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Abstract. Pedestrian crossings are considered conflict zones and require special attention to achieve high-

performance lighting. This must provide safety and comfort for both pedestrians and drivers approaching 

the pedestrian crossing. Based on the general characteristics specific to pedestrian crossing lighting, the 

variation in lighting parameters recommended by standards was studied so that they fall within the minimum 

values, depending on the geometric configurations of the lighting fixtures.  

1 Introduction 

Traffic lighting is an important and necessary requirement 

that provides comfort to all traffic participants, whether 

vehicles or pedestrians. In addition to visual comfort, the 

focus is also on traffic safety and the safety of citizens.  

Particular attention is paid to lighting in so-called 

conflict areas, which include pedestrian crossings.  

Accidents at pedestrian crossings are among the 

causes of road accidents. Most of them occur at night. 

Improving traffic safety and, implicitly, pedestrian safety 

can be achieved through adequate lighting of roadways 

and additional lighting of pedestrian crossings. 

Vehicle speed also plays an important role, which is 

why it is necessary to ensure good visibility of pedestrian 

crossings through the quality of lighting and the distance 

from which a driver can see a pedestrian crossing the road 

or approaching a pedestrian crossing. 

1.1 Consideration for pedestrian crossings 

1.1.1 Object contrast on crosswalks 

The need to recognize the silhouette of a pedestrian at a 

crosswalk requires high levels of lighting.  

This is achieved when the crosswalk stands out from 

the road surface and the surrounding environment, 

allowing drivers approaching the crosswalk to see the 

silhouette of pedestrians, the visibility of the pedestrian 

being extremely important, due to their greater contrast 

with the background.  

We can talk about negative contrast or positive 

contrast. 

Negative contrast is when the target object, the 

pedestrian, is darker than the background, as can be seen 

in Figure 1.a. Positive contrast is defined when the target 
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object, i.e., the pedestrian, is brighter than the 

background, situation shown in Figure 1.b. 

 

     
        a)                                                     b) 

Fig. 1. a) Negative contrast; b) Positive contrast.[1] 

Lighting solutions that create positive contrast are 

preferred. The most critical situation is when there is no 

contrast. 

When designing lighting for pedestrian crossings, the 

aim is to maximize the contrast between the pedestrian's 

silhouette and the background, as well as to provide good 

vertical lighting of the pedestrian from the perspective of 

drivers approaching the pedestrian crossing.  

1.1.2 Lighting solutions for pedestrian crossings 

There are two main lighting solutions for pedestrian 

crossings : 

A. The lighting system is designed in a standard 

configuration along the street (unilateral, bilateral 

alternating, staggered) so that the pedestrian crossing is 

illuminated by this lighting system, but this solution must 

provide a high level of illumination of the pedestrian 

crossing so that pedestrians are visible to drivers in traffic.  

B. The second solution consists of dedicated 

lighting for pedestrian crossings, which involves 

installing lighting fixtures a short distance before the 

pedestrian crossing in the direction of traffic, in addition 

to the street lighting system, so that the light is directed 

onto the pedestrian crossing.  
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Additional requirements lighting at pedestrian 

crossings [2]: 

• The illumination must illuminate the pedestrian 

crossing and the adjacent waiting zones in the respective 

direction of approach. [2] 

• A maintained illuminance of 30 lx (mean vertical 

illuminance) must be achieved at fixed points on the 

central axis of the crossing at a height of 1.5m. [2] 

• The value must not fall below 4 lx (minimum vertical 

illuminance) at any of the evaluation points defined in the 

evaluation field, nor in the waiting zone at a distance of 

1 m from the road. [2] 

• The illumination at the pedestrian crossing must not 

be switched off during the hours of darkness. [2] 

• It must be possible to switch the lighting system for 

pedestrian crossings independently from other light 

sources. [2] 

Additional lighting at pedestrian crossings must also be 

designed in such a way that it does not cause glare or 

intrusive light. [2] 

There are two types of glares that may occur due to the 

presence of a light source.[3] 

• Disability glare is intensity from a light source that 

limits a road user’s ability to see.[3] 

• Discomfort glare occurs when light from a light 

source causes discomfort to a road user.[3] 

Light trespass or intrusive light is the excess light that 

falls on areas or surfaces that are not intended to be 

illuminated, such as private properties, residential areas, 

or the night sky.[3] 

2 Recommendations for pedestrian 
crossings  

To determine the lighting level of a pedestrian crossing, 

the road class and lighting level corresponding to the road 

segment on which the pedestrian crossing is located are 

established, and based on this, the lighting class and 

lighting level required for the pedestrian crossing itself are 

determined. 

Consideration will be given to classes M, C, P, and 

EV. 

Part 2 of EN 13201 provides specifications for the 

different lighting classes which are defined by a set of 

photometric requirements depending on the needs and 

requirements of the specific road users and road types.[4]  

2.1 M class roads 

M class roads are routes for motorized traffic with 

medium to high driving speed. To fulfil the criteria of the 

standard, care must be taken to maintain a minimum 

average road surface luminance, a minimum uniformity 

of the luminance of the road surface (with separate 

minimum values given for dry and wet conditions), a 

minimum uniformity of luminance along the centres of 

the driving lanes, a maximum level of glare, as well as 

ensure that the illuminance outside the carriageway does 

not fall off too quickly.[4] 

2.2 C class roads 

C class roads represent conflict areas where motorized 

vehicles must expect other road users (such as pedestrians 

or cyclists) or otherwise must navigate complicated traffic 

situations, such as complex road intersections, 

roundabouts, queuing areas, and so forth.[4] 

Lighting systems for C class roads need to maintain an 

average horizontal illuminance on the road area.[4]  

2.3 P and HS class roads 

P and HS class roads are intended for pedestrians and 

pedal cyclists on footways, cycleways, emergency lanes, 

and other road areas lying separately or along the 

carriageway of a traffic route, as well as residential roads, 

pedestrian streets, parking places, schoolyards and so 

forth. If facial recognition is important, additional criteria 

for vertical plane illuminance (at a point) and minimum 

semi-cylindrical illuminance (on a plane above a road 

area) must be adhered to.[4] 

2.4 EV class roads 

EV class roads are an additional class for situations like 

interchange areas where vertical surfaces need to be 

perceived clearly.[4]  

Pedestrians must be easily visible from both directions 

of approach even when it is dark or in rainy conditions – 

and this applies both on the crossing itself as well as in the 

waiting areas at the edge of the road: For this reason, 

additional permanent illumination is generally required.[2] 

2.5 PC class roads 

A working group including the Foundation for Civil 

Engineering Development, the Universities of Gdańsk and 

Warsaw, and the Research Institute of Roads and Bridges 

recently came up with guidelines for pedestrian crossing 

lighting. This academic work proposes a specific way to 

maximise safety for pedestrians. They propose introducing 

new lighting classes, PC for dedicated pedestrian crossing 

lighting solutions as shown in Table 1. Their purpose is to 

create a highly positive contrast for pedestrian silhouettes 

observed from the driver’s perspective.[5] 

Table 1. Minimal requirements for PC classes [6] 

Road lighting Pedestrian crossing lighting 

Before and after the 

pedestrian crossing 
 Planes 

M
 c

la
ss

 

Average 

luminance 

(LAV) 

Average 

illuminance 

(EAV) PC 

class 

Average 

vertical 

illuminance 

(EVAV) 

Vertical 

uniformity 

on the 

object 

(Uov) 

Average 

horizontal 

illuminance 

(EhAV) 

Horizontal 

uniformity 

on the 

object 

(Uoh) 

cd/m2 

(min) 

lx 

(min) 

lx 

(min) 
Min 

lx 

(min) 
Min 

M1 2,00 50 Low need for a specific pedestrian crossing solution 

M2 1,50 30 PC1 75 0,35 75 0,4 

M3 1,00 20 PC2 50 0,35 50 0,4 

M4 0,75 15 PC3 35 0,35 35 0,4 

M5 0,50 10 PC4 25 0,35 25 0,4 

M6 0,30 7,5 PC5 15 0,35 15 0,4 
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This approach considers the luminance requirements 

of the road lighting class and the light reflected on 

pedestrians. These guidelines are not yet translated into 

regulations and standards, but might be soon, as 

normalisation bodies are currently busy revising their 

recommendations. [5] 

2.6 Calculation grids for pedestrian crossings 

When designing lighting for pedestrian crossings, a 

calculation grid is defined, positioned on the road surface, 

whose dimensions coincide with those of the pedestrian 

crossing.  

The length of the grid is equal to the width of the 

roadway, and the width of the grid is equal to the width of 

the pedestrian crossing.  

The grid points on which the horizontal illuminance 

Eh (lx) will be calculated using the Dialux Evo program 

are defined on this surface, and then the average 

illuminance EhAV (lx) is obtained.  

The horizontal illumination calculation grid also 

includes the pedestrian waiting area, which is 0.5 m wide. 

If the pedestrian crossing is on a two-lane road, the 

grid for measuring horizontal illuminance Eh is shown in 

Figure 2a. The minimum, maximum, average, and 

uniformity of illuminance on the horizontal plane are 

calculated. 

Crosswise to the roadway axis, a grid perpendicular to 

the road is defined, with a height of 1.5 ÷ 2 m from ground 

level along the pedestrian crossing axis, including the 

waiting area. This vertical grid can be seen in Figure 2b. 

 

    

a)                                                     b) 

Fig. 2. Calculation grid for crosswalk extended onto sidewalk: 

a) Horizontal calculation grid; b) Vertical calculation grid. [7] 

Calculation points for vertical illuminance EvAV (lx) 

are defined on this grid, which facilitates the observation 

of pedestrians by drivers participating in traffic. The 

direction of calculation of vertical illuminance is towards 

the driver. When the roadway has two directions of travel, 

the calculation shall be performed for both directions of 

travel. 

The vertical illuminance is responsible for lighting up 

the silhouette of the pedestrian seen by the driver. On the 

other hand, the horizontal illuminance is responsible for 

making the crosswalk stand out from the road lighting and 

making sure there's enough light for pedestrians.  

2.7 Luminaires for pedestrian crossings 

The type of lighting fixtures intended for pedestrian 

crossings, as well as their positions and orientations in 

relation to the crossing area, must be considered so as to 

achieve positive contrast and not cause excessive glare to 

drivers. Street lighting fixtures are used. 

The most suitable lighting fixtures are those with 

asymmetrical light distribution which, apart from 

illuminating the pedestrian crossing, do not cause glare 

for drivers or intrusive light. 

LED lighting fixtures are preferred because the light 

comes from several discrete LEDs, allowing for adequate 

uniformity of the illuminated area. It is important to 

illuminate not only the pedestrian crossing itself, but also 

the pedestrian entry and exit areas as well as waiting areas. 

3 Case study 

3.1 Initial conditions 

Multiple simulations were performed for different road 

classes, different luminaires, different type of traffic lanes, 

with one, two and four lanes. It was decided to present the 

study described below. 

The case study presents the modeling of a urban dual 

carriageway, it means a four-lane road, with a total width 

of 14 m located in an urban area with medium traffic and 

medium speed (e.g. between 30 km/h and 70 km/h). The 

road surface is dry, asphalt CIE C2 with Q0 = 0.07 The 

pedestrian crossing is 14 m long and 4 m wide. The waiting 

areas measure 4x0.5 m. 

The lighting poles for the pedestrian crossing are 

positioned 0.5 m in front of the pedestrian crossing for 

each direction of travel behind the sidewalk, i.e., at a 

distance of 2.5 m from the curbside. 

The luminaire used is Philips BGP763 T25 1x LED 

300-4S/840 DPR1. It has a photometric curve with 

asymmetrical distribution shown in Figure 3. 

Its technical and photometric characteristics include: 

luminous flux 25,200 lm, color temperature 4000K, color 

rendering index 80, luminous efficiency 143lm/W, power 

consumption 176W, lifetime 100,000 hours. 

 

      

Fig. 3. Luminaire Philips BGP763 T25 1x LED 300-4S/840 DP 

M3 road class was considered for the road and PC2 

class for the pedestrian crossing, according to Table 1. 

In accordance with this, the average horizontal 

illuminance required on the pedestrian crossing area must 

be 50 lx, and the overall horizontal uniformity on the same 

area must be 0.4. Regarding the vertical illuminance on the 

vertical surface located along the axis of the pedestrian 

crossing, it must also be 50 lx in each direction, and the 

vertical uniformity must be 0.35 in each direction. 

3.2 Modeling with Dialux-Evo software 

Simulations were performed using Dialux Evo software 

where the geometry of the pedestrian crossing on the 
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roadway and the grids required for the calculations were 

defined. 

Figure 4a shows the horizontal grid on the crosswalk 

where the average horizontal illumination and overall 

horizontal uniformity will be calculated. Vertical grid 

located on the central axis of the pedestrian crossing, 

including in the waiting areas, is shown in figure 4b. Here, 

the average vertical illumination and vertical uniformity 

are calculated. 

 

    

a)                                                     b) 

Fig. 4. Crosswalk grids showed by Dialux-Evo; a) Horizontal 

grid; b) Vertical grid.  

After calculations and modeling in Dialux Evo, the 

isolux surfaces on the roadway as well as on all horizontal 

and vertical grids are shown in Figure 5. 

 

Fig. 5. Isolux surfaces on the cariageway and on the crosswalk 

grids after calculations showed by Dialux-Evo. 

The study analyses how horizontal and vertical 

illuminance and horizontal and vertical uniformity change 

depending on changes in certain variables related to the 

placement of luminaire. 

Two variants were analyzed in which some parameters 

were modified while others remained unchanged. 

Horizontal and vertical average illuminance variations 

were studied, as well as horizontal and vertical uniformity 

depending on the mounting height and then depending on 

the arm length. Graphic representations of the studied 

variables were then made. 

In both situations, the tilt angle of the luminaire 

remained at a fixed value, namely 15 degrees, this being 

the most favorable situation. 

4 Results 

4.1 Results for different mounting height 

The horizontal and vertical illuminance and uniformity for 

different mounting heights were studied for this situation, 

using the length of the arm of luminaire as a parameter. 

The mounting heights vary between 6 and 10 m in 

increments of 0.5 m. And the arm lenght that constitute 

parameters have values between 0 and 3 m, in increments 

of 0.5 m. 

The most semnificative values resulting from the 

calculations and related graphs are presented in the 

following tables and figures. 

The graph presented in Figure 6 shows that for the 

same arm length, as the mounting height increases, the 

average horizontal illuminance decreases. 

 

 

Fig. 6. Crosswalk average horizontal illuminance depending on 

mounting height. 

The average horizontal illuminance in the waiting area 

has the same decrease as the mounting height increases. 

In the case of average vertical illuminance, as the 

mounting height increases, for certain arm lengths, the 

numerical values obtained no longer comply with the 

recommended standards. This is highlighted in Table 2. 

Table 2. Average vertical illuminance depending on mounting 

height  

m heigh EvAv0 EvAv0.5 EvAv1 EvAv1.5 EvAv2 EvAv2.5 EvAv3 

6 92.6 99.2 105 110 114 121 122 

6.5 77.1 82.4 87.2 91.4 94.8 100 102 

7 64.9 69 72.9 76.3 79.2 84 85.5 

7.5 55.3 58.6 61.8 64.6 67 71 72.4 

8 47.8 50.5 53.1 55.4 57.4 60.7 62 

8.5 41.8 44 46.1 48 49.8 52.5 53.6 

9 36.9 38.7 40.5 42.1 43.5 45.8 46.8 

9.5 32.8 34.4 35.8 37.2 38.4 40.4 41.2 

10 29.4 30.7 32 33.2 34.2 35.8 36.6 

 

Figure 7 shows a decrease in the case of average 

vertical illuminance as the mounting height increases. 

 

 

Fig. 7. Average vertical illuminance depending on mounting 

height. 

Unlike average horizontal illumination, which 
decreases with increasing mounting height, overall 
horizontal uniformity across the pedestrian crossing 
increases with increasing mounting height for the same 
arm length, as shown in Figure 8. 
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The same upward trend has the overall horizontal 

uniformity in the waiting area as the mounting height 

increases, for the same arm length value. 

 

 

Fig. 8. Crosswalk horizontal uniformity depending on mounting 

height. 

Table 3 highlights numerical values for vertical 

uniformity that do not meet the minimum requirements 

recommended by the standard, for low mounting heights 

for the entire range of arm lengths. 

It can be observed that vertical uniformity and vertical 

illuminance are the most difficult to meet the minimum 

conditions recommended by the standards. 

The overall vertical uniformity across the pedestrian 

crossing surface increases with increasing mounting 

height, for the same arm lenght. 

Table 3. Vertical uniformity depending on mounting height  

m height UoV0 UoV0.5 UoV1 UoV1.5 UoV2 UoV2.5 UoV3 

6 0.24 0.23 0.22 0.22 0.22 0.21 0.23 

6.5 0.3 0.29 0.29 0.28 0.29 0.28 0.29 

7 0.36 0.35 0.34 0.34 0.34 0.33 0.34 

7.5 0.41 0.4 0.39 0.38 0.38 0.37 0.37 

8 0.45 0.43 0.42 0.42 0.41 0.4 0.4 

8.5 0.47 0.46 0.45 0.44 0.44 0.43 0.42 

9 0.5 0.49 0.47 0.47 0.46 0.45 0.44 

9.5 0.51 0.5 0.49 0.48 0.47 0.46 0.46 

10 0.53 0.52 0.51 0.5 0.49 0.48 0.48 

The graph in Figure 9 shows that at lower mounting 

heights for different arms lenght, the overall vertical 

uniformity has similar numerical values, some of which 

even overlap for different arms lenght. This situation 

occurs in the case of values that do not meet the minimum 

standards. 

 

 

Fig. 9. Vertical uniformity depends on mounting height. 

4.2 Results for different arm length 

The variation in horizontal and vertical illuminance and 

uniformity for different arm lenghts is studied in this 

section, using the mounting height of the luminaire as a 

parameter. The arm lenght have values between 0 and 3 m, 

in increments of 0.5 m. The mounting heights that 

constitute parameters in these calculations and graphical 

representations vary between 6 and 10 m in increments of 

0.5 m.  

For the same mounting height, in the range mentioned 

before, as the console increases, also in the range 

mentioned before, the average overall horizontal 

illumination on the pedestrian crossing surface also 

increases. The graph in Figure10 shows that the average 

horizontal illumination increases almost linearly.  

 

 

Fig. 10. Average horizontal illuminance for the crosswalk 

depending on arm length. 

In contrast to the pedestrian crossing, in the waiting 

area, for the same suspension height as the console 

increases, the average horizontal illumination decreases 

slightly. Figure 11 shows this situation. 

 

 

Fig. 11. Average horizontal illuminance for the waiting area 

depending on arm length. 

Table 4 shows that, for certain mounting heights, 

vertical illumination no longer meets the minimum 

requirements recommended by the standard for both small 

and large arm lengths. 

Table 4. Average vertical illuminance depending on arm length. 

a lenght EvAv6 EvAv6.5 EvAv7 EvAv7.5 EvAv8 EvAv8.5 EvAv9 EvAv9.5 EvAv10 

0 92.6 77.1 64.9 55.3 47.8 41.8 36.9 32.8 29.4 

0.5 99.2 82.4 69 58.6 50.5 44 38.7 34.4 30.7 

1 105 87.2 72.9 61.8 53.1 46.1 40.5 35.8 32 

1.5 110 91.4 76.3 64.6 55.4 48 42.1 37.2 33.2 

2 114 94.8 79.2 67 57.4 49.8 43.5 38.4 34.2 

2.5 121 100 84 71 60.7 52.5 45.8 40.4 35.8 

3 122 102 85.5 72.4 62 53.6 46.8 41.2 36.6 
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Fig. 12. Average vertical illuminance depending on arm length. 

For the same mounting height, as the arm lenght 

increases, so does the average vertical illumination Figure 

12. 

The overall horizontal uniformity in the waiting area 

tends to decrease slightly as the length of the console 

increases as it shown in Figure 13. 

 

 

Fig. 13. Horizontal uniformity for the waiting area depends on 

arm length. 

At low mounting heights, vertical uniformity does not 

meet the minimum requirements recommended by the 

standard, regardless of the arm length. Table 5 emphasize 

this situation. 

Table 5. Vertical uniformity depending on arm length. 

a length UoV6 UoV6.5 UoV7 UoV7.5 UoV8 UoV8.5 UoV9 UoV9.5 UoV10 

0 0.24 0.3 0.36 0.41 0.45 0.47 0.5 0.51 0.53 

0.5 0.23 0.29 0.35 0.4 0.43 0.46 0.49 0.5 0.52 

1 0.22 0.29 0.34 0.39 0.42 0.45 0.47 0.49 0.51 

1.5 0.22 0.28 0.34 0.38 0.42 0.44 0.47 0.48 0.5 

2 0.22 0.29 0.34 0.38 0.41 0.44 0.46 0.47 0.49 

2.5 0.21 0.28 0.33 0.37 0.4 0.43 0.45 0.46 0.48 

3 0.23 0.29 0.34 0.37 0.4 0.42 0.44 0.46 0.48 

 

Figure 14 shows that the vertical uniformity decreases 

very slightly as the arm length increases, for the same 

mounting height.  

 

Fig. 14. Vertical uniformity depends on arm length. 

5 Conclusions 

Following the simulations, it was observed that achieving 

vertical illumination and vertical uniformity is more 

difficult than achieving horizontal illumination or 

horizontal uniformity, this being highlighted by the study 

presented in the paper. 

The study highlights the fact that the choice of 

luminaires for pedestrian crossings should not be made at 

random. It is necessary to meet the conditions 

recommended by the standards for lighting parameters, 

and these must be met by many luminaires and different 

configurations related to their placement geometry. This 

requires the creation of a database that meets the 

conditions specified in the standards, as well as the 

creation of nomograms to facilitate the selection of 

luminaires.  
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