


With the rapid development of solid state lighting technology and the availability of LED light sources, coupled with the benefits

they offer such as energy efficiency, long lifespan and the fact that they can be controlled and programmed, we are now finding

LEDs being more widely used for animated advertising. In spite of the pace at which SSL is developing, or perhaps because of

this, there is a distinct lack of evaluation guidelines or recommendations for professional designers. It is therefore essential that

more research is carried out on this issue on an international scale, and that experts in the field get their heads together in order

to formulate some basic guidelines that can be applied in practice.

Case study of “Walk”: a video installation integrated into the façade of a store in Zürich/CH.
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Since the beginning of the 20th 
century the night-time image of our
towns and cities has slowly but 
surely been shaped by luminous ad-
vertising[1]. The technological chan-
ges luminous advertising has under-
gone, together with the increased
application of animated displays in
the urban realm, have proven to be
highly influential when it comes to
developing new business opportuni-
ties – in the leisure and retail indu-
stries – in the hours after darkness.
In Berlin/D alone, the turnover for
digital outdoor advertising rose by
307 per cent between 2007 and
2011[2]. This trend is in evidence all
over the world. It has become clear
that lighting design and luminous 
advertising linked to retail outlets
and events in the public realm,
which in turn enhance the (window)
shopping experience and the use of
urban spaces after dark, render our
towns and cities even more popular
and attractive for an extended pe-
riod of time every day. City dwellers,
people in town on business, and 
visitors or tourists enjoy the atmos-
phere generated after dark, which is
an added commercial benefit for
shop and business owners[3]. On 
the other hand, the fact that the 
new technology is becoming more
affordable has led to a new 21st 
century night-time experience, a
bright, transformed image of the city
by night, guaranteeing enhanced
media exposure, but to a certain 
extent with no relevance to the 
architecture it uses or to the urban
areas in which it is applied[4]. 

In spite of the comprehensive use
of the new medium there are no
clear rules or regulations to date that

Fig. 1: The LED video installation inte-

grated into the facade of PKZ Women

in Zürich/CH faces a town square. The

building itself borders on a pedestrian

zone with tram lines running along it

and is positioned diagonally to the exit

to the underground car park of a shop-

ping centre. Source: Google Earth.

Fig. 2: The LED display extends across

the entire height of the ground floor

and first floor of the building and has

an enormous visual impact on the

street situation, above all thanks to the

dynamic content, the high luminance

levels and the cool white colour 

temperature, which stands in stark

contrast to its surroundings after dark. 

Photo: J. Hartmann, July 2015.

address the requirements which
need to be met in order to apply LED
technology as a means for adverti-
sing in a creative and acceptable 
fashion. This lack of guidance makes
it extremely difficult for local authori-
ties to make educated decisions
when it comes to dealing with appli-
cations for building permits of this
kind. The problem right now lies in
the fact that specifications do not
define content adequately, the pro-
ducts applied are not suitable, or the
choice of location for the displays is
inappropriate. The need for the inte-
gration of control technology in 
order to be able to programme and
change the displays is frequently
overlooked or simply forgotten.
Since SSL technology has developed
so fast more research needs to be
done in this field and steps taken to
ensure the relevant decision-makers
are adequately informed. Only then
can the technical potential of SSL be
meaningfully applied in the urban
context. International and national
professional associations and bodies
have produced a significant amount
of literature on “outdoor lighting”
[5-14], but the existing recommenda-
tions and regulations in Europe have
not been adjusted to address the 
requirements pertaining to digital
advertising. Nor have the numerous
legal stipulations laid down for 
advertising in the public realm been
appropriately updated[15-22]. A pro-
cess for measuring the luminance of
systems comprising of changing
light levels, such as LED video 
installations, also does not exist at
present[23].

There is therefore a need for a
firm foundation on which adequate

guidelines can be based. Before 
recommendations and guidelines
can be defined, however, we first
need to establish a precise and 
universally valid definition of LED
outdoor advertising. 

Proposal from the authors: A digi-
tal advertising platform is a means of
advertising or marketing just about
anything in a public or privately 
owned space. At the same time, it
can also be used commercially for
marketing purposes (light art instal-
lations). The systems are sources
with light-emitting diodes (LEDs)
and feature different resolutions,
colours, luminous intensities and
lighting controls. They can be instal-
led on a temporary or permanent 
basis, and content can be dynamic
or static, in low or high resolution,
and in the form of text, images or 
video sequences. Thanks to techno-
logical advancements in the deve-
lopment of the brightness of LEDs,
such display systems can also be
used outdoors during daylight
hours. There are different types of
digital advertising platforms: signs,
logos, lettering, shop windows, 
screens or media facades.

Overview of the issues involved
The design and planning of LED 
outdoor advertising that is to be 
integrated into the architectural con-
text should always be verified in cor-
relation with the following aspects:
≥ impact on critical traffic zones
where increased attention is requi-
red (increased number of pedestri-
ans, cyclists, car and tram drivers on
the streets)
≥ impact on human health (mind
and body) and well-being (especially

in residential areas and in close pro-
ximity to hospitals and sanatoriums)
≥ impact on the environment (light
pollution, inability to view the sky at
night, flora and fauna which become
disoriented in relation to time and
place).

Impact on traffic situations 
LED technologies for outdoor adver-
tising are relatively new. That said,
performance with regard to bright-
ness, resolution, animation, quality,
colour, and so on, continues to de-
velop at a very fast pace. The influ-
ence and impact on road traffic and
road users have not been sufficiently
investigated to date, however. 
Studies carried out over the last ten
years focussing on the correlation
between the recurrence of traffic 
accidents and the presence of 
electronic signage and advertising
should be consulted[24]. Further-
more, it is already a well-known fact
that a driver’s foveal and peripheral
vision must not be restricted. Road
and traffic safety can otherwise not
be guaranteed[25-29].

Since state-of-the-art LED techno-
logy enables full-motion, real-time
videos, graphics and even audio, it is
becoming increasingly possible to
realise interaction solutions involving
cars, trams, cyclists and pedestrians.
Whatever technical potential there is
available, road traffic safety must 
never be subjected to risk. The light
emitted by a digital luminous adver-
tising display should not compete
with street lighting systems or traffic
lights, or undermine the effect or
perception of the same. Bright light
and visually perceptible changes in
the environment, especially after
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dark, are known to attract the human
eye. Which is exactly what adverti-
sing is all about, of course. The eye
focuses on the brightest point within
the field of vision (phototaxis)[30]. 
A driver or cyclist distracted by 
unexpected or fascinating lighting
effects or animations is not likely to
be able to respond adequately in an
emergency. Accidents and collisions
are thus more likely to occur – espe-
cially at or near intersections and
traffic junctions. LED outdoor adver-
tising should therefore be prohibited
in the immediate vicinity of intersec-
tions and traffic junctions. LED ad-
vertising should also not be installed
near to pedestrian crossings so as
not to distract people crossing the
road quickly and safely. Extreme 
differences in brightness occurring
in road traffic are not only disturbing
for drivers and cyclists. Psychologi-
cal glare also affects pedestrians,
and older persons in particular, who
are consequently unable to judge 
situations correctly. 

Given that the perceived bright-
ness must always be considered in
the context of the brightness of the
luminous advertising display within
its immediate surroundings, it is not
possible to identify or quote a stan-
dard luminance level as an adequate
basis for evaluation. The proposal is
therefore to divide buildings and
their surroundings into four different
environmental categories (see points

3.3 in table 1), in which the permissi-
ble luminance in accordance with
CIE/ILP guidelines for spill light is
defined along with restrictions regar-
ding outdoor lighting schemes[31, 32].

Impact on health and well-bring
Research findings in the fields of
medicine and neuroscience have 
demonstrated that there is a direct
link between human health and 
well-being and spectral composition
and luminous intensity.

Outside medical circles little is
known about the non-visual effects
of light. In 2000, scientists disco-
vered a new type of photoreceptor
in the eye: intrinsically photosensi-
tive Retinal Ganglion Cells (ipRGC)
[33, 34]. Today we know that this
group of cells is responsible for 
capturing and processing informa-
tion about the light around us to 
regulate our circadian clock. The
cells are sensitive to the blue range
of the spectrum between 460 and
500 nm[35]. Artificial light at night,
especially in the blue range, can
have a profound stimulating effect
on our biological clock[36].

Outdoor luminous advertising can
play a role in the suppression of the
secretion of melatonin. This, in turn,
undermines the human immune 
system and triggers certain bio-
chemical processes. The production
of melatonin has a significant influ-
ence on the regulation on anti-

cancer (NK cells) and anti-germ cells
(B cells)[37]. All living creatures need
a well-functioning circadian rhythm
based on a balanced melatonin level
to enable the body to renew cells
overnight. Even brief exposure to 
artificial light with the wrong spectral
composition during the night can 
negatively affect melatonin secre-
tion. For years studies have confir-
med that people working shifts at
night under fluorescent or LED light
sources run a higher risk of contrac-
ting cancer – breast cancer in 
women and prostate cancer in men
– as well as developing a tendency
towards obesity and sleep disor-
ders[38-40]. Artificial Light At Night
(ALAN) is on the increase world-
wide[41]. Changes in our natural day-
night rhythm due to artificial light is
closely related to the most common
health problems in society today. It is
therefore crucial that an effort is
made to reduce and purposefully
avoid light trespass in the urban
realm. 

Impact on the 
natural environment
Light pollution is the term used to
describe unnecessary, inappropria-
tely focussed or disturbingly conspi-
cuous artificial light – a side effect of
modern civilisation. It is in evidence
in large cities around the world and
recent photographs published by
NASA indicate that the use of LEDs

for road lighting actually add to the
problem. Researchers have defined
three main causes of light pollution –
the phenomenon of light emitted
into the earth’s atmosphere: sky
glow, light trespass, and discomfort
glare[42, 43]. The illumination of the
night sky in urban areas is the result
of light being directly and indirectly
reflected by molecules and particles
in the atmosphere. Light trespass
into buildings is a common pheno-
menon in towns, and describes the
influx of unwanted light into inhabi-
ted buildings after dark. Discomfort
glare arises from light sources the
eye cannot readily adapt to. It leads
to feelings of unease, undermines 
vision, and can cause eye irritation.
Poorly designed LED outdoor 
advertising displays can give rise to
discomfort glare for pedestrians,
cause light trespass, and contribute
towards sky glow. 

Studies in the field of biodiversity
have verified a number of cases
where the negative impact of artifi-
cial lighting on the environment is
clearly evident[44]. Uncontrolled
lighting at night impacts the beha-
viour of birds[45], fish[46], turtles,
bats[47] and insects[48] who by 
nature rely on darkness to survive.
Observations have shown that an
excess of artificial light, and colou-
red light in particular, can have a
huge impact on nocturnal spe-
cies[49]. The consequence: a mal-

Fig. 3 and 4: The images show to what

extent and in what intensity the light

emitted by the installation radiates

into the surrounding urban space. 

Left: installation switched on; 

right: installation switched off. 

Photos: J. Hartmann, July 2015.
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function of the circadian rhythm.
Changes in the amount of ambient
light late in the evening or at night
can lead to reproduction problems,
displacement from a species’ natural
habitat, and fluctuations in seasonal
migratory routes – with the result
that certain species run the risk of
dying out[50-52].

The time during which trees and
plants are subjected to light stimuli
on a daily basis, the photoperiod or
diurnal rhythm of the plants, can
have an effect on the growth and
shape of the leaves, their inherent
pigments, the dormancy period be-
fore the tree or plant buds, and root
growth. Artificial lighting can cause

Fig. 6: Close-up view of the low resolution pixel pitch. Photo: J. Hartmann.Fig. 5a: Photo of the video installation using a calibrated app from Opticalight. 

Fig. 5b: False colour rendering with a cd/m2 calibrated colour spectrum. April

2016.

shifts in the natural photoperiod and
related periods of growth[53]. Exten-
ding the day in this artificial manner
also leads to changes in the blos-
soms. Growth under continuous
lighting prevents the plants and
trees becoming dormant, which is
necessary to enable them to survive
adverse conditions during the winter
months, for example.

Case study of “Walk”
One real-life example of how a lack
of regulatory know-how led to the
unsatisfactory implementation of the
luminance ratio and choice of colour
for an LED outdoor advertising 
display in the urban context is the 

permanent video installation entitled
“Walk” designed by British artist 
Julian Opie. It was realised in March
2014. 

The installation is integrated into
the shop window of PKZ Women,
which is in the main shopping street
in the centre of Zürich/CH (Fig. 1).

The shop owner expressly wanted
a digital artwork incorporated into
his building as an integral part of the
shop window to ensure that the fa-
cade would be seen from a distance
and attract the attention of passers-
by (Fig. 2). The innovative LED 
display has indeed rendered the
shop window a true highlight. When
it comes to LED outdoor advertising,

this installation can certainly be 
classified as a pioneer project in the
City of Zürich, and was officially 
approved in this prestigious location
by the urban planning office[54-55].
Based on this information, the au-
thors set about carrying out a critical
analysis of the situation in order to
gather empirical values and thus 
determine what recommendations
are necessary to enable future pro-
jects to be qualified and evaluated.

The location in itself is critical. 
The façade faces a local town square
with a statue of Heinrich Pestalozzi
surrounded by grassed areas and
trees. During early evening and at
night the statue and the building 



facade behind it receive additional
light emitted by the video installa-
tion. The exit to the underground
car park that belongs to the shop-
ping centre on the other side of the
road faces the installation and imme-
diately attracts the attention of car
drivers leaving the car park. 

The LED screen is installed on the
right-hand side of the front facade of
the building and spans a total area of
around 50 square metres (720 x 720
centimetres), extending over two
storeys.

In order to remain visible during
the daytime, especially on sunny
days, the luminance level of the LED
screen is visually very striking. What
is more important is that the bright-
ness is not controlled to align with
the daytime and night-time condi-
tions in the given environment 
(Fig. 3 and 4).

Given the fact that the content of
the art installation is animated and
continually in motion, it is extremely
difficult to measure actual luminance
levels and compare them with the
ambient brightness. In general one
can say that the installation is clearly
not adequately aligned to the am-
bient brightness and is thus distur-
bing, since the contrast to the urban
surroundings after dark is too strong.

To support the analysis study,
sample measurements were taken of
the installation. Luminance measure-
ments were taken after dark on a
cloudless night. Viewed from the
point of emission, the measuring cell
was parallel to the reference surface
when the measurements were 
taken. The luminance was measured
using a newly developed candela-
meter app for iOS devices from 
Opticalight/CH. 

The PKZ advertising display was
recorded as having a luminance of
up to 687cd/m2, taken at a distance
of six metres to the facade. Accor-
ding to CIE/ILP guidelines the 
recommended luminance value for
buildings in inner-city areas is
25cd/m2. The values for the PKZ 
installation were therefore 27 times
higher than those quoted in the
standard. (Fig. 5b)

In parallel, tests were undertaken
to measure the luminance of the 
display using a Technoteam LMK
mobile air portable camera photo-
meter and a Konica Minolta LS-110.
Neither of these works when it 

comes to measuring the luminance
of moving images, since it is difficult
to specify exposure times and the
point measurements are not possible
because of the changing frame rate
(interference with the sampling rate
of the sensors). The grid structure of
the LED screens/pixel boards and
the pulsing light give rise to extreme
differences in luminance levels,
which makes it practically impossible

to determine average or minimum
and maximum luminances.

Right now, the latest version of the
candela app from Opticalight is the
only tool available for evaluating 
moving installations adequately and
for determining the proportionality
of the existing luminance. (To per-
form measurements using the Opti-
calight app correctly the device must
be calibrated and all older versions
of the app deleted.)

The app is a valuable analysis tool
for the lighting designer. It is suffi-
ciently accurate for the lighting 
designer to be able to judge whether
there is a problem with the propor-
tion of vertical luminance to ambient
light levels. 

Measuring luminance is a very
complex procedure, because the 
positioning of the measuring device
to the surface to be evaluated must

be coordinated precisely and the 
results of measurements taken 
depend on the spectral evaluation
options the measuring device offers. 

If exact measurements are re-
quired, then the designer must 
resort to the method hitherto 
applied for static, non-moving lumi-
nance areas (for example, using an
LMK camera or a Minolta LS-110),
and the moving images must be
stopped in order for the measure-

ments to take place (cf. measuring
frame rate).

The LED advertising display com-
prises LED panels with a low resolu-
tion pixel pitch of approximately
three by three centimetres (Fig. 6).
The resolution of the content is 
therefore very coarse (pixellated
graphics). It is generally important to
consider content and lighting control
and incorporate this into the plan-
ning and implementation. There are
a number of systems that focus on
so-called “Digital Signage and 
Content Management”[56].

Even if the artist opted to avoid
colour change and only use one 
luminous colour – cool white – the
outcome remains critical given the
context and taking into considera-
tion the effect of the colour tempera-
ture described above. The test 
measurements indicate the level of
contrast between the colour tempe-
rature measured at the entrance 
area to the store and in front of the
video installation at eye level (1.65
metres): entrance area without the
LED screen 3441K (warm white),
and LED screen 6666K (cool white).
The choice of colour temperature
should always be defined within the
urban context and aligned to the
time of day in order to avoid any ne-
gative impact on the surroundings.
What can work perfectly well during
the daytime may be totally unsuit-
able in the evening or at night. 

The oversized stick men are in
constant vertical movement and
“run” faster than the average pede-
strian, which also generates a certain
restlessness in the public space. 
Given that the brightness of the
LEDs is not aligned to the ambient
brightness, the display gives rise to
glare and is visually uncomfortable
for pedestrians and passers-by 
(Fig. 7). This situation is particularly
disturbing for tram drivers using the
road after dark (Fig. 8).

“Walk” is in operation from 6 am
to midnight every day. With respect
to this installation, the following
technical and design aspects need to
be considered, complemented and
elaborated upon:
≥ According to the DIN EN 12464-2
German standard, luminance distri-
bution in the field of vision has a 
crucial bearing on how effectively
the human eye adapts to its sur-
roundings. This in turn affects visual

Fig. 7: Glare caused to pedestrians. Photo: J. Hartmann, July 2015.

Fig. 8: Tram drivers suffer from the glare caused by the LED installation. 

Photo: J. Hartmann, July 2015.
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comfort and the person’s ability to
master the visual task. Sudden 
changes in luminance levels should
therefore be avoided[57]. 
≥ In their guidelines for evaluating
of luminous advertising the Schwei-
zer Licht Gesellschaft (Swiss Lighting
Society) stipulate (SLG 401: 1997d):
“The impact of the luminous adverti-
sing must be contained and control-
led so that it has no negative effect
on road users. For reasons of safety,
it is especially important to take the
needs of drivers into considera-
tion”[58]. This guideline requires fur-
ther review in order to address 
issues concerning digital advertising
systems, in particular with regard to
the impact such systems may have
on junctions or intersections where
accidents can occur involving trams,
cars and pedestrians.
≥ The luminance of the video instal-
lation in the evening and at night
should be reduced so that the 
degree of brightness can be defined
and adjusted automatically via 
sensor technology to align with 
the ambient brightness of roads,
buildings and squares in the near 
vicinity.
≥ The moving images/scene chan-
ges should be slowed down to one
change every 30 seconds to one 
minute to avoid creating the impres-
sion of hectic movement or causing
irritation[59].
≥ The installation should be swit-
ched off at 10 pm at the latest in 
the winter, and at midnight in the
summer, to minimize any potentially
negative effects on flora and fauna in
the neighbouring park and reduce
light trespass in the living spaces in
surrounding buildings.
≥ After sunset, the colour tempera-
ture should be adapted to align with
the luminous colours used in shops
in the vicinity (warm white) and with
the atmosphere in the shopping
street. The blue end of the spectrum
(460 to 500nm) should definitely be
avoided.

Conclusion
This article addresses core issues
concerning the use of LED outdoor
advertising on buildings in the urban
context. Given that this topic is so
new and complex, we need a rea-
listic basis for evaluation in order to
be able to design and realise such
systems based on specific know- Tab.1: Features of and evaluation criteria for LED outdoor advertising.
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how and skills. A first step would 
be to draw up immission control 
regulations in order to protect hu-
man beings, flora and fauna and the
atmosphere from hazardous effects
caused by lighting and to prevent
any harmful effects arising[60]. As
professional lighting designers, it is
our responsibility to be involved in
compiling such regulations and laws.

The necessary development and
compilation of guidelines for anima-
ted LED outdoor advertising should
be part of this process. If this pro-
cess is developed and disseminated
in a constructive, open fashion, it
could prove to be an extremely 
useful tool for local authorities and
designers. Table 1 compiled by the
authors and entitled “Features of and
evaluation criteria for LED outdoor
advertising” is designed as an aid for
facilitating application procedures,
and can be used when submitting
written applications to gain per-
mission to install an LED outdoor 
advertising system.
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