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Abstract

This paper describes the system execution time comparison result between the Commission
Internationale de I’Eclairage (CIE) protocol used to calculate the Correlated Color Tem-
perature (CCT) and calculate proposal by Yoshi Onho[9] with an algorithm search method
variation to decrease the system execution time used.

The algorithm present in the paper shows the golden section method implemented to re-
duce the iterations number and the system execution time executed. Also, we present the
software created and used to research the comparison of the system execution time and the
iterations number between methods to get the result.

Although, discuss the e ciencies of each method and the comparison result in system
execution time executed.

Keywords: Color-matching functions (CMF), Triestimulus values, Correlated Color Tem-
perature (CCT), Planck’s Equation, (uv) diagram, Commission Internationale de I’'Eclairage
(CIE), Robertson 68, Yoshi Onho, illuminant, luminary, Python, Tkinter library, Scilab
library, Golden section method, iteration, system execution time.

1. Introduction

The colorimetry tries to measure the color \quality", this measurement is more complicate
that brightness, because the sensation of color had to be translate to a mathematical func-
tion which attempts to describe a human observer. In the numerical expression the color
is discriminate in three functions that represent the color spectrum (red, blue, green) the
main colors when the light go throw a prism, the common equipment that can represent
those functions are the spectrophotometer([4].

Besides, the Correlated Temperature describes the color of a light source against to the
blackbody color, described in the Planckian locus inside of the Uniform color space (u;V);
for this process is necessary understand the following di erences: the standard light sources
or luminary are the real and physical light and standard illuminants are mathematical de-
scriptions of ideal light, these are calculated from the light source and the Color Matching
Functions[3].

The color matching functions are curves proposed by the CIE, that represented numerically
the response of an observer, the CMF has di erent values depending of the angle degree
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observer. With this functions are used to get the CIE tristimulus values and with those
values the light source’s illuminant reference can be calculated.

The CIE conventional method to calculate the CCT, is with the Robertson ’68 [1] using
an exposed list with some u;v; Duv values, according to the list the nearness point to the
luminary (u;v) is the CCT search. Although, another method proposed in the Yoshi Onho
paper[9] the minimum distance have to be searched, according to the values in the planckian
locus with Kelvin temperature, and the u;v points.

The uncertainly is the sum of the measurements errors, related with calculation and devia-
tion that a result has; normally, each calculation brings the error of all variables and these
errors can de ne the range and distribution of the solution, even can be set in a statistic
distribution de ning the 1, 2, 3.

2. Method

Using the Robertson [1] and the Yoshi Onho’s Planckian Locus list [9], we created a software
based in Python to calculated the CCT for some luminaries’ spectral information. Also,
and additional function block is added, according to the process of uncertainty proposal[18]
about uncertainty in the calculation, and modi ed to read and save the execution time
needed on each method for all iterations.

The Robertson method calculate the distance between u;v points according to the isother-
mal lines table (Egq. 1) starting in order and when the value is less than 0, use those
d;; d;+1values to calculate the CCT (Eq. 2)[1]
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For the Yoshi method, we implemented two additional functions method, the standard search method
get the distance for each point in the u;v vector respect to the u,.; v, point and with all results select
the minimum distance, to calculate the CCT. (Equation 3)

di =+/(u; u)2+(v; V)2 8uv in P(i) (3)

d : distance
P (i) : Planckian Locus vector

The variation search method, is using the section gold method. Into the golden section the vector
is branching o in two point: minimum point plus * and maximum point less . Belong to the
criteria, the new point is selected as the new minimum or maximum point; after, the process can
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be repeated and it will be stopped once the minimum or maximum value in this case the minimum
distance is found.

1+ 5
= 25 1:618 )

The criteria to compare the execution time with Robertson method and Yoshi Golden Section
Method, is using the current time in the process and using the same luminary with uncertainty
matrix and arranging all execution time in a vector time for both methods and calculating the
average time in the vector time to graphic the results.

The software developed in Python uses the next libraries: the numpy library to manage easier the
vector’s values as each new luminary with uncertain; the spicy library to extrapolate the input
vector le into a new vector with the values used in the CCT calculation with the di erence needed
in frequency on each point in the vector. Also for the user interface GUI is using the Tkinter library
for the basic commands and user selection; for the comparative graphics is using the matplotlib
library.

3. Result and Analysis

Using the Yoshi’s luminaries list [9]; the software compares the time execution for the luminaries
grouped belong CCT and Duv close values, with a variable input error between 0:7% in the stimuli
and a variable wavelength error between 0:2nm for each point vector, for 10000 iterations. (Fig.1)
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Figure 1: Input parameters added in the software



With this input error we get a normal distribution in the values calculated, selecting the highest
repetitive value; considering the value selected will have a percentage error, and it could not be
totally representative for the average time execution. (Fig 2)
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Figure 2: CCT distribution from the input error for the luminary CIE F4

In the rst group, we choose the commercially luminaries: a Halide, an incandescent and Led
YAG, those luminaries do not have commonly CCT or Duv, and the time execution comparison
throw di erences with both methods. (Fig. 3)
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Figure 3: CCT and Time execution comparison for the rst group selected

The second luminaries group have CCT around 3000K and 3500K and the third group contains
luminaries with CCT with 4000K and 5000K, for this two groups are including the Duv values
more repetitive in the same way as the CCT. The CCT and Duv values are not similar and those
di erences are showed in the gures. Although, the time execution has a signi cance di erences
with both CCT methods process in the three luminaries groups.
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Figure 4: Luminaries’ comparison with CCT value between 3000K and 3500K
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Figure 5: Luminaries’ comparison with CCT value between 4000K and 5000K

We see the time execution is not directly related with the CCT value or Duv value, for di erent
CCT values, the time changes, the calculation and the time machine is using more time depending
for other variable as the luminary’s input irradiance function.

The visible result is that the Robertson method compared with the Yoshi Gold method, has a better
performance using less time, even when Yoshi Gold method decreases the time executed used to
calculate the CCT in a 90% for the conventional method.
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4. Conclusion

The Robertson method that was proposed in the 60’s, the method de ned 32 point to calculate the
CCT, and was thought to be used in the computers of that decade; even with those characteristics,
the method has a better performance in a modern computer and have the same CCT result for the
standard luminaries case, that the Yoshi’s method. Although, for a simple calculate could be an
imperceptible the milliseconds di erences but for the case to be needed to calculate the uncertainty
with more than ten thousand iterations, the time execution di erence will be notice.
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Abstract

The Commission Internationale de I'Eclairage (CIE) has a standard method to nd the
Color Rendering Index (CRI) using the Color Matching Function (CMF) with an angle
observer of two degrees. This paper describes the deviation found between calculations of
the Color Rendering Index (CRI) with the CIE standard and the CMF ten degrees angle
observer, normally implemented looking for the chromaticity in a luminary.

Also, we present the software created and used to calculate the logarithm normal di erence
with the luminaries list proposed; the analysis and discuss for each R color in the CRI and
the warm e ect along the heat map.

Keywords: Color-matching functions (CMF), Triestimulus values, Correlated Color Tem-
perature (CCT), Standard Colorimetric Observer (SCD), Angle degree, Color Rendering In-
dex (CRI), TM-30-18, Planck’s Equation, Commission Internationale de I’Eclairage (CIE),
Robertson 68’, Yoshi Onho, illuminant, luminary, Python, Tkinter library, Scilab library,
Seaborn library.

1. Introduction

The colorimetry tries to measure the color \quality" the sensation of color translate to a
mathematical function which attempts to describe a human observer. In the numerical ex-
pression the color is discriminate in three functions that represent the color spectrum (red,
blue, green) the main colors when the light go throw a prism, the common equipment that
can represent those functions are the spectrophotometer. cite[norbour ohta]

The color-matching functions are measured through the macular and lens pigments. For
the pigments the e ect are di erent if the 2-deg or the 10-deg color-matching functions.
Comparing, from 10 deg to 2 deg it is assumed that the macular pigment optical density
changes from a peak of 0.095 to 0.35, and the lens pigments optical density changes from
0.38 to 0.50 for L or M cones or from 0.30 to 0.40 for S cones
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Figure 1. CMF x;y;z for 2-deg (CIE 1931) and 10-deg eld (CIE 1964)

The CMF are used to get the CIE tristimulus values, which are necessary to calculate
the Color Correlated Temperature (CCT), and get a illuminant reference from the luminary
source light, the CIE process describes the illuminant reference is calculated with the CMF
2 degrees observer[9]; this observer is used in the process when the study describes the color
quality on passive objects, instead the 10 degrees observer will be used in active objects as
the luminaries when the need is to know how good represent the color on a passive object.

The Color Correlated Temperature describes the color of a light source against to the black-
body color, described in the Planckian locus inside of the Uniform color space (u;v); the
CIE conventional method to calculate the CCT is with the Robertson ’68 [1] using the CFM
2 degrees observer to calculate the illuminant references.

The Color Rendering Index (CRI) is a measurable value that represents how faithfully the
colors can be perceived when an object is illuminated with a luminary source light; the
standard process uses fourteen (14) color function values that describes the \ideal™ color
perception between the luminary sources and the illuminant references light. All color cal-
culation need to get the triestimulus values and the u; v values for the luminary light as the
illuminant light.

Besides, the IES TM-30 is also uses as a measurable colorimetric value, based on the com-
parison color as rendered, the method utilizes ninety-nine (99) color samples to evaluate
the di erences in the color rendition between the luminary source light and the illuminant
references as the CRI. These colors are selected from a base that has more than 100.000
color samples, and they describe the world possible colors[2].
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2. Method

The method proposed by the CIE to calculate the CRI uses the Robertson method to
calculate the CCT and the CMF with a 2 degrees observer to calculate the illuminate
references and get the triestimulus values for the color functions and the result in the 14
color of the CRI. For this study we change the calculation with the 2 degrees observer for
the 10 degrees observer and compare the di erences with both process.

The TM-30-18 method uses 2 degrees observer CMF to get the illuminant references and
for each color the 10 degrees observer, the reason is the 10 degrees observer is utilized in
the CIE when the result is to measure the colors delity with the a luminary source light.

Replicating the process in the CRI calculation, the software calculates the CRI result for the
color in the CIE standard and repeat the process using this time the 10 degrees observer, the
result is kept in a vector memory and calculate the logarithm percentage error (Equation 1)
for the 10 degrees observer against the 2 degrees observer, this di erence error is compare
with a luminary function list based in the Yoshi Ohno paper[? ] and mapped on a heatmap
to see when increase or decrease the di erences in the comparison.

_ CRI; — CRIyyg
er=1In <CR|2 * 100) )

The software developed in Python uses the next libraries: the numpy library to manage eas-
ier the vector’s values as each new luminary with uncertain; the spicy library to extrapolate
the input vector le into a new vector with the values used in the CCT calculation with the
di erence needed in frequency on each point in the vector. Also for the user interface GUI
is using the Tkinter library for the basic commands and user selection; for the comparative
graphics is using the matplotlib library and the heatmap in based in the seaborn library.

3. Result and Analysis

The software calculate the error for each CRI color value in a luminary, the result shows
positive and negatives results; the positive value means the CRI1p has a bigger result than
the CRI,, with the negative value the CRI1g has a smaller result than the CRI;; in the
numerical value is mayor than 1:0 means that the di erences in both result is bigger that
two percentage points, the gure 2 is an example for a commercial luminary ph-LED YAG.

Replying the same process for the Yoshi Onho luminaries list[? ] each luminary result is
saved in a vector memory and represented in a heatmap, where the blue color is a negative
result and the red color is the positive; the gures ??, ??, ?? are the heatmap graphic result
in the comparative in the CRI calculation with both CMF degrees observer.

In those gures notice both color are present for the luminaries, this result could be relate
with luminary kind, also the red color has the darkness tone in the gures, commonly in
the R9 values, which means that the CM F1g has a better result value in this color function.
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Figure 2: ph-LED YAG luminary CRI result and logarithm error

The gure 6 compares the luminaries with more value di erences in the heatmap, it
notices the Ra value has positive and negative di erences, for the luminary HSP the Ra
value as a commercial measure will have a better performance applying the CMFo and
for all R value, will have similar results; even the rest of the luminaries in the R9 value the
result is better for the CMFyo for mostly all cases.

4. Conclusion

The CIE in the CRI standard process uses the CMF, for the calculation, and the process
never was updated with the CMF1g, even when the study is on the luminaries. In this paper
for the prede ned Yoshi Onho list describes the result for all luminaries with the CMFqq
for the CRI calculus, and di erences are noticed in all luminaries, regarding focused on the

gures result, in al R; and R, have di erences positive and negative. But the main result
it is the the Rg that normally has a small value, with the CMFp uses to get a better
performance for CRI especial.
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