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2.5 Light
2.5.1 Quantity of light2.5

Up to now visual perception and the pro-
duction or generation of light have been
treated as two separate topics. We will now
consider the area where light and 
perception meet – and describe the quali-
ties and features of light. The intention 
is to show how specific qualities of light
create different perceptual conditions and
thereby influence and control human 
perception. Illuminance plays as great 
a part as light distribution, beam direction,
the colour quality of a lighting installation
or glare limitation.

A comprehensive set of regulations exist
for workplaces which define the optimum
lighting conditions for specific visual tasks
to ensure that visual tasks can be 
performed correctly and without causing 
fatigue. The standards only relate to 
establishing good working practice regar-
ding working conditions. Broader con-
cepts are required to take into consideration
the architectural and psychological 
requirements of the visual environment.

2.5.1 Quantity of light

The basis for any lighting installation is the
quantity of light available for a specific 
visual task in a given situation. Every-one
knows that light is a prerequisite for 
visual perception. Up to around a hundred
years ago we were dependent on 
the amount of light available through
constantly changing daylight conditions
or weak artificial light sources, such as
candles or oil lamps. Only with the 
development of gas light and electric light
did it become possible to produce 
sufficient amounts of light and thus to
actively control lighting conditions. 

There then followed the evaluation of
the amount of light that was appropriate 
in each situation, establishing the upper
and lower illuminance and luminance 
limits in specific situations. Much investi-
gation went into lighting conditions in 
the working environment to establish illu-
minance levels for optimum visual perfor-
mance. By visual performance we mean
the ability to perceive and identify objects
or details, i.e. visual tasks with given 
contrast between the object viewed and
the surrounding area.

Visual performance generally improves when
the illuminance level is increased. This 
effect improves more slowly from 1000 lux
upwards, however, and decreases rapidly
at extremely high illuminance levels due
to glare effects.

In the case of simple visual tasks ade-
quate visual performance can be attained
at low illuminance levels, whereas com-
plex visual tasks require high illuminance 
levels. 20 lux is the threshold value 
at which a person’s facial features can 
be recognised. At least 200 lux is required
for continuous work, whereas complicated

Light 
Qualities and 
features

74

Influence of illumi-
nance E on the relative
visual performance P
for simple (upper curve)
and complicated visual
tasks (lower curve).

Influence of illumi-
nance E on the visual
acuity S of normal-
sighted observers. 

Visual acuity S 
in relation to age
(average values).
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visual tasks require up to 2000 lux, in spe-
cial cases, e.g. in operating theatres, up to
10000 lux. The preferred illuminance level
at the workplace ranges between 1000 and
2000 lux. 

International guidelines for illuminance
levels range in values from 20 to 2000 lux
and are therefore within the above-
mentioned framework. The recommended
illuminance levels are mainly a consequence
of the degree of difficulty of the visual
task in contrast to the immediate environ-
ment, whereby extremely detailed visual
tasks, where there is little contrast to 
the surrounding area, require the highest
illuminance levels.

Following a set of fixed rules for overall
illuminance levels as laid down in the
standards for the lighting of workplaces,
which is generally what lighting design
amounts to in practice, includes minimal
consideration regarding actual percep-
tion. It is not the luminous flux falling on
a given surface – illuminance – that 
produces an image in the eye. It is the light
that is emitted, transmitted or reflected 
by the surfaces. The image on the retina is
created entirely by the luminance pattern
of the perceived objects, in the combination
of light and object.

Recommendations have also been laid down
for luminance levels, that is to say for
maximum luminance contrasts between
visual task and surrounding area. Likewise
for absolute luminances that are not to
be exceeded, for example of luminous 
ceilings or luminaires in spaces equipped
with VDT workstations. The object is 
again is to optimise visual performance at
the workplace. 

In addition to these guidelines there is
also a set of general recommendations 
for luminance distribution in the entire
space. It is assumed that a space with 
low luminance contrasts will appear 
to be monotonous and uninteresting and 
a space with stark contrasts restless and 
irritating.

For some time now more systematic
approaches to comprehensive lighting de-
sign have been made based on the results
of research on luminance distribution. In
Waldram’s “designed appearance” concept
or Bartenbach’s idea of “stable perception”,
in particular, there have been attempts 
to control the visual appearance of 
the overall environment (mood, atmosphere)
through the purposeful arrangement of
luminances. 

Any attempt to design a lighting 
installation based on quantitative data is
bound to lead to problems. This applies 
to overall illuminance stipulations and 
luminance scales as well as to sets of given
luminance patterns. 

Visual perception is a process which
allows us to gain information about 
objects in the world around us using the 
medium of light. A process that is there-
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The Landolt ring for
determining visual
acuity. The visual task
is to determine the 
position of the opening
in the ring. The gap
is 1/5 of the ring’s dia-
meter.

Table for determining
the reader’s visual
acuity S from a dis-
tance of 2 m.

Typical illuminance 
levels E in interior 
spaces.

Recommended illumi-
nance levels E accor-
ding to the CIE 
for various activities.

The angle of vision å
is calculated from the
width of the opening
of the smallest detec-
table Landolt ring and
the distance of the
viewer from the image.
Visual acuity S is its
reciprocal value.
A visual acuity of 1 is 
recorded when the gap
in the ring can be re-
cognised at an angle of
vision of å = 1' (1/60°).

E (lx)
20 Minimum value in interior spaces, excluding working areas

Illuminance level required for recognising facial features

200 Minimum illuminance for workplaces in continuous use
2 000 Maximum illuminance at standard workplaces
20 000 Illuminance level for special visual tasks

e.g. in operating theatres

E (lx)
20–50 Paths and working areas outdoors
50–100 Orientation in short-stay spaces 
100–200 Workrooms that are not in continuous use
200–500 Simple visual tasks
300–750 Visual tasks of average degree of difficulty
500–1000 Difficult visual tasks, e.g. office work
750–1000 Complicated visual tasks, e.g. precision assembly work
1000–2000 Extremely complicated visual tasks, 

e.g. inspection and control

> 2000 Additional lighting for difficult and complicated tasks 

S = 1
å

[å] = min
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fore basically influenced by three factors:
light, object and perceiving being. A 
design concept that is restricted to fixed 
illuminance criteria is only concerned
with the aspect of the light. Illuminance
is therefore inadequate as a basis for 
predicting visual effect, especially as it is
not itself perceptible. 

When planning luminance distribution
it is not only the light that is taken 
into consideration, but the correlation 
of the light with the objects in the space.
Luminance is the basis of the brightness
we perceive, which means that the 
perceptual process is taken into account,
at least up to the moment an image is
projected onto the retina.

But luminance and luminance distribution
do not provide an adequate basis for the
planning of visual impressions – attention
has yet to be paid to the perceiving indi-
vidual. The pattern of luminances projected
onto the retina is not the end product, 
but simply forms the basis for a complex
process at the end of which is the image 
we actually see. This involves innumerable
aspects: laws of gestalt, constancy 
phenomena, expectations and the infor-
mation content of the object that is being
perceived. 

The aim of perception is not just to
register luminous phenomena, but to gain
information about the environment. It is
not the luminances produced by an 
accumulation of objects that are interesting,
but rather the information about the
quality of these objects and about 
the lighting conditions under which this
quality can be perceived. 

This is why the image that we actually
perceive is not identical to the pattern 
of luminances on the retina, although it 
is based on this luminance pattern. 
A white body has different luminance
qualities depending on the lighting 
situation. Evenso, it is always perceived as
being uniformly white, because the
lighting situation is registered and taken
into account when the image is being
processed. The formation of shadows on 
a spatial body – its luminance pattern – 
is not interpreted as being unevenly lit,
but as a feature of a three-dimensional
form. In both cases the characteristics 
of the object and the type of lighting are
interpreted from the perceived luminance
pattern simultaneously. These simple exam-
ples are clear evidence of the important
part psychological processing has to play
in the creation of the final perceived
image.

When a lighting design concept purpose-
fully strives to achieve specific visual 
effects it must involve all factors related
to the perceptual process. Lighting design
cannot be restricted to the observance 
of illuminance or luminance levels, of light
and object alone, even when this ap-
proach effectively results in optimum per-

ceptual conditions at workplaces, for ex-
ample. Apart from considering the 
qualities of the light to be applied lighting
design must – as an integral part of 
the design of the environment – also take
into account the interaction of light
source, object and perceiver, as governed
by the laws of perceptual psychology, in
each respective situation.

2.5.2 Diffuse light and directed light

Having dealt with light quantity, conside-
ration must be given to the quality of
light, the difference between diffuse light
and directed light being one of the most
important aspects. We are familiar with
these different forms of light through our
everyday experience with daylight – 
direct sunlight when the sky is clear and
diffuse light when the sky is overcast.
Characteristic qualities are the uniform,
almost shadowless light we experience 
under an overcast sky, in contrast to the
dramatic interplay of light and shade in
bright sunlight. 

Diffuse light is produced by extensive areas
that emit light. These may be extensive,
flat surfaces, such as the sky in the day-
time, or, in the field of artificial lighting,
luminous ceilings. In interior spaces 
diffuse light can also be reflected from 
illuminated ceilings and walls. This 
produces very uniform, soft lighting, which
illuminates the entire space and makes
objects visible, but produces reduced 
shadows or reflections. 

Directed light is emitted from point
light sources. In the case of daylight this is
the sun, in artificial lighting compact light
sources. The essential properties of directed
light are the production of shadows 
on objects and structured surfaces, and 
reflections on specular objects. These 
effects are particularly noticeable when the
general lighting consists of only a small
portion of diffuse light. Daylight, for 
example, has a more or less fixed ratio 
of sunlight to sky light (directed light to
diffuse light) of 5:1 to 10:1.

In interior spaces, on the other hand,
we can determine the ratio of directed 
and diffuse light we require or prefer. The
portion of diffuse light decreases when
ceiling and walls receive too little light, or
when the light falling on a surface is 
absorbed to a large extent by the low re-
flectance of the environment. This can 
be exploited for dramatic effects through 
accent lighting. This technique is often 
applied for the presentation of objects, but
is only used in architectural lighting when
the concept intends to create a dramatic
spatial effect. 

Directed light not only produces shadows
and reflections; it opens up new horizons
for the lighting designer because of the
choice of beam angles and aiming directions
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that he has at his disposal. Whereas the
light emitted by diffuse or exposed light
sources always has an effect on the entire
space, in the case of tightly controlled
light, the effect of the light relates directly
to the position of the luminaire.

Here lies one of the most progressive
aspects of lighting technology. Whereas 
in the era of the candle and the oil lamp
the light was bound to the immediate 
vicinity of the luminaire, it is now possible
to use light in other parts of the space 
at any distance from where the light source
is located. It is possible to use lighting 
effects at specific illuminance levels on
exactly defined areas from practically any
location within a space. This means that 
a space can be purposefully lit and the
lighting modulated. The relative local 
illuminance level can be adjusted to suit
the significance of a particular part of 
a space and the perceptual information it
contains.

2.5.2.1 Modelling

Another basic feature of the world around
us, and one that we take absolutely for
granted, is its three-dimensional quality.
One essential objective regarding visual
perception must therefore be to provide
information about this aspect of our 
environment. Three-dimensionality compri-
ses a number of individual areas, from the
extension of the space around us to the 
location and orientation of objects within
the space, down to their spatial form and
surface structure.

Perception of the three-dimensional cha-
racter of our environment involves pro-
cesses that relate to our physiology and
perceptual psychology. The shaping of our
environment through light and shade is 
of prime importance for our perception of
spatial forms and surface structures. 
Modelling is primarily effected using directed
light. This has been referred to, but 
the significance for human perception must
be analysed.

If we view a sphere under completely
diffuse light we cannot perceive its spatial
form. It appears to be no more than a 
circular area. Only when directed light falls
on the sphere – i.e. when shadows are
created, can we recognise its spatial quality.
The same applies to the way we perceive
surface structures. These are difficult to
recognise under diffuse light. The texture
of a surface only stands out when light is
directed onto the surface at an angle and
produces shadows.

Only through directed light are we able 
to gain information about the three-
dimensional character of objects. Just as
it is impossible for us to retrieve this in-
formation when there is no directed light
at all, too much shaping can conceal 
information. This happens when intensely
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Perception of three-
dimensional forms and
surface structures under
different lighting condi-
tions.
Directed light produces
pronounced shadows
and strong shaping 
effects. Forms and sur-
face structures 
are accentuated, while 
details can be concealed
by the shadows.

Lighting that consists of
both diffuse and direc-
ted lighting produces
soft shadows. Forms and
surface structures can
be recognised clearly.
There are no disturbing
shadows.

Diffuse lighting produces
negligible shadowing.
Shapes and surface struc-
tures are poorly recognis-
able.
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directed light casts such stark shadows
that parts of an object are concealed by
the darkness. 

The task of lighting design is there-
fore to create a suitable ratio of diffuse light
to directed light to meet the requirements
of each individual situation. Specific 
visual tasks, where the spatial quality or
the surface structure is of prime im-
portance, require lighting that emphasises
shapes and forms. Only in situations
where spatial quality and surface structure
are of no importance, or if they are 
disturbing factors, can completely diffuse
lighting be used.

As a rule suitable proportions of dif-
fuse light and directed light are required.
Well balanced portions provide good
overall visibility of the environment and
simultaneously allow spatial appreciation
and vivid perception of the objects. 

In some standards for workplace
lighting there is a criterion for the model-
ling effect of a lighting installation. It 
is referred to as the modelling factor, which
is defined as the ratio of cylindrical illu-
minance to horizontal illuminance.

When planning the application of direc-
ted and diffuse light it is advisable to 
rely on our fundamental experience of
daylight with regard to the direction and
colour of the light. Direct sunlight either
comes from above or from the side, but
never from below. The colour of sunlight
is clearly warmer than that of diffuse sky
light. Consequently, lighting that compri-
ses directed light falling diagonally from
above with a lower colour temperature
than the diffuse general lighting will be
felt to be natural. It is, of course, possible
to apply light from other directions and
with other colour temperature combinati-
ons, but this will lead to effects that are
especially striking or strange.

2.5.2.2 Brilliance

Another feature of directed light along-
side its modelling effect is brilliance. 
Brilliance is produced by compact, point
light sources and is most effective when ap-
plied with an extremely low proportion 
of diffuse light. The light source itself will 
be seen as a brilliant point of light. A good
example of this is the effect of a candle-
light in evening light. Objects that refract
this light are perceived as specular, e.g. 
illuminated glass, polished gems or crystal
chandeliers. Brilliance is also produced
when light falls on highly glossy surfaces,
such as porcelain, glass, paint or varnish,
polished metal or wet materials. 

Since sparkling effects are produced
by reflections or refraction, they are 
not primarily dependent on the amount of
light applied, but mostly on the luminous
intensity of the light source. A very com-
pact light source (e.g. a low-voltage halo-
gen lamp) can create reflections of far

greater brilliance than a less compact
lamp of greater luminous power.

Brilliance can be a means of attracting 
attention to the light source, lending 
a space an interesting, lively character.
When applied to the lighting of objects
brilliance accentuates their spatial quality
and surface structure – similar to model-
ling – because sparkling effects are mainly
evident along edges and around the cur-
ves on shiny objects.

Accentuating form and surface structure
using brilliance enhances the quality 
of the illuminated objects and their 
surroundings. Sparkling effects are in fact
generally used in practice to make objects
or spaces more interesting and presti-
gious. If an environment – a festival hall,
a church or a lobby – is to appear especi-
ally festive, this can be achieved by 
using sparkling light sources: candlelight
or low-voltage halogen lamps. 

Directed light can also be applied with
sparkling effect for the presentation 
of specific objects – making them appear
more precious. This applies above all 
for the presentation of refractive or shiny
materials, i.e. glass, ceramics, paint or 
metal. Brilliance is effective because it 
attracts our attention with the promise of
information content. The information we
receive may only be that there is a spark-
ling light source. But it may also be in-
formation regarding the type and quality 
of a surface, through the geometry and
symmetry of the reflections.
The question still has to be raised, how-
ever, whether the information our atten-
tion has been drawn to is really of 
interest in the particular situation. If this is
the case, we will accept the sparkling light
as pleasant and interesting. It will create
the feeling that the object of perception, 
or the overall environment, is exclusive.

If the brilliance possesses no infor-
mative value, then it is found to be distur-
bing. Disturbing brilliance is referred to as
glare. This applies in particular when it 
arrises as reflected glare. In offices, reflec-
tions on clear plastic sleeves, computer
monitors or glossy paper are not interpre-
ted as information (brilliance), but as 
disturbing glare, disturbing as it is felt that
the information we require is being con-
cealed behind the reflections.
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It is possible to create
uniform lighting in 
a space by using several
point light sources. 
Due to the fact that each
light beam is directed,
objects within the 
space will cast multiple 
shadows.

In the case of uniform
lighting with diffuse
light the shadows are
softer and far less 
distinct.
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2.5.3 Glare

An essential feature of good lighting is the
extent to which glare is limited. There 
are two aspects to glare: the objective de-
preciation of visual performance, and the
subjective disturbance felt by individuals
through excessive luminance levels or
stark contrasts in luminance levels within
the field of vision.

In the case of objective depreciation in 
visual performance the term physiological
glare is applied. In this case the light from
a glare source superposes the luminance
pattern of the visual task, thereby reducing
visibility. The reason for this super-
imposition of the luminous intensities of
visual task and glare source may be the 
direct overlay of the images on the retina.
Superimposition of scattered or distur-
bing light, which arises through the dis-
persion of the light from the glare source
within the eye, is often enough to re-
duce visual performance. The degree of
light scattering depends primarily on 
the opacity of the inner eye. The latter 
increases with age and is the reason 
why older people are considerably more 
sensitive to glare. 

The most extreme case of physiologi-
cal glare is disability glare. This arises
when luminance levels of more than 104

cd/m2 are evident in the field of vision,
e.g. when we look directly at artificial
light sources or at the sun. Disability glare
does not depend upon the luminance
contrast in the environment. It cannot be
eliminated by increasing the luminance
level. Disability glare seldom presents 
a problem in architectural lighting. Here 
it is more a question of relative glare, 
whereby the reduction of visual perfor-
mance is not caused by extreme luminan-
ces, but by high luminance contrasts 
within the field of vision.

If the glare source is not the cause of a
reduction in visual performance, but 
merely a subjective interference factor
the term discomfort glare is used. Dis-
comfort glare occurs when an individual
is involuntarily or unconsciously dis-
tracted by high luminance levels within
the field of vision. The person's gaze 
is constantly being drawn away from the 
visual task to the glare source, although
this area of increased brightness fails to
provide the expected information. A glare
source is also frequently referred to as 
visual noise, and as such can be compared
with a disturbing sound that continually 
attracts our attention and undermines our
perception.

Repeatedly having to adjust to various
brightness levels and the distance be-
tween the visual task and the glare source
eventually leads to eye strain, which is
considered to be unpleasant or even pain-
ful. Although visual performance may 
objectively remain unchanged, discomfort

glare can lead to a high degree of unease,
which in turn will have an effect on 
the person's overall performance at his/her
workplace.

In contrast to disability glare, which
can be explained irrespective of the speci-
fic situation as the exceeding of given 
luminance or luminance contrast values, di-
scomfort glare is a problem that concerns
the processing of information, which 
cannot be described out of context – the
information content of the visual environ-
ment and the perceptual information 
we require in a given situation. Although
there may be considerable luminance
contrasts occurring within the field of 
vision, discomfort glare does not become
a problem, if these contrasts are expected
and provide valuable information, e.g. 
the sparkling light of a crystal chandelier
or an appealing view out of a window. 
On the other hand, even slight differences
in luminance levels can give rise to 
discomfort glare, if these contrasts overlay
more important information and them-
selves provide no information; e.g. in the
case of reflections on glossy paper, when
we look at a uniformly overcast sky or 
at a luminous ceiling. Disability and discom-
fort glare both take two forms. The first is 
direct glare, where the glare source itself 
is visible in the field of vision of the visual
task. In this case the degree of glare 
depends mainly on the luminous intensity
of the glare source, its luminance contrast
to the visual task, its size and proximity 
to the visual task. 

The second form of glare is reflected
glare, in which the glare source is reflected
by the visual task or its ambient field. 
This form of glare depends on the above-
mentioned factors and the specular qua-
lity and position of the reflecting surface. 

Discomfort glare caused by reflected
light creates considerable problems for
persons reading texts printed on glossy
paper or working at computer monitors,
as the eye is continually straining to 
accommodate to the visual task, which is
at close range, and the distraction of the
reflected glare source, which is located at
some distance away.

The evaluation of luminances and lumi-
nance contrasts that may lead to unwanted
glare is predominantly dependent on the
type of environment and the requirement
that the lighting aims to fulfil. The rules
that govern a festive or theatrical environ-
ment are entirely different from those for
workplaces; what may be 
desired brilliance in one case may be con-
sidered to be unwanted glare in another.
The predominant directions of view also
play a significant role; lighting that may
be glare-free for a person sitting upright
in a chair may constitute glare if that same
person leans back. 

There is a set of formalised rules that
apply to glare limitation in the field of
lighting at workplaces; as a rule, they are
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In the case of physio-
logical glare the retinal
image of the object
being viewed (1) is 
superimposed by lumi-
nances that occur 
in the eye from the dis-
persion (2) of the light
produced by a glare
source (3).
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based on a person working seated at a desk
with louvred luminaires providing 
the lighting. From the height of the sit-
ting position and the preferred direction
of view areas can be defined in which
light sources will tend to produce the most
glare. Apart from glare through windows
glare is mainly produced by luminaires 
located in specific parts of the ceiling. 

In the case of direct glare this is the
area of ceiling in front of the seated 
person and perceived at angles lower than
45°. In the case of reflected glare, 
the glare is caused predominantly by lumi-
naires located in the ceiling area directly 
in front of the person. Reflected glare on
VDTs, that is to say on practically vertical
surfaces, presents a special case. In this
case glare is mainly caused by glare
sources in the ceiling area behind the person.
Glare can be minimised by reducing 
luminance contrasts – for example, by
raising the ambient luminance or 
lowering the luminance of the glare source.
Glare can also be avoided by suitably 
arranging the luminaire geometry.
Continuous rows of louvred luminaires
should not be installed cross-wise 
to the direction of view, for example, but
parallel to the direction of view and bet-
ween the workplaces. 

Suitable glare limitation can be achie-
ved by the correct choice of luminaires.
Especially developed reflectors can 
guarantee that luminaires positioned above
the critical angle do not produce any 
unacceptable luminances. By installing 
luminaires that emit only minimal direct
light downwards can also make a sub-
stantial contribution towards limiting re-
flected glare.

In Germany DIN 5035 is used for the 
evaluation of glare limitation at the work-
place. It describes a specific process 
for checking that limiting values between
comfort and direct glare are not exceeded.
The luminance of the installed luminaires
is determined at angles of 45°–85° and
entered in a diagram. Depending on 
the rated illuminance, the type of luminaires
and the required visual compfort the
lighting installation aims to meet, 
luminance limiting curves can be drawn on
the diagram that are not to be exceeded
by the luminance curve stipulated for the
luminaire installed. 

In the case of direct glare there is the
quantitative method of evaluating
luminance limiting curves. Reflected glare
can only be evaluated according to 
qualitative criteria, however. For reflected
glare in the case of horizontal reading,
writing and drawing tasks there is a process
that describes the degree of reflected
glare in quantitative terms via the contrast
rendition factor (CRF). The contrast rendi-
tion factor in this case is defined as the
ratio of the luminance contrast inherent to
a visual task under totally diffuse standard
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With regard to glare a
distinction is made
between direct glare,
caused primarily by 
luminaires (1), reflected
glare in the case 
of horizontal visual
tasks (2) and reflected
glare in the case of
vertical visual tasks, e.g.
at VDT workstations (3).

The luminance of 
luminaires that cause 
reflections on con-
ventional computer
monitors should 
not exceed 200 cd/m2

above a critical angle ©G.
Normally ©G values 
lie between 50° and 60°.

Glare limitation at VDT
workstations: for 
areas with VDT work-
stations a cut-off
angle å of at least 30°
is recommended.

Luminance levels of
walls that produce 
reflections on monitors
should not exceed 
200 cd/m2 on average,
or 400 cd/m2 as a maxi-
mum. The reflection of 
windows on computer 
monitors should 
basically be avoided.
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lighting conditions to the luminance
contrast of the same visual task under the 
given lighting conditions. 

The contrast rendition factor (CRF) is
based on a reflection standard comprising
one light (high reflectance) and one dark
(low reflectance) ceramic disc with stan-
dardised reflectance for various directions
and angles of illumination. For completely
diffuse lighting the reference contrast is
known. 

The CRF can be measured in an actual
lighting installation on the basis of 
the given reflection standard or calculated
on the basis of the reflectance data. 
The CRF is then classified into one of three
CRF categories. 
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Minimum cut-off angle
of luminaires with 
different light sources,
in relation to the glare 
limitation category.

To evaluate direct glare
the luminance of 
the luminaires within
the range 45° to 85°
is considered.

Luminance limiting
curves (for luminaires
without luminous side
panels). They identify
values for average 
luminance L of the 
luminaire at angles ©
between 45° and 85°,
which are not to be
exceeded by the lumi-
naire in question for
the given mean illumi-
nance and for the re-
quired glare limitation
category.

Example of how to apply
glare limitation to 
an illuminance level 
of 500 Ix and category A.
From the geometry 
of the space the viewing
angle for the first 
luminaire is 55°, for the
second luminaire 70°.
The corresponding 
luminances can be read
off luminance curve1 in
the diagram.

The luminance curve
does not exceed the 
limiting curve, the 
luminaire therefore
meets the require-
ments laid down for
glare limitation.

Lamp type Glare limitation category
A B C D
Very low High Average Low

Fluorescent lamp 20° 10° 0° 0°
Compact fluorescent lamp 20° 15° 5° 0°
High-pressure lamp, matt 30° 20° 10° 5°
High-pressure lamp, clear 30° 30° 15° 10°
Incandescent lamp, clear
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Contrast rendition fac-
tor CRF is a criterion
for contrast perception
at viewing angle å. 
CRF <1 indicates that
the lighting has lost
part of its contrast
rendering quality due
to reflections.
CRF >1 indicates that
the lighting situation
exceeds the quality 
of the reference lighting
with regard to contrast
rendition.

By projecting the field
of vision onto the cei-
ling surface it is possi-
ble to define the area
in which the luminaires
may have a negative
influence on contrast
rendering. For the basic
planning of a lighting
installation the CRF
value is generally only
calculated for the 
primary viewing angle
of 25°.

Grid for calculating the
contrast rendition 
factor, taking as a basis
an A3 format area 
of view at viewing pos-
ition (1), 50 mm in front
of and 400 mm above
the front edge of the
area under consideration.

Recommendations for
average and minimum
CRF values depending
on the type of visual task
and CRF rating.

Evaluating the contrast
rendition factor (CRF): 
in the case of a comple-
tely diffuse reference
lighting situation 
(idealised representation
of a light hemi-sphere,
above left) the reference
value for standard 
reflectanceaccording 
to Bruel + Kjaer is C0

(above right). 
In the case of an ac-

tual lighting situation
(below left) the con-
trast value for standard
reflectance with a 
viewing angle å is C
(below right).

Visual task Contrast CRF CRF CRF
rendering cat. av. value min. value

Predominantly glossy High 1 1.0 ≤ CRF ≥ 0.95
Matt with a soft sheen Average 2 0.85 ≤ CRF < 1.0 ≥ 0.7
Matt Low 3 0.7 ≤ CRF < 0.85 ≥ 0.5

C0 = L01 – L02
L01

C = L1 – L2
L1

CRF = = = L1 – L2
0,91 . L1

C
0,91

C
C0

C0 = 0,91
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2.5.4 Luminous colour and colour 
rendering

Apart from luminance, which is perceived
as brightness, the eye also registers an
impression of colour based on the spectral
composition of the perceived light. 
The light itself can also be seen as being
coloured (luminous colour). Colour is, how-
ever, also produced through the capacity
of various materials to absorb specific
spectral ranges, thereby changing
the spectral composition of the light which
they reflect (object colour).

There are various systems by which colours
are described. 

The Munsell system or the DIN colour
chart arrange object colours according 
to brightness, hue and saturation, which
produces a comprehensive colour atlas 
in the form of a three-dimensional matrix.
Brightness is referred to in this case 
as the reflecting coefficient of an object
colour; hue is the colour tone, and 
the term saturation refers to the degree of
colour strength from pure colour to the
non-coloured grey scale. 

In the CIE’s standard chromaticity dia-
gram object colours and luminous colour
are, however, not arranged according 
to a three-dimensional catalogue. They are
calculated or measured according to the
spectral composition of the illuminant for
luminous colours, or the reflectance 
or transmittance of the object for object
colours, and presented in a continuous
two-dimensional diagram. This system
disregards brightness as a dimension, with
the result that only hue and saturation can
be determined using this diagram. 

The CIE chromaticity diagram represents
a plane that comprises all actual colours
and satisfies a number of other conditions.
The plane is surrounded by a curved 
borderline, along which the colour loci of
the saturated spectral colours lie. 
The point of lowest saturation is located
in the centre of the plane, and is referred
to as the white point. All degrees of satu-
ration of a colour on the saturation scale
can now be found on the lines that run 
between the white point and the spectral
colour loci. Additive combinations of 
two colours also lie along the straight lines
that link the respective colour loci.

A curve can be drawn inside the coloured
area to show the luminous colour of 
a Planckian radiator (black body) at diffe-
rent colour temperatures; this curve 
can be used to describe the luminous colour
of incandescent lamps. To be able to 
describe the luminous colour of discharge
lamps, a series of straight lines of correla-
ted colour temperatures is entered on 
the graph, starting from the Planckian 
radiator curve. With the aid of this array
of lines it is also possible to allocate 
luminous colours that are not present on
this curve to the colour temperature of a
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The CIE’s chromaticity
diagram. The spectrum
locus links the colour
loci of all saturated
spectral colours. The
purple boundary forms
the line between the 
long-wave and short-
wave spectral range.
The white point E marks
the point of least 

saturation. The border-
lines that separate 
the different colour re-
gions fan out from the
white point. 
The chromaticity of any
real colour can be
defined using the x/y
coordinates in the
chromaticity diagram.

Section of the chroma-
ticity diagram with the
curve relating to the
Planckian radiator and
the series of straight
lines marking the colour
loci of the same 
correlated colour tem-
perature between 1600
and 10000 K. The ran-
ges given are the lumi-
nous colours of warm
white (ww), neutral
white (nw) and daylight
white (dw).

Section of the chroma-
ticity diagram with 
the curve relating to the
Planckian radiator and
the colour loci of stan-
dard illuminants A (in-
candescent light) and 
D 65 (daylight) plus the
colour loci of typical
light sources: candle-
light (1), incandescent
lamp (2), halogen lamp
(3), fluorescent lamps in
ww (4),nw (5)and dw (6).
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thermal radiator. It is possible to differen-
tiate between three main groups of 
luminous colours here: the warm white
range which resemble most closely colour
temperatures below 3300 K, the neutral
white range between 3300 and 5000 K 
and the daylight white range which 
resemble most closely colour temperatures
above 5000 K.

The colour of illuminated objects is the re-
sult of the spectral composition of the 
light falling on a body and the ability of
the body to absorb or transmit certain
components of this light and only reflect
or absorb the remaining frequency ranges. 

In addition to the resulting, objective
calculable or measurable colour stimulus
the colour adaptation of the eye also
plays a role in our actual perception of
things around us. The eye is able to 
gradually adapt to the predominant lumi-
nous colour – similar to the way it adapts
to a luminance level – which means 
that in the case of a lighting situation that
comprises different luminous colours 
virtually constant perception of the scale
of object colours is guaranteed.

The degree of deviation is referred to as
the colour rendering of the light source.
Colour rendering is defined as the degree
of change which occurs in the colour 
effect of objects through lighting with 
a specific light source in contrast to the
lighting with a comparative reference 
light source. It is therefore a comparison
of the similarity of colour effects under
two types of lighting. 

Since the eye can adapt to different
colour temperatures, colour rendering
must be determined in relation to lumi-
nous colour. One single light source 
cannot therefore serve as the source 
of reference; the standard of comparison
is rather a comparable light source with 
a continuous spectrum, be it a thermal
radiator of comparable colour temperature,
or daylight. 

To determine the colour rendering of
a light source the colour effects of a scale
of eight object colours are calculated 
under the types of lighting to be evaluated
as well as under comparison standard
lighting, and the two then compared. 
The quality of the colour rendering esta-
blished is expressed as a colour rendering
index, which can be related to both 
general colour rendering (Ra) as well as
the rendering of individual colours. 
The maximum index of 100 represents 
optimum colour rendering, and lower 
values correspondingly less adequate colour
rendering.

The quality of colour rendering is divided
into four categories, in Germany according
to DIN standards. These stipulate the 
minimum requirements for colour rendering
for lighting in workplaces. Colour rende-
ring categories 1 and 2 are further sub-

divided– into A andB–to allow a differen-
tiated evaluation of light sources. 

Colour rendering category 1 is required
for tasks which involve the evaluation of
colours. For the lighting of interior spaces,
offices and industrial workplaces with de-
manding visual tasks the minimum colour
rendering category required is 2, whereby
colour rendering category 3 is sufficient
for industrial workplaces. Colour rendering
category 4 is only permitted when the 
lowest of requirements are to be met at
illuminance levels of up to 200 lux.

The colour rendering quality is an impor-
tant criteria when choosing a light source.
The degree of colour fidelity, therefore, 
by which illuminated objects are rendered
in comparison to reference lighting. In
some cases the index for the rendering of
a specific colour has to be taken into 
account, e.g. in the field of medicine or
cosmetics, when skin colours have to be
differentíated. 

Apart from the rendition quality the
choice of luminous colour is also of critical
importance for the actual effect of colours.
Blue and green colours will appear grey
and dull under incandescent light despite
its excellent colour rendering properties.
The same colours will be seen as clear and
bright under daylight white fluorescent
light – although its colour rendering pro-
perties are not so good. The same applies
the other way round for the rendition of
yellow and red colours. 

The lighting designer’s decision as to
which light source to select therefore 
depends on the given situation. Some in-
vestigations indicate that a warm colour
appearance is preferred at low illuminance
levels and in the case of directed light,
whereas cold colour appearances are 
accepted for high illuminance levels and
diffuse lighting. 

In the case of display lighting the colours
of the illuminated objects can be made
to appear brighter and more vivid through
the purposeful application of luminous
colour – if necessary, using average colour
rendering. This way of purposefully 
emphasizing colour qualities can also be
applied in retail lighting. 

The lighting under which a customer
decides which articles he wishes to purchase
should not deviate significantly from 
the lighting conditions the customer is
accustomed to.
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Spectral distribution 
Se (l) of standard illumi-
nants A (incandescent
light, above) and D 65
(daylight, below).

Correlated colour 
temperature T of 
typical light sources.

Colour rendering 
categories and their
inherent Ra indices.

Light source T (K)

Candle 1900–1950
Carbon filament lamp 2100
Incandescent lamp 2 700–2 900
Fluorescent lamps 2 800–7 500
Moonlight 4100
Sunlight 5 000–6 000
Daylight 5 800–6 500
(sunshine, blue sky)

Overcast sky 6 400–6 900
Clear blue sky 10 000–26 000

Colour rendering
Category Ra index
1 A Ra > 90
1 B 80 ≤ Ra ≤ 90
2 A 70 ≤ Ra < 80
2 B 60 ≤ Ra < 70
3 40 ≤ Ra < 60
4 20 ≤ Ra < 40
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