145

‘FUZZY CLASSIFICATION METHOD OF COLOR-RENDERING

QUALITY OF LIGHT SOURCE

Chen Zhenpei 1i Jditao

(Sichuan University)

~ Li Zuoyong
(Chengdu Meteorological Institute)
Chengdu, Sichuan, P. R. China

ABSTRACT: Irr this paper, a fuzzy classification method of color-rendering
quality of light source is presented, based on the membership function of
classification grade of color-rendering gquality of light source.
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1. INTRODUCTION

To judge the quality of & light source, omr the one hand, depends onx tk
rationality of its technical index of economy, on the other hand, depend
on its visusl effect. The color-rendering properties of light source is t
important index of Judging visiom quality of light source. Im general ,
color-rendering properties of light source is represented with a color-

rendering index. The color-rendering index of light source is a measure
of the coincidence of colours of two objects that are shown when éhe ob-
jects are illuminated by light source to be termined and reference light
source respectively. The color-rendering indexodf light source for a colo

. *:
sample is defined as special color-rendering indexq'1

B, = 100-4.6 AF . (1)

Here, E is the colour difference of colour samples when the -samples
ere 1l1luminated by the two light sources..
The mean color-rendering index of light source for particular colour

szmples is defined as general color-rendering index

-

g i=r % (2)
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The more the general color-rendering index of light source is, the
better the color-rendering properties of light source, in general, the
general color-rendering index of light source ia divided into three re-
gions, It is represented in table 1.

Table 1 Classification of Color-rendering Quality of Light Source

the general color- classification of
rendering index color-rendering
100 = T5 superior
75 =—--50 ordinary
50 — O inferior

Tt is not suitable to take color-rendering indexs 75 and 50 as de-
marcation of color-rendering grade of light source. Because clasaifica-
tion grade "superior", "ordinary”" .end "inferior" of color-rendering qua-—
1ity ere fuzzy conception. There are not apparent demarcation line be-
tween them. If the difference of color-rendering index i1s number one
in the demarcation, then one kind will transform to another kind. The
ﬁéthod of claasification is not suitable. Therefore 1t 1s the best des—
cribed way applying fuzzy conception. |

This paper deslgns membership function,ﬂ1(R) of "superiority" and
ﬂZ(R) of "inferior" of classification grades for color-rendering quality
of light source. For an abtrary light source, we can calculate the mem-
bership degree of its color-rendering index for p1(R) and_ﬂz(R), and
then based on the rule of fuzzy operation, the membership degree of
color-rendering index for "ordinary" is calculated. Further if a thre-
shold o, is given out, ¥e can meke the fine classification for color-

rexdering index.

2. THE MATHEMATICAL MGDEL AND ETHOD OF CLASSIFICAT IO
OF COLOR&RENDERING QUALITY OF LIGHT SOURCE
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Based on the character of this question, the membership function of
"superiority” and "inferior" of color-rendering quality of light source

are designed as follow regpectively*?2

0 if R =65
P, (R) = 1 (3)
if R > 65
1 -2
- [~5-(H _55)J
{ 1 if R <40
| (4)
Po(R) = i ! 1 R 40
. +[.i. (R - 40))3
10
The plots of function are shown in fig, 1.
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Figc 1
According to the rule of operation in fuzzy sets, the "ordinary" mem-

bership function of color-rendering quallty of light source is taken as
Pa(R) = [1 ~p1(R)]/\.[ 1 -P‘2<R)J (5)

When color-rendering indexs are selected some numerical value, the
membership degrees of color—rendering quality of light source, which
belong to "superiority" ¢ "inferior" and "ordinary" grades by formula
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(3), (4), (5), and classification are shown in table2.

Table 2
Color-rendering p1(a) | pz(R) p3(R) Fu?zy '
index Classification
30 0] 1 o inferior
35 0 1 0 inferior
40 0 0] inferior
45 0 0.8 0.11 inferior
50 0 0450 0.50 inferior of
ordinary
55 0 0.23 0.77 ordinary
£0 o 0.11 C.89 ordinary
&5 0 0.06 0.94 ordinary
70 0.50 0.04 0450 xgﬁizz of
75 0.80 0.02 0.20 superior
80 0,90 c.02 0.10 superior
85 0.94 0.91 0.06 superior
a0 0.96 " 0,01 0.04 superior
35 0.97 0 0,03 superior
100 0.98 0 0,02 . superior

If we want to distinguish coler-rendering quality into "very superiory
"superior" and "more superior” or "inferior", "more inferior" " very'in—
ferior", we can d*aign membership function as Tollows p (R), p1 (R): p (R),
ﬁg(R); p_ R), p (R) snd Judged for designated threshold value:l according
to the rule in table 3.

For example, if color-rendering index R = 80, according to formula (3),
ﬂ1(80) = 0,90, 1%t belongs to "superior" grade, according to table 2: If we
vant to judge its extent furtherly , which appertains to "superior" grade,

¥e can give a designated threshold c<0 = 0,75,
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* Table 3
: , 200y wIin \
membership Ul(h) U1(R; J1(n) UZ(R)
function
threshold ?do 2(10 ;do >°(o
value
classifi- more superior very nore
cation superior superior inferior
2 300 - 2 3
1 LAH )
UZ(R) Uz(l) Uﬁ(l) U3(H) 3(R)
>l ,;cl,, oy 2, >lg
s very PR more very
inierior inferior ordinary ordinary ordinary

Because Hf(BO) = 0.81>0,75 = o » whereas ﬂ?(BO) = 0,73 0.75 =cXO
so when shreshold value c(o = 0.7%, the cclor-rendering quality of color-
850 beloﬁgs to "superior" only, not “very superior”.
9¢, then p1(9o) = 0.96, pf(go) = 0,92 > 0.75 =o(o*', }313(90) =0 .88>
0.75 = o

P
o]
[
D
5
4]
i

I

By
j=s]
il

0° It will be seen that the color-rendering quality of B = 90

belongs to “very iuperior" for thresheld c(o = 075,

3, COMPARARISOHN AND CONCLUSIOH

Classical classdfication method of color-rendering properties of light
source is absolute, while the fuzzy classification method of color-render-
ing properties of light source haa no evident demarcation, it has a shift
border. But it nas a maximum of certain classification grade for a certain
color~renderins index. For example, when color-rendering index B = BO, 1%
aprertains to “superior’ absolutely in classifical classification, while

it appertains to "superior" too , according to fuzzy classification method,
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tut the membership degree of "superior" is 0.90 only, the membership de-
of "ordinary” and "inferior" are also O.1 and 0.01 respectively.

"

damely its "muperior" is relative. Therefore, this classification method
is reasonable and natural.

Marthermore, i1f a threshold value do is given out, we can further do-
terminate a fine classification for color-rendering index., Certainly,
according to different selection of threshold value S the classiflea-
tion is different for same colormendering index. At the same time, accord-
ing to the different selection oI membership function of "superiocr" and
"inferior", the membership degree of same color-rendering index for cer-
tain classification can be changed with this method.

Just this reason, when color-rendering of light source is classified

according to this method, the subjective factor of person is considered,
<y P

i)
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