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Abstract

Although accident statistics have an important general monitoring function and may
form a basis for detecting specific traffic safety problems, the information as available
from accident data is inadequate for the next steps in studying safety problems, viz.
analyzing and diagnosing, defining remedial measures, and evaluating effects.
Systematic observations of road user behaviour, combined with knowledge of human
information processing capabilities and limitations, offer wider perspectives in
understanding the causes of safety problems. With such an approach it is important to
distinguish critical from normal behaviour. A video-based observation and analysis
method was developed that enables an objective quantification of dynamic
characteristics of road user behaviour in various situations.

The results of several studies point to the direct use of time-related measures in road
users’ decision-making in traffic. Examples are the Time-To Collision (TTC) for the
severity scaling of traffic conflicts and the Time-To-Intersection (TTI) for approaching
and negotiating intersections. Some examples of recent research are discussed from
which it can be concluded that road users display rather consistent behavioural patterns
dependent on the type of priority regulation, and that normal and critical behaviour are
distinguished well by applying a minimum value of 1.5 s as a criterion.

1. INTRODUCTION

For answering the question how to prevent accidents, a good understanding of the
causation process leading to accidents is needed. However, the pre-crash phase of
accidents can almost never be investigated by direct observation. Reconstructions based
on laborious in-depth and on-the-spot accident investigations can give some insight into
the causes of accidents, but it appears extremely difficult to quantify and to translate
findings into recommendations for countermeasures related to road user, vehicle, road
and/or traffic environment (Grayson and Hakkert, 1987).

Systematic observations of road user behaviour in various traffic situations combined
with knowledge of human information processing capabilities and limitations, may offer
wider perspectives in understanding the causes of safety problems. In particular, the
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study of conflict behaviour is a natural candidate for that purpose; the processes that
result in near-accidents or traffic conflicts have much in common with the processes
preceding actual collisions (Hydén, 1987), only the final outcome is different, the
frequency of occurrence of near-accidents is relatively high, and they offer a rich
information source on causal relationships. The preceding process can be systematically
observed, which is essential for analysing, diagnosing, and solving traffic safety
problems. In this approach traffic situations are ranked along a continuum of events
ranging from normal situations, via conflicts, to actual collisions. Recently, Hydén
(1987) introduced a pyramidal representation of this continuum (Fig. 1), clearly
visualising the relative rate of occurrence of the different events.

accidents
near accidents

slight conflicts
potential conflicts

undisturbed paossages

Fig. 1 The continuum of traffic events from undisturbed passages to fatal
accidents (Hydén, 1987).

The analysis of road user behaviour in critical encounters may not only offer a better
understanding of the processes that ultimately result in accidents, but, perhaps even more
important and efficient in the long run, also provide us with knowledge on road users’
abilities of turning a critical situation into a controllable one. An important issue is how
to distinguish the various situations systematically and reliably. In particular, this chapter
will focus on the distinction between normal and critical behaviour of road users
approaching and negotiating intersections. This approach is based on a quantitative
analysis in terms of time measures such as Time-To-Collision (TTC) and Time-To-
Intersection (TTI).
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2. METHOD

2.1. VIDeo Analysis of Road Traffic Scenes: VIDARTS

Methods for studying road user behaviour range from mere observations in actual traffic
situations, via the use of instrumented vehicles, to highly controlled laboratory
experiments. Which one to use is, among other things, dependent on the level of detail
that is required for specific research questions. For interactions between road users or
between road user and environment the analysis of road user behaviour in terms of the
resulting movements of the vehicles is often appropriate. Those can be observed
unobtrusively from outside the vehicle in the natural setting of actual traffic situations. A
video-based observation- and analysis- method was developed that enables an objective
quantification of dynamic characteristics of road user behaviour. In brief, the procedure
includes video recordings with one or more fixed cameras on the spot and subsequently
an off-line quantitative analysis in the laboratory with specially developed video analysis
equipment. The quantitative analysis consists of selecting positions of points on a vehicle
by positioning an electronic cursor on a video still. By a transformation based on at least
four reference points the x- and y-coordinates of the video plane are translated into
positions on the road plane. Since movements of more vehicles have to be analysed in
relation to each other or to the environment, a road-fixed coordinate system is used. By
analysing successive video stills, a sequence of positions over time is obtained, from
which other variables such as velocity, acceleration, heading angle, and time measures
such as TTC and TTI can be derived. For further details the reader is referred to Van der
Horst (1990) and Van der Horst and Godthelp (1989).

2.2. Time-related measures

Time-To-Collision

In research on Traffic Conflicts Techniques Hayward (1972) initiated a search for
objective measures to describe the danger of a conflict situation and concluded that the
Time-To-Collision (TTC) measure is a dominant one.

He defined TTC as: "The time required for two vehicles to collide if they continue at
their present speed and on the same path". TTC at the onset of braking, TTC,,, represents
the available manoeuvreing space at the moment the evasive action starts. The minimum
TTC (TTC,,) as reached during the approach of two vehicles on a collision course is
taken as an indicator for the severity of an encounter. In principle, the lower the TTC,,
is, the higher the risk of a collision will be. To illustrate TTC, Fig. 2 shows what
happens when a car approaches an stationary object. Mostly, the concave shape of the
TTC curves does not show up so nicely since in more complex interactions of two
moving road users the collision course often is ended before point B is reached. But even
then, TTC,,, indicates how imminent an actual collision has been. Details of the
calculation of TTC can be found in Van der Horst (1990).
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Time-To-Intersection

Whereas the TTC measure deals with interactions between two road users, the Time-To-
Intersection (TTI) is a time-based measure to describe road user behaviour relatively to
the road environment itself. For example, when approaching an intersection, TTI is
defined as the time that is left till the intersection area will be entered, given by the
distance to that area divided by the instantaneous speed. Fig. 3 gives some examples of
TTI curves as a function of the running time t for five hypothetical but realistic types of
approaches.
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Fig. 3 Hypothetical TTI curves as a function of the running time.

For each approach the moment of entering the intersection area is taken as t = 0 s. Curve
A illustrates an approach with a constant speed; TTI decreases linearly with time. By
decelerating differentially it is possible to reduce the decrease of TTI (curve B), to keep
TTI constant for a while (curve C) or even to increase TTI (curve D). A complete stop
would result in curve E. Behaviour such as that from curve C or D makes it possible to
gain time for interpreting the situation before actually entering the intersection. Similar to
TTC, TTI at the onset of braking (TTI,,) and the minimum TTI (TTI,) as reached
during the approach, if any, can be distinguished.

2.3. Field study

Under contract with the Transportation and Traffic Engineering Division of the Dutch
Ministry of Transport an explorative study was conducted to identify and describe the
behavioural rules as applied by road users in a priority situation at non-signalised
intersections. In the Netherlands the general right hand right-of-way applies at
intersections without specific regulation with one exception, viz. that a bicyclist or moped
rider has to yield to motor vehicles on the intersecting road. Behaviour was observed by
video registration at two locations at Soest, one having a special priority regulation
(indicated by yield signs and triangular pavement markings), the other without specific
regulation (so that the general regime of right-hand right-of-way with the exception for
bicyclists applied). The selection of both locations was such that both had a comparable
standard geometry with a distinguishable major and minor road, but without separate
bicycle lanes. Also the intersection sight distances and traffic volumes (about 300 veh/h
and 30 bicycles/h on the major road and about 100 veh/h on the minor road) were
comparable for both intersections.

At each intersection video recordings with three cameras were made during three working
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days (8.00-18.00 h). Two cameras were at a high position in an adjacent apartment
building, one covering the approach area of the major road and the other that of the
minor road with the intersection area partly on common. A third camera was on eye-
height at street level, unobtrusively mounted in the back of a parked car and registering
head movements of road users at one of the approaches.

Encounters were selected from video with a proximity criterion up to about 5 s and no
more than two road users involved in the interaction. Only encounters between a car from
the minor road and a straight-on going or left turning car or bicycle on the major road
were considered. Complex encounters with more than two road users involved were not
included in the analysis. For the observation period in total 644 encounters were selected,
subdivided by type of encounter, priority regulation, and of manoeuvre according to
Table 1.

Table I Number of observed approaches by minor road cars, both free-
moving and involved in an encounter with a major road car or bicycle, by
type of manoeuvre and of priority regulation.

left turn straight on right turn
free car bicycle free car bicycle free car bicycle
yield 23 55 17 30 193 48 30 109 35
general 30 43 38 30 40 28 28 19 19

rule

In order to separate behaviour in an interaction from that conducted to negotiate the
intersection per se, a total number of 171 free-moving cars from the minor road without
traffic on the major road present was selected for further analysis.

The original analysis consisted of the determination of the initial configuration and the
final outcome of an encounter in terms of who was going first, the computation of
positions, speeds and accelerations of the vehicles involved as a function of the running
time by means of VIDARTS (sampling time 0.24 s), and the registration of the moments
of head movements of one of the road users to the left and to the right. For more details
about this study the reader is referred to Janssen and Van der Horst (1988). In the context
of the present study the data were reanalysed with respect to TTI and TTC. For both
vehicles involved in an encounter, as well as for free-moving vehicles, TTI curves were
calculated by dividing the instantaneous distance to the intersection (defined as the
distance to a given reference line dependent on the approach direction, see Fig. 4) by the
instantaneous speed. In general, differences between conditions were tested by an analysis
of variance (ANOVA) on TTI and TTC values. For further details, the reader is referred
to Van der Horst (1990).
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Fig. 4 Definitions of reference lines for calculating TTI dependent on
approach direction (P,, P; = party on major road is approaching from the
left or right, respectively).

3. RESULTS

At the yield intersection in total 457 encounters were selected with two road users
involved, whereas at the general rule intersection only 187 encounters of this type
occurred. At the latter also much less encounters among more than two road users
occurred than at the yield intersection. Since the selection of both intersection was, among
other things, based on similar traffic volumes and manoeuvre patterns, the big difference
in the number of encounters is remarkable. Janssen and Van der Horst (1988) give the
plausible explanation that a yield regulation in fact "collects” more encounters because
road users at the minor road more frequently decide to slow down when they are initially
ahead of road users on the main road.

3.1. Time-To-Intersection (TTD

Time-To-Intersection at the onset of braking (TTL,)

Because from the video-recordings the moment of braking could not be deducted from the
onset of the brake lights, a certain deceleration rate had to be set as a criterion for the
moment of braking. To define this moment a deceleration level of -1 m/s is taken,
generally occurring when releasing the throttle. Unfortunately, at the general rule
intersection, this level of deceleration was already exceeded by about 50% of the minor
road approaches when entering the video scene, while on the other hand 30% did not
exceed -1 m/s? at all before entering the intersection area. Therefore, only the yield
intersection TT],, data were analysed in more detail. Also the distance to the intersection
and speed at the onset of braking, DIST,, and V,, respectively, are taken into account.

In encounters with traffic on the main road, neither TTL,, nor DIST;, or V,, of minor
road cars differ significantly by type of manoeuvre, type or approach direction of the
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main road party, see Fig. 5.
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Fig. 5 Mean TTIL,, DIST,, and V,, at the onset of braking by minor road
cars (left turn and straight on manoeuvre combined) by type of party on the
main road and by party’s approach direction at the yield intersection.

By comparing the data of encounters with that of free-moving cars in an analysis of
variance (ANOVA), however, it appears that free-moving car drivers from the minor road
display a somewhat lower average TTI,, of 2.8 s than in an encounter (F(1,275) = 14.6,
p < 0.0005, 7.5% of explained variance) due to a higher speed (F(1,275) = 9.24,p <
0.005, 4.5% of explained variance). The presence of another party on the main road does
not effect the distance at which TTI,, occurs. A comparison of the cumulative
distributions of TTI,,, DIST,,, and V,, with and without a party on the main road reveals
similar results (Van der Horst, 1990).

So far, the variables TTI,,, DIST,,, and V,, were separately presented, but, of course,
they are interrelated to each other. It seems reasonable to assume that the speed which a
driver is approaching an intersection with, can be regarded as the independent variable.
Then, given a certain speed, the decision to start braking might be either based on the
distance or the time to the intersection. DIST,, appears to be highly correlated with V,,,
whereas TTI,, is not, see Table II.
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Table II Correlations and regression coefficients of relations DIST,, - V,,
and TTI,, - V,,, respectively. A: decelerating minor road cars involved in
an encounter; B: free-moving minor road cars; C: decelerating main road
cars involved in an encounter.

n DIST,, TTIL,,
r p intercept slope r p intercept slope

A 262 0.83 0.000 149 286 -0.09 0.15 3.24 -0.02
B 64 0.76 0.000 -2.24  3.06 0.13 0.29 2.46 0.04
C 46 0.61 0.000 1.02 2.30 0.19 0.21 1.82 0.06

Minimum Time-To-Intersection (TTI,

If a driver decelerates to such an extent that the TTI curve has a minimum or an
inflection point before actually entering the intersection area, he gains time for
interpreting the situation and, if necessary, he has ample opportunity to come to a
complete stop. A log-linear model analysis on the number of approaches by minor road
cars with and without a TTI_,, reveals that at the yield intersection neither the type of
manoeuvre (left turn or straight on) nor the type of main road party (car or bicycle) or its
direction (from the left or right) is relevant to the proportion of approaches with a TTI;,;
a model with a constant proportion of 75% satisfactorily describes all conditions (chi’> =
3.51, df = 11, Q = 0.982). see Fig. 6. At the general rule intersection the interaction
between type of party and the direction from the party approaches, is needed to get a
good fit (chi? = 9.28, df = 6, Q = 0.158). The proportion of approaches with a TTI,
properly reflects whether one has the right of way, viz. giving the right of way to cars
from the right, and having the right of way over cars from the left and over bicyclists
irrespective of their approach direction.

At both intersections a TTI_,, is more frequently displayed in an encounter than in an
approach without other traffic. The right turn manoeuvre has the lowest proportion of
approaches with a TTI;, (Van der Horst, 1990).

At the yield intersection minor road driver behaviour in encounters with traffic on the
main road appears to be rather consistent with respect to the value of TTL;,; ANOVAs
reveal that there are no effects of type of manoeuvre, the type of road user involved, or
the direction the party is coming from, Fig. 7. Less than 10% of the approaches with a
TTI_, have a TTI,, less than 1.5 s. Without other traffic on the main road, the mean
TTI_,, (1.9 s) is lower than in encounters with other road users (ANOVA, F(1, 142) =
10.7, p < 0.002, 10% of explained variance), but even then less than 6% of the
approaches with a TTI, had a TTI_, less than 1.5 s.
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Fig. 6 Results of a log-linear model fit on the proportions of TTLy,
approaches by minor road cars (left turn and straight on manoeuvre
combined) at the yield (left) and general rule (right) intersection by type of
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Fig. 7 Mean TTIL,, for cars approaching from the minor road (left turn
and straight on manoeuvre combined) at the yield (left) and general rule
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At the general rule intersection, the behaviour of *minor’ road car drivers with respect to
TTIL,, is dependent on the right of way. If they have the right of way similar mean TTL,;,

values occur as at the yield intersection, but in encounters with cars from the right the

mean TTI_, appears to be higher (t-test, two-tailed, t = 2.16, df = 33, p < 0.05), see
Fig. 7. At the general rule intersection free-moving cars hardly displayed a minimum TTI
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before entering the intersection area.

Time-To-Intersection at the moment of first head movement (TTI,,,)

The direction of the first head movement might be an indicator of the initial priority in
directing attention when approaching an intersection. Fig. 8 gives the proportions of
minor road approaches where the first head movement is to the right without (free-
moving) and with a party on the main road (subdivided by the direction the party is
coming from). The data for car-car and car-bicyclist encounters were combined since the
type of party appeared to be no relevant factor.
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Fig. 8 Percentages of minor road car approaches with the first head
movement to the right without (free-moving) and with a party on the major
road by type of priority regulation. .

A log-linear model fit reveals that at the general rule intersection the first head
movement is more frequently to the right than at the yield intersection (chi’ =12.42, df
= 4, Q = 0.01). Adding the type of approach (free-moving, P, or Py) also significantly
contributes to the model (chi®? = 10.24, df = 2, Q = 0.006). A separate analysis of the
data of the yield intersection reveals that neither the presence nor the direction or the type
of the party on the main road influences the direction of the first head movement by
minor road car drivers; a fixed proportion of 74% of the drivers first looks to the left
(chi? = 3.28, df = 3, Q = 0.35). At the general rule intersection, however, the presence
of a party from the right (irrespective of whether it is a car or a bicyclist) significantly
increases the number of first head movements to the right (chi’ = 6.84, df = 1,Q =
0.009).

At the moment the first head movement of minor road car drivers is into the direction of
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the party on the major road, the TTI value is determined, indicated by TTI,,, as well as
DIST,, and V,,. In Fig. 9 the mean values are contrasted with the values of free-moving
cars for the corresponding directions.
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Fig. 9 Effects of priority regulation on TTI, DIST, and V at the moment
the first head movement is into the direction of the party (left or right).

No distinction between car-car and car-bicyclist encounters is made since none of the
variables significantly differed with respect to the type of party involved. ANOVASs on
each of the variables reveal that in an encounter the first head movement is made at the
same distance but at a lower speed (F(1,295) = 5.23, p < 0.05) than for free-moving
cars, resulting in a higher TTI,, (F(1,295) = 12.5,p < 0.001). When at the yield
intersection the first head movement is to the left, this head movement occurs at a greater
distance (F(1,295) =18.8, p < 0.001) and with a higher speed (F(1,295) = 15.5,p <
0.001) than at the general rule intersection, also resulting in a somewhat higher TTI,
(F(1,295) = 4.02, p < 0.09).

3.2. Time-To-Collision (TTC)

In the previous section the time measure TTI was used to describe road user behaviour at
intersections relatively to the road environment. To analyse the interactions between road
users themselves, Time-To-Collision (TTC) is used if a collision course exists. The latter
is the case when two vehicles will meet both in space and in time if they continue their
momentaneous speed and heading. In particular, the minimum TTC value (TTC,;,)
indicates how imminent an actual collision has been during the approach process.

On an average, 58% of the 644 encounters between two road users that were analysed in
this study, had a collision course, and, consequently, for those a TTC curve could be
computed and a TTC,,, determined. At the yield intersection the proportion of encounters
with a collision course is about the same for car-car and car-bicyclist encounters, whereas
at the general rule intersection the car-bicyclist encounters less frequently result in a
collision course, see Fig. 10. The mean TTC,, of all encounters having a collision course
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at both intersections is 3.05 s with a standard deviation of 1.21 s. Because of the
skewness of the distribution of TTC,,,, see Fig. 11, the median TTC,, is lower, viz.
2.64 s. The 15" percentile value is 1.94 s. Six out of the 373 encounters with a collision
course (1.6%) display a TTC, less than 1.5 s, being only 0.9% of all encounters that
were selected (n=644).
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Fig. 10 Proportions of encounters with a collision course by type of
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distribution.

At the yield intersection the approaching behaviour of car drivers from the minor road
seems to be more related to the road environment than to the other road user since
encounters with a party from the right have a higher TTC_;, than encounters with parties
from the left (mean TTC,, = 3.3 vs. 2.9 s, respectively), whereas the data on TTI did
not significantly differ with respect to the direction the other party is coming from. At the
general rule intersection, however, both TTC_;, and TTL,, depend on whether the minor
road car has the right of way or not; when the minor road car driver has the right of way
the mean TTC,, is 2.7 s vs. 3.4 s when he has to give the right of way.

4. DISCUSSION AND CONCLUSIONS

The emphasis of this study was on the analysis of what has to be considered to be normal
road user behaviour in approaching and negotiating intersections with the aim to develop
sound criteria for the distinction between normal and critical behaviour. The use of time
related measures is advantageous since they combine several aspects of the dynamic
interactive process between road users or between road user and environment into a single
variable. Another advantage may be that a description in time makes road user behaviour
at the different levels of the driving task directly comparable. In negotiating an
intersection road users have to consider potential interactions with other road users. How
they deal with them, depends highly on the type of priority regulation that applies at a
given intersection.

Two time measures were examined in more detail, viz. Time-To-Intersection (TTI) and
Time-To-Collision (TTC). The TTI measure is related to the road itseif and enables a
direct comparison of approaching behaviour with and without other traffic involved, TTC
directly relates to another road user and describes interacting behaviour during the
approach process.

The analysis of drivers’ behaviour in terms of TTI gives rather consistent results. At a
yield intersection, for example, minor road car drivers start braking (defined as the
moment the deceleration level exceeds a value of -1 m/s?) at a rather constant TTI of
about 3 s away from the intersection, independently of the type of manoeuvre, type of
party on the main road, the direction the party is coming from, or approach speed.
Because of the definition of the onset of braking as applied in this study, the decision to
start braking is made a little earlier. Based on studies on reaction times for braking (i.a.
Johansson and Rumar, 1971; Richter and Hyman, 1974; Glencross and Anderson, 1976)
it takes about 0.6 s for releasing the throttle and applying the brakes. Together with a
mechanical response time of the brake system of about 0.4 s (Malaterre et al., 1987) the
decision to start braking is made at about a TTI of 4 s away from the intersection.
Interestingly, at signalised intersections about 50% of the drivers that are 4 s away from
the stop-line at the onset of yellow, decides to stop (Van der Horst and Wilmink, 1986).
The control of braking appears to be also rather consistently conducted, in that, if a
minimum TTI (TTI_,) occurs before actually entering the intersection, this minimum is
almost always higher than 1.5 s. The occurrence of a TTI,, indicates that the driver has
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enough time available to come to a successful stop, if necessary, and the proportion of
approaches with a TTI;, may reflect the willingness of a road user to stop. At a yield
intersection this type of behaviour is more frequently displayed that at the general rule
intersection, and is independent of the type or approach direction of the party on the main
road. At the general rule intersection, both the proportion of approaches with a TTI;, and
the mean TTL,,, values properly reflect whether one has the right of way or not. Also
head movement patterns appear to be typical for the type of priority regulation that is in
force. Contrary to the findings at the yield intersection where motorists preponderantly
start looking to the left, at the general rule intersection the presence of a party from the
right directs attention and increases the number of first head movements into the direction
of the other party. On an average, the first head movement occurs at a TTI of about 2.5 s
away from the intersection. To conclude different approach strategies can be
distinguished, dependent on the type of intersection one is approaching. This is in line
with the ideas of, among others, Hale et al. (1988, 1989), that at a given type of
intersection a specific programme of behaviour is started, having its own unique
production rules. Selection of the wrong programme may result in severe errors in
operation and, consequently, contribute to the causation of accidents.

If in an interaction between road users a collision course is present (without changing
speed or heading a collision will occur), a TTC curve can be computed. In particular,
TTC,,, indicates how imminent an actual collision has been during the process of
approaching each other. In this study all encounters between a car from the minor road
and a car or bicyclist on the major road, as occurring during a given period, were
analysed, and therefore, represent for the greater part just normal encounters. From Fig.
11 it is obvious that these encounters hardly display a TTC_,, less than 1.5 s. Two
calibration studies on Traffic Conflicts Techniques, i.e. Malmo (Grayson (ed), 1984) and
Trautenfels (Risser and Tamme, 1987; Van der Horst, 1990), provide us with both
objective and subjective data on critical encounters. About 50% of the interactions scored
as conflicts by observer teams in the field, appears to have a TTC,,, less than 1.5 s.
Moreover, TTC_;, is a major factor in explaining subjective severity of conflicts, although
the relationship between TTC_;, and conflict severity scores is not unambiguous; severe
conflicts have a low TTC_,,, but not all conflicts with a low TTC,,, are regarded as
severe. An analysis of a close proximity between the road users, but not scored by one of
the observer teams (Van der Horst, 1990) suggests that both the detection and evaluation
of critical encounters depends on the type of road users involved. This is in agreement
with the finding by Grayson (1984) that conflict type also relates to conflict severity.
Moreover, human observers in the field experience detection problems (both 'misses’ and
’false alarms’) on the border line between slight conflicts and encounters. But once a
more serious conflict is detected, the evaluation of severity is rather consistently
conducted. Based on these results, it is concluded that the TTC,, measure is an important
variable in discriminating between normal and critical encounters. In line with the results
of the TTI analysis of how drivers approach an intersection, a criterion value of 1.5 s
appears to be of prime importance. It supports the TTC criteria that are used in the Dutch
Conflict Observation Technique DOCTOR (Kraay, Van der Horst and Oppe, 1986) to
define conflicts.

Recently, a first field experiment in which subjects approaching a stationary object with a
given speed were instructed to start braking at the latest moment they thought they could
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stop just in front of the object, confirmed these results (Van der Horst, 1990). Also for
the driver, Time-To-Collision as directly available from the optic flow field seems to be
an important cue in detecting potentially dangerous situations in traffic.

The time-based analysis of road user behaviour may contribute to the further development
of road design standards to improve efficiency and safety. For the development of driver
support systems based on new technologies, as currently undertaken within the CEC
research program DRIVE, time measures provide detailed information on how drivers
operate, what type of information should be provided to the driver, and at what level the
system should take over.
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