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Testing of CAN-Bus Devices with TTCN-3
agenda

� Introduction

� Testing tool selection

� TTCN-3 test architecture

� Experiences and results
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Testing of CAN-Bus Devices with TTCN-3
project domain

What we do at Siemens MED CO ID

- Development of components for clinical imaging devices

- Here: collimators for X-ray devices

collimator
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Testing of CAN-Bus Devices with TTCN-3 
keywords

> embedded software

- controls the axles, handles user   

interaction and communicates 

with the master 

- Infineon 16-Bit � C (XC167)

> TTCN-3

testing language standardized by 

ETSI

> collimator

- controls shape and density of 

X-rays in medical devices

- Automatic Collimator with

up to 12 motor driven axles

> CAN

(Controller Area Network)

collimator communicates over the 

CAN fieldbus via CANopen with a 

master (tester)

CAN

CAN

CAN

CAN

table

stand

X-ray
generator

> black-box test automation

automated test of the integrated 

embedded device via the CAN 

interface
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Testing of CAN-Bus Devices with TTCN-3 
requirements to the test automation tool

� CAN protocol supported

� Ease of use: simple test case design

� Automatic report generation

� Real-time constraints 
(deterministic response time of the tester of < 5 ms)

� Configuration of test execution
(test selection and test parameters)

� Execution of concurrent test threads

� Capable to perform over-night regression tests
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TTCN-3 selected

Testing of CAN-Bus Devices with TTCN-3 
test automation – tool selection

1) Systematic tool comparison

yesyesover-night regression tests

187203total points

limitedyesabstract test architecture

limitedyesconcurrent test cases

only Vector CAN-devicesfreely adaptablesupported HW devices

yesyesconfiguration of execution

yestool dependantreal-time constraints

limitedfreely adaptablereport generation

graphical toolnew languageease of use

yesadaptableCAN supported

CANoe
(Vektor Informatik)

TTCN-3Feature matrix

April 2005
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Testing of CAN-Bus Devices with TTCN-3 
test automation – tool selection

2) Evaluation of TTCN-3 products I
concurrent testflow with 3 PTCs:
- CANopen PTC: cyclic 100ms timer
- motor axle PTC: move to all possible positions
- executed under windows with priority HIGH

myTi mer . st ar t ( 0. 1) ;

al t {

[ ]  myTi mer . t i meout {
myTi mer . st ar t ( 0. 1) ;

r epeat ;

}

}

1.) timer accuracy:

� timer accuracy := deviation from cyclic 100ms timer

2.) tester response time:
col Por t . send( st ar t Axl ePPM( get MessageI D( axl e, RPDO1) ) ) ;

ackTi mer . st ar t ;

al t {

[ ]  col Por t . r ecei ve( axl eSt at eAck( get MessageI D( axl e, TPDO1) ) )  {

ackTi mer . st op;

}

[ ]  ackTi mer . t i meout {
set ver di c t ( f ai l ) ;

s t op;

}

}

col Por t . send( r eset AckAxl ePPM( get MessageI D( axl e, RPDO1) ) ) ;

time

� tester response time := time from receiving a message till sending the response
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Testing of CAN-Bus Devices with TTCN-3 
test automation – tool selection

2) Evaluation of TTCN-3 products II

%= 0,76 %= 0,43 timer accuracy

max.: 0,8 ms; av.: 0,5 msmax.: 0,9 ms; av.: 0,8 mstester response time

Telelogic TAU/Tester 2.4Danet Toolbox 2.8p5RT Performance

April 2005

���� required performance achieved

frequency

timeout value

Frequency chart for 
timer accuracy ���� 0,15% of timeouts outside of

expected 5ms window
(Danet + Telelogic)

Danet Toolbox 
selected

���� CANoe: � = 0,54; no timeouts
outside 5 ms window !!!
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Testing of CAN-Bus Devices with TTCN-3 
test architecture

�
�
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�

libTCI_TM.a (Danet)

behaviour.3mp

artis_architecture.3mp

artis_functions.3mp

artis_datatypes.3mp

artis_testdata.3mp

artis_declarations.3mp

canopen_functions.3mp

canopen_datatypes.3mp

canopen_testdata.3mp

canopen_declarations.3mp

TTCN-3 module concept:

• only “behaviour.3mp” differs
between test cases

• other modules are part of test
libraries

C
o

d
ec

s
(l

ib
C

o
d

ec
.a

)

• Codecs automatically generated 
from XML-File with CAN message 
representation

TRI-Library (libTri.a) (Danet) • TRI-Library from Danet extended 
with support for CAN-HW

• Vector XL devices

• I+ME Actia Level X

• can4linux (in work)

PA-Library (libnt.a) (Danet)
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Testing of CAN-Bus Devices with TTCN-3 
abstract test design

f unct i on f NMTReset ( i n i nt eger  nodei d)

r uns on MTC

{

t i mer emcyTi mer : = 20. 0;

f Test st ep( " NMT- Reset " ) ;                        

col Por t . send( r eset NMT( nodei d) ) ;

emcyTi mer . st ar t ( 25. 0) ;             

al t {

[ ]  col Por t . r ecei ve( boot up( 1792 + nodei d) )  {
r epeat ;

}

[ ]  emcyTi mer . t i meout {

f Text ( " EMCY- Ti meout  abgel auf en" ) ;

set ver di c t ( f ai l ) ;

}

}

f Test st epEnd( ) ;

}

canopen_functions.3mp

Testspecifier

behaviour.3mp

modul e behavi our {     

modul epar {  i nt eger conf i g} ;

i mpor t  f r om ar t i s_ar chi t ect ur e al l ;

i mpor t . . .         

t est case t cTempl at e( )

r uns on MTC

syst em TSI

{        

f Regi st er Col l i mat or I Ds( conf i g) ;  

map ( sel f : col Por t ,  syst em: col Por t ) ;                 

/ / * * * * *  USER AREA * * * * * * * * * * * * * * * * * * *

f NMTReset ( 64) ;

/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

unmap ( sel f : col Por t ,  syst em: col Por t ) ;  

}                     

cont r ol {     

execut e ( t cTempl at e( ) ,  500. 0) ;

}

}  

Testdeveloper

t ype por t CCol l i mat or _Por t Type
message

. . .

t ype component MTC 

. . .

artis_architecture.3mp
XML

t ype r ecor d NMT_MessageType {

i nt eger messageI D,

i nt eger node_I D,

i nt eger cs

}  wi t h {  encode " Canopen"  }

canopen_datatypes.3mp

t empl at e NMT_MessageType r eset NMT
…

canopen_testdata.3mp

generated
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Testing of CAN-Bus Devices with TTCN-3 
test automation with ttcn-3 – test structure

SUT

image field

CCD camera

light emitter

teststand

TTCN-3 tester
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Testing of CAN-Bus Devices with TTCN-3 
test automation with ttcn-3 - workflow

test-

script

test-

script EXEEXE
compile execute

test-

spec.

test-

spec.

Workflow:

Results

(XML)

Results

(XML)

HTMLHTML

PDFPDF

transform
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Testing of CAN-Bus Devices with TTCN-3 
project status

� Productive use since June 2005

� Test scripts for 7 collimator product variants realized
(planned for about 20 variants)

� About 50 test cases implemented 
(with about 100 lines of TTCN-3 code each)

� About 6000 lines of TTCN-3 code in library modules
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Testing of CAN-Bus Devices with TTCN-3 
achieved improvements
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Testing of CAN-Bus Devices with TTCN-3 
experiences and results

� TTCN-3 is suitable for test automation in the embedded domain

+ Well defined testing language (esp. templates and altsteps)

+ Flexible adaptation to various test interfaces (TRI-SA)

+ Flexible report generation, e.g. in PDF format (TCI-TM)

- Large differences in real-time performance and stability between TTCN-3 tools; 
in general worse performance compared to dedicated tools, e.g. CANoe

- Consistency between codec and TTCN-3 data types easily gets lost
� Solution required, e.g. codec/type co-generation if possible

- Confusing syntax: near to C, but not identical

- Missing: hexadecimal literals for integer types (e.g. 0xA1)

� The time and cost efforts for test automation for black-box tests 
� About 3 times higher as for manual tests for the first test

� But 3 times less efforts in subsequent regression tests

� One-time efforts required to build up the test infrastructure and 
for training: about 2-3 months
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