Requirements @ Acceptance

AnalySiS \ =

Analysis @ System Test

Desigh @ ® Component
Test

Implementation @ @ Unit Test

New Ways of Test Automation
MC-ST: Framework for System Test Automation with UML and LabVIEW
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Save Costs and Time and Improve Quality with MC-ST
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Test Process Steps

Unit
under
Test

Test
Execution

Test
Driver

' Automated ;
Environment
. Standard Model

y 4

Development
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Automated System Tests with MicroConsult System Test, MC-ST

MC-ST is a framework for automated system tests with UML and LabVIEW.
MC-ST consists of the Test Management Center, Test Executor and Test Configurator by
MicroConsult.

The Test Executor runs on the PXI Box. It contains the test drivers and executes the test
sequences modeled in Rhapsody C++, simulating the environment.

Test cases can be parameterized and composed to test sequences

using the Test Configurator.

The test cases are derived from UML sequences in Rhapsody C++. _ Host
The Test Management Center running on the host communicates o L
with the Test Executor and passes the test sequences to the PXI box =
via TCP/IP connection. ==
The test documentation is created after atestrun. )

Unit under Test PXI

ISystem
Emulator

I 3l M1ICROCONSULT
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A Project in Rhapsody C++

hapsody in C++ by I-Logix Inc. - PawControlrpy - [Sequence Diagram: SEQ_Control in')

| Frout Tools twindow Help
DEE|rm@ e o0 ARD (X [AQHOEE
”@ @ @ ¢ [DefaulComponent | [DefautConi ] ”E
[pmrme menpegogsH [NLAD
I | FlawControlSystern

Enitire Model i
EXEg A SDS R‘equtrements

Sequences from requirements analysis
describing the functionality of

the system are used as test cases to
evaluate the functlonallty of the system.

=

-

[+
-1 %*' FlowControlS AC_FlowCha AC_Referenc JAC_Serial _F
. E] Deplu:uvment i wstem nnel elevice ort
I Infos : T
. % PN e ‘N L setReference(Refvalue=0.0 § 7
|_'I £ Sequences i i <, ,-/f’ g
: T mz000 <
ki * e 7 7 .
EI Er setReferenceiRefialus] - “ ///
...... |ﬂ
'_' @ Tags a 4411 Tmi2000 ms) . .
N . whILE1==1) The functions (drivers) have to be
- IE Ackors 4 o TmED ms) 1 1
g 1o T T v implemented in LabVIEW.
E g ?:]:Ets -zh |-set5en50r(5ens_c-r\-‘ﬁluej =
El D Llsg s s * [ dohlessagel Ptk alue, Senzaralue) & =
- g¥) uCD_system = |
F-¢7) Use Cases _ 4h1
[~ @ Tags |:|

__ setRefarencelR ety alue= I:II:Ij

D Tm2000 ms)
|
|
|
|

[+ E] F‘redeFlnedTypes (R

I E} General
= £ TestCases
=2 Packages
El& T5_FlowControl
LB {1 Packages
: -3 1¢_Contral
AR | Deplnyment Diagr

ASSERTISensornfalue==RefWalue 0.1}

B T I
ARRRA R R C R RN

e e N A AN

Additional test sequences can be modeled
|SEQ Contral 1 In RhapSOdy C++
il  =E R i “-ﬂ s uco_. | Hsea t.] sk [ sen_. [ B sen. [ Sslore r] I seo 1. ] Hsen_c. ]t
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Software Specification -> Test Specification -> Test Cases

Host

Rhapsody in

A 4

A 4

C++

Test Sequence:!

A 4

Protocols

Test Management Center

E.-l'szkhapsndy in C++ by I-Logix Inc. - [Sequence Diagram: SEQ_Control in A_SDS_Requi‘r‘éments_::S_eq'uén_EP__s.]'
ﬂ File' Edit Wiew Code Llayout Tools ‘Window Heip

AL MC-ST TestConfigurator

=loix|

Pa Ing. Testlaufl
beasze(a? (2 Ak E|x]]&&l@®@l95/ | & [l B iéjsjjf?ajﬂJ\ | e
”@1 @ ! B ¢ [DetautCompenent ][ DetaitConig ]- | BB ]J. o B | =] =- D_‘l AJSES _Requirements
= : : equences
[EErmslndiE= 2 J & e 0 2~ » "B SEd o
1 | FlowControlSyste... :AC FlowChan..| 2
Entire Model View = K i} TestEases
o i FlowControlS AC_FlowCha = T8 FlowCartiol
ER <1 i S05_Requirements 2 - ks yaterm anel D%?“;“I_TCDL’T”E:S:EM
=] Packages | )
B3 Depl & H tRaf Sefialie=00 [E SEQ_Intrusmm
é% I:Fzsovmen Reql,“ rem entS |= setReference(Reffalue=(.0) 7
E!E Reqirements

- UseCase

I

[} @ Tags

- E:] PredeﬁnedTypes (RO
3! [y

I:! E] General
= Ej TestCases

=17 Packages
EIE] T5_FlowControl
EI--D Packages
D l- T _Control

Bl 5 Sequences
(7] Seau Piagka

:
I@ Tags B

| B Requlrements

e

Tm{2000 ms)

setReference(Ret/alug)

J TC_InitDebugger
[E SEQ_|nitD ebugger

S

S
—

|t

Tm3000 ms)
WHILE(1==1)
Trm20 ms)
setPWilPYWhiValue)

|s

Link

|.d
I

etSensar{Sensol e}
ohlessageEenivalue, Sensorvalue)

¥

TC_StopDebugger
[E SEQ_StopDebugger
TC_ReadDebugger
------ .[E SEQ_ReadDebugger

= DOk |gEt i1

setReferenceRefalue=0.0)

R e N

Import odel 3 ljpen Workspace | Caniel |
= &

N\

Test

Spec

0 T Intrusionl —_
H-{21] Deployment Diagrams
i Requirements

2

{j
2

Tri2000 ms)

ASSERT(Sensotvalue==Retvalua 0.1}

Sequences from Rhapsody C++ are imported
into the MC-ST Test Configurator.

S0

Z

SRS

- #Juep_s..| B

JsEq_Ti.] Hf sEaL

© MicroConsult - MicroElectronics Consulting & Training GmbH
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:]Test Eunﬁguratnr
F‘arametﬂerung | Test

EI fo_'l SD5 TEStSDEDIfICEtIDr‘I

Parameterization of Test Cases with the Test Configurator

EI DD & 505 _Requirements
P Dh_"l Sequences

El_,l Cantral

Parameter von SEQ_Control

RefValue

Sensorvalue

PV alue

=oix]

douhle

double

dauhle

£em

0.0

0.0

0.0

Mormal

1.5

0.0

0.0

= D[|_"| TestCazes _ ' 2
E| Duj T5_FlawContral 2 b 130 0.0 0.0

-0l TC Intusiont

- @[ TC_Intrusion?2

=[] T5_iSystem

F-[]L TC_InitDebugger

#-[]L0 TC_StopDebugger

&[] TC_ReadDebugger

Cancel | I Ok

| import Model | Openworkspace |

One sequence diagram can be used for
several test cases with different parameters.

i MICROCONSULT
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Import of Test Sequences from Rhapsody into the Test Configurator

EE} Test Configurator
Parametriemnng T esthaub

kgr DebuggerStart _w
b L:'_'I_] SEQ_InitDebugaer: start T P
[GEchen
Pl Boncont grouped sequences '
----- il SEQ_Contral:Max T
----- SEQ_Contral:Zem
----- SEQ Contral:Maormal 1
[—:Iﬁ Intrusion
----- = SEQ Intrusion?;:Poszitive
----- SEQ_Intruzions: M egative Kopiersn
[—:I--'Ef DebuggerStop
----- = SEQ_ReadDebugger:read
----- SEQ StopDebugger:stop
[=]- ﬁ Urreferenzierte Tests
{E SEQ_Contral::Zeno
-{H SEQ_Cantral:Nomal
{-E SEQ_Contral:Max .
{E" SEQ_Intrugiont::Positive Im pO I’ted ,
g | SEQ Intrusionz:;:Megative :
{-E SEQ InitDebugger:start param etrlzed
: {'E SELQ_StopDebugger: stop Sequen ces
{-E SEQ_ReadDebugger:read
Binary fuir den Test: | |
—Erupéne'i@énsqhaffpn
Target: Fh_a_akﬁl;m_:' [ Feset = Titace
ink;
daubls; Arideri
~ Import Model - OpenWorkspace ~ Carncel |< k.

The test sequences
can be grouped
and sorted.

\

© MicroConsult - MicroElectronics Consulting & Training GmbH
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Test Management Center

3 P ] 0
The sorted and parameterized
tests are loaded into the
T S e | e | Test Management Center.

‘Current Sequence I Sé'qgerit%'ﬁt_até .;'I's_.r;:u_t executed

o

SECQ Control Masx: Mot executed
SEC Control Zero Mok executed
SEQ_Contral Normal Mot executed
-SEQD_Iﬁ_ErusitunL'Pnéitive Mk éxetutsﬂ — —

SEQ. Intrusionz Megative Mok executed
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Test Execution

i MicroConsult ST TESTMANAGEMENTCENTER B __:||:|'|':5|' The Test Executor and the drivers

are loaded down into to the
Execate Onice sqr‘ PXI Box.

_ BreakSequEng:e I Skop at next kesk ,EEE' I

Workspace Testrun Extras  Aboub

The Test Management Center
passes the tests on to the

Test Executor running on the
PXI Box. Tests are executed.

Current Sequerice: | Sequence State: rr‘:Ei:- executed

SEC Corkrol Unteretrenze. 1ps
SEQ_Control ObereGrenze  [Passed
' '5 -'ffDﬁJErDI_..o Passe

SQIntrusiDnE ax xecuing

TCP/IP
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aten'Consulting’ Systemtest, SWTest! Testproj
File Edit Yiew Favortes Tools  Help

Documentation

Back v o= v | ﬁﬁe'arci'} L Folders ) | FrEq v i e [f;g| '.+.

#ﬂdresS_ Ll‘l C:'I,Daten'l,C-:unsuIting'l,S}fstemtesI:'l,5'-.-'-.-'Test‘l,TestprDjects'l,FIDwCDntrcuIﬁ!ErDtncD:} Lirks

After a test run, protocols are filed in
a protocol directory.

05-07-17_16-00-40
05-07-17_16-04-03
05-07-17_16-05-45
05-07-17_16-09-52
05-07-17_16-11-23

ke SR B R T, e R A i
trace.bxt - Notepad
File Edit Format Help

Folders X |: [

E! TestConfigurator
i TestExecuter

TestManagement
4 Testprojecks
s &

| Flo

|
5
x

STATE: Passed
{MESSASE:

executed til11 15
TRACE:

00:32:30.022 IT
05G:32:31.500 IT
05:32:31.500 IT
-0 109232131, 512 FL

K ; = 0G:32:31. 512 FL
= 09:32:31.513 IT
15 object(s} (Disk free space [05:32:33. 403 IT

09:32:33.4594 IT
D9:32:33.404 IT
09:32:53.405 IT
09:32:133.495 IT
09:32:33.406 IT
09:32:36.467 IT
09:32:36,468 FL
D9:32:136.468 FL
09:32:36.469 IT
09:32:36.469 IT
09:32:36.470 IT
09:32:43,407 IT
09:32:42.407 FL
09:32:45.424 IT
09:32:43,427 FL
09:32:43.427 FL
09:32:43.427 IT
09:32:43. 427 IT

KA}

WD O Mmoo e B s P

et el
(RN R el el o

F==============Sequence Statf==============
SEQUENCE: SEQ _Intrusionz Positiv

of the test run.

The trace protocol shows each step

Flow control started.

A_SDS_Requirements::lUsecCase: tFlowmiontrolSystem. FlowZontrolsystem. setReference

Mo return, 0. 000000
Wait-Initial 2000, ID 1

Timer wait/srRsT, ID 1

A_SDS_Requirements::Usecase: FlowZontrolsystem. Flowm-_ontrolSystem. setReference

Mo return,l. 500000
wait-Initial 3000, ID 2

Timer wWaits/RsT, ID 2

A_SDS_Requirements::UseCase: tAC_FlowChannel.AC_FlowChannel.setIntrusionz

Mo return, 0. 700000
wait-Initial 7000, ID 3

Timer wait/RsT, ID 3

A_SDS_Requirements::lUsecCase: tAC_Flowchannel. AC_Flowchannel.setsensar

Mo return,l.499108

A_SDS_Requirements::UseCase: :FlowZontrolSystem. FlowZontrolSystem. setReference

Mo return, 0. 000000
wait-Initial 2000, IC 4

-

P':‘%
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Documentation
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S —— T
Datum: | 17.07.2005 17:23:13 = =oh omner TER
Projekt: Efam ahles]
Projeli-Nr.: Flow Control 001 [Registers]
Projekt : Flow Control Test Project pfl A=4F 6?5 B :
: Pwh_wal_array
?"““’-‘"?"“"ﬁ' Pwt_val_array(0)=0
est project for flow control. FaM_val_array(1)=0
Test drmver with data managerment. F'wtﬂ_va'l_array(2j=0
Pwh_wal_arr ay(371=0
Pwi_wal_array(d 1=0
Pwt_val_array(5s=0
| vorgelegi von PwM_val_array(61=0
Natme/Abt Rosenthal Telefon: |-+49(0)29 450617 62 oAt sen T mee TR
E-Ivlail: |% mimbdEmoomoalds ] ]
Ausgefithrie Testfill: The debugger log file contains the
Beschretbns - 5E0) Control: Standard Use Case for controller read_out reg ister and Variable Val ues.
der Testfalle :
N .
i fes The values are read out using the
Testfille Statistik: Klassifikation: Ahzolut ¥ bezogen J TAG emu I ato Ir.
auf’ &nzahl
Lnzahl: 244 - 100
Lusgefiihet: 243 100
Passed 243 100
Failed 1] 1]
Execution Error 1 1] I
e — A tegt protocol according to IEEE
Testohjekt: Flowr Charme] Control 829 IS C reated '
Testurngebung: HIL, PEI, PEI-A221 WD AD
(Kordfiguratioz, Test-
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[® Test Configurator T

Ej SEQ _Controltst - Motepad
File Edit Format Help

Parametrierung I Testau |

T 3 EIDE‘) FlowControl
[sequence] || 503 A_SDS_Requiements Akt Name Refvalue Sensori/alue | PwMvalue :"‘
Mame=SEQ_Control Morm:| 500 S | e - —
a- r—gg J Vo Zen 0.0 0o 0.0
[parameters_int] sl | & [Noma
-0 TestCazes ' armal
EBI:II:I e L = E-Ea,z._s":lowcon"-d 7 [
20 Const E:S IE:::::E:E:; FlomControls AC_FlowCha AL_Refarenc
1l const E---I:I%IS_iSystem wetem nnel eDevice
IN00 const E?TE_InitDebugger
Eifj IE:;::E;:;E;;; |..- zetRefarance(R e alus=0.0) ,,/f
[parameters_double] n % Z
1.5 refwvalue Tm(2000 ms) < z
0 Sensorvalue - -
O PalMyalie setReferance(Refalue) ::; -
E:E Eggg-'t: |_M| —DI T["a_s5D5_Requirements::UseCase: :FlowContralSystem” < pf
| "setReference” "t
[parameters_string]
[=teps] i
| PR Test Driver setReference(RefValue)
S0 3 4 1 BO0O0O001L 3 3
B o4 1 1
11 5 2 0 40000000 =]
7064 3 Boo0O0004 3 d
4 0 7 4 BOOOOOO3 O BOOOO0O03 d
7084 2 Boooo0ooz2 3 b
12 9 2 040000003 EH - | ]
13 a2 040000002 = —
14 b 3 0400000035 40000002 -
g el - Eois] |
I:I I:I EI D QueuEing new operakion |
B o0el 3
11 f 2 0 40000004
010 4 4 s0000001 5 10
B 011 1 4 B
B 012 4 40000002 0 40000001 40
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A Real System

Constant air flow in the flow channel

Reference
Value

Control Device Tusun OO g
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Real Environment Simulated by the HIL

Constant air flow in the flow channel

PXI

Reference
Value

Environment Model

/

1 et 4 ; lj 2l
Control Device RITTITTE o & o Srjd
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Prototyping with PXI

Constant air flow in the flow channel
PXI

|F'!I

Sl
- 1

.8

L
L L el
L]
FALLLTE Y vy
l'i-....“.

Febpkbie

B Py

Environment Model

— porer '-g,'t‘..!'-"r'-
i ¥Em, _H-E-L:"__W l'ﬁﬁm i
;:t_._: h 7
o W TRy
&5 B
b i
i" i
Bl . Fow
wigh - : (] "
s (] * i
]
| - [ i i
- [P

Control Device
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Test Bench

Visualization Host

=

wisy
[or-

Ll
PR |

\\\\\\\\
mo

W g e pods ) M 4 4 el g

Rhapsody in C++
Test Management Center
ISystem winIDEA
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Hardware Platform PXI

PXI offers a standardized, open hardware platform
for generating, measuring and displaying signals
with more then 1000 I/O-cards from many different manufacturers.
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LabVIEW

With LabVIEW, you can program a test environment for generating, measuring
and displaying signals graphically.

B Power Spectrum with Lab¥IEW. vi Front Panel

File __Edit___ grate_ I_og_ls Browse Window Help B ) - )
|::> I@«I @E | 13pt Application Font |« || ;mvllfﬁ:vilﬁvl |t‘§3vl
‘Signal Frequency. Sine and Square Waves e U S e r I n te rface

|

_— Bl Edt Operate Trols Browss Window Help I -
o : ! Ty [ | | R = £ | g
e EEE :"‘;-]@ @IE“.D]IE’JDJ} | 13pt Application Font | I|_+_,;. il i ”f;'! j z
ofk o 10 ~
Square Frequency Eine Wave
A e i Gine and Sguare Waves
i3 ( bt
. B SRUT
Ld
L3 L
S ; Sirrulate: Signal 5
N = S | S | i = '
Ilé. i Equare Wave] P 4 b &
= - T 5 i Spectral rite LabVIEW
| :’ : x i Measurements Fower Spectrum Measurement
Tw ; &EW" et Signals = File
5 i Power Speckrum tﬂl Signals
13 ¥ B T 2 R
Simulate Signalz ;
Square ¥l
T
stop]
|
| ETOF
_ &
“
< | S
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Isystem.connect

ol x|

Get Symbal
pESE

T

© MicroConsult - MicroElectronics Consulting & Training GmbH

* Download

e Flash programming
e Program start/stop

 Variable read/write

» Register read/write
* Profiling
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Guaranteed Execution Times for Test Steps

PC Sequencer as SIL
* no real-time

T
I Yomaw 80 e O ! 'W'{
--m . .'_;-_ i

AL LT

. 'ﬁmﬁwﬂf?

e

L) d

A LYY | ::’.'- J;:t‘.

il LT -
PXI System as HIL s *B!- E ‘ol
e>=1ms X T |

L]
L

FPGA as HIL
e >=25ns
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Customized Knowledge for all Project Phases

Consulting, Training, Workshops, Coaching, Engineering

Sp@Cification ® = ( ) Acceptance
/ Test

MicroConsult
supports you
during:

Analysis @ @ System Test

(3
Design @ Integration
Test

Implementation @ @ Unit Test

HW /SW Technologies, Tools, Methods, Process, Team
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