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Abbreviations and definitions

This report was written according to the AIDE Glossary definitions as described in AIDE
deliverable 4.0.1 (Interaction Plan, M 13 -30). However, the table below is only a subset of
the complete glossary. Some definitions were excluded and some were added. Abbreviations
and terms used in this deliverable but not yet incorporated in the official glossary are listed
separately at the end of the table. Furthermore, four columns of the original glossary are
excluded in the table below as the table is only intended as an aid for the reader. A more
elaborated glossary with e.g. alternative definitions according to the original glossary can be

found in Appendix 1.

Term Definition
Action An event initiated by the driver or an application
ADAS Systems that interact with the driver with the main purpose of supporting the
driving task on the tracking and regulating levels.
AIDE design A driving situation, specified by at least one action and one or more DVE state
scenario parameters, acted upon by the AIDE system.
AIDE meta- . .
function The response of the AIDE system to an AIDE design scenario.
AIDE system The Adaptl_ ve Integrated Drlver—veh_l cle Interface targeted by the AIDE IP,
implementing the AIDE meta-functions
Application A program (such as aword processor or a spreadsheet) that performs one of the
PP important tasks for which a computer is used
Application A software interface that enables applications to communicate with each other.
Prpp ) An APl isthe set of programming language constructs or statements that can be
ogramming ) o : o ; .
coded in an application program to obtain the specific functions and services
Interface (API) . . : .
provided by an underlying operating system or service program.
Behavioural The whole set of behaviour changes that are designed to ensure abalancein
adaptation (BA) relations between the (human) organism and his surroundings, and at the same
P time the mechanisms and processes that underlie this phenomenon
Data Information output by a sensing device or organ that includes both useful and
irrelevant or redundant information and must be processed to be meaningful.
. Functional unit of hardware or software, or both, capable of
Device I o
accomplishing a specified purpose.
Distraction seedriver distraction
Domain A problem space
Driver . . o .
distraction Attention given to anon-driving related activity
Driving demand | The demands of the driving task
Driving Performance of the driving task
performance
Driving task All aspectsinvolved in mastering a vehicle to achieve a certain goal (e.g. reach a
9 destination) , including tracking, regulating, monitoring and targeting.
A set of parameter s representing certain aspects of the driver, the vehicle and
DVE state .
the environment
A component of a system; may include equipment, a computer program, or a
Element human
Feature User-visible aspects or characteristics of a system.
Function A task, action, or activity that must be accomplished to achieve a
desired outcome (EAST-EAA).
Functional S .
Specification Specification of the normal function of the system.
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Functionality

A synthesis of functionsto provide a major functional entity of a unit.

Human Machine
Interface (HMI)

A set of components that govern the interaction between the user and one or
more vehicle systems

Two or more in-vehicle devices, which provide information to, or receive output

Integrated from, the driver of a motor vehicle, whose output have been combined or
system h )
armonised
Abstraction of a service that only defines the operations supported by that
Interface service (publicly accessible variables, procedures, or methods), but not their
implementation.
Interface- A set of language and message formats used for the communication between
Specification software components.
VIS Systems that interact with the driver with the main purpose to support tasks on
the targeting and monitoring levels, or do not support driving at all.
Mental The specification of the amount of information processing capacity that is used
workload for task performance
A message is agroup of data values that must be exchanged together. A typical
reason for grouping data is the temporal consistency of different datavalues: a
Message (in control agorithm may require for example that the temperature and the pressure

architecture)

are measured at the same time.

Depending on the size of the message and the maximal size of frames, severa
messages may be transported by one frame or it may be necessary to split a
message into several segments for being able to send it over a network.

Parameter

An independent variable used to express the coordinates of avariable point and
function of them.

Parameterisation

To expressin terms of parameters.

Performance see driving perfor mance
Primary task The task with the highest priority in a multi-tasking situation.
Redl time System which has to finish the processing within a specific time interval
(deadline) dedicated by its environment.
Reference task Secondary task activity which constitutes a primary task performance reference
level when performed concurrently with the primary task
ReaLi A condition or capability needed by a user to solve a problem or achieve an
equirement S
objective.
Secondary task | A task with lower priority than the primary task in a multi-tasking situation.
Specification Precise (formal if possible) description of an object within the scope of the task.
A collection of components organized to accomplish a specific function or set of
System f :
unctions.
System response | Interval during which the driver has to wait for an interface to respond or update
delay (SRD) in order to continue the task
Task Process of achieving a specific and measurable goal using a prescribed method
An intended or desired flow of events or tasks that occur within the vehicle and
Use case are directed to or coming from the driver in order to accomplish a certain

system-driver interaction.

Visual demand

Degree of visual activity required to extract information from an object to
perform a specific task
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Not yet accepted in the AIDE glossary

Term Definition

ABS Anti Blocking System

Accuracy cl oseness with which data gp_proach% the true value of the variable being measured
(this can also be termed validity).

ADAM Advanced Driver Attention Metrics - German national project
Process of determining the performance and/or impacts of a candidate application,
usually in comparison with a reference case (existing situation or alternative

Assessment applications), and usually including an experimental process based on rea-life or
other trias, often involving users. (from WordWeb dictionary). Evaluation and
assessment are used rather substitutable in this deliverable.

AWAKE Systgm .for eff.ectiv.e Assessmer.]t of driver vigilance and Warning According to
traffic risk Estimation (IST project 2000-28062)

;’:Z::]\I A Navigation System by Philips

COCOM Contextua Control Model (see e.g. Hollnagel and Woods, 2005)

DVE Driver Vehicle Environment

ECOM Extended Control Model (see e.g. Hollnagel and Woods, 2005)
1. Act of ascertaining or fixing the value or worth of something, 2. An appraisal of

Evaluation the value of something (from WordWeb dictionary). Evaluation and assessment are
used rather substitutable in this deliverable.
Frontal Collision Warning is a system able to warn the driversif the host-vehicleis

FCW approaching too fast an ahead obstacle. The warning information given to the user
can be visual, acoustic or both.

_ Evaluation performed early in the design process with the main goal to improve

E?/;lr?;ttli\:)i design. It isthus akey part of an iterative human-centred design process with
repeated evaluations and re-designs. (See also chapter 2.5.2)
Human Machine Interface And the Safety of Traffic in Europe. HASTE (2002-
2005) is a European project that was supported within the specific programme

HASTE Competitive and Sustainable Growth gnd isin specific response to Growth Task
2.2.5/6 - Development of methodol ogies and performance measures to assess long
term safety implications of new in-vehicle technologies including HMI for road
transport

HF High Frequency

HUD Head Up Display

ICA Interaction and Communication Assistant.

IP Integrated Project

ISA Intelligent Speed Adaptation
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ISO International Standardisation Organisation

ITS Intelligent Transportation System

JCS Joint Cognitive System

LANEX Lane Exceedance. A metric of vehicle lateral control.

LCT Lane Change Test

LDW Lane Departure Warning is asyst.em ableto vyarn the drivgr if the host-vehicleis
about to leave the lane. The warning can be visual, acoustic or both.

LKA Lane Keeping Aid is a system supporting the driver keeping the vehiclein the lane.

LP Lateral Position

LPF Low Pass Filtering

MSDLP A Modified way to calculate Standard Deviation of Lateral Position (see Chapter 7)

NASA National Aeronautics and Space Administration

NASA-TLX | NASA Task Load indeX

OECD Organisation for Economic Co-operation and Devel opment

PC Personal Computer

PDA Personal Digital Assistant, atype of handheld computer
Peripheral Detection Task: Method whose purpose is to measure the driver’s mental

BT workl oad and visua demands by mear]s of avisua stimulus prg%nted at the
periphery of the ocular field; the user is asked to press a button in response to the
stimulus.
A measure of the reproducibility of the measurements; i.e., given afixed value of a

Precision variable, precision is a measure of the degree to which successive measurements
differ from another.

Reliability The reproduc? bility of meat.surement.s ovgr time; it refersto f[he consistency of the
measure on different occasions or with different sets of equivalent tasks.

Resolution The smallest change in measured value to which the instrument (recording device)
will respond.

SD Standard Deviation

SDLP Standard Deviation in Lateral Position

Sensitivity The ability to measure small changes [1SO WG8 N266].

SIVIS Surrogate In Vehl cle Information System. Secondary tasks representing IVISin
terms of cognitive and visual load.

SMS Short Messaging System

SP Sub Project

_ The purpose of summative evaluation isto verify an almost finalized system

ggumgg/ne according to certain criteria, mainly those specified in the requirements phase. (see
also chapter 2.5.2)

SwW Steering Wheel (metrics)
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TLC Timeto Line Crossing
TTC Timeto Collision
TTT Total Task Times
The extent to which a product can be used by specified users to achieve specified
Usability goals with effectiveness, efficiency and satisfaction in a specified context of use.
(ISO/EC 9241-11: Guidance on Usability (1998)).
Process of verifying that an application performs as expected, often based on
Validation assessment results. In this sense, V§J idationis usu'al ly considered as an extension to
the assessment process, and sometimes the generic term assessment will be used to
encapsulate validation.
The extent to which the variable is diagnostic for the concept being investigated. A
Validity measureisvalid if it measures what it intends to measure. A reliable measure is not
necessarily valid.
WP Work Package
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EXECUTIVE SUMMARY

This deliverable is based on the work performed in T2.2.5. It is a continuation of the work
initiated and reported in D2.2.1 (Johansson et al., 2004) on driver performance methods and
metrics. The work constitutes a thorough investigation of a selection of driving performance
and Lane Change Test (LCT) based metrics, the outcome is a “user’s guide” to a set of
vehicle control metrics.

Analyses and description of metrics were based on atheoretical framework defined in chapter
2, providing the basis for understanding the concepts related to driving and distraction. The
mechanisms of distraction and driving behaviour are complex. Mainly two mechanisms
explaining the effects of distraction were identified: Visual distraction leads to a more
distributed gaze, which results in deteriorated lateral control. However, the driver tries to
compensate by reducing the travel speed and thus reduces the information flow and risk of
accident. Cognitive load leads to less capability to monitor and assess the current driving
situation, and accordingly to less efforts to search for unexpected events. The result is a
forward gaze concentration, which leads to more stable lateral control. However, there is a
risk that the event detection capability is deteriorated and that the driver is more likely to
make poor decisions in the interaction with the road environment and with other road users.
This can be found as occasional speeding behaviour and very short headways to lead vehicles.

When choosing vehicle control metrics for driving related studies, it must be considered that
one single isolated metric seldom can be used to identify any negative effect of IVISADAS
on driving performance. Instead, several metrics are required. Also, the route or scenario
influences the possibility to apply different metrics. In rural road and motorway with few
overtakings, turnings and conflict situations, there are many metrics to apply. In built up areas
and in conflict situations, the applicability of many measures is non existent. Therefore, the
temptation to choose critical situations as driving scenarios should be weighted against the
number of applicable metrics.

The work presented in this deliverable was based on previously reported studies, reanalysis of
data from previous experiments, and new small scale experiments. An exhaustive
investigation of various vehicle control metrics was carried out. As a result a set of control
metrics were chosen and specified in terms of definition, description of use, interpretation
guidelines and limits. Primarily, two metrics are proposed: modified lateral position variation
and steering reversal rate. New metrics for the Lane Change Test were evauated, as well
some amendments to the LCT-method. The LCT was also investigated in terms of different
setups i.e. comparing different simulator with the traditional PC version. It was found that the
up-to-date version of the LCT method, including metrics, is the most feasible one, the
modified version could not be used to discriminate between visual or cognitive workload.
Furthermore, the LCT provides comparable results independent of simulator fidelity (from
PC-mock up to rea vehicle cabin with projector visualisation). In the discussion and
conclusion some examples are given on how to apply the selected vehicle control metrics.

Finally, in task 2.2.7, the provided performance metrics will be combined and compared with
secondary task methods and workload metrics. In task 2.1.4, the metrics will be included in
the compilation of afinal battery of test procedures for the evaluation of adaptive IVISIADAS
in field and simulators, specifically in WP2.4.
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1 Introduction

The purpose of D2.2.5 is to deliver a set of driving control and Lane Change Test metrics to
be applicable in the AIDE test regime in order to investigate workload and distraction. Thus,
it should be useful in both formative and summative evaluations efforts to be carried out.
Thus, it constitutes a continuation of the work initiated and reported in D2.2.1 (Johansson et
a. , 2004). Recommendations are given in the form of a user’s guide.

The development and/or choice of metrics are based on:
e new and existing analyses on previously collected data, e.g. from the HASTE project
and previous LCT-experimentsin e.g. the ADAM project.
e theoretical discussions.
e new small scale experiments.

It isof high importance that the suggested driving control and LCT metrics:

1. are well defined in order to promote consistency and avoid different implementations
and interpretations in different experiments,

2. provide results that can be interpreted deterministically in terms of driving
performance and be used a probe of distraction and workload,

3. are applicable in typical driving scenarios, such as motorway, rural road and urban
driving including “normal” driving and critical events,

4. cover the evaluation of the effects of visual and cognitive workload and distraction on
driving performance in formative and summative evaluation efforts.

Since there are no detailed driving scenarios determined as a definite prerequisite to this
deliverable afinal choice of metrics cannot be made for al scenarios; selection of metrics are
strongly dependent on driving scenario and experimental design. A reduction of the number
of metrics will be made in an empirical comparison of approaches for evaluating driving
performance and driver state (Task 2.2.7, deliverable due month 26) and in the compilation of
a final battery of test procedures for the evaluation of adaptive IVIS/ADAS in field and
simulators (Task 2.1.4, due month 36). However, in case of redundant measures, only the best
oneisgiven.
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1.1 I nput from previous AIDE work
The key input from previous AIDE work to the present task was the review of existing
performance metrics included in D2.1.1 (Johansson et a., 2004). Moreover, the theoretical
framework outlined in Chapter 2 is based on the general conceptual framework described in
the AIDE Interaction Plan (D4.0.1; Engstrom, 2005).

1.2 Structure

The structure of the deliverable is as follows: Chapter 2 provides a theoretical framework
explaining the concepts of driving behaviour, driving performance, distraction, risk,
behavioural adaptation etc. Also, mechanisms of the effects of distraction on driving
behaviour and driving performance are explained. These concepts and models are required for
the theoretical reasoning concerning the effects of distraction on the driving control and LCT
metrics.

Chapter 3 includes studies on vehicle control metrics, and a selection of metrics. The
outcomes of previous projects have been used, previoudy collected data was reanalysed, and
some new data was collected and analysed.

The following chapters (4, 5 and 6) include studies on the Lane Change Test with the focus on
new metrics (previoudy collected data was reanalysed), a modification of the method and
finally study on the effect of set up (ssmulator/mock up/field) on driving behaviour in the
LCT.

In the next two chapters (7 and 8), the metrics selected for inclusion in 1VIS and ADAS
evaluations (the AIDE test regime) are described in a “user’s guide” format. All metrics are
given with definitions, descriptions of use (where and how to use the metric),
inter pretation guidelines and limitations (e.g. “not applicable in urban driving”).

Finally, the last chapter provides a discussion about the applicability of the selected metricsin
different types of evaluations (formative/summative) and different scenarios (motorway/rural
road/urban road etc.). This part is of high importance for the further use of the metrics in the
combination with scenarios and test environments, since there are complex settings in which
very few metrics are applicable and since there are problems related to measuring driving
behaviour in real traffic.

1.3 Final introductory word
When designing an experiment, you should always ask yourself: What is the main purpose
of the experiment?, What do we need to know and thus measure?, and What can we
really measure and what will it say? Most certainly, the answers will generate changes to
your design. The deliverable was written in collaboration between VTI, VTEC, DC,
Regienov, and BMW.
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2 Theoretical Framework

2.1 I ntroduction
The goal of T2.2.5 isto develop and specify suitable metrics for IVIS/ADAS evaluation with
respect to the systems’ effect on driving performance. Thus, it is of key importance to be clear
about what is meant by “driving” and how performance of the driving task can be
conceptualised. The framework outlined here is mainly intended as a “common language” to
describe key phenomena and concepts relevant to driving performance measurement. It is
based on the COCOM/ECOM model (Hollnagel and Woods, 2005) identified in SP1
(D1.1.18) as the prime candidate for the Generic (G-) DVE mode in AIDE. The
COCOM/ECOM has aso been adopted as the general conceptual framework for AIDE. For
other descriptions of potential applications of COCOM/ECOM, see Engstrém and Hollnagel
(2005) and Peters and Nilsson (2005).

This chapter is structured as follows:. First, the concepts of driving and driver behaviour are
defined and the general hierarchical control framework outlined. Based on this, a taxonomy
for IVISSADAS functions is proposed, where functions are classified with respect to the
aspect of driving that they support (if any). This taxonomy is then used to identify and
categorise potential effects that these functions may have on driving performance. Finally,
different types of driving performance metrics are identified based on the framework.

2.2 Driving as hierarchical control

221 Control

Driving could be considered as an instance of the more general notion of driver behaviour.
Behaviour, as opposed to mere bodily movements, can be conceived of as goal-directed
activity. Thus, driving can be thought of as a set of behaviours directed towards goals
associated with vehicle operation. Control is a useful concept for describing the dynamics of
goal-directed behaviour, in human as well as in machines. Controlling a process means
control actions are determined by the aim to achieve a consistent goal state (often called the
reference or target value), e.g. by means of countering effects of external disturbances.
Control is thus closely related to orderliness or predictability, i.e. a controlled system is
ordered, stable and predictable while a system that is out-of-control is disordered,
unpredictable and unstable.

Control comes in different varieties: In feedback control, the controller performs corrective
actions based on the deviation between a desired outcome (the goal) and the actual state. A
prototypical example of a feedback control is the thermostat. Another type of control is feed
forward-, or anticipatory, control. In this case, control actions are based on predictions of
future states, and not purely reactive as in feedback control. Driving behaviour involves both
feedback, feed forward and mixed control loops. This mixture of control was nicely described
by McRuer et a. (1977) for the driver’s steering control.

Control theory has been widely applied to the modelling of operator vehicle handling, in
automotive and other domains (e.g. Weir and McRuer, 1968; Weir and Chao, 2005; Donges,
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1978). In these types of models, vehicle control is mainly modelled in terms of feedback
control mechanisms where control inputs (steering wheel/pedal movement) are trandated, via
the vehicle dynamics, into vehicle position/heading values that are fed back to the human
controller. An example of such amodel isillustrated in Figure 1.
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ve 5| rl+ 1 U |y
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Figure 1 Example of control-theoretic steering model (from Weir and Chao, 2005)

A common criticism of these classical control modelsis that they are based on the assumption
of the controller as an optimiser, i.e. with the goal of always minimising the difference
between the target value and the actua state. However, humans rather tend to act as
satisficers, i.e. they do not put more effort into a task than needed and we tolerate some
deviation from a perfect control i.e. no deviation from the target value. In the case of driving,
there is considerable evidence that drivers adopt time-based safety margins as the criteria for
vehicle longitudinal and lateral control (Gibson and Crooks; 1938, Lee, 1976; Godthelp,
Milgram and Blaauw, 1984; van Winsum, 1996; van der Hulst, 1999; Boer, 2000; Nilsson,
2001, van der Horst, 2005).

Control theory has also been applied to the modelling of higher level aspects of driving (e.g.
Wilde, 1982; Vogel, 2002; Nilsson, 2001; Hollnagel, Nabo and Lau, 2003). See also
Jagacinski and Flach (2003) for a general text book on control theory applied to human
performance modelling.

A general account for human control of a process or plant, based on Neisser’s (1976)
cognitive cycle concept, is offered by the Contextual Control Model (COCOM) as described
in e.g. Hollnagel and Woods (2005). An important starting point for COCOM is that the
controller and controlled system is viewed as an integrated Joint Cognitive System (JCS). A
key concept in the model is the construct, which refers to what the controller knows or
assumes about the situation in which the action takes place. This understanding is the basis for
controller’s selection of actions and interpretation of system state. The selected actions affect
the process/application under control. Actions and external disturbances modify the system
state which is perceived by the controller as a construct of the system state and determine
future action selection. An important property of this model is thus that it captures both the
feedback and feed forward aspects of control, i.e. action selection is a function of both direct
feedback and the predictions of future events.

Another key property of COCOM isthat it offers an explicit account of time. Asillustrated in
Figure 2, the model contains three basic time parameters: (1) Time to perceive, (2) time to
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decide and (3) time to act. Asin any control system, the relations between these different time
parameters strongly determine the performance of the JCS. For instance, long delays between
action and feedback, such asin the control of alarge ship, make feedback control difficult and
thus put greater requirements on feed forward control mechanisms. Moreover, the time
needed to perform one cycle must be less than the total time available. If not, the control will
deteriorate and become sluggish. However, the available time may be increased by slowing
down the pace of the task, e.g., in the case of driving, by reducing speed. The paradox is slow
down to gain time.

Disturbance,
interference

Eventsl/
feedback‘\
Modifies Produces \{;*

T \ :
&Tpercieve 2% & ’
Action

®
Construct
\ Tdecide /

Determines

Process !
application !
controlled
system

Figure 2 The Contextual Control Model (Hollnagel and Woods, 2005)

2.2.2 Hierarchical control

While COCOM only describes a single control process (i.e. pursuit of a single goal), the
driving task can be viewed as the pursuit of several sub-goals with different time frames. A
long-term goal could be to reach a destination in time. A medium-term scale goal would be to
overtake alead vehicle, while short-term goals include staying in lane and avoiding obstacles.
A goal may also subsume goals on shorter time frames. For example, in order to reach a
destination in time, it may be necessary to overtake a number of vehicles. This, in turn,
requires safe vehicle handling in order to avoid collisions. Thus, the driving task can be
described as a set of simultaneous, interrelated and layered control processes. In addition,
drivers generally pursue many goals that are totally unrelated to driving e.g. talking to a
passenger, using cell phone.

This hierarchical organisation is reflected in many models of driving, e.g. Allen, Lunefeld &
Alexander (1971) and Michon’s influential description of the driving task in terms of
strategic, tactical and operationa levels (Michon, 1985). While, Michon’s model is useful as
general descriptive frameworks, it does not account for driving control as such. More
specifically, it does not account for the dynamical aspects of driving, nor the relations
between control processes on different layers.

A genera framework for describing behavioural dynamicsin terms of hierarchical control has
been offered by Perceptual Control Theory (e.g. Powers, 1998; Marken, 1986). Hierarchical
control models of behaviour have also recently been very influential in the field of mobile
robotics (e.g. Brooks, 1986). In the automotive field, a hierarchical control model of driving
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has been proposed by Hollnagel in terms of the ECOM (Extended Control Model) (e.g.
Hollnagel, Nabo and Lau, 2003; Hollnagel and Woods, 2005; Engstrom and Hollnagel, 2005).
The basic structure of ECOM isillustrated in Figure 3.
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Monitoring |nf.rmat|gn Anticipatory

contrel
Plans !
Goal | objective
S N
ituation
Regulating A55E 55 Ment——
bobjoctive [N arge values
Trackin
% Measurements Jm@ie— Compensatory

feedback control
Carrective

Figure 3 The Extended Control Model (ECOM)

A basic assumption behind the ECOM model is that goals corresponding to different layers
can be pursued simultaneously, and that these goals and their associated control processes
interact in a non-trivial way. In the current version, four control layers are postulated:
tracking, regulating, monitoring and targeting. A key property of the model is that, during
normal (controlled) task performance, the goals/targets for the control process on a given
layer are determined by the control process one layer up. In the driving domain, the tracking
control refers to the momentary, automated, corrections to disturbances, e.g. wind gusts.
Regulating refers to more conscious processes of keeping desired safety margins to other
traffic elements. This determines the target values for the tracking loop. Monitoring refers to
the control of the state of the joint vehicle-driver system relative to the driving environment. 1t
involves monitoring the location and condition of the vehicle, as well as different properties
of the traffic environment, e.g. speed limits. This generates the situation assessment that
determines the objectives for the regulating layer. Finally, the targeting control level sets the
general goals of the driving task, which determines the objectives for the monitoring layer. As
illustrated in Figure 3, tracking control is typically feedback while monitoring and targeting
are generally feed-forward. The regulating layer may involve a mix of feedback and feed
forward control. The ECOM model provides a neat account for how goals at different layers
interact and how higher goals propagate all the way down to moment-to-moment vehicle
handling. Control tasks on different layers may also interfere. For example, looking for
directions (monitoring) may disrupt visual feedback which may affect regulating and tracking
control. Driving means that control has to be carried out on different layers simultaneously
and timing (synchronisation of goals and feedback) becomes critical.

Importantly for present purposes, driving performance can be defined with respect to any of
these layers. For example, the ability to find a destination would be related to performance on
the monitoring layer, the ability to keep safe distance related to the regulating layer and the
ability to stay in lane related to the tracking layer and so on.
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In addition to driving-related activities, drivers may also engage in other types of behaviour
directed towards non-driving-related goals, e.g. tuning the radio or talking to passengers.

2.3 Functional mapping of ADAS/IVISto ECOM
Since the objective of T2.2.5 is to define methods and metrics aimed to assess the effects of
different types of in-vehicle functions on driving performance, it is important to find a
suitable way to describe these functions. The hierarchical control framework outlined above
enables a human-centred characterisation of different systems/functions, based on what aspect
of driving (i.e. which control process) they support (if any).

A genera distinction is often made between ADAS (Advanced Driver Assistance Systems)
and 1VIS (In-vehicle Information Systems). In general, there seems to be a consensus that
ADAS refer to systems mainly intended to support the (primary) driving task, while IVIS are
systems mainly supporting other (secondary) tasks. Many projects define their scopesin terms
of these categories (e.g. in HASTE, the developed evaluation methodology is only applicable
to IVIS). However, as discussed in the AIDE Deliverable D2.2.1 (Johansson et al., 2004), this
distinction is somewhat problematic, since many functions that support the driving task on
higher levels (e.g. route guidance, traffic information and speed alert) may interfere with
driving at lower layers in the same way as “typical” IVIS such as the radio, mobile phones
etc.. Thus, these systems/functions are often considered as being in a “grayzone” between
ADASand IVIS.

This issue can be resolved based on the present framework, where functions can be described
in terms of the driving sub-task (i.e. which goal) that they support (where some systems may
not support driving goals at al). In this context, it is more useful to talk about “functions”
than “systems”, since a system may contain many functions of very different types. A
tentative mapping of some example 1VIS and ADAS functions onto the ECOM layers is
illustrated in Figure 4. This taxonomy is intended as a complement, rather than as an
aternative, to the more traditional taxonomy of IVIS and ADAS defined in the AIDE
deliverable D2.1.2. (Floudas et al., 2004)
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Figure 4 Proposed mapping of the ADAS/1VIS categories and some example functions onto
the ECOM layers.
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2.4 Characterising effects of ADASIVIS on driving

performance
The main objective of the present work is to develop methods to quantify the effects that
ADAS/IVIS may have on driving performance. This section identifies some key concepts and
distinctions, and reviews the most prevalent effects of IVIS and ADAS found in the literature.

241 Direct vs. indirect effects

In this context, it is useful to make a general distinction between direct and indirect (side)
effects on driving performance. Direct effects are those that are intended by the system
designers, and implied by the system’s functional specification. For ADAS, direct effects are
normally the intended performance enhancements (e.g. better lane keeping performance for
LDW and increased route-finding ability for navigation support). By contrast, indirect effects
are not intended by the designers (and thus not implied by the functional specification). It
should be noted that indirect effects may have both positive and negative effects on safety.
For example, a potential positive effect of a lane departure warning system is the increased
use of theturn signal.

24.2 Adaptation to safety margins

A central issue when discussing driving performance is adaptive/compensatory behaviour.
The ability to adapt to, and compensate for, changing circumstances is critical for driving as
well as most other day-to-day activities that we encounter. As mentioned above, there seems
to be ageneral consensus that driving involves adaptation to some type of subjectively chosen
safety margins, athough these have been conceptualised quite differently by different authors.
There is abundant evidence that time-to-object information is used by humans and animals for
guiding locomotion (Gibson, 1979). Probably the first account of safety margins in driving
was offered by Gibson and Crooks (1938), who proposed that drivers aim to stay within a
“field of safe travel”, which can be conceptualised as “tongues” stretching out in front of the
vehicle, the size and form of which are determined by the time-to-contact to surrounding
obstacles. More recently, this concept has been developed into more concrete time-based
safety margins parameters. For example, Lee (1976) used the perceptual variable tau,
representing time-to-contact in terms of optically specified parameters, to model drivers’
braking behaviour. In traffic research, time-to-collision is often used as a driving performance
metric (e.g. van der Horst and Godthelp, 1989). The corresponding metric for lateral control is
time-to-line-crossing (TLC). For example, Godthelp, Milgram and Blaauw (1984)
demonstrated that the TLC correlates strongly to driver’s self-chosen occlusion time. Too
small TLC values are thus strong indicators of violations to the driver’s subjectively chosen
safety margins. However, it might be difficult to determine the safe travel boundaries actually
used by the driver.

In addition to the more quantitative approaches just described, there is a large body of
literature that aims to characterise adaptive driver behaviour in terms of dynamic regulation of
risk. For example, the risk-homeostasis theory (Wilde, 1982) hypothesises that drivers (at
aggregated level) strive to maintain a constant level of risk. By contrast, the zero-risk theory
(Summala, 1985; 1988), states that the driver aims to keep the subjectively perceived risk at
zero. A related description has been offered by Fuller, who originally proposed that drivers’
behaviour is guided by threat avoidance (Fuller, 1984) However, more recently he proposes
that the driver attempts to maintain a certain level of task difficulty, rather than alevel of risk
(Fuller, 2005). Finally, based on Damasio’s (1994) concept of somatic markers, Vaa (2005)
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proposes that driver behaviour is largely driven by emotional responses to risky situations. In
terms of the COCOM/ECOM framework, the safety margins are determined in the regulating
layer, based on the general situation assessment performed on the monitoring layer.

To summarise, the research cited above indicates a strong convergence to the general idea that
driver performance should be understood in terms of adaptation to some type of safety
margins, athough these are conceptualised differently by different authors, e.g. in terms of
objective quantitative parameters such as TTC and TLC, or more general concepts such as
perceived risk or task difficulty. This concept has also been specifically advocated by e.g.
Summala (1988) and Rumar (1988).

The effects of a specific ADAS/IVIS on driving performance is thus the result of a complex
dynamic interaction between driver characteristics (subjectively chosen safety margins,
driving skills, effort, etc.), vehicle parameters (vehicle dynamics) and environment (road type,
curvature, lane width, traffic density etc.)’. In the following sections, some of the main types
of effects found in the literature are discussed from the perspective of the adopted framework.

24.3 Behavioural adaptation

Behavioural adaptation generally refers to “the whole set of behaviour changes that are
designed to ensure a balance in relations between the (human) organism and his surroundings,
and at the same time the mechanisms and processes that underlie this phenomenon” (Grand
Dictionnaire de la Psychologie; Bloch et al. 1999). The same general theory was applied in
control theory or cybernetics (Wiener, 1948), Genera Systems Theory (Bertalanffy, 1968)
and self-regulating systems (Carver and Schreier, 1982). However, in traffic research,
behavioural adaptation (BA) is often used to refer to a more specific type of adaptation, as
defined by OECD (1990): “those behaviours which may occur following the introduction of
changes to the road-vehicle-user system and which were not intended by the initiators of the
change.” (p. 23). Thus, according to this definition BA only refers to indirect effects, e.g.
compensatory behaviours that may reduce, or even cancel out, the expected benefits of a
safety measure. Behavioural adaptation has been demonstrated to occur for many different
types of ADAS (see Smiley, 2000 and Saad et a, 2004 (AIDE D1.2.1) for examples).
According to the proposed framework, such changes can be more precisely described in terms
of the ECOM control layers affected, and the relation between them. For example, in one of
the most cited studies on BA, it was found that drivers of ABS-equipped-vehicles tend to
drive with higher speed and adopt shorter headways than drivers without ABS (Fosser,
Saetermo and Sagberg 1997). According to the present framework, this can be described as an
adaptation on the regulating layer, where drivers exploit the improved braking performance
(i.e. improved longitudinal tracking control) provided by the ABS, to reduce the margins to
other vehicles. It has been hypothesised that such compensatory effects are more likely to
occur if the change (in the traffic system or the vehicle) is mediated through direct sensory
feedback (Evans, 1983). In terms of the present framework, this could be conceptualised as to
what extent the change affects tracking control.

244 Driver distraction and wor kload

Driver distraction has been defined as “attention given to a non-driving related activity,
typicaly to the detriment of driving performance” (1SO TC22/SC13/WG8 CD 16673). This

! The development of a DVE model and simulation of this interaction is addressed in AIDE SP1 with strong links to the
present work.

9/12/2005 24 VTI



AIDE D225 Dissemination Level PU Contract N. | ST-1-507674-1P

definition is somewhat unclear due to the fact that “driving-related activity” and “driving
performance” are not further defined.

As suggested above, the driving task should not be seen as a single activity, but rather as a set
of multiple ssimultaneous, and layered, control tasks. Thus, driving performance could be
defined with respect to any of these control tasks. For example, driving performance on the
tracking level is associated with the ability to keep the vehicle within acceptable safety
margins. Similarly, performance on the regulating level would be related to the ability to
select these safety margins based on the general situation assessment at the monitoring level.

Distraction with respect to a given control process (e.g. tracking) could thus be viewed in
terms of interference by another (driving- or non-driving related) control process, typically
resulting in degraded performance on the given control task. In practice, “driver distraction” is
normally used to refer to interference with the tracking and/or regulating control tasks (and
thisis probably the intended meaning of the SO definition). However, the present framework
enables a more precise conceptualization and makes it possible to describe distraction in more
detail which are the tasks/control processes that are affected in a given distraction scenario.
The main focus of the work in T2.2.5 is expected to be on distraction related to the tracking
and regulating layers, athough distraction on the monitoring layer is also relevant (distraction
to monitoring control could have the effect that the driver misses important information, e.g.
traffic signs).

Another commonly used concept is mental workload. While distraction is defined on the basis
of attention allocation, driver workload refers to the amount of resources that the driver needs
to perform one or more tasks, relative to a limited subjective resource pool. Mental workload
has been defined as “the specification of the amount of information processing capacity that is
used for task performance” (de Ward, 1996). If the total workload (resulting from performing
the primary and the secondary tasks) exceeds the total available resources, the driver either
needs to increase effort or reduce the task demand (e.g. by slowing down), in order to
maintain task performance. Dual task studies have shown that some tasks combinations are
easier to perform simultaneously than others, a phenomenon that has been modelled in terms
of multiple resource pools (e.g. Wickens, 1992).

Distraction (to the driving task) is naturally related to the workload imposed by a specific
secondary task. However, high workload is not a necessary precondition for distraction, since
inappropriate attention allocation may be caused by low-workload tasks as well (e.g.
daydreaming, looking at road signs). Based on the COCOM model, a more dynamic view of
workload can be outlined; where the spare resources for a control process can be viewed in
terms of the difference between total time available and the total time needed to perform the
control loop (see Figure 2).

It has been shown that different types of secondary tasks induce qualitatively different effects
on driving performance. For example, results from the HASTE project clearly demonstrate
the radicaly different effects of visual and cognitive workload/distraction on driving
performance (Engstrém, Johansson and Ostlund, 2005; Victor, Harbluk and Engstrém, 2005).
Visual distraction typically induces a visua time sharing between the road ahead and the
system display. During glances to the system, the visual input needed for lateral control is
reduced (or entirely inhibited) which temporarily inhibits the drivers’ steering response,
leading to a steering hold (i.e. fixed steering angle). This, in turn, causes lane drifts which are
compensated for by large and disruptive steering manoeuvres when the gaze returns to the
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road. These effects, which are mainly related to the tracking control layer, can be quantified
by lane keeping variation metrics (e.g. standard deviation of lateral position) and steering
performance metrics (e.g. reversal rate and steering entropy). Moreover, visual distraction
generally induces compensatory behaviour, e.g. in terms of speed reduction and increased
headway. Given the present framework, this can be viewed as an adaptation on the regulating
level, where the safety margins are increased in order to increase the total time available to
perform the tracking task.

By contrast cognitive workload/distraction does not appear to interfere with tracking control.
Rather, in the HASTE studies, performance of purely cognitive tasks led to significantly
reduced lane keeping variation compared to baseline driving (Engstrom et al., 2005), an effect
that has also been documented in other studies (e.g. Brookhuis, de Vries and de Ward, 1991).
This better lane keeping performance appears to be coupled to a concentration of gazes
towards the road centre (Victor et al, 2005; Harbluk and Noy, 2002; Recarte and Nunes,
2003). However, cognitive load has also been found to strongly increase response times to
sudden obstacles, as well as generally reduced situation monitoring ability (e.g. Greenberg et
al., 2003). This can be viewed as a degradation of regulation control, since responding to
obstacles involves changing the target values for tracking control. The results on the effects of
cognitive load on speed found in the literature are rather inconsistent. For example, in the
HASTE studies, significant speed increase, significant decrease as well as null effects were
found (Ostlund et al., 2004). In a Swedish mobile phone study, speed was reduced in response
to phone conversation with a hand-held phone, but not for the hands-free solution (Patten,
Kircher, Ostlund, & Nilsson, 2003). The lack of speed adaptation, found at least in some
studies, can also be interpreted as an impairment of the ability to adapt the safety margins to
the increased response time, i.e. as a degradation of regulatory control.

A summary of documented and potential effects of different example 1VIS and ADAS are
presented in Table 1.
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Table 1 Examples of ADAS/IVIS and their potential effects on driving performance

Function Supported Direct (intended) Examples of potential References
control layer  effectson driving indirect effectson driving
performance performance
ABS Tracking Enhanced longitudinal Reduced Fosser,
(braking) control headway/increased speed Saetermo and
Sagberg (1997)
Lanedeparture  Regulating Enhanced lateral Over-reliance -> reduced Burns (2001)
warning control control when system
malfunctions
Speed dert Monitoring Better speed keeping  Over-reliance -> reduced Hjamdahl and
control when system Varhelyi (2004)
malfunctions
Visual distraction -> No reference
reduced lateral and found
longitudinal control,
reduced event detection
performance
Navigation Monitoring Improved route Over-reliance -> get lost No reference
support finding when the system gives found
errant guidance
Visual distraction -> Antin, Dingus,
reduced lateral and Hulse and
longitudinal tracking Wierwille
control, reduced event (1990)
detection performance
Phone Non-driving Assmall aspossible  Dialling -> visua Engstrém,
related distraction -> reduced Johansson and
lateral and longitudinal Ostlund (2005);
tracking control, reduced Horray and
event detection Wickens
performance (2004); Patten et
Conversation -> cognitive  al. (2004)
distraction -> More focused
tracking control, reduced
event detection
performance
Action N/A Improvementson all  Indirect effects have not No reference
scheduling layers been studied — difficultto  found
(AIDE predict.

metaf unction)

24.5

Driving performance and risk

In the previous section, different types of effects of ADAS and I1VIS on driving performance
were reviewed. Understanding the relation between such performance effects and actual
accident risk is one of the most important (and difficult) issues in current traffic safety
research. The difficulties are due to a lack of sufficiently detailed behavioural datain existing
accident databases as well as the lack of a basic understanding of the behavioural factors that
cause accidents.

Viewed from the perspective of the proposed framework, the relation between driving
performance and risk for an individua driver can be described as a complex function
involving (at least) the following factors:
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1. The current complexity/difficulty of the driving task

2. Thedriver’svehicle handling skills (performance on the tracking layer)

3. The ability to adopt safety margins that are appropriate to (1) and (2), based on (4)
(determines performance on the regulation layer)

4. The ability to make a correct situation assessment (performance on the monitoring
layer)

5. The effort spent on the control tasks on the different layers (2-4)

Based on this view, it is clear that performance degradation on one control layer does not
automatically imply increased accident risk. For example, reduced tracking performance (e.g.
due to visual distraction) is risky if not properly compensated for on the regulating layer.
Thus, risk must be understood in terms of the relation between performance on the different
layers, where inadequate adaptation to the current driving condition and own driving skills
could be hypothesised to be a critical factor. One typical example of this is drunk driving,
where acohol is well known to induce overestimation of own performance capability. Thus,
in this case, the erroneous safety margin setting is due to the cognitive impairment induced by
the drug. Another example is run-off-road accidents due to slippery roads. In this case, the
erroneous safety margin setting (reflected e.g. in too high speed in a curve) is due to an
erroneous Situation assessment on the monitoring layer, which propagates down to the
regulatory level, and finally induces instability and breakdown of the tracking control.

However, it is very difficult to determine whether adequate adaptation has been achieved in a
particular situation, especialy in terms of quantitative performance metrics. One potential
approach is to look for violations to safety margins. Possible metrics of such violations
include the amount of involuntary lane departures and/or the amount of TLC/TTC values
below some critical value. However, a basic problem with this is that the adopted safety
margins generally differ substantially between drivers (and possibly also vary over time for an
individual driver). One metric that explicitly addresses this problem is steering entropy
(Nakayama, Futami, Nakamura, and Boer, 1999; Boer, 2000; Boer, Rakauskas, Ward and
Goodrich, 2005).

As stated above, estimating accident risk based on driving performance metrics requires a
holistic assessment of the relation between the different control tasks involved. It is clearly
beyond the scope of T2.2.5 to develop a detailed model of these relations. Rather, the goal
here is to identify and specify a set of metrics that can be used to quantify performance on
relevant control processes on different control layers. These may then be used as potential
inputs to behavioural driving risk assessment models. Work on risk assessment is being
performed in AIDE WP2.3, although the focus there is more on risk at the collective- (or
aggregate-), as opposed to the individual, level.

2.5 Initial selection of driving performance metrics for

ADAS/IVISevaluation
The central goal of WP2.2 is to develop methods and tools that can be applied to the AIDE
prototype evaluation in SP3 (formative evaluation) and WP2.4 (final, summative, evaluation).
Thus, the basic requirements on the methods need to be derived based on how they are
intended to be used in SP3. This section provides a brief summary of the intended AIDE
functionalities and how they are planned to be evaluated. On this basis, two genera
evaluation scenarios are specified from which a number of more detailed requirements on the
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performance metrics are derived. Based, on these scenarios, an initial set of driving
performance metrics was sel ected.

25.1 AIDE functionalitiesto be evaluated

The AIDE system should be considered as an integrated interface between the driver and
multiple in-vehicle systems, including ADAS as well as IVIS. The AIDE prototypes will
contain a relatively large number of applications that share a common human-machine
interface, including, novel types of input/output devices such as haptic/input output, voice
interaction and head-up and configurable displays. The AIDE evaluation methodology needs
to cover human-factors issues related both to individual systems/functions/HMI solutions as
well astheir integration.

A central aspect of the AIDE concept is the AIDE metafunctions, intended to manage other
(individual) functions, e.g. prioritisation, message scheduling, I/0O allocation etc. The so-
called AIDE Design Scenarios developed in SP3 (D3.2.1) focus exclusively on the AIDE
metafunctions (and generalise over individual functions). Evaluation of metafunctions has
previousdy proved to be quite difficult (see e.g. the result from the evaluation of the
COMUNICAR system, Schindhem et al., 2003) and is rather different from evaluation of
individual functions. As mentioned above, the AIDE evaluation methodology should cover
both cases.

252 Formative and summative evaluation
A key distinction for present purposes is that between formative and summative evaluation.

Formative evaluation is performed early in the design process with the main goal to improve
design. It is thus a key part of an iterative human-centered design process with repeated
evaluations and re-designs. Formative evaluation requires methods that are cost/time-efficient
and easy to use. In AIDE SP3, formative evaluation will start around M20 on the first virtual
prototypes.

By contrast, the purpose of summative evaluation is to verify an amost finalized system
according to certain criteria, mainly those specified in the requirements phase. In AIDE, this
refersto the final prototype evaluation in WP2.4.

Table 2 and Table 3 provide a description of two types of evaluation scenarios in AIDE. The
scenario specified in Table 2, represents an instance of formative evaluation in a ssimulator,
while the one given in Table represents summative evaluation of the final system in the field.
Finally, Table 4 lists some candidate performance metrics, based on these scenarios and the
review in AIDE Deliverable 2.2.1 (Johansson et al., 2004). It should be noted that these tables
only include the types of metrics relevant for the present deliverable (performance metrics)
and, thus, they could be complemented by other types of metrics developed in AIDE WP2.2.
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Table 2 Scenario for AIDE formative evaluation

Formative evaluation of virtual prototypes

Purpose Compare different design solutions -> improve design
Test setting Driving simulators (of different fidelity)
General 1. Should be possible to measure in the simulator
requirements  on 2. Should have a clear safety interpretation
metrics
Hypothesis Soecific requirements on Candidate types of
addressed performance metrics performance metrics
I. Is the HMI 1. Shall quantify safety-reducing Steering performance
solution X safer effects on tracking performance metrics
than solution Y ? (longitudinal and lateral control
Lane keeping metrics

Example: X=traffic
info displayed in
HUD,

Y= traffic info
displayed in
instrument cluster

II. Is the HMI
solution X more
safety efficient than
solution Y ?

Example: X= visual
forward collision
warning, Y=
auditory forward
collision warning
I1. Is the
metafunction
solution X more
safety efficient than
solution Y?

Example: Resolving
conflicts between
simultaneous
actions

X= prioritisation
(delay one of the
actions)

Y= modality
adaptation (present
both actions
simultaneoudly in
different
modalities)

2. Shal quantify safety-reducing
effects on regulating control

3. Shall quantify safety-reducing
effects on monitoring control

1. Shal quantify enhanced
performance of specific functions
(specific  requirements for each
ADAYS)

2. Shall be possible to measure in
the function’s working environment

Shall work in the functions’
working environment

LCT (deviation to
normative path  during
commanded lane change)

Response time to critical

events
Headway metrics
Lateral safety margin

metrics (e.g. TLC)
Speed relative to posted

speed limits

ISA: Mean speed, speed
variation

LDW/LKA: Lane
exceedances, standard

deviation of lateral position

FCW: Response time to
sudden obstacles

Speed
Response time
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