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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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Background
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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.
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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
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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. [CS-25 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)
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What steps are required for DO-178C certification

System

Requirements

A-5.7 Complete & Correct

A-3.2 Accuracy & Consistency 

A-3.4 Verifiability

A-3.5 Conformance 

A-3.7 Algorithm Accuracy

A-7.1 Procedures are correct
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 

A-4.9 Consistency

A-4.12 Conformance 

A-4.13 Partition Integrity

A-4.2 Accuracy & Consistency

A-4.5 Conformance 

A-4.7 Algorithm Accuracy

A-6.1 Compliance 

A-6.2 Robustness

A-3.1 Compliance 

A-3.6 Traceability

A-5.1 Compliance 

A-5.5 Traceability
A-5.2 Compliance

A-5.4 Conformance

A-5.6 Accuracy & Consistency

A-5.8 PDI Correct & Complete

A-5.9 PDI Verified

A-6.3 Compliance 

A-6.4 Robustness

A-6.5 Compatible With Target

A-4.8 Architecture Compatibility
A-4.1 Compliance 

A-4.6 Traceability

“Compliance” with requirements

“Conformance”  to standards

Orange indicates Testing

Green indicates Review/Analysis

Low-Level

Requirements

High-Level

Requirements

Software

Architecture

Source Code

Executable

Object Code



9

What steps are required for DO-178C certification

High-Level

Requirements

Software

Architecture

Source Code

Executable

Object Code

Low-Level

Requirements

Design Model*

* A Design Model includes low-level requirements and/or architecture [DO-178C MB.1.6.2]

Automatic Code Generation

Processor-In-The-Loop (PIL)

Simulation
“Orange indicates Testing

Green indicates Review/Analysis
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Development Process
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Model development from requirements
Starting with an example High Level Requirement:

Rqmt : The Boolean fault status associated with the N1C-1 speed signal shall be confirmed and latched as 
being True if the N1C-1 fault status is continuously set to any other state than OK for more than 3 
seconds.
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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. 
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Model development from requirements

• The models were developed from 359 High Level Requirements

• A total 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
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Model verification activities
Check that the model conforms to standards.

The Model Advisor Checks from the Verification and Validation Toolbox are used. 
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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.    

Simulink

Reviewed and 

approved test case 

taken from CM tool.

CC2

Simulation Case

.xml file

Test strategy and 

expected results

.m file

Test case

static inputs file

.m file

Test case

dynamic inputs file

Signal Synthesis

Vibration 

sensor

emulations

Speed sensor 

emulations

Pressure 

sensor 

emulations

Hardware 

Inputs

Hardware 

acquisition 

chain 

emulation

APSW Software Design

Input

Fcn 1

Fcn 2

Output

Fcn 3

(subsystem 

under test)

Test input variables 1

Test input variables 2

Test output variables

Test Output

A report is generated 

detailing the requirement 

IDs tested by the test, plots 

of the test point data of 

interest and the pass/fail 

result of the test.

This report is added to the 

CM tool as evidence of the 

verification activity.

(The same data sets are 

also output as in test 

activity A to help 

investigations into test 

failures). 

Model coverage analysis

Time-Series Expected Results

.mat file

Time series 

expected results

Analysed and 

documented simulation 

environment taken from 

CM tool.

CC2

Reviewed and 

approved Design 

Model taken from CM 

tool

CC1

Automatic

Pass/Fail

Check

Test output report 

added to CM tool

CC2
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Model verification activities
Simulation activity outputs - Results Report

Uses model checksum to guarantee

the correct model was tested

The Test Case is linked to the 

requirement which it is testing

Expected Results and Simulation

Results are displayed
If reference results are provided an 

automatic Pass/Fail result is returned 
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Model verification activities

Simulation activity outputs – Model Coverage

Decision and Condition
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Model verification activities
Simulation activity outputs – Model Coverage Report
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Model verification activities
Simulation activity outputs – Model Coverage Report - Cumulative 
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Model verification activities
The model is automatically documented using the report generation tool
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Model verification activities
The Design Description Report captures the complete In-Memory Representation 

of the Model
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Model verification activities

• 129 Test Cases were 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 validated before a single 

line of code is produced
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Code production and verification

Once the Design Model has been fully verified it is ready to produce code

Ctrl+B
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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

Is there a way that all this can be achieved with the test cases which 

already exist?
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Code production and verification
Processor-in-the-Loop testing
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Code production and verification
Processor-in-the-Loop testing
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Code production and verification
Processor-in-the-Loop testing
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Code production and verification
Processor-in-the-Loop testing – Results Report

The version number of the object

code under test is reported

The PIL infrastructure reports execution 

timing on a code function level
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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.
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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
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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. 
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Thank You


