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Test Infrastructure

« Model set-up

= Model stimulus

= Views of behaviour

= Verification of behaviour

MATLAB EXPO 2017

&\ MathWorks:

desired parameters, variants, operating point, etc.
e.g. test start up script

desired inputs driving the model
e.g. signal builder block, .xlsx, test sequence

signal traces, read-outs, animations, etc.
e.g. scopes, simulation data inspector

desired behaviour is checked
e.g. verification blocks, post-simulation scripts
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Common challenges:

* Problem: cannot do anything unless a particular script is run first
Solution: use project startup, data dictionaries, models always “ready to go”

 Problem: model is tied to particular means of stimulus (from file, signal builder, etc)
e Solution: use test harnesses + variants

 Problem: changes to the design and test mixed together
« Solution: save test infrastructure externally to your design; separate source control

* Problem: one person’s system is another person’s component
« Solution: model referencing, suitable interfaces

* Problem: performance degraded by infrastructure not needed for “my test”
e Solution: multiple harnesses / variants
MATLAB EXPO 2017
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Simulink Test
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"Why Simulink Test?

Saves you time:
= Creating / managing test infrastructure
= generating & (re)-running multiple tests
= reporting results
= acommon test environment —
everyone doing things in a consistent manner

Gives you capability:
= new ways of authoring test scenarios

= easy integration with other tools
(Requirements, Coverage, Test Generation, MATLAB Unit Test, Continuous Integration)

MATLAB EXPO 2017
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Simulink Test Overview
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1. Test Harnesses

2 Test Stimulus Integration

3. Test Manager

» Synchronized, simulatable test

environme

nt

* Inputs and assessments based on logical,
temporal conditions

* Author, execute, manage test cases
* Review, export, report

input maneuver

sy

Main Model

Component

" S
« e
impeller torque
s engine RPM
Ne|—¢ > . Ee. .
¥ throttie engine RPM_ N _i i !iiii
Ll i )
R o N
= o] > output torque
.
User Inputs = -
4 .
Brake | - =
E brake | gear W transm ssion speed
Throttle 4+ -
throtte |4 .
4 .
Double-click to Runn -sfuII ‘UFE a— vehicle
open the GUI speed
and selectan .

Copyright 1897-2014 The MathWorks, Inc.

rpp——

Vehicle

wehicle mph

< basic_inport_outport - Simulink | B
Undel’ test e Display Disgram Simulation Analysis Code Tools Help
He-E-RGOPF = H w0 Normal @ ~| i ~
e [k  autport ¥ -
a 1
[+]
- ssssmmmmEn
= 4 .
= e :
speed speecm -
D . " =
.
throttie |N01Ui :
= o
T T
Test Harness
! ” nm| .
lizad‘f 148% ode5

*& DoubleSTdriven/Test Sequencel - Test Sequence Editor

1 Speed
— pgex | 2
3 ottle
Teg Sequence

% A [Fanl s= = ST Mk
High Wind Speed
Data £
Input Wind Speed
- 08
outpu | |- (;
spe
thra Wind Direction |— <
P (£
Local np (1);
e Wind Input oo
peak_throttle Edit - Delete e IE"O“
Cons | ConstantWindNoYaw
Para Wind Speed
Data
=]
a
a Wind Direction
Wind Speed

Siow Accel

L newReport 5.pdf - Adobe Reader
File Edit View Window Help

EJER=T=]

@) [1] 76| = [71a% ]| ] =

=8 §68 5|
x

Sign . Comment

Test Environment

Platiom: PCWING4
MATLAB:  (R2015a)

Report Generated by Test Manager

Title: LandingGearControl-Regression Tests
Author: Jessica Johnson
Date: 20-Feb-2016 18:28:22




Agenda

Creating Test Harnesses
Creating Test Cases

Testing against Requirements
Reporting

Coverage analysis
Multi-release regression testing

Continuous integration
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3, WindTurbine - Simulink
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What if you already have a harness model....
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'D'} WindTurbine - Simulink
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| .
Common questions...

Do | need a separate harness for each test?

MATLAB EXPO 2017
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Test Harness Release Highlights

R2017a:

« Test harness import

= Create harnesses for components with physical (Simscape) connections
= More control over synchronisation

R2017b:
= Harness create/re-build callbacks
= Model comparison prior to synchronisation

MATLAB EXPO 2017
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Test Cases

&

Test Stimull
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Create a test case
using the original signal builder

MATLAB EXPO 2017
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o WindTurbine - Simulink
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'What have we done so far....
= Created and imported test harnesses

= Created a test case for running multiple simulations (iterations) with
different scenarios

MATLAB EXPO 2017
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| .
Common questions...

When should | use iterations vs multiple test cases?

* | TERATIONS?

* TABLE ITERATIONS®

. v | | IdealTestCasesByScenario

v Constant Wind =] Constant Wind No Yaw

Constant Wind No Yaw 8 Constant Wind

Cut Out . .

. =] High Speed Wind
« High Wind Speed
=| Cut Out

v Start Stop
] \=| Start Stop

MATLAB EXPO 2017
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| Use iterations If:

Same model/harness & test type
Same set-up (callbacks)

Usually run together

Relate to same requirements(s)
Can use fast-restart

Use separate test cases If:

Need independent configuration control
Different model/harness/test type or callbacks

Relate to distinct requirements
Distinct control of coverage

MATLAB EXPO 2017
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* TABLE ITERATIONS

+ Constant Wind
Constant Wind No Yaw
Cut Out

v High Wind Speed

« Start Stop

IdealTestCasesByScenario
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| Cut Out
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Create a test case
using real-world recorded data

MATLAB EXPO 2017
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| Importing time-stamped data from Excel or text files
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pre-process .xlsx file

get import options

importOptions = detectImportOptions ('SiteWindDataRecorded.xlsx"')
% set sheet

importOptions.Sheet = '2011 05 23';

% tell it that Time is in a date-time format

importOptions = setvartype (importOptions, 'Time', 'datetime') ;
importOptions = setvaropts (importOptions, 'Time', 'DatetimeFormat’
% read data in

T = readtable('SiteWindDataRecorded.xlsx',6 importOptions) ;

% convert to timetable

TT = table2timetable (T) ;

% re-sample to lsec intervals

%
%

TTT = retime (TT, 'secondly', 'nearest'); Time
0
1
MATLAB EXPO 2017 2
3

Time
00:00:00.175
00:00:00.306
00:00:00.437
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WindSpeed WindDirection
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What have we done so far....

» Created and imported test harnesses

» Created a test case for multiple simulations (iterations)

« Created a test case importing real-world data from Excel using root
Import mapping

MATLAB EXPO 2017
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Testing Against Requirements
(Verification)

@\ MathWorks

27



| _ _ &\ MathWorks
Good quality textural requirements....

Correct Requirement has no errors and is not an error
Compliant with one or more documented upper level requirements (operational, customer needs, etc)
Complete Each requirement covers all aspects of the requirement’s intent.
Consistent Is not in conflict with any other requirement. Is consistent with the environment
Validated Ensures the requirement will lead to the right design, i.e. reflects fully, correctly and objectively system objectives,

scope, operational use, etc

Achievable Can be implemented in a cost-effective manner that considers cost and
schedule constraints

Unambiguous The requirement has only one possible interpretation.
Questions are:
Could the requirement be read different ways by different people?
What are the different interpretations of the requirement?

Verifiable Expected performance or functionality expressed in a manner that allows
verification to be objective, preferably as a result of an observable, ideally measurable, effect

Singular Use a unique “shall” in each textual requirement to express a single design
Demand (unique intent).

Positive Negative requirements are very difficult, if not impossible, to verify.
Negative requirement may be used only for safety requirements

Adequate Each requirement is expressed as a problem statement
l.e. it defines what is needed, not a solution, except if a particular
iImplementation is a constraint to be resolved by design and test
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This model had requirements such as...

9. Pitch Controller Requirements
+

Track angle within | 0.2 degree
Rotor speed Wthin 10% of nominal
Rise Time 3 seconds
Settling Time 5 seconds

These are ambiguous, incomplete, and not clearly verifiable

MATLAB EXPO 2017
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| Hopefully a bit better is...

REQO001: when in power generation mode the rotor speed shall be maintained within =10% of the
[RotorNominalSpeed]

Definition: [RotorNominalSpeed] shall be calculated for a given turbine design to correspond to the rated
generator speed converted to rotor speed based upon gearing implementation to requirements [ref. TBD].

Rationale: control average power, shed aerodynamic load

Verification: by system level simulation

REQO002: under 1nertial load only (zero aerodynamic load) the rise time of the blade pitch angle to a £10° step
change 1n pitch angle demand shall be less than 3 seconds

Definition: rise time shall be measured as the time elapsed from initiation of the step to 90% of the expected
response.

Rationale: design experience [Ref. TBD] indicates meeting this requirement is a prerequisite for meeting
REQO001 & braking requirements of [TBD]

Verification: by sub-system simulation
30
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Example 1:
Using verify() to test against a requirement

MATLAB EXPO 2017
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| Further considerations...

= Testing at an appropriate level
l.e. system — sub system — component

« Verification of more complex requirements

MATLAB EXPO 2017
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Example 2
Using custom criteria to test against a
requirement

MATLAB EXPO 2017
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Types of Qualifications

Qualifications are functions for testing values and responding to failures. There are four types of qualifications:

Verifications — Produce and record failures without throwing an exception, meaning the remaining tests run to completion.

4\ MathWorks

R2017a

Assumptions — Ensure that a test runs only when certain preconditions are satisfied and the event should not produce a test failure. When an assumption failure occurs, the testing framework marks the test as filtered.

Assertions — Ensure that the preconditions of the current test are met.

Fatal assertions — Use this qualification when the failure at the assertion point renders the remainder of the current test method invalid or the state is unrecoverable.

Type of Test

Value is frue.

Value is false.

Value is equal to specified value.

Value is not equal to specified value.

Two values are handles to same instance.
Value is not handle to specified instance.
Function returns true when evaluated.
Test produces unconditional failure.
Value meets given constraint.

Value is greater than specified value.

Value is greater than or equal to specified value.

Value is less than specified value.

Value is less than or equal to specified value.
Value is exact specified class.

Value is object of specified type.

Value is empty.

Value is not empty.

Value has specified size.

Value has specified length.

Value has specified element count.

Siring contains specified string.

Text matches specified reqular expression.
Function throws specified exception.
Function issues specified warning.

Function issues no warnings.

Verification

verifyTrue
verifyFalse
verifyEqual
verifyMotEqual
verifySameHandle
verifyMotSameHandle
verifyReturnsTrue
verifyFail
verifyThat
verifyGreaterThan
verifyGreaterThanOrEqual
verifyLessThan
verifyLessThanOrEqual
verifyClass
verifyInstancedf
verifyEmpty
verifyMNotEmpty
verifySize
verifyLength
verifyNumElements
verifySubstring
verifyMatches
verifyError
verifyWarning

verifyWarningFree

Assumption
assumeTrue
assumeFalse
assumeEqual
assumeMotEqual
assumeSameHandle
assumelotSameHandle
assumeReturnsTrue
assumeFail
assumeThat
assumeGreaterThan
assumeGreaterThanOrEqual
assumelessThan
assumelessThandrEgual
assumeClass
assumeInstanceldf
assumeEmpty
assumeMNotEmpty
assumesize
assumelength
assumeNumElements
assumesSubstring
assumeMatches
assumeError
assumellarning

assumellarningFree

Assertion

assertTrue
assertFalse
assertEqual
assertMotEqual
assertSameHandle
assertNotSameHandle
assertReturnsTrue
assertFail
assertThat
assertGreaterThan
assertGreaterThanOrEqual
assertlessThan
assertlessThanOrEgual
assertClass
assertInstancelf
assertEmpty
assertMotEmpty
assertSize
assertlLength
assertNumElements
assertsubstring
assertMatches
assertError
asserthWarning

assertlWarningFree

Fatal Assertion

fatalAssertTrue
fatalAssertFalse
fatalAssertEqual
fatalAssertiNotEqual
fatalAssertSameHandle
fatalAssertNotSameHandle
fatalAssertReturnsTrue
fatalAssertFail
fatalAssertThat
fatalAssertGreaterThan
fatalAssertGreaterThanOrEqual
fatalAssertlessThan
fatalAssertlessThanlrEqual
fatalAssertClass
fatalAssertInstanceldf
fatalAssertEmpty
fatalAssertNotEmpty
fatalAssertSize
fatalAssertlength
fatalAssertNumElements
fatalAssertSubstring
fatalAssertMatches
fatalAssertError
fatalAssertiWarning

fatalAszertiWarningFree
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Test across multiple operating points?

(trim conditions)

MATLAB EXPO 2017
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Incorporating coverage analysis

MATLAB EXPO 2017
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Regression & cross-release testing

MATLAB EXPO 2017
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| Benefits of Simulink Test

&\ MathWorks

Ease of creation, organisation & control of test harnesses

Ease of driving your models with data from various sources

Ease of verify() for in-harness/model verification of requirements

Ease of test case set-up for multiple inputs, parameters, operating points, etc.

Ease of reporting

Ease of integration: requirements, coverage, MATLAB Unit Test,
continuous integration, ...
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