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Abstract

Time goals, becoming shorter and shorter, and increasing demands for quality for the development of vehicles
and their components ask for new methods to handle the various tasks in this area. The growing complexity of those
tasks requires very good support for the users and operators by involved tools and systems. Ideally, those systems are
highly integrated and build a closed, seamlessly cooperating chain of tools to support the entire development process.
Besides the activities directly related to the test cell, an increasing number of administrative and overall tasks come
into focus more and more. This paper introduces today’s and tomorrow’s requirements to a test cell and its
environment combined with a discussion of appropriate solutions. The variability of a modern diesel engine, the
positioning of the systems in the company overview, error indicators and problem reporting in a modern automation
system such as FEV'’s TestCellManager, a modular approach for a test cell automation system, the general situation
in a test cell based on appropriate system architecture, the systems in a test field according to functional layers, a
modular approach for test field management systems, test field overview provided by the FEV's TestFieldManager are
presented in the paper.
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1. Introduction
Looking into a test facility in the area of automotive testing one can find a lot of different

processes and activities, which either perform tests directly or support the testing tasks by
providing infrastructure, supervision and control, or administrative functionality to the operators.
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There are two main categories, in which all this aspects can be distinguished, the test cell level and
the test field level.

Emissions regulations are becoming stricter and stricter. This tendency forces the engine
developers to take into account an increasing number of ways to influence the combustion process.
Translated into the situation in one particular test cell (e.g. engine test cell or chassis roll) this
results in an increasing number of measurement and control devices, that are applied to the device
under test (e.g. engine or vehicle). Examples for these devices are listed in the following picture:

Systems Variability of a Modern Diesel Engine
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Fig. 1. The variability of a modern diesel engine

All those signals must be handled precisely in order to assure reproducible test results. This
applies for the control of demand values and settings on one hand and for the acquisition and
processing of measurements on the other hand.

Besides the evolution directly related to the combustion engine, the number of electronic
control units in one vehicle is growing rapidly. Especially hybrid concepts need extra devices in
order to control charging of the battery, to split the requested power into fractions for combustion
engine and electrical motor, and so on. Of course those control units are interconnected via
controller networks, which require special interfaces as well. This of course introduces the next
level of complexity into the activities inside one test cell.

In the scope of a test field the situation is more characterized by an increasing number of
variances of units under test, which must be handled in efficient and robust way. On top, the
demands for quality assurance for the entire testing process including test preparation and post
processing are indispensable as well as the efficient handling of the entire infrastructure, which is
essential to run the tests. Last but not least, the flexibility to resume an interrupted test on a
different test cell is an important feature of a test field, because it provides more freedom in
disposition of units under test to test cells.

The following picture shows the principle situation in a test field and the position of a test field
in the IT-world of a company.
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Fig. 2. The positioning of the systems in the company overview

The core part of this picture of course is the group of test cells represented by the automation
system TestCellManager in this picture. The cells are connected to a host system, here called
TestFieldManager, which acts as a bridge between the testing world and the other parts of the
company. Besides the test fields there are offices, where typically the engine development
engineers are located. They are the “customers” of the test field, because they want to have tests to
be performed in the test field. As a next layer all locations of a company typically are connected.
As a result this means, from the IT point of view, the infrastructure normally available in a
company provides means to connect any computer in the network to any test cell in all test fields
of the company.

2. General requirements

General demands, which are common to all levels of testing, are the demands for increasing
efficiency, flexibility and a high level of user friendliness. These requirements directly call for
highly integrated systems on all levels. Data transfer must be virtually seamless and the systems
have to feature the following attributes:

o Flexibility
o Extendibility
o Scalability
e Openness
o Integration platform for already existing systems
o Interfacing to existing higher level systems
e Acceptance
o “Migration instead of revolution”.
In this context flexibility means the ability of a system to be extended by new functionality at
later points in time without any impact to already existing parts of the system. E.g. the introduction
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of an interface to a newly installed measurement device must not result in changes of the overall
test procedure. Additionally a scalable architecture must be available, which allows for tailoring
the system to the current needs of the required test procedures. Again, activities, which are done in
order to adapt the system to a new situation, must be performed with lowest, even better without
any, impact to the existing or remaining parts of the entire system.

Openness is required to provide ways to combine the systems with other, mostly 3™-party
devices with low integration efforts. Both ways of combination must work; integration into an
existing network of systems or coordination and control of subordinated systems. Key point of this
requirement is, that the systems have to provide standardized interfaces, which are properly
documented, well accepted and therefore widely spread among the community of system
suppliers.

Last but not least the acceptance of a system is strongly based on its capability of adaptation to
different ways of working, or more general, different workflows. Supposed, that these
requirements are fulfilled, all processes can be optimized and refined smoothly and step by step,
but always supported by the same system. Again, the goal is to reduce invest in systems and cost
of training.

3. Requirements to a modern test cell

As already mentioned in the introduction, the situation inside a test cell is dominated by the
increasing number of signals and interfaces to sub-systems, which overwhelms the operator in
many cases. For that reason the operator needs support in the following areas:

automatic recognition of connected hardware and devices,
checking the incoming signals for plausibility,

e having easy, hierarchical access to status information of the entire test cell and its connected
devices,

e working with configurations, which are based on libraries of well proven parts of test
configurations,

e ability to operate all sub-devices via the automation system.

In day to day operation of test cells it is common practice, that equipment must be replaced by
spare parts, because the part, which was used initially, is broken or needs maintenance. The
replacement can also be caused by resuming an interrupted test on a test cell, which is equipped
slightly different. In such a case all installation-dependent parameters of the particular device must
be updated, in particular calibration parameters must be adjusted corresponding to the new
instance of the same device type. This procedure is error-prone, if done manually. Therefore an
automatic way to detect the connected devices and sensors is required. Having the identifier of the
device available, the automation system can retrieve the needed data either from the device itself
or from a central database. Of course this approach assumes that all parts of equipment, that are
available in the entire test field, are registered together with all their descriptions and parameters.

Working with very high numbers of signals makes it impossible to monitor every single value
of every channel manually. This calls for a functionality, which automatically checks the
plausibility of the incoming signals by applying rules to the relation between the signals or the
behaviour of one single signal. E.g. in most cases more than one signal, which represents engine
speed, is available (ECU, brake, additional sensor mounted directly to the engine). These signals
can be checked against each other to determine, if there is one signal deviating much more to the
average than the others. In case of an implausible signal, the average can be temporarily used as a
replacement for the faulty signal. This can be very helpful to assure a safe termination of the test
run, if e.g. the signal is used as feedback for the speed control loop.

26



Requirements and Solutions for the Automation of Test Cells and Test Fields ...

Besides the status of signals the status of more complex devices and also of the unit under test
is of great interest for the operator. Ideally he should have a status indicator, which can be opened
on different levels of hierarchy, where each level shows the summary of the next deeper level. If
something is wrong, the operator simply can unfold the next deeper level to inspect the details.
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Fig. 3. Error indicators and problem reporting in a modern automation system such as FEV’s TestCellManager

Since nearly all subsystems are providing an increasing number of signals, the central system
(typically the automation system) needs powerful interfaces, which support transport of lots of
data. E.g. the ECU provides several signals, which are part of the production engine, via software
interfaces (such as ASAM-MCD). If those interfaces are used, it is not necessary anymore to apply
sensors for such signals as part of the test cell setup.

4. Design of modern test cell systems

The design of a modern automation system must allow for easy extension of functionality,
which was not required during introduction of the system. E.g. new interfaces to external devices,
engine control units, or vehicle bus systems evolve over time, but must be available as soon as
they are released by the standardization group. To assure this possibility FEV’s automation system
TestCellManager is based on absolute modular architecture, which is composed of a central core,
providing a communication backbone and several modules, each of them providing well defined
and proven functionality. This communication backbone is composed of services, which allow
modules to exchange information in form of channels, events and function calls. Channels can
transport any type of information such as measurement values, calculated values, manually entered
values or text strings. On the other side events can be sent by a module to notify the other modules
about important status changes. This can be the start of the engine in the test cell or the end of a
complicated measurement procedure.
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All modules can use the channels provided by the others for any purpose. This means all
channels can be displayed, logged, used in calculations, monitored against limits, or used as
demand values without any restriction. The only condition is matching physical dimension; this
check is done automatically by TCM in order to prevent from connections, which don’t make
sense from the physical point of view.

The other way of communication is reacting on incoming events with appropriate activities.
This can be the activation of a different operating point of the engine (e.g. “CoolDown”) in case of
an alarm-type event (e.g. “EngineOverheated”) or the triggering of a complex script, which
handles a multi-step cool down procedure after a regular full load measurement.

_| Plausibility |_ | _
~ Monitor _ | Mapper

Event
Data Logger
Processor

Manager |

Fig. 4. A modular approach for a test cell automation system

So, a wide range of prepared functionality can be used directly without the need of
programming. On top of this the module called “TestAutomator” can be used to define any
procedure from simple performing a WOT test to high complex procedures and algorithms used in
the area of ECU calibration.

The described concept of modularity was basis for all software based products of FEV’s
portfolio of test systems as well as for the other products such as conditioning units and signal
terminals. It enables the user to tailor the equipment to the requirements with best possible fit and
low initial cost, and openness for later extension at the same time. The following picture shows the
principal set up of an engine test cell with FEV equipment.

5. Requirements to a modern test field

Talking about a test field in detail, the term must be defined first. A test field comprises
multiple test cells, which either are located very close to each other, or have the same intention
concerning the goals of the test procedures, that will be executed on them. Therefore, those test
cells typically share required infrastructure like supply with all media. Examples are cooling water
for different purposes, different types of fuel, and calibration gas for emission analyzers.
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Additionally, a lot of administrative tasks can and should be done commonly for all members of a
test field. The following list gives an overview:
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Fig. 5. The general situation in a test cell based on appropriate system architecture

Checking feasibility of an incoming test order concerning available equipment and required
timing.

Scheduling of test orders.

Assignment of a test order to a test cell to assure the lowest preparation effort.
Administration of descriptive data about units under test (engines, vehicles, others).
Administration of the entire equipment available in the test field.

Providing information about the calibration history of equipment to support QA.
Planning maintenance tasks.

Monitoring of different supplies for the test cells (fuel, oil, etc.).

Central storage and administration of measurement data.

Distribution of information about the status of a test order to all involved people.
Logging of utilization data in order to support cost accounting.

The overall degree of utilization of a test field must be increased as much as possible to justify
the financial invest for a modern test facility. One prerequisite to achieve this goal is the
possibility of disposition of test orders between test cells belonging to the test field. In the best
case a test order can be processed on all test cells of a test field, but mostly it will be possible on a
subset only. To enable such dispositions it must be very easy to support the migration of an
already started test order to a different test cell after it has been interrupted for some reason on the
initial test cell. In detail, replacement of devices, which are different between the cells, and the
integrity of result data are two of the most important issues in such a case.

During the entire testing process different levels of users and operators must be able to retrieve
all important data at any time from anywhere in the company. The whole bandwidth, starting from
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the manager of a test field, who needs to know the current backlog of test orders, including the
calibration specialists, who are interested in the quality status of every piece of equipment used in
the test field, up to people responsible for supply inventory of consumable material, who need to
know the actual stock of e.g. fuel or calibration gas, must have an easy and consistent access to
those data. Ideally all data would be accessible via standard software such as an internet explorer
to avoid maintenance of special software installed on lots of computers across the entire company.

Functional Hierarchy

Company Management level

Enterprise Resource Planning level

Manufacturing Execution System level

Process Control level

Field level

Fig. 6. The systems in a test field according to functional layers

Besides the interfaces to the human user the test field should also provide an interface to
superior systems. Data transported via such an interface are occupancy of equipment, consumption
of material (e.g. fuel) and man hours. They are used for accounting cost corresponding to test
orders respectively projects and for further planning of invest.

Another important task of test field systems is the central storage of data. There are several
categories of data, which have to be maintained on this level:

e Data, which are used during preparation of a test run: standards such as names, units
and calculations.

e Data describing the units under test and the equipment, which is available in the test
field: technical, calibration and utilization data.

e Data generated during preparation of a test run: configurations for the test cell systems.

e Data produced during the test run on the test cell: measurement and result data.

Since there are many resources in the whole test field, which can be disposed for test orders, a

resource planning and scheduling functionality must be available. It must be used for all types of
equipment starting from the test cell itself, via special equipment, which is not available on all test
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cells, up to human specialists, who need to be involved, when a very complicated test procedure is
executed. The system must provide an overview on the current assignment and location of
resources as well as support planning activities for test procedures operated in the future. At this
point the access to calibration and maintenance data must be possible, because tasks related to
such concurrent activities must be scheduled together with the primary tasks of the test field, the
engine tests.

Another example for concurrent activities is the management of the infrastructure of a test
field. All systems and devices, which deliver material or have an impact on the environment, in
which test procedures are operated, must be monitored regarding their proper function and their
remaining runtime. This is necessary to avoid expiration of any supply during an already started
test.

6. An example for a modern test field system

The following picture shows the approach used for FEV’s TestFieldManager. The architecture
follows the already introduced design of the TestCellManager, based on the same central modules
and services in the communication backbone. The functionality, which is special to this system
level, can be found in the modules surrounding the kernel.

Data
_ B ase
Service

Resource

Fig. 7. A modular approach for test field management systems

The TestFieldManager comprises administrative functionality, master display (SCADA) and
data management functions in one system. This means the operator does not have to switch
between different tools for different tasks, but can stay in a uniform and therefore easy to learn
environment. The various aspects are available via modules, which are organized in a tree view,
which is well known from several standard windows applications.

31



U. Oligschldger, T. Wagner, F. Chelminski

{I% Teer Field Manager (host: TFM, user: u01, config: ..\CFGATFM, [User Defined Screens]

[ e Frasmeve gow [ods b 181
=" B om|m =K. ¥
=12 del pernelio d eat | | ) test | B0 M 2] (G0 M4 B sMe) (D M 7| B M) R Utench | IE TCM | PR Channels | Wi Everss |
SM 2 SM 45 S5-SM 6 - SM 7 “T5M 8 =H
=} | v Velock FIPM] Velocka [RPM] Veloci [FPM] Velocta [FPM] Veloots (PM]
annello di - :
—— T T ,»' S
tes_tl ‘{/"s:m’ K/"smo’ /‘m \ ‘(“"m'f A o
/4000 6000 ] 8000 / w0 000 /a0 2000 il A‘J'
' 1 ' ) £ . ¢ ; [
Panneto diest | |_2000 10000_ | 2000 10000_ | 2000 to000_ |_2000 10000_ Lo < 4
5000
¢ 12000 . 12000+ " 12000 ’ 12000 ¢ o ~
Pannedo ditest I A v \ Y, L I Y
N  Copgia ] —Coppaajhiral__ _Coppia Na] __ ’_Evep-_auwﬁ
s [ | (1] [ [ [ (T
Vista SH 2 Bl 1ion rsiiezae Bl e issizzoo Bl tion s Wl tien iz Wl tion ricisezoto
Hll Frosao Bl Frecoso l Feceeo B reoeo s
Vista SM3
Wl e Wl s il e Wl e B v
Vista 314 " & o - " B o
Ml eroe e Wl e e Wl eoeiee Wl e e Ml e
Vista S |
" ] " B il e oee e e Bl oo aoe
Vst SHE Hll veerse Bl oo [ [ Wl oo Bl oo
Wl Frovoceni o Bl Frorvoner e Bl Frocio peri s Bl roo o Bl Fooceriine
Vista SM 7
T | T bt gl motore 1] | 7. o uiomamerto del motcre ] | 7. di fumcionamento del motore [ | T di furicnsmento del molaes [H]
Vista SM B [ o0 [ =0 40 [ a0 [
T. di anesio mebore (h] T. & snesto motore |n] Tempo d anesto moicie (] . d amesto matore [h] e oriesio Actowt W,
a0 153 a0 [ 00 00
Vista SM 8 ' !
Rep. % Rap. 11 R Fap. [ Rap ™
Wista SM 10 0 %080 o o W OED o m 408 g 0 080 o 0 40 B .,
2 B o g | o gl | o g
w
Riserva < i
[ user Defined scieens | afs)
operation mode G

Fig. 8. Test field overview provided by the FEV's TestFieldManager
7. Conclusion and outlook

The examples of implemented systems show an approach being designed following the ideas
of modularity, scalability and extendibility. All members of the presented product-line are based
on the same software backbone and philosophy, and therefore come along with an integrative way
of operation and a uniform look&feel. This makes usage of new modules or new systems easy and
assures a fast start up, as soon as the first application is understood. The systems provide both an
open system architecture and prepared functionality for day to day work. With this balancing act
virtually all tasks can be performed with one basic system combined with user definable
configuration packages.

Although the level of integration is already advanced in nowadays systems, an increase of
interfaces, especially to higher level systems (ERP), can be expected. At the planning level all
different types of tasks will be scheduled in an integrative tool, so that conflicts between e.g.
maintenance of equipment and engine testing will be avoided automatically.

Last but not least the user interfaces will migrate from dedicated software installations to
applications, which are just downloaded in the moment of starting via the web as part of a
company intranet. This reduces maintenance of software tremendously, because the applications
will be administered at a central place. Additionally the solution provides easy access for all
authorized persons from anywhere in the company. Of course, the web-based interface will be
only a supplement to the dedicated user interfaces coming with the particular tool.

Using the proposed solutions being implemented in FEV’s product line the user can be sure to
be well prepared for the current and upcoming tasks and requirements in the area of automotive
testing.
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