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Abstract—Typically, the sensitivity V2 (1) for a 2° standard observer
is used for photometric measurements. Nevertheless, the light reaches
the human eye from a wider field of view. This fact motivated the
International Commission on Illumination to introduce the 10°
supplementary observer with sensitivity Vi, (A). This paper analyzes the
impact of the transition from V,(A) to Vio(A) on measured pc-LEDs
illuminance values. The results indicate that the maximum difference is
2% for 3000 K pc-LEDs, 4% for 4000 K pc-LEDs, and 6% for 6500 K
pc-LEDs.

Photometry is a science used to describe visible light
parameters such as luminous flux, luminous intensity,
illuminance,andluminance. It is crucial to consider the
spectral sensitivity of the human eye when evaluating
these parameters, as the human eye is not equally
sensitive to allwavelengths of radiation [1, 2]. In 1924,
the International Commission on Illumination (CIE)
proposed usingthe spectral sensitivity of the human eye
V(A\). This curve was designed to standardize light
measurement [1, 2]. The experiment assumed that the
sensitivity of thehuman eye is optimal in photopic vision
and that the light reaches the human eye within
a 2°field of view (FoV) [1, 2]. The light to the humaneye
may also reach from broader viewing angles [3, 4]. This
was the motivation for the CIE to introduce a
supplementary observer with 10° FoV in 1964. [5, 6].
Based onextensive researchdescribed in the literature [7—
13],the CIE in 2015 proposed spectral sensitivities of the
human eye (Vo2(A) and V(X)) based on
cone-fundamental for 2° and 10° FoV photometric
observers (Fig. 1) [14].

Despite the CIE recommendation, the photometers
currently manufacturedand used for measurements have
spectral responses designed fora 2° FoV observer [15]. In
the complex process, the filters are selected for the
detector to obtain the spectral response ofthe photometer
that is the most consistent with the sensitivity of V2 ())
(Fig. 1) [16—-18]. However, the difference in sensitivity
between the V2(}) and Vio(}) is significant at short
wavelengths (380 nm —500 nm) (Fig. 1). For specific
wavelengths, the discrepancy is approaching 65%. This
difference in sensitivity affects the measurements [19],
particularly for the light sources currently used for
lighting purposes.
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Fig. 1. The spectral sensitivity of the human eye (black line for V, ()
and blue line for Vo (A)).

The low luminous efficiency and relatively short
lifespan of the incandescent lamp result in its infrequent
use [20]. To mitigate the environmental impact of
fluorescent lamps, the European Union has enacted
legislation prohibiting their use in new and modernized
lighting installations [21, 22]. The high luminous
efficiency of LEDs is the primary reason for their
widespread use in lighting applications [20, 23]. The
emission of white light by LEDs is contingent upon the
specific technology type [23]. However, phosphor-
converted LEDs (pc-LEDs) are the mostcommonly used
commercially. The whitelight is based oncombining blue
diode radiationand excited phosphor radiation [23-25].
The application of this technology results in the emission
of significant quantities of radiation in the short-wave
range (thisis demonstrated by theorange zone in Fig. 2).
A photometer whosespectral response is consistent with
V2 (A) will yield disparate measurementvalues, than when
its spectral response is consistent with Vi (}).
Consequently, a relationindex (R1) should be established
that represents the ratio of the photometric value for
V2 (A) to the photometric value for Vio (L) when the
measurement value is for the same LED source. The
disparity in sensitivity between V2 (A) and V1o (A) affects
the illuminance value through the luminous flux. This is
demonstrated by equations (1)—(5), with the samesurface
area (S); the intensity value is contingent upon the
luminous flux (®2 and ®i0). The calculation of the
luminous fluxrequires the K factor to be included. K, for
V2 (A) is 683.002 Im/WI[1, 2]. Two solutionsare possible
in the case of Ky forVie (A). The literature indicates that
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using the constant value of K (K =683 Im/W) in the
calculationisa valid solution [26]. Alternatively, Kiocan
be determined in a similar manner to that used for K.
Consequently, a moreprecise luminous fluxresult will be
obtained, with Kio equaling 683.218 Im/W.
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Fig. 2. The SD of white light sources: incandescent (red line),
fluorescent (violet line), LED (blue line).
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The 845 psc. of commercially available pc-LEDs [27,28]
areincluded in this study. These data were collected from
Europeanprojects (project EMPIR 15SIB07 PhotoLED
[27]) and American projects (Real Light Source SPDs and
Color Data for Use in Research [28]). Spectral
distributions of pc-LEDs were classified into three groups
(Fig. 3), in accordance with the ANSI C78.377 [29,30].
The study only included pc-LEDs with a Color Rendering
Index (CRI)>60, corresponding to light sources used in
generalandroad lighting. The tested spectral distributions
are shown in Fig. 3:a) 3000 K (485 pcs.),b) 4000 K (272
pcs.), ¢) 6500 K (88 pcs.). For the specified SDs,
chromaticities were plotted on the CIE 1976 (u'\V")
diagram. The chromaticities of pc-LEDs were distributed
evenly throughoutthe area defined by the ANSI C78.377
7-step Quadrangles forindividual CCT (3000 K (Fig. 4a),
4000 K (Fig.5a), 6500 K (Fig.6a)). Consequently, the
study encompassed the various pc-LED types that the
consumer may encounter. Equations 3-4 were used to
determine the luminous flux for each pc-LED’s SD
(Fig. 3). To assess the effect of the selection of the
spectral sensitivity of the human eye on the given
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measure value of the illuminance, the index (RI) was
determined from (Eq. 5).
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Fig. 3. The spectral distributions of the tested pc-LEDs for different
CCTs: a) 3000 K (485 pcs.), b) 4000 K (272 pcs.), ¢) 6500 K (88 pcs.).
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Fig. 4. (a) Fragment of the CIE 1976 diagram with pc-LEDs
chromaticities for 3000 K and (b) the relation index RI for tested pc-
LEDs.
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Fig. 5. (a) Fragment of the CIE 1976 diagram with pc-LEDs
chromaticities for 4000 K and (b) the relation index RI for tested pc-
LEDs.
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Fig. 6. (a) Fragment of the CIE 1976 diagram with pc-LEDs

chromaticities for 6500 K and (b) the relation index RI for tested pc-
LEDs.

The results illustrate that for the light sources in the
tested groups (3000 K, 4000 K, 6500 K), the transition of
the spectral sensitivity of the human eye (from V2 () to
V1o (V) is reflected in the measured values. The relation
index RI indicates that the maximum of the difference is
2% forwarm pc-LEDs (3000 K) (Fig. 4b), 4% for neutral
pc-LEDs (4000 K) (Fig. 5b), and 6% for cold pc-LEDs
(6500 K) (Fig. 6b).
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