Buletinul Stiintific al Universitatii "Politehnica” din Timisoara

Seria ELECTRONICA si TELECOMUNICATII

TRANSACTIONS on ELECTRONICS and COMMUNICATIONS

Tom 49(63), Fascicola 1, 2004

Simulation based testing of complex electronic systems

Dan Simu'

Abstract — Complex electronic systems”?"! are built of
different electronic devices interacting between them.
The devices are interacting using one or several
common buses. The testing of each device is done as a
functional testing but it doesn’t prove the functioning of
the hole system. Testing complex systems while
simulating the environment with additional hardware
could prove to be impossible. Simulating each device,
assembling the system, generating the test program for
the entire system and running the test while injecting
errors and failures to some of the devices could be very
useful for the assessment of the system reliability in time.
This paper analyses the technical and the cost
opportunities for the design of such a testing system.
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I. COMPLEX ELECTRONIC SYSTEMS

In our days the electronic devices could be found
everywhere. The industry is building more and more
complex systems. There are two sectors where
complex systems are used on large scale: the aircraft
industry and the automotive industry. Every year new
devices are added to the previous architecture. An
electronic complex system could be defined as a
collection of electronic devices connected through one
ore more buses performing together the tasks
associated with the system. The system could have an
hierarchical structure or could be only a collection of
standalone devices performing different tasks at
different moments. In the aircraft industry there are
several subsystems (organized usually hierarchically)
exchanging information on two or more buses
(usually ARINC 429 or ARINC 629). In the
automotive industry there are tens of devices using a
CAN bus as a support for information exchange.
Every device has its own functionality driven by an
intelligent hardware running its own software. The
usual testing procedure is to take each device and to
verify it on a test bench. This type of verification is
based on the ability of the test engineer to design the
set of tests for a good coverage of the failures field of
the specific unit. While the complexity of the systems
is growing, the possibility of unforeseen situations
becomes reality more often. For complex systems for
economical reasons there are used Automatic Test
Equipments with different Test Unit Adapters
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(interfaces between the standard equipment and the
Unit Under Test) and different Test Program
Software.

IIl. ATE BASED FUNCTIONAL TESTING!?*3#.2%

The ATE based functional testing means that
every stand alone device has a Test Requirement
Definition designed by the manufacturer and based on
this document, a suite of tests could be performed
connecting the test equipment at the connector of the
UUT. The device is seen as a black box and there is
no access to the components inside. Usually the ATE
is a collection of general purpose measurement and
stimulus devices controlled by a computer. The
computer is running the tests controlling all the
measurement devices via a GPIB type bus or other
common connections (serial, USB, parallel) . The
functional testing represents a suite of tests organized
to verify the complete functionality of the device. The
testing design is based on the hardware architecture of
the device. It verifies every block of the unit orderly,
starting with the power block and continuing with the
other blocs one by one. While this covers the entire
hardware of the unit it assumes a reasonable
functionality for the environment of the device, It
means that the testing is more targeted to the
hardware failures. Unfortunately for complex systems
the verification of the software inside a device cannot
be completely tested at the design stage. When the
number of interacting devices is growing the number
of possible situations is growing either. Using an ATE
equipment to test several interconnected devices is
almost impossible because of increasing costs.

[I. COMPONENT MODELING AND SYSTEM
SIMULATION!'

Functional tests, because of their precise
description are suitable for simulation. The UUT
could be descript by a functional model. There is an
open issue regarding the detail of modeling when
simulating a device. The better and detailed model of
the device means the more accurate and close to
reality simulation. But a very detailed description
could cost a lot of development time and also could
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cost running time during testing. A functional
description of the device based on the original testing
requirements at least as the first testing iteration is
convenient. The device could be descript using VHDL
as a language. The new model will be casily tested
Buvew wie tue originad functicnal tect. Ba.ed on this
modeling approach the entire system may be built as a
library of models. The design of the VHDL models
will have some supplementary features to enable the
implementation of some new testing strategies and
more important the error injection'’l. The model
library is not enough to run the simulation. We have
to add the model of the bus or busses used for
information interaction and the mode!l of the
measurement and stimulus devices (the ATE models).
T e ‘ast component 0 t e smuator w e te
application running all the models. The application
will have some important features. The models
represents  processes  which  are  running
simultaneously. The application like any VHDL
simulator has to run all the models simultaneously
based on a time sampling. None of the commercial
software was built to run the VHDL models and to
exchange data with other applications. But the ability
to run test programs, to inject errors and create test
reports is based on the possibility to exchange global
data at specific moments with the simulator. The
simulation environment will have an application
running the models, an application running the test
program and an application performing the error
injection. All those applications will be able to
exchange data and will be synchronized. A complete
simulation will be very useful at the design stage of
the system,

IV. OBJECTIVES OF THE SYSTEM LEVEL
SIMULATIONI®23.7

This paper presents the opportunity of the system
simulation in connection with the system testing
strategy. During the design stage. the possibility to
simulate the system will improve the test requirement
design of each component. It also will improve the
verification of the software of each device and the
implementation of a fault tolerant sofiware. It also
will allow the implementation for the hierarchical
systems of a BIST (Built In Self Test) procedure!” at
the system level. During the service of the unit the
testing is usually performed for maintenance reasons.
In this situations the testing equipment is necessary to
verify and diagnose if the unit is serviceable. For the
complex systems the test design is never perfect.
During service new scenarios are possible. While a
standalone device could be available, the entire
system is more difficult to have. In this cases a hybrid
system partially simulated and partially hard
implemented will prove very useful. For this reason
the test program running application will be capable
to control virtual instruments (real or simulated).
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V. ENVIRONMENT ARCHITECTURE

The architecture of a testing environment for
complex systems could have the following simple
hardware structure:

<
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equipment

X

Interface

)

Unit Under test

Computer

and the following software structure:

Test Test
executiv i program
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Instrument ","inter";facé
VHDL models 3 :
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X Unit under test

System device
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T

Error injection
models

VHDL simulator
application

VI. CONCLUSIONS

The simulation of the complex electronic systems
together with the testing environment is improving the
quality of test programs from the design stage. It also
allows to implement fault tolerant systems and to
better define the dependability of the system. The
main inconvenient is the cost of model development.
But avionic complex systems and automotive systems
are using more standard units enabling general use
library development. Also modeling at functional
level will limit the complexity.
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