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CHANGE OF DRIVER’S RESPONSE TIME DEPENDING ON LIGHT
SOURCE AND BRAKE LIGHT TECHNOLOGY USED

Summary. This paper deals with finding out the influence of the type of light
source of car brake lights on the reaction time of the driver of the preceding vehicle.
The driver’s reaction time was measured in the form of pressing the brake pedal
depending on the lighting of brake lights on the leading vehicle. The measurement
evaluation consists of a comparison of the phase shift between the brake light signal
of the first vehicle and the brake light signal of the second vehicle.
The experimental measurement was performed for five people using the classic
light bulb, afterwards, an LED light source for the brake lights of the first vehicle.
The records confirmed that the driver’s reaction time depends on many factors, with
the source and intensity of the brake lights also playing an important role. Further,
it affects the reaction time and the activity or inactivity of the rear sidelights.
The reaction time of the driver of the preceding vehicle was extended with their
activation.
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1. INTRODUCTION

New materials and construction methods are constantly appearing in automotive
technology. Therefore, their influence on the behaviour of drivers of the surrounding vehicles
should be considered. This influence needs to be considered in a broader sense, concerning
the happenings in the vehicle and around the vehicle. An important element of active road
vehicle safety is lighting. The driver should be able to see and orientate himself/herself in this
way in road traffic. However, been seen is an equally important aspect. It is especially true in
areas where there is an emergency, such as a change of direction or a speed reduction. Thus,
the visibility of turn indicators and brake lights is an important aspect. A large part of all
accidents is caused by failure to maintain a safe distance, when the driver is not able to react
in time and correctly to the situation in road traffic. From the point of view of road safety, it
1s necessary to focus on measures to ensure that a safe distance is maintained and that the
driver’s reaction time is shortened [5,6,8,9,11-14,17].

The shape of the headlights and taillights is a powerful tool in today’s vehicles when
dealing with vehicle designs. With new lighting technologies, taillights are no longer simple
in design but complex with 3D shapes. Therefore, the brake lights can be part of the taillights
and still fulfil their functions.

2. MATERIALS AND METHODS

The driver’s reaction time is determined by his/her physiological nature as a living
organism. Therefore, it cannot be infinitely short. Its length is determined by moral integrity
and the current psychological disposition; possibly by any narcotic and addictive substances
in the human body [9,12,15]. The reaction time can be considered as the time required for the
driver’s biological system to respond to a stimulus in the driver’s field of vision, even in cases
where the stimulus is sudden and unexpected.

The optical response is given by the moment of perceiving an object that is outside the
driver’s field of vision. Visual perception is essential when driving. The driver obtains about
90% of all information through it. The optical response time ranges from O to 0.7 seconds and
depends on the magnitude of the angular deviation of the stimulus from the driver’s line of
sight [3,16].

Mental response is defined as the time interval required by the driver to recognise and
evaluate the stimulus. This is a variable time depending on the complexity of the situation,
the ingestion of addictives and psychotropic substances and fatigue. Moreover, the reaction
is greatly affected positively by experience and expecting a possible situation. A situation
with more than one solution has a negative effect. Here, the driver evaluates the situation and
decides what action to take according to the stimuli received. The mental reaction duration is
0.2-0.6 seconds [4,12,22].

Muscular response is similarly determined by the biological nature of the human body and
is the body’s response to a detected stimulus. It is significantly affected by training and
movement trajectory. It is the time interval wherein the driver between the end of the mental
reaction until the moment, in our case, when the driver touches the brake pedal. The muscle
reaction interval is approximately 0.2 seconds [4,12].

The division of the reaction time between the car and the driver can be realised according
to many aspects, which are elaborated in more detail in [2,10,18]. From the viewpoint of road
safety, great attention should be paid to the driver’s reaction time. Any increase in reaction
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time is undesirable and increases the overall distance required to stop the car safely; this is
the reason assistance systems are used. Assistance systems in the form of adaptive cruise
control (ACC), night vision systems [4], and panic braking systems [3,18] are becoming
increasingly popular in modern vehicles as elements reducing driver’s reaction time.

2.1. Experimental measurements

We performed experimental measurements on stationary vehicles to minimise the influence
of disturbing environmental stimuli. These were located in the covered premises of the
laboratories of the Educational and Research Centre in Transport of the University of
Pardubice. The leading vehicle was visible from the other vehicle. The illumination of the
measurement point was constant. The current conditions from the implementation of
the experiment are evident in Fig. 1. The Skoda Rapid and Skoda Superb were selected for
the experiment. The Skoda Rapid was the leading vehicle that initiated the reaction stimulus.

2.2. Measured data records

Brake signal BS - the leading edge is the carrier of information about the beginning of
braking in the test subject. This is a rectangular signal, which with its falling edge defines the
end of the process of acting on the brake pedal by the test subject.

Optical signal OS - is defined by the beginning of the action on the brake pedal in the
leading vehicle. The leading vehicle is a car to which the test subject in the other vehicle
responds to when its brake lights come on.

Driver’s reaction time DRT - it was calculated from the mutual phase shift between the
measured signals according to Equation (1) from the measured brake and optical signal. Each
signal corresponds to a specific time interval.

RDR; = BS;(t) — 0S; (¢) (1)

When the leading vehicle’s brake pedal is pressed, the brake light is activated. This is a
simple optical stimulus for the test subject. Measuring control panel (Fig. 2) (detailed
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specifications are given in [7,10] records the optical signal OS of the leading vehicle by a step
change of the input parameter. When the brake pedal is pressed in the other vehicle, the brake
light of the vehicle with the test subject is activated and the measuring relay is open at the
same time. The measuring control panel records the step change in the input parameter. Thus,
the brake signal BS of the vehicle with the test subject is obtained.
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Fig. 2. Arrangement of the measuring system

Possible logic levels of the evaluated signals are schematically shown in Fig. 3.
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Fig. 3. Logic of measured signals
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We chose the original P 21/4 W bulb as the first luminous flux source. An LED source was
used as an alternative. It was without the necessary homologation for operation on roads
[1,21].

We determined the interval of full light of the light source with the help of video recording.
These are ten measurements for a conventional light source and then the same number of
measurements for an LED. We evaluated the required rise of the luminous flux by phasing
the record [15,19,20]. The last frame for the beginning of the lighting where the luminous
flux is zero was selected. We chose a frame where there was not an increase in the intensity
of the luminous flux in the following vehicle as the full light of the light source. It is clear
from the measurement results that the LED light source reaches full light in 0.033 s and
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the conventional light bulb in 0.2 s, as shown in Fig. 4. On a theoretical level, the driver’s
reaction time when using an LED light source should be 0.166 s shorter than when using
a conventional light bulb.

i i i i i i i
0,000 0,033 0,066 0,100 0,133 0,166 0,200 t([s]
Fig. 4. Increase in luminous flux, conventional light bulb / LED

2.3 Conditions for the experiment implementation

The reaction time was measured in the laboratory under artificial lighting. Four men and
one woman participated in the experimental measurement. The subjects were in the age range
of 27-44 years. The leading vehicle was in front of the second vehicle with the test subject at
a distance of 2.5 metres. The system of rear brake lights of the leading vehicle was chosen as
the optical stimulus. A central brake lamp with an LED source of luminous flux would
adversely affect the nature of the measurement. Therefore, it was deactivated in the leading
vehicle. The leading vehicle turned on the brake lights at random intervals for a set period.
This created reaction stimuli for the test subject in the second vehicle. The task of the test
subjects was to press and hold the accelerator pedal in the maximum position. This eliminated
the readiness of the right foot on the brake pedal. The test subject had to press the brake pedal
immediately noticing the random lighting of the driving vehicle’s brake lights.

We experimented with two options. The difference is that the rear sidelights were switched
on in the second case compared to the first set of measurements. Thus, the test stimulus was
less contrasting than with the sidelights off.

3. RESULTS AND DISCUSSION

To determine the reaction time in the test subjects, we used a medianX calculated according
to Equation 2.

6 )

=2 1 )
where:
N — number of all values,
x(g) — the first value with an index determining the position in an increasing sequence
2

of values,
x(g+ 1) — the second value with an index determining the position in an increasing
2

sequence of values.

The resulting reaction time for the group of test subjects is given in Table 1.
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Table. 1
Reaction time of a group of test subjects
Reaction time [s] Light source - bulb | Light source - LED Difference
Rear sidelights off 0.592 0.560 0.032
Rear sidelights on 0.608 0.572 0.036

A graphical representation of the measurement results is shown in Fig. 5, 6 and 7.
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Fig. 7. Total results

The largest reduction in reaction time in an individual was 0.07 s, which corresponds to
42.2% of the expected reduction in driver’s response time. The average reduction in the
reaction time of the group was 0.03 s, which corresponds to 20.7% of the expected reduction
in the driver’s reaction time. Based on the results of the experimental measurements, it can
be assumed that the human eye responds to the conventional light bulb during its turning on,
and not only to its full light. The experiment results did not show that the reaction time would
be shortened by the expected 0.17 seconds in the case of replacing a conventional light bulb
with an LED light bulb.

It is evident from the measured results that the driver driving behind the vehicle with an
LED light source installed will start braking at a speed of 130 km.h™! 1.24 m earlier on average
than when using a conventional light source. The braking distance will be shortened by up to
2.5 metres in the case of the measured maximum in a person. There is a presumption that the
use of a homologated source, which has a higher luminous flux than the non-homologated
LED source used by us, will further shorten the driver’s reaction time.

4. CONCLUSION

It is evident from the experimental measurements that the change in the reaction time
occurred when using an LED light source. The length of the reaction time was also affected
by the rear sidelights being on or off. When the brake lights are switched on while the
sidelights are on at the same time, the trigger impulse is less contrasting, causing the reaction
time to be extended. When using an LED light source, the reaction time was shortened
compared to a conventional light source. Since the tested driver expected a test stimulus in
the form of switching on the brake lights of the leading vehicle in the moment, the reaction
time of the driver’s mental reaction is reduced to a minimum. Because the same testing
conditions were for all experimental measurements and the results are processed on a relative
level and not an absolute one, this simplification does not invalidate the experimental results.
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To express an exact conclusion based on the experiment results, it is necessary to perform
experimental measurements on a representative and statistically significant sample of drivers
and in various ambient conditions, or in an experimental dynamic (driving) test.
Subsequently, this is a subject for further research for the authors.
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