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Chapter 12 Time-Distance Relationships
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2(0.049) - 2(0.00579)
S = —23.92 4 73.54 S — —38.37 + 118.04

Notice that two answers exist for speed. Although a quadratic equation yields two
mathematically correct answers, only a positive answer makes physical sense in this

example, so our answer is:

S = 49.61 mph 5 = 79.67 kph

12.8 Perception—-Response Time

The perception-response time (PRT) is also commonly referred to as the driver response time
(DRT). At face value it is simply the time that is expended from when a driver senses a hazard
to when the vehicle first responds to the driver’s input. Further examination reveals that the
influencing factors that dictate the actual value of the time are, at the very least, uncertain
and may not be quantifiable. Therefore, using a single value for a PRT for all situations is
inappropriate, and the particular circumstances of the crash must be considered in order to

determine an appropriate value.

The purpose of this section is to provide the investigator an introduction to some of the

concepts used to describe the phenomena of human performance in avoidance maneuvers.

12.8.1 Evenis of an Evasive Maneuver

Distinct events comprise an evasive or avoidance maneuver. These event intervals are in the

following (possibly overlapping) order:
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12.8 Perception—-Kesponse Time
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Figure 12.5: A time line representing a typical avoidance maneuver. The intervals are not

necessarily spaced as shown and may overlap. (Figure revised in 2007).

1. Detection— The period of time between being able to see an item and coming to the

realization that you are seeing it. In other words, this is the time from the point where
the absolute visual threshold is reached to when the driver realizes that an object ac-
tually exists. The point of absolute threshold is when the photons strike the eye in
enough concentration to excite the eye and visual cortex of the brain. This point of
detection may be different for different people. Things that are not well illuminated,
camouflaged, or otherwise difficult to see may never be detected. |

Recognition- The process of deciding what an object represents. In avoidance maneu-
vers, the object is recognized as an immediate hazard, whether it be a child chasing a
ball or a stationary dump truck on the side of the road. The key word here is immediate
because hazards that are far enough away (either time or distance) can be dealt with
using normal defensive driving techniques. For example, if a dump truck is 1/4 mile
away, it may not be an immediate threat, and an uneventful maneuver can be executed.
However, once an object is recognized as an immediate hazard, it is perceived to be an
immediate threat and the driver must decide what action to take. A driver can detect
something without recognizing it for some time.

Decision— The time it takes to decide the response to the situation. A driver may use
the horn, brake, steer, and/or brace during an avoidance maneuver. The decision may
not always be the most appropriate, but some time must elapse for the decision to be
made, even for responses that are conditioned or “automatic”. A reaction time in some
literature is strictly the time that it takes to initiate the driver’s first movement (i.e., take
the foot off the accelerator).

4. Response-The time it takes for the driver to implement the decision. The response time
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Chapter 12 Time-Distance Relationships

involves the foot movement for braking and the hand movement for steering. This is a

measure of the driver’s muscular response and may be longer for elderly drivers.

5. Vehicle Latency— The time that it takes for the driver’s input to propagate to the me-
chanical system of the vehicle and leave evidence at the scene. For a braking maneuver,
this would be the amount of time that it takes for the wheels to spin down to where
they leave marks. Vehicle responses to steering can be relatively short in most cases
that do not involve a great deal of confusion. However, the latency for an air-braked
commercial vehicle can be relatively long. Often a driver will continually update the
response and brake harder and harder as the sequence of events unfolds. This action
blurs the distinction between driver response and vehicle latency.

6. Vehicle Response— By this time, evidence may be found, but the driver input may not
be over. Determining driver response times usually does not take this interval into

consideration.

Figure 12.5 shows a time line of a possible avoidance maneuver. The total driver response
time is the time that passes from the point when the sensory threshold is reached to when
control is applied to the vehicle. Additional time, vehicle latency, is needed for the vehicle to
respond and leave evidence.

Some studies, however, define the perception-response time as the time that transpires until
the driver’s first movement (i.e., throttle release). These would be studying the perception-
reaction time rather than the perception-response time. Other studies will measure the time
the transpires until the brakes are applied. This is referred to as the brake-response time
(BRT), which is the same as the total perception response time. To summarize:

Perception-Response Time is the time determined by adding the time it takes for a driver
to make a decision, implement the decision by inputting a vehicle control. This is the
most useful value to a crash investigator. However, there is still a finite amount of time
that elapses from the end of the perception-response time to when the vehicle leaves
evidence on the road.

Perception-Reaction Time is the time from when the driver recognizes an immediate threat
to the point of first movement. This is the same as the decision interval on the time line
and it will always be shorter than the perception-response time because it does not |
include driver movement.

Brake Response Time is the perception-reaction time plus the time of driver movement.
This is the same as the total perception-response time.
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12.8 Perception-Response Time

12.8.2 Influencing Factors of PRT

The duration associated with driver response time is correlated with many things, including
the event intervals seen in Figure 12.5. Both psychological and physiological factors influence
a driver’s ability to perceive and respond to events on the road. Some factors that are difficult
(if not impossible) to represent in a mathematical form include: experience, attentiveness,

stress, eye health, fatigue, and drugs—just toname a few.

There are a few measurable parameters that significantly influence the perception-response
time. The detection and perception interval is highly correlated to the contrast of an item to
its surroundings, the driver’s anticipation, the strength of the stimulation, and the eccentric-
ity of the object from the driver’s line of sight. The mnemonic CASE-DR may be helpful in

remembering some factors influencing drivers’ ability to respond:

Contrast is the ability of an object to be distinguished from its background, and is concerned
with lighting, patterns, and colors. Humans are most sensitive to the green-yellow
colors. Under poor lighting, the contrast of an object is reduced, which will tend to
increase the length of the detection interval.

Anticipation gages how a driver may be expecting some event. For example, a driver may
anticipate a child in-a residential neighborhood much more so than when driving on
a freeway. Anticipation does not have to be conscious, as it refers to the psychological
concept of “priming.” |

Stimulation factors include the strength of the stimulation, the quantity of stimuli, and the
nature of stimulation. For example, an air horn is a different stimulant than a flashing
light. When there are multiple of objects providing stimulation, such as on a crowded
street, drivers typically will not detect hazards until they can discriminate the hazard
from the non-hazards. This may not occur until they get closer to the object.

Eccentricity deals with where a driver is looking. As this measurable angular quantity in-
creases, the perception-response time of drivers increases. A human must look directly
at something to clearly see it.

Decision-making speed in adverse situations is primarily a function of experience or prior
conditioning. A number of possible alternatives come into play in deciding what to do.
Often drivers are conditioned to either stomp the brake or jerk the wheel when there is

imminent danger ahead.
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Response is the action a driver takes to provide input to the vehicle controls. The driving
task, especially under stressful conditions, is complex, and response times measured
for pushing a button (a simple response) may not be equivalent to response times for a
complex response (braking and steering).

Undoubtedly, there are many other factors that influence a driver’s perception-response
time. The goal of presenting the CASE-DR list is to promote contemplation concerning the

complexity of human performance.

12.8.3 Modeling PRT

When deciding what perception-response time to use, the best solution is to find a reputable
study that examined an analogous situation to the one the driver in question experienced.
This research may not exist or may be too time consuming to discover and interpret. In that
case, a published regression equation may be used; see Muttart’s work in references [13, 14].
As a last resort, the values of PRT listed in tables can be used with an understanding of the
limitations and complexity of human performance.

The human factors in traffic crashes are the subject of intense study. Data, methods, and
tools are continually being improved and developed. Pioneering work and ongoing work
by Olsen, Sivak, Hoffman, Mortimer, Summala, Muttart, McGehee, and many others have
revealed the importance of understanding and investigating perception-response time.”

*See Refs. [15,16,17, 18,19,20,21].
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