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ABSTRACTS

In this study, refers to two errors in road light-
ing. It explains the advantages of the staggered lay-
out of luminaires and the problems associated with
the use of luminaires located at an angle to the hori-
zontal line of the road. The errors made by the simu-
lation program were proved quantitatively and sug-
gestions for their solution were presented. The loss
of luminance of the road surface when illuminated
by luminaires located at an angle to the horizontal
has been quantitatively proved. In addition, it was
found that with the appropriate choice of the layout
of luminaires with road lighting, the step between
the poles could be reduced by 9.3 %.

Keywords: road lighting, luminaire angle,
luminance

1. INTRODUCTION

Primary purpose of road lighting is to ensure
safe flow of vehicles or traffic during day and night
conditions. Performance of road lighting is evalu-
ated depending on such parameters as illuminance
of road surface and walls, overall and longitudinal
lighting uniformity, glare control, formation of the
contrast required to perceive the objects and flicker
frequency [1, 2].

Road lighting improves visibility of pedestri-
ans and other objects. The lighting allows the driv-
er and springs to move safely. Accurately designed
road lighting prevents traffic jams and gives people
a sense of security.
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The driver using any vehicle on highways should
have detailed visual information about the way he is
driving. Especially at high speeds, the driver should
be able to see the route easily, the driver should be
able to perceive the position and movements of the
vehicle he is driving, be able to monitor the move-
ments of other vehicles, and easily be able to see the
obstacles on the road.

CIE reports the results of 30 different studies
covering road lighting studies that improve vision
conditions. According to this report, fulfillment of
road lighting standards: pedestrian accidents de-
creased from 57 % to 45 %, fatal accidents de-
creased from 65 % to 48 %, severe injuries de-
creased from 30 % to 24 %, and the total number of
accidents decreased from 53 % to 14 % [3].

Even if there is little traffic at night, the number
of accidents that occur on roads or in tunnels with-
out lighting is about three times higher than in day-
light hours. The reason for this is the lack of road
lighting in accordance with the standards. Ensuring
appropriate road lighting to the CIE reduces the rate
of crime committed on city roads. According to the
studies in the literature, the number of forensic cas-
es on urban roads has decreased by 20 % due to the
proper lighting. In terms of the severity of crimes
committed, there was a decrease of 40 % [4, 5].

2. ROAD LUMINANCE

The most important objective in design of light-
ing systems is to obtain sufficient light without sup-
plying excessive lighting and increasing energy cost
[6]. Luminance is the most important parameter for
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Table 1. Road Lighting Class Selection Parameters
Parameter Options Weight factor
Very high 1
Speed High 0.5
Middle 0
Very high 1
High 0.5
Traffic jam Middle 0
Low -0.5
Very low -1
Mixed with a high proportion of non-motor- 1
ized traffic
Traffic layout Mixed 05
Only motor vehicles 0
Middle median strip on Yes 1
the road No 0
. . . High 1
Intensity of intersection -
Middle 0
. Yes 0.5
Parked vehicle
No 0
High 1
Environmental lighting Middle 0
Low -1
Weak 0.5
Traffic control -
Medium or good 0
Total of weight factors 4

road lighting, and L indicates luminance using the
cd/m2 unit. To ensure good visibility of objects and
visual comfort of the driver, it is necessary to ensure
the uniform distribution of luminance on the road
surface. Today, road lighting is based on ASI lumi-
nance method Alan, which is based on road surface
luminance. The horizontal illuminance of a point P
on an illuminated road is the sum of the horizontal
illuminance levels that all the light sources acting at
point P have at this point.

2.1. Average Luminance of the Road Surface

In the road lighting, the fund of objects is the
road surface that forms the driver’s field of view. At
the same time, increasing the average luminance of
the road surface Lyerage l€ads to improved visibility,
providing more background luminance. Increasing
Laverage InCreases the sensitivity of the driver’s eye
by increasing the luminance of the objects located
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on the road. Therefore, the most important parame-
ter for detection is Lgyerage- The average luminance
is calculated using the glitter values on the selected
mxn pieces on the road. For Layerage, the luminance
values of all the light sources affecting the account
area are calculated and collected as vector. In this
way, the glare value at each point is calculated. The
average luminance of the road surface is calculated
separately for each observer [7-9].

2.2. Luminance Uniformity

Although lighting systems provide a good aver-
age luminance of the road surface, there may be ar-
eas with low luminance where contrast is weak and
small obstacles cannot be detected. It is expected
that the difference between the minimum and av-
erage luminance of the road surface in the field of
view will be below a certain value in order to get
sufficient lighting at all points of the road. This re-
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Table 2. Road Lighting Quality Parameters [18]
Lighting class Laverage, €d/M? Uy U, TI, %
M1 >2.0 >0.4 >0.7 <10
M2 >1.5 >0.4 >0.7 <10
M3 >1.0 >0.4 >0.5 <10
M4 >0.75 >0.4 >0.5 <15
M5 >0.50 >0.35 >0.4 <15
M6 >0.30 >0.35 >0.4 <15

quirement leads to the formation of overall and lon-
gitudinal uniformity of road surface luminance,
which are important secondary characteristics of
road lighting.

On the road (on the road surface), there should
be an equal distribution of luminance to ensure a
clear view for the driver. Two types of uniformi-
ty are considered important in road lighting [7-10].
These are overall (resultant) uniformity (U,) and
longitudinal uniformity (U,).

2.3. Light Sources

High-pressure sodium lamps (HPSL) are pre-
ferred in conditions where high levels of brightness
are required, including in underwater tunnels, since
HPSL have higher luminous flux and are smaller
than low-pressure lamps. In previous studies, the
photometric properties of luminaires used in road
lighting with HPSLs and luminaires with LEDs
were compared. In the study, it was shown that
lighting of roads of classes M3, M4, and M5 could
be ensured by luminaires with LED power of 100 W
and 150 W. However, for roads of classes M1 and
M2, these luminaires did not provide the required
level of illumination. Since the object of this study
is a road of class M2 in terms of lighting, the lumi-
naires based on LED are not considered here, but
the luminaires with HPSL, which are widely used
for road lighting, are considered. As a result, this
study simulation was performed with HPSLs ac-
cordingly [12-16].

3. ROAD LIGHTING DESIGN

Road types are defined in international technical
reports, and the optimal range of solution is tech-
nically presented for these road types. Design es-
timates should be made for luminaires with known
photometric characteristics, as a result of which
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the number and types of luminaires are determined
[17-19].

The lighting class of the road that corresponds
to a particular road is determined using the table in
the CIE115-2010 [18]. According to Table 1, the
M2 road lighting class was found, and the corre-
sponding parameter values are also shown in it.

Road lighting class was found with Eq. 1, Eq. 2,
and Eq. 3:

MX = 6 —total of weight factors, Q
MX =6-4=2, (2)
MX =M 2. (3)

The road lighting quality parameters are shown
in Table 2.

3.1. Features of Road Lighting

The road surface is asphalt, class R4. Addition-
ally, Q, = 0.08, and the height of the luminaire is 11
m. The maintenance factor of the luminaire is 0.91,
and all calculated luminance values are corrected.
The ratio of the minimal luminance value to aver-
age luminance value is greater than 0.4 in the cal-
culations for road lighting, ensuring that the rate of
the minimal luminance value to the maximum at the
latitude coordinate of the observer is greater than
0.7 U, 20.7).

The levels of luminance and uniformity of road
surface luminance conform to the relevant stan-
dards. All luminaires were installed in (cross (stag-
gered layout of the luminaires) or mutual (opposite
layout of the luminaires)) two lines from the walk-
ing ways to the axis of the road and at a height of 11
m. Table 3 illustrates the road and lighting parame-
ters [20-22].
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Table 3. Road and Lighting Parameters
Common lighting parameters
Lighting pole type Galvanized Lighting class M2
Number of road lanes 2 Console length (m) 1
Strip Width (m) 35 Console Angle 0°/5°/10°/15°
Road Width (m) 7 Luminaire Angle 0°/5°/10°/15°
Road Class R4 Lamp type HPS
Qo 0.08 Lamp power (W) 150
Distance to illumination 0 Lamp luminous flux (Im) 17000
Illumination height from ground (m) 11 Maintenance factor (once a year) 0.91

3.2. Simulation Study

The main purpose of the new study is to achieve
the most cost-effective results that provide ade-
quate conditions. In the new study on road light-
ing, classifications are taken into account in vari-
ous scenarios. The most accurate reference to road
lighting are international standards. For this reason,
the simulation is adapted to CIE standards. Accord-
ing to CIE140, the luminance values, average lu-
minance level, overall and longitudinal uniformity
of road surface luminance values of all points were
calculated for observers.

Luminaires for use in road lighting should be se-
lected taking into account the level of glare, lumi-
nance level of the road, uniformity of road surface
luminance and efficiency, as well as determined by
computer calculations using the luminance method
[24-31].

Various options for the road parameters are
available in the simulation program. For the road
parameters, the lighting system (opposite layout of
the luminaires, staggered layout of the luminaires,
divided road, road with single luminaire, road with
two luminaires, etc.), road class (R1, R2, R3, R4,

N1, N2, N3, N4, etc.), number of lanes, lane width,
refuge width, and road lighting class (M1, M2, M3,
M4, M5, M6, etc.) can be chosen. For the lighting
parameters, select characteristics such as distance
between the luminaires, height of the luminaire, dis-
tance of the luminaire from the road, console angle,
IP protection class, pollution rate, cleaning period,
and maintenance factor for post or hanger system
lighting. As for the parameters of the luminaire, the
name, angle of the luminaire (angle relative to the
road), power of the lamp used, lifetime, luminance
flux, the power of the ballast and new luminaires
can be added into this simulation under the database
process at any time [1, 2, 20-23]. A simple and ac-
curate calculation is achieved because of modeling
for the lighting system that the data is entered into.

4. APPLICATIONS OF ROAD LIGHTING

In this study, two problems encountered in road
lighting were investigated. These problems related
to angled lighting and layout of lumanaries under
road lighting. For this purpose, it has been proven
using a simulation program that the angled lighting,
encountered almost everywhere in the road lighting,

Fig. 1. Examples of
road lighting console
angles
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Table 4. Lighting Results for Opposite and Staggered Layout of the Luminaires at 0°, 5°, 10°, and 15° Angles

Angle of illumination 0° 5° 10° 15°
Observer No 1 2 1 2 1 2 1 2
Location, m 1.75 5.25 1.75 5.25 1.75 5.25 1.75 5.25

Staggered layout of the luminaires
| e CEHITT 1.50 1.50 128 128 +11 +1t 698 698
U, 0.75 0.77 0.80 0.81 0.85 0.81 0.82 0.78
U, 0.72 0.72 0.80 0,80 0.84 0.84 0.86 0.86
T1,% 5.7 5.8 59 5.9 5.7 5.7 5.4 5.4
Opposite layout of the luminaires
Laverage: d/m? 1.64 1.64 140 146 2% 2% 167 167
U, 0.67 0.67 0.73 0.73 0.77 0.77 0.77 0.77
U, 0.70 0.70 0.79 0.79 0.86 0.86 0.86 0.86
T1,% 8.0 8.0 8.0 8.0 7.9 7.9 7.6 7.6

is inaccurate. It is proved instead of angled lighting,
it is necessary to perform lighting parallel (by the
angle of 0°) to the road surface. The second im-
portant problem with road lighting is that it is pos-
sible to increase the distance between the lighting
poles due to the layout of the luminaires. For this
purpose, two-lane road with the opposite layout of
the luminaires with HPSLs of 150 W is examined.
For the opposite layout of the luminaires, the dis-
tance between the poles is 43 m. However, with the
help of simulation, when the poles are examined in
staggered layout of the luminaires, the distance be-
tween the lighting poles is calculated as 47 m. For
this road lighting, a 9.3 % longer road with two
lanes can be illumitated using staggered layout of
the luminaires instead of the opposite one. This ex-
ample showed that using simulation environment
for roads, you could find new solutions for differ-
ent type of luminaires and lamps of different power.

Luminaire angles

a) L b)

o1

4.1. Angle Effect in Lighting

Various design tools or physical measurements
are used to determine the illumination level of cer-
tain points selected in lighting scenes. These are
physical measurements carried out by models, nu-
merical equations, and computer programs or illu-
minance meter under real conditions. In this study,
dual luminaires with HPSLs of 150 W installed at
a height of 11 m are used on the road. Determina-
tion of console angle (0°, 5°, 10° and 15°) for a lu-
minaire with protection class 1IP65 with HPSL of
150 W is performed simulatively. Fig. 1 illustrates
examples of road lighting console and luminaire
angles.

As it can be seen in Fig. 1, the luminaires in road
lighting are used at an angle due to the console or
adjustable fixture mounting. It causes loss efficien-
cy of angled lighting. Efficiency loss was calculat-

Fig. 2. Luminaire
angles (a), inefficient
lighting angle (b), and
efficient lighting (c)
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Table 5. Calculation Results of Road Lighting with Opposite and Staggered Layout of the Luminaires

Parameters of road lighting OPpOT:Jt;:?]};?:Jezof LI Staggizenﬂiféig; GE
Observer location (m) 1.75 5.25 1.75 5.25
Laverage (€d/m?) 1.64 1.64 15 15
U, 0.67 0.67 0.75 0.77
U, 0.70 0.70 0.72 0.72
Tl (%) 8.00 8.00 5.70 5.80
Eaverage (IX) 25.55 23.4
Emin (1X) 13.31 16.81
Emax (I1X) 49.20 34.39
Uoa 0.53 0.73
U, 0.27 0.49
Lamp power (W) 150 150
Luminous flux (Im) 17000 17000
Distance between illuminations (m) 43 47

ed based on simulation. As the angle increased, the
luminance efficiency in the road decreased. Fig. 2
shows luminaire angles, inefficient (angle) and ef-
ficient lighting.

This study investigated a 2-lane road, which is
suitable for CIE140-2000 and 2019 (2"¢ edition)
road lighting calculations in simulated environment.
Calculations were made at angles of 0°, 5°, 10°, and
15° for luminaires with HPSL of 150 W. With the
exception of 0°, 5°, 10°, and 15° angles, illumina-
tion has been found to cause loss of efficiency. For
example, if the opposite layout of the luminaires is
used, the distance between the poles is 43 m, and
luminaire angle 0°, than Layerage =1.50 cd/m?2. This
corresponds to CIE140-2000 and 2019 (2" edi-
tion) road lighting calculations for M2 [10, 11]. By
opposite layout of the luminaires, if the luminaire
angle is 5°, 10°, and 15°, Layerage is less than 1.50
cd/m? (the distance between the poles is 43 m). If
Laverage =1.50 cd/m? less than the lighting is not suit-
able for CIE140-2000 and 2019 (2" edition).

If the staggered layout of the luminaires is used,
the distance between the poles is 47 m, and lumi-
naire angle 0°, than Layerage=1.64 cd/m?. This cor-
responds to CIE140-2000 and 2019 (2" edition)
road lighting calculations for M2 [10, 11]. By oppo-
site layout of the luminaires, if the luminaire angle
is 5°,10°, and 15°, Layerage is less than 1.50 cd/m?
(the distance between the poles is 47 m). If Ly,
age =1.50 cd/m? less than the lighting is not suitable
for CIE140-2000 and 2019 (2" edition). Table 4

shows lighting results for opposite and staggered
layout of the luminaires at angles of 0°, 5°, 10°, and
15°,

If the he Layerage for 0° is assumed to be 100 %
for each of the opposite and staggered layout of the
luminaires in Table 4, than:

— The loss rate for luminaire angle 5° is approx-
imate 15 %;

— The loss rate for the luminaire angle 10° is ap-
proximate 26 %;

— The loss rate for the luminaire angle 15° is ap-
proximate 35 %.

4.2. Effect of Opposite and Staggered Layout
of the Luminaires on Lighting

Another subject examined in this study is the
effect of layout of the luminaires in lighting. De-
spite the fact that all parameters are equal, the lay-
out of lighting poles provides benefits in road light-
ing. To confirm this, the lighting of a two-lane road
was modeled with luminaires with an HPSL of
150 W, arranged in the opposite layout of the lumi-
naires. According to Table 5, all values correspond
to CIE140:2019 road lighting calculations. The dis-
tance between the poles is 43 m in the road lighting
by the opposite layout of the luminaires. However,
the maximum distance between the poles is 47 m.
By opposite and staggered layout of the luminaires,
all parameters are equal. However, in staggered lay-
out of the luminaires the distance between the poles
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Table 6. Luminance Values in Direction of Observer 1 for Opposite Layout of the Luminaires

Observer 1
Laverage=1.64 cd/m?,
U,=0.67, U=0.70, TI=8 %
Opposite layout of the luminaires with HPSL of 150 W

1.43 | 430 | 7.17 | 10.03 | 12.90 | 15.77 | 18.63

21.50 | 24.37 | 27.23 | 30.10 | 32.97 | 35.83 | 38.70 | 41.57

058 | 1.58 | 1.51 | 1.40 | 1.27 | 1.35 | 1.52 | 1.70

179 | 1.79 | 1.70 | 1.56 | 1.57 | 1.69 | 1.67 | 1.65

175|174 | 161 | 149 | 142 | 152 | 1.73 | 1.91

201 | 197|184 | 166 | 1.66 | 1.82 | 1.75 | 1.77

292 | 169 | 156 | 142 | 141 | 155 | 1.82 | 2.05

213|200 185|168 |166 | 1.70 | 1.71 | 1.72

4.08 | 1.68 | 1.55 | 142 | 1.41 | 155 | 1.79 | 1.99

206 | 197 | 1.83 | 1.66 | 1.66 | 1.69 | 1.70 | 1.71

525 | 165|151 | 137|128 | 138|158 | 1.79

188 | 1.84 | 1.76 | 1.60 | 1.62 | 1.77 | 1.72 | 1.74

6.42 | 146 | 1.37 | 1.23 | 1.10 | 1.16 | 1.32 | 1.50

161|161 159 | 147|150 | 162 | 1.62 | 1.58

Table 7. Luminance Values in Direction of Observer 2 for Opposite Layout of the Luminaires

Observer 2
Laverage=1.64 cd/m?,
U,=0.67, U=0.70, TI=8 %
Opposite layout of the luminaires with HPSL of 150 W

1.43 | 430 | 7.17 | 10.03 | 12.90 | 15.77 | 18.63

21.50 | 24.37 | 27.23 | 30.10 | 32.97 | 35.83 | 38.70 | 41.57

058 | 146 | 1.37 | 1.23 | 1.10 | 1.16 | 1.32 | 1.50

161 | 161 | 159 | 1.47 | 150 | 1.62 | 1.62 | 1.58

175 | 165|151 | 137|128 | 138 | 158 | 1.79

188 | 1.84 | 1.76 | 1.60 | 1.62 | 1.77 | 1.72 | 1.74

292 [ 168 | 155 | 142 | 141 | 155|179 | 1.99

2.06 | 1.97 | 1.83 | 1.66 | 1.66 | 1.69 | 1.70 | 1.71

408 | 1.69 | 1.56 | 1.42 | 1.41 | 1.55 | 1.82 | 2.05

213|200 185|168 166 | 1.70 | 1.71 | 1.72

525|174 161|149 |142|152|173|191

201 | 197|184 | 166 |1.66 | 182 | 1.75 | 1.77

6.42 | 1.58 | 151 | 140 | 1.27 | 1.35 | 1.52 | 1.70

179 | 1.79 | 1.70 | 1.56 | 1.57 | 1.69 | 1.67 | 1.65

e

Fig. 3. Opposite and
staggered layout of the
luminaires

a)

is 4 m higher (suitable for CIE140:2000 and 2019
(2nd edition)). Therefore, the staggered layout of the
luminaires a road that is 9.3 % longer.

For this reason, special solutions, such as in this
example should be analyzed in simulated environ-
ments with road lighting. This reduces unnecessary
costs during initial installation. Energy consump-
tion can be reduced in lighting. Fig. 3 shows the op-
posite and the staggered layout of the luminaires.
Table 5 shows results of calculating road lighting
with the opposite and the staggered layout of the
luminaires.

b)

Tables 6-9 show the luminance values in the di-
rection of observers 1 and 2, respectively, with op-
posite and staggered layout of the luminaires. In this
case, the requirements CIE140-2000 and 2019 (2
edition) are fulfilled at all points [10, 11]. The maxi-
mum distance between the poles is 43 m for the op-
posite layout of the luminaires, and the maximum
distance between the poles is 47 m for staggered
layout of the luminaires.

Staggered layout of the luminaires increased the
maximum distance between the poles by 4 m. Ta-
ble 6 and Table 7 show luminance values in the di-
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Table 8. Luminance Values in Direction of Observer 1 for Staggered Layout of the Luminaires

Observer 1
Laverage=1.50 cd/m?,
U,=0.75, U=0.72, TI=5.7 %
Staggered layout of the luminaires with HPSL of 150 W

1.47(4.41|7.34|10.28|13.22|16.16|19.09 | 22.03

24.97|27.91|30.84|33.78 | 36.72 | 39.66 |42.59 | 45.53

0.58(1.58|1.58(1.49| 1.35 | 1.40 | 1.59 | 1.59 | 1.57

153 (148 | 1.37 | 1.23 | 1.21 | 1.29 | 1.41 | 1.55

1.75(1.70|1.68|1.58| 1.44 | 151 | 1.76 | 1.75 | 1.82

179|162 | 1.47 | 1.33 | 1.32 | 1.40 | 1.51 | 1.62

292|1.80|1.67|1.51| 1.40 | 1.42 | 1.58 | 1.68 | 1.77

178 | 1.64 | 1.48 | 1.38 | 1.38 | 1.46 | 1.60 | 1.74

4.08(1.87(1.68|1.49| 1.35 | 1.32 | 1.37 | 1.47 | 1.59

164 | 159 | 149 | 141 | 149 | 1.67 | 1.77 | 1.85

525|1.76 (158 (1.41|1.24 | 1.21 | 1.26 | 1.36 | 1.49

156 (154 | 1.49 | 138 | 1.47 |1.72 | 1.73 | 1.81

6.4211.40(1.36(1.26| 1.14 | 1.12 | 1.20 | 1.29 | 1.40

146 | 142 | 1.37 | 1.24 | 1.30 | 1.48 | 1.50 | 1.49

Observer 2

Laverage=1.50 cd/m?,
U,=0.77, U=0.72, TI=5.8 %
Staggered layout of the luminaires with HPSL of 150 W

1.47 | 4.41 | 7.34 | 10.28 | 13.22 | 16.16 | 19.09

22.03

24.97 | 27.91 | 30.84 | 33.78 | 36.72 | 39.66 | 42.59 | 45.53

0.58(1.58|1.58(1.49| 1.35 | 1.40 | 1.59 | 1.59 | 1.57

153|148 | 137|123 |121| 129|141 | 155

1.75(1.70|1.68|1.58| 1.44 | 1.51 | 1.76 | 1.75 | 1.82

179|162 | 147|133 |132| 140|151 | 162

2921180|167|151| 140|142 | 158 | 1.68 | 1.77

178 | 164 | 148 | 1.38 | 1.38 | 1.46 | 1.60 | 1.74

4.08(1.87|1.68(1.49| 1.35 | 1.32 | 1.37 | 1.47 | 1.59

164 | 159 | 1.49 | 1.41 | 149 | 1.67 | 1.77 | 1.85

525(1.76|158(1.41| 124 | 1.21 | 1.26 | 1.36 | 1.49

156 | 154 | 149|138 |147 | 172|173 |181

6.4211.40|1.36|1.26| 1.14 | 1.12 | 1.20 | 1.29 | 1.40

146 | 142 | 137 | 1.24 | 1.30 | 1.48 | 1.50 | 1.49

rections of observer 1 and observer 2 for the oppo-
site layout of the luminaires. Table 8 and Table 9
show luminance values in the directions of observ-
er 1 and observer 2 for the staggered layout of the
luminaires.

5. CONCLUSION

Road lighting installations are important for both
driving comfort and safety. The main purpose of
the new study is to reach the most cost-effective re-
sults that provide adequate conditions. For this rea-
son, when developing new suggestions in the field
of road lighting, both the classification of roads by
lighting and the corresponding lighting require-
ments are taken into account.

The most accurate reference to road lighting and
the choice of luminaires to be used are internation-
al standards. For this reason, simulated road lighting
is adapted to CIE standards. According to CIE140-
2000, the luminance values, averaged luminance
level, overall and longitudinal uniformity values
of road surface luminance in all points were calcu-
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lated for observers. The data of the used lamp was
processed in the simulation database and the results
were analyzed.

The HPSL of 150 W conforms the standards
specified in CIE140-2000 and 2019 (2" edition)
road lighting calculations with luminaire angle of 0°
in the optimum lighting pole range for the opposite
and staggered layout of the luminaires. The angle
of the luminaire is 5°, 10°, and 15°, while Lyyerage iS
less than 1.50 cd/m?2. This is not CIE compliant. It
was shown that compliance with the regulatory re-
quirements was ensured by inefficient and inaccu-
rate lighting installations.

The layout of lighting poles affects the lighting
efficiency. Despite the fact that all parameters are
equal, the layout of lighting poles provides bene-
fits in road lighting. The optimum distance between
the poles for the opposite layout of the luminaires is
43 m. Moreover, the optimum distance between the
poles for staggered layout of the luminaires is 47 m.
Staggered layout of the luminaires provides an ad-
vantage of 4 m (9.3 %).
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Lighting simulations can enhance such special
solutions. Therefore, as in this example, special
solutions should be analyzed in simulated environ-
ments when designing road lighting.

The correct layout of the luminaires and light-
ing poles reduces unnecessary costs in initial setup
of road lighting and increases energy efficiency of
road lighting.
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