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INTRODUCTION

Lighting design is a pivotal aspect of creating
functional and visually pleasing spaces. In this
document, we explore fundamental lighting
design aspects and principles that influence the
quality and efficiency of illumination. Architects,
designers, and engineers will gain insights into
crucial factors, enabling them to make informed
decisions that enhance spaces and promote
sustainability.




Correlated Colour Temperature (CCT): When a black body radiator is
heated, light gets emitted. The temperature of the radiator determines the
colour of light emitted from the radiator. The starting range of warm white
(2000K-3500K) gives off an orange colour. As the temperature increases the
colour changes to a natural white light (4000K). With higher temperatures,
the colour changes to a blueish-white light (5000K-6500K).

Colour Rendering Index (CRI): This measures the ability of a light source to
accurately replicate the colour of an object it illuminates, relative to a natural
source of light, the sun.

Spectral Power Distribution (SPD): Is a graphical representation that
illustrates how the radiant power of a light source is distributed across
different wavelengths within the electromagnetic spectrum. In simpler terms,
it shows which colours are present in the light emitted by an LED and their
respective intensities.

LED Binning: The practice of cataloguing LEDs into groups or "bins’ based on
specific criteria, such as colour temperature (CCT), forward voltage (Vf),
luminous flux (luminance) and colour rendering index (CRI). This
categorisation ensures that LEDs within the same bin have similar
characteristics, which is important to maintain uniform colour and quality in
lighting applications.

MacAdam Steps (Ellipses): Is a standardized way to measure the different chromaticity
of LEDs in the same bin. Each MacAdam ellipse represents a specific step in the
chromaticity diagram, with each step corresponding to a defined tolerance level. If two
LEDs fall within the same MacAdam ellipse, they are considered visually identical in terms
of colour.

e MacAdam Step 1 — LEDs are very closely matched in colour. These LEDs are typically
used in applications where precise colour consistency is critical, such as displays and
architectural lighting.

e MacAdam Step 3 — LEDs within this category are still very close in colour, and they are
suitable for most general lighting applications where colour quality is important.

e MacAdam Step 5 — LEDs in this category have a wider colour tolerance and are often
used in applications where colour quality is less critical, such as outdoor lighting.

e MacAdam Step 7 — LEDs within this category have an even wider colour tolerance and
are suitable for applications where colour precision is less important, such as street
lighting.
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RGB & RGBW: Is a versatile lighting solution that provide a dynamic and colourful
lighting option that can be used in a variety of lighting applications.

e RGB - These LEDs consist mainly of three primary colours — red, green and blue
within a single diode. By varying the intensity of each colour, a wider spectrum
of colours can be created using colour mixing. RGB LEDs are used in stage
lighting for events, fagcade lighting in architectural lighting as well as decorative
lighting in interior and exterior design.

e RGBW - By adding an additional white LED to the mix, it enhances the versatility
of lighting colour and pure white light. The colour rendering is improved and
creates a more accurate white light for various applications such as
commercial, residential and horticultural lighting.

Luminous Flux: The measure of perceived power of light emitted by a light source,
it does not specify the direction to which the light gets emitted. The SI unit of
luminous flux is lumens (Im).

Luminous Intensity: The amount of light emitted (luminous flux) per unit solid
angle. Luminous intensity’ is represented on a luminous intensity distribution curve
(LDC) to show the spread or distribution of light emitted from a luminaire. The Sl
unit of luminous intensity is Candela (cd).

llluminance: The amount of light (luminous flux) emitted from a source, measured
on an area or surface. The unit of illuminance is lumens per meter squared (Im/m?2)
or lux (Ix).

Luminance: The measure of luminous intensity per unit area of light in a given
direction. It describes the amount of light that passes through a material or emitted
from an area and falls within a given area. The Sl unit is candela per square meter
(cd/m?2). (Wikipedia source).

Luminaire Optics: The optical component of a luminaire is used to take the light
output from the LED and redirect the light to create a more focused output. The
optical families are:

e Lenses — They sit over the LED to enable precise light control creating the
desired lighting effect. Lenses are made from plastic and silicone.

e Reflectors — Do not offer as much control as lenses. But the reflectors also sit
over the LED altering the beam of light emitted. Reflectors are made using
plastic and can be metal coated.

e Total Internal Reflectors (TIR) — Differing from the standard reflectors TIR are
designed to be rotationally symmetrical that give nice round light distribution.
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Beam Angle: Is an angular expression that shows how light emitted from a light
source is distributed. There are multiple lenses that can provide varying beam
angles for luminaire, mainly ranging in the following:

Narrow
Medium
Wide

Very Wide

Glare: Glare can be minimised with the help of anti-glare shields, parabolic
louvres, focusing, dimming and lenses. The lighting design UGR value must be
considered per application and can be found in the SANS 10114 document,
example:

e General Building areas < 28

e Offices < 22

e Reading, writing, and training areas < 19
e Public Buildings < 25

e Educational Buildings < 22

TLA: Undesired temporal patterns of light output that can cause eye strain,
blurred vision, visual discomfort, reduced visual performance and even migraines
and epileptic seizures. TLA always arise when luminaires operate with mains
voltage (AC). LEDs emit light precisely following the voltage. The control gear
provides direct current with a superimposed alternating current of both high
frequency and low frequency. The low frequency content is related to TLA.

e Flicker. As LED's faithfully reproduce light based on the amount of current
received, when the frequency lowers the change in light output becomes
visible to human eyesight and in some cases on camera. The visible flicker of
a luminaire can be measured using the PstLM (short-term light modulation)
procedure in the frequency range of 0.3-80Hz. Flicker is known to have serious
health implications that may induce epileptic seizures, headaches and
migraines.

o Stroboscopic Effect. The apparent discrete movement of objects in flickering
light as perceived by a stationary observer. The moving object will appear as
an array of objects, as the object is in a different position, when the light was
on than when it was off. The stroboscopic effect is measured using the SVM
(Stroboscopic Visibility Measure) method. With this method we can measure
the strobe effect which can occur in conjunction with moving objects and a
light modulation in the frequency range of 80 Hz to 2 000 Hz.
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Light Direction: The light emitted from an LED lamp must be efficiently directed to
where it is needed so that it does not create disruptive glare or is wasted. To direct light
we can use materials that reflect, refract, absorb or transmit the light, in some
luminaires one or more of these effects are applied:

o Reflection — There are multiple types of reflection such as:

e Specular reflection — This type of reflection is recommended where precise light
control is required as in floodlights, spotlights, street lighting and indoor lighting.
The angle of light reflection is equal to the light of incidence and no loss of light is
experienced.

o Diffuse reflection — This type of reflection experiences a change in the direction of
the reflected light as it is reflected in all directions.

e Mixed reflection — This type of reflection experiences both effects of specular and
diffused reflection. Matt-painted surfaces, stoves and dry road surfaces exhibit this
type of reflection.

e Total internal reflection — This type of reflection occurs when light is redirected at
an angle that exceeds than the critical angle. The light is then reflected into the LED
material. Total internal reflection is a fundamental concept employed in the design
of LED optics and lenses to optimize light distribution and minimize wasted light.

e Absorption — Light that falls unto a surface that is not reflected is either absorbed
or transmitted. If the material is not transparent the non-reflected light gets
absorbed and is converted into another form of energy, heat.

e Transmission — If the material upon which the light falls has a certain degree of
transparency the light will pass through it. The type of material will determine if all
the light will be transmitted or not, for example glass will have a higher degree of
transmission that paper.

e Refraction — If light that is directed from one medium into another of a different
density at an angle other than perpendicular to the medium, the ray will be broken
or bent.

In conclusion, a comprehensive understanding of lighting design considerations
empowers designers and professionals to create inviting, energy-efficient, and visually
pleasing spaces that enhance human well-being. This art and science of lighting
design, encompassing key concepts like CCT, CRI, SPD and more, plays a pivotal role in
achieving sustainability goals and improving overall quality of life for occupants.
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