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A new approach to Model-Based Testing in Simulink® ET/AS
The Need

Software defects originate from all
stages of the development process

- (Model-based) function
development

- Software code generation
- Software build and integration
- Hardware development
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Errors are often found far too late

- High pressure and risk at the end

of the engineering cycIe Req Design Code Devl  AccT Ops

Source: Barry Boehm: EQUITY Keynote Address”, March 19th, 2007

..... resulting in high cost of fixing Barry Boehm, Software Engineering Economics
errors
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A new approach to Model-Based Testing in Simulink® ‘ STAS
The Challenges for Function Developers
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A new approach to Model-Based Testing in Simulink® ETAS
The Challenges for Function Developers

Challenges Summarized

— Tracking requirements coverage and changes to their dispositions

— Deciding how to stimulate the function

— Creating test variants of the stimulations in a systematic and repeatable
manner

— Assessing the results

— Creating reports with rich details that support ISO 26262:6 and 8

ETAS’ solution is RT2
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2 What is RT2?
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A new approach to Model-Based Testing in Simulink® ‘ STAS
ETAS RT2: Find and Fix Errors Early

ETAS RT2 is a tool for designing, executing and assessing systematic tests for:

— Functional models (Simulink or ASCET)

— Software-in-the-loop platforms (e.g. C-code .exe, ISOLAR-EVE)

— Back-to-back testing: automated comparison ‘,
of test results between model ‘ I Tatis
and software test B,

FLMCTION
Developme..t
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A new approach to Model-Based Testing in Simulink® ETAS
RT2 Testing Approach: Model-based Testing

Normally, test case design is done using scripts g '
ANS/

What's the challenge of scripting?
- Manage huge amounts of variants
- Hard to overview the testing strategy and coverage
- Programming skills required
- High maintenance effort

RT2 takes a different approach: test cases are described using models
- Intuitive representation of complexity
- Efficient management of variants
- A “language” function developers understand

— —
e

__f-f aer 1 minule __‘—-h_q_‘_h
afir 1 sec
it i swiich posibon when end of festabe 1 man
9 Public| ETAS/COM-Ana | 2013-10-19 | © ETAS GmbH 2013. All rights reserved, also regarding any disposal, exploitation, reproduction, DRIVING| EMBEDDED EXCELLENCE

editing, distribution, as well as in the event of applications for industrial property rights.



A new approach to Model-Based Testing in Simulink® ST/AS

Test Case Modeling

Test Case Execution

Test Case Assessment and Analysis
Test Report Generation
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A new approach to Model-Based Testing in Simulink® ETAS
RT2 Testing Process

Simulink® Model Instrumented Simulink® Model
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RT2 Testing Process

Test Modeling
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Test Reporting
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A new approach to Model-Based Testing in Simulink®

Test Modeling: Test Case Sequence

Test case scenarios often consist of
sequences of logical phases.

Start Vehicle
Accelerate until 50 km/h

Emergency brake with steering wheel

to the left

4. Repeat steps 2 and 3 a total of 10

times
Stop the car
Engine off

State machine with textual

annotations are descriptive and easy

to understand
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Start Vehicle

v

Accelerate <

l until 50km/h

Emergency brake with
steering wheel to the left

10 trials * repeat if less
than 10 trials
Stop the car

!

Engine off
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A new approach to Model-Based Testing in Simulink® ‘ ST/AS

0 Test Modeling: Test State Definitions

Direct definition N/

Imported Signals Signal Editor Formulas

— "unnamed

MIN LIGHT OFF
+ 20 * sin(t/10)
+ 7.5 * random ()

Test step list: definition of a step sequence supported by a graphical editor

1 [ set channel Brake 1= 80

2 . setchannel Klerrime_15 =1

3 < Wait 10ms

4 [ set channel Klesrine_S0 =1

5 i Wait for value  Engine_RPM s= || 700
& | Set channel Klerrimne_Si =0

7 | set channel PRNDL = DRIVE

& | Set channel Brake =0

a [ set channel Acceleration_Pedal = 50

10 =] Wait for value  Speed 5= || 50

Time partitioned tests: definition through a hierarchical state machine
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A new approach to Model-Based Testing in Simulink®
Test Modeling: State Arrangements and Variations

Hierarchical and parallel states

Ignition 50% Gas
on Start pedal
when gas pedal
® Brake Is pressed Release O
100% brake

Variants of a state

Variants of combinations of states

with half throttle

with full throttle

=100.0
=0.0

throttle(t)
brake(t)
handbrake(t) =

Test case @

Accelerate: with half throttle
until speed: 120 km/h
Emergency brake: steering wheel to the right

-

S~
-~
-~
-~
-~
-~
-~
-~
-~

Start Vehicle
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Accelerate

2 I with full throttle
with half throttle

/ .

Pid

until speed
120 km/h
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A new approach to Model-Based Testing in Simulink® ETAS
RT2 Testing Process

Test Modeling

U

U

Test Assessment

U

Test Reporting
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A new approach to Model-Based Testing in Simulink® ‘ ST/AS

a Test Execution (1/2)

Test cases stimulate the test object by continuously affecting
system quantities (inputs) \Y/)

Test cases can react to system behavior by observing system
quantities (outputs)

Test Object = Simulink, ASCET, C-code etc.

Test object

N\
)
/

\ 49

Test case

= pagaEN ( ] _‘_,\\,Cﬁé\‘c
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A new approach to Model-Based Testing in Simulink®

Q Test Execution (2/2)

Simulink® Model
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Testcase Vessages

Jall SiL (FUSION) tests

2% FUSION - Lights Control Platform connected.

] Test Cases.
- (] constantly tumed on
Test Case Desigh Model e S
T on and dark Done. v v
== | W onendatemang ___ pudngreport.. ¢ b
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Execution

ETAS

e

¢ constantly tumed off
7 offand brioht.
7 offand dark
7 off and drivig cyde:
] constantly turned automatic
7] auto and bright
) auto and dark
] aute and getting darker
T auto and short derkness (turne))
T auto and long darimess (unne)
T auto and geting brighter
T auto and short brighiness
) auto and long brightness
) auto and alternating bright/dark
& ema

T turn off-> on, dark

-—- running
--- running
-— running
--- running
——- running 'Ourtputa’ from 'on and alternating’ in (03 <= T < 613} -—
Rssessment finished.

"Repozt Paragraph’ from 'on and alternating’ in (03 <= © < 6la} ———
"Timecur' from “on and alternating’ in {0s <= T < 6ls] ---
"hssessments’ from 'on and alternating” in (03 <= T < 8ls} -—-
*Inputs’ from 'on and alternating’ in {03 <= © < 61} ——-

< i

[ View TestResults. ] [ View Assessment Results ] [ Reclassify.

J

Runs: 3/35 (44 s remaining) | [ camea ] [de 7 |

Openreport
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A new approach to Model-Based Testing in Simulink® ETAS
RT2 Testing Process

Test Modeling

U

Test Execution

U
U

Test Reporting
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A new approach to Model-Based Testing in Simulink®

Test Assessment — Time Interval Analysis (1/2)

— Assessments conducted after test data is collected

— When specific state is active: Analyses focused on a time interval when a

specific state is active

AN\

Steering wheel to the left

+ Duration of the emergency brake
may not exceed 10sec.

s Deceleration must be less than
1.5 m/s2.

* Revs per minute must be less than
6000 min-1.

Start engine
Accelerate
with full throttle
until speed
! 30 km/h
\
\ A

Emergency brake
steering wheel to the left
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A new approach to Model-Based Testing in Simulink® ‘ SET/AS
Test Assessment — Time Interval Analysis (1/2)
— Absolute time: A time interval specified by absolute time |

~ [t >=50s] INY/

— Time patterns: Explicit time intervals specified

— [v_vehicle(t) == 100 kphl time intervals with speed > 100

[foo(t) == 1] [Too(t) == 2] time intervals with foo=1 followed by foo=2

— Temporal reqular expressions: Time patterns as special cases
— Assessments can be analyzed in multiple time intervals:

e.qg. time intervals where vehicle speed drops below 50kph for less than 10s

speed

cond: true

false true false
© 0 0O ©
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A new approach to Model-Based Testing in Simulink® ETAS
RT2 Testing Process

Test Modeling

U

Test Execution

U

Test Assessment

U
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A new approach to Model-Based Testing in Simulink®
Test Summary and Requirements Tracking

Overview

Detail-rich reports

ETAS RT2 Report

1 Testinformation

ETAS

EXE-Lights Control
B Test Cases

5 constantsy tumed on

# o orige

# o cant

# o a0 atertiog

% constantytumea ort

# o onige

# o cart

# o crning e

) constenty tumea automstie
# s o

# a0 e

# a0 2nd gesing atter

250 200 oo caroess ey

1.1 Report Meta Information

Test Case Hame  |turn auto - off, gelting darker
Test Result v Success
Test Case ID 73
ETAS RT2-File C:\Program Fies (xBE)\ETAS\RT2 ;_control_f A
Directory C:\Program Files (xBS)\ETAS\RT2 V5.0
\examples| exedata|\EXE__Lights_Contral\004_turn_cff\002_turn_auta___off_getting_da
Execution Config Al SiL (EXE) tests
Platform Config  EXE - Lights Control
Execution started 05:50:15 02.07.2013

turned automatically off. --> headlight(t) =0

Actions - Switch first points to AUTO and vl be turned to OFF, the light intensty is getting lovrer, Expectations: 1-
Swiitch starts on AUTO: the headlights should be turned off as the light intenstiy is above the threshold value
MIN_LIGHT_OFF (70%), > headlight{t) =0 2- Switch an Auto: the headiights should be turned on s the light
intensity is below the threshold MIN_LIGHT_ON for 2t least 2s. headiight{t) =1 3- Switch OFF: the headlight should be

ETAS

Requirements Management
— Import/Synchronization of requirements
— Import/Export/Synchronization of test cases

Import/Export/Synchronization of links
Impact analysis when requirement changes
DOORS ® Integration

2.1 Assessments
Name Value From To ‘Comment
v | lightswitch_off trus 535 65,355 | light switch OFF is ckay
Headlights have hold lzst valus
" | lightSwitchuto_hold trus 3345 5345 | (0} in AUTO mode during
hysteress
. Headlights have been turned off
lightSwitch&uto_off trus 0s 334s or n ALTO ;
. Headlights have been turned on
thS..rt:‘:L.tD_Dr' trus C.34s 5.35s or n ALTO ;
==
- . Signal light_intensity between min
_range_check b3 3 205 | 109 and mas: (1009%) limits.
o |p_range_check trus 20s 66,355 ﬁ;;ﬁ;ﬂﬁﬁ?u mn L%
En true 0 3345 I_t is bright lenger than threshold
Eea time
:“ trus €345 c.35s I_t is dark lenger than threshold
- time
:: [Time .0 334 5.34s | Wait for time hysteresis ON

W 2um a0 long caremess el 2 Signals
¥ a0 ana geting brignier
T 21
¥ 250 0 g urigrness
i T Name Value From To Comment =
& tunon + | ightswitch_off true 5355  65.358 | ight switch OFF s ckay
W ot on,dat Headlights have hold last value
* . ¥ | ightSwitchAuto_hokd true 134 5.345| (0} in AUTO mode during
um o+ an, origen bepetorese
W w2 - on, gemng orgreer-
v . Headlights have been tumsd off
; e IightSwitchAuto_off true os 334 AT,
tum oft Headlights have been turned on
¥ | ightswitchAuts E 534 535 Pt
ST per— sl e correctly in AUTG mode
N N Signal light_intensity between min
+ | light_intensity_range_check true s 205 (0%) and mex (100%) fimits,
N N Signal light_intensty between min
+ | ight_intenstty_rangs_check true | 66| (o e (100e) i,
[Py — o o e :;"Zbﬁghl longer than threshald
| i1Dark e 5345 535 :i("zdark longer than threshold
' | watOnDelzyTime 20 3345 5.34s | Wiait for time by
& signsi Viewer - Windows Intemet Explorer
Seo ’
s stz e s P BEEER R =)
2.2Inputs~~o ’ -
-+ aun, st e Bresnad =
- 2, geming danier anervans ‘ H S~ Walue From To ’ c nt
W wm o7 aum, gemng brigreer nenve S
~
R | [pemton L o A
% agnal comparison “~,,<~
W comect rewrence signal ’ Sso
&* 2.3 Qutputs ’ ~
wrsng rererence cigra =
Hame value / From  To Comme
‘ngm,swn:h 1 ‘ 05‘ ss‘sss|
- ~|
‘ light_intensity ‘ - )3 0s ‘ ss‘sss|
L Te———
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A new approach to Model-Based Testing in Simulink® ST/AS

4 Benefits of RT2
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A new approach to Model-Based Testing in Simulink® SETAS
Key Benefits of RT2

Comprehensive tools suite for test design, automation, R
assessment and documentation for Simulink® models E~ /

— Intuitive test case creation - Enables users to quickly develop test cases with a short
learning curve

— Test variant management - Enables users to explore functional behavior in multi-
faceted test cases, in large test campaigns

— Powerful assessment capabilities - Allows users to make decisions from test results
without additional tools

— Traceability between requirements and models - Improves quality and ensures
that deliverables meet the needs and expectations of stakeholders

— Test reuse across development phases (MiL/SiL)

— Supports IS026262 compliant development processes
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Thank you
Merci

Vielen Dank
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