (2)
=] Interface files (1)

/* Sum-:
- Constant:

'<S36>/Sum

um‘’ incorporates:
*<S3&6>/C1"

/

2 Speed Pressure Validation B.Sum awvl
- rccP_pooledil2:

} else {

_DSTATE_hlib:

incorporates:

(Speed Pressure Validation B.e Ni1C_1

Speed Pressure Validation.c Speed Pressure Validation B.AND gxyf =
| Speed Pressure Validation:h (Speed Pressure Validation B.NOT_1l1irk)):
Speed Pressure Validation private.h incorporstes:
. <S36>/C2"
Speed Pressure Validation types.h X S

(Speed P'e.ss.:"e Validation B.AND gxvf) {

Speed FPressure Validation B.SW fege = Speed

Speed Pressure Validation B.SW_feqe = rctcP_pooledll;

1
|

4

»

fault_kiym != rtcP_pooledl?):

!Speed Pressure Validation B.M2 kxtmo’

((Speed Pressure Validation B.RO _hixv) &&

= Speed Pressure Validation B.Ml hgpa +

Pressure Validation B.Sum awvl;

« m

[ ok
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Code production and verification

The compiled code must be tested to show compliance with the high
level requirements.
- Tests written against the high level requirements already exist from
the model simulation.

The compiled code must be tested to show compliance against the
Design Model.
- This can be achieved by equivalence testing the object code
behaviour against the Design Model behaviour.

The compiled code must be shown to be compatible with the target
architecture.
- This can be achieved by running all paths of the compiled code on
representative target architecture

already exist?




Code production and verification

Processor-in-the-Loop testing

FTB_bin

B _Acqured_Dats_in

= LPTH
s_LPTB_Acquired_Dats_Mm

WIB_SFEED_IN
WIB_SPEED_ITT

FRESSURE_IN
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Model Reference
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enter them as a comma separated list.

Parameters
Model name:

Speed_Pressure_Validation.slx

Model arguments:

GVIBERATION_WVALIDATION

gSPEED_PRESSURE_VALIDAT

FTE_Bin

S —
Function Block Parameters: Speed PrEsu:EfValidaﬁor_L
e —

- [VIBRATIOH_CAL

Reference the specified model. If the referenced model requires any model arguments,

If the referenced model has more than one instance simulating in Normal mode, you might
need to turn on Mormal Mode Visibility for this Model blodk. Mormal Mode visibility can be
controlled by going to the top model and editing Mormal Mode Visibility.

[ Browse... ] [Open Madel ]

Model argument values (for this instance):

Simulation mode: [Normal
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Processor-in-the-Loop testing — Results Report
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REQUIREMENT TESTING [PIL] SPV_TEST26

o= ]
summary of requ nent testing performed on a
nality. Refer o the Lest process docu mentation.

TEST SUMMARY

Tester Identification: RRLocal [EMU_DEV_Pc1]
EMU-DEW-PC-OMNE
Date and Times 2017 17:41:16
Tast: Software Object Code T
Module Name | Unit Version ]
[ d Pressure Validation I o]l |
TEST RESULT PASS
A point-to-point comparison of output signals is carried out against a manually reviewed |-
set of expected signals. A PASS result indicates that all output signals yield their expecte-
d walues at all times during the simulation.
C ECUTION PROFILE
Profiled Code Section N
Maximum Execution Time [us] | Avwerage Execution Time [us] | Calls
5 d_Pressure_Walid_initialize
2 3733 3.3733] 1
5 d_Pressure Walidation [0.0256 0] /
190.24 | 162.6198 | F61
REQUIREMEN
Requirement Requirement Description
203 The Boolean fault status associated with the N1C-1 speed signal shall be
A confirmed and latched as being True until the Application Layer is re-
initialised, if the N1C-1 fault status is continucusly s=t any other state
than OK for more than 3 seconds.
2 541 The Boolean fault status associated with the N1C-1 speed signal shall be
initizlised to False.

Limnked Reguirements: 203 541

Expected Results: The hardware fail flag is set to fail for the first 2.9952s which is 1
software cycle under the three second timer therefore the fault should not be confirmed.
The Confirmation ocutput is initialised to 0.

At 3.072s a combination of continuous faults are introduced: these are out of range low
then high then hardware acquisition fail. The combined failures persist for longer than 3
seconds so the fault is confirmed at 6.0928s.

All Faults are then cleared and the confirmed fault skavs latched.

Floating - Point Tolerance: Pass/Fail tolerance wvalue s=t to 0.

Signal Mame Descripts ?ata Dims

e MN1C_ 1 fawlt Enumeration indicating cperational state of the -| Enum: e_- 4
M1C_1 sensor fault

b_Confirmmed _MNI1C_1_fa- | Contirmed fault with N1C_1 sensor: True: N1C- bookean 1

u bt 1 Faulr (larched)}

Time Series Piote_MAS_1_fault

o_faul
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T
i

Q T
bl

Ed
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Figure 2: Matab Figure: SPV_Test26_OulputFIotl. g




Tool Qualification
When is tool qualification required?

“Qualification of a tool is needed when processes of this document are
eliminated, reduced, or automated by the use of a software tool without
Its output being verified [DO-178C 12.2.1]"

Which parts of this process required Tool Qualification?

The Model Advisor checks automated part of the ‘compliance with standards’
process.

The Report Generator is qualified to show equivalence with the in-memory
representation of the model.

The Model Coverage tool is qualified as this automates the metrics
associated with the ‘model coverage’ process.

The pass/fail reporting of test results automated parts of the ‘compliance’
processes

The ‘PIL’ infrastructure automates code coverage.

i Rolls-Royce



Tool Qualification
DO Qualification Kit (for DO-178)

- DO Qualification Kit provides documentation, test cases,
and procedures that let you qualify Simulink software
verification tools

- The kit contains tool qualification plans, tool operational
requirements, and other materials required for qualifying
software verification tools

i Rolls-Royce



Future Enhancements
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Further tool adoption

Automated code review
- The source code required a manual review to show compliance
against the Design Model.

- This activity could be automated by using the ‘Simulink Code
Inspector’

Simulink Test

- The in-house test frame work has a maintenance overhead,
especially around version migration.

- The introduction of ‘Simulink Test’ in means we now have an
alternative solution which is natively supported by the MathWorks.

i Rolls-Royce >
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