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CIE 1931 Color Matching Functions

Tristimulus Values
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CIE 1931 Colorimetry System - The basis for all color quantities

ISO 11664-1:2007(E)/CIE S 014-1/E:2007: Joint ISO/CIE Standard: 
Colorimetry — Part 1: CIE Standard Colorimetric Observers
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Chromaticity x, y, u’, v’

CCT, Duv  
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CIE 1964 10° color matching functions

CIE 1964 Colorimetry System:
often used for object color specifications
(seldom used in lighting applications, 
except in CIE 224)

Tristimulus Values
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ISO 11664-1:2007(E)/CIE S 014-1/E:2007: Joint ISO/CIE Standard: 
Colorimetry — Part 1: CIE Standard Colorimetric Observers
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Chromaticity x10, y10, u10’, v 10’

(CCT, Duv  are defined 
only with CIE 1931 CMF)
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CIE 2015 Cone-Fundamental-Based CMFs 
(CIE 170-2:2015)  

2° Observer

10° Observer

Improvements from recent physiological studies on human vision
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CIE Research Strategy (2016)
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In Lighting Applications

• CIE 1931 colorimetry system (2°) is 

used for all lighting products 

specifications. 

• Chromaticity specifications of solid 

state lighting products (ANSI 

C78.377) all based on CIE 1931.

• People experience, in some cases, that 
color of light sources (different SPDs) 
appear slightly different though the 
chromaticity is matched exactly the 
same.

• Lighting scenes are generally 

observed in a field of view greater 

than 10°.

Comparison of new 10°
CMFs vs. CIE 1931 CMFs.
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CIE 2015 CMFs 2° field of view 

CIE 2015 CMFs 10° field of view: “CIE F,10”

CIE 1931 CMFs: 
“CIE 1931”
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Color quantities based on CIE F,10

Tcp,F10  and Duv,F10

defined on the (uF,10, vF,10) 

coordinates.

Tristimulus Values
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Chromaticity Diagrams
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Planckian Locus on (u’, v’) diagram
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CCT & Duv

CCT and Duv can be re-defined with CIE F,10 (symbol:                               )                                 

on the CIE 2015                        diagram.     
  
(u

F,10
,v

F,10
)

CCT: The temperature of 
blackbody whose 
chromaticity coordinate 
is closest to that of a 
given light source in 
1960 (u,v) diagram. 

Duv: Closest distance from 
the light source’s 
chromaticity coordinate to 
Planckian locus on 1960 
(u,v) diagram, with ± sign 
for above and below the 
Planckian locus.

T
cp,F,10

and D
uv,F,10
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Changes of CCT and Duv

CCT and Duv of a blackbody do not change by definition.
CCT and Duv of a real light source will change with CMFs.



14CIE USNC 2018

INDEX # Name

4 Cool White FL

5 Daylight FL

6 Tri-phosphor FL

34 CIE F1

35 CIE F2*

36 CIE F3

37 CIE F4

38 CIE F5

39 CIE F6

40 CIE F7*

41 CIE F8

42 CIE F9

43 CIE F10

44 CIE F11*

45 CIE F12

49 F32T8/TL830 (Triphosphor)

50 F32T8/TL835 (Triphosphor)

51 F32T8/TL841 (Triphosphor)

52 F32T8/TL850 (Triphosphor)

53 F32T8/TL865 /PLUS (Triphosphor)

54 F34/CW/RS/EW (Cool White FL)

55 F34T12WW/RS /EW (Warm White FL)

56 F40/C50 (Broadband FL)

57 F40/C75 (Broadband FL)

58 F40/CWX (Broadband FL)

59 F40/DX (Broadband FL)

60 F40/DXTP (Delux FL)

61 F40/N (Natural FL)

62 F34T12/LW/RS /EW

75 Triphosphor model. Duv= +0.000

76 Triphosphor model. Duv= -0.005

77 Triphosphor model. Duv= +0.006

78 Triphosphor model. Duv= +0.01

FL (33)
INDEX # Name

14 3-LED-1 (457-540-605)

15 3-LED-2 (473-545-616)

16 3-LED-3 (465-546-614)

17 3-LED model (455-547-623) gamut expanded

18 3-LED-2 Yellow Duv=+0.015

19 4-LED-1 (461-526-576-624) max Ra

20 4-LED-2 (447-512-573-627) max R(9-12)

21 4LED no yellow

22 4LED with yellow

68 RGB model  (Ra=67) poor color  -472/550/603

69 RGB model  (Ra=67) good color -455/534/616

70 RGB model (Ra=80) poor color -466/538/603

71 RGB model (Ra=80) good color -464/538/613

72 RGB model CRI optimized (Ra=90) -467/548/616

73 4-color model (Ra=90) -447/512/573/627

74 RGB model extreme high croma -464/562/626

79 RGB model Duv=0.000 (474/545/616)

81 RGB model Duv=+0.006 (474/545/616)

82 RGB model Duv=+0.01 (474/545/616)

83 SSL-1

84 SSL-2

85 w620

86 w600

88 RGB model (Ra=80) good color -464/546/620

89 RGB model (Ra=67) enhanced -460/540/620

90 Typical RGB product (3000 K)

91 Typical RGB product (5000 K)

93 4 peak 3012 K, Ra 70 desat 4

94 4 peak 3020 K, Ra 75, desat 3

95 4 peak 3022 K, Ra 83, desat 2

96 4 peak 3000 K, Ra 89,  desat 1

97 4 peak 3000 K, Ra 95, neutral

98 4 peak 3000 K, Ra 89, Satu 1

99 4 peak 3010 K, Ra 83, Satu 2

100 4 peak 3000 K, Ra 75, Satu 3

101 4 peak 3030 K, Ra 70, Satu 4

103 4 peak 4050 K, Ra 70, desat 4

104 4 peak 4045 K, Ra 76, desat 3

105 4 peak 4030 K, Ra 83, desat 2

106 4 peak 4020 K, Ra 89, desat 1

107 4 peak 4070 K, Ra 94, norma

108 4 peak 4045 K, Ra 89, Satu 1

109 4 peak 4060 K, Ra 83, Satu 2

110 4 peak 4080 K, Ra 76, Satu 3

111 4 peak 4090 K, Ra 70, Satu 4

INDEX # Name

23 Ph-LED YAG

24 Luxeon WW 2880

112 B-Y 6000 K

113 B-Y-R 3800 K

114 B-Y 5700 K

115 B-Y 6000 K (2)

116 B-Y 6200 K

117 B-Y-R 3400 K

118 B-Y 5360 K

119 Cree A

120 Cree B

121 Cree C

122 Cree D

123 Cree E

124 Cree F

125 Cree F2

Phosphor LED (16)

7 Metal Halide

8 Mercury

9 HPS

10 Super HPS 

11 Incandescent

12 NEODIMIUM incandescent

13 LPS

29 Illum. A (400-700)

30 D65 (400-700 nm)

31 EEW (400 - 700 nm)

32 Ideal Prime Color

33 Planck variable T

46 60 A/W (Soft White)

47 C100S54 (HPS)

48 C100S54C (HPS)

63 H38HT-100 (Mercury)

64 H38JA-100/DX (Mercury DX)

65 MHC100/U/MP /3K

66 MHC100/U/MP /4K

67 SDW-T 100W/LV (super HPS)

92 Broad 3050 K, Ra 97 (LED)

102 Broad 4030 K, Ra 98, x ref (LED)

Other types (22)

120 Light sources in CQS 9.0 spreadsheet

RGB(A) (47)
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LED phosphor
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FL
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LED RGB(A)
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Other
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2018 Vision Experiment on CIE 1931 vs. CIE F,10

16-ch Spectrally-Tunable Double-Booth at NIST

• 22 subjects, 9 males, 13 females
• Age 18 to 63 (average 34)
• 16 white, 4 Asian, 2 dark skin

<Left side>
Reference 
light (close to 
Planckian) at 
3000K and 
5000 K, 
Duv=0.

<Right side>
Test lights of 6 
different SPDs 
presented as a 
pair of light (A 
and B).  

•A: CCT & Duv 
matched 
under CIE 
1931
•B: CCT & Duv 

matched 
under CIE F,10
• Illuminance 

250 lx.

Reference Test light 
(A, B)

Each subject compared the colors of white sheets for 
pair of test light (A or B), and answered which light 
appeared closer color to the Reference, or ”difficult”.

Subjects

Method
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Spectrally-Tunable Double-Booth
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Test Lights CCT & Duv (3000 K) 
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Test Lights SPD (5000 K)
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Experiment Procedures

Adaptation at 5000 K for 5 min.

Practice session (during adaptation): 
• Ishihara test
• instructions 
• practice.

Session 1   6 pairs of light at 5000 K.

Session 2   Repeat above

Adaptation at 3000 K for 2 min.

Session 3   6 pairs of light at 3000 K.

Session 4    Repeat above

Total experiment time ~ 30 min / 
subject.

Experiment scene
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Results (average for all 22 subjects)

Score for each subject = 1.0 for answer “A”, -1.0 for answer “B”, 
0 for “difficult”



36CIE USNC 2018

Results (Age Groups)
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❑ if the CMFs are changed to CIE F,10, the values of CCT 

and Duv of lighting products would change significantly. (All 

existing product specifications on CCT and/or Duv (e.g., 

ANSI C78.377) would have to be re-evaluated and revised.)

❑ This vision experiment showed that CIE F,10 works better 

overall, but not necessarily better for older age groups. 

❑ CIE F,10 works better for typical phosphor LEDs, but may 

not work well for some other types of spectrum.

❑ It is premature to implement CIE 2015 10° CMFs to lighting 

applications. Further study is needed on the effect of age 

(some information available in CIE 170-1) and the impact on product 

specifications and lighting experience.  

Conclusions
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THANK YOU FOR YOUR 
ATTENTION

Yoshi Ohno  
ohno@nist.gov


