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3.3.7 Simulation and presentation

Visual presentations of lighting installations
and the effects they produce in the ar-
chitectural space play a significant part in
lighting design. There is a wide range
of possibilities for presenting a lighting
concept ranging from technically oriented
ceiling plans to graphic illustrations
of varying complexity to computer-aided
renderings and three-dimensional archi-
tectural models or models of the lighting
installation.

The aim of such presentations is to 
provide information. This may be by way of
the technical qualities of a lighting instal-
lation, the spatial design or the lighting
effects in the luminous environment.
Computer-aided renderings and models can
also be used to simulate the lighting
effects of a planned installation and to gain
new information.

One of the first forms of presentation of
lighting installations are technical dra-
wings and diagrams. The reflected ceiling
plan is the most important. It provides
exact information about the type and 
arrangement of luminaires. This documen-
tation can be supplemented by illumi-
nance values entered on the ceiling plan
or isolux diagrams, or additional drawings
showing different perspectives of the
luminous environment. All these help to
illustrate the lighting layout and its effect
in the space.

Graphic material of this kind allows
the lighting designer to derive technical
information about the installation and
gain a realistic impression of the lighting
effects produced. This cannot be expected
of other persons involved in the planning
process who are not so experienced in
technical or lighting matters. It is therefore
advisable not always to place too much
reliance on technical documentation when
presenting a lighting concept.

To illustrate a lighting concept it is there-
fore better to opt for presentation material
that reflects the architecture and the
lighting installation and the lighting effects
that can be expected. From the point
of view of drawings, simple sketches may
suffice. The larger the project, the more
detailed the graphic presentation will have
to be to show the differentiated lighting
effects in the luminous environment.

With the exception of drawings that
are based on existing installations or
simulations, even the more complex forms
of representation will reproduce lighting
effects in the form of diagrams, which
do not demonstrate the complexity of the
actual lighting effects. This need not
necessarily be a disadvantage; when ex-
plaining an overall concept a simple yet
effective sketch can illustrate the intended
lighting effects much better than an ap-
parently realistic representation with arti-
ficially staggered luminance levels. In most
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cases a drawing is an economical way 
of presenting an idea, is adaptable and can
be prepared quickly.

Graphically, lighting effects can best be
illustrated in the form of beams of light,
which either appear as an outline of the
beam, as a coloured area or in a shade 
of grey that will allow them to stand out
against a background colour. If luminance
patterns are also to be represented,
this can be produced using special shading
techniques or by free-hand drawings
using pencil or chalks. If more contrast is
required in the drawing to be able to re-
present a greater range of luminances, this
can be produced using hand-drawn white
lines against a grey shaded background.
For greater differentiation a method
using backlit transparent paper, a collage
of foils with different transmittance
qualities provides an extremely broad scale
of luminances from black to the lu-
minance of the lightest source applied.

Besides drawings, it is also possible to use
computer programs to illustrate lighting
installations and the effects produced.
Lighting calculations programs generally
comprise simple spatial representations
with different illuminance levels repre-
sented by black/white shading. That is to
say, besides producing lighting data in 
tables and diagrams computer programs
are also able to give a rough visual im-
pression of the lighting concept. Creating
more complex computer graphics with 
a more differentiated representation of
luminances, colour and the furnishings 
in the luminous environment requires 
advanced hardware and software.

Similar to a drawing, computer
graphics only provide a simplified picture
of the actual lighting effects; grading 
luminances too strictly will often give rise
to a rigid, artificial impression. In contrast
to drawings, computer graphics do not
produce a subjective idea of the lighting
effects that can be expected, but are 
based on complex calculations; they are
therefore not only a presentation aid, but
also an effective means of simulation.

Although it does take some time to
enter the data concerning the archi-
tecture, lighting installation and possibly
furniture, this may be justified because 
it does allow more flexibility to try out
different luminaire types and lighting
concepts. It is frequently advisable to do
without detailed computer graphics to
illustrate the effect of the light in a given
space and to make drawings based on 
the lighting data produced by the computer
calculations instead.
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Graphic presentation
of a lighting concept.
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A graphical representa-
tion of the lighting
concept for the audito-
rium of a theatre. The
light beams are repre-
sented by hand-drawn
white lines against a
grey background. The
presentation is confi-
ned to the representa-
tion of luminaire posi-
tions, beam directions
and beam spreads.

It conveys a qualitative
overall impression of
the distribution of
light in the space and
deliberately provides
no quantitative data.
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and bc with the per-
spective plane. Base-
line G is then selected
and entered to scale 
in line with vanishing
points F1 and F2 (eye
height of a person
standing) together with
the height of point D.
Lines DA and DC are
defined by extending
the vanishing lines F1D
and F2D. The last point
in the perspective, B, 
is defined by extending
the vanishing lines F1A
and F2C. 

Perspective construc-
tion of a lighting
structure (dual-point
perspective): observa-
tion point S and per-
spective plane E are
also selected first, for
reasons of simplifica-
tion the perspective
plane once again lies
at the furthermost
point to the rear of the
plan a, b, c, d. The ver-
ticals of the perspec-
tive are derived from
the projection of
points a, b, c, d on the
perspective plane, the
verticals of the vani-
shing points from the
points of intersection of
the parallels to the 
edges of the plan ba

Central perspective: 
a perspective drawing
is to be created from
the plan a, b, c, d and
the lighting layout
entered. First, the ob-
servation point S and
perspective plane E are
selected. For reasons of
simplification, the per-
spective plane is iden-
tical to the rear wall of
the space, so that
heights and distances
can be entered to scale
on the rear wall of the
perspective; the obser-
vation point is located
on the extension of 
the left-hand wall. The
verticals of the per-
spective are the result
of the projection of
points a, b, c, d on the
perspective plane. Then
the base line AD of the
rear wall is selected 
in the perspective and
the room height AA',
DD' and the height of

the vanishing point AF
(in this case eye height
of a person seated) are
entered to scale. This
in turn defines the rear
wall. By extending the
vanishing lines FD and
FD' the right-hand side
wall DC and D'C' is
defined. The horizontals
BC and B'C' complete
the perspective as the
front base and ceiling
lines. Ceiling grid and
luminaire positions in
the perspective are de-
rived from the straight
lines drawn from va-
nishing point F and
from the projection of
wall points from obser-
vation point S on the
perspective plane E.
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Linear, rectangular
recessed ceiling lumi-
naire. Cross section and
longitudinal section
with ceiling connection,
0°/30°isometric view
from below.

Linear, suspended lumi-
naire or light structure
element. Cross section
and longitudinal
section, 0°/30°isometric
view.

Circular luminaires.
Cross section and iso-
metric view of recessed
and surface-mounted 
ceiling luminaires.

Side and front view 
of a spotlight inclined
at an angle of 30°,
0°/30°isometric view.

Illustrations of lumi-
naires for technical
purposes and presen-
tation drawings. In
detailed drawings of
luminaires cross
sections illustrate the

technical construction
and function of the
luminaire, whereas the
isometric drawings
illustrate the design
and visual impression of
the luminaire.
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mately from one an-
other; between å and ∫
the resulting angle is
usually 10°. 

Illustration of lighting
effects in technical 
descriptions and pre-
sentation drawings:
diameters of light 
beams on the floor are
the result of the beam
spread ∫, whereas 
scallops can be created
on the walls by using
the cut-off angle ∫. 
If only one value is
known, beam spread
and cut-off angle can
be derived approxi-

Cross section of the
room on the luminaire
axis showing cut-off
angle å and beam
spread ∫ of the luminai-
res.

Plan of the space with
reflected ceiling plan
and diameters of light
beams, which are 
defined by the beam
spread of the lumi-
naires.

Wall elevation with
scallops, the height
and pattern defined by
the cut-off angle of
the luminaires.

Perspective drawing 
of the space with lumi-
naires and lighting 
effects on the room
surfaces.

Sectional drawing and
wall elevation showing
a light beam with a 
particular beam spread.
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Calculation and visua-
lisation of lighting
data using a computer.

Plan of the room with
reflectedceiling plan
and calculation points. 
Calculation results re-
presented by curves of
identical illuminance
on the working plane
(isolux curves).

Graphic representation
illustrating illuminance
distribution in the
space by means of an
isometric drawing with
illuminance relief 
representation.

Graphic representation
of illuminance distri-
bution on the room
surfaces by means of 
a perspective represen-
tation with isolux
curves illustrated in
shades of grey. Taking
reflectance factors into
account, similar re-
presentations can be
created to indicate
luminance distribution.

Simulation of lighting
effects in the space
based on the spatial
distribution of lumi-
nance. A photo-
realistic luminance
pattern is achieved
through the fine gra-
dation of the lumi-
nance values. 
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an adjustable parabolic
halogen projector (2)
attached to a rotating
swivel arm (1), which is
computer-controlled
to take up the position
of the sun for any 
location or time of day
or year, or follow the
continuous path of the
sun over the course of
one day at any given
location and time of
year.

Daylight and sunlight
equipment in ERCO’s
lighting laboratory, 
simulation takes place
in a 5 x 5 x 3 m space
with a central adjust-
able table. A textile 
ceiling illuminated
from behind by fluores-
cent lamps together
with a surrounding
mirrored wall serve to
simulate diffuse day-
light; the illumination
level can be conti-
nuously controlled. 
Directed sunlight is 
simulated by means of

Principle of a modular
system for creating 
simulation models with
variable room geome-
try (1:10, 1:20). With
the aid of support pil-
lars ceilings and walls
can be arranged as
required. Models of
this type are used for
daylight simulation
and for the simulation
of artificial lighting.
The base of the model
is open to allow light-
meters, endoscopes
and micro-video came-
ras to be inserted.

Adjustable table (3) for
variable positioning of
models for sunlighting
tests. With the aid of
an integral coordinate
desk (1) luxmeter ele-
ments, endoscopes and
micro-video cameras
(2) can be computer-
controlled to take up
any position and direc-
tion.
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The use of models for daylight simulations
is particularly widespread. In this case 
the problem of recreating luminaires to
scale does not arise; sunlight and daylight
are readily available if the model is taken
outside. The alternative is an artificial sky
and a sunlight simulator, which can be
used to produce the required effect. In the
case of daylight simulation in the open
air, an instrument similar to a sundial is
used to position the model to correspond
to a specific geographical location at a
specific time of day and year at a specific
angle of incident sunlight. If sunlight
simulation equipment is used, the sun is
represented by a movable, artificial sun. 
In both cases it is possible to carry out
accurate observations of the effect of the
light in and on the building on small-
scale models and make constructive designs
for solar protection and daylight control.
Observations can be recorded using
endoscope cameras, while micro video
cameras allow the documentation of
changes in the lighting conditions over the
course of the day or year.
An artificial sky can be used to simulate
lighting conditions under an overcast sky
and also allows daylight factors to 
be measured (according to DIN 5034).
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In addition to drawings and computeraided
techniques the construction of models is
a practical way of demonstrating a lighting
installation and the lighting effects it
creates. Similar to computer graphics, the
model can be used for presentation and
simulation purposes.

The clear advantage of models is that
lighting effects are not only illustrated,
but they can actually be shown and ob-
served in all their complexity. The degree of
accuracy of the simulation is only limited
by the size and degree of accuracy of the
proportions of the model. The most
realistic simulations are made on mock-up
models on a 1:1 scale.

The scale chosen for the model de-
pends on the purpose of the test and the
degree of accuracy the simulation is to
present. Models made to scales of 1:100
or even 1:200 only allow observation of
the daylight effect on the entire building,
whereas with 1:20 to 1:10 models it
is possible to observe detailed lighting 
effects in individual areas.

The most critical detail, especially on
small-scale models, is generally the lumi-
naire itself, because even small deviations
have a direct effect on the lighting effect.
There are similarly limits to the accuracy
with which luminaires can be represented
due to the dimensions of the light sources
available. Through the application of
optical fibres, which convey the light from
an external light source to several lumi-
naire models, a higher degree of accuracy
is possible. When evaluating the effect 
of a specially developed luminaire or lumi-
naires that are integrated into the archi-
tecture, it is advisable to create a mock-up
of the luminaire, or of the specific ar-
chitectural element on a 1:1 scale. This is
usually possible without too great an ex-
pense, whereas it is only justified for entire
rooms in the case of large-scale projects.

Fibre optic system used
to simulate artificial
lighting in models of
interior spaces. The
ends of the fibres re-
present the individual
luminaires in the 
model. By using special
constructions on the
ends of the fibres 
different luminaire 
types can be simulated
(wide and narrow-
beam downlights, 
directional spotlights,
wallwashers and 
exposed lamps).
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3.3.8 Measuring lighting installations

Measuring the lighting qualities of a
lighting installation can serve a number of
purposes. In the case of new installations
measurements are taken to check that the
planned values have been obtained.
Measurements recorded on existing instal-
lations help the planner to decide what
maintenance or renovation work is required.
Measurements can also be taken during
the planning process for the evulation and
comparison of lighting concepts. The
factors that are measured are initially illu-
minance and luminance. Other values,
such as shadow formation or the contrast
rendering factor (CRF) can be obtained
using appropriate techniques.

To ensure that results of measurements
taken are usable the measuring equip-
ment must be of a suitably high quality.
In the case of equipment for measuring
illuminance this applies predominantly to
the correct measurement of inclined in-
cident light (cosine-corrected photometer)
and the V (lambda) correction of the
photometer.

When measuring a lighting installation, 
a series of parameters have to be taken
into account and documented in a report.
This initially involves the recording of
specific qualities of the environment, such
as reflectance factors and colours of
room surfaces, the time of day, the amount
of daylight and the actual mains voltage.
Features of the lighting installation are
then recorded: the age of the installation,
the lighting layout, the types of lumi-
naires, the type and condition of the lamps
and the overall condition of the instal-
lation. The type of measuring equipment
and the class of accuracy of the measuring
device has to be recorded.

To record illuminances for an entire
space (in accordance with DIN 5035, Part 6)
a floor plan is made of the space and
has to include furniture. The arrangement
of luminaires and the points at which
measurements are to be taken are then
entered. The measuring points are the
central points on a 1-2 m grid, in the case
of high rooms up to a 5 m grid. Measure-
ments can also be taken at individual
workplaces, in which case an overall tight
measuring grid is created for the area.
Horizontal illuminances are measured at
the individual measuring points at the
height of the working plane of 0.85 m or
0.2 m respectively, cylindrical illumi-
nances for determining the formation of
shadows on a 1.2 m plane of reference.
Luminance measurements for calculating
glare limitation are carried out at work-
places in offices at eye level (1.2 or 1.6 m).
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Measuring horizontal
illuminance on the
working plane using
measuring equipment
with an integral 
photo-cell (1).

Measuring horizontal
illuminance using 
measuring equipment
with a separate
photo-cell (2)

Measuring cylindrical
illuminance using 
measuring equipment
with a separate
photo-cell (3)

Measuring the lumi-
nance of luminaires or
room surfaces using
measuring equipment
with an integral 
view finder.

Measuring the contrast
rendering factor (CRF)
for the evaulation 
of reflected glare at
workplaces on the 
basis of a standard 
reflection value.

2 3

1
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3.3.9 Maintenance

The maintenance of a lighting installation
generally comprises lamp replacement
and the cleaning of the luminaires, and
possibly also re-adjustment or realign-
ment of spotlights and movable luminaires.

The main objective of maintenance is to
ensure that the planned illuminance is
maintained, i. e. to limit the unavoidable
reduction of luminous flux of a lighting
installation. The reasons for the reduction
in luminous flux may be defective lamps
and the gradual loss of luminous flux by
the lamps or a decrease in light output
due to soiling of the reflectors or attach-
ments. In order to avoid a reduction 
in luminous flux and illuminance below a 
given level all lamps must be replaced 
and luminaires cleaned at regular intervals.
It is practical to effect both maintenance
procedures at the same time, since time
and technical equipment, such as lifting
trucks and cleaning equipment, are essen-
tial costly factors in maintenance.

By stipulating a light loss factor when
planning the lighting, the intervals at
which maintenance is to be carried out can
be controlled. By keeping light loss fac-
tors low the lighting level will initially be
higher and the period during which lu-
minous flux is gradually reduced to below
the critical value extended. Using the
light loss factor, lamp replacement and the
cleaning of luminaires can be timed to
take place simultaneously. In dusty environ-
ments, for example, a low light loss
factor can be stipulated (e.g. 0.6 instead
of the customary 0.8) to extend the
intervals between the cleaning of the lumi-

naires and co-ordinate them with the
service life of the lamps.

It is advisable to have an adequate
supply of the required lamp types, both for
regular and individual lamp replacement.
This will ensure that only lamps of the same
power, luminous colour and with the
same technical qualities will be used in the
lighting installation. In the case of specific
lamp types, e. g. halogen lamps for mains
voltage, the products supplied by diffe-
rent manufacturers deviate so greatly from
one another that uniform lighting effects
can only be obtained if the luminaires are
all equipped with the same brand. 

Besides quantative issues there are 
a number of qualitative aspects that may
be decisive for maintenance. When one
lamp fails in a geometric arrangement of
downlights, or in a continous row of
luminaires, it may have little effect on the
overall illuminance in the space, but the
interruption in a pattern of bright lumi-
naires may be visually disturbing. This 
also applies to the effects created by the
luminaires; a missing beam of light in a
series along one wall is just as disturbing
as an abrupt drop in luminance due to a
defective wallwasher. It is therefore more
practical in this case not to wait until
the regular lamp replacement is due, but to
replace the defective lamp immediately.
The adjustment of luminaires is also
classified as maintenance in the interest
of the qualitative aspects of the lighting
installation. In the field of display lighting
luminaires frequently have to be re-
aligned to emphasise specific areas to 
accommodate the layout of a new arran-
gement, or the repositioning of stands, 
shelves or showcases in retail spaces.

The task of the lighting designer is to
draw up a maintenance plan that meets
the requirements of the given situation
and to provide the necessary information
for the maintenance staff. The mainten-
ance plan should enable the operator to
service the installation at regular intervals,
checking whether the technical require-
ments are being met and the lighting is
performing as planned.
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Measuring illuminan-
ces on the working
plane in empty or open
furnished spaces is 
made according to a
regular grid of 1 to 2
metres.

Measuring points for
the measurement of 
illuminances at work-
places.

Formula for calculating
the average illumi-
nance –E from a measu-
ring grid with n measu-
ring points and the
measured values Ex.
Calculating the unifor-
mity g of a lighting
installation from the
lowest value Emin and
the average illumi-
nance –E.

E
—

= . Í
n

1
Ex1

n

g = Emin

E
—
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