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THE ISSUE OF ROAD VISIBILITY AND ROAD
TRAFFIC SAFETY

One of the most difficult problems faced by drivatsight is road visibility and difficulty
in seeing obstacles in a timely manner. Many nighé accidents occur on roads with no
artificial lighting, especially outside built-upess. In 2014, in order to improve road safety,
a provision for the obligatory use of reflectiverlents by pedestrians outside built-up areas
at night was introduced. However, the exact pararsetf these reflective elements (in
particular the color, size and location) were nmécified, which may have an impact on
pedestrian safety.

This article compares a car driver’s range of Visjbwhen pedestrians are equipped with
different colors of a reflective element, examinthg influence of different colors on safety.
The analysis shows that, despite the similar technproperties of the same reflective
elements, their color contributed to the improvetr@nvisibility, and thus road safety. An
experiment conducted in real road conditions tgsgigllow and orange reflective elements
proved that the yellow reflective element signifittg improved the range of the driver’s
perception.
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1. INTRODUCTION

The current level of knowledge of road traffic angation shows that a change in
visibility leads to a change in the level of traffiafety. This is related to the characteristic
features of seeing and observing by both, the drared other road users, especially
pedestrians, as unprotected road users. These gt@rancan be properly controlled with
a view to improving road safety, and thus making #ppropriate decision related to
increasing the visibility of road users. The majodf people travelling on the road at night
do not realize how much visibility the driver hdteadark. If the road conditions force the
driver to move with the dipped headlights on, thadiamps can illuminate the road ahead
of the vehicle to a distance of only 40 m. The stilen, on the other hand, is visible from
an even shorter distance, because the light beast iftuminate him about 25-30 cm
measured from the road surface to make him vistbthe driver, which means that in fact
the distance from seeing the pedestrian is muctiesh@bout 20-25 m).

Due to the uneven value of luminance, differenbrslor different intensity of lighting
directed at road users and road infrastructureyehiécle driver is usually not aware of the
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significant differences in perception of objectpagring on the road, and thus his reaction
and adaptation of the way of driving towards thebstacles (Zielinkiewicz, 2013). The
so-called unprotected road users (e.g. pedestr@méists, users of personal transport
devices, such as roller skates, skateboards, sspete.) who do not have protection in the
form of a vehicle body, and who, in contact witepeeding vehicle, usually have little or
no chance (Podgorska, Rajchel, 2019).

There have been identified three main problemgiims of road safety at night (Fors,
Lundkvist, 2009):

« light discomfort resulting from glare phenomenonraufficient lighting;

« problems with correct distance estimation;

* not seeing other road users or obstacles in theefrate vicinity of the road;

« weakening of concentration associated with thecimsed role of fatigue.

Provisions regarding the improvement of visibility the road were introduced into the
Polish legal system on July 26, 2014 by the Actudy 26, 2013 amending the Road Traffic
Act (The Act of July 26, 2013). Pursuant to Artid#& (4a) of the Act of June 20, 1997,
Road Traffic Law (The Act of June 20, 1997), “A psttian walking on the road, after
dusk, outside built-up areas, is obliged to uslecé’e elements in a manner visible to other
road users, unless he is travelling on a road wiielxclusively intended for pedestrians or
on the sidewalk. This provision, in accordance wftticle 11 (5) of this Act, “does not
apply in the residential area where the pedestrsms the entire width of the road and has
priority over the vehicle”. The premise for intraming the obligation to use reflective
elements after dusk in an undeveloped area intd Bgtem was a relatively large number
of road accidents involving unprotected road usespecially pedestrians. Therefore, it
remained to analyze the possibility of avoidingttyipe of accidents involving pedestrians
with and without luminous elements in real conditio

2. THE INFLUENCE OF LIGHTING PARAMETERS OF THE OBJE CT
AND BACKGROUND ON THE VISIBILITY RANGE. A SIMPL IFIED
PEDESTRIAN NOTICE MODEL IN NIGHT CONDITIONS

The driver's perception of objects along a certaiad section is closely related to the
change in visibility. The consequence of this giturais a change in the level of road safety.
The visibility of the objects along the road and tbad itself depends on several factors.
The most important of them are undoubtedly thellef’eoad illumination, the contrast of
objects and background, the degree of backgrouddoaject luminance, as well as the
adaptation of the driving sight and the angulae sif objects, that is the observation
distance Zagan, Mazur, 199 ypadki drogowe..2006; Wolska, 1999).

Figure 1 shows the dependence of the backgrounthéumoe on the object threshold
contrast — the greater the background luminaneegthater the threshold contrast of the
obstacle (Unarski, gbala, 2006).

When analyzing the scope of perceiving obstaclasfiavorable lighting conditions,
e.g. at night or after dusk, the following visidates should be indicated &afjan, 2014):

e negative contrast that occurs when the backgroumdnlance value exceeds the

obstruction luminance value;

« positive contrast that occurs when the luminandeesgaare inverse.
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Fig. 1.The dependence of the background luminance ornthstold contrast of the obstacle

The observations of the conducted research oncitygesof the possibility of noticing
a pedestrian (dressed in uniform color clothegh@area of the dipped beam of a vehicle
without additional light elements (Reza, Wéjcickd94) indicate that the pedestrian's lower
limbs will be noticed first, and then the torso.isTbrder of noticing an obstacle is dictated
by the direction in which the beam of the dippedrbdights is formed. In order to improve
the safety of an unprotected road user outsidé-bpiareas, on July 26, 2014, the legislator
decided to introduce an obligation to use refleciements by all pedestrians as road users.

The issue of accidents involving unprotected rosers; and pedestrians in particular,
is one of the most difficult legal problems thathie subject of struggle by both, procedural
bodies and experts. As part of their duties, thenigom, inter alia, reconstruction of road
accidents in order to determine the range of pedestisibility. This reconstruction is the
basis for inferring the causes of road accidentsfan establishing the perpetrator of the
event Wypadki drogowe...2006; Prochowski, Unarski, Wach, Wicher, 20Q&jiér
referatéw...,2006). It should be noted that each traffic inotdés characterized by
individual features, therefore, an individual apgmio is also used to consider them. There
are no patterns that could be used in a templateendor every traffic incident involving
(not only) a pedestrian in night conditions.

The literature on the subje®V/fpadki drogowe..2006) provides a basic mathematical
scheme of noticing a pedestrian illuminated withpaid beam, depending in the properties
and parameters of a given vehicle, however, ibtsapplicable during various road, weather
and environmental conditions.

On the basis of the discussed model, it is geneaabumed that a pedestrian located in
the area of the beam light illuminating him at animum height of 25 to 30 cm from the
road level, with simultaneous correct observatigrihe driver of the changing traffic and
road conditions, will theoretically be noticed from distance which results from
dependence:

L = Lo(H — h)/h
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where: Ly — range of the distribution of the dipped beanttenroad surface,
H — distance from the axis of the headlamps tadhe surface,
h — pedestrian lighting height (30 cm from thedr@urface) so that he is noticed by
the driver.

The algebraically determined distance on the bafsis mathematical model is only
a theoretical value, because when determiningthehdistance of perceiving the object,
it is advisable to take into account the possibinge in both, the range of visibility related
to weather conditions, and natural lighting. Thepaid beam is designed to illuminate the
road ahead of the vehicle. However, due to the tidtation of the beam of the dipped beam
headlamps as scattered light, the rays of whiclabse reflected from road infrastructure
elements at different angles, the range of vigibdif a pedestrian at night with reflective
elements should be examined in relation to a sipeehicle, as well as there should be
examined the difference in the perception distarigepedestrian equipped with luminance
elements of different colors and the obtained tessHould be considered in terms of the
possibility of avoiding a road accident by stoppihg vehicle in front of a pedestrian.

3. PURPOSE AND SCOPE OF THE RESEARCH

The experiment was aimed at testing (checkingyange of visibility of a pedestrian
equipped with reflective elements of different aslin natural conditions of night time
using dipped headlights.

The tests were conducted under the following cammut

« lighting: night time, hours from 11:30 pm to 00:d,

» road measurements section: straight, 365 m,

* road type: two-way, with a single lane (no roadis)g

« area: outside built-up areas,

 type of surface: asphalt,

« weather conditions: moderate wind, partly cloudtheut precipitation,

« direction of research (observation): north-eastern,

 air transparency — normal.

The following aids were used to conduct the redearc

« Audi A4 B8 passenger car, year of production: 2@@8yed and high beam headlamp

— combines, halogen H1 bulbs,

» respondents: 32 people aged 20-22,

« distance meter: measuring wheel “Nikel System M100”

« reflective band — yellow,

« reflective band — orange.

During the experiment, the scope of the visibiliya pedestrian by the respondents
with the dipped headlights was examined. The erpant was divided into two trials: in
the first — the pedestrian was equipped with aoyebelf-tightening prismatic band placed
on the forearm, and in the second — an orange atisrhand. The distance between the
vehicle and the pedestrian at the start of the onarewas approx. 500 m, which was the
basis for calculating the difference in the disaretween the range of visibility of
a pedestrian with, and without the reflective elatne
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4. RESULTS AND ANALYSIS OF THE CONDUCTED RESEARCH

The graphical summary of the results of the expeninis shown in Fig. 2, while Fig. 3
shows the extreme results of perceiving a pedastdgaipped, first with a yellow and then
an orange reflective band placed on the forearm. féBults in terms of the avoidance of
a road accident are presented in Table 1.

M perception distance of a pedestrian equipped with a yellow reflective
element

M perception distance of a pedestrian equipped with an orange reflective
element
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Fig. 2. The results of the distance of perceivimpdestrian within the dipped beam (vertical
axis — subjects, horizontal axis — distance in rsgtdlue — equipped with yellow reflective
element, red — equipped with an orange reflectiement
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Fig. 3. Graphical representation of the spreachefresults of the research on the distance
from being perceived by the respondents of a padestquipped with a yellow reflective
element (a) and equipped with an orange reflegigment

The conducted analysis shows that the color of rdfeective element is of key
importance in terms of the possibility of seeingetlestrian. Research, using the same
vehicle and the participation of the same peopglewed that pedestrians equipped with
a yellow reflective element would have an approxena2 percent chance of avoiding
a road incident, while the same pedestrians woalkha chance of avoiding a traffic
incident with an orange reflective element, asdatid by calculations, would drop down
to 3.1 percent. Figure 4 shows the results of tiveds ability to avoid a road incident
depending on the color of the reflective elemeedusy a pedestrian.

In order to verify the significance of the statisli substance, the obtained test results
(Tab. 1) were analyzed (Table 2, 3, 4) allowingahsessment of both, the reliability of the
obtained results, and the correctness of the inferdbased on them. For this purpose,
appropriate statistical tools were used (Prochowdkarski, Wach, Wicher, 200&biér
referatow.., 2006), which, depending on the type of obtaireslits, were based on the
tests adopted and valued in the statistics.

The statistically significant results of the res#mindicate the existence of differences
between the normal distribution and the distributid the variable, and the sizes used in
the research were distributions consistent withrtbemal distribution. For this reason,
appropriate parametric tests were prepared dudrigdr analysis.

The r/Pearson correlation analysis was performerder to investigate the relationship
between the measurements. Statistically significaatilts indicate the presence of such
relationships.
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Table 1. The range of visibility in the dipped bebsadlamps of a person equipped with
a yellow and orange reflective band and the pddgitnf avoiding a traffic incident by
stopping the vehicle in front of a pedestrian dejoeg on the color of the reflective element

The scope of the
person’s visibility
based on the
experiment with

The scope of the person’y
visibility based on the
experiment with an

The possibility of avoiding
an accident by stopping
the vehicle in front
of a pedestrian

No. a yello(;lé traeill‘lective orange reflective detail LI(E)S [
(m] for dry asphalt
[m]
*x yellow orange
* reflective reflective
band band
1 63,4 66,3
2 108,1 60,4
3 91,6 62,3
4 75,5 59,4
5 62,3 61,2
6 65,7 59,8
7 106,2 85,8
8 66,9 61,4
9 74,7 59,1
10 76 61,3
11 69,8 58,5
12 84,3 63,3
13 74,6 61,1
14 81 62,0
15 788 64,1
16 69,4 61,2
17 98,4 63,0
18 83,2 57.8
19 90,7 66,3
20 69,9 60,2
21 87,3 63,7
22 94,6 62,2
23 102,3 65,4
24 79,7 58,3
25 84,2 66,1
26 78,6 59,7
27 100,4 63,7
28 99,2 61,0
29 78,3 60,7
30 90,5 66,5
31 64,2 57.2
32 66,8 59,6
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In order to check the compliance of the distribatof measurements in relation to the
normal distribution, it was decided to perform thealysis using Shapiro-Wilk tests,
verifying the hypothesis of such compliance.

32
28
24

71,9%

16
12

3,1%

1 2

Fig. 4. Percentage and numerical ability of thevairito avoid a traffic incident depending
on the color of the reflective element used byphdestrian (1 — yellow reflective element,
2 — orange reflective element)

Table 2. The results of normality analysis with 8teapiro-Wilk test (Shapiro, Wilk, 1965)

Shapiro-Wilk
Statistics df p
Visibility range of a person b_ased on an experimeétit 0.95 32 0.166
a yellow reflective element
Visibility range of a person baged on an experimeatit 0.66 32 <0,001
an orange reflective element

Table 3. The r/Rearson correlation analysis results

with a yellow with an orange

reflective .
reflective element
element
with a yellow 1 0.48%

reflective element

with an orange
reflective element

1

p < 0,05% p < 0,01*
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Table 4. Descriptive statistics for measurements

Average Standard deviatiop
Visibility range of a person b_ased on an experimetit 8177 13.29
a yellow reflective element
Visibility range of a person based on an experimetit 62.46 4.98
an orange reflective element

The strength of the correlation is measured segign0-0.1 is absent, 0.1-0.3 weak,
0.3-0.5 moderate, 0.5-0.7 strong, 0.7-0.9 verynsfr6.9-1 almost full. The analysis showed
the existence of statistically significant correlatbetween the assessment of the visibility
of a pedestrian (based on an experiment) with laatafe element and the assessment of
the visibility of a pedestrian not equipped withcBuan element. In order to examine
statistically significant differences, an analysis made using the t-Student test (ZigHi,
1972) on dependent samples. The analysis of therdésslts proved the occurrences
amounting to: p < 0.001.

5. THE IMPACT OF LUMINANCE ON THE SAFETY OF ROAD US ERS

The majority of road users, especially at night, @ot aware of the number of hazards
that may appear on the road, including limitedbiliy for vehicle drivers after dark. Using
the dipped beam during this time is not only a 2drhobligation resulting from the
regulations, but also a very helpful principle. Dgrthe day, the illuminated vehicle is
visible to the pedestrians and other road usedsttendriver himself uses natural light while
driving, whilst at night the car’s headlights dne bnly source of light.

The conducted analysis of the possibility of avagdihe road incident proved that this
distance does not allow the vehicle to be stoppeftant of a pedestrian. During the
reaction, the driver cannot maneuver to changevtitacle trajectory. Therefore, an
essential determinant enabling the avoidance oftrdgic consequences of the vehicle-
-pedestrian “relation” is the appropriate visilyilaf this unprotected road user.

Undoubtedly, adequate pedestrian visibility is &fa importance here. The simulation
carried out during the tests showed that a pedestith a yellow reflective element was
noticed by the driver from a distance of 62.3-108.ih front of the vehicle, while the same
pedestrian with an orange luminous element wasedtby the driver from a distance of
22.4-33 m. Such a distance (even when assuminadtinénistratively permissible speed),
unfortunately, in 97% does not allow the drivernbake the right decision resulting in
avoiding a road incident. The driver simply hastimee to stop his vehicle or avoid the
“obstacle” noticed late. The conducted researchshasvn that the color of the reflective
element used by a pedestrian is extremely impoitamrder to spot it and undertake
defensive maneuvers to avoid an accident. The prées noticed too late by the driver.

It should be emphasized that the research indi¢atiiks article is real research, carried
out in actual road conditions, in which people jogvated as actual road traffic participants.
The provisions of the Act of June 20, 1997, Roaaffia Law (The Act of June 20, 1997)
(in article 11, paragraph 4a, article 12, paragr&pnd in article 41) require the use of
reflective elements, however, they do not spedigy tiype or technical parameters or the
manner of wearing these elements. Therefore, uapted road users often show their own
inventions and use any bands attached to clotihéflgctive lanyards, road vests, or even
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a light source from mobile phones or flashlightsirtgorove their visibility. Reflective
elements of yellow and orange colors were uselteimgsearch, without testing to determine
their reflectivity characteristics, because théhatis intention was to use items available in
commercial reality for research.

It is known that objects that do not emit lightthgmselves can be seen from different
distances under night-time conditions, dependinghencontrast between the subject and
the background. In order to be able to see anycobjedifficult lighting conditions, there
must be a difference in luminance or color, i.etcast. In order to distinguish the object
from the background, there must be a differenciaéir luminance values, otherwise the
object cannot be distinguished from the backgroésdhe contrast increases, the viewing
conditions improve. For example, reflective ligtitat do not emit light by themselves, due
to their technical properties, can be seen direotfyont of the vehicle.

As mentioned, the legislator obliged pedestrianss® the reflective element at night
outside the built-up area, but without indicatiraggameters such as color, size, or location.
The conducted research, which concerned the influesf the color of the reflective
element on the range of visibility, showed thatdbior of the used reflective element is an
extremely important factor significantly increasitige safety of a pedestrian on the road.
Due to the multitude of different types of reflastothe research work undertaken by the
author can be used to assess the usefulness antiveffiess of the reflective elements used,
and thus to assess their impact on increasingsafady.
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