doi: 10.4302/plp.v13i2.1105

PHOTONICS LETTERS OF POLAND, VoL. 13 (2),40-42(2021) 4C

Influence of spectral properties of light sources on perceived
and recorded images
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Abstract—The text presents differences between the mechanism of
seeing and recording images and potential sources of errors in color
reproduction in recorded images. The measurements show that despite
the relatively high values of indices (Ra, R¢i Rg) not all tested lamps are
suitable for use on a photo set, as indicated by the value of TLCI index.
The lighting requirements on a film set prioritize the quality of color
reproduction, even at the expense of reducing the Luminous efficacy of
a source (LES)value.

Quality requirements for lighting of a shooting set are
significantly different from those for generalillumination.
Thisis due to a different mechanism ofimage recording
with devices based onarraydetectors than the human
visual sense. There are a total of five types of
photoreceptors on theretina. Four of theseare responsible
foreliciting visualsensations. Each ofthephotoreceptor
types is distinguished by different spectral sensitivity
characteristics (Fig. 1). [1-3] The radiation has a different
effect ondifferentorganismsand on man-made detectors.
[4-6]
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Fig. 1. Relative spectral characteristics: spectral luminous efficiency in
photopicand scotopic vision and spectral sensitivity of the silicon
detector.

The different spectral sensitivity characteristics of the
rods and cones, together with additional mechanisms
related to changes in pupilsize, allowfora wide range of
adaptations in the visual process to changing light
conditions that occur in natural light. In lighting
technology similar mechanisms of change are
accomplished in smart  lighting  systems
[7—13]. The threetypes of cones that are responsible for
producing visual impressions in seeingare characterized
by different spectral sensitivity ranges, which allow us to
perceive colors. However, they require a lot of light,
which means that we can only see colors correctly during

http://www.photonics.pl/PLP

the day. At low light levels during scotopic vision, only
the rods remain active, which havea higher sensitivity but
do notallowus to record colorimpressions. The issues of
spectral sensitivity and the ability to record colors with
the sense of sight are therefore very complex and depend
on the state of visual adaptation.

Considering the issues presented, the International
Commissionon lHlumination (CIE)as an international
standardization body has defined theexact waveforms of
spectral luminous efficiency in photopic and scotopic
vision fora standard observer. Thisis described by two
curves V(x)and V’() (Fig. 1).

Thisis somewhat ofa simplificationsince the sense of
sight is subjectto constant adaptationto changing lighting
and environmental conditions. However, the introduction
of the concept of a standard observer is necessary to
evaluate the effects of radiation onthe observer. 1t must
be remembered that this applies only to man as an
observer.

The maximum luminous efficacy of radiation (LER) in
photopic vision is 683 Im/W and is achieved at a
wavelength of 555 nm.
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Strivingto achieve the highestpossible LER value leads
light source manufacturers to narrowthelight spectrum
emitted by the sources. This is because theradiation at the
edge of the visible spectrum, both in the violet and blue
colorrangeaswellasinthered, is characterized by low
LER values. Reducingthewhite light spectrum from 380-
780 nm to 400-700 nm covers 99.93% of the optical
energy below spectral luminous efficiency function for
photopic vision. However, limiting the spectral width
results in lower values of the color rendering index.
However, in orderto ensure that colors canbe reproduced
correctly, it is necessary to use sourceswhose emission
coverstheentire visible range asfaras possible.

The LER of white light sources can therefore reach a
maximum value of 520 Im/W. The lines of themaximum
LER valuesinthe CIE1931diagramare shown in Fig. 2.
[14-18].

The luminous efficacy of a source (LES) will always be
less than the LER sinceonly partof theelectrical power is
convertedinto radiation.

LER =
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Fig. 2. Contours of maximum possible luminous efficiency of radiation
shown on CIE 1931 chromaticity diagram (adapted from
MacAdam 1950, Schelle 2014).

The mechanism of recordingimages with array detectors
is to reproduce, as faras possible, the impressions that we
perceive with our sense of sight in the process of daytime
vision. Semiconductor detectors currently usedin image
recording technology are based on silicon (Si), whose
spectral sensitivity is differentfrom V() and additionally
extends beyondthe visible range (Fig. 1).

To enable human-like color reproduction, a grid of color
filters is applied to the array detector, resulting in the
individual pixels of the array recording a signal only
within a narrow range of the selected color. The most
commonly used is the RGB color system. Another
technique that allowsto record colorimages is the use of
three arrays. Inthis case, eachsensorreceives light of a
differentprimary color (RGB) thatissplitby an optical
system.

Inaddition, allpixelson an array detectoraredistributed
evenly across its surface, which isalso different from the
distribution of photoreceptors on the retina. The
dissimilarity betweenthe humansense of sight and the
array detector led to the need todefine anewindex.

The standard observer's model created by CIE is not
suitable for modern recording devices and set lighting.
[19] As a result, the colorrenderingindexes defined for
lighting did not allowthe evaluation of light sources in set
lighting and television productionin a meaningful way.
Thisresulted in the need for costly and time-consuming
colorcorrections in the recorded images. The previously
used colorrenderingindexes provedto be insufficient in
the case of LED and fluorescent sources. The
development of a mathematical model of a standard
camera becamenecessary in the field of lighting quality
analysisfor TV andphotography.

In 2012, The European Broadcasting Union approved a
newindex fordetermining the quality of lighting fixtures
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used to illuminate sets in television productions. This
parameter was called Television Lighting Consistency
Index 2012 (TLCI-2012). The purpose of defining this
parameter wasto createthe concept ofa standard camera
in contrast to the concept of a standard observer. The
model created was adapted to the spectral sensitivity
characteristics of modern HDTV cameras [21-23].

The model of a standard camera was used, whose spectral
characteristics taking into account the entire optical path
includingthe lensandthe gammacorrection performed as
well asthe non-linear electrooptic transfer function of the
display isshown in Fig. 3.
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Fig. 3. Spectral luminous efficiency in photopic vision and TLCI-2012
Camera with adjusted Matrix (developed on the basis of [21-23]).

The discussed issues are presented in the results of
comparative analysis carried outfor selected light sources
(Fig. 5, Table 1).

The spectral character of light sources (halogen,
fluorescent and LED) dependson theway of obtaining
white light (Fig. 4). The first way is to mix the streams
emitted bythe three red, green and blue sources.[24] This
allows, with appropriate control LED, to change the
spectral properties of the emitted light. The technique of
mixingthe radiation of theblue LED with the radiation of
the yellow phosphorisalso often used.

A StellarNet Blue-Wave UVIS-50 spectrometer was used
forthe measurements. Theresultswere calculated in a
calculation sheet and in the ColorCalculator v. 7.77
program.
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Fig. 4. Spectral power distribution of the measured lamps.

© 2021 Photonics Society of Poland



doi: 10.4302/plp.v13i2.1105

PHOTONICS LETTERS OF POLAND, VoL. 13 (2),40-42(2021) 42

04!

$

DL 7 MacAdam ellipses
0.2

020 025 030 035 040 045 050

Fig. 5. Positions of the point on the chromaticity graph tested light
sources (based on own research).

Tab. 1. Measured index values of selected lamps (based on own
research)

Rf Rg
C[E]T Ra | Ro [ Rz | 55| T | TLCI
30-18 | 30-18
RF-550
Macro LED | 6089 | 95 | 85 | 71 | 92 | 99 97
Ring Flash
Fluorescent
foto light | 6050 87 |1 66| 73| 8 [103| 72
Halogen
classic 3107 [ 99 | 96 | 98 99 | 100 100
Philips42wW
LED
Superstar
oo | 4153 [ 86 | 17 | 66 | 85 | 91 | 75
Osram
Fluorescent
Duluxstick | 2830 | 83 | 10 | 51 | 75 | 104 | 47
Osram 20W

The measurements show that despite therelatively high
values of indices (Ra, Rr i Rg) not all tested lamps are
suitable foruse on a photoset,asindicatedby the value
of TLCl index.

The lighting requirements on a film set prioritize the
quality of color reproduction, even at the expense of
reducingthe luminous efficacy of a source (LES) value.
The standard camera modeland TLCI-2012 index had to
be created due to the non-human white balance
mechanism in cameras. The use of array detectors in
digital devices versus classical basic silver halide
photosensitivematerials created problems mainly in the
near infrared (750-1100 nm). Radiation at these
wavelengths is used in consumer devices to increase
apparentsensitivity in low light conditions. However, this
is at the expense of degraded color reproduction. This is
because LED sources havedifferent levels of IR radiation
comparedto tungsten lighting. Color reproductionerrors
in lower cost devices are due to poor filtering of radiation,
particularly in the IR range.

This research was funded by the Bialystok University of
Technology as part of the work WZ/WE-I1A/3/2020.
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