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Abstract Light Emitting Diodes (LED) emitting white light find more and more
using in everyday life. The white LEDs gradually replace the classical light sources.
Therefore, there is a possibility to use the white LEDs for illumination and also for
communication. The main disadvantage of the white LED is a phosphorescent decay
after a switching off of excitation blue light. This decay limits bandwidth and using
of white LEDs for communication purposes. This article brings a manner how to
evade this limitation. A part of original white LED spectrum is suppressed by
an optical filter. Then the suppressed part is replaced by another LED. The correct
choice of suitable LED enables to reconstruct the original spectrum. This solution
removes the problem with decay because the white LED emits continuously. The
communication LED will carry the data only. The scale of reconstruction of
original white light is the colour coordinates x and y in diagram CIE 1931.

Keywords proceedings, paper, template

1. INTRODUCTION

Current research in communications also aims for the optical communications. The optical
communications have several advantages in comparison to the existing metallic and radio
communications. The data rate and bandwidth are considerably greater and wider in the
optical communications. The one of the main area of interest today is considered the
indoor optical communications. These communications have a potential to gradually
replace the current radio communication Wi-Fi. The most frequent case of the indoor
optical communication system is called the Visible Light Communication (VLC). This
technology joins together two functions, communication and illumination [1-5].

To realize the idea of joining the communication and illumination properties together was
enabled after a coming the white illumination Light Emitting Diodes LED. The classical
illumination sources (light bulbs and fluorescent lamps) cannot be switch on and off fast
enough, which is the basis of communication [3]. The illumination LEDs have further
advantages in comparison to the classical illumination sources. The LEDs reach much
higher efficiency and their further improvements are expected. The other advantages are
their longer lifetime, higher tolerance to humidity, a smaller and compact size, minimum
heat generation compared with the classical illumination sources, and lower power
consumption. The LEDs are more ecological because they are mercury free [4-5].

Already today we can observe the gradual replacement of the classical illumination
sources by the LEDs. Generally, we can buy the LED light bulb which has the identical
shape, size, thread and optical intensity like the classical light bulb. This LED light bulb is
directly connected to the current infrastructure without any changes and it is possible to
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use it. The same deals for the LED tubes. Further the LEDs are placed into the lamp for
street lighting due to their lifetime, power consumption and other advantages [6]. Perhaps
the greatest instantaneous signpost of replacement the classical illumination sources is
using the LEDs in head lamps and tail lamps in cars, which is often still thought by the
extra equipment [7-8].

The increasing using of LEDs for the illumination direct offers using also for the
communication. Nevertheless, there are several obstructions. The white LEDs are based on
the two principles. The first principle is using of the three chips emitting blue, green and
red light. If these chips are correctly set, they create the white light together. This principle
is called colour mixing. The other principle is based on the conversion of the light
wavelength to another wavelength. The converters are luminophores which convert the
blue light to yellow. The most often used luminophores are Yttrium Aluminium Garnets
(Y3Al5012). The basis is the chip emitting the blue light. This blue light impacts the
luminophore layer where a part of blue light is converted to yellow light. The rest of blue
light and yellow light create the white light together. Both these methods have their
limitations. The three-colour LEDs are supplied by high current therefore the fast
switching on and off is problematic. The LEDs with the luminophore suffer the
luminescence delay. After switching off of the exciting blue light, the luminophore still
emits yellow light some time, which extends the symbol duration time. This delay is called
the luminescence decay [3].

2. SOLUTION OF WHITE LEDS OBSTRUCTIONS

This article offers a solution how to get around the above described obstructions. The
basis is a purposeful suppression of a part of the spectrum emitted by the white LED by
using a suitable optical filter. The suppressed part is then replaced by spectral and
intensity suitable LED. Both these LEDs then create the original white light.

The advantage is that the white LED emits continuous it is not switched on and off. As
well so high forward current is not switched. Even there is not any luminophore decay.
Only the LED which replaces the suppressed part of spectrum is switched on and off. The
LED is a monochromatic LED which is supplied by lower forward current and a creation
of light is given only by features of semiconductor material. This LED is called the
communication LED.

3. MEASUREMENT IN LABORATORY

We needed several components to realize the measurement. The basis was the white power
LED. The forward current of this power LED was 700 mA. Further a notch filter was
placed to this power LED. The notch filter suppressed a part of its spectrum. The next
used element was a suitable chosen communication LED. The communication LED had to
fulfil the spectral properties for replacing the suppressed part. Before itself measurement
we choose and measured several LEDs. According this we choose the most suitable LED.
Further we solved the problem how to merge two light beams from the two LEDs in one.
For this purpose, we used a beamsplitter 50:50. The disadvantage of this beamsplitter is
that a half of the optical power is waste. This waste is unallowable therefore a mirror was
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also used. Further a diffuser was at the end for a better mixing of LEDs beams. The final
arrangement is in Fig. 1.
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Fig. 1 Arrangement of measurement.

The white LED was supplied by constant forward current 700 mA. The forward current of
the communication LED was gradually increased with step 10 mA. The aim was to find
this forward current of the communication LED when the difference between colour
coordinates x and y in CIE diagram was the smallest before and after reconstruction.

3.1 Measurement procedure

A spectrometer with an integration sphere was used for measurement. At first we measured
the spectrum of the white power LED, Fig. 2a. Further the colour coordinates and
correlated colour temperature (CCT) were noted. Then we put the notch filter to the white
LED. The transmission of this filter is in Fig. 2b. Thereby a part of spectrum was
suppressed. The communication LED began emits light with the forward current 100 mA.
After this setting, we measured the compound spectrum, colour coordinates x and y and
also the CCT. Then the forward current was increased in 10 mA and the measurement was
repeated. This procedure was done up to maximal value 350 mA of the forward current of
the communication LED.

3.2 Measurement results

The colour coordinates of original white light were x=0.3064 a y=0.3107, the CCT was
7070.7 K. The best reconstruction of white light came for the forward current of the
communication LED 280 mA, Fig 2c. The colour coordinates of the compound spectrum
were x=0.3087 and y=0.3108, CCT=6915.7 K. These measured values could be compared
according to the relation, which is derived from relative error:
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where index rec means the reconstructed value and org is the original value. According to
the Eq. (1) the colour coordinates changed less than 1 %. The CCT changed 2.2 %. The

reconstruction was very successful the measured values could be not recognized by human
eye.
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Fig. 2 Measured spectra: a) white LED, b) notch filter, c¢) reconstructed spectrum.
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4. CONCLUSION

This article presented one of possibilities how to remove the problem with the
communication properties of the white LEDs for VLC. The measured results showed that
the reconstruction of the original spectrum is possible and it was very successful. The
colour coordinates almost did not change, the CCT changed slightly. The differences are
not recognizable by human eye. The next task is testing of the communication properties
of the reconstructed white light.
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Abstract Article deals with dichromatic white LED’s color coordinates used in
automotive exterior lighting. Paper also describes basic white automotive LED
Sfunctionality and basic physical processes that creates white light of these LEDs. It
focuses on measuring of color coordinates of white automotive LEDs with different
temperature of LED and how the LED’s color depends on LED’s temperature.
Article is comparing datasheet information of LED producers and values measured
in laboratory at VSB-Technical University of Ostrava. Article contains statistical
results of measurements and graphical representation of measured values and
declared color bins.

Keywords: LED, automotive, color bin, color coordinates, spectral characteristic.

1. INTRODUCTION

Color coordinates of LED are important when adjusting color temperature of various light
sources in car head or rear lamps. New trends in automotive lighting combines various
light sources as halogen bulbs, HID (High Intensity Discharge, also known as xenon
lights), and LEDs. Each of these sources has different color and each customer has
different requirements on color matching of headlamp functions. Usually, color of the
white light is expressed as color temperature. Temperature of an ideal black body radiator
that radiates light is meant by color temperature of light source. For illustration, color
temperature of halogen bulbs is appx. 3500 K, color temperature of HID is usually 4500 K
and color temperature of LED is changing from 3000 K to 6000 K, depending of
producers and LED type. Generally, bluish LEDs (from 4500 K to 6000 K) are usually
chosen for car white lighting functions. When more types of light sources are used in the
car’s headlamp, e.g. halogen bulb for high beam, HID for low beam and LED for position
and Day time Running Lights (DRL) functions, color of light sources is becoming very
important design feature. It is also possible to measure the dominant wavelength, peak
wavelength, Correlated Color Temperature (CTT) or the Color Rendering Index (CRI) [1],
[2], [3], as well as spectral characteristics of the LED sources which were measured with
the help of semi empirical model based on the solid-state theory depending on the
temperature. In this article, the composite author also dealt with an idea of temperature
influences on colorimetric changes (chromaticity) [4], [10]. Generally, the white LEDs for
indoor illumination and similar applications are described by the parameters CCT or CRI
[2]. White LEDs are usually described by chromaticity coordinates [5] which is only the
way how to characterize different white light sources. Measuring and unification of white
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light emitted by the source is not only the task for the automotive industry. In general, it is
also the task for illumination applications. Measuring LEDs characteristics using the
integration sphere has been carried out by many researchers, which is one of the most
reliable ways how to measure LEDs [1], [7], [8]. Various researches about measuring LED
junction temperature were also made. One of the ways how to control LED temperature is
by measuring the forward voltage of LED which was in the oil bath of specific temperature
[7]. Another approach is mathematical - LED junction temperature can be calculated from
its forward voltage [8]. This solution is very accurate, but it is limited by accuracy of
measurement equipment. Other way how to measure LED temperature is by using sensor
which contacts with Printed Circuit Boards (PCB) near LED solder point [9], [11]. The
aim of measurements in this article was to find a process of measuring the color
coordinates of white LEDs in the real applications in the company Varroc Lighting System
without using any special laboratory equipment.

2. AUTOMOTIVE WHITE LED

In automotive industry, usually only one type of white LED is used — blue LED with
luminophore. The luminophore is yttrium-aluminium garnet (YAG) doped by cerium in
the most cases. LED producers divide each type of LED into various groups according the
color coordinates in CIE xy chromaticity diagram. These groups are called color bins.
Differences in LED color and dividing LED into various bins is caused by technology of
LED production. For LED production, simple substrate is used. On the surface of substrate
thin crystalloid layer is grown. This process is called epitaxy. As result, semiconductor
forming die of blue LED is created. This semiconductor is cut to small pieces afterwards.
The electrical connections are inserted and layer or suspension of luminophore is added
into its surrounding. This setup is encapsulated and creates white LED. The luminophore
layer is thin in order 10-2 mm, epitaxy processes create natural differences in LED
properties [10]. Even the manufacturers are trying to minimize these differences; it is not
possible to create highly consistent and strictly controlled LED production with same
characteristics. For this reason, LEDs are divided into groups with similar characteristics.
These groups are called “bins” and they can be organized into three main groups: by
luminous flux, color coordinates and voltage. Manufacturers sort LEDs to color bins
according to their x and y coordinates in chromaticity diagram defined in CIE 1931. These
bins are defined usually by 4 points that creates convex rectangle in chromaticity diagram.
Pentagons or hexagons defining color bin are not unusual, too. Size of the bins depends on
manufacturing quality— generally, the more accurate production, the smaller color bins can
be produced.

2.1 Experiment requirements and description

The task of the measurement was to measure color coordinates of white automotive LEDs
in the range of different temperature of LED and to evaluate the difference between color
coordinates of LEDs in different temperatures. All measurements were aimed on
automotive industry needs, so measuring of color coordinates was chosen for this purpose.
Dark room was used to prevent direct light to affect results of experiments. Measurements
were made in dark room situated in VSB—Technical university of Ostrava. Sizes of the
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dark room were 2,6x3x2,5 m. Amount of photons in this room was only 7 photons per
second (Declared darkcounts of photodetector 1 cps, measured 0.72 cps). Setup scheme
are LED, Peltier cooler, CPU cooler and fan were assembled as in Fig. 1.

Peiter cocier —, — LBY
y

Fig. 1 Thermal control system for measurements.

All measurements were made 30x for each LED and each temperature. Seoul LEDs are
simple and cheap example of automotive LED, they are widely used because of their low
price and good luminous flux. Aim of the measurement was to verify the hypothesis that
the color coordinates changes with growing temperature of LED. As the P-N junction is
situated inside of the LED structure, temperature of LED surface Ts was measured.

2.2 Measurement results

LEDs were measured for various temperatures of surface and the nominal current of LEDs
was kept. Color coordinates were measured by following procedure: 1) Assembly of
thermal control system (Fig. 1). 2) Connecting electronic components (Peltier cooler, fan,
LED) to power supplies. 3) Setting nominal current of LED according to producers
datasheet. 4) Turning on power supplies for Peltier cooler and fan. 4) Monitoring LED’s
surface using thermocamera, regulation of temperature using Peltier cooler and LED’s
forward current until the temperature on LED’s surface and forward current reach the
values defined in vendor’s datasheet. 5) Measuring color coordinates using Avantes
spectrometer and integration sphere. 6) Changing LED’s surface temperature by adjusting
Peltier cooler current. 7) Adjusting LED’s forward current to nominal. All results were
placed in to the graph with proper bin definitions and bin’s tolerances. Results for each
LED were compared for nominal temperature and for heated LED. All results were
evaluated using statistic methods and following statistical data were calculated: Mean (p),
Median (£), Mode (£), 75% quartile, 25% quartile (Qo7s Qo.2s), Minimum, maximum,
Variance (c?). All measured values of color coordinates were tested for mean equation.
Hypotheses were tested for 95% confidence interval separately for x and y coordinates.

2.3 Seoul Semiconductors Z5

1) U2C3H
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Statistical results for LED SSC Z5 binned as U2C3H are shown in Tab. 1. Hypothesis test
for x-coordinates:

Hy: pf(X); —2500 = 1(X) —roec s H oyt 1X) 2500 # H(X) 7 o

P—Value=6.99-107"° << 0.05 —rejecting Ho on confidence interval 95%. Hypothesis
test for y-coordinates:

H, 5/1(J’)TS:25°C = ll’l(y)fsil orc > Hy iﬂ(J’)rS:25°c # /J(J’)rszlomc

P—Value=0<<0.05 — rejecting Ho on confidence interval 95%. Hypothesis test shows
that temperature change has influenced color coordinates x and y for LED SSC Z5
U2C3H. Comparison of measured results for T with data declared by vendor is shown on
Fig. 2.

2) U2ET71
Statistical results for LED SSC Z5 binned as U2E7I are in Tab. 2. Hypothesis test for x-
coordinates:

Hy: pf(x); 2500 = 1) —100ec > H g2 11(X) 7 2500 # 1(X) - —1000

P—Value=0<<0.05 — rejecting Hy on confidence interval 95%. Hypothesis test for y-
coordinates:

Hy: ff(¥) 2500 = BV e m100 > Hoa i (V) 250¢ # M)z —100C

P—Value=0<<0.05 —>rejecting Hy on confidence interval 95%. Hypothesis test shows
that temperature change has influenced color coordinates x and y for LED SSC Z5 U2E7I.
Comparison of measured results for T with data declared by vendor is shown on following
Fig. 3.
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Fig. 2 Comparison of measured values to Fig. 3 Comparison of measured
vendor’s information for SSC Z5 LED values to vendor’s information for

binned as U2C3H. SSC 75 LED binned as U2E7I.
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Tab. 1 Results of SSC Z5 U2C3H.

Surface T,=25°C T, =100 °C Difference
temperature
Coordinates X y X y X y
Mean 0,3643 0,3755 0,3659 0,3827 0,0016 0,0072
Median 0,364 0,375 0,366 0,383 0,002 0,007
Modus 0,364 0,375 0,366 0,383 0,002 0,007
75% quartile 0,365 0,376 0,36675 0,383 0,002 0,008
25% quartile 0,364 0,375 0,365 0,382 0,001 0,00625
Minimum 0,364 0,375 0,363 0,381 -0,002 0,005
Maximum 0,365 0,377 0,368 0,386 0,004 0,011
Variance 0,0004661 0,0005724 | 0,001094 | 0,0013429 | 0,0012484 0,0016692
Tab. 2 Results of SSC Z5 U2E7I.
Surface T,=25°C T, =100 °C Difference
temperature
Coordinates X y X y X y
Mean 0,3915 0,3689 0,4052 0,389 0,0137 0,0192
Median 0,391 0,37 0,405 0,389 0,014 0,019
Modus 0,391 0,37 0,406 0,389 0,014 0,018
75% quartile 0,392 0,37075 0,406 0,39 0,014 0,02075
25% quartile 0,391 0,369 0,40425 0,38725 0,013 0,018
Minimum 0,388 0,368 0,402 0,385 0,009 0,015
Maximum 0,393 0,371 0,408 0,392 0,017 0,024
Variance 0,0010417 0,0009248 0,0012847 | 0,0018473 | 0,0016174 | 0,0021669

3. RESULTS OF EXPERIMENT

Experiment proved that color coordinates of LEDs are changing according to LED
temperature. Average shift in coordinates is 0.011 for x-coordinate and 0.018 for y-
coordinate. In these numbers, results of measuring two prototype LEDs has been counted
— unfortunately, concrete results of these two prototype LEDs cannot be published as they
are still in process of development. According to hypotheses test that reject equality of
means of measured color coordinates we can claim that there is a shift of color coordinates
caused by the change of LED’s temperature. This shift is caused by change of the intensity
of LED die. LED die’s luminous output is getting lower with raising temperature, but
luminophore layer’s optical properties do not change dramatically with temperature
change. This leads to fact that less amount of blue light is converted by the same amount
of luminophore layer. This means the color coordinates shift to yellow part of chromaticity
diagram. Results of this experiment can be used in automotive lighting industry for
matching colors of various types of light sources as the temperature of LED changes
during car operation time.
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Abstract

Due to new technologies increase the public lighting gets currently into a ground-breaking
phase. It is necessary to consider carefully how and where public lighting is heading forward
and whether it is necessary to prepare for any changes right now so that we could use a
potential of the public lighting, especially in connection to SMART CITIES. Two basic
technologies influencing the public lighting are LED technology and its rapid and progressive
development of communication technologies, particularly the development of optical fibre
networks and mobile networks 5G. By their combination we can achieve not only the visibility
increase due to the influence of better primary colour properties of a luminous flux and
significantly better possibilities of its directing to the roads, but chiefly the usage of control
options of each luminaire, which has already been proved to be crucial. The power system
designed that way can be used throughout 24 hours as well as it can charge terminal active
elements of technologies falling into the category of SMART CITY (free Wi-Fi for the
population, IP camera systems, providing technologies that facilitate car to car and car to
infrastructure communication WAVEp, environmental measurement and dynamic traffic
management).

Keywords: Public Lighting, Smart City, LED, Communication Technologies

1 Advantages of LED

LED light sources, which are particularly driven by their high luminous efficacy which,
together with relatively simple and efficient direction of the Iluminous flux, allows and
implementation of public lighting system to be illuminated with a significantly lower power
consumption. However, this fact is not directly related to the improvement of road safety. A
positive contribution to increased safety should therefore be sought in qualitative aspects. If
we compare current dominantly used light sources (high-pressure sodium lamps) with LEDs
from the point of view of the colour rendering index, we get from average value 25 for high
pressure sodium lamps to a value higher than 70. This is because the high-pressure sodium
lamp spectrum of radiation is relatively narrow and has only wavelengths around the 598 nm
that only visualize the yellow colour. The resolution of, for example, blue and green in the
high-pressure sodium lamp spectrum is very complicated. This does not apply to LEDs whose
spectrum is much wider and the colour perception under their light is closer to natural colour
perception. The advantage is not only a wide spectrum but also the possibility to change this
spectrum. When we comment on the correlated colour temperature, the colour of the high-
pressure sodium lamp is warm with a colour temperature of about 2200 K and cannot be
adapted to the needs of roads visibility [4]. For LEDs, when selecting a lighting system, the
correlated colour temperature can be selected and therefore even the colour of light can be
changed. This option should be used to generate colour contrast in critical areas on the roads.
For colour contrast to be clearly distinguishable, the ratio of correlated colour temperatures
should be at least 1: 1.5 [3]. For example, a different correlated colour temperature can be
selected on bridges (high colour temperature with high amount of blue wavelength) or for
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illumination of pedestrian crossings. Colour contrast will make the crossing itself more visible,
even without the presence of pedestrians.

Figure 1 — An example of a pedestrian crossing visibility using colour contrast while ensuring
visibility of pedestrian from driver’s point of view. [1]

Choosing the colour of light is also important from the perspective of perception of space as a
whole. These are mainly city centres, where public lighting is often part of architectural
lighting and their inhabited areas. In these areas, there are not only road users but also
residents who prefer so called visual comfort to visual performance. In relation to visual
comfort and low illumination and luminosity (see Kruithoff diagram), inhabitants prefer low
colour temperature, i.e. warm shades. Against this, however, there is the behaviour of the
human eye and its so called mesopic vision. It is the transition between day and night vision.
In this area, there is luminance caused by public lighting as well as adaptive luminance of
people who are under public lighting luminaires. Within mesopic vision with decreasing
luminance, the maximum spectral sensitivity of the human eye moves from higher
wavelengths (maximum sensitivity to 555 nm, lower colour temperatures, warm colour shades)
to lower wavelengths (maximum sensitivity to 507 nm, higher colour temperatures, cold colour
shades). Due to the eye behaviour, it is advisable to increase the correlated colour
temperatures. However, it is appropriate to approach this step on roads outside the inhabited
pedestrian zones. In these situations, the use of cold light enhances visibility, particularly in
the peripheral vision area and therefore in off-road areas, where the obstacles that may enter
the roadway can be better distinguished.

From a safety point of view, it is also necessary to emphasize the influence of the luminous
flux direction. Since the LEDs are very small light sources, small optical systems can be
implemented on each LED and thus realize the resulting radiation characteristics to emit only
to the visual tasks, i.e. on a road and into the relevant areas near road. Due to these features,
it is possible to realize such optical systems that are capable of generating the desired
pedestrian contrast on the crossing so that the pedestrian is visible, thanks to the appropriate
ratio of horizontal illumination on the crossing, horizontal illumination of the road in front of
and behind the crossing (adaptation luminosity compensation) and vertical illumination of a
pedestrian from the direction of an approaching vehicle and at the same time there should not
be too much contrasts so that the driver is not dazzled by the high luminance on the crossing
towards the luminance of the background. If the crossing is too much illuminated in relation to
its surroundings, there is a situation where the visibility conditions deteriorate because the
driver’'s eye adapts to the high luminance of the crossing and the dark area behind the
crossing is unable to adapt quickly enough.
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A very important characteristic of the LED is a simple adjustability of the luminous flux. The
LED can be regulated in the entire range (0 — 100 %) without loss of luminous efficacy and
without reducing their lifetime. This feature is primarily concerned with the energy balance of
lighting systems, although the secondary may not concern only energy savings but also the
luminous flux adapting to its surroundings, density and speed of traffic and drivers’ adaptation.
This means that, as with additional lighting systems for pedestrian crossings, sometimes less
is more. These are mainly areas of city centres when architectural lighting is switched off and
traffic density is reduced. This situation normally occurs after midnight until about 4 o'clock in
the morning when morning rush hour starts.

Another very important feature of the LED, which can be used with advantage in the public
lighting, is their switching speed. While conventional light sources used in public lighting (e.g.
high-pressure sodium lamps) are started up to the nominal luminous flux after a few minutes
and their re-inflammation is also possible after their cooling (also a few minutes), the LEDs do
not have this problem. The LEDs react to a needed luminous flux immediately.

LED luminous flux can be modulated for data transfer. If we consider only the white LED
provided with luminophore slowing down their response to changes into electrical parameters
than the width of the band is in the order of MHz values (typically 3.5 MHz). By using a
suitable modulation format of the luminous flux, ideally in combination with an OFDM
transmission technology (Orthogonal Frequency Division Multiplexing) the lighting and the
simultaneous data transmission in the luminous flux can be achieved collaterally without
causing the variation of the resulting luminous flux from the perspective of an observer so that
it can reach transmission speed up to 1 Gbps. [5,6,7]

Since no technology is perfect and the features described above make it almost so, it is
necessary to draw attention to the negative LED feature that could reduce road safety.

This is because LEDs are very small light sources. As they emit light from a very small area,
they have enormous luminance of over 1mil. cd/m? which means that a person can be dazzled
when looking directly at the source. Therefore, it is necessary to place great emphasis on the
shielding of the optical systems directly in the luminaires and on the location of luminaires
near the pavements so that the glare caused by LEDs can be eliminated as much as possible.

2 Advantages of data transmission in public lighting

The basic advantage of topology interconnection of the public lighting with modern
communication systems can be seen in the aspect that it de-facto provides data connectivity
on all roads in the territorial areas of towns and villages. It is important to realize that the
public lighting network have two major advantages from this point of view:

e The first advantage is the strategic position of public lighting networks. They cover almost
completely the surface of all the towns and villages.

e The second advantage is the ownership of the public lighting networks. The dominant
owners are the municipalities themselves.

It means that the public lighting network can be used as a skeleton (bearer) to transfer and
retrieval the information from whole area of the municipalities. Although this infrastructure
may seem outdated, it is existing and the ownership and the conditions allow graduating this
public service to a higher level. It is not only the management and control of the actual public
lighting, but the possibility of transmission of information (free Wi-Fi for the population,
WAVEDp car to car to infrastructure communication) into the public space (information about
traffic density, availability of parking, etc.), but also gaining information from this area. From a
security point of view there can be considered an important installment of security or transport
IP camera systems.

CIE x044:2017 1137



Novak, T. et al. THE POTENTIAL USAGE OF PUBLIC LIGHTING IN THE SMART CITY

no

L..=061 cdim?

20° L_ =042 cdim? L =042 cd/m 3

-

Figure 2 — An example of luminance ratios regarding possible luminance caused by

LEDs in luminaires [2]

To provide data connectivity, it is necessary to think about moving the switches of the public
lighting from distribution board to individual luminaires during preparation for restoration and
maintenance of the public lighting. This step ensures that the network of the public lighting
will be powered during the entire day and not only during the absence of daylight. Although
permanent voltage presence primarily does not provide the required connectivity, it will supply
any technological device that needs a permanent supply. Data connectivity of the public
lighting network can be provided by using three basic technologies:

* a signal transmission through the network of the public lighting,

» an installation of fiber optic cables in the implementation of new linear structures within the
public lighting,

» an utilization of existing mobile providers (LTE, prospectively the technology 5G).

1138

seen as a strategic point
in the field

/3 .
S "
’ Public lighting must be T I

[}

Communication
access to mobile data
networks

VOT SROT WD
Ea

/ Car-to-car
Communication access \_ communication

via power/optical fibre
lines

Car-te-
infrastructure
communication

o Data connectivity I
l?ﬁ—,‘,_ SMART CITY* \

Figure 3 — Visualization of the potential of public lighting networks

CIE x044:2017



Novak, T. et al. THE POTENTIAL USAGE OF PUBLIC LIGHTING IN THE SMART CITY

Each of these options has certain advantages as well as shortcomings in the installation itself
or in its own operation.

3 Conclusion

Considering the potential of a public lighting network also from other points of view, this public
service can be raised to a whole new level and its usage can be gradually extended. The
paper described its potential, which respected the basic function of public lighting in the
context of gradual transition to the simultaneous provision of data services across the entire
public lighting network. Using the capabilities of standardized lighting control and data
connectivity protocols, this potential can be applied step by step to ensure the technologically
open coverage of illuminated roads and their surroundings for the SMART CITY concept,
while installing modern lighting systems fitted with LEDs.
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Abstract— This paper discusses the implementation of a light emitting diode based visible light communication system for
Visible Light Communications (VLC) in road safety applications. Visible Light Communication (VLC) represents a
progressively developing communications technology. This technology uses optical radiation in the visible range in order to
illuminate a given area also for the communication purposes (download). One of the conditions of using the technology is
the construction of a VLC modulator. The use of the technology Bias-T proves to be a highly efficient concept of the VLC
modulator. The article deals with the design of a high power broadband Bias-T allowing the use of the VLC technology The
designed Bias-T was created and its functionality verified using a network analyser and the software-defined radio. Other
problem is correct design of modulation circuits so that final public lightning using optical communication meets standard
requirements on Photometric Quantities and Beam Homogeneity. Authors of this article performed research on visible light
communication possibilities of public lightning in terms of modulation circuits (M-PSK, M-QAM, OFDM) implementation
into the lamp concepts and final fulfilment of mandatory standards on Photometric Quantities and Beam Homogeneity.

Index Terms-- Public Lightning, Smart City, LED technology, VLC, Broadband over Visible Light.

INTRODUCTION

A very important characteristic of the LED is a simple adjustability of the luminous flux. The LED can be regulated
in the entire range (0-100%) without loss of luminous efficacy and without reducing their median lifetime. This feature
is primarily concerned with the energy balance of lighting systems, although the secondary may not concern only energy
savings but also the luminous flux adapting to its surroundings, density and speed of traffic and drivers adaptation, [9].

Another very important feature of the LED, which can be used with advantage in the public lighting, is their
switching speed. While conventional light sources used in public lighting (e.g. high pressure sodium lamps) are started
up to the nominal luminous flux after a few minutes and their re-inflammation is also possible after its cooling (also a
few minutes), the LEDs do not have this problem. The LEDs react to a nominal luminous flux immediately and if we
consider only the white LED provided with luminophore slowing down their response to changes into electrical
parameters so the width of the band is in the order of MHz values (typically 3.5 MHz), [8]. By using a suitable
modulation format of the luminous flux, ideally in combination with an OFDM transmission technology (Orthogonal
Frequency Division Multiplexing) the parallel light can be achieved and the simultaneous data transmission in the
luminous flux without causing the variation of the resulting luminous flux from the perspective of an observer so that it
can reach transmission speed up to 1Gbps. In August 2013, the consortium Li-Fi presented a VLC transmission system
allowing communication at a transmission speed of 1.6 Gbps. The same result was achieved in 2015 by a team around
Xingxing Huang using a pre-equalization technique [1]. At the end of 2015, the team achieved a transmission speed of
2.0 Gbps using implementation of adaptive bit allocation [2]. According to the current statements, the consortium Li-Fi
is working on a VLC system with a transmission speed of 10 Gbps.

Broadband over Visible Light (BVL) is a new research direction based essentially on VLC technology. Again, it is
intended to utilize the visible spectrum of optical radiation as a communication direction to the end user (download) and
to utilize the infra-red spectrum of optical radiation (940 nm or 850 nm) in the reverse communication direction (upload).
Moreover, compared to the VLC concept, in the case of BVL, it is intended to use the chipset of the Broadband over
Power Line (BPL) technology, which, inter alia, allows the use of the OFDM MQAM modulation format at the number
of 1,536 sub-carriers in the frequency range from 2 MHz to 34 MHz (for transmission speed 100 Mbps, physic layer
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RM ISO/OSI), or frequency range from 2 MHz to 86 MHz (for transmission speed 1200 Mbps, physic layer RM
ISO/OSI, HomePlug AV?2 transceiver QCA7500 from Qualcomm Atheros).

HIGH POWER WIDEBAND BIAS-T

For the proper interconnection of the BPL and VLC technologies in the form of the resulting BVL technology, it
is necessary, inter alia, to choose a suitable concept of the modulator. A concept based on Bias-T is the current trend
in the technological solutions of the VLC modulator [3]. The first changes to the Bias-T design for the BVL technology
must be based on the required frequency band of the BPL technology chipset based on standard HomePlug AV/AV2,
which corresponds to 90 % of the current solutions. This standard defines the lower frequency fmin = 2 MHz. The
reason is a frequency reserve for the possibility of simultaneous usage Fig. 1. Design of high power wideband Bias-T
for Broadband over Visible Light of the narrowband technology Power Line Communication (PLC), [4]. At present,
the available solutions to performance Bias-T’s are defined by the lower frequency fimin, which ranges around the values
of 10 MHz.
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Figure 1. Design of high power wideband Bias-T for Broadband over Visible Light.

Other changes, when designing Bias-T for the BVL technology, must reflect the changes in the lighting technology.
The recent trend in the lighting technology is to reduce the current value of the operating point IDC while increasing
the value of the operating point voltage UDC. For example, conventional light intended for public lighting having the
performance of 80 W (Thor) defines its driver operating point in the form of IDC = 700 mA and UDC =112 V. It is
not possible to construct a Bias-T for such high values of IDCmax only on the basis of one coil in terms of requirements
for a high inductance value. Current load distribution into multiple branches at the expense of deterioration of S-
parameters is a more appropriate method, which is not critical in the case of a BVL concept. In the case of this article,
Bias-T with the parameters of IDCmax = 1 A and UDCmax = 150 V at the minimum frequency bandwidth Bmin of
100 MHz was considered.

Measurement of S-parameters of the final Bias-T prototype according to Fig. 1 was conducted using a Network
analyser Rhode-Schwarz ZVB4 [7]. Based on the comparison of the simulation results and the final measured values,
we can say that real results approximate to the results of the simulations. Parameter S21 that indicates signal
transmission loss from the RF input to the RF + DC output. According to the measurements, there is a decrease in level
3 dB to the frequency 100 MHz, Fig. 2.
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Figure 2. Result of simulation and measurement S21 of the final Bias-T prototype.

VERIFICATION OF ABILITY TO MODULATE ON THE BASE OF SDR

Figure 3 shows a scheme of realized experiments. The measured distance was 350 cm from the middle. The middle
means the start of measurement; the photodetector was placed direct under the light. The distance between light and the
photodetector was 3 m. This distance is similar to the distance of street lighting (staying person).
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Figure 3. Block diagram.

The setting of measured system for ceiling light: carrier frequency 3 MHz, bandwidth 1-4 MHz, M-QAM
modulation, gain Tx, Rx 0 dB, message symbols 10 000, Tx filter Root raised cos, sample width 16-bit, distance
photodetector - ceiling light: 350 cm, measured distance range 0-350 cm, measured parameters Eb/NO, BER a EVM,

[5].

The frequency attenuation characteristics of communication chain were measured by the vector network analyzer
(VNA) before the measurement, which are shown in Fig. 4. This figure shows that the attenuation increases with
increased distance. In the middle of measurement (detector direct under the light) the attenuation increased 47 dB in
comparison the reference. In the distance 3 m, the attenuation increased 68 dB which negatively influences the
communication. The carrier frequency 3 MHz was chosen for purpose the increasing of bandwidth. Increasing frequency
causes increasing attenuation against reference, with larger bandwidth increases attenuation value of difference between
the highest and lowest frequency of transmitted signal. This causes failure of some modulations or total break-up of
communication for all modulations. In choice BW =4 MHz means that there are 2 MHz from the carrier frequency on
each side (+/- 2 MHz).

Figure 5 shows the comparison of BER parameters for different bandwidths and modulation M-QAM. There are
displayed maximal reached distances for separated modulations for different bandwidths for which the BER values were
recorded. Moreover, the FEC limit were marked. It could be said generally that the measurable bit error rate was in
longer distances between photodetector and the light, [6]. They were usually 2 and 3 last distances when the bit error
rate considerably increased [7].
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Figure 5. Dependence of bit error rate on distance from middle x from different types of M-QAM modulations with different bandwidths.

Following Fig. 5 and Fig. 6 show comparison of two bandwidth 1 MHz and 4 MHz, the lowest and greatest measured.
These graphs show that the Eb/NO value decreases and EVM value increases with increasing distance. Further the
available distance from the middle decreases with increasing bandwidth. Generally, the bit rate increases with wider
bandwidths but the available distance decreases. Fig. 4 also shows that the signal to noise ratio values are lower for
bandwidth 1 MHz than for bandwidth 4 MHz. The higher bandwidths are more predisposed to disturbances. The same
deals for EVM parameter with the difference that the values increase with the distance.

RESULTS

The basic advantage of topology interconnection of the public lighting with modern communication systems can be
seen in the fact that it de-facto provides data connectivity on all roads in the territorial areas of towns and villages. It is
important to realize that the public lighting network have two major advantages from this point of view. The first
advantage is the strategic position of public lighting networks. They cover almost completely the surface of all the towns
and villages. The second advantage is the ownership of the public lighting networks. The dominant owners are the
municipalities themselves. It means that the public lighting network can be used as a skeleton (bearer) to transfer and
retrieval the information from whole area of the municipalities.
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Figure 7. Dependence of EVM on distance from the middle of light for different types of M-QAM modulations with bandwidths 1 and 4 MHz.

CONCLUSIONS

The lamps with radiation characteristics like Street lamps were tested. In this article the measurements only on short
illumination distances (laboratory conditions) were done. Based on measured characteristics, they could be
approximated for illumination distances of street lighting with input power 60 W. Currently we also work on
measurement and modelling of data transmission by classical types of communications. In order to provide plural data
connectivity it is necessary to think about moving the switches of the public lighting from distribution board to individual
luminaires during preparation for restoration and maintenance of the public lighting. This step ensures that the network
of the public lighting will be powered during the whole day and not only during the absence of daylight. Although
permanent voltage presence primarily does not provide the required connectivity, it will supply any technological device
that needs a permanent supply. Data connectivity of the public lighting network can be provided by using three basic
technologies. This is the signal transmission through the network of the public lighting, an installation of fibre optic
cables in the implementation of new linear structures within the public lighting and the utilization of existing mobile
providers (LTE, prospectively the technology 5G). Each of these options has certain advantages as well as shortcomings
in the installation itself or in its own operation.
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Abstract The basic atmospheric phenomena (mainly fog) influencing the optical
beams, which was generated by laser diode at wavelength of 650 nm, will be
introduced in this article. Also the possibilities of the Software Defined Radio
utilization, which can create different types of modulation (M-QAM, M-PSK) and can
be used for evaluation of the influences of artificial atmospheric effect on the
modulated optical beam in the acrylate box, will be presented.

Keywords FSO, fog, MER, modulation, scattering.

1. INTRODUCTION

Optical Wireless Communications (OWC) systems became a new type of
telecommunication networks in recent years. The OWC are not regulated by any national
regulator of Radio frequency (RF) spectrum and provide high bandwidth. This makes the
OWC as an attractive transmission tool for telecommunication operators. The unlicensed
bands of OWC are very advantageous; nevertheless, there are problems with the
transmission environment, which is the atmosphere. The atmosphere causes several
problems in form of plenty physical phenomena which affect the optical beam. The
atmosphere is a chaotic and unpredictable environment with dynamic changes. Aerosols in
the atmosphere cause the scattering of light, which happens on their particles. The scattering
is described according to the Mie linear scattering which appears on particles comparable
to the wavelength of light. These effects degrade the optical power or the beam shape. The
fog, mist, turbulences and other atmospheric phenomena can affect the FSO link [1-3].
Modern methods of switching between FSO (Free Space Optical) and RF are using for
reliability and immunity improvement. Hybrid FSO/RF link has much better reliability and
immunity against atmospheric effects [4-7].

2. MEASUREMENT OF FOG EFFECT ON FSO LINK

We used the measuring (acrylate) box for our fog measurement experiment with the
modulated FSO link in the laboratory. This acrylate box has a length of 2.5m and 0.5m in
height and 0.5m in width. The box is used for stable conditions during experimental
measurements. The carbon dioxide generated the artificial fog. One type of light source
with wavelength of 650 nm (types 650543A) was used. The LD 650 nm the output power
was 5 mW. To generate the PRBS (pseudo-random bit sequenced) signal, a USRP NI 2920
was used: its output was linked to the LD and could change the size of the modulation
voltage for the laser diode.



June 18-21, 2018
62 High Tatras, Tatranska Lomnica

PC
Labview

USRP Modulator

Current driver

Optical beam

Photodetector

Temperature driver

Generator of fog LD
Glycerin source

Fig. 1 Measurement of fog influence on FSO link.

Modulation of the laser diode was achieved using the RF input on the holder TCMLD9Y,
which was driven by the current and thermal controller. To the RF input that was supplied
by a SMA connector with an impedance ending of about 50 €, the modulating signal with
a frequency up to 50 MHz could be added and sample rate is 500 kHz, number of symbols
was set to 500, any shaping filter was not used and the gain of the signal was set to 0 dB.
This signal directly modulated the laser diode installed in front of the holder (TLCLDM9)
equipped with a collimator (type marking A220TM-B) to focus the optical beam. The fog
generator fueled the fog into the acrylate box. The optical beams went through the box. On
the receiver side, there was a photodetector PDA10CF-EC. The affected laser beam was
converted back to an electrical signal by stimulating a photodetector and then was
demodulated in the second device (USRP NI 2920). A computer connected to the controlled
device (USRP NI 2920) provided the reading of the changes in the symbol speed or
modulation format and qualitative parameter MER (Modulation Error Ratio).

3. THE MEASUREMENT PROCEDURE

The dry ice was used for fog simulation. The advantage is that there is not any melting
process; the dry ice changes its state from solid to gas directly. This process is called
sublimation. The measurement procedure was as follows. The same amount of dry ice (150
ml) was taken into the container by the gauge, then the dry ice was poured by 500 ml of a
hot water and a sublimation process happened. The created fog is cold; therefore it lies at
the bottom of the box. Therefore, after the sublimation, the fan blew the fog over the all box
and measurements were started. The created fog caused zero visibility, therefore the MER
parameter decreased to zero. Subsequent fog decay caused an increasing of MER values
and the time was measured for each modulation in which the MER reached the original
maximum value. Dry ice is a solid form of the carbon dioxide (CO,). As mentioned above,
the time records of the MER parameter were recorded during the fog decay. The time, in
which the MER returned to the original value, was determined from these waveforms. Each
modulation was measured three times.

3.1 PSK (Phase-Shift Keying) modulation

The time waveforms of PSK modulations are shown in Fig. 2. It is obvious that the
individual waveforms are similar. Only in case 16PSK modulation, oscillations occurred
with increasing of values.
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Fig. 2 Time waveforms of PSK modulations by fog effect from sublimation of dry ice (carbon
dioxide COz gas).

From n/4 DQPSK, we can see a strong increasing of rise time from minimal to maximal
MER values for a given type of modulation. The n /4 DQPSK has two advantages - the
information is represented as the phase change, it allows an incoherent reception. In
addition, it limits the effect of parasitic amplitude modulation. For the other 8PSK and
16PSK modulations, similar or longer delays of the MER transition state occur from the
minimal to the maximal level.

3.2 QAM (Quadrature Amplitude Modulation) modulation

The times to reach the original MER value are shown in Fig. 3a,b for QAM modulation
with a different number of states. The MER values oscillated by modulations 16QAM and
higher during fog decay, whereas the 4QAM modulation had a smooth rise until the MER
reached the maximum level, respectively the original value.
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Fig. 3a Time waveforms of QAM modulations by fog effect from sublimation of dry ice (carbon

dioxide CO, gas).

It is obvious that more complex QAM modulation formats are more demanding and the
number of symbols has a major effect on the faultless communication behaviour through
the MER parameter. For fibreless systems using QAM modulation, it is therefore necessary
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to provide additional RF connection, which in the case of strong fog would be able to switch
to lower RF frequencies to prevent loss of communication or complete failure of the
connection.
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Fig. 3b Time waveforms of QAM modulations by fog effect from sublimation of dry ice (carbon
dioxide CO, gas).

4. CONCLUSIONS

During the research of dry ice (carbon dioxide CO, gas) behavior towards the FSO was
shown, that the modulation formats of a more complex character such as QAM or multi-
symbol modulations compensated very poorly the effect of generated fog in the box.
However, it has to be said that nowadays the RF link is usually installed additionally to the
FSO connections.
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Verejné osvétleni v mize
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Abstrakt: Tento ¢lanek se zabyva studiem vilivu mlhy na pouliéni osvétleni. Moderni poulicni
osvétleni vyuziva k osvétlovani LED diody. LED diody maji radu vyhod oproti klasickym
svételnym zdrojim, jednou z jejich vyhod je schopnost pfenaset data a zapojit se tak do
konceptu ,,smart city“. Nevyhodou venkovnich optickych spoji muze byt vyskyt nepfiznivych
meteorologickych podminek, jako je milha. V programu LightTools byla vytvofena lampa
poulicniho osvétleni podle reéalné predlohy a také Ctyfi druhy mihy podle jejich viivu na Sifeni
svétla.

1 Uvod

Osvétlovani je jednim z hlavnich témat, ktera jsou v sou€asnosti vyvijena. Jedna se o vnitfni
i venkovni osvétlovani. Dlouhou dobu se pro osvétlovaci ucely pouzivaly Zarovky a zafivky.
Tyto svételné zdroje jsou postupné nahrazovany LED diodami. Ddvodem k této vyméné jsou
pfedevSim vlastnosti LED diod. LED diody dosahuji mnohem vyssSi ucinnosti, pficemz se
oCekava jejich dalsi zlepseni. Dalsimi vyhodami LED diod jsou jejich delSi Zivotnost, mensi a
kompaktni rozméry, minimalni produkce tepla ve srovnani s klasickymi zdroji osvétleni, vyssi
odolnost vici vihkosti a nizSi spotfeba energie. LED diody neobsahuiji rtut. To jsou divody,
pro¢ LED diody postupné nahrazuji klasické osvétlovaci zdroje. Mizeme se s nimi setkat
v podobé LED Zzarovek a zafivek nebo ve svétlech automobill a ani vefejné osvétleni neni
vyjimkou [1-6].

Dalsi velkou vyhodou LED diod oproti klasickym svételnym zdrojum je jejich schopnost
poskytovat komunikaci. LED diody mohou byt zapinany a vypinany dost rychle na to, aby to
lidské oko nezaznamenalo. Dostate¢né rychlé zapinani a vypinani je dulezitym
prfedpokladem pro pfenaseni dat. Tim padem je mozno diky LED diodam poskytnout dvé
funkce zaroven, osvétlovaci a komunikaéni. Pouziti LED diod v pouliénim osvétleni tak
umoziiuje poskytnout tradi¢ni osvétleni a zaroven data pro chodce. Pouliéni lampy tak
mohou byt ,smart® a zaclenit se do koncepce ,smart city“. Dale je mozno fidit vyzafovaci
vykon pouliéniho osvétleni a snizovat jejich energetickou spotiebu [1-4,7].

2 Atmosférické jevy ovliviiujici Sifreni svétla

Nejvétsi nevyhodou optickych atmosférickych spoju je samotné prenosové prostredi,
atmosféra. V atmosfére se vyskytuji rizné meteorologické jevy, které mohou vyrazné ovlivnit
Sifeni svétla. Nejhor§im moznym jevem je mlha. Miha se sklada z drobnych kapiek vody,
jejichz pramér je srovnatelny s vinovou délkou pouzivaného svétla. Polomér miznych kapek
je vrozmezi 1-10 um, koncentrace v 1 mm?® je 10-100 [8]. Na kapi¢kach vody tak dochazi
k Miové rozptylu. Toto rozptylené svétlo ma stejnou vinovou délku jako pavodni. Rozptyl je
asymetricky, na vétSich €asticich dominuje pfedni lalok, zadni lalok je mens$i. Na menSich
Casticich je efekt opacny [9].
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Vliv mihy na opticky svazek lze stanovit pomoci extinkéniho koeficientu [10]. Extink&ni
koeficient Ize také vyjadiit pomoci veli¢iny meteorologicka viditelnost Vy. Meteorologicka
viditelnost je definovana jako vzdalenost, pfi niz propustnost nabyva hodnoty T=0.02=2 %
pro vinovou délku A =555nm. Obecny vztah mezi meteorologickou viditelnosti Vy a
koeficientem extinkce a. (km™) je
-q
aez3.91( A j (1)

V, \555

kde A je vinova délka pouzitého svétla a parametr g je uréen empirickymi modely. Parametr g
je definovan podle Kruseho nebo Kimova modelu v zavislosti na meteorologické viditelnosti.
Koeficient extinkce a, Ize prepoéitat na koeficient Gtlumu o (dB-km™) podle vztahu

-q
g zﬂ(ij 2)
023V, (555

Koeficient extinkce a. exponencialné snizuje optickou intenzitu podle vztahu

I, = 1,exp(a, - 2) (3)

kde z je vzdalenost. Koeficient extinkce a. lze také vyjadfit pomoci meteorologické
viditelnosti

a. :—InT @)
VM

kde T je propustnost atmosféry T=0.02 a V\, je meteorologicka viditelnost.

3 Nastaveni simulace

3.1 LightTools

LightTools (LT) je 3D opticky navrhovy software, ktery podporuje virtualni prototypy, simulaci,
optimalizaci a fotorealistické vykreslovani osvétlovacich aplikaci. Jeho jedinecna konstrukéni
a analyticka schopnost kombinovana s jednoduchosti pouziti, podporou rychlych iteraci a
automatickou optimalizaci systému pomaha zajistit dodavku osvétlovacich navrhu podle
specifikaci a harmonogramu [11].

3.2 Lampa Boos

Diky projektu mame k dispozici lampu poulicniho osvétleni Boos Naica [12]. Technické
parametry tohoto svétla jsou: barevna teplota CCT 4000 K, svételny tok 47000 Im, rozméry
675%421x124 mm (DxSxV). Lampa obsahuje 144 LED diod. Model této lampy byl vytvofen
v programu LightTools pro nasledné simulace.
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Obr.1 Boos lampa vytvorena v programu LightTools

3.3 Vypocet a nastaveni vlivu mihy

V odborné literatufe mizeme najit nékolik druhd mlhy podle koeficientu Utlumu [4]: husta
mlha (dense fog) 315 dB-km™, méné& hustda mlha (thick fog) 75 dB-km™, mirna mlha
(moderate fog) 28.9 dB-km™ and Fidka mlha (light fog) 18.3 dB-km™. Nejprve byla zji§téna
meteorologicka viditelnost V\, pro tyto koeficienty utlumu a podle rovnice (2). Ze znalosti
meteorologické viditelnosti Vy byl vypocéten koeficient extinkce a. podle vztahu (4) a
nasledné zeslabeni na vzdalenosti 5 m podle vztahu (3). Vypocty shrnuje Tab. 1.

Typ mihy Koeficient l'lt_llumu .M.eteorologické .E?(tinkéni . Utlum na
a(dB-km™) viditelnost Vy, (km) | koeficient a, (km™) 5m ()
Dense 315 0.054 72.40 0.6963
Thick 75 0.227 17.23 0.9175
Moderate 28.9 0.594 6.82 0.9665
Light 18.3 0.981 3.99 0.9803

Tab.1 Parametry mlhy

Podle téchto vypoctu byly v programu LightTools vytvofeny vySe zminéné typy mlh. Program
LightTools umoznuje vytvofit prostfedi s Casticemi, na nichz nastava Mielv rozptyl.
Zakladnimi parametry jsou rozloZeni velikosti ¢astic (Particle Size Distribution PSD), index
lomu &astic, podet &astic v 1 cm®. Na naem pracovisti jsme provadéli méfeni PSD umélé
mlhy. Ktomu byl vyuZit pfistroj Scanning Mobility Particle Sizer (SMPS) Model 3936
(Aerosol. Neut 3088+CPC), ktery rozlisi ¢astice od priméru 8-1000 nm, obr. 2.
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Realna ¢ast index lomu &astic byla nastavena na 1.33, imaginarni ¢ast byla 2.47-10°. Poget
gastic v objemu 1 mm?® byla proménna veli¢ina a uréovala tak typ mlhy. Dense fog méla 133
gastic, thick fog 32 &astic, moderate fog 13 &astic a light fog 7 &astic v 1 mm?>. Podet &astic
byl zjiStén v programu LightTools podle vySe zadanych koeficientu.

4 Vysledky a komentare

Cilem simulace bylo zjistit, jaky vliv ma mlha na Sifeni svétla v mize. Svétlo Boos bylo
umisténo ve vySce 5m, sledovana plocha méla 10x10m. Postupné bylo otestovano clear air,
dense, thick, moderate and ligt fogs. Nejvétsi intenzita svétla je pfimo pod lampou. Zde
v podstaté nehraje roli, ktery typ mlhy se nachazi v okoli svétla.

Dulezité ale také jsou okrajové podminky. Intenzita svétla samoziejmé klesa s rostouci
vzdalenosti od stfedu svétla. Zaroven jsou stanoveny podminky podle norem, jaké musi byt
minimalni osvétleni pro dany prostor. Napf. intenzita 400 Ix je méfitelna za clear air je ve
vzdalenosti 4.3m. Obdobné vysledky byly dosaZeny pro mlhy typu thick, moderate and light.
Ov8em za husté mihy tato intenzita nastane uz ve vzdalenosti 3.9m.

Clear air
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—-——- dense

- thick
-~~~ moderate
——light

1200 1000

800 -

600

Intensity (Ix)
(=2}
8
Intensity (Ix)

400

200 f

0

0 |
y-axes (mm) -5000  -5000 x-axes (mm) -5000 0 5000
y-axes (mm)

Obr.3 Rozlozeni svétla

Simulovani vlivu mlhy je uzite€ny nastroj pro navrh rozmisténi jednotlivych lamp, aby byly
splnény osvétlovaci podminky dané patfi€nymi normami. Z vysledk( simulaci Ize vidét, ze
neni pfili§ velky rozdil mezi mlhami light, moderate and thick a clear air. Nejvétsi problémy a
utlum zpUsobuje dense fog, ktera snizuje dosah pouli¢niho osvétleni.

5 Zavér

Tento Clanek se zabyva vlivem &ty druhG mlhy na osvétlovaci vlastnosti lampy vefejného
osvétleni. V na$i laboratofi mame realné svétlo Boos Naica. Toto svétlo bylo vymodelovano
v programu LightTools. Déale byly vtomto programu vytvofeny 4 druhy milhy podle
attenuation coefficient. Tyto mlhy ovliviiovaly Sifeni svétla z pouliéni lampy. Pouli¢ni lampa
byla ve vySce 5m. Vysledky ukazaly, ze v podstaté nejsou rozdily mezi mlhami light,
moderate, thick and clear air. Problémy zplUsobuje az dense fog.
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Tento Clanek pojednava o moznostech vyuZiti LED svitidel vefejného osvétleni v podobé
bifunkci - osvétlovani a komunikaci ve viditelném spektru. Jsou popsany moznosti vyuZiti
této technologie v ramci komunikace mezi infrastrukturou a vozidlem (I12V) pro prenos
informaci o provozu a také mozZnosti komunikace smérem od vozidla k infrastrukture (V2I).
Zejména je pak studovano chovani této komunikace v realném provozu, kdy se jednotlivé
zdroje zafeni, v podobé vefejného osvétleni, vzajemné rusi a v nékterych mistech pak
znemoZzriuji bezchybny prenos dat.

1 Uvod

V dnedni dobé jsou LED svitidla v oblasti dopravni infrastruktury stéle vice pouzivany. Jejich
funkce ale spociva vyhradné v osvétlovani. To vede ktomu, Ze neni plné vyuzit plny
potencial moznosti LED a VO. LED diody Ize totiZz snadno pouzit napfiklad pro pfenos dat.
LED svitidlo dokaze ve stejné chvili zaroven osvétlovat pozadovanou plochu a teoreticky i
stejnou plochu nepozorované pokryt komunikacnim signalem. Vzhledem Kk narocCnosti
komunikace ve viditelném spektru, (obzvlast za pfitomnosti pfimého sluneCniho svétla
béhem dne) v blizké dobé pravdépodobné nepujde o pfipojeni k internetu a podobné
vysokorychlostni pfenosy dat. Nicméné pro pfenos telemetrie mezi ucastniky silniCniho
provozu a infrastrukturou postaci i rychlosti v desitkach kb/s. | vyrobci automobild v dnesni
dobé& pfichazi s masivnim nasazenim LED technologii do jejich vyrobk(. Rizeni téchto
palubni desce. Pokud jde o pfenos dat mezi vozidly a infrastrukturou, tak zlstava pouze
otazka, kdy se tato technologie objevi ve vozidlech jako zakladni vybava a jakou bude mit
podobu. V poslednich letech se tato oblast neustale zkouma [1, 2, 3] a pozadu zde
nezlstava ani radiova komunikace [4]. Komunikaci ve viditelném spektru VLC (Visible Light
Communication) se jiz del$i dobu zabyva také standard IEEE 802.15.7 [5].

2 Princip funkce

Funkce systému spoc€iva v ukryti komunikac¢niho signalu do budiciho proudu LED diod.
Jakékoliv LED svitidlo potom muize nepozorované prenaset data. Blokové schéma systému
je na Obr. 1.

V optimalnim pfipadé se pro integraci systému pouze prerusi vedeni mezi stavajicim
zdrojem napadjeni a LED diodami. Do trasy se poté umisti modulator, ktery se bude starat o
pridavani komunikaéniho signalu.
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Obr.1 Blokové schéma vysilace pro LED osvétleni

Komunikace bude probihat ve viditelné Casti spektra, takZe jeho ukolem je provadét tuto
¢innost nepozorované pro lidsky zrak:

e Komunikacni signal musi byt rychlejsi, nez odezva lidského zrakového ustroji (v
tomto pfipadé neni problém, protoze lidsky zrak spolehlivé nezpozoruje frekvence
nad 1kHz).

e V zavislosti na odesilanych datech se nesmi ménit intenzita osvétleni. Signal si musi
udrzovat konstantni stfedni hodnotu, bez ohledu na prenasena data. Toho je
docileno napf. vhodnym kédovanim (Manchester, PPM...).

Obrazek 2 ukazuje mozné konfigurace systému:
e |2V (zelena Sipka) ukazuje komunikaci smérem od infrastruktury k vozidlu.
e V2| (Zluta Sipka) ukazuje komunikaci od vozidla smérem k infrastrukture.

o V2V (Cervena Sipka) ukazuje pfiklad komunikace mezi vozidly.

Obr.2 Priklad komunikace 12V a V2x

Za povsimnuti stoji, ze systém nutné nepocita s obousmérnou komunikaci. Systém tak Ize
upravovat dle potfeby a v zavislosti na tom, jaka data je potfeba pfenaset.
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Uvazujme napfiklad jednoduchou pfenosnou informacni tabuli, ktera bude projizdéjici
automobily upozorfiovat na uzavieni silnice a poskytovat navigaci automobilu data o
objizdné trase. V tomto pfipadé bude stadit, aby tabule plnila pouze funkci vysilate a
neustale odesilala stejnou sekvenci dat.

Z obrazku 2 je rovnéz patrné, ze v pfipadé nasazeni této technologie v masovém méfitku,
bude bezpochyby dochazet k nemalému ruSeni. Pfi navrhu systému je potfeba toto rudeni
brat v ivahu a vhodné zvolit predevsim zorné pole fotodetektoru/(i na prijimaci strané.

3 Testovaci zapojeni

Pro testovani byl interni zdroj proudu nahrazen laboratornim zdrojem, protozZe originalni zdroj
pouziva PWM modulaci pro podporu stmivani. To znamena, Ze pro pouZiti stavajiciho zdroje
bude potrfeba dodate¢na filtrace napajeni, aby proud pro modulator zlistaval konstantni.

VétSina svitidel VO je dnes feSena pomérné modularné. Skladaji se z nékolika blokd LED,
které se zapojuji s ohledem na maximalni napéti a minimalni proud. LED diody tak jsou
zapojovany do sérii a v pfripadé potieby se fadi dalSi bloky paralelné. Toto zapojeni ma své
protoZe pro komunikaci teoreticky neni potfeba modulovat celé svitidlo, ale napfiklad jen
vyclenit jeden blok. Zbytek svitidla by pak zlstal nezménén a komunikaéni modul by byl na
zbytku svitidla nezavisly.

Obr.3 Priklad modularniho uspofadani LED panelu ve svitidle

Pro externi modulaci byl pouzit vykonovy tranzistor s proudovym zdrojem [6], ktery se stara o
vysilani dat a udrzuje vystupni vykon svitidla konstantni.

Zpracovani dat se provadi do kdédovaciho formatu Manchester. Signal si tak zachovava
stabilni stfedni hodnotu a pro lidské zrakové ustroji je nepozorovatelny.
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Hodinovy signal
Vstupni data

1 01 0 0 1 1 1 0 0 1

e L UL L
(G.E. Thomas)

M I i
(IEEE 802.3)

Obr.4 Kodovani dat
Prijimana, resp. vysilana data maji nasledujici format (viz. Obr. 5):
e Hlavi¢ka se synchronizaci (pfijimaci jednotka detekuje pfenos dat).
o Data (uziteCna data pfenasena k pfijimaci).

e Adresa (systtm umoznuje rozliSit, komu jsou data uréena, takze muize odliSit
napfiklad nakladni a osobni dopravni prostfedky...).

e Kontrolni soucet (je zkontrolovano, zda pfi pfenosu nedoslo k chybé. V pfipadé chyby
se data nezobrazi, aby nedoslo k nedorozumeéni.).

e Ukonceni prfenosu.

Preamble | Syncl Sync2 Data A Data B Address Checksum  Postamble
11001100 | 10111111 | 11110010 [ 01101001 | 00001010 | 00010010 | 10000101 0000

Obr.5 Format testovacich dat

Tato datova sekvence se pfi aktivaci vysilani neustale opakuje, aby byla maximalizovana
pravdépodobnost UspésSného pfijmu projizdéjicimi vozidly. V naSem pfipadé se opakovani
provadélo kazdych 11 milisekund. V praxi se pak pocCet uspédné pfijatych sekvenci odviji
také od rychlosti automobilu. Navic pfi prljezdu musi auto zachytit celou sekvenci bez
chyby, protoZe sekvence zachycené jen z Casti se automaticky zahodi. Tim padem pak
dochazi k nedoru€eni pozadovanych informaci. Tato vlastnost je rozhodujici pro samotny
navrh systému, protoze z hlediska bezpeCnosti je vyhodnéjSi posilat mensi objemy dat
v kratkych sekvencich.

Na nasledujicim grafu (Obr. 6) je pfiklad, jak se projevi rychlost projizdéjiciho automobilu na
poCet uspésné pfijatych sekvenci. V pfipadé méstského provozu pfi rychlosti 50km/h je
schopen testovaci systém béhem prlijezdu predat pfiblizné 20 datovych sekvenci. Nicméné
pfi rychlostech mezi 90 — 130 km/h klesne pocet téchto sekvenci pod 10. Pozitivni ale je, ze i
pfes zmenSeny objem prenesenych dat, komunikace zUstava zachovana i pfi mnohem
vyssich rychlostech.
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Obr.6 Pocet pfijatych sekvenci v zavislosti na rychlosti vozidla

4 Pokryti prostoru a interferenéni zény
Pokryti prostoru signalem je pfi pouziti viditelného spektra problematické. Na pfenosovy
fetézec zde v pfipadé verejného osvétleni hraje roli hned nékolik faktoru:

e Denni svétlo

O

O

Svétlo bude v pfipadé vysilani dat svitit i ve dne

Okolni svétlo (pfedevsim slunce) je obrovsky zdroj rueni, ktery nelze snadno
kompenzovat

¢ Intenzita osvétleni (vysilaci vykon)

o Vykon potiebny pro osvétleni cesty v noci je relativné maly (pfes den se tak
komunikacni dosah snizi)

O

S klesajicim vykonem klesa i pouzitelna pfenosova rychlost

o Vzijemné ruseni

o Jednotlivd svitidla v podstaté komunikuji ve stejném spektru (a na stejnych
frekvencich).

Pokud budou svitidla vysilat identicka data, tak bude komunikace
probihat v celém prostoru s dostateCnym vykonem

Pokud budou svitidla vysilat rGzna data (nebo nebudou
synchronizovany), tak se budou v mistech pfekryvu signalu vzajemné
rusit

73



Kurz osvétlovaci techniky XXXIV

Na obrazku 7 je pfiklad vzajemného ruSeni. Obé svitidla zde nejprve vysilaji stejna data.
Tam, kde jiz LED_1 nema dostateny vykon (X) je jiz pokryti LED 2 a obé& oblasti se mohou
vzajemné prekryvat. V pfipadé LED_1+LED_2 ale svitidla vysilaji rizna data a 30% prostoru
mezi svitidly je natolik zaruSeno, ze pfijimaci elektronika nedokazala data vzdy bezpecné
rozliSit. V tomto pfipadé zafungovala kontrola chyb, ktera poSkozena data automaticky
zahodila. Vznikla zaruSena oblast pak zlstava stejna i pfi vy$s§im vysilacim vykonu obou
LED svitidel.

LED1 LED2

Vzdalenost [cm] | 0|10|20|30|40|50| 60|70 |80 |90/ 100
LED 1 IR
LED 2 X3 [ |3 x| % | X [ | x

leosmeos | [ [T [T ][] [xx

Obr.7 Interference mezi svitidly

5 K céemu lze V2x komunikace pouzit?
V zasadé k ¢emukoliv, kde se hodi pfenaseni telemetrie v jakémkoliv ze zminénych sméra.

o Bezpecnostni upozornéni
o Autonehoda
o Nouzové brzdéni
o Cervena na semaforu
o Volani SOS...
e Data z provozu
o Informace o objizdkach
o Meéfeni rychlosti projizdéjicich vozidel
o Lokalizace vozidel/navigace
o Podpora autonomniho fizeni
e Rizeni osvétleni

Co tfeba systém, ktery v noCnich hodinach snizi intenzitu osvétleni. Kdyz rozpozna ,znamy*
projizdéjici automobil, tak podle jeho poslednich 10 cest zesili intenzitu osvétleni pouze na
nejpravdépodobnéjsi trase. Ve vétsiné pripadl tak povede cesta pfimo k jeho domu a po
projeti se svétla opét utlumi, aby Setfila energii, Zivotnost LED atd....
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6 Zaver

Komunikace mezi automobilem a silniéni infrastrukturou je nejen mozna, ale v budoucnu
bude i nezbytna. Polet aut na silnicich kazdym rokem roste a stim i potfeba lepSi
koordinace a organizace silniéniho provozu. Pfesun z laboratornich podminek do realného
provozu bude samoziejmé trvat mnoho let, protoZe bude potfeba zakomponovat tuto
technologii prfedev§im do samotného automobilového primyslu a poté i do
predpist/vyhlasek a norem.

DalSi otazkou pak zUstava, jaka data posilat a jak rychle by je mél systém vlastné prenaset.
Je jisté, ze pfipojeni na socialni sit€ zobrazujici se na head-up displeji fidice nejspis
k bezpec€nosti na silnici nepfispéje, ale i otazka pfistupu na internet neni do budoucna
zapovézena. V zacatcich Ize ale predpokladat spiSe telemetricka data na
nizkych pfenosovych rychlostech.

Podékovani:
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Abstrakt: Problematika komunikace viditelnym svétlem je trendem poslednich let. Diky
nastupu LED technologie do osvétlovaci techniky se oteviela moZnost pfenaSet data
zaroveri s funkci osvétlovani. Takovy zplsob komunikace muize byt pouzit v oblasti
osvétleni, billboardd, poulicniho osvétleni, dopravnich prostredki a svételné signalizace.
Tento C¢lanek popisuje principy, problémy a dosazené vysledky vyzkumu v oblasti
komunikace ve viditelné oblasti svétla.

1 Uvod

V dnesni dobé se diky pokroku v oblasti LED technologie zacinaji vice vyuzivat LED zdroje
zareni emitujici bilou barvu svétla pro osvétlovaci ucely, jak v kancelafich, domacnostech, v
primyslovych objektech, tak i v automobilovém pramyslu ¢&i verejném osvétleni. Kvdli
piehlceni radiové oblasti pasma, respektive jeho silnou licenéni a regulovanou politikou, jsou
cile vyzkum( smérovany pravé pro vyuziti této viditelné oblasti svétla pro komunikaci, ktera
zatim nepodléha tlaku regulatoru na jeji dozor. Cilem je pomoci svételného zafeni, které je
uréeno pro osvétlovani, pfenaset informace, nezavisle na zméné osvétlovaci funkce v témze
C¢asovém horizontu.

Pro vyuziti LED diody jako zdroj komunikace a jako osvétleni sou€asné, je nutné spojit
datovy signal pfes signal fidici stmivani. Modulace se pfivadi na LED spole¢né s
odpovidajicim stejnosmérnym proudem nastavujici pracovni bod zdroje zafeni. Pro modulaci
LED pfimo, se musi pfes tranzistor zapinat celé napajeci napéti LED diody. Dnes bézné
vyuzivanych LED zdrojl svétla pro osvétlovaci ucely se elektricky pfikon pohybuje v fadech
desitek Watt, proto vyuZiti pfimého modulovani pomoci spinani celého napajeciho napéti
tranzistorem neni pfili§ vhodné.

Pfi mozZnosti modulovat vysoko-vykonové optické zdroje se otevira Siroka moznost vyuZiti,
jako jsou vnitfni osvétlovaci systémy, vnéjSi vefejné osvétleni a dal3i. S rozvojem Smart
cities je tato technologie vhodna pro pokryti ulic mésta datovou siti pfi vyuziti lamp vefejného
osvétleni za predpokladu pouziti LED technologie. [1,2,3]

2 Modulator s nastavenim pracovniho bodu LED

Re$enim pro modulaci vysoko vykonovych LED svételnych zdrojd je vyuziti znamého
obvodu Bias-T, ktery je vyuzivan pro napdjeni radiovych aktivnich prvkd, jako jsou
zesilovage. Hotové komeréni feSeni ZX85-12G+ od firmy Mini Circuits ma Sifku pasma od
0.2 do 12 000 MHz a maximalni propustny stejnosmérny proud 400 mA a maximalni
stejnosmérné napéti 25 V. Jak je z téchto parametrl zfejmé, obvod neni vhodny pro oblast
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VLC. Proto jsme se rozhodli navhnout vlastni obvod Bias-T, ktery zvlada maximalni
stejnosmérny proud 1A a napéti 150 V spole¢né s Sitkou pasma od 1 MHz do 100 MHz. [4]

Schéma zapojeni obvodu Bias-T pro spojeni signalové slozky se stejnosmérnou je vidét na
obrazku 1. Vyuzili jsme vykonové LED svétlo DLM 3000 Fortimo od firmy Philips s celkovym
elektrickym pfikonem 46 W jako opticky vysilac. Pro pfidani DC offsetu signalu z
Signalového Generatoru jsme vyuzili jiz zminovany vykonovy Sirokopasmovy Bias-T. Za
signalovym generatorem jsme pfripojili aktivni pre-ekvalizér, ktery pfizpusobuje prenosovou
charakteristiku signalu pro potlaeni vlivu optického vysilace.

—a

Vstup signalu | YO+ _wystup signalu
[4— o e I —F |

DC vstup
Obr.1 Schématické zapojeni obvodu Bias-T

Na detekéni strané jsme pomoci fotodetektoru PDA10A-EC od spolecnosti Thorlabs prevedli
opticky signal zpét na signal elektricky, ktery je dale zesilen pomoci operacniho zesilovace
OPAB847 od firmy Texas Instrument. Diky Vector Signal Analyzer jsme schopni demodulovat
a analyzovat pfijaty signal na detekcni strané. V softwarove Casti jsme vyuzili zakladni toolkit
v Labview pro modulovani signalu na vysilaci strané a demodulovani pfijatého signalu na
prijimaci strané spole¢né s mérenim zakladnich parametru pfijatého modulovaného signalu.

2.1 Obvod ekvalizace signalu.

Ekvalizace signalu je urcity proces, ktery upravuje tvar frekvencni charakteristiky signalu. U
technologie VLC vznika razantni zkresleni frekvenéni charakteristiky jiz u optického vysilace
pravé z dlivodu zpozdéni luminoforu a charakteru polovodi¢ové LED.

Obvodu pre-ekvalizeru byl navrhnut s cilem jeho frekvenéni charakteristiky co nejblize
reversni kfivce frekvenéni charakteristiky méfeného zdroje zareni. Obvod se sklada z pasivni
Casti, ktera zajistuje vysledny tvar kfivky frekvencni charakteristiky vysledného obvodu. Tato
pasivni ¢ast je jednoducha horni propust, ktera vklada do prfenosoveho rfetézce az 35 dBm
Utlumu. Druha Cast obvodu je aktivni zesilova¢ s operaénim zesilovatem OPA847, ktera
zajistuje celkové zesileni vstupniho signalu pro odstranéni atlumu pasivni €asti a tim
pfiblizeni se k zamysSlené idealni reversni frekvencni charakteristice méfeného svételného
zdroje. Schéma obvodu je vidét na obrazku 2. [7]
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Obr.2 Zapojeni obvodu pre-ekvalizace

3 Meéreni komunikacénich parametri VLC systému

Pro otestovani hotového pfenosového fetézce jsme vyuZili pro opticky vysila¢ bodové LED
svétlo Philips Fortimo LED DLM 3000 44 W/830, Nejprve byla zméfena Sifka pasma bilého
svétla bez zaclenéni obvodu pre-ekvalizéru do komunikaéniho fetézce. Nasledné s vlivem
pre-ekvalizace. Pro zjisténi vlivu luminoforu na frekvenéni charakteristiku pfenosového
fetézce jsme méfeni zopakovali i bez vlivu luminoforu, odstranénim vnéjSiho sklicka s
vrstvou luminoforu na bodovém svétle. Méfeni bylo provedeno pomoci Network analyzatoru
Rhode-Schwarz ZVB 4 (3 kHz az 4 GHz). V pfijimaci strané byl vyuzit kfemikovy fotodetektor
Thorlabs PDA10A-EC. Méfeni bylo provedeno s odstupem 40 cm mezi optickym vysilatem a
fotodetektorem. Tato vzdalenost byla zvolena jako vyhovujici z divodu dobrého odstupu
signalu od Sumu a zarovenn malého pfebuzeni fotodetektoru stejnosmérnou slozkou LED
zdroje zafeni.

3.1 Sitka pasma

Vysledky mérfeni jsou znazornény na obrazku 3, kde je patrné, jak navrzeny obvod pre-
ekvalizéru ovlivni Sifku pasma jak bilého svétla s vlivem luminoforu, tak i modré slozky svétla
bez vlivu luminoforu. Pfi méfeni bez vlivu pre-ekvalizéru bylo dosazeno Sifky pasma u bilého
svétla 2 MHz pro pokles o uroven -3 dBm a 6 MHz pro pokles o uroven -10 dBm. Po
pfipojeni pre-ekvalizeru pred Bias-T na vysilaci strané dosahla Sifka pasma bilého svétla 3
MHz pro pokles o uroveri -3 dBm a 40 MHz pro pokles o troveri -10 dBm. Sitku pasma
modré slozky svétla obvod ovlivnil takovym zpUsobem, Ze ve vyssich frekvenénich oblastech
okolo 20 MHz zvysil celkovou uroven signalu az o 5 dBm. V obou pfipadech pre-ekvalizer
snizil vykonovou uroven vysilaného signalu o 1 dBm v rozsahu 0-1 MHz pro bilé svétlo a 0-
1.5 MHz pro modré svétlo.
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Obr.3 Ovlivnéni Sifky pasma bilého i modrého svétla pomoci obvodu pre-ekvalizace.

Zde je patrny velky vliv vrstvy luminoforu na vykonovou uroven signalu a frekvencni
charakteristiku, kdy bila slozka LED zdroje méa velmi rychly pokles vykonové urovné signalu v
zavislosti na frekvenci a také celkové nizSi vykonovou uroven prenaseného signalu oproti
modré sloZce svétla v naSem pfipadé o 2 dBm.

3.2 Testovani komunikace

Obrazek 4 ilustruje blokové schéma zapojeni pro otestovani pfenosu dat pomoci riznych
modulaénich formatl. Jako generator digitalné modulovanych signalt byl pouzit vektorovy
signalova generator RF VSG NI PXI-5670. Pro testovani byl vybran MQAM modulaéni format
spoleéné s OFDM. Jednalo se konkrétné o MQAM modulaéni format, jejichz konstelacni
diagram je ¢tvercového tvaru (4QAM). [6]

DC supply
Vzdalenost=3m
DC LFD +~——

Vector Pre. %4 N Vector
Signal : RF| |, RF4DC Signal
Generator Squalizer IX Analyzer
RFVSGNI BiasT DLM 3000 PDAI0A-EC RFVSG NI
PX-5670 Fortimo ThorlLabs PX-5661

Cotka N-BK7 Plano-Convex , @1", f =25.4 mm

Obr.4 Blokové schéma zapojeni experimentalniho méfeni VLC systému.

Pro analyzu funkénosti byl na pfijimaci strané pouzit vektorovy signalovy analyzator RF VSA
NI PXI-5661. Na strané analyzatoru byl sledovan tvar konstelaéniho diagramu pro dany
modulaéni format, a dale kvalitativni parametr Error Vector magnitude (EVM). Tento
kvalitativni parametr byl sledovan jednak jako ovéfeni samotné funkénosti komunikacniho
fetézce, ale také pro ovéreni vlivu pre-ekvalizacniho obvodu na kvalitu pfenasené modulace
a zavislost symbolové rychlosti modulace (Sifka vyuzitého pasma OFDM). [5]

Na detekéni strané byl pouzit Si PIN fotodetektor ThorLabs PDA10A-EC, ktery pracuje v
oblasti vinovych délek od 200 nm do 1100 nm. Samotny fotodetektor PDA10A-EC ma
efektivni plochu pouze At = 0.8 mm?, proto byla vyuZita o¢ka N-BK7 Plano-Convex ktera
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ma ohniskovou vzdalenost f = 25.4 mm, diky Cemu byla zajisténa dostatecné velky odstup
signal od Sumu SNR, aby se dalo ve vzdalenosti 3 m mezi vysilatem a pfijimacem provést
ovéreni funkénosti. Frekvence nosné MQAM mély hodnotu 5 MHz, 10 MHz, 15 MHz a 20
MHz.

4 Vysledky méreni

Obrazek 5 zobrazuje naméfené vysledky dle zapojeni uvedeného na obrazku 4 pfi
modulaénim formatu 4QAM a pro bilou slozku svétla. Jak je z grafu patrné, pro nosnou
frekvenci 5 MHz ma obvod pre-ekvalizéru velmi maly vliv. Pro symbolovou rychlost 200 kHz
byla hodnota EVM stejna, ale s rostouci symobolovou rychlosti neboli vyuzivanim vétsi Sirky
pasma se zacal projevovat vliv pre-ekvalizéru a jeho sniZeni rychlého poklesu urovné pro
vyZzSi frekvence.

a) b)
: : 100 r : -
100 ¢ Bez pre-eq Bez pre-eq 3
— — S pre-eq P S S pre-eq
&2 x 2 x
S 50¢ = 50
= =
T T,
x XX g KX
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1 2 3 4 1 2 3 4 5
Symbolova rychlost (MHz) Symbolova rychlost (MHz)
c) d)
100 v T 100 . .
> % 3
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= S pre-e T
L pre-eq [ —— S pre-eq
¢ e 1
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Obr.5 Vysledky méfeni EVM v zavislosti na symbolové rychlosti a frekvenci nosné, kde byla
nastavena nosna frekvence a) 5 MHz, b) 10 MHz, ¢) 15 MHz a d) 20 MHz pro vysilani
modulace 4QAM prostfednictvim bilé LED diody.

Z grafu je patrné, ze hodnoty EVM se pro vy$si nosné frekvence zvysuji, z divodu nizsi
arovné signalu zplUsobené charakterem frekvencni charakteristiky. Zaroven s rostouci
symbolovou rychlosti je vyuzivana vétsi Sitka pasma okolo nosné frekvence, a proto z
davodu nerovné frekvencéni charakteristiky optického vysilace se zvySuje hodnota EVM a
zhorSuji se pfenosové vlastnosti. Bez pre-ekvalizace je Sifka pasma rychle klesajici a je tedy
méné vhodna pro komunikaci na vysSich nosnych frekvencich a pro vyuziti vétSi Sifky
pasma, nez u nasazeni obvodu pre-ekvalizéru, kde jsou jednoznaéné lepSi podminky pro
komunikaci na vy$3ich nosnych frekvencich a vyuziti vetsi Sifky pasma.

5 Zaveér

Cilem tohoto ¢lanku bylo poukazat na rGzna feSeni problému v oblasti komunikace
viditelnym zafenim. V nasem pfipadé jsme se zameéfili na realné, bodové svétlo Philips
Fortimo LED DLM 3000 44 W/830, které obsahuje matici modrych SMD LED. Ukazalo se, Ze
je mozné realizovat levny pre-ekvalizacni obvod pro pomérné velké zlepSeni pfenosovych
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vlastnosti optického vysilate zalozeném na realném vykonovém LED svétle a vytvoreni
vysoko vykonového obvodu Bias-T pro spojeni osvétlovaci a komunikacni funkce LED
svétla. Jako kritické se ukazalo celkové snizeni vykonové urovné optického signalu
zpUsobené vrstvou luminoforu, proto je vhodné navrzeny pre-ekvalizaéni obvod upravit pro
celkové zvySeni zisku, napfiklad celkovym zesilenim vstupujiciho signalu do zdroje zareni a
zesilenim pfijimaného signalu za fotodetektorem. Z vysledki méreni je vidét, Ze navrzeny
systém prokazatelné vede k moznosti vyuziti vysoko vykonového LED svétla pro komunikaci
a zaroven pro osvétlovani.

Podékovani

Tento &lanek vznikl diky projektu MVCR VI20172019071. Dale byl &lanek podporen projekty
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Casoprostorova analyza dopravnich nehod
Michal Bil, doc., RNDr. PhD.
Jifi Sedonik, Mgr.
Richard Andrasik, RNDr.
Centrum dopravniho vyzkumu, v. v. i., gis.cdvinfo.cz, michal.bil@cdv.cz

Vyzkum okolnosti dopravnich nehod vzniklych na siti pozemnich komunikaci CR za sniZené
viditelnosti je predmétem projektu ,Analyza viditelnosti tcCastniki silnicniho provozu za
udelem zvyseni jejich bezpeénosti za soumraku a v noci®, ktery fe$i FEI-VSB a Centrum
dopravniho vyzkumu, v. v. i. (CDV). Vtomto pfispévku jsme se zamérili na analyzu
casoprostorového rozloZeni nehod vzniklych na mezikiiZzovatkovych extravilanovych usecich.

1 Data

Pfedmétem analyzy bylo 13 407 Usekd silniéni sité Ceska, na kterych se stala aspon jedna
nehoda v noci nebo za svitani ¢i soumraku v letech 2007 — 2017. Data o dopravnich
nehodach pochazi z databaze Sluzby dopravni policie. Jednalo se celkem o0 41 224 nehod
v noci a 5 582 nehod za svitani nebo soumraku. VSechny tyto dopravni nehody se udaly na
mezikfizovatkovych usecich v extravilanu.

2 Metody

Ustiedni myslenkou pFispévku je skutenost, Ze se dopravni nehody na silniéni siti shlukuiji.
Ke shlukové analyze pouzivame metodu KDE+ (www.kdeplus.cz), kterou vyvinulo CDV [1].
Metoda analyzuje prostorovy vzor dopravnich nehod po jednotlivych mezikfizovatkovych
usecich. Jestlize na daném uUseku dojde ke shlukovani nehod, metoda identifikuje tzv. shluk
(cluster). Shluky Ize nasledné tfidit podle bezrozmérné veli€iny tzv. sily shluku. Metoda
KDE+ se aktualné vyuzZiva ve vice nez 20 statech svéta pro prostorovou analyzu vzoru
dopravnich nehod.

V tomto pfispévku jsme se zaméfili na rozlozeni nehod na usecich nejenom v prostoru, ale
zaroven i v Case. Vzhledem k tomu, Ze databaze dopravnich nehod jiz nyni obsahuje vice
nez desetiletou Casovou fadu, je mozné sledovat vyvoj vzoru nehod po jednotlivych letech i
dnech, resp. s posuvnym ¢asovym oknem. Z principu Ize na kazdém useku rozlisit nékolik
vzoru:

e Useky bez shluku,

e Useky, na nichz jsou Casové stabilni shluky, tj. po celé obdobi (Obrazek 1, Shluk 2),
e Useky se shluky, které zaCinaji (Obrazek 1, Shluk 3) anebo

e konCi (Obrazek 1, Shluk 1) v néjakém Case.

Stabilni shluky ukazuji na mista, ktera jsou dlouhodobé nebezpecna. Pokud se shluk objevi
v prubéhu zkoumaného obdobi, znamena to, Ze doslo ke zhorSeni bezpecénostni situace na
daném useku. Uspé&sna sanace by se méla projevit zmizenim shluku. Obrazek 1 nazorné
ukazuje vySe popsanou myslenku.
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Obr.1 Princip Casové zmény nehodového vzoru na ukazkovém useku. Shluk 1 vymizel
v Case 12, jelikoZ doslo ke zlepSeni situace, shluk 3 se naopak objevil v Case t3,
protoze se bezpecnostni situace zhorsila, shluk 2 je stabilni po celou dobu.
Prostorové vymezeni bylo pro nazornost drzeno stabilni, nicméné i zména v poloze
shluku je mozna.

3 Vysledky

Vzhledem k tomu, Ze pro kazdy z 13 407 Usekl lIze vykreslit Casoprostorovy graf, uvadime
pouze nejzajimavéjSi pfiklady, které zastupuji kazdou ze tfi hlavnich kategorii. Spolu
s vysledky Ize vidét i konkrétni situaci z pfilozenych map.
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Obr.2 Priklad shluku, ktery po Case zanikl. Na vodorovné ose je délka useku, na svislé
Casova fada, za kterou jsou dostupna data o dopravnich nehodach
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Obr.4 Priklad shluku, ktery je stabilni po celou délku Casové fady dopravnich nehod.
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Obr.5 Lokalizace shluku z Obrazku 4, ktery byl stabilni po celou dobu dostupnosti dat.

Jedna se podjezd pod Zelezni¢ni trati.
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Obr.6 Shluk, ktery vznikl v roce 2014 a trva do sou€asnosti.
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Obr.7 Lokalizace shluku z obrazku 6.

4 Zaveér

Vybrané useky mohou byt nasledné prozkoumany experty na osvétleni za ucelem zjisténi
pFi¢in vzniku shlukl dopravnich nehod v noci. Rovnéz je mozné analyzovat libovolny Usek
silni¢ni sité a ovérit tak zpétné vliv bezpecnostnich opatfeni. Na rozdil od dfive aplikovanych
metod a pfistupl, vyuziva tato metoda skute¢nosti, Ze dopravni nehody jsou casové
lokalizovany s presnosti minimalné na dny a je tedy mozné sledovat uCinky opatreni
bezprostfedné po jejich instalaci. Doposud se totiz pracovalo s mnohem hrubsi Skalou,
obvykle s ro¢nim krokem.
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Nejrizikovéjsi kiizovatky v CR z pohledu nehod

vzniklych v noci
Michal Bil, doc., RNDr. PhD., Richard Andrasik, RNDr., Jan Kube&ek, Mgr., Jifi Sedonik, Mgr.

Centrum dopravniho vyzkumu, v. v. i., gis.cdvinfo.cz, michal.bil@cdv.cz

Vyzkum okolnosti dopravnich nehod vzniklych na siti pozemnich komunikaci CR za sniZené
viditelnosti je predmétem projektu ,Analyza viditelnosti ucastnik( silnicniho provozu za
udelem zvyseni jejich bezpeénosti za soumraku a v noci®, ktery fe$i FEI-VSB a Centru
dopravniho vyzkumu, v. v. i. Vtomto prispévku jsme se zamérili na nehody vzniklé na
kfiZzovatkach.

1 Data

Pro ucel analyzy rizikovosti kfizovatek, jejimz zakladem je znama hodnota intenzity dopravy
na vSech ramenech kfizovatky, jsme vychazeli z dat Celostatniho sc¢itani dopravy 2016 (CSD
2016). Vysledky scitani mimo jiné obsahuji idaje o roéni primérné denni intenzité dopravy
(RPDI) na sgitacich usecich I., Il. tfidy a vybranych scitacich usecich lll. tfidy. Z liniovych
geometrii téchto scitacich Usekl bylo vygenerovano 2353 kfizovatek, které nebyly
mimouroviiové, nekfizily smérové délenou komunikaci, a neustila do nich jina nescitana
komunikace (uli¢ni sit' €i jina silnice lokalniho vyznamu). Jednalo se tedy o vybér
trojramennych, ¢tyframennych kfizovatek a kruhovych objezd.

K dispozici jsme méli databazi dopravnich nehod za obdobi 2007 — 2017, kterou spravuje
Sluzba dopravni policie CR. Celkem bylo za uvedené obdobi na nami vybranych
kfizovatkach registrovano 15532 dopravnich nehod, z toho se 3671 udalo v noci. Mimoto
jsme vyuZili udaji ze 143 automatickych sc¢itacl, které eviduji intenzity dopravy kazdych 5
minut. Tato data jsme pouzili pro sestaveni prabéhu denni kfivky intenzity dopravy a
k odvozeni primérného podilu hodinovych intenzit v zavislosti na AADT daného Useku.

2 Metody

Nejprve jsme pro jednotlivé kfizovatky zjistili po¢et vozidel, které jimi projedou primérné
zaden a kazdou hodinu. Poté jsme stanovili expozici, tj. celkovy poclet vozidel, ktera
projedou danou kfizovatku za rok béhem noci, kdy noc definujeme na zakladé vysky slunce
pro danou lokalitu. Pro kazdou kfizovatku jsme roz€lenili dopravni nehody ve dne a v noci.

Pomoci Empirické Bayesovy (EB) metody [1] jsme odhadli o¢ekavany pocCet nehod zvlast
pro den a zvlast pro noc. Pfi vypocltu bylo zohlednéno, zda se jedna o tfiramennou nebo
Ctyframennou kfizovatku €i kruhovy objezd. Zaroven do vypoctu vstoupily hodnoty RPDI
jednotlivych ramen a také pozorované pocty dopravnich nehod. Pomoci o¢ekavaného poctu
nehod v noci Ize kfiZzovatky sefadit podle jejich absolutni nebezpecnosti.

Ve druhém kroku jsme srovnavali nebezpeci na kfizovatkach ve dne a v noci. Za timto
ucelem jsme nejdfive ze 143 automatickych s¢itact odvodili, Ze expozice (objem dopravy) ve
dne je pfiblizné 2.75 krat vy$Si nez expozice v noci. Diky této informaci jsme pro kazdou
kfizovatku mohli spocitat relativni riziko (RR) v noci nasledovné:
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EBnoc

expozice v noci _ 575 EBnOC,
EBgen EBgen

expozice ve dne
kde EB,,. a EBg., jsou otekavané pocty nehod v noci a ve dne. Vysledkem je mapa CR
s vybranymi kfizovatkami, které jsou rizikovéjsi v noci nez ve dne.

RR =

3 Vysledky

KFiZovatky nebezpecnéjsi v noci podle rizika
1,0-2,0 pocet (705)
O 21-40 potet(222)
@ 40< potet(21)

Obr.1 Lokalizace kfizovatek, u nichz bylo zjisténo vy3Si nebezpeci dopravni nehody v noci
nez ve dne. Velikost znaku ukazuje na rizikovost v noci vzhledem ke dni, €islo
skute¢nou hodnotu rizika u prvnich 21 kfiZovatek

Obec Kraj Komunikace Odhad poctu Riziko (noc/den)
DN v noci / rok
Usti nad Labem Ustecky 1/62 a1/30 3,10 1,28
Uherské Hradiste Zlinsky /55 a11/497 2,87 2,02
Pardubice Pardubicky 1/36 a 11/355 2,62 1,57
Olomouc Olomoucky 1/35,1/46 a 1/55 2,60 2,14
Litoméfice Ijstecky /15 a1l/261 1,46 2,08

Tab.1Seznam péti nejnebezpeénéjsich kfizovatek v CR z pohledu o&ekavaného
poctu nehod v noci.
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Obec Kraj Komunikace Riziko (noc/den) Odhad
ocekavaného
poctu DN za rok

/ rok

Cestice Kréalovehradecky V1l al/36 19,09 1,18
Hradek nad Nisou Liberecky Kruhovy objezd 1/35, 9,33 0,28

111/2719

Dvory nad Luznici Jihocesky 11/103 a I11I/1505 7,37 0,16
Opava Moravskoslezsky /11 a 111/4641 6,69 0,23
Moravsky Krumlov Jihomoravsky 11/413 a 111/4131 6,60 0,17

Tab.2 Seznam péti kfizovatek v CR s nejvy3sim relativnim rizikem v noci.

Nejhorsi kfizovatkou je, z pohledku odhadu oekavaného poctu nehod, kfizovatka v Usti nad
Labem v kfiZeni silnice 1/62 a 1/30. Naopak nejvyS$Si riziko v noci, tj. vzhledem ke dni (slunce
je nad obzorem), bylo identifikovano u kfizovatky silnic 1/11 a 1/36 v obci Cestice v okrese
Rychnov nad Knéznou.

4 Zaveér

Analyzou dopravnich nehod vzniklych v noci a ve dne v silniéni siti Ceska jsme identifikovali
948 (40%) kfizovatek, které mély v priméru vyssi riziko nehody béhem noci nez ve dne.
Tento postup, kde se naraz zpracovava velky objem dat je vysoce efektivni pro rychlou
identifikaci nebezpelnych kfiZzovatek. V dalS§im kroku bude potfeba, aby predmétné
kfizovatky posoudili odbornici na osvétleni, ale téz dopravni inzenyrstvi.

Uvedeny postup v sobé ale zahrnuje nékolik omezeni. Pfedné je zavisly na homogenité
databaze dopravnich nehod. V pfipadé nehod motorovych vozidel a nehod s uc¢asti chodcu
nebo cyklistd, u nichz doSlo ke zranéni, se da ocCekavat, Ze databaze bude obsahovat
naprostou vétSinu téchto udalosti. Limitujicim faktorem, v pfipadé motorovych vozidel, je
vySe celkové Skody, u zranitelnych Gcastnikl jsou to potom nasledky. Jak bylo jiz dfive
ukazano, obé skupiny nehod nemuseji byt zcela zastoupeny v oficialnich datech.

Udaje o AADT vyjadfuji pouze odhad primérného poétu vozidel a v pfipadé nékterych
kfizovatek nemuseji byt vS8echna data k dispozici, jelikoz s€itani dopravy neprobiha na celé
siti. To se predevsim tyka kfizovatek, kdy jedno z ramen je mistni komunikace a nejsou tedy
pro néj udaje o intenzité. DalSi oblasti, které bychom se chtéli do budoucna vénovat, jsou
slozité mimourovriové kfizovatky, pro které bude zfejmé tfeba stanovit jiny zplsob vypoctu
rizika.

Podékovani

Prispévek byl zpracovan za laskavé podpory projektu V120172019071 ,Analyza viditelnosti
Ucastnikl silniéniho provozu za ucelem zvysSeni jejich bezpecnosti za soumraku a v noci®,
poskytnutého v ramci Programu bezpeénostniho vyzkumu Ceské republiky.
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Transportation Research Record 1840, Paper No. 03-3363, 31 — 40.

20



Kurz osvétlovaci techniky XXXIV

Dopravni nehody v intravilanu v noci

s ucasti chodce

Sabina Burdova, JUDr., pplk.
Reditelstvi sluzby dopravni policie Policejniho prezidia Ceské republiky
www.policie.cz/clanek/reditelstvi-sluzby-dopravni-policie-o-nas-reditelstvi-sluzby-dopravni-policie.aspx,
pp.rsdp@pcr.cz

1 Porovnani zakladnich ukazatelu

V roce 2012 bylo pfi dopravnich nehodach v noci s u€asti chodce usmrceno celkem 86
chodcu. Jejich pocet se postupné snizoval, kdy v roce 2017 jich bylo 53. | kdyz ma jejich
pocet dlouhodobé klesajici tendenci (viz Tab. 1), v porovnani s chodci usmrcenymi ve dne,
jsou tato Cisla stale vysoka. Je nutné totiz brat v potaz, Ze intenzita provozu na pozemnich
komunikacich v noci je podstatné nizs$i a to i u chodca.

USMRCENI CHODCI PODLE DENNI A
NOCNi DOBY; 2013 - 2017

100
80
60
86

jg 60 54 - o 85 s 7 s O ag 53
0

2012 2013 2014 2015 2016 2017

den M noc

Tab.1

1.1 Usmrceni chodci podle viditelnosti

V porovnani nasledkd dopravnich nehod s G€asti chodce, nejvice chodcll je usmrceno
v obci. V roce 2017 bylo pfi téchto nehodach usmrceno 71 chodcd, tj. o 6 chodcti méné proti
roku 2016. Z hlediska viditelnosti to v roce 2017 bylo v noci 27 chodcu, coz je oproti roku
2016 o 11 chodcd méné.
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Noc¢ni dopravni nehody v zavislosti na intenzité dopravy
v osveétleni intravilanu mést a obci na komunikacich 1.,

Il., 111. tFid, v€éetné mistnich komunikaci
Ondrej Dolejsi Ing., Jifi Tesaf, Karel Sokansky, prof., Ing., CSc., Tomas Novak, Doc., Ing., Ph.D.,

V8B TU Ostrava, ondrej.dolejsi.st@vsb.cz, www.vsb.fei.cz

Abstrakt: V prispévku bylo predstaveno hodnoceni useku intravilanu na komunikacich 1., 1l.,
Ill. trid , na kterych je vyznamné vysoky vyskyt dopravnich nehod. Soubor dat byl ziskan
z aplikace AVISON z obdobi 2014 — 2016 a obsahoval celkem 162 usekd, na kterych se
stalo 671 dopravnich nehod. Hodnoceni uUsek(i a nasledné sestaveni seznamu
nejrizikovéjsich usekd bylo provedeno pomoci relativni ¢etnosti vyskytu dopravnich nehod.
Seznam sefazenych useku dle uvedené metody bude pouZit pii vybéru lokalit, na kterych
bude provedeno mistni Setfeni.

1 Uvod

Dulezitym ukolem vefejného osvétleni je vytvoreni svételnych podminek pro zrakovou
¢innost ucastnikl silniéniho provozu. Vyskyt dopravnich nehod v intravilanu Ize eliminovat
vhodné zvolenym osvétlenim, kterym bude zajisténa dobra orientace v prostoru, rozeznani
prekazek a viditelnost chodcl. Pro zvySeni bezpecnosti je tfeba vyhledat Useky se zvySenym
rizikem vzniku dopravni nehody, provést inspekci dané lokality, vyhodnotit rizika a navrhnout
napravna reseni.

Cilem je seradit vybrané Useky podle jejich rizika vyskytu dopravni nehody. Dle seznamu
sefazenych Usekl bude proveden vybér lokalit, na kterych bude provedeno mistni Setfeni.
Tento vybér je dulezity, jelikoZ mistni pFi€¢iny koncentraci dopravnich nehod budou studovany
na vyznamnych usecich komunikaci.

2 Vybrané useky

Data Useku s ¢astym vyskytem dopravnich nehod byla ziskana z webové mapové aplikace
avison.cdvinfo.cz. Tyto Useky byly identifikovany pomoci metody KDE+ (vyvinuta Centrem
dopravniho vyzkumu, v. v. i.). Tato metoda je ur€ena pro mezikfizovatkové uUseky. Hlavnim
zdrojem dat pro analyzu dopravnich nehod ve webové aplikaci je databaze dopravnich
nehod, ktera je spravovana sluzbou dopravni policie. Rozsah sledovanych useku byl zvolen
v intravilanu mést a obci na komunikacich 1., I, lll. tfidy, v€etné mistnich komunikaci v
obdobi 2014 — 2016. V tomto obdobi bylo oznaceno 162 rizikovych Useki. Jiz v zakladnim
souboru dat, ziskaném pfimo z aplikace, nastaly v8echny dopravni nehody v noci, za
soumraku ¢i svitani a byly odfiltrovany nehody se zvéfi. Dale byly odfiltrovany nehody, u
kterych byl pfitomen alkohol. VSechny tyto udaje je mozné ziskat z protokolu o dopravni
nehodé, jenz je uveden u kazdé dopravni nehody.

3 Metoda vybéru rizikovych usekt

Pro objektivni stanoveni hladiny vyznamnosti v aplikaci ADVISON vyuziva metoda KDE+
metodu Monte Carlo. Vyznamné shluky jsou ohodnoceny dle jejich nebezpeénosti — silou
shluku a kolektivnim rizikem.
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V této praci bude prezentovano sestaveni seznamu nebezpeénych Useku v zavislosti na
intenzité dopravy. Intervaly intenzity dopravy byly rozdéleny po jednotlivych hodinach (od
19:01 do 20:00 atd.) do tzv. hodinovych intenzit. Hodinovou intenzitu dopravy Ize urcit z
tabulek denni intenzity dopravy pomoci denni variace dopravy, ktera je uvedena v
dokumentu Stanoveni intenzit dopravy na pozemnich komunikacich. DalSim zplsobem je
vytvofit tabulky pro konkrétni sledovanou lokalitu z dat ziskanych pfimym sledovanim
intenzity dopravy na komunikacich. Rozdélenim intenzity dopravy na hodinové intervaly bude
zohlednéna proménlivost intenzity dopravy v prabéhu noci. Nicméné v informacich o shluku
dopravnich nehod nebyva vzdy uveden udaj celkového denniho priméru zatizeni motorové
dopravy (dale RPDI). Pro ur€eni udaje RPDI byla pouzita data z méFeni intenzit dopravy
pfimo na komunikacich v intravilanu mést. Tato data byla poskytnuta Policii CR. Mé&teni
probihalo v dvoutydennich intervalech na komunikacich 1., Il. lll. tfid a mistnich
komunikacich. Ziskana data obsahovala informace RPDI pro jednotlivé dny v tydnu a grafy
intenzit dopravy v intervalu 24 hodin. Z RPDI v8ech dni v tydnu byl vypo¢ten modus denni
intenzity dopravy (modus byl zvolen z divodu odolnosti vici odlehlym pozorovanim).

Den v Intenzita
tydnu dopravy
- vozidlo/den

Pondéli 6208
Utery 6042
stfeda 6500
Ctvrtek 6250
patek 6625
sobota 5083
nedéle 4500
Modus 6417

Tab. 1Pfiklad dennich intenzit dopravy v pribéhu tydne na komunikaci I. tfidy v intravilanu

Pro vypoctenou hodnotu RPDI byly pomoci grafu intenzity dopravy, ktery byl ziskan mérenim
intenzity dopravy, v intervalu 24 hodin uréeny intenzity dopravy pro jednotlivé hodinové
intervaly. Ty byly nasledné roztfidény podle tfidy komunikace.

PBisoo W
, kde
P Podil intenzity dané hodiny na denni intenzité dopravy [%]
Dy Intenzita dopravy zvoleného hodinového intervalu
Dy Denni intenzita dopravy na zvolené komunikaci

Roztfidéné hodinové intervaly byly zprimérovany a nasledné byl sestaven graf znazornujici
zavislost podilt hodinovych intenzit v pribéhu 24 hodin. Tento graf je uveden nize, viz. Graf
vypoctené denni variace intenzit dopravy(Karvina, ¢ervenec — prosinec 2017). Timto byla pro
vSechny sledované komunikace stanovena funkce, kterou bylo mozné urcit hodinovou
intenzitu pomoci RPDI konkrétni komunikace. V pfipadé chybé&jiciho udaje RPDI u daného
useku byl tomuto udaji pfidélen modus denni intenzity dopravy, ktery byl ziskan z méfenych
dat pro urcitou tfidu komunikace.
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Denni variace intenzit dopravy
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Graf 1Graf vypoctené denni variace intenzit dopravy(Karvina, €ervenec — prosinec 2017)

Hodiny l.tFida Il.tFida lll.tFida | Mistni kom.
% % % %
0-1 0,37 0,22 0,23 0,09
1-2 0,47 0,15 0,16 0,09
2-3 0,61 0,37 0,23 0,52
3-4 3,37 3,34 2,74 1,47
4-5 3,74 5,56 3,52 5,46
5-6 4,96 6,38 5,40 1,91
6-7 5,54 7,93 7,75 11,80
7-8 5,81 6,45 4,07 4,86
8-9 6,06 6,15 4,62 5,98
9-10 6,62 6,52 4,85 5,98
10-11 5,79 5,93 4,23 5,20
11-12 6,16 5,78 12,13 6,16
12-13 6,40 5,49 14,08 5,98
13-14 7,31 6,08 6,34 6,59
14-15 7,02 6,97 5,95 7,37
15-16 6,22 6,00 5,95 6,24
16-17 5,52 6,97 5,32 6,94
17-18 4,54 5,11 3,99 5,98
18-19 3,81 3,26 2,19 4,94
19-20 3,31 1,85 1,49 2,69
20-21 2,60 1,48 1,10 2,17
21-22 2,72 1,48 3,29 1,21
22-23 1,03 0,52 0,39 0,35

Tab. 2Tabulka podill intenzit dané hodiny na denni intenzité dopravy dle tfidy komunikace
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V nasledujicim kroku byla stanovena hodinova intenzita pro vSechny sledované Useky shlukud
dopravnich nehod. Na zakladé této informace bylo mozné stanovit pocet vozidel, které
projely usekem v hodinovém intervalu vzniku dopravni nehody v ramci celého sledovaného
obdobi (2014 - 2016).

Z udaje o projetych vozidlech v hodinach vznik( dopravnich nehod a poctu vzniklych nehod
daného obdobi (2014 - 2016) je mozné vypocitat relativni Cetnost vzniku dopravni nehody.

4 Vysledky

Dle hodnoty relativni Cetnosti ur€ené pro v8echny sledované uUseky lze vytvofit seznam
nejvice nebezpecnych lokalit. Dale Ize porovnat relativni Cetnosti nehodovosti jednotlivych
hodinovych intervall a nasledné se pfi mistnim Setfeni zaméfit na studium podminek
v rizikovych €asovych intervalech daného useku. Vysledny seznam lokalit je dale rozdéleny
mistnich komunikaci je uveden v Tab. 3Vysledny seznam tfi nejrizikovéjSich Useku dle tridy
komunikace.
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PRUJEZDNOST | PRUJEZDNOST | PRUJEZDNOST “ . “ x
b 24/HOD 24/HOD 24/HOD POCET (%) POCET % POCET
© 553 6043 2241 3803 19 50,14 | 872350 | 2,2E-03 | 45913
o
35 658 6043 2241 3803 15 5,92 762120 | 2,0E-03 | 50808
- 611 4203 1558 2645 6 1,73 | 448950 | 1,3E-03 | 74825
8 127 1314 450 864 3 2,23 18250 | 1,6E-02 | 6083
s 88 1294 443 851 4 3,58 67890 | 5,9E-03 | 16973
= 551 1314 450 864 9 14,91 | 173010 | 5,2E-03 | 19223
3 173 1314 450 864 4 1,81 45260 | 8,8E-03 | 11315
;Ej 164 1314 450 864 3 1,67 35770 | 8,4E-03 | 11923
= 206 1137 389 748 3 2,05 53290 | 5,6E-03 | 17763
= 881 1153 426 727 3 8,66 730 4,1E-01 243
325 % 896 1153 426 727 1 20,92 730 1,4E-01 730
v
912 1153 426 727 3 8,41 13140 | 2,3E-02 | 4380

Tab. 3Vysledny seznam tfi nejrizikovéjSich Useku dle tfidy komunikace
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5 Zaver

V uvedeném prispévku bylo popsano jakym zpusobem probéhl vybér z velkého poctu Useku
komunikaci pro mistni Setfeni. Dle popsaného postupu Ize vyseparovat podezielé Useky s
Castym vyskytem dopravnich nehod. Lze se tedy pfi realizaci mistniho Setfeni zamérit na
useky svySSi mirou rizika vzniku dopravni nehody. V tabulce Vysledny seznam ftfi
nejrizikovéjSich Usekld dle tfidy komunikace Ize pozorovat, Ze Fazeni podle hodnoty
kolektivniho rizika neni shodné s fazenim podle relativni ¢etnosti nehody. To je zpUsobeno
odlisnym pfistupem k fedeni problematiky.

V navazujici praci by bylo vhodné intenzitu dopravy hodinového intervalu pfi vzniku dopravni
nehody urcit se zohlednénim kalendarniho dne vzniku dopravni nehody — rozliSit dopravu dle
ro¢niho obdobi, pracovniho dne &i vikendu.

Literatura

[1] BiL, Michal, Jifi SEDONIK a Richard ANDRASIK. Dopravni nehody v noci, za
svitani a za soumraku v Ceské republice: prostorové analyza. Ostrava, 2017.
ISBN 978 - 80 - 248 - 4104 - 5.

[2] Technické podminky TP & 1891l: STANOVENI INTENZIT DOPRAVY NA

POZEMNICH KOMUNIKACICH. 2. Plzef: EDIP s.r.o., 2012.
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Pohled svételného technika na prvni verejné osvétleni

s malym negativhim dopadem na zivotni prostredi???

JiFi Tesaf, pfedseda pobo&ného spolku CSO Liberec, cso-liberec@artmetal-cz.com

Abstrakt: Pohled svételného technika na vzorovy projekt vefejného osvétleni chodniku
pfilehlého ke komunikaci Il. tf. ¢islo 101 (zatéZz motorové dopravy 6727 vozidel / 24 hod).
Toto osvetleni je prezentovano Ministerstvem Zivotniho prostfedi jako osvétleni s minimalnim
dopadem na Zivotni prostfedi v ramci prezentace dotaci na vefejné osvétleni. Viz vyzva
&.6/2018 k predklédani Zadosti o poskytnuti podpory v rémci Narodniho programu Zivotni
prostredi. Soucasti mého pohledu, zda soustava verfejného osvétleni splniuje zakladni
poZadavky na osvétleni uvedené v dokumentu,, Jednoducha osvétlovaci pfiru¢ka pro obce —
doporuceni pro Setrné moderni osvétlovani®. Tuto pfiru¢ku vydalo Ministerstvo Zivotniho
prostredi a Svaz mést a obci Ceské republiky.

1 Uvod

Fyzicky jsem se zucastnil dvou diskuznich kulatych stoll poradanych Ministerstvem
Zivotniho prostfedi k tématu svételného znecisténi a pfipravovanych dotaci na rekonstrukce
verejného osvétleni (dale jen VO) mést a obci v oblastech CHKO. Jedna z prezentaci byla o
skvélém osvétleni, které je Setrné k pfirodé. Prednesena prezentace tohoto skvélého
osvétleni neméla bohuzel ve svém obsahu zadné technické parametry o pouzité technologii.
Jediné, co bylo prezentovano Ze toto nové LED osvétleni umoznuje zménu Tc v prabéhu
provozu a ma minimalni slozku modrého svétla a tim je Setrné k pfirodé.

Viz odkaz [1]: Pfevzali jsme unikatni osvétleni jako prvni v Evropé, ctvrtek, 17. kvéten 2018 //
Stalo se: Pri historicky prvnim Mezinarodnim dnu svétla jsme ve stfedu vecCer v Jesenici
prevzali unikatni osvétleni na chodniku mezi Jesenici a Kocandou, které je v Jesenici
realizovano jako prvni v Evropé. Predstaveni specialniho osvétleni se zucastnil pan ministr
Zivotniho prostfedi Mgr. Richard Brabec, pfedseda odborné skupiny pro svételné znecisténi
Ceské astronomické spolecnosti pan Pavel Suchan, pan Ing. Viadislav Smrz néméstek
ministra Zivotniho prostiedi, dale technici a specialisté na osvétleni a za vedeni mésta
starostka Mgr. Radka Vladykova a Ing. Alexandra Kockova. V nedéli pfedstavime specialni
osvétleni véem ob&anum v reportazi Jesenice TV.

Kdyz jsem si tento ¢lanek precetl tak jsem to nové ekologické osvétleni musel vidét osobné
abych pfi své praci mohl vyuzit ziskané poznatky této instalace pro navrhovani osvétlovacich
soustav s pouzitim technologii, které se budou chovat Setrné k pfirodé a zaroven zajisti tu
nejzakladngjsi funkci osvétlovani dopravniho prostoru v souladu z bezpecnosti vSech
Ucastnikd silniéniho provozu, zejména nejzranitelnéjSiho G€astnika, tj. chodce. Kdyz jsem
dorazil na misto realizace a vidél tento zazrak osvétlovaci techniky tak jsem se okamzité
rozhodl, Ze o tomto skvélém osvétleni musim informovat odbornou vefejnost, aby vsichni
svételni technici, dopravni inZenyfi a zejména ekologové vidéli a védéli co je vSechno mozné
realizovat a prezentovat jako ekologicky Setrné osvétleni. Moje hodnoceni je provedeno jen
obecné v zakladnich rovinach pozadavki CSN 13201-4, doporuéeni CIE a vydané pfirucky
MZP.
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1.1 Udaje hodnoceného prostoru — geometrie nové soustavy VO

Primérna rozte¢ svételnych mist realizace:
Pramérna vyska svitidla nad komunikaci:
VyloZeni svitidla:

Typ a vykon svitidla realizace:

Typ svételného LED zdroje realizace:

Plvodné zpracovany projekt na osvétleni chodniku

Primérna rozte¢ svételnych mist:

25m
6,0 m
0,5m
Drawbridge 014/18 20 W

2 M optika LED modul

32m

Typ a vykon svitidla:

BGP 760 T25 DM10 17 W

Typ svételného LED zdroje:

viz_katalogovy list PHILIPS

Bohuzel vice se mi zjistit o realizovaném osvétleni nepodafilo, zejména v oblasti parametru
instalovaného svitidla. Katalogovy list obsahuje jen minimalni informace, certifikat jsem
hledal na internetu marné. Soucasti plavodné zpracovaného projektu byl i vypocet osvétleni
pro cyklostezku Jesenice s vy3e uvedenou geometrii a tfidou osvétleni P5.

1.2 Udaje hodnoceného prostoru — dopravni prostor.

Osvétlovany chodnik s celkovou Sifkou 2,2 m oddéleny od komunikace odvodriovacim
Zlabem se zpevnénou krajnici Sifky 2,0 m s navazujici asfaltovou komunikaci se dvéma
jizdnimi pruhy o celkové Sifce mezi vodorovnym dopravnim znacenim 6,5 m, dale navazujici
zpevnéné krajnice o Sifce 1,5 m. Tato definovana plocha se nachazi v intravilanu mésta
Jesenice v nezastavéné ¢asti prijezdné komunikace 11/101, zatézi motorové dopravy 6727
vozidel/24 hodin, v Useku mezi ¢astmi mésta Kocanda a Mladikov. Viz obrazek 1.
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Obr.1  Foto soustavy VO a pFiIehIéh opravniho prostoru autor [1].

1.3 Zakladni udaje hodnoceného prostoru — pozadavky na osvétlovanou plochu.

Dle $itkového usporadani dopravniho prostoru, motorové zatéze a pozadavka CSN 736110
(projektovani mistnich komunikaci), CSN 736101 (projektovani silnic a dalnic), jsou
nemotoristické komunikace soucasti dopravniho prostoru s jednoznacné& danymi parametry.
Pro cyklostezku — chodnik byl stanoven zakladni parametr tfidy osvétleni P5.

Pro komunikaci Il. tf. 101 nebyl stanoven Zadny parametr, protoZe nebyl soucasti zadani
investora pro zpracovani projektové dokumentace. BohuZel toto zadani je v rozporu
s pozadavky CSN 736101 kde je vustanoveni 13.8. Umélé osvétleni na silniénich
komunikacich ve volné krajiné, bod 13.8.1. a 13.8.2, jednoznacné stanovené pozadavky na
osvétleni. [2]. Pfi dodrzeni parametri CSN by tato komunikace byla osvétlena na arovni tfidy
M5.
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2 Provozné orientaé¢ni méreni jasovych pomért chodniku a jeho okoli

2.1 Kontrola realizovaného stavu nového VO 8. zafri 2018, 21:30 hod

Obr.2 Nocni foto prostoru po realizaci autor [3]

Realizace osvétleni neodpovida puvodnimu projektu ve v§ech projektovanych parametrech,
tj. rozte€ svételnych mist, typ svitidla, vykon svitidla. Pfedpokladam, Zze zména projektu byla
provedena bez nového vypoctu VO. Zménu projektu jsem nikde nedohledal.

2.2 Orienta¢ni jasova analyza prostoru osvétlovaného chodniku

0 0,0049070,0114520,0201790,0318170,0473370,0680320,09563 0,13243 0,18151 0,24695 0,33423 0,45061 0,6058 0,81275 1,0887 1,4568 19475 2,602 3,4747 4,6385 6,1904 826 11,02 14,7
cd.m-2

EVNENA . *(SMUNIKACE 1:/101 ZPEVNENA
ICE_ RPDI2010= 6772 VOZIDEL/24 HOD  KRAJNICE

6,5m 1,5m

e £
e e T,

i'anélylza jasu osvétlenéﬁ chodniku a okoli [5]

<o
o, AN o TV L

o Otﬂf.3 brlen:ta'c":n

Osvétleni chodniku je rovhomérné a odpovida parametrim tfidy osvétleni P3 = 7,5 Em (Ix),
U, (-) = 1,5), je tedy o dva stupné vysSi, nez bylo ve vypoCtu a zadani pozadavku tfidy
osvétleni PS5 2 3 Em (Ix), U, (-) = 0,6. V tomto pfipadé je osvétlovany prostor chodniku
k danym jastm okoli pfesvétleny vice jak o 100 % pozadované hodnoty.
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2.3 Osvétleni prostoru neuzite€nym a ruSivym svétlem

0 0,0049070,0114520,0201750,0318170,0473370,0680320,09563 0,13243 0,18151 0,24695 0,33423 0,45061 0,6058 0,81275 1,0887 1,4568 1,9475 2,602 3,4747 4,6385 6,1904 8,26 11,02

cd.m-2

NEOSVETLENY PROSTOR
KOMUNIKACE 1./ 101

6772 VOZIDEL/24 HOD

ety
eny prostor

£ i

Obr.4 Dokonale osvétl »pésu pole v Sifce vozovky [5]

Nevim, co si mam o osvétlovaném prostoru myslet byl to zamér, nebo se stala nékde chyba
pfi montazi? Pas pole je osvétlen na Grovni tfidy M5 ti. = 0,5 cd/m? a jeho $itkové
usporadani je shodné s Sifrkovym uspofadanim vozovky viz obr.5.

: EvNENA © " KSMUNIKACE 1/ 101 ZPEVNENA
NICE  RPDI2010= 6772 VOZIDEL/24 HOD  KRAJNICE

A e

Obr.5 Celkovy osvétleny prostor z pohledu pozorovatele na chodniku [5]

3 Struéné hodnoceni osvétlené plochy dle pozadavk(i MZP [4] — hodnoceni
znamkou jako ve Skole 1 az 5.

3.1 Zdravotni rizika [4]

Tento pozadavek je udajné splnén deklarovanymi parametry instalovaného svitidla. Mé ale
toto vyjadfeni nestaci. V katalogovém listu neni uveden odkaz na certifikat fotobiologické
bezpecnosti dle normy IEC/EN 62471 (spektrum vyzafovaného svétla) Renomovani vyrobci
tento parametr b&Zzné uvadéji v€etné odkazu na akreditovanou zkusebnu.

Hodnoceno znamkou 3.

3.2 Plytvani energii [4]

Tento pozadavek je splnén jen ¢astecné plvodni projekt mél delsi rozte¢e o 7 m tak Ze na
100 m chodniku je potfeba jen 3 ks svételnych mist (SM) oproti 4 ks SM stavajiciho
realizovaného stavu. Puvodni energeticka bilance uvazovala na 100 m osvétlené
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komunikace cca s pfikonem Pi 51 W. Vysledek po realizaci ma pfikon Pi 80 W. Stavajici
realizace pfi porovnani s navrhovanym feSenim projektu je neekonomické ve vSech
oblastech provozu a udrzby VO.

Hodnoceno znamkou 4

3.3 Nocni pfiroda [4]

Tento pozadavek nebyl spinén ani v jednou pozZadavku. Vice jak 80 % svételného toku jde
mimo osvétlovany prostor chodniku. VétSina je sméfovana do pfilehlého prostoru pole
s mnoha ZivocCichy rostlinami atd. Viz obrazek 5.

Hodnoceno znamkou 5

3.4 Bezpecnost [4]

Tento pozadavek nebyl spinén, soucasti chodniku je pfilehla komunikace Il. tf. ktera je velice
nerovnomérné osvétlena v % jizdniho pruhu a vytvafi tmavé mista a tim negativné ovliviuje
dohled zjedouciho vozidla, v€etné v€asné adaptace na viditelnost mozné prekazky na
vozovce. Druha polovina jizdniho pruhu neni osvétlena vibec.

Hodnoceno znamkou 5

3.5 Doporucené typy svitidel, zpusob instalace [4]

Pouzivat by se méla svitidla vyzafujici pouze do dolniho poloprostoru (neboli dol(). Zkratka
ULR oznaduje podil svétla, které sméfuje ze svitidla vzharu. Zde je ULR = 0 % — vzhdru by
tedy nemélo sméfovat vibec zadné svétlo. Kvalitni LED svitidla maji vyhodu v lepSi
moznosti smérovani svétla, proto u nich neni potfeba z pozadavku na ULR = 0 % ustupovat.
Udaje o ULR by mél znat a na vyZadani poskytnout dodavatel osvétleni. Svitidla by se méla
instalovat vzdy vodorovné. Jednoduché pravidlo, které ma zabranit tomu, aby se
zbytec¢né svitilo do Sirokého okoli.

Tento pozZadavek je splnén jen CasteCné osvétlovana plocha se vyznaluje zbyteéné
intenzivnim _osvétlenim, Spatné smérujicim svétlem a tim plytvani el. energqii i finanénimi
prostredky obce, (citace z prezentace Tiskové konference 25. Cervence 2018).

Hodnoceno znamkou 4

3.6 Maximalni uroven osvétleni [4]

Primérna udrzovana uroven osvétleni pozemnich komunikaci nebude prekra¢ovat minimalni
hodnoty stanovené pfislusnou normou o vice nez 30 %. Z projektové dokumentace je znama
pozadovana uroven osvétleni tfidy P5. Provozné orientaCni méfeni jasovou analyzou nam
po prepoctu jednoznacéné stanovilo primérnou hladinu osvétleni chodniku v tfidé P3.

V tomto pripadé je osvétlovany prostor chodniku k danym jastim okoli presvétleny vice jak o
100 % pozadované hodnoty viz bod 2.2. a obrazek 3.

Hodnoceno znamkou 5

3.7 Vysvédceni osvétlené plochy chodniku a okoli — hodnoceni svételného technika
Z Sesti pozadovanych parametril MZP [4] propadlo ekologické osvétleni ve tfech pfipadech,
ve dvou pfipadech bylo hodnoceno znamkou 4 a v jednom pfipadé znamkou 3.

Vysledna primérna znamka vzorové ekologické soustavy VO je 4,33.

4 Zaver

Kdyz pominu zakladni funkci VO, zejména viditelnost a bezpenost v dopravnim prostoru a
budu se vénovat jen oblasti ruSivého svétla, vCetné svétla sméfujiciho mimo osvétlovany
prostor musim konstatovat, Ze takto osvétleny prostor nespliuje zakladni pozadavky
Setrného ekologického osvétleni k pfirodé. Z mého pohledu je to naopak. Tato soustava by
méla byt prezentovana jako odstrasujici a nevhodny priklad osvétlované plochy.
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Teplota chromatic¢nosti, na kterou se autofi realizace odvolavaji je jen jednim z mnoha
parametri ekologicky Setrného osvétleni. Zakladnim parametrem a pravidlem pro
osveétlovani dopravniho prostoru je neustale opakované — svitit kolik je potieba a kam je
potreba.

Kdyz budu dodrzovat vSechny pozadavky technickych norem, narodnich i harmonizovanych
tak musim navrhnout soustavu VO ktera bude splfiovat veSkeré pozadavky na ekologicky
prijatelné osvétleni. DnesSni technologie to umoznuji. Dle mého nazoru takto realizovanou
soustavu nemohl navrhnou odbornik na osvétlovani venkovnich prostor, coz jsem si ovéfil na
pavodnim projektu, ktery byl v souladu s pozadavky CSN EN 13201. Nasledné zmény
geometrie soustavy VO a realizace je zfejmé& provedena bez vypocltu osvétleni a ovéreni
svételné technickych parametr( po realizaci.

PFedstaveni specialniho osvétleni zastupcim MZP a astronomické obci se pfeci neprovadi
za slune¢ného dne, jak tomu bylo, viz pfilozena fotodokumentace. Tiskova zprava [1] sice
zminuje pfedani a prezentaci vecCer, ale bylo to opravdu tak?

Kontrolni méfeni Tc ve dne sondou na svételném zdroji a nasledné prezentovani vysledku
panu ministrovi beru jako vysméch vdem odbornik( ktefi se vénuji této problematice viz
obrazky 6 a 7 tiskové zpravy [1].

Obr.6 Kontrolni méreni??? a Obr.7 Presentace vyledkﬂ

Doufam, Ze odpovédni tfednici MZP se nad timto pfispévkem zamysli, nechaji si zpracovat
protokol méfeni osvétlované plochy dle CSN EN 13201-4 a na zakladé jeho vysledkd
pfehodnoti toto prvni ekologicky Setrné osvétleni v Evropé jako vhodny piiklad pro
ostatni realizace obnovy VO.

Literatura a odkazy

IlOficiaini stranky mésta Jesenice https://mujesenice.cz/clanky/prevzali-jsme-unikatni-
osvetleni-jako-prvni-v-evrope/

BCSN 736110 (projektovani mistnich komunikaci), CSN 736101 (projektovani silnic a
dalnic)
Il oto autora prispévku

B cdnoducha osvétlovaci priruéka pro obce — doporudeni pro $etrné moderni
osvétlovani, vydalo MZP a Svaz mést a obci CR.

BlProvozné orientaéni méfeni bylo provedeno z digitalni fotografie a vyhodnoceno
v programu LumiDISP, verze 3.0.0.16, sériové Cislo 201802001.
Podékovani:
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Priklady z praxe nevhodné osvétleny dopravni prostor
v zavislosti na omezeném vyhledu z vozidla

Jifi Tesaf, pfedseda pobo&ného spolku CSO Liberec, cso-liberec@artmetal-cz.com

Abstrakt: Nocni dopravni prostor viditelnost pfekaZek na vozovce v zavislosti na nocni
reakcni dobé, ruznych jasech okoli dopravniho prostoru a vliv viditelnosti na dopravni
nehodovost.

1 Uvod

Pro fizeni vozidla je dulezité vnimat prostfedi vnéj$i — kolem automobilu, dale prostredi
uvnitf vozu — tudiz spolujezdce a data z pfistrojové desky (tachometr, ikony apod.). Ridi¢
tedy vnima dopravni situaci ¢elnim sklem, pfednimi boénimi skly a zpétnymi zrcatky. Vyhled
mu mohou omezovat sloupky karoserie a také mrtvy uhel ve zpétném pohledu v zrcatku. Pro
bezpeCnost by méla byt skla oken auta i skla zpétnych zrcadel &ista a bez zavady. Zorné
pole fidi¢e nesmi byt omezeno.

1.1 Zrakové funkce v silni¢ni dopravé

Ugastnik silniéniho provozu musi byt schopen pfijmout informace, tedy vnimat je. Déle je
musi uchovat, tedy pamatovat si je. Pak je zpracuje, mysli a naposledy jde o ziskani novych
roli. Pro spravné vidéni v roli fidice je nutné divat se dostateéné daleko pred sebe, dobre
vnimat déni kolem sebe, udrzovat oci v Cilém pohybu. Dale je nutné, aby Fidi¢ usiloval o to,
aby ho i ostatni u€astnici silnicniho provozu vidéli. A také je dobré naucit se vidét moznost
uniku, pokud hrozi nebezpecna situace. Je dulezité, aby fidi¢ neustale ménil smér pohledu.
Vozidlo by jinak nemuselo drzet rovnou stopu a mohlo by dojit k nechténému vychyleni ze
sméru jizdy.

1.2 Zorné pole fidi¢e v silni¢ni dopravé

zhlédnutym predmétim, aby vidél detaily, jako je tfeba pohyb ruky cyklisty, ¢i vychyleni kola
traktoru. Zorné pole fidi¢e se zuzuje s narustajici rychlosti vozidla. Pfi rychlosti 40 km/h je
zorné pole fidice 100°, diky nému lze dobfe vidét pfekazky na okraji vozovky nebo jina
pFipadna rizika. Pfi rychlosti 130 km/h je zorny uhel kolem 30°, to zna¢né sniZuje schopnost
fidiCe odhadnout pfipadné nebezpeci.
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Fusid of vason of 40°

Obr.1 Velikost zorného pole podle rychlosti motorového vozidla

2 Nocni vidéni

Pod pojmem vidéni je chapana €innost dostatecné vyvinutého zraku, béhem které je vniman
jas a barvy. Dochazi také ke spojovani viem( pfi vytvareni predstavy urcitych predmétd,
jejich tvaru, velikosti a postaveni v prostoru. V dopravé je také dullezitou vlastnosti vnimani
kontrastl, pohybu a prostoru. Béhem snizené viditelnosti, pfedev§im tedy za tmy, diky

vhodnému kontrastu mize barva obleceni rozhodnout o stfetu vozidla s chodcem ¢&i jeho
odvraceni.

2.1 Pohled ridice

Ani sebelepsi fidi¢, s mnoha lety zkuSenosti, rychlymi reakcemi a vozidlem v perfektnim
technickém stavu nemuze reagovat, pokud nevi, Ze je na co reagovat. V. momenté, kdy
pohled fidi¢e nespocine na podnétu, nemuze dojit ke vnimani a nemlze zapocit proces
odezvy a reakce. Proto je jedna ze zakladnich podminek bezpe¢ného provozu na pozemnich
komunikacich pro vSechny jeho uc€astniky stejna, a to: ,Vidét a byt vidén!®

1. Zamérieni pohledu — neboli jeho zacileni. Psychologie zde zavadi pojem tzv. ,terc,
jimz muze byt urcita osoba, pfedmeét, objekt ¢i jeho detail.

2. Doba trvani pohledu — jak dlouho oci pozoruji urcitou osobu nebo objekt, v tomto
pfipadé se zkouma doba trvani pohledu na chodce. Pohled, ktery trva vyrazné delSi
dobu je vétSinou nepfijemny, druhym poélem je absence pohledu, coz muize vyvolat
dojem opomijeni, ignorovani €i nezajmu a je nejenze nepfijemny, ale i nebezpecny.

3. Cetnost pohled(i na riizné terée — béhem nocni jizdy je mozné zjistit, kolikrat se
fidi¢ podival na prekazku (ter¢) A, B, C atd. V tomto pfipadé se muze jednat o
rozptyleni pohledu fidiCe na chodce, vozovku, pristrojovou desku, zpétné zrcatko,
ostatni u¢astniky dopravniho provozu apod.
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2.2 Reakéni doba

Reakéni doba je Cas, ktery uplyne od zacatku viemu do uvedeni brzdového systému v
¢innost. Do reakéni doby muzeme zapoditat i dobu odezvy vozidla €ili prodlevu brzd a nabéh
brzd. Jedna se o dobu, kdy brzdovy systém neni 100% funkéni a fidi¢ tuto délku nemuGze
ovlivnit. Pro spravné pochopeni pojmu reakéni doba je nezbytné uvédomit si, Ze na kriticky
podnét fidi€ nereaguje svalovou reakci bezprostiedné, ale s urlitym zpozdénim. Délka
reakéni doby je omezena fyziologicky a do jist¢ miry je ovlivnéna i rychlosti celého
pohybového Ukonu, coz je nesmirné dulezité zejména pro pohybové akty velmi kratkého
trvani. Obecné muzeme fict, Ze reakéni doba je zavisla na stavu, véku a koncentraci Fidice.
Na poloze kritického objektu v zorném poli fidice, na kontrastu a viditelnosti kritického
objektu, dale na zkuSenostech a rozhodnosti Fidi€e v kritickych situacich a v neposledni radé
na technickém stavu brzdového systému vozidel.

Snizena viditelnost - horni mez Snizena viditelnost - dolni mez

Piimy pohled na kriticky objekt  pohled do 5° od krtického
objektu

pohled nad 5° od kritického
objektu

pohled nad 57 od kritického
objektu

Piimy pohled na kriticky objekt  pohled da 5° od krtického
objektu

mnabéh W nibéh

mrozpoznani mopticki mpsychicks msvalovd mprodleva W rozpoznani Wopticki Wpsychicki Msvalovd Mprodleva

Graf &. 1 — Snizena viditelnost — horni mez Graf &. 2 — Snizena viditelnost — dolni mez

Z vy$e uvedenych grafu 1 a 2 vidime, Ze rozdil minimalnich a maximalnich dob muize Cinit i
vice nez 4 s, coz pfedstavuje az 10x delSi reakci. S tim, ze nejkratSi reakéni doba je 0,5 s za
nesnizené viditelnosti u mladého fidi€e ve véku 20 let, kdy ma fidi¢ pfimy vyhled na chodce.
NejdelSi dobu, 4,6 s, |ze pozorovat za snizené viditelnosti u 50 ti letého fidiCe, ktery se na
kriticky, nekontrastni objekt diva pod uhlem vétSim jak 5°.

Rychlost vozu Brzdna draha
os. vozidla

Reakéni doba

fidice noc 1,5 s

sucha silnice

50 km/h 21m 14 m 35m

90 km/h 38 m 45 m 83 m

130 km/h 54 m 93 m 147 m
mokra silnice

50 km/h 21m 19 m 40 m

90 km/h 38m 63 m 101 m

130 km/h 54 m 130 m 184 m

Obr.2 Brzdna draha osobniho vozidla tlumena svétla
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3 Statistiky

Podle predpokladu Ministerstva dopravy by v roce 2020 na silnicich CR nemélo byt
usmrceno vice nez 80 chodcu a téZzce zranéno vice nez 475 chodcli. Z dalSi statistiky
vyplyva, ze kazdy sedmy Clovék, ktery u nas zemfe pfi dopravni nehodé, je chodec. Pficemz
pak kazdy 8. chodec zemfe mimo obec.

3.1 Nehody chodcli

Pocet nehod s ucasti chodce se na celkovém poctu nehod na pozemnich komunikacich v
roce 2017 podili 3,3 procenty. Na celkovém poc¢tu osob usmrcenych pfi dopravnich
nehodach se pak tyto nehody podileji 19,1 %. NejCastéji v roce 2017 dochazelo ke stietu s
chodcem kolem sedmé hodiny ranni, nasledné od deviti do dvanacti hodin. Nejvice
dopravnich nehod se stalo mezi 13. az 18. hodinou (v€etné) s nejvyssi Cetnosti nehod po 16.
hodiné (od 16 do 17 hodin doSlo ke srazce s chodcem v 281 pfipadech). K nejvyS§Simu poctu
stfetl s chodcem doslo v roce 2017 v listopadu (410 dopravnich nehod), fijnu (375 nehod) a
prosinci (341 nehod). Nejvice osob pfi srazce s chodcem bylo usmrceno v ¢ervnu a prosinci
(shodné 14 usmrcenych) a fijnu (13 usmrcenych osob). Nejvy$Si narlGst poctu fatalnich
nasledkd byl zaznamenan pravé v €ervnu, jelikoz v roce pfedchozim pfi stfetu s chodcem v
¢ervnu nikdo usmrcen nebyl.

3.1.1 Usmrceni chodci podle denni doby
PFi porovnani zemrelych chodcl dle denni doby si Ize povS§imnout, Ze v roce 2017 zemrelo v
obou dennich dobach nejméné chodcl za poslednich 5 let. Oproti roku 2016 poklesl pocet
usmrcenych chodct v no¢ni dobu o 13 osob.

o vedne (Cvnocl
2017 48 mmmmmmmmmmmnmmmmmmmmmm 53
2016 45 it T o6
20014 47 MO C5
2013 54 fittrrtTT T 00

3.1.2 Usmrceni chodci podle viditelnosti
Z porovnani vyvoje poctu fatalnich nasledk( stfetd s chodcem dle viditelnosti v pétiletém
obdobi si Ize povSimnout, Ze nejCastéji je zastoupena denni doba s nesnizenou viditelnosti a
no¢ni doba rovnéz s nesnizenou viditelnosti. Je vSak nutno podotknout, Ze v pfipadé pohybu
chodce na komunikaci |Ize za snizenou viditelnost povazovat jiz noc jako takovou.
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3.1.3 Casové rozlozeni nehod podle hodiny
Nejvice dopravnich nehod se v roce 2017 stalo mezi 14. a 17. hodinou, s maximem mezi 16.

vvvvvv

mezi 13. a 14. hodinou (36 usmrcenych osob).
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3.1.4 Nasledky dopravnich nehod — usmrcené osoby
Mezi nejzranitelngjsi ucastniky v silni€nim provozu patfi i podle dat roku 2017 chodci, fidiCi
motocykll a cyklisté. Celkem bylo pfi dopravnich nehodach usmrceno 205 téchto u€astnikd,
coz predstavuje pfiblizné 41 % vSech osob usmrcenych nasledkem dopravni nehody.

20 % 12 %
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3.2 Vidime se?

VétSina Fidicl, ktefi zranili chodce nebo cyklistu, se shodlo na tom, Ze jej nevidéli viibec nebo
prili§ pozdé. Aby se tedy naplnil pfedpoklad snizeni dopravnich nehod vozidel s chodci,
vznikla potfeba FeSit no¢ni dopravni prostor, jejimz cilem je zjistit pfi€iny no¢nich dopravnich
nehod z pohledu noéniho vidéni a naucit chodce pouZivat reflexni prvky.

-’ 18 m modré obleceni l:e?5| Vldlt&]l’lOSt
~ zvysuje bezpecnost

N ‘ 24 m éervené obleéeni
‘ k 37 m #luté obleieni

- _‘ k 55 m bilé oblaéeni
™ 200 m refiexni material

R wictl Rorerndvd Rozhodue se I Provdo

ohodes nebazpedf O MU

e

120 m

4 Nevhodné osvétleny dopravni prostor — priklady z praxe

Nevhodné osvétleni dopravniho prostoru zvySuje riziko dopravni nehodovosti. Pokud se
bude fidi¢ pohybovat rychlosti, pfi které by bezpecné zastavil na prfedpokladanou vzdalenost
— (neni vzdy pravidlem, Zze nedojde k dopravni nehodé s chodcem, cyklistou, resp. s
prekazkou). Na tuto vzdalenost totiz fidi€ nemusi mit DOHLED.

Nékteré prekazky nema moznost z duvodu svételné technického hlediska rozpoznat na
vzdalenost ,ucinného“ osvétleni vozovky. To hlavné tehdy, kdy nejsou spinény svételné
technické podminky rozpoznani a to napf. nedostate¢nym kontrastem mezi pfekazkou a
pozadim. Pfi ur€ovani rychlosti s ohledem na tzv. dohlednou vzdalenost je nutné vychazet z
pozadavku, aby vzdalenost, na kterou lze vozidlo bezpeéné zastavit, nebyla vétsi, nez na
jakou je rozhled (viditelnost). Diky Spatnému rozhledu muze fidi¢ snadno prehlédnout
chodce, cyklistu &i jiné vozidlo, a zpUsobit tak dopravni nehodu.
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4.1 Prechody pro chodce na primém useku, jejich okoli — adaptaéni zéna
Pfechod 1 pfiklad 1

Osvétleny pfechod 1 bez adaptacni zony Osvétleny pfechod 1 s adaptaéni zénou

V ramci uspor starosta nechal na komunikaci 1 tfidy vypnou VO, ponechal svitit jen
prisvétleni prfechodu.

Osvétleny pfechod 2 bez adaptacni zony Osvétleny pfechod 2 s adaptacni zénou

Dva pfechody pfiklad 3—4
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Spatny piiklad Fe3eni osv&tleni komunikace Il. tf. £.101 s pfechodem pro chodce.
Spatny priklad feSeni osvétleni prechodi. Prechod pro chodce je v priméru osvétlen 8.2 cd /m* . Vozovka pfed pfechodem
Prechod pro chodce je v priiméru osvétlen 3.3 cd /m2. Adaptaéni zona vozovky ma  |0,8 cd/m* a za pfechodem 0,047 cd /m 2.
priimérnou hodnotu 0,25 cd /m-2. . nez tioval

Analyza jasu dopravniho prostoru jednoznacné prokazuje ze chodec za prfechodem je bez
adaptacni zdny neviditelny tim padem prehlédnutelny.

4.2 Prechody pro chodce na okruznich krizovatkach, jejich okoli — adaptacni
zéna
Priklad 1 okruzni kfizovatky s pfechodem

Nedostate&né osvétlena vyjezdova ramena s prechodem pro chodce z OK. Spatna adaptace
na rozdil jast v dopravnim prostoru.

patny priklad feSeni osvétleni okruzni kfizovatky s prechodem pro chodce. Spatny piiklad Fedeni osvétleni okruzni kfiZovatky s pfechodem pro chodce.
Prechod pro chodce je v priméru osvétlen 3.3 cd /m? . Okruzni kfizovatka 1,4 cd /m2 . Pfechod pro chodce je v priiméru osvétlen 3.3 cd /m . OkruZni kfiZovatka 1,4 cd /m
Adaptaéni zona vozovky ma pramérnou hodnotu 0,073 cd /m2. Adaptaéni z6na vozovky md priimérnou hodnotu 0,073 cd /m2.

4.3 Rekonstrukce VO na komunikacich lll. tFid
Pfiklady vyména vybojkovych svitidel 150 W za technologii LED

Spatny piiklad obnovy osvétieni komunikace I1l. t¥. &.28733 Jana Svermy, Smriovka .
Vozovka je v priméru osvétlena 0,13 cd /m2. Vozovka je nerovnomérné osvétlend v Zpatny prikiad Fedent ob osvétleni komunikace III. tF. £.2879 Hut — P&ndin smér

tseku u vieku je rychlost omezena na 30 km/hod — cesta do 3koly. Zédsada. Vozovka je v priméru osvétlena 0,047 cd /m? . Vozovka je nerovnomérné

osvétlena.
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Chodec figurant na krajnici vozovky ve sméru pohledu je vzdalen 30 m. Je oblecen do
tmavych kalhot, Cervené bundy, pfes kterou ma obleCenou reflexni vestu. Celkova vyska
figury je 1,9 m.

5 Zaver

Podstatnym znakem pozornosti je pohyblivost, ktera se vysvétluje jako rychlé prenaseni
pozornosti z podnétu na podnét, a tedy rychld zména danych pozorovanych objektd.
Charakteristikou pro rychlost pfechodu ze stavu relativniho klidu je tzv. vigilance. Znaci, Ze
fidiCi jsou pohotovi jen v pfipadé dobrého vidéni v dopravnim prostoru. V nékterych
pfipadech svoji neznalosti tento dopravni prostor degradujeme na prostor Zivotu
nebezpecny.
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Stanoveni parametru osvétieni na pozemnich
komunikaci dle CSN CEN/TR 13201-1 (vybér tiid
osvétleni 9/2016), tam kde nezname intenzitu dopravy

Jifi TesarF, OndFej Dolejsi, pobo&ny spolek CSO Liberec, cso-liberec@artmetal-cz.com

Abstrakt: Po aktualizaci nérodni normy CSN CEN/TR 13201-1 (verze 9/2016), dohazi k velké
nejednoznacnosti v zatfidovani jednotlivych trid osvétleni v dopravnim a vefejném prostoru.
Doporucéeni na zakladé jednotlivych vah dopravniho prostoru nezarucuje Ze hladina osvétleni
bude v souladu s poZadavkem bezpecného dohledu napr. fidice.

1 Uvod

Urceni, respektive stanoveni pfijatelné hladiny osvétlované plochy musi vychazet ze znalosti
a potfeb osvétlovaného prostoru. U pozemnich komunikaci by tento pozadavek mél zasadné
vychazet z pasportu mistnich komunikaci ktery je zpracovavan na zakladé CSN 73 6101
(projektovani silnic a dalnic), dale CSN 73 6110 (projektovani mistnich komunikaci). Tato
norma pfesné definuje funk&ni tfidy mistnich komunikaci, dale ¢&lenénim mistnich
komunikaci podle struktury osidleni, dopravniho vyznamu a vazby na komunikace ve volné
krajiné navazujici na komunikace vySSich tfid. Bez dokonalé znalosti dopravniho prostoru
navrhové a pozadované jizdni rychlosti km/h v zavislosti na intenzité dopravniho proudu
¢lenéného aspon po hodinach neni mozné stanovit pfijatelnou hladinu osvétleni po celou
dobu provozu osvétleni v jednotlivych dopravnich 3$pi¢kach, dnech a ro&nich obdobi
osvétlovaného dopravniho prostoru. Dalsim dulezitym aspektem je no¢ni nehodovost stale
se opakujicich DN nejen v kfizovatkovém, mezi kfizovatkovém prostoru ale i v oblastech
rozhrani intravilanu a extravilanu pfi kfizeni vyznamnéjSich dopravnich cest.

V souCasné dobé je problém se ziskanim dat o intenzité zatiZzeni motorovou dopravou na
pozemnich krajskych komunikacich 1. a Ill. tfid. Stanovit intenzitu dopravy pro mistni
komunikace je problém asi nejvétsi, scCitani dopravy se na téchto komunikacich provadi
vyjimecné. Mistni komunikace maji pfitom nejvétSi zastoupeni v rozsahu soustav VO,
prevazujici jsou mistni komunikace lll. tfidy v pasportu komunikaci oznacované pismenem c.
Pro tento typ komunikaci se prevazné pouziva tfida osvétleni P3 az P6, bohuzel na téchto
komunikacich dochazi k vyrazné vyS$8imu poctu nocnich dopravnich nehod v zavislosti na
poctu projetych vozidel. Vysvétleni pro¢ tomu tak je nemam jen se domnivam, Ze vodorovna
osvétlenost tohoto dopravniho prostoru dana tfidou osvétleni P neni z hlediska no¢niho
vidéni a dohledu z vozidla idealni (fidi¢ neni pilot letadla). Pro orientaci fidi¢e v dopravnim
prostoru jsou zejména dulezité svislé vertikalni hladiny osvétleni zejména v oblastech se
zvySenym rizikem vyskytu moznosti srazky s pfekazkou na vozovce.

Spoluprace na vyzkumu pfigin dopravnich nehod vzniklych na siti pozemnich komunikaci CR
za snizené viditelnosti s nazvem ,Analyza viditelnosti U¢astniku silniéniho provozu za uc¢elem
zvySeni jejich bezpecnosti za soumraku a v noci“ je i analyza intenzit motorové dopravy
v zavislosti na nehodovosti v jednotlivych osvétlovanych prostorech v zakladnim cleni
komunika¢ni sité. Za podpory odboru sluzby dopravni policie krajského feditelstvi
moravskoslezského kraje a policejniho feditelstvi sluzby dopravni policie byla zpracovana
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prikladova studie méstské aglomerace Karvina. Studie obsahuje vSechny druhy pozemnich
komunikaci v€etné intenzity dopravy po hodinach a dnech v mési¢nim ¢asovém useku.

2 Jak resit neznamé intenzity dopravy v jednotlivych no€nich hodinach

2.1 Data z celostatniho s¢itani dopravy 2016

Na webovych strankach http://scitani.rsd.cz/ jsou uvedené posledni vysledky celostatniho
séitani dopravy na dalniéni a silniéni siti CR2016 a poskytuji informace o pramérnych
intenzitach automobilové dopravy na dalniéni a silniéni siti CR v roce 2016 a metodicky
navazuji na vysledky z pfedchozich CSD (pfedevsim CSD2010 a starsi).

Na silnicich jsou intenzity dopravy stanoveny z vysledkl ru¢nich prizkumu( podle terminud
CSD 2016 pomoci pfepoctovych koeficientl variaci intenzit dopravy. Stejné jako CSD2010
byly koeficienty zpfesnény a diferencovany podle charakteru provozu na komunikaci.
Uvadéné hodnoty jsou roénim primérem dennich intenzit dopravy (RPDI) ve vozidlech za 24
hodin.

Tabulka scitaciho Useku je sice rozdélena na den, veCer a noc ale bohuzel bez moznosti
nahledu po jednotlivych hodinach. Viz tab. 1, pfiklad scitaciho useku na mistni sledované
komunikaci.

Scitani dopravy 2016 (sc.usek: 4-4801 ) .. vyznam zkratek
Roéni primér dennich intenzit dopravy LN SN SNP TN TNP | NSN A AK TR TRP TV o M SV
RPDI - viechny dny [voziden| 852 119] o 50 1] o] e[ of 5] 5] 8087761 50] 8619
LN SN | SNP | TN | TNP | NSN | A AK TR | TRP v o M sv
RPDI - pracovni den (Po-Pa) | voz/den 674 145 " 61 1 0 78 0 6 6 982 | 8907 47 | 9936
RPDI - volné dny (mimo svatky) | voz/den 247 53 4 22 0 0 41 o] 2 2 371| 4896 59 | 5326
Hodinova intenzita dopravy TV SV
Padesatirazova intenzita dopravy | voz/h 96 1056
Spickova hodinova intenzita dopravy | voz/h 91 1027
Tézka nakladni vozidla - TNV [ [ ™V
Hodnota TNV [ voz/den | | 298
Intenzita dopravy pro hlukové a emisni vypocty OA NA NS |Celkem
Rogni prumér intenzit, den (06-18) voz/den 6 350 725 9| 7084
Roéni prumér intenzit, vecer (18-22) voz/den 1008 26 0| 1034
Roéni prumeér intenzit, noc (22-06) voz/den 453 47 1 501
Emise [ | oA [ LNA | TNA | Ns | BUS [celkem
Roéni spitkova hodinova intenzita dopravy | voz/h | [ 1008 71 23] 1] 9| 1112
Koeficienty nerovnomérnosti dopravy [ | affa | beta [ gama | Ps
Koeficient nerovnomérmnosti dopravy [ - 1 | 074 109] o8| 5248
Intenzita cyklistické dopravy C
Cyklisticka doprava |cyklofden 86
Tab.1 pfiklad vypisu RPDI s¢itaciho useku sledované mistni komunikace

2.2 Data z mistnich statickych radarl se zaznamem dat.

Skoro ve vSech méstech jsou instalované statické radary se zaznamem dat. V obcich jsou
umistované na prdjezdnich komunikacich nizSich tfid zejména pfi vjezdu do obce.
Prostfednictvim sluzby dopravni policie moravskoslezského kraje jsme pozadali o dodani dat
z téchto radard. Jako vzorovou aglomeraci jsme vybrali oblast mésta Karvina kde se nachazi
vSechny druhy pozemnich komunikaci, na kterych jsou Kk dispozici uvedené radary.
Zpracovani dat a vypocet RPDI je kompletné popsan v pfispévku Ondry Dolejsiho,, No¢ni
dopravni nehody v zavislosti na intenzité dopravy v osvétleni intravilanu mést a obci na
komunikacich 1., I, lll. tfid, v€etné mistnich komunikaci®.

Ziskana data v Casové ose se daji pomoci medianu prepocitat a implementovat do podobné
aglomerace kdekoliv v Ceské republice. Velice vyznamna oblast ¢asové osy je mezi 23:30
mistnich komunikaci nulova.

Dnes jiz tento znamy udaj nam dava uceleny obraz o celém dopravnim prostoru ve vSech
oblastech a umozfiuje nam navrhnout pfijatelné osvétleni dopravniho prostoru s minimalnim
rizikem no¢ni nehodovosti.
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Postupné zpracovavana data RPDI by pak méla slouzZit jako zakladni doporuceni pro
stanoveni tfid osvétleni noéniho dopravniho prostoru v zavislosti na shlucich noc&nich
dopravnich  nehod, které jsou volné pfistupné na webovych strankach
http://avison.cdvinfo.cz.

Pfiklad zpracovanych dat RPDI v ¢asové ose 24 hodin a dopravni nehodovosti je vidét na
obr. 1. s vyjadfenym grafem pribéhu dopravy na v§ech typech komunikaci.

Intenzita dopravy v pribé&hu 24 hodin - data z kontrolnich radart se shérem dat
vypocteny pramér roku 2017 - intravilan mésta Karvina
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Casova osa za 24 hod

Obr.1 Casova osa intenzity dopravy

Z grafu je patrné ze Spicky dopravy na jednotlivych komunikacich nejsou ¢asové shodné.
Priblizna shoda je v €asovém pasmu 6:00 - 8:00 hod u mistnich komunikaci a komunikaci II.
a lll. tfid.

2.3 Prabéh ¢asové osy RPDI a DN na jednotlivych tfidach komunikaci.

Na jednotlivych obrazcich je v grafu vyjadfeni poctu projetych vozidel na pocet dopravnich
nehod v obdobi rokd 2014/2016.
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500

Intenzita dopravy v prubéhu 24 hodin - data z kontrelnich radar(i se shérem dat
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Intenzita dopravy v prubéhu 24 hodin - data z kontrolnich radar( se shérem dat
vypocteny prumeér roku 2017 - intravilan mésta Karvina
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Intenzita dopravy v prubéhu 24 hodin - data z kontrolnich radar( se shérem dat
vypocteny prumeér roku 2017 - intravilan mésta Karvina

160

Noénf klid Denni svétlo Nocni klid
140 = ———— * » o
120

.
=3
=1

—&— Mistni komunikace

"""" DN Mist.kam

Pramérny prijezd vozidel/hod
Pocet dopravnich nehod 2014 - 2016

10:00 12:00 14:00 16:00 18:00 20:00 22:00

Casova osa za 24 hod

Obr.5 Mistni komunikace lll. tfidy graf priGbéhu ¢asové osy

Vztah mezi nehodovosti na mistnich komunikacich a intenzitou dopravy je velice zajimavy.
Kfivka poc¢tu DN je nad kfivkou intenzity dopravy. Ve vztahu k vefejnému osvétleni si to
vysvétluji jedinym moznym zplsobem, a to Ze tam jsou $patné jasové poméry mezi
vozovkou a jejim okoli.
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3 Statistika no¢nich dopravnich nehod v roce 2017 podile viditelnosti

3.1 DNV NOCI S VO NEZHORSENA VIDITELNOST

Celkem nehod Ceska republika 12 462
Pocet nehod s usmrcenim 41
Pocet nehod s tézkym zranénim 193
Pocet nehod s lehkym zranénim 1792
Pocet nehod s hmotnou Skodou 10 436
Usmrceno 43
Tézce zranéno 208
Lehce zranéno 2218
Zpusobena hmotna skoda celkem ve 100 K¢é 6 828 974

3.2 DNV NOCI S VO ZHORSENA VLIVEM POVETRNOSTNICH PODMINEK

Celkem nehod Ceska republika 1172
Pocet nehod s usmrcenim 5
Pocet nehod s téZkym zranénim 26
Pocet nehod s lehkym zranénim 204
Podet nehod s hmotnou Skodou 937
Usmrceno 5
Tézce zranéno 26
Lehce zranéno 267
Zpusobena hmotna Skoda celkem ve 100 K¢& 668 941
3.3 DNV NOCI BEZ VO NEZHORSENA VIDITELNOST
Celkem nehod Ceska republika 10 931
Pocet nehod s usmrcenim 90
Pocet nehod s téZzkym zranénim 184
Pocet nehod s lehkym zranénim 1 381
Pocet nehod s hmotnou Skodou 9276
Usmrceno 97
Tézce zranéno 239
Lehce zranéno 2018
Zpusobena hmotna skoda celkem ve 100 K¢& 6 780 825
3.4 DNV NOCI BEZ VO ZHORSENA VLIVEM POVETRNOSTNICH PODMINEK
Celkem nehod Ceska republika 1574
Pocet nehod s usmrcenim 1M
PocCet nehod s tézkym zranénim 25
PocCet nehod s lehkym zranénim 291
Pocet nehod s hmotnou Skodou 1247
Usmrceno 11
Tézce zranéno 27
Lehce zranéno 412
ZplUsobena hmotna skoda celkem ve 100 K& 1252 465

Z uvedené statistiky dopravnich nehod v roce 2017 s VO a bez VO je diametralni rozdil

jasovymi poméry v dopravnim prostoru.
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4 Zaver

Z predlozenych dat zavislosti no€nich dopravnich nehod a intenzit dopravy na jednotlivych
typech komunikaci vyplyva Ze nocni dopravni prostor je velice nebezpecny. Navrzeni
spravného osvétleni ma veliky vyznam ve snizovani pfi¢in no€nich dopravnich nehod. P¥i
spravné navrzeném osvétleni ma uzivatel dopravniho prostoru vétsi prfehled o okoli
komunikace. Zvolit spravnou hladinu osvétleni dopravniho prostoru neni jednoduché zalezi
na citu a zkudenostech svételného technika ktery by mél znat souvislosti dopravniho
inZenyrstvi.

Kdyz vezmu napfiklad urcity typ komunikace tak 5 techniki z 10 navrhne jinou hladinu
osvétleni. Ten rozdil je dan pfistupem kazdého z nas, nékdo se tam zajede vecer podivat,
nékomu staci jen ortofoto, Google StreetView atd.

Tento prispévek neslouzi jako navod pro zpracovani svételné technickych parametri
zatfidéni komunikaci, ma vyvolat diskuzi na zpfesnéni a zkvalitnéni postupli dle CSN
CEN/TR 13201-1, které v souasné dobé& povazuji za zmatetné a nejednoznacné. Kazdy
dopravni prostor je jedine¢ny a neopakujici se. Doufame, Ze provadény vyzkum nocéniho
dopravniho prostoru pfispéje i k doplnéni pozadavki CSN CEN/TR 13201-1.
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Abstract

Article is focused on describing philosophy andpotentialof public lighting network on testing
polygon University of Bafiska. The main idea is using continuous 24h electric power (at this
time public lighting use average 12h of lighting) for extension functionality of public lighting
network using idea of “smart city”. The project on which the article is based is focused on
testing of light and technical parameters and on implementation of “smart devices” within
renewal of the existing city lighting system.

Keywords:Public lighting (PL), Wireless communication using light (Broadband light)

1 Introduction

Sometimes we are thinking of how it will be living in the future, using newest technologies and
inventions the world offers us. How it will be walking down the street and having wireless
network internet connection available literally at every corner, when my mobile phone or
electric scooterdischarge | am able to charge it back easily plugging it in the socket on public
street light, of course after logging on my ID or payment card. When | take my kids to the
playground in the park, | know that they are safe and | am able to leave them alone for a while
because camera safety system supervise them with function of analyse potential emergency
speeches. Similar road traffic, if | will drive throw the city using shared electric car, the car
itself will automatically inform me not only about what is happeningon road before me but also
about unpredictable behaviour of every single car before me (emergency braking / evasive
manoeuvre) and automatically change speed with regard to the surrounding conditions. For
those which don’t like street light shining at night time,this problem solved automatic
regulation of light intensity, when empty street can shine on minimal environment friendly
value or can be turned off, when car drive throw the street or when the man walk in lights can
turn on only at the nearest area of the moving object, not all the street.

On these and many others project are now working scientists of University of Bariska,
technical university of Ostrava. Within the project Test polygon Broadband light on parking of
Faculty of Electrical Engineering and Computer Science they are testing possibilities of
potential of street light network for inclusion in the concept of “smart city”

2 Basic philosophy of polygon

Utilization of PN 24h a day (unlike actual approximately 12h) and the possibility of power up
additional devices / sources using PN.
e Camera safety systems

o Possibility of using PN for data transfer (high speed data connectivity in area of all PN -
Broadband over Powerline Communication )

e Possibility of dynamic light intensity control with demand of actual road traffic based on
camera system

o Connection and complex using IP camera system as part of security system in city
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e The readiness of the public lighting network for realization of ,smart city“ concept, car to
car communications,...

Public street light polygon is built on university ground. Parts of polygon are 10 public street
light poles which provide lighting on 3 types of road (one sided, bilateral, alternating,
crosswalk and two separate light points). The entire network is controlled by optical fiber
communication, mobile data communication and communication using power line.

The network is opened not only for different light sources but also for different communication
and safety technologies.

3 Polygon equipment

The polygon is equipped with luminaires Naica, R2L2, Teceo. These LED luminaires are
equipped with regulated ballast devices. The parking is illuminated with 3 piecesof Boos
Naica, 6 pieces of Thorn R2L2, 5 pieces of Artechnic-SchrederTeceo and 2 pieces of
crosswalk lights Artechnic-SchrederTeceoFigure. 1. Another two lights aresituatedin the upper
corner ofparking. These luminaires are used fortesting new functionalities and they are
developer with cooperation of VSB-TUO.

Lighting system with lights Naica isdesigned as one sided. System with lights Thorn as
bilateral and system with lights Teceo as alternating (there are only 3 lamps). Original lighting
system, which was on parking to the end of March 2018 was realised by Thorn Riviera.
Comparing parameters of the new and old lighting system especially efficiency and power
consumption clearly shows benefits of LED lighting system Tab.1.

Table 1 —Technical description of luminaires installed on polygon Broadband light

Quantitative and qualitative Luminaire

parameters Naica R21.2 Teceo Riviera

(Boss) (Thorn)  |(Schreder) |(Thorn)

Luminous flux @ (Im) 20640 11706 15410 11270
Power P (W) 167 91 124 170
Specific power la. n (ImW™)[ 124 128 124 66
Efficiency (%) 86 - 86 64,4
Ra () 70 70 70 25
Te (K) 4000 4000 4000 2000
T (h) 100000 100000 100000 32000
IP (optics/la.) 66/66 66/66 66/66 66/44
IK (-) 10 8 8 7
Protection class (-) 1 1 1(2) 2
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Figure 1 — Demonstration of sections with installed lights of individual companies on the
polygon Broadband light

Individual luminaire spacing Naica, R2L2 and Teceo were by norm CSN EN 13201- 2 placed
to the highest class of lighting M1. Relevant parameters determining a particular lighting class
were deliberately selected as the highest, in order to dim the test polygon. Dimming will be
performed on lighting classes M2, M3, P1 and others to demonstrate energy savings and
testing of the control system used. The regulation of light intensity consider with the maximum
safety on the communication.

Figure 2 — Light technical model of polygon Broadband light

During polygon construction was made complex lighting and technical calculations [2]. They
were made in Relux Pro application. Also was made complex lighting and technical model of
polygon of faculty Electronic and Computer science University of Banska, which takes into
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account all surface reflectance Figure.2. Model will be used for correlation of each states
during lighting system control with real measured situations.

3.1 Broadband light LED driver

BroadbandLIGHT LED driver based on Ethernet communication standard allows the
technology to enter real operation, respectively allow remote regulation and lighting
management of all power classes based on Ethernet standard and protocol of application
layer MQTT (Message Queuing Telemetry Transport), this ensure connection of device using
existing power line (transfer technology of OFDM) and allow electronic communication data
transfer using light intensity in the visible range of radiation(back data transfer in IR spectre or
using unlicensed radio frequency RF band 2.402 to 2.480 GHz)

3.2 Power LED modulator based on Bias-T

Power LED modulator based on bias T is constructed for target operating point values of
IDCmax = 1A and UDCmax = 150V with lowest frequency fmin=2 MHz and at the same time
minimal bandwidth B = 100MHz. These parameters of bias T allows deployment of chipset
technology BPL working in frequency band 2 to 34MHz, this enable transfer speed of
100Mbps (OFDM 16/64-QAM). Bias T power LED modulator using this construction allow
transfer of information using visible light spectre at real LED lamps from all power classes.

3.3 Electric quality measurement

Electric power quality measurement is based on virtual instrumentation. The base idea of
developer device is to measure and analyse electric energy quality using norms CSN EN
50160 and CSN EN 61000. Measurement system itself consist of chassis NI cDAQ-9185,
universal voltage measurement card NI-9205, current to voltage converters CVC-25/12.5
andvoltage to voltage isolation converters VVC-600/300Figure.3. Outputs of these converters
are connected to input of measurement card and as next step are these data processed using
virtual measurement device with regard to the above mentioned standards.

Figure 3 — Measurement system realization

4 Polygon management system

It is a real implementation of the whole technological unit BroadbandLIGHT at the testing
polygon of the Faculty of Electrical Engineering and Computer Science, VSB-TUO, within the
registered pilot plant with name Controlling system based on wide band communication using
light including smart technologiesFigure.4. An integral part of the pilot plant is the deployment
of unique control software, which was officially registered under the name of Software for
remote control of luminaires based on wideband communication Broadband“'¢HT,
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Figure 4 — Actual state of Broadband light technology

4.1 Software for lamp remote control
Luminaire remote control software is based on wide band communication Broadband light [4].

All of BroadbandLIGHT's key capabilities and features are based on the MQTT protocol, and
the control applications here form a separate and independent layer separate from the
information transfer. This solution enables centralized management within the web
environment using server-side and browser-side technology. Applications are structured
according to multilayer architecture, where backend systems are separated (Redis, SQL
database, MQTT - ASGI and MQTT - DALI over TCP) Figure.5. The control application itself
works in the environment of Apache, Nginx, Daphne, and presentation layer of ISO / OSI
(Websocket, Apache, browser). Such a solution provides a very good division of the individual
functional parts both in terms of security and in terms of functionality and data distribution
over the entire BroadbandLIGHT system [1] Figure.6,Figure.7.
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Figure 5 — Polygon data communication topology
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Mapa  Satelitni

Figure 6 — Initial window of software for control of test polygon showing actual status of
luminaires

Measurements statistics:

Count Average Minimum Maximum

llluminance 1659 220.231ux 0.00lux 2682.68lux

Humidity 359 29.87% 18.72% 38.09%

Uptime 136592 2760.64min 1.00min 9916.00min

Temperature 359 27.28°C 17.52°C 41.87°C
Last measured values

Temperature 41.8700 °C March 22, 2018, 2:52 p.m.

Humidity 18.7200 % March 22, 2018, 2:52 p.m.

llluminance 516.1700 lux April 6, 2018, 7:58 a.m.

Uptime 6.0000 min April 6, 2018, 7:58 a.m.

Figure 7 — Detailedinformation about actual state of polygon including statistics

4.2 Software for central management of polygon and “smart” devices

Software for centralized remote control of individual technologies falling into category of
SMART [3].

The primary goal of the developed application is to implement of components from different
manufacturers (National Instruments, AXIS, Dahua, own production) into one comprehensive
control application. It is designed for long-term measurement, control and monitoring of the
BroadbandLIGHT test polygonFigure.8. The application architecture mainly includes a
producer-consumer plugin solution for easy extensibility and overall application modularity.
The plugins include the official NI DAQmx toolkits, the Electrical Power Quality toolkit, the NI
Adaptive Filter toolkit, the DAQ.io MQTT toolkit, and our own library of functions for
communicating between individual plugins.
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Figure 8 — Look on control centre for polygon Broadband light

The application as its main part contains measurement and calculation of electric power
quality based on CSN EN 50160 standard. Between parameters which are calculated fall
mainly harmonic distortion, distortion of higher harmonic signals, measurement of long term
and short term flicker and also aggregation of measured and calculated data, calculating
average value for some time period and sending data to file for storing on disc.

Plugin of smart devices you can see on Figure.9 and Figure.10, where is meteorological

station and camera system shown.
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Figure 9 — Front panel with meteorological station plugin
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Formet 2

T B - Ban |

Figure 10 — Front panel with camera system plugin

5 Another future activities
Using PL network as source of electric energy

e Installation of small photo voltaic electric station on PL pole, which can during day
supply energy to meet the requirements of smart technologies

Extend polygon with display unit and dynamic active traffic signs

¢ Dynamic signs on PL can be effective in increasing traffic safety at night

o Display units can work as on-line delivery of important information’s, possibly for
advertising

Extending PL on possibility of smart charging

e Power sockets with tarification and online payment on lamp poles (max 4A — mobile
phone, laptop or small electronic)

e Electro mobile cars charging near to main switchboard of PL
6 Conclusion

The project of test polygon Broadband light is actual fullyoperational, including the above
described technologies that have been deployed and their functionality has been verified.
Automatic lighting control of luminaires is provided by our own registered Software for remote
control of luminaires based on wideband communication Broadband LIGHT. There was a
comparative measurement of consumption, distortion of power supply and lighting parameters
of the old installation (sodium lamps) and newly installed Iluminaires (LED) when all
parameters have to significantly improvedminimally 2x Tab.1. By comparing the parameters of
the new LED luminaires, the Thorn R2L2 luminaire would be the best for the purpose of the
City of Ostrava because of the lowest energy consumption of 91W at a still very good
luminous flux of 11706Im (the best luminaire power of 128 Im / W-"). Currently, the polygon
Broadband light serves not only the city of Ostrava as a testing and comparative workplace of
LED lighting fixtures but also as a training model for testing the light technical parameters for
students and last but not least, for the development and testing of new "smart" technologies.
Currently there are camera security systems, audio system, weather station and small
charging station in the polygon network. In the coming time, the system will be upgraded by
adding photovoltaic power station panels mounted to the top of PL poles, system of automatic
lamplight parameters control using surrounding weather conditions and system for navigation
of arriving cars to free parking places.
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Thanks
On project polygon Broadband light cooperate:

e Ministry of Internal things of the Czech Republic — project — Analyse of visibility of
road users in order to increase their safety at dusk and at night

e TACR - project — PRESEED - Broadband for Smart City — Use of public lighting

infrastructure to cover the urban area with Smart Technologies

Ostrava Communicationsa.s. — technical support

Czech society for lightingregional group Ostrava — project and financial support

Zumbtobel group — delivery of luminaires

ArtechnicSchréder - delivery of luminaires

Boos lighting - delivery of luminaires

MSYV electronic — display unit

Led2led — luminaire development

AXIS communication —camera and audio system
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Abstract

This article describes one possible way of conducting evaluation of lighting system in aspect
of influence of emitted luminous flux on outdoor environment in upper hemisphere. It is
focused on modelling, evaluation and limitations of obtrusive light on practical/everyday
examples and applications. Nowadays information and discussions stimulated research to find
“simple” model of radiation of luminous flux to the upper hemisphere. It means that the model
will evaluate luminous flux (direct and reflected) not only generally, but to the affected
directions too. The contribution describes how the model works. There is description of basic
calculations of luminous flux radiation characteristic. Last parts of contribution try to shows
example of real town lighting systems. Modelled example shows calculations of different
lighting system like public lighting, billboards, windows and cars separately.

Keywords: Software Goniophotometer, Obtrusive Light, Public Lighting, Billboards, Windows,
Headlamps, Luminous Flux, Radiation, Upper Hemisphere

1 Public lighting and related, currently discussed topics

Recently there has been a lot of media coverage related to obtrusive light viewed not only
from quantitative and qualitative points of view. The above mentioned information usually
come from astronomers, doctors and biologists recommendations who do not have any
feedback on quantification of luminous flux outdoors [1,2]. Information presented in such a
way often give the impression that outdoor lighting (mainly public lighting) is an unwanted
phenomena which causes many lifestyle diseases. De-facto people usually disapprove with
outdoor lighting at night ignoring its main purpose - which is a transfer of information to the
brain in the best possible quality and highest possible speed, so that safety of people in a
given illuminated area is ensured by visual perception.

Usually it is public lighting that is spoken about unfavourably, but other sources of obtrusive
light are being forgotten. Such studies completely ignore standards as well as the fact that,
even in the worst acceptable cases in city centres the limit of vertical illumination is 5 Ix on
the outside of a window [3]. If we take transmittance of the window, thin curtains and the
distance of the eye from the window into account we get at most a half of the limit inside of
the room, which means that astronomers prefer star visibility to human safety. Biologists claim
that some organisms, such as insects for example, are more sensitive to shortwave radiation.
Surely biologists are not keen on public lighting with colder sources, because apart from
increasing human safety they also attract insects. Doctors, in turn, warn against the danger of
blue part of spectrum in lighting systems in spite of researches which suggest that affecting
the formation of the sleep hormone melatonin can only be achieved at high light levels, even
at relatively short hourly exposures, as has been found in the past. lllumination levels up to
30 Ix at any color of standard light do not have any effect on leaching of sleep hormone even
at about an hour long exposures. [4]

The following figure shows the dynamics of lighting in our immediate surroundings during the
day. Since receptors in human body respond to differences (not absolute values), it is
necessary to evaluate the disturbing light in the night hours in relation to the lack of daylight.
Insufficient leaching of sleep hormone is not treated with greater darkness at night, but with
higher daytime illumination.
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Figure 1 — llluminance level in our neighborhood

If we talk about the so-called harmfulness in the sense of increased sky brightness it is
necessary to take into account that the dispersion of radiation in the atmosphere depends
indirectly on the fourth power of the wavelength - therefore the sky is blue (day and night).If
the atmosphere is clean (free of dust and water particles), the radiation generated by ground
sources shines into space and the sky brightness hardly increases at all (the stars are visible)
and the reflected light component is almost unmeasurable (mlx units).Thus, cloudiness and
smog in particular contribute to the increased sky brightness in terms of higher reflected light
intensities. Smog particles and vapours are significantly larger than the air molecules, so it is
not possible to apply Rayleigh's theory to light scattering on these particles. The light
scattering on these components will be similar in all visible spectrum components. However,
we are still talking about 0,5 Ix in the “affected” industrial areas. For the worst snow and snow
cover conditions in industrial areas, horizontal illumination of up to 3 Ix can be expected. And
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we can compare the EN 12464-2 table shows normative requirements for obtrusive light size
according to the environmental characteristics. [3]

1.1 The purpose of public lighting and its future

Public lighting is a public service designed to increase safety, that is, it is designed to ensure
the transfer of information to the brain. The rate of information transmission to the brain at
optimal light conditions attacks the boundary of about 2,5 Mbps. Dependence is not linear,
and the rate of transmission begins to drop dramatically below an illuminance value of about
500 Ix. Minimum requirements for internal illuminance levels are set at these levels. This
means that the ratio of bit rate and electrical power consumption is acceptable. At lower
illuminance values, the transmission speed slows down dramatically. In the field of public
lighting, any reduction in illuminance (luminance) significantly reduces the transmission rate
of information to the brain through vision. In connection with safety, transmission speed, or
driver reaction times, it is necessary to point out that normative requirements are, like all
standards, an acceptable minimum and not an attempt to limit the parameters of public
lighting by authorities.

Since safety is directly related to the transmission of information, it is necessary to look for
lighting conditions that will maximize this security. Public lighting occurs between daytime
(photopic) and nighttime (scotopic) vision and is provided by two types of photoreceptors
providing visual perception. Suppositories are dominantly distributed in the eye axis and
provide axial vision, and rods, due to their distribution outside the eye axis, significantly
increase the possibility of orientation through peripheral vision. Due to the fact that the
maximum rod sensitivity is shifted to shorter wavelengths (507 nm), the visual error at low
adaptation brightness and higher content of the shortwave component in the radiated
spectrum is reduced and the road safety is increased. [4] Some may argue that the cooler
colour of light is not, in combination with visual perception, aesthetically pleasing, but the
priority of public lighting, especially when illuminating roads with low adaptation luminance
and thus dark surroundings, is quite clear. There is no problem with the choice of warmer
shades of light in city centres, which especially affect the visual comfort and people feel better
in a similar way to home lighting and public areas where visual comfort is emphasized.

This means that ordering people what colour the light should be, limiting the replacement
colour temperature, and limiting illuminance and luminance can lead to a reduction of safety
when lighting darker, or confusing areas. It should also be noted that limiting the colour
temperature would bring us to a standstill and would also block the creation of colour contrast
when lighting pedestrian crossings, or bridges.

Another pressure made to limit public lighting is the strict prohibition of direct radiation to the
upper half-space, respectively the order to install flat-glass luminaires and prohibition of their
tilting. From a physical point of view, it is important to realize that a public lighting luminaire
must radiate the dominant part of the luminous flux to the sides. This luminous flux must pass
through an optical cover that provides both coverage and maintenance access to the
luminaire. In the "preferred" flat glass, the beam must get through a significantly thicker glass
than that of the convex glass which reduces efficiency of the luminaire. At large angles, the
beams are reflected back into the luminaire and not on the road. It can be assumed that when
the development of LEDs is finished, the manufacturers, in the context of the competition and
increasing the efficiency of lighting systems, will use convex optical covers again, as these
are more effective even in the case when a minor part of the light is radiated directly into the
upper half-space (less than 1 %).Conversely, this flow (luminance of the luminaire) can be
used advantageously for blind communications as a significant guidance element. It is also
necessary to point out that the dominant part of the luminous flux that is emitted to the upper
half-space from a public lighting system is not direct but reflected. It is up to about 20 % of
the total radiated luminous flux from lighting systems according to the type and reflectivity of
the road and its surroundings. On the contrary, the direct luminous flux generated into the
upper half-space is a luminous flux from skylights, windows, billboards, cars, etc., as the
results of measuring in the past showed. [5,6]
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2 Historical measuring of the share of public lighting of obtrusive light

As mentioned above in [5,6] it is possible to draw conclusions from the measurement of
switching off public lighting that at the beginning of the night the public lighting contributes to
the luminous flux to the upper half-space by approx. 50 %.
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Figure 2 — Graph with measured illuminances in the centre of Liberec (city of the district) [5]

From the measurement results that PL in the big cities in the Czech Republic generate
luminous flux to the upper hemisphere which increase sky luminances approximately about
one third. With decreasing of the citizens numbers or decreasing of the part of industrial and
shopping zones in the populated areas this part increasing. In the small villages is the part
growing up and during the night can be up to 100%.

Except expecting reflecting character variability of the night sky together with atmospheric
conditions is during starting hours of the night showed strong influence of the windows in the
residential sections on the sky luminances increasing. [5]

2.1 Dynamics of night lighting in Ostrava

From the point of view of the dynamics of the night sky, it is important to realize that the
values of the horizontal illumination on an evenly cloudy sky are only in the values of lux
units. [6]

Measured horizontal illuminance limit values at night:

- a clear moonless night - 0,001 Ix

- minimum value measured in Ostrava — clear sky - 0,02 Ix

- maximum value measured in Ostrava — snow cover with heavy snowfall — 3 Ix
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Figure 3 — Dependencies of night illuminance on time — June 2006 [6]

3 Modeling of obtrusive light using a software goniophotometer

This part of the article is description of the software goniophotometer possibilities. It will show
modelling of the luminous flux in upper hemisphere generated by outdoor light sources. The
model was prepared because of necessity to predict behaviour of lighting systems from the
point of view obtrusive light. Until this time it was possible to do only some partial short or
long term measurements mentioned above.

The Kolarikovo housing estate located in Frydek-Mistek was deliberately chosen for modeling
because there is a large amount of lighting system with high-pressure sodium lamps in the
shape of a sphere, which radiate a large proportion of their luminous flux into the upper half-
space. Therefore, we can say that this housing estate is a very bad example, because it
contains a large number of unsuitable luminaires contributing significantly to the amount of
disturbing light and the associated increased sky brightness. Obtrusive light cannot be
completely prevented, but its effects can be greatly reduced by effective lighting. Only
luminaires and lighting systems that do not directly radiate into the upper half-frame should be
installed. Obtrusive light is not caused only by public lighting, but also by architectural lighting
of buildings, illuminated signs (billboards), lighting of sports facilities and parking lots. It is
also the light that escapes from interiors of high-rise buildings and residential buildings, as
well as the light from car headlights. In general, all artificial lighting, not just public lighting, is
a negative phenomenon and nowadays is a "thorn in astronomers and environmentalists side
" .Therefore, it is necessary to verify all sources of obtrusive light and point out the fact that
its magnitude is not caused only by public lighting.

Therefore the goal of modelling is to quantify several sources of disturbing light. First, the
original HPS lighting system of public lighting then the replacement of this system by LED
lighting system. Furthermore, the proportion of obtrusive light from windows, billboards and
car headlamps should be quantified.

3.1 Function of software goniophotometer

Upgrade of software enable to insert calculation grid in sphere shape. Each calculated point
describe normal illuminance in direction to the middle of sphere. This system duplicate
function of the real goniophotometer. Principal of the goniophotometer is in possibility to
measure luminous intensity in different levels and in different angles. It can be to interpret by
sphere with calculation grid. The software goniophotometer duplicates this function only with
difference, that is possible insert LDT file of luminaire or city LDT file with unbounded size.
New possibility is option to choose density of calculation grid in angle step according standard
used levels for luminaire measurement in C, y planes. For correct calculation it is necessary
to take each object as simple point source. It means that object has insignificant dimensions
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against distance of point which is calculated. In praxis is this ratio requested higher than 5 so
as light source was taken as simple point source. Figure 4 shows situation of simple point
source (model of blocks of flats) regarding to calculation grid of the software
goniophotometer. When the longest distance of model is 625 m, then diameter of calculation
points is 5000 m. The distance is longer than requirement and that it is why the calculation
fulfill needed condition. [7]

Figure 4 — Model of blocks of flats placed under the software goniophotometer

Software is working on basis of inverse square law (1). It means that each calculation point of
the grid represented normal illuminance and after it is converted to luminous intensity in
solved direction. Output is final luminous intensity distribution for whole calculated lighting
system, which is possible exported to the LDT file. All calculations were done with
maintenance factor 1. It represent the worst case of the obtrusive light level. [7]

-l (1)

|2

where

E llluminance (Ix);
| Luminous intensity (cd);

| Distance (m).

3.2 The district with blocks of flats Kolarikovo description

Basis for model is part of town Frydek-Mistek with roads and build up area. The district is
placed on GPS coordinates 49°40'30.4"N 18°20'03.6"E. Build up area is generally formed by
blocks of flats and family houses. All surfaces like roads, houses and green spaces are
described by their average reflectivity. Specification of it is in table 1.

Table 1 — Objects parameters calculated in model

Objects Count (pcs) Surface (m?) Reflectivity (%)
Buildings 170 - 30

Roads and parking places - 50 000 10

Footpaths - 11 000 20

Grass - 137 000 10

HPS luminaires 192 - -

LED luminaires 141 - -

Cars - headlamps 20 - -

Billboards 20 - -

Windows 217 - -
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The HPS lighting system was inserted into the model by means of individual LDT file of the
luminaire on the given position based on the dwg file, by means of which we also inserted
buildings, roads, grassed areas, etc. The model features 192 luminaires, 94 of which are ball-
shaped luminaires that radiate 50 % of the luminous flux into the upper half-space. The next
step was to replace this outdated system of public lighting for a modern LED. The
replacement was based on the luminous flux into the lower half-space of the original lighting
system. There are 141 luminaires in this newly created system, that do not emit any amount
of luminous flux into the upper half-space. Other sources of obtrusive light entering the
calculation are windows and billboards. These models were created on the basis of luminance
analysis of several samples and LDT file were created using the band-factor method with
respect to the cosine radiation characteristic. 217 windows were placed randomly on the
building's facades. The same was done for billboards. As there are no illuminated billboards in
the housing estate, 10 billboards respecting the brightness of 20 cd *x m-2 and 10 billboards
with a brightness of 50 cd x m2 were inserted. As the last source of disturbing light there are
cars that respect low beams. The radiation characteristics of the two headlamps were
measured on a photometric bench and then recalculated together to allow the insertion of one
LDT file defining 1 car. Even this recalculation, or merging of multiple LDT files, can be done
by a software goniophotometer. 20 merged headlamps were placed randomly on roads across
the entire housing estate model.

Obtrusive light represents a total luminous flux that spreads to the upper half-space and
therefore increases sky brightness. It is formed by direct and indirect (reflected) luminous flux
from the terrain and particular objects. The most important thing is the evaluation of the
luminous flux that is distributed directly to the upper half-space by ULR, see equation 2
below:

ULOR
~ULOR+ DLOR @
where
ULR proportional direct luminous flux radiated to the top of the half-space;
ULOR luminous flux radiated directly from the luminaire to the top of the half-space;
DLOR luminous flux reflected from the surfaces of the surrounding objects;
ULOR + DLOR total luminous flux radiated to the top of the half-space.
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Table 2 — Parameters of obtrusive light sources in the model

. System System ULOR + | ULOR +

ﬁo#trce of obtrusive power luminous tf(ll_rg)R I(Dkll‘r%R DLOR DLOR
9 (kW) flux (klm) (kim) (%)

16,8 846 143,8 48,2 192 22,7

5,5 575 0 36,2 36,2 6,3

- 102,4 39 5,4 44,4 43,4

- 5,86 2 0,3 2,3 38,6

- 29,4 1,3 3 4,3 14,6
Total values - 1558,7 186,1 93,1 279,2 17,9

From the table it is apparent that by use of the LED lighting system we limit the input to 1/3 of
the original lighting system with HPS. This results in a reduction in the overall luminous flux of
the lighting system from 846 kim to 575 kim. If we look at the amount of luminous flux to the
upper half-space, there is more than fivefold decrease from 192 kim to 36,2 kim. Importantly,
in LED lighting systems, the luminous flux into the upper half-space only gets as a reflection
of the road, grassy areas and building facades, as shown in Table 3, where we see the
distribution curves of all sources of obtrusive light in the housing estate model. If we compare
the LED system with the billboards system, it is clear that 20 billboards emit more disturbing
light than 141 public lighting fixtures, specifically billboards emit 44,4 kim. We must not forget
the radiation from windows and cars. 217 windows emit 2,3 kim and 20 cars 4,3 kim. All the
radiation characteristics of the above-mentioned obtrusive light sources are shown in the
following table. There is also quantified both direct and total luminous flux of lighting systems
in both percent and luminous flux (klm).
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Table 3 — Distribution curves of light sources into the upper half-space

Luminous intensity distribution Luminous intensity distribution
Source of included only direct luminous flux to included direct and reflected
obtrusive light the upper hemisphere luminous flux to the upper
hemisphere
[ cocizo
1 coo-cam
cd/1000lm
17 % = 143,8 kim | 22,7 % =192 klm

[ co-cis0

7 caocamo
cd1000Im

0% =0 kim |

[ cocian

™1 cacam
cd/1000im

| 43,4 % = 44,4 kim

[ cociso
1 cancamo
cd/1000Im
ol T TN
f// “"-\.\\ . ;; \.\ _-h\
{ S \ 1
/L ! L/
34 % =2 kim | 38,6 % = 2,3 kim
[ cocian
1 caocamo
cd/1000Im
—e—
4,5 % =1,3 kim 14,6 % = 4,3 kim

Conclusion

From the above we can conclude that the luminous flux emitted to the upper half-space is not
only from the lighting fixtures but also from other more or less important light sources. This
article presents a relatively easy to use tool using which it is possible to quantify obtrusive
light based on light-technical calculations. It is not only the calculation of the total luminous
flux, but also the directional characteristics of entire cities (or lighting systems), which can be
presented, for example, in the LDT file and then used, in addition to the aforementioned
quantification, to calculate the flux spread in the atmosphere.
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Implementace inteligentniho modulatoru na bazi OOK s Bias-Tee

do svitidla verejného osvétleni

Abstract. Tento ¢lanek prina$i nové moznosti o vyuZiti svitidel verejného osvétleni s moznosti implementace inteligentniho modulatoru na bazi OOK
s Bias-Tee pro zvySeni funkcionality a mozZnosti vyuZziti sité VO v ramci extraviland. V &lanku jsou predstaveny blokové schémata OOK modulatoru
pro vysilaci ¢ast s Bias-Tee vcetné blokového schématu pro pfijimaci cast. V dalSich ¢astech ¢&lanku je pak zaméfena pozornost na oveéreni
funkcnosti navrZzeného konceptu s cilem dosaZeni prenosu signalti pro ucastniky silnicniho provozu skrze svitidla verfejného osvétleni.

Keywords: vysilac, pfijimac, OOK, Bias-Tee, vefejné osvétleni.

Introduction

V dnesni dobé jsme svédky prudkého narustu
prenesenych dat ke koncovym stanicim ¢&i zakaznikim
s tim, jak roste moznost zasitovani lokalit od mobilnich
operatoru ¢i poskytovatelll internetu. To sebou vSak pfinasi
nové vyzvy v podobé Sifeni, pokud mozno, bezeztratového
signalu a tim padem i otazky, kam umistit vysilaci
respektive pfijimaci jednotku. Jedna z cest, kudy by mohlo
vést feSeni je vyuziti sité stozarl verejného osvétleni. Je
znamo, Ze s jakoukoliv vystavbou jsou spjaty slozité
administrativni a legislativni Ukony, které znacnym
zplsobem prodrazuji a ¢asové natahuji moznou vystavbu.

S tim, jak se rozviji koncepty loT & SMART prvky, jde
ruka v ruce i moznost vyuZziti mnozstvi nastroji a dat ze
senzorl pro pfenos k Ucastnikim silniéniho provozu. Pod
pojmem mnozstvi nastroji si Ize predstavit nové moznosti
feSeni fizeni kfizovatek, optimalizace provozu na zakladé
jeho wvytizeni od ucastnikd silniéniho provozu, prenos
dalezitych informaci/telematickych dat.

Nékdo pfistupuje k FeSeni SMART osvétleni skrze
vyuziti Raspberry-Pi 3 s kombinaci Wi-Fi modulu [1].

Dal$i mozZnosti je pak vyuziti matice LED zdroju zafeni a
jejich modulace pomoci OOK skrze FPGA pole, kde bylo
dosazeno 40 metrové komunikacni vzdalenosti pro nizké
pfenosové rychlosti s Sumem pozadi [2].

Byly zkoumany moznosti vyuziti FPGA poli pro
zhotoveni prototypu vysilac¢e na bazi Li-Fi pro komunikaci v
realném Case. Vysilatem byl zakomponovan do svitidla
vefejného osvétleni s cilem dosazeni kvalitativnich
parametr( komunikacénich a osvétleni soucasné [3].

Pfimou implementaci vysilate a pfijimace pro pfedni
svétlomety u aut skrze VLC pfi dosazeni Q-faktoru 5 a
BER=10" se zabyvali jini autofi s cilem prenosy ITS dat.
Pro fizeni jejich prototypl bylo vyuziti standartni CAN
sbérnice pouzivana u automobilu [4].

S ohledem na nové moznosti, které v sobé pfinasi
vyuziti polovodi¢ovych zdroju zafeni, pfichazi i moznost
stmivani s potlatenim funkce blikani svitidel pomoci
vhodného typu modulaéniho formatu a ovladani sité VO. K
tomu se nejlépe hodi napf. DFSOOK zalozena na FSK pro
nekoherentni detekci signalové slozky. Bylo navrhnuto
schéma dokazujici vyuziti DFSOOK pro VLC s PWM
fizenim stmivani. Vysilac byl otestovan pro nizkou
chybovost (BER) a del$i dosah komunikace a osvétleni [5].

Nasim cilem prace je navrhnout vysila¢ a pfijima¢ na
bazi OOK modulace s Bias-Tee pro svitidla vefejného
osvétleni s dosazenim pfenosu uZiteCné signalové
informace. V ¢lanku jsou predstaveny moznosti navrhu
blokovych schémat a méfeni zaznamu signald pfi nastaveni
riznych modulaénich rychlosti pro pfenos dat.
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Inteligentni modulator OOK s Bias-Tee

Pro viditelné spektrum a OOK obecné plati, ze data
nelze vysilat pfimo. Jednoduché spinani podle logickych
urovni by mélo za nasledek pozorovatelné kolisani intenzity
osvétleni. PFi pouziti obvodu BIAS-TEE je navic potfeba
dodrzet minimalni pracovni frekvenci, takze by delSi
sekvence hodnot stejné urovné mohly znamenat problém
na vysilaci strané.

Prvnim Ukolem je tedy Uprava dat do formatu, ktery Ize
pomoci obvodu BIAS-TEE odeslat (Fig. 1). DuleZita je tedy
volba vhodného kodovaciho schématu, napf. diferencialni
Manchester, nebo jakékoliv jiné feSeni, které bude udrzovat
stabilni stfedni hodnotu signalu a minimalni pracovni
frekvenci pro prfenos. V ramci experimentd jsou, ale
implementace podobnych schémat slozité, tudiz byla
zvolena moznost klicovani nosné. Data jsou na-
modulovana na nosny signal vy$Si frekvence a upraveny do
symetrické podoby. Vyhodou daného FeSeni je, Ze lze
pouZit originalni napéjeci zdroj svitidla vefejného osvétleni
a v pfipadé poruchy komunikacni ¢asti nebude preruSena
osvétlovaci funkce VO. To je velmi podstatné pro
provozovatele a organizatni celky siti VO vramci
extravilana.

Modulace OOK (On-Off Keying) vykonové LED

Modulace OOK patfi mezi nejjednodussi typy, kde
logicka hodnota ,1 je zakdédovana jako svételny pulz.
Z divodu snizeni slozitosti modulatoru se pouzivaji pulzy
s pravouhlym tvarem. Prenosova rychlost jednoho bitu je
prezentovana jako R»=1/Th, kde T» oznaluje trvani
jednoho bitu. DUlezitym parametr (kromé BER), ktery je
nutné zvazovat vkazdém modulaénim schématu, je
poZzadavek na &itku pasma. Sitka pasma je odhadovana
spektralni hustotou signalu, kterou dostaneme pomoci
Fourierovy transformace s vyuzitim autokorelaci funkce.
Spektralni hustota signalu modulovaného pomoci OOK bez
korelace na vstupu ma tvar [6]:

)|

(1)

kde: sinc(x)=sin(x)/x, 6(x) — Dirakova funkce, is — primérna
hodnota fotoelektrického proudu vygenerovaného ve zdroji
optického zareni, f— frekvence.

.2
l .
S(Nook = ﬁsmc

b b k=—o0

Z(Rij{l +R, ié(f —kR,

Protoze délka trvani pulzu je konecna, saha spektrum
k nekonec¢nu. Pulz s nulovou hodnotou frekvence odpovida
stejnosmérné slozce a reprezentuje energetickou bilanci.
Se snizujici se hodnotou pulzu 6 roste potfeba na Sirku
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pasma. Pro hodnotu &6 = 0,5 obvykle nazyvame takové
modulaéni schéma jako OOK RZ (s navratem k nule) a

dokaze zvysit Sitku pasma na dvojnasobek oproti vySe
uvedenému modulaénimu schématu OOK NRZ.

. Original Power
sourcel

Modulator

...10110011...
+3.3V
Data input H T
| o —
v _—
Frequency carrier
priteatile Loy

Fig.1. Blokové schéma vysilaci ¢asti.

: +5V
- \ Wl Y ..10110011...
_H_ —p | Transimpedance Filtration of
N I'f'p TIA - ambient - Amplifier —» Demodulator |—| Data processing
X amplifier, (TIA) DC artefact

Fig.2. Blokové schéma pfijimaci ¢asti.

Prijimaci cast systému

Pfijima¢ (Fig. 2) ma za Ukol pfijimat signal i v
nehostinnych podminkach denniho osvétleni, kdy je signal
ze svitidla VO, ve znaéném nepoméru k pravdépodobnému
ruSeni pfimého slune¢niho zafeni. Napajeci napéti musi byt
kompatibilni s 12V palubnim napétim automobilu, tudiz je
na pfijimaci strané k dispozici pouze +/-6V. Navic zde je
podminka minimalni modulaéni frekvence 1 MHz. B&hem
detekce nesmi dojit k saturaci fotodetektoru parazitnimi
zdroji  signalu, z toho ddvodu musi byt Gvodni
transimpedancéni zesilova¢ nastaven tak, aby byl schopen
pfijimat data i pfi pfimém sluneénim osvétleni. Cast
problému pomuze vyieSit filtrace nepotiebnych casti
spektra signalu (nechame si pro komunikaci pouze modrou
barvu), nicméné nastaveni vy$Si citlivosti pak ma za
nasledek negativni dopady v podob& omezeni maximalnich
pracovnich frekvenci. Po provedeni filtrace je signal zesilen
tak, aby byly hodnoty signalu co nejvyssSi (v tomto
specifickém pfipadé je saturace signalu pfimo zadouci), ale
Sum nesmi byt vy$Si, nez je rozhodovaci Uroven pro
zpracovani signalu. Diky tomu je systém schopen pracovat
ve velmi velkém dynamickém rozsahu a neni omezen
potfebami vyhodnocovani urovni podle amplitudy signalu.
Blok demodulatoru ma za ukol transformovat signal na
datovy tok, kompatibilni s vyhodnocovaci jednotkou. Pfijata
data jsou pak zpracovana dle aktualnich potfeb — v tomto
pfipadé pomoci webové aplikace, nicméné neni problém
data predavat napf. fidici jednotce, nebo infotainmentu
automobilu [7].
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+3.3V
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Moznosti nastaveni

Pro potfeby experimentovani v realném provozu bylo
navrzeno webové rozhrani pro pfijimaci i vysilaci ¢ast (Fig.
3). Vysilaci ¢ast webového rozhrani umoznuje uZivateli
zvolit text zpravy, pfenosovou rychlost a modulaéni
frekvenci. Prijimaci ¢asti pak staCi jednodusSe nastavit
shodnou prenosovou rychlost a poté uz se automaticky
zobrazi pfijata data prfenesena skrze svitidlo vefejného
osvetleni.

¥ m

Fig.3. Vizualizace webového rozhrani pro ovladani a nastaveni
pfenosovych rychlosti a dat pro inteligentni modulator s Bias-Tee.

Optimalni nastaveni systému je pfizplsobeno pro 1MHz
nosnou frekvenci a pfenosovou rychlost 115200 Baud.
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Fig.4. Komunikace pfi 115kBaud.

Pfi vySsich urovnich signalu pak Ize teoreticky s navrzenym
systémem dosahnout aZ na 512kBaud. Na prabéhu uz je
ale patrné, Ze se jiz signal nestiha pIné pfizplsobovat tomu
vysilanému a na fadé tak bude elektronika a vhodné
nastaveni rozhodovacich urovni.

N

rle MN

Fig.5. Pribéh komunikace pfi 512kBaud.

V pfipadé slabého signalu, kdy ani vysoké zesileni signalu
nestaci, dojde k omezeni amplitudy signalu. Pokud v tomto
pfipadé nedojde k prekroCeni rozhodovaci urovné
vyhodnocovaci elektroniky, tak dojde ke ztraté dat.
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Fig.6. Pribéh komunikace pfi slabém signalu.

Podobny nasledek bude mit na signal i volba zbytecné
vysoké nosné frekvence, protoZze zesileni zesilovace klesa
s rostouci frekvenci. V kombinaci s nizkymi vykonovymi
urovnémi signalu pak snadno dosahneme hranic na
jednotkach MHz. Pro konstrukci bylo pouzito nékolik
kaskadové zapojenych zesilovacl s Sitkou pasma 100MHz,
kdy zesileni jednotlivych stuprii nesmélo byt vétsi nez 15.
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Komunikaéni systém na bazi VO je schopen snadno
prenaset data k Ucastnikiim silni¢niho provozu. Omezeni z
hlediska pfenosovych rychlosti jsou, z vétsi ¢asti, zavislé na
fotodetektoru.

Podstatou systému je rychlé predani telemetrickych
informaci, napfiklad pfi prijezdu vozidla pod svitidlem VO.
Potencial vyuziti takového systému neni jen v informacich o
dopravé, ale napfiklad Ize vyuzit i pro navigaci. Svitidlo
muze snadno predavat informace o své poloze, bez
nutnosti pfitomnosti signalu GPS. Systém by pak mohl
fungovat jako doplnék navigace v husté zastavbé (kde miva
GPS problémy), nebo napfiklad i v podzemnich
parkovistich [7].

Systém vSak Ize vyuzit i opaénym smérem. Pokud by se
doplnil o pfenos telemetrie smérem ke svitidlu VO, pak by
mohl napfiklad reagovat na aktualné nastaveny cil
navigace. Pfi malém provozu v nocnich hodinach by tak
mohl systém dynamicky ménit vykon svitidel VO podle
aktualnich pozadavku. Elektrickd energie by se tak
teoreticky mohla vyuzivat Uspornéji, pfi zachovani potfebné
viditelnosti i¢astnik( silni¢niho provozu.
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Moznosti vyuziti open source reseni pro chytré verejné osvétleni

Abstract. Tento clanek si klade za cil seznamit s moznostmi vyuZiti Open Source hardwarovych a softwarovych rfeSeni pro vytvoreni chytrého
osvétleni pro extravilany. Jsou popsany moznosti vyuZiti dostupnych technologii jako jeho softwarové feseni pro implementaci do sité verejného

osvétleni.
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Uvod

V poslednich letech se celosvétové rozmaha trend
instalace a nasazeni chytrého vefejného osvétleni pro
extravilany. Diky rozvoji LED technologie a levnych
zafizenich, zajiStujici internetovou konektivitu pomoci
nejrdznéjSich technologii, je dnes velmi jednoduché
implementovat nebo vyvinout chytré osvétleni pro
extravilany. Existuje mnoho hotovych technologickych
feSeni pro chytré osvétleni, ale vétSina z nich je uzaviena a
vlastnickd prava na fizeni ¢i modifikace jsou na konkrétni
spolecnosti, ktera si své unikatni feSeni pravné oSetfuje.
Ale je tu i moznost vyuziti open source nastroju pro
vytvoreni vlastniho feSeni chytrého osvétleni. Open Source
feSeni v oblasti verejného osvétleni mize pfinést moznost
rychlejSiho vyvoje této problematiky a usnadnéni
implementace a vyvoj novych technologii v oblasti chytrého
vefejného osvétleni.

Definice Open Source reseni

Open Source feSeni je postaveno na hardwaru a
softwaru, ke kterému jsou vefejné dostupné technické
informace a zdrojové kédy. Velkou vyhodou tohoto feSeni je
to, ze se ve vétsiné pripadl vytvori komunita developerd,
ktefi dané open source feSeni zadarmo rozviji ve svém
volném ¢&ase. Clovék potom miZe jednoduse nalézt jiz
hotové feSeni pro jeho danou aplikaci. Diky tomu je vyvoj
technologie mnohem rychlejSi a levnéjSi. Diky kooperaci
vice vyvojarli a otevifenému kodu je zajiSténo zabezpeceni
celkového systému, jelikoz je jednodus8Si odhalit
bezpe€nostni hrozby, stejné jako chyby open source
systému, ktery je testovan uzivateli po celém svété. [1] Pro
kooperaci vyvoje open source softwaru i hardwaru je ve
vétsiné pripadd vyuzita platforma GitHub, kde mohou
vyvojafi pfispivat do raznych projektl, at uz samotnym
vyvojem, testovanim nebo kompletovanim podrobné
dokumentace a navodi. V této platformé vzdy
majitel/spravce projektu dohlizi na kompletaci. Kontroluje a
schvaluje hotové ¢asti projektu od vyvojarl, aby pfispivajici
vyvojai nevnaSel do projektu nechténé véci, nebo
bezpecnostni hrozby. Je zde i ¢ast pro bézné uzivatele,
ktefi zde mohou nahlasit pfipadnou chybu ¢i napsat vlastni
myslenku k zlepSeni projektu.

Definice a popis Open Source Hardware

Nejznaméjsi platformou pro vyvoj chytrych zafizeni je
jednoznac¢né Arduino. Tato platforma vyuziva 8 bitové
mikroprocesory od firmy Atmel. Platforma Arduino obsahuje
mnoho druh(l variant Hardwarového feseni, které je mozné
rozs$ifit o spoustu rdznych typl modull, at uz se jedna o
senzory, nebo napfiklad i modul umoznujici pfipojit néjaky
hardwarové feSeni k internetu. Platforma Arduino ma
obrovskou uzivatelskou zdkladnu a da se vyuZit nespocet
riznych pridavnych moduld a SW feSeni. Dalsi pridavné
moduly nabizi celosvétové jiz mnoho firem, kde
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nejznaméjsi z nich je Adafruit. Ke véem modulim je od
vyrobce poskytnuta velmi podrobna dokumentace. [3]

Dal$i znamou platformou jsou WiFi a bluetooth moduly
od firmy Espressif Systems. StarS§i moduly s oznacenim
ESP8266 nabizi certifikovanou  WiFi, 32 bitovy
mikroprocesor, 2MB flash pamét a mnoho rozhranich, jako
jsou PWM vystupy, i2c sbérnice, Sériova linka a dalsi. [4]
Novéjsi model ESP32 ktery nabizi kromé certifikované WiFi
také Bluetooth, disponuje dvoujadrovym 32 bitovym
mikroprocesorem, kde prvni jadro zpracovava protokolovou
¢ast pro WiFi a Bluetooth a druhé jadro pak zpracovava
aplika¢ni pozadavky. [5] Firma Espressif Systems poskytuje
ke vSem svym zafizenim podrobnou dokumentaci i
softwarovou platformu.

Fig.1. Arduino Nano a ESP8266 dev modul

Dal8i rozSifena bezdratova technologie pro chytré
osvétleni je Zigbee, kterou napfiklad vyuziva chytré
osvétleni od firmy IKEA. D& se pofidit mnoho modull
podporujici tuto technologii a s kombinaci s Arduino
platformou je mozné dosahnout jakéhokoliv vlastniho
feSeni. Nevyhodou této technologie je, Ze je potfeba navic
HUB, ke kterému se zafizeni pfipoji. Tento HUB se poté
chova podobné jako routeru feseni s WiFi pfipojenim.

Open Source feSeni nezustava pozadu ani s moznosti
vyuziti mobilnich siti jako napf. GSM. GSM modul
SIM800L, umoziuje propojit mikrokontroléru pomoci
sériové linky k GSM sitim. Pfi propojeni s jiZ zmifiovanou
platformou Arduino je velmi snadné vytvofit hotové feSeni s
pfipojenim k GSM siti. Zde se zase projevuje velika vyhoda
Open Source feSeni v nespoCet navodl od ostatnich
uzivatell a developeru. [6]

Posledni ale ne nejhor$i open source HW je velmi
znamy mini pocita¢ Raspberry pi. Tento pocita¢ velikosti
platebni karty disponuje u nejnovéjSi verze Ctyfjadrovym
64bitovym procesorem o taktu 1.5 GHz a az 4GB operacni
paméti RAM. Co se ty€e konektivity, nabizi WiFi 2.4 GHz i
5 GHz, Bluetooth 5.0, Gigabit Ethernet, 2x USB 3.0 a 2x
USB 2.0 a 40 GPIO pinli obsahujici napfiklad i2c sbérnici,
PWM vystupy a dalSi. Lze zde pfipojit také externi monitor
pomoci HDMI konektoru. Takové zafizeni neni vhodné z
davodu velkého vypocetniho vykonu a ceny umistovat do
svitidla verejného osvétleni, ale mize slouzit jako centralni
prvek napfiklad pro dany segment svitidel vefejného
osvétleni. [7]
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Open Source Software

K chytrym zafizenim nepatfi jen Hardwarova cast, ale
také je zde potfeba urcité softwarové reseni. At uz se jedna
o kod ovladajici maly mikroprocesor ve smart svitidle
vefejného osvétleni, tak o mnohem slozitgj$i software
zajistujici vzdalenou spravu VO, analyzu dat a dalsi.

V pfipadé programovani mikroprocesort umisténych
uvnitf chytrého osvétleni, je nejznaméjsi platformou jiz
zminované Arduino. Nejedna se totiz jen o HW platformu,
ale také o SW platformu, vyvinutou z jazyku C. Pravé
Arduino IDE a nespocet knihoven jak uz oficialnich od
vyrobce tak od ostatnich uzivatell vytvari obrovsky
komplexni nastroj pro vyvoj chytrych zafizeni. Vyhodou
vytvareni SW feSeni pomoci Arduina je i to, ze Arduino IDE
podporuje také mnoho dalSich HW moduld, jako napfiklad
zminiované WiFl moduly od firmy Espressif Systems. DalSi
znamou SW platformou pro programovani mikroprocesoru
je MicroPython. Jedna se o SW platformu umoznujici
programovat mikroprocesory pomoci jazyka Python. Tato
SW platforma ma jako Arduino také pomérné velkou
uzivatelskou zakladnu a je zde mnoho knihoven a navoda.
Pro programovani mikroprocesort existuje dal$i spousta
platforem a frameworkd, které usnadni programovani a
praci pfi vyvoji, ale ucelem tohoto €lanku neni poukazat na
vSechny mozné moznosti. [3]

Pro pripad open source softwaru pro fidici systém
chytrych zafizeni je spousta. Neéktera FeSeni jsou
komplexné&jsi, jina zase nabizi jen dil¢i casti celého
systému. Mezi ty komplexngjSi patfi napfiklad Devicehive,
Thingsboard, Kaaproject, SiteWhere a Thinger. [8, 9, 10,
11, 12] Toto je maly vycet komplexnich systému pro spravu
a fizeni iot =zafizeni. Tyto komplexni systému feSi
komunikaci s jednotlivymi koncovymi zafizenimi, jejich
kompletni spravu. VétSina z nich také nabizi urcité
uzivatelské rozhrani pro kontrolu celého systému, fesi také
autorizaci a autentizace uzivatell a zafizenich, tak aby
nikdo neopravnény nemohl do systému zasahovat a take,
aby Zadné cizi zafizeni nemohlo vyuZivat vas systém. Diky
dal$im protokolim jako je napfiklad SSL je zde i feSeno
zabezpedeni pfenosu informaci. VétSina open source
platforem pro loT bézi na operac¢nich systémech Linux,
které jsou také open source a zdarma, neni proto potfeba
kupovat zadnou licenci operacniho systému, ani dalSiho
softwaru, jediné co je potfeba koupit je potfebny hardware,
na kterém vSechny potfebné sluzby pobézi. [2]

Pro komunikaci mezi Serverem, neboli fidici jednotkou a
koncovym zafizenim Ize vyuzit mnoho komunikacnich
protokoll nachazejicich se na aplikacni vrstvé TCP/IP
modelu. Protokol MQTT je jeden z nejjednodusSich a

osvétleni, byl vytvofen jednoduchy koncept se zafizenim,
umoziujici vzdalenou spravu a kontrolu vefejného
osvétleni. Zafizeni vyuzivd WiFi pfipojeni pro vzdalené
fizeni svitidla Bon vytvoFeno i jednoduché webové
Tento jednoduchy systém je takzvané bez serverovy,
nepotfebuje centralni server pro spravu zafizeni, ale kazdé
svitidlo je mozné ovladat zvlast.

Ukivatelske . PP .
safizent WiFI / DALI Velejné osvltlenl
HTTR HTTR
/ /GET
Webow) SO i Rouer | el EsPaz LED
= WiFi modul matice
DALl Proudovy
[Weluw Arduine Nano —> 2droj
ormulal S

Fig. 3. Zakladni blokové schéma systému pro fizeni vefejného
osvétleni pomoci WiFi pfipojeni.

Hardwarové feseni pro implementaci SMART prvku svitidel
verejného osvétleni

Jako hardwarové feSeni byl vyuZit jiz zmifovany WiFi
modul ESP32 od firmy Espressif Systems. Zaroven bylo
vytvofeno jednoduché zapojeni s modulem Arduino nano,
které obsahuje mikroprocesor ATmega328P od firmy Atmel.
Toto jednoduché zapojeni se chova jako DALI pfevodnik a
muUze diky jiz hotovému softwarovému feSeni posilat zpravy
na DALI sbérici. Po mensi upravé kédu bylo mozné oba
moduly propojit pomoci sbérnice i2c a tim bylo umoznéno
vysilani DALI pfikazt pomoci WiFi pfipojeni. Jednoduché
blokové schéma zafizeni je vidét na obrazku.

Toto zafizeni je vhodné pro implementace chytrého
osvétleni v pfipadé, Ze neni vybudovana infrastruktura pro
fizeni zafizeni po datové sbérnici, jako je tomu u DALI
protokolu. PFi starych rozvodech kde je jen natazeno vedeni
pro napajeni verejného osvétleni nezasahuje toto reSeni do
infrastruktury. V pfipadé jiz hotové infrastruktury pro fizeni
verejného osvétleni pomoci DALI sbérnice, je mozné toto
zafizeni vyuZit jen jedno pro vice svitidel vefejného
osvétleni, jelikoz DALI systém dokaze pracovat s adresami.

Navrh softwarové ¢asti konceptu pro fizeni SMART VO

Velmi dulezitou ¢asti systému je jeho softwarova cast.
Jednoduchy koéd je nahran v zafizeni fungujici jako
pfevodnik z i2c sbérnice na DALI sbérnici. Je napsan v
Arduino jazyku, neboli upraveném jazyku C. Ve stejném
jazyku je pak napsan software pro WiFi modul, ktery
vykonava veétsinu prace. Je zde také vytvofeno jednoduché
webové rozhrani pomoci jazyka HTML a CSS, které je

Koncové MOTT/HTTR/COAR
loT
zarfizeni %
(S5L &ifravani)
F|g 2. Archltektura loT systemu T
| zafizeni | loT Brana | €—"—2
(SSL Eifrovdni)

Konektor

loT Server
Databaze
@ REST(HTTP)/Websocket
autorizaci a % Uzivatel
autentizace
$ i (S5L gifrawani)

. ‘ : | o7 ‘ roznrani ‘

nejvice vyuzivanych protokoltd pro IoT. Dale je v dne$ni
dobé velmi popularni protokol REST, ktery je postaven na
HTTP pozadavcich, stejné jako klasické Webové sluzby. [2]

Jednoduchy systém pro chytré verejné osvétleni
V ramci projektu vyzkumu a vyvoje chytrého zafizeni s
podporou komunikace viditelnym svétlem pro vefejné
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znazornéno na obrazku. Ve Wifi modulu bé&zi Asynchronni
webovy server, ktery pfijima HTTP GET a POST
pozadavky. Nasledné tyto pozadavky zpracovava a odesila
zpatky odpovéd, napfiklad ve formé webové stranky a
dalSich proménnych, které udavaji stav svitidla. V pfipadé
POST pozadavku jsou proménné z webového formulare
zadané uzivatelem odeslany do Wifi modulu a ten je poté
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zpracuje a vykona potfebné operace. Celkova komunikace  [3] Arduino Nano. Arduino [online]. Arduino, 2019,
mezi WIiFi modulem a koncovym zafizenim uzivatele 2019 [cit. 2019-10-15]. Dostupné z:
probiha skrze WiFi router, ke kterému jsou oboje zafizeni https://store.arduino.cc/arduino-nano
pFipojena [4] Espressif Inc. [online katalogovy list]. ESP8266
V3B TECHNICKA | FAKULTA
|| I| UNIVERZITA | ELEKTROTECHNIKY CINGTERSTYO eaTRA
1" osTRAVA A INFORMATIKY
VLC transmitter Control Lighting
Message
Auto mode
&
Communication speed (Baud) Time io tum ON
Carrier requency (kHz) Time to turn OFF
Light status; ON
Sending n Hello World from VLC
Auto mode: ON
Communic e 115200 Baud
Tima 1o ON: 18:00
Canier frequency: 2000 kHz
Time 1 OFF: 8:00
© Copyright 2010
VEB - Technical University of Ostrava
The Ministry of the Interior of the Czech Republic
Fig.4. Priklad webového rozhrani pro ovladani svitidla a vysilani zprav pomoci viditeIného svétla.
AVE Version 1.4 Copyright © 2019.[cit. 15.10.2019].
aver yrig
Dostupné Z:

IoT je v dnedni dobé velmi velké téma, které obsahuje
nespocet riznych hardwarovych a softwarovych feseni. Jak
bylo v ¢€lanku ukazano, existuje jiz mnoho open source
univerzalnich platforem pro loT, které dokazi pokryt vse
potfebné pro nasazeni kompletniho loT systému. Open
source feSeni v loT ekosystétmu ma dnes rozhodné co
nabidnout a proto ma i velké Sance pro uplatnéni se v
budoucim Fe$eni systému pro chytré verejné osvétleni.

V €lanku jsme ukazali jednoduchy pfipad implementace
open source feSeni do svitidla vefejného osvétleni, diky
kterému bylo mozné vefejné osvétleni ovladat pomoci
webového rozhrani prostfednictvim WiFi pfipojeni. K tomu
vSéemu se da pouzit, jiz ovéfenych DALI sbérnic a jinych.
V budoucnu bychom chtéli provést dal$i implementace i na
sit’ svitidel VO s cilem jejich efektivnim ovladani a fizenim.

Podékovani
Tento €lanek vznikl za aktivni podpory projektu
VI20172019071.
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Abstract Natural daylight has an essential effect on the human organism. It affects
mood, emotion or the ability to sleep. Our article describes the measurement of
optical parameters of daylight during a long-term measurement that was done in
the summer of 2018. The measured parameters were Color Correlated Temperature
CCT, Color Rendering Index CRI Ra and color coordinates x and y. We selected
two days from the long-term measurement, a sunny and rainy day. The optical
parameters of these two days are compared in this article. The aim of the article is
to show the difference between these two opposite days and to simulate a sunny day.

Keywords CCT, color coordinates, CRI Ra, rainy day, sunny day

1. INTRODUCTION

Daylight has influence on psychological and biological states of humans [1]. Light
perceived by the human eyes affects feelings and mood (psychological state). Receptors in
eyes catch light, resulting in production of cortisol (stress hormone) and melatonin
(sleeping hormone) [1], [2], [3]. These hormones affect the human's biological state,
especially the circadian rhythm. This rhythm is influenced by blue light [4].

Also, the weather influences the human's mood. Everybody feels differences, if it is
a beautiful sunny day or if it is cloudy and rainy [5]. The most people prefer a sunny day;
therefore, we have an idea of light simulation of a sunny day. For this purpose, the
measurements of the optical parameters (spectra, colour coordinates x and y, CCT, CRI
Ra) of the sky were performed. The target was to compare two opposite days (sunny and
rainy) and interpret the measured optical parameters of a sunny day in LightTools
software.

2. MEASUREMENT OF OPTICAL PARAMETERS OF SKY

A long-term measurement of optical parameters of summer sky was realized in campus of
VSB-Technical University of Ostrava. We used a spectrometer with an optical fiber. The
spectrometer measured and saved the values in half-hour interval. The measured
parameters were optical spectra, CCT, CRI Ra and color coordinates x and y of CIE1931
diagram. Based on the measurements, we chose two opposite days, sunny (4™ of July
2018) and rainy (11" of July 2018). The day 4" of July 2018 was clear, maximum
temperature 28.8°C, average temperature 20.9°C, total time of sunshine 14.6 hours,
cloudiness 1.7 (scale 0-10, <1.9 is clear) [6], sunrise 4:43, sunset 20:58 CEST (Central
European Summer Time). The day 11" of July 2018 was rainy, overcast, maximum
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temperature 19.3°C, average temperature 17.2°C, total time of sunshine 0.1 hours,
cloudiness 9.7 (scale 0-10, >8.1 is overcast) [6], sunrise 4:49, sunset 20:54 CEST.

2.1 Optical spectra

3D graphs in Fig. 1 show spectra of the sunny and rainy day in a half-hour interval. We
can see differences in spectra. The sunny day is characterized by a gradual increasing of
the visible (VIS) and the near infrared (IR) part of the spectrum. After midday the IR
spectrum decreased, stabilized, and then it was almost constant up to the evening. The
visible part of the spectra grew during the day up to the late afternoon, then decreased.

The rainy day was more chaotic in comparison to the sunny day. The waveforms of spectra

during forenoon (rain) shows that visible and IR part were significantly depressed. After
noon, the weather improved which caused increasing in both mentioned parts of spectrum.

4™ of July 2018 11" of July 2018
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Fig. 1 Spectra of sunny (left) and rainy (right) day.

2.2 Correlated Color Temperature and Color Rendering Index

The next measured optical parameters were Correlated Color Temperature CCT and Color
Rendering Index CRI Ra. The long-term measurement showed that the start and the end of
day is characterized by peak increase of CCT values. It does not matter, which the weather
was. If we ignore the peaks of the CCT, we can say about the sunny day, that CCT values
increase, the maximum is around the noon (13:00 CEST) and then decrease. It deals for
the rainy day that the CCT values are almost constant. The CRI Ra of the sunny day
dropped to its minimum after sunrise, then it grew up to evening. The CRI Ra of the rainy
day was also almost constant, see Fig. 2.

2.3 Color Coordinates x and y

The following Fig. 3 (left) shows the color coordinates of CIE1931 diagram during the
sunny and rainy day. The color coordinates change more during the sunny day than the
rainy day. The color coordinates are more suitable parameters for following simulation
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than the CCT, because there are more points with different x and y coordinates, but they
could have the same CCT value.

CCT: sunny and rainy day

CRI Ra: sunny and rainy day

CRI Ra (%)

sunny (4™ July) 1 L = sunny (4" July)

— rainy (11" July) rainy (11" July)
4000 . - - . - . 80
6 8 0 12 14 16 18 20 22 4 6 8 0 12 14 18 18 20 22
Time (h) Time (h)

Fig. 2 CCT (left) and CRI Ra (right) parameters of sunny and rainy day.

Colour coordinates x and y: sunny and rainy day 8500 Comparision of obtained CCT values
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Fig. 3 Color coordinates of the sunny and rainy day (left) and Comparison of measured and
simulated CCT (right).

3. SOFTWARE SIMULATION OF SUNNY DAY WITH RGBW LED

The sunny day is more comfortable day for most people, therefore we tried to simulate an
artificial white light of the sunny day. We used a four-color-chip LED RGBW [7] and
LightTools software [8]. This software enables to change selected parameters and find so a
desired target. In our case, the variables were optical powers of individual color chips and
the target was color coordinates x and y. This simulation was done for each half-hour.
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Fig. 3 (right) compares the CCT values measured on 4" of July 2018 and simulation
results from LightTools. Differences are very minimal therefore we can say that we
simulated white light of the sunny day.

4. CONCLUSION

This article dealt with evaluation and comparison of the optical parameters of the sunny
and rainy day and show the differences. Further we tried to simulate artificial white light
of the sunny day by the RGBW LED in LightTools. The simulations showed that it is
possible. The next step is a laboratory measurement according to the simulation results.
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