A Co-operative Simulation Approach to the Design and
Evaluation of Visual Interfaces in a Train Driving Cab.

Peggy ZWOLINSKI
UTBM Sévenans - L'ERCO
90010 Belfort Cedex, France

peggy.zwolinski @utbm.fr

Abstract

This paper presents a co-operative approach used to
design visual interfaces in a train driving cab. This
method was elaborated with the help of engineers,
ergonomists, and volunteer train drivers. During this
design project, ergonomists studied the usefulness and
the usability of visual information, in relation to future
driving cab control devices. The use of virtual rapid
prototyping, necessary for the user interface evalua-
tion, was a real support to increase co-operation be-
tween engineers and ergonomists for the design of the
future driving cab. It appeared that the virtual display
designed with rapid prototyping was a real support for
the Collaborative Design and Concurrent Engineering.

1

INTRODUCTION

The extension of the European train network and the
evolution of technologies have led ALSTOM Transport
to think about the introduction of displays on train board.
Indeed, the differences between the technical require-
ments of the different networks and the differences
between railway cultures require more adaptable driving
desks. So, ALSTOM Transport decided to redlise a
project based on a Concurrent Engineering process, to
standardise their locomotive driving desks by using
adaptable visual interfaces on displays.

To redise this project,

the customer ALSTOM

TRANSPORT (engineer, computer engineer,...) met train
drivers, responsible from the French national railway and
members of the ERCO (ergonomists, psychologist, ...).

The aim of this paper is to illustrate the pragmatic
methodology used to create a more efficient visual system
for train driving cab which lead the project group to a
real co-operative work concerning the design of the
future driving cabs. It presents a user-centred approach
using simulation with rapid prototyping, to create visua
interfaces.

?

?

The first section of this paper concentrates on data
concerning existing visual interfaces in driving cabs.
This first stage of the simulation approach enables us
to build an accurate model of the present situation.

In the second section we will show how to design the
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future activity in a co-operative approach using sce-
narios and by analysing the functions of the interface.
We will explain why the use of rapid prototyping was
necessary to evaluate the interface with eight train
drivers and was aso very useful for designers in the
Preliminary Study of this concurrent engineering
project.

ANALYSIS OF
INFORMATION

EXISTING VISUAL

The first step in this study was to collect data concerning
visual information and to its use influence during the

driving activity.

Indeed, this andysis of the driving

activity is very important to point out factors which
would help us to improve or transform existing working
conditions and thus design a man-machine interface. So,
the project group :

?

listed the existing solutions concerning trains, met-
ros,...in European countries. We examined the dif-
ferent components in the driving cabs, their physical
characteristics, the reason of their existence and er-
gonomic aspects of each component,

examined the driving task (driving rules, driving
devices, technical evolution of control devices,...) to
realise analysis concerning visual interfaces,

interviewed and observed drivers at work during trips
with French train drivers. We have observed the
driving activity with a diesel and with an eectric lo-
comotive, in passengers and freight service, by day or
by night (Fig 1, Fig 2). According to Zwolinski and
Sagot (1998), we have taken into account objective
measures (eye directions, blinking frequency, ....). So
we have consulted existing results concerning high
speed trains studies used on classical railways.



Fig 2. Electric locomoative driving desk (26000)

Then we worked with ergonomists, cognitive ergono-
mists and six train drivers in order to determine what
happens concerning visual information in classical
situations. We defined scenarios about what can hap-
pen before, after and during a trip and identified with
train drivers this classification concerning visual in-
formation :

? Visua information to check the train and start it
(levels, mafunctions,...).

? Visual permanent information during the driving
activity (speed, traction,...).

? Visua information events during the driving activity
(adlert, dysfunction,...).

For example, on the basis of the scenario Fig 3, we
have identified al the information required to check
and start an old designed diesel locomotive.

Start
grease

Park

. switch on and check battery

. check water level

. check il level

. greasy

. put off park brake

. Start the engine and go out

. start and check for sand

. diesel level

9. purge

10. check mechanical parts

11. go inside and read board default notice
Time to proceed about 15 min

O~NOUDWNBE

Fig 3. Actual general scenario :
check and start a diesel engine.

Most of problems in existing systems come from the
lack of aglobal ergonomic view of the whole system. It
appears that the main problems of current visual inter-
facesare:

? too many visua information,
? they are not adaptable,

? the ergonomics of existing visual systems are not
very good.

For example, we were confronted with a wide variety
of solutions, to display the available level of traction
depending on the locomotive' s type.

All these considerations have led the project group to
determine, what we called, according to Sagot et al.
(1997), "the field of desirable future activities" con-
cerning visual interfaces, desirable in terms of safety,
comfort and efficiency. Then, members of the project
group wrote the functional specifications, the ergo-
nomics specifications, and defined a large number of
technical principles.

3. PRELIMINARY STUDY FOR THE DESIGN
OF VISUAL INTERFACES

3.1 Definition of the Future Scenarios

To detail the field of future activities we generated new
scenarios (Fig 4) concerning the activity of the train
drivers. For each action defined in a scenario, we can
detail the visua information required by the drivers.



With this analysis, we validated the usefulness of the
actual visua information and identified new informa-
tion to be presented to the driver.

Park
brake

Start

Visual
displays

1. switch on battery

2. watch visual display : board default (if present) and check
water - oil - diesel levels

3. start (greasy) of the engine

. put off park brake and go out

. start and check for sand

. purge

. check mechanical parts

. goinside

ime to proceed about 10min

4
5
6
7
8
T

Fig 4. Example of afuture general scenario :
check and start a diesel engine.

The notion of field of desirable activities, and scenarios
came from a mean to keep a common language between
al the actors of the project group taking into account
al the aspects of the project (functionality, available
data, technical aspects,...).

3.2 Design of Visual Interfaces Concepts

As mentioned by Beevis and Denis (1992), when de-
signing large systems, mock-ups are generally sched-
uled late in the preliminary phase because the required
detailed tasks analysis to specify the human machine
interface is not available earlier. So, according to
Keyson and Parsons (1990), we consider that rapid
prototyping must be used in an iterative approach to
design development and we decided to use it earlier in
the design process. Indeed, the notion of field of desir-
able activities and scenarios permit to construct mock-
ups with rapid prototyping to experiment principles
earlier in the project.

All mock-ups proposed meet the criteria defined dur-
ing the functional analysis, according to Sanders and
Mc Cormick (1992), and three classical aspects were
examined on visual displays :

? the structure of the interface
? the structure of the information

? the presentation of the information

At this step of the study, rapid prototyping enabled us
to completely integrate ergonomic aspects of the prod-
uct. It was necessary to obtain an acceptable solution
including all the aspects of train drivers activity.

Indeed, during the advanced design stage of this prgj-
ect, al information concerning future cabs were not
completely defined. So, Mock-ups of the visua inter-
faces were area support to detail the general activity of
train drivers.
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Fig 5. A page constructed with rapid prototyping

Then we have verified, according to Vinck and Jeantet
(1995) that the mock-ups (Fig 5), aso caled
« intermediate objects», play a threefold role as : a
tranglation of organisational objectives, an intermediary
among designers and an image of the project being
pursued.

3.3. First Evaluation of Visual Concepts

As mentioned by Beevis and Denis (1992), rapid
prototyping or «Virtual prototyping» of human-
machine interfaces, offer the possibility to put the hu-
man operator « in the loop ». So we realised, according
to Sweeney and a. (1993), a first classical evaluation
of accepted concepts with eight train drivers (Fig 6) by
examining usability indicators like user performance,
behaviour, knowledge,...




3.4. Discussion Concerning the Preiminary

Study for the Design of Visual I nterfaces
The results concerning the first evaluation enable us to
verify :

? the validity of the functional principle of the visual
system,

?  the appropriateness between adopted design logic
and the driver stereotypes,

? comprehension simplification as a result of the
grouping and organisation of visual information.

Analysis of Existing Visual Information :
Objective and subjective data

Field of desirable activities
Ergonomics constraints Functional constraints

Functional
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specifications

Technical principles
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Concept for visual information
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Knowledge on
the product
usability
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Acceptable solutions

Fig 7. General approach during the preliminary study for the
design of visua interfaces.

Thus, the simulation approach during the preliminary
study (Fig 7) has allowed us to make an initial valida-
tion of visual information.

As pointed out by Tessier and al. (1999), we were able,
on the basis of our results, to verify design criteria
concerning some aspects of the usability concerning the
concept. We have shown that mock-ups realised with
rapid prototyping are realy « new mediating objects »,
in these kind of projects, to trandate ideas, for media-
tion and to give a representation of the future project
for al members of the project group.

4. CONCLUSION

The design methodology, described in this paper, pres-
ents our experience with a simulation approach to de-
velop visua interfaces. This method had the merit of
associating several partners: manufacturers, ergono-
mists and operators taking into account different opin-
ions to define the final concept.

In fact, the organisation of the work of design in firms
is closaly linked to the type of « intermediate objects »
used (texts, graphs, models, mock-ups, etc.), as men-
tioned by Vinck and Jeantet (1995). In this project, we
used rapid prototyping to design simultaneously inter-

mediate objects about the product and its usability (Fig
8). The notion of "field of desirable future activities',
developed by Sagot and al. (1998) was centra to our
work and rapid prototyping was a mean to consider it.

Fig 8. Simulation to design simultaneously
products and user activity

Moreover, we demonstrated that the simulation ap-
proach allows representative end-users to provide in-
puts into the design, testing and modification sessions
which are necessary to determine an acceptable solu-
tion. It congtitutes a useful solution to have a user
centred approach and a co-operative design. Rapid
prototyping, essential during the preliminary study, can
also be used in every steps of the study. Indeed, during
detailed study, mock-up realised with rapid prototyping
will be evaluated on a train simulator in order to evalu-
ate the whole future system.
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