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Abstract. In the opinion of the drivers, digital billboards and telebims are 
a potential threat to road traffic. Multimedia content with dynamically 
changing luminance level over time is often presented on emission media. 
The problem was highlighted when trying to regulate the requirements for 
dynamic media in law. The Ministry of Infrastructure and Development is 
in the process of drafting regulations aimed at limiting the emission 
parameters of light commercials used in the road environment. 
The limitation is to apply to the maximum luminance parameters emitted 
during the daylight and night, with the limitation to the built-up area and 
outside the built-up area. It is also proposed to limit the switching time of the 
image sequence and its luminance level. In the article have been describe 
the test procedure with presented sample measurement results. The object 
of research was medium-size advertising, where the illuminating surface 
was made with the use of semiconductor LED light sources. Obtained results 
undoubtedly indicate that there is a problem with measuring the parameters 
of advertising luminance with dynamically changing content. 

1 Introduction  
From among all the carriers of visual information placed by advertisers of the roads 
environments, electronic advertisements displaying dynamically changing content are 
potentially dangerous. These are usually solutions where the carrier is a source of coloured 
light emitted by means of light-emitting diodes [1,2]. Electronic advertisements, contrary to 
traditional advertisements (e.g. static billboards), are characterized by high brightness and 
the possibility of dynamic change of displayed images [1,3,4]. This is particularly important 
at night, when the bright surfaces of electronic advertising in the drivers' field of vision can 
cause discomfort in observing the road, other road users, obstacles and thus make it difficult 
for the driver to perform the visual tasks associated with driving. As indicated in publication 
[5], drivers at night pay more attention to electronic advertising than to other signs and static 
advertising. According to the survey results presented in the study [5], electronic media 
attract drivers' attention for a longer period of time.  

Both in Poland [1–4,6,7] and worldwide [8–11] research works were carried out 
indicating the problem of the influence of light from electronic media on drivers' behaviour. 
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The publications shall highlight the impact of electronic advertising on drivers' attention, 
particularly at night. As shown in the report of 2006 [12], dynamic images (films) or 
flickering of the image visible by the driver distract the driver's attention to a degree higher 
than static images. The presence of dynamic variable content media in an environment of 
junctions or roads with complex road layout can lead to driver distraction. The results of 
research conducted in 2012 [10], in road conditions with the use of eye-tracking tools, 
confirmed that the vast majority of drivers look more often and longer at electronic 
advertisements than at road signs. It was also found that advertisements, whose images 
change more frequently than every 7 seconds, attract the attention of drivers rather than road 
signs. However, it is not always observed that advertising media have a significant statistical 
impact on the incidence of accidents in the area of their occurrence [13]. Despite the lack of 
recorded traffic events, there may be a negative impact of the media on drivers' behaviour 
[8,9,14] e.g. the following: - short-term loss of the ability to control the situation in front of 
the vehicle caused by eye fixation on the carrier, occurrence of driver glare causing temporary 
sight dysfunction and re-adaptation to the conditions of night observation of the road and its 
surroundings, misinterpretation of traffic lights due to the similar color and shape of the 
traffic light. 

In many countries, attempts have been made to reduce the negative impact of electronic 
advertising on driver distraction [15–19]  So far, there have been no uniform international 
requirements for this type of advertising. In a number of countries there are local 
recommendations [6,7] [20] or regulations, e.g. Australia [21], Abu Dhabi [15], UK [22,23], 
Sweden, Netherlands, South Africa, selected US states [14,23]. With regard to the influence 
of light from electronic media, existing regulations indicate the need to limit the possibility 
of displaying moving images, to limit the minimum time of displaying an advertisement, to 
limit the visual effects and the intervals between the images displayed sequentially. limit the 
maximum luminance of the advertising medium.  

Also in Poland, provisions have been introduced to limit the emission of dynamic light 
from advertising media [24]. According to the draft implementing legislation, light 
advertising near a road in a built-up area will not be allowed to emit more than 4000 (cd/m²) 
of light per day and 600 (cd/m²) per night. Outside the built-up area, the advertisement may 
not have a lighting area of more than 4000 (cd/m²) per day and 400 (cd/m²) per night. The 
values proposed in the draft regulation represent a significant reduction in the clarity of 
advertising. The technical parameters of modern RGB LED matrices used in the construction 
of advertising media screens allow to obtain high luminance of the emission surface (often 
above 10000 cd/m2). According to the draft regulation, the luminance of an advertisement 
will not be changed more quickly than 200 (cd/m²) per second, which means that 
advertisements will not be able to change luminance levels quickly, thus distracting the driver 
from observing the road scene.  

2 Procedure for the measurement of variable advertising 
luminance 
The introduction of legal regulations [24] limiting the possibility of emission and displaying 
excessive luminance levels makes it necessary to control the assumed emission levels and 
the time of displaying information on the medium. 
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2.1 Weather conditions during luminance measurement 

The first step of the procedure is to determine whether it is possible to carry out 
measurements. In the case of luminance measurements, the test surface must be dry [1,2],  
with no precipitation, haze, dew, etc. The temperature at which the measurement is carried 
out shall be within the limits permitted by the manufacturer of the measuring instrument used. 
Any deviation from the rules presented has the effect of distorting the luminance 
measurement results, as it is a value strongly dependent on the condition of the tested surface 
(changes in the surface emission coefficients or the nature of the light reflection). 

2.2 Geometric dimensions of the advertising 

The next step in the procedure is to determine the geometric dimensions of the advertising 
media. Taking into account the angular size of the measuring field of the available measuring 
instrument, the permissible measuring distance [1,2] has to be determined. In the case of 
dynamic luminance measurements, the measuring field of the luminance meter shall be 
within the geometric dimensions of the advertising media several times. The basic 
geometrical parameters should be defined, i.e.: width of the medium (m), height of the 
medium (m), surface area of the medium (calculated parameter) (m2). If it is necessary, it is 
possible to define other geometrical features, which are variable in each situation and depend 
on the specific installation of the medium, i.e: height of installation of the advertising medium 
(to the middle) (m), angle of installation of the medium in relation to the road (°), distance of 
installation of the medium from the road edge (the side of the medium) (m), measurement 
distance (the medium - the meter) (m), determination of the location side in relation to the 
road (parameter unchanged: right, left), angular size of the object (calculated) (°). 

2.3 Record advertising luminance changes 

The main purpose of the measurement is to find the maximum luminance value (when 
displaying the sequence of images), which is the parameter determining the possibility of the 
media to be put into service. According to the literature [1,2,6,7] the highest luminance value 
is obtained for measurements taken from the direction perpendicular to the carrier. However, 
due to possible directions of observation of drivers [3,4], the measuring head should be 
directed at the advertisement from the height taking into account the position of the driver's 
eyes in the vehicle [1,2], i.e. 1,5 meter. 

In the case of dynamic measurements of advertising media with variable content, the 
meter used should allow for measurement and continuous recording of the luminance value 
of the illuminating surface. When measured with the classic luminance meter [1–4] ,which 
is not suitable for quick variable signal measurement, it is not possible to record transient 
states of the displayed content (i.e. changes in luminance levels over time)  [1,2]. It is 
therefore necessary to measure luminance at a high sampling rate (minimum 10 Hz) and with 
a small measuring field (maximum 1°). Analyses [1,2] show that the angular size of the 1° 
measurement field is sufficient to measure most of the existing advertising media. The 
angular size of the measuring field should not be too large to accurately measure 
the luminance of the advertising surface at a sufficiently large number of measurement 
points, and at the same time should not cause excessive averaging of the luminance values in 
the surveyed area [1,2]. When examining a dynamically variable advertisement, the entire 
sequence of displayed content on the media and the corresponding luminance levels shall be 
recorded. 
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2.4 Example of luminance and exposure time measurement of dynamic 
advertising media content 

The luminance of dynamic advertising was measured with a prototype GL Photometer 
equipped with dedicated GL LumiMeter LM 1.0 software. The measuring device (Fig.1 a) 
was perpendicular to the tested medium (Fig. 1 b, 2) at a distance of r = 10 m. The measuring 
field of the meter was inside the measured plane defined by two dimensions: HFOV 
(Horizontal Field of View), horizontal viewing angle, and VFOV (Vertical FOV) - vertical 
viewing angle. Fig. 1 c) shows the tested advertising medium with dimensions of 2.5 m x 0.8 
m and dynamically variable content (cyclic change of luminance level) for which the 
luminance level was recorded. 

a) b) c) 

 
  

Fig. 1. GLPhotometer Dynamic luminance meter, location of the meter in relation to the dynamic 
medium and the measured object. 

Figure 2 shows the changes in the luminance level of the emission area. The displayed 
content is indicated by digits. The beginning and end of the sequence are marked. 

 
Fig. 2. Recorded changes in the luminance of the surface of an advertisement media due to a change in 
the sequence of displayed images. 

Table 1 summarizes one sequence of displayed images, together with the duration 
of a single image and the corresponding maximum luminance. 
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Table 1. Sequence of change of parameter for luminance of electronic advertisement. 

l.p. Photo  Time sequence 
(s) Period (ms) Lmax (cd/m2) 

1 

 

9,56 ÷ 10,86 1300 885,2 

2 

 

10,86 ÷ 11,06 200 9052,0 

3 

 

11,06 ÷ 12,44 1380 1985,0 

4 

 

12,44 ÷12,56 120 7607,0 

5 

 

12,56 ÷ 13,96 1400 860,1 

6 

 

13,96 ÷ 14,10 140 8084,0 

7 

 

14,1 ÷ 16,70 2600 521,2 

8 

 

16,70 ÷ 16,86 160 7902,0 

9 

 

16,86 ÷ 18,14 1280 283,9 

10 

 

18,14 ÷ 18,34 200 8120,0 

11 

 

18,34 ÷ 19,60 1260 969,9 

12 

 

19,60 ÷ 19,84 240 8402,0 
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From the presented results of measurements of dynamic media (Fig. 2 and Table 1) it can 
be concluded that the luminance values significantly exceed the limits planned for the 
introduction of Polish legal regulations [24]. The advertising medium for images no. 1,3,5,11 
(Table 1) produced luminance values exceeding 600 (cd/m2). According to the 
recommendations, the luminance levels were obtained only for images no. 7 and 9. On the 
other hand, all the displayed odd-numbered sequences were connected with a white image 
(with a very high luminance, photo no. 2, 4, 6, 8, 10 and 12) close to or exceeding 8000 
(cd/m2). The generation of short-term light flashes affects the attention of drivers and is not 
permitted in the light of the new regulations [24]. 

3 Summary 
The maximum luminance values proposed in ordinance [24] will limit the possibility 
of emission and displaying excessive luminance levels from dynamic media located in the 
road environment. The regulations will be effective only if procedures and measurement tools 
are introduced to verify of the level and time of light emission from the advertising medium. 
The currently available measuring instruments (luminance meters) allow to verification of 
the parameters proposed in ordinance [24] only to a limited extent. The aim is to harmonise 
the measurement procedure and to use tools that enable the luminance level of a dynamic 
medium to be verified unequivocally. 
 
Issues presented in this article are the subject of research and analysis in a project carried out by the 
Faculty of Transport of the Warsaw University of Technology entitled: The impact of advertisements 
on the level of road traffic safety, contract number: DZP/RID-I-33/4/NCBR/2016 (Registration of Road 
Innovation), financed by the National Centre for Research and Development and the General 
Directorate for National Roads and Motorways. [25] 
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