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Influence of the reflector properties on the photometric
characteristics of a luminaire with variable luminous intensity
distribution

Abstract. The article presents the results of research on a reflector used in a luminaire with a variable luminous intensity distribution, which is a key
element shaping the distribution of the luminous flux in space. The aim of the research is to analyze the impact of the reflective properties of the
materials used for the production of reflectors on the possibility of obtaining appropriate luminous flux distribution characteristics and to assess the
possibility of using specific materials in a system with variable luminous flux distribution.

Streszczenie. W artykule przedstawiono wyniki badan odbty$nika zastosowanego w oprawie o$wietleniowej o zmiennej bryle fotometrycznej, ktory
Jjest kluczowym elementem formujgcym rozsyt strumienia $wietinego w przestrzeni. Celem badan jest analiza wptywu wiasciwosci odbiciowych
materiatbw stosowanych do wytwarzania odbty$nikéw na mozliwo$¢ uzyskania odpowiednich cech rozsytu strumienia $wietlnego oraz ocena
mozliwo$ci zastosowania konkretnych materiatdbw w uktadzie o zmiennym rozsyle strumienia $wietinego. (Wpfyw wiasciwosci odbfysnika na

charakterystyke fotometryczng oprawy oswietleniowej o zmiennym rozsyle $wiattosci)
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Introduction

Luminaires fulfill many functions in lighting technology.
One of the basic ones is shaping the distribution of the
luminous flux, which is carried out mainly by the light-optical
system. There are many lighting situations in the illuminated
objects, for which the luminaires should have different
design solutions of the light and optical system. Thanks to
this, it is possible to use the appropriate luminaire for
specific requirements, such as the mounting location,
dimensions of the working plane and the distance between
the working plane and the luminaire.

The development of lighting equipment takes place in
areas such as improving the luminous efficacy or thermal
conditions of luminaires [1-3]. Another development area is
the possibility of forming a variable luminous intensity
distribution [4-5]. This solution of the light-optical system
allows to change the orientation of the photometric body in
many directions without having to change the position of the
luminaire and replace its elements. A luminaire with such
features can be used in adaptive lighting systems [6-12].
Thanks to the use of LED sources, it is possible to reduce
the weight and dimensions of the luminaire [13-14] and
increase energy efficiency [15-17]. Small dimensions and
the luminous surface of a single LED source [18-20] provide
great opportunities for shaping the complex luminous
surface of the luminaire. This is achieved by grouping
sources on multi-source matrices. It allows for the
construction of light and optical systems of luminaires of
complex shape. It is also possible to use an individual
optical system for each light source or a common one for
the entire panel. Thanks to the above features, the use of
LED sources makes it easier to shape various types of light
distribution.

In the developed solution the reflector is an element that
forms the distribution of the luminous flux in the modeled
luminaire. The shape of the focus profile determines the
direction of reflection of the rays emited from the light
source. In turn, the reflection properties of the material
determine the degree of concentration of the rays reflected
from the surface. There are three types of reflection:
directional, diffuse and directionally-diffuse. The shape of

the profile must correlate with the reflection characteristics
of the material.

The main objective of the research is to analyze the
suitability of materials with different reflection properties for
use in an optical system with a variable photometric
characteristic and to assess the possibility of obtaining
specific characteristics of luminous flux distribution.

Luminaire with variable luminous intensity distribution

The object of the research is a luminaire with a variable
luminous intensity distribution [4-5], which should enable
the formation of different distribution types: a rotationally-
symmetric, with two axes of symmetry and an asymmetric
distribution. Due to the formation of a rotational-symmetric
luminous intensity distribution, the light-optical system is
built on a circular plan (Fig.1).
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Fig. 1. Light-optical system of a luminaire with a variable luminous
intensity distribution

The possibility of transforming a distribution type into a
symmetrical and asymmetrical one requires the separation
of several independently controlled sections of the light-
optical system. In the analysis presented below, it was
assumed that the position and luminous flux of the light
sources are unchanged, while the modification of the
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luminous intensity distribution is carried out only by
changing the position of the reflector. Its sections are
inclined around an axis at the base of the segment in the
direction of the light sources (Fig.2).
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Fig. 2. lllustration of changing the inclination of the reflector: a)
minimum inclination, b) maximum inclination

The base focusing profile is a single parabolic curve that
provides the expected angles of reflection of rays from the
light source under certain geometric conditions, including
the dimensions and relative position of the light source and
reflector profile. It is also possible to create a parabolic
profile built from more base profiles. The profile curve is the
starting point for modeling the reflector surface.

The research was carried out on the basis of a reflector
with a parabolic monocurve profile. The assumed reflection
angles of the rays coming from the center of the light source
range from 0° for the upper end of the profile to 60° for the
lower end, counting from the optical axis of the system. The
values correspond to the adopted beam angles of
distribution in the wide variant, with the base inclination of
the reflector equal to 0°. The narrow variant is obtained with
the reflector inclined at an angle of 20°. The shape of the
reflector during the tests remained unchanged, subsequent
results of the luminous intensity distribution were obtained
by changing the characteristics of the optically active
surface of the reflector, resulting from the properties of the
material used.

The model of the light-optical system and its simulation
were made in the Photopia software [24]. Photopia has a
CAD module that allows to support the graphical modeling
of the light-optical system, using the geometric relationships
between the elements of the system. It also makes it
possible to track the course of rays on the path of the light
source - reflector and reflector - space, thanks to the use of
the Monte Carlo method of random tracking of elementary
fluxes when determining photometric solids. Thanks to this,
it enables a wide spectrum of analysis of light and optical
systems.

In the course of the research, luminous intensity
distributions were determined for various variants of the
system with defined optical properties of the reflector. The
results were analyzed based on the shape of the obtained
luminous intensity curves and characteristic parameters
(maximum and axial luminous intensity, beam angle).

Simulations were carried out with materials with a
specular surface (providing directional reflection and high
luminous intensity amplification) and a diffusing surface.
The analysis covered characteristic materials with different
structures and surface diffusing properties, influencing to a
different extent the obtained luminous intensity distribution.

The next stage was the analysis of materials with a
surface that ensure directional diffuse reflection. The use of
materials with different levels of surface matting was
analyzed, which affects the degree of scattering of reflected
radiation. Similar properties are ensured by materials with a
mirror surface with an embossed diffusing macrostructure,
with a diversified structure.

The analysis of the influence of the material properties on
the possibility of using a system with variable luminous flux
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distribution was carried out with the use of various materials
[21-23]: with a mirror surface, diffusing, directionally
diffusing and with a mirror surface with a diffusing
macrostructure.

Analysis of reflector surface properties using mirror
materials

The basic reflector material is a material with a mirror
surface ensuring directional reflection (Fig. 3a). The course
of the rays coming from the light source and reflecting from
the reflector with a mirror surface is shown in Fig. 3b. Mirror
materials are wused when high luminous intensity
amplification is expected and at the initial stage of reflector
modeling, in order to obtain the first approximation of the
shape and subsequent ones as close as possible to the
expectations.

a)

Fig. 3. Directional reflection mechanism (a) and visualization of ray
traces after reflection from a reflector with mirror surface (b).

Selected results of the analysis of luminous intensity
curves for two extreme distribution variants (reflector
inclination 0° and 20°) of the luminaire with a reflector with a
mirror surface are shown in Fig. 4. With wide and small
distribution angles y, the luminous intensity reaches low
values, which may lead to the formation of a dark zone
directly under the luminaire and problems with obtaining a
uniform distribution of the illuminance on the illuminated
surface. The second observed disadvantage is the lack of
rotational symmetry of the distribution, visible in the wide
and narrow variant. These problems are mainly due to the
directional nature of the material reflection.
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Fig. 4 Luminous intensity curves of the luminaire with the use of a
reflector with a specular surface: a) wide light distribution, b) narrow
light distribution

Analysis of reflector surface properties using diffusing
materials

In further studies, materials with different reflective
properties were used. Simulations were carried out with
materials with a diffusing surface (Fig. 5a), for the
unchanged shape of the reflector. The course of the rays
from the light source and reflecting from the reflector with a
diffusing surface (on the example of the R1 material) is
shown in Fig. 5b. The results of the analysis of the light
distribution curves for the two extreme positions of the
reflector (inclination 0° and 20°) of the luminaire with a
reflector with a diffusing surface are shown in Fig. 7-9. The
analysis included characteristic materials with different
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structures and surface diffusing properties, affecting the
obtained luminous flux distribution to varying degrees.

a)

Fig. 5. Diffusing reflection mechanism (a) and visualization of ray
traces after reflection from a reflector with diffusing surface (b).
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Fig. 8. Luminous intensity curves of the luminaire with the use of a
reflector with a diffusing surface R3: a) wide light distribution, b)

The use of diffusing materials allows to significantly
smooth the luminous intensity curves. The disadvantage of
this configuration is too little direction of the reflection, and
thus the inability to ensure sufficient controllability of the
light distribution. The distribution in the narrow variant is
insufficiently focused (variants R1 and R2). In the R3 and
R4 variants, a greater concentration of the distribution can
be seen, but the shape of the diffuse distribution has also
changed.

Analysis of reflector surface properties using materials
with a directionally diffusing surface

Another analyzed solution is a group of materials with a
surface ensuring directional-diffuse reflection (Fig. 10). The
use of materials with different levels of surface matting,
which affects the degree of scattering of the reflected
radiation, was analyzed. The results of the analysis of light
distribution curves for selected characteristic materials with
different directional-diffuse reflection properties (K1-K6) are
shown in Fig. 11-16. The degree of scattering of the
reflected light is too high, which makes it impossible to
ensure the required controllability of the light distribution.
The results of the conducted analysis indicate that materials
of this type are not suitable for use in the analyzed optical
system.

2) b)

Fig. 10. Directionally diffuse reflection mechanism (a) and

visualization of ray traces after reflection from a reflector with
directionally diffusing surface (b).
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Fig. 11. Luminous intensity curves of the luminaire with the use of a
reflector with a diffusing surface K1: a) wide light distribution, b)
narrow light distribution
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Fig. 9. Luminous intensity curves of the luminaire with the use of a
reflector with a diffusing surface R4: a) wide light distribution, b)
narrow light distribution
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Fig. 12. Luminous intensity curves of the luminaire with the use of a
reflector with a diffusing surface K2: a) wide light distribution, b)
narrow light distribution
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Fig. 13. Luminous intensity curves of the luminaire with the use of a
reflector with a diffusing surface K3: a) wide light distribution, b)
narrow light distribution
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Fig. 17. Luminous intensity curves of a luminaire using a reflector
with a mirror surface with a diffusing macrostructure M1: a) wide
light distribution, b) narrow light distribution

In the M1 variant (Fig. 17) in the wide distribution, a
slight decrease in luminous intensity is visible for small
angles. On the other hand, narrow distribution shows too
little focus of the light beam. In the M2 variant (Fig. 18) in
the wide distribution there is a clear decrease in the
luminous intensity for small angles. Narrow distribution
shows a greater degree of focusing the light beam than in

the case of the M1 variant.
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Fig. 14. Luminous intensity curves of the luminaire with the use of a
reflector with a diffusing surface K4: a) wide light distribution, b)

narrow light distribution
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Fig. 18. Luminous intensity curves of a luminaire using a reflector
with a mirror surface with a diffusing macrostructure M2: a) wide
light distribution, b) narrow light distribution

In the M3 variant (Fig. 19), unfavorable effects are
visible both in the wide distribution (large reduction of

Fig. 15. Luminous intensity curves of the luminaire with the use of a
reflector with a diffusing surface K5: a) wide light distribution, b)
narrow light distribution
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Fig. 16. Luminous intensity curves of the luminaire with the use of a
reflector with a diffusing surface K6: a) wide light distribution, b)
narrow light distribution
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3.4. The use of materials with a mirror surface with a
diffusing macrostructure

Another group of analyzed materials are materials with a
mirror surface with an embossed diffusing macrostructure,
with a diversified concave or convex structure, in the shape
of a honeycomb, round or irregular, with an element
diameter of 5-7 mm and a depth of 1.5-2.0 mm.

The results of the analysis of the luminous intensity
curves for the two extreme positions of the reflector
(inclination 0° and 20°) of the luminaire with a reflector with
a mirror surface with a diffusing macrostructure for selected
characteristic materials (M1-M5) are shown in Fig. 17-21.
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luminous intensity for small angles) and in the narrow
distribution (increased spread of the light beam). Variant M4
(Fig. 20) has features similar to variant M2.
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Fig. 19. Luminous intensity curves of a luminaire using a reflector
with a mirror surface with a diffusing macrostructure M3: a) wide
light distribution, b) narrow light distribution
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In the M5 variant (Fig. 21), the wide distribution is
characterized by a slight decrease in luminous intensity for
small angles, similarly to the M1 variant. However, the
narrow distribution shows a greater concentration of the
light beam than the M1 variant, similar to the M2 and M4
variants. The results of the conducted analysis indicate that
the use of a material with a mirror surface and the M5
diffusing macrostructure gives the most favorable effects in
the tested system.
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Fig. 21. Luminous intensity curves of a luminaire using a reflector
with a mirror surface with a diffusing macrostructure M5: a) wide
light distribution, b) narrow light distribution

The scale of deformation of the optically active reflector
surface (M1-M5 materials) had a significant impact on the
axial luminous intensity of the luminaire for the wide beam
variant. In order to achieve the highest level of lighting
uniformity in the immediate surroundings of the luminaire, a
diffusing macrostructure with significant surface deformation
should be used.

Conclusion

The material analysis of the optically active reflector
surface allowed to assess the suitability of materials with
different reflective properties for use in a light-optical
system of the luminaire with a variable luminous intensity
distribution. The results of the analysis show that:

1) The suitability of specular surface materials for use in
systems with relatively large beam angles is limited. It
makes it impossible to obtain a sufficiently uniform
distribution, and thus also a uniform distribution of
illuminance on the working surface.

2) The materials with the diffusing surface are not
suitable for use in the analyzed optical system with variable
luminous intensity distribution. The degree of diffusion of
the reflected light is too high, which makes it impossible to
ensure the required controllability of the luminous flux
distribution.

3) Materials providing directional diffuse reflection are
not suitable for use in the analyzed optical system. Similar
to diffusing materials the degree of diffusion of the reflected
light is too high.

4) The most favorable effects in the tested system are
achieved by the use of a material with a mirror surface with
a diffusing macrostructure. Thanks to this, it is possible to
achieve both controllability of the direction of light radiation
and its uniform distribution on the working plane.

In order to obtain the appropriate light beam spread over
a wide range of beam angles in the target system, it is
necessary to correlate the appropriate reflective properties
of the material with the properties of the focusing profile of
the reflector. The presented test results refer to the
properties of the material, while the properties of the
focusing profile of the reflector are the subject of further
research on the luminaire with variable luminous intensity
distribution.
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