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Analysis of Lane Change Crash Avoidance

ABSTRACT

For designing crash avoidance systems
it is necessary to know the dynamic
conditions that characterize the accidents.
This paper examines the dynamic conditions
that set apart safe from unsafe lane
changes. They are determined on the basis
of the relative distances and velocities
between the vehicles at the time the lane
change is initiated, and upon consideration
of the geometry of the lane change path.
The analysis provides means to quantify the
significance of the errors of the
measurements and estimations that the
countermeasure system must carry out to
achieve its goal. The discussion includes
consideration of system's latency and
reaction times of driver and vehicle, to
compare them with the time between lane
change initiation and the moment when the
crash would occur. The paper considers
possible different levels of capability for
lane change countermeasure systems, and how
they could be verified by tests without
crash risk.

INTRODUCTION

Among the multiple matters relevant
to the establishment of the so-called
"Intelligent Vehicle-Highway Systems,"
recently renamed "Intelligent
Transportation Systems,'* the introduction
of automotive crash avoidance systems is
particularly important. Consequently,
there is currently a great interest in
those countermeasure systems. But to
design them properly it is necessary to
know the dynamic conditions that
characterize the accidents, and how they
could be changed to avoid or mitigate their
occurrence. These dynamic conditions
differ for the various types of automotive
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accidents.
This paper is concerned with the

analysis of the dynamic conditions that set
apart safe from unsafe automotive lane
changes, and with the discussion of related
matters. Using the pertinent variables,
the paper first determines the conditions
that identify safe and unsafe lane changes.
The analysis continues with the
determination of means to quantify the
'importance of the different variables, as
well as the significance of the errors of
the measurements and estimations that the

 countermeasure system must carry out to
achieve its function. Then, the paper
discusses the impact of the reaction times
of the countermeasure system, driver, and
vehicle. Comparing these times with-the
time between the initiation of the lane
change and the moment when the potential
crash would occur is important to judge the
effectiveness of the countermeasure system
for unsafe lane changes. Finally, the
paper deliberates on possible capability
levels of the lane change countermeasure
systems and how they could be verified by
tests without collision risk.

BOUNDARIES FOR SAFE LANE CHANGE

To determine the dynamic conditions
that set apart safe from unsafe lane 
changes, it is convenient to subdivide the
analysis according to pertinent
considerations and values of certain
variables. Naming 1 and 2 the two vehicles
involved, we designate 1 as the vehicle
that makes the lane change. The analysis
is carried out for lane change to the
right; the analysis for lane change-to the
left is just symmetric.

The analysis subdivisions consider
which vehicle is faster, i.e., whether V,
= v2. In other words, the subdivisions
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Lo should be theoretically infinite to avoid
the collision.

Figure 8 shows the boundaries for
safe and unsafe lane changes, for different
values of tL and d.

. . Figure 8. NO collision for
Lo < - 12 + vc .tL - vc

2 /2d

 

EQ(4) applies specifically for
constant V1 and V2 during the lane change.
The equation automatically provides an
additional safety margin if during the lane
change vehicle 1 decelerates or vehicle 2
accelerates. On the other hand, for 1
accelerating or 2 decelerating during the
lane change, a margin of safety would have
to be estimated and added to the equation.

COMPILATION OF SAFE AND UNSAFE REGIONS FOR
LANE CHANGE

The results for the various cases
 considered above are compiled in Figure 9.

The hatched areas cover the conditions for
which collisions would always occur. The
other areas are safe as long as the lane
changes are conducted according to the
asumptions indicated in the derivation of
the equations that determine the safe
areas.
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Figure 9. Collision region for lane change.
(The plot is an example for
t L = 5 s  , tp, = l.5s, d=2m/s2)

QUANTIFYING. THE IMPACT OF THE VARIOUS
VARIABLES, AND OF THE ERRORS OF MEASUREMENT
AND ESTIMATION

Partial differentiation of the
equations EQ(1) through EQ(4) provides

quantification of the impact that each of
the independent variables, zf has
individually on the determination of  the
boundaries for safe lane change. Thus,
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not use the turning signals.
The countermeasure systems described

under c) in the previous section would
eliminate the risk of unsafe lane changes
if their capability for automatic
corrective maneuvers works properly. But
until their automatic capability is
confirmed, preliminary tests without actual
lane changes should be conducted, in the
same manner that it has just been indicated
for the b) countermeasure systems.

SUMMARY

The paper describes a methodology for
determining the dynamic conditions that
differentiate safe from unsafe automotive
lane changes.

The differences between safe and
unsafe lane changes are quantified in terms
of the pertinent variables. These
variables include the longitudinal and
lateral distances between the vehicles at
the initiation of the lane change, their
absolute and relative velocities, and the
shape and dimensions of the lane change
path.

The analysis is made for changing
lanes on straight roads. It could be
extended in an analogous fashion for
anomalous lane changes, such as for lane

changes on curves.
The analysis includes the

determination of the significance of the
errors of the measurements and estimations.
that the countermeasure systems must carry
out during its operation to achieve its
goal.

A discussion is included regarding
the impact that the countermeasure system's
latency, and the reaction times of the
driver and the vehicle have on crash
avoidance effectiveness.

. A discussion is also included on,
possible levels -of capability of the
countermeasure systems and how the
capabilities can be verified by tests
without crash risk.

The scope of the paper is limited to
the outcome for potential individual lane
change accidents. To determine the outcome
of introducing lane change crash avoidance
systems in a population of vehicles, the
analysis should be complemented with
pertinent statistical procedures which will
take into account the variabilities within
the given population. This, of course,
will require knowledge of (or estimates
of) the distributions of the variable
quantities, i.e., the distributions for:
absolute and relative velocities of the
vehicles, longitudinal and lateral
distances between the vehicles, drivers'
reaction times and other pertinent human

factors, systems' latencies, lateral
accelerations for recovery, etc.
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