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Scope

In the CIELAB colour space, see CIE 15, there are two sets of equivalent absolute CIELAB
coordinates, the cylindric coordinates L*, C*,, and h,, (LAB*LCH* = LCH*, described here by
capital letters) and the CIELAB cartesian coordinates L*, a* and b* (LAB*LAB* = LAB*).

This report defines relative CIELAB coordinates lab* (small letters). Two new sets of
equivalent relative CIELAB coordinates lab*nce* = nce* and lab*rgb*; = rgb*; are defined. This
report defines a linear relation between relative CIELAB coordinates (lab*) and the absolute
CIELAB coordinates (LAB*) if eight reference colours in the CIELAB space are given.

In the standard case of this report the relative coordinates nce* and rgb*; are calculated in
relation to the six chromatic colours with the LCH* data (L* = 50, C*,, = 100, h,, = 30, 90, 150,
210, 270, 330) and the two achromatic colours with the LC* data (L* = 0 and 100, C*,, = 0) for
Black N and White W. The system with the above eight reference colours is called Standard
Reflective System SRS00. The eight CIELAB reference colours play a unigue role in colour
vision and therefore the calculation of the relative coordinates nce* and rgb*; in relation to
these reference colours is appropriate.

In this report three modifications of these reference colours are discussed according to
different viewing situations and experimental results.

Remark: The coordinates nce* of this report are similar compared to the coordinates
relative blackness, relative chroma and elementary hue number used in the NCS-colour
system (see Svensk standard series SS 01 91 00 to 03:1982)

1. Introduction

In the CIELAB colour space for example the colours of offset printing or the colours on a
monitor may be located on a hue triangle as shown in Fig. 1 for a red hue.
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Figure 1: Color attributes N*, I*, W* and D* in comparison to chroma C* and lightness L*
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Fig 1 shows colour attributes blackness N*, brilliantness I*, whiteness W* and colour deepness
D* in comparison to chroma C* and lightness L*. The colour attributes blackness N* and
brilliantness I* as well as whiteness W* and colour deepness D* are complementary. Therefore
it is valid

N* =100 - I* 1)

W+ =100 - D* 2
Further there is the hue triangle equation ofOstwald (1930)

N* + W* + C* = 100 3
Additionally there are linear relations between the four coordinates N*, W*, L* and C*

N*=100-[L*+0,5C*] (4)

W#*=1*-0,5C* (5)

All colorimetric colour systems use three colour attributes for the specifications of colours.
Most colour systems use the hue as the first and most important colour attribute and
distinguish in the choice of the two others. In the CIELAB system the attributes chroma C*,
and lightness L* are preferred. In the Swedish Natural Colour Systems NCS instead of the
lightness L* the blackness N* is used.

According to the experimental results of Evans (1974) the colours of equal blackness N*
are located in the CIELAB colour space on a line independent of hue described by

N* = 100 — [ L* + 0,5 C*y] (L*, C*,, of CIELAB)  (6)

Remark: This corresponds to N* =10 { 10 — [V +C]} with V = Value and C = Chroma of the
Munsell system which has been studied by Evans (1974).

In many cases the colour difference of the 5 steps between black N and white W and the 5
steps between the six chromatic colours X=RJGC'BM’ and both Black N and White W should
be equally spaced in CIELAB, compare Fig. 1.

For many example files with 5 and 16 step colour scales in up to 10 hue planes see the URL
http://www.ps.bam.de/RLABOOE

In applications observers often evaluate the colours relative to a given media Black N and
White W and a most chromatic colour an observer has in mind. In this case relative colour
attributes, for example relative blackness n*, relative lightness I*, relative chroma c* and other
may be appropriate.

Therefore in applications instead of the absolute data N*, I*, W*, D*, L* and C* (capital
letters) often the relative data n*, i*, w*, d*, I* and c* (small letters) are used.

The relative colour attributes, for example relative blackness n* and relative chroma c*, and
the linear relations to the CIELAB data LCH* are described in this technical report.

A description of many other visual attributes which may be described by the coordinates of
this report, for example absolute and chromatic thresholds, colour differences at threshold for
adjacent and separate colour samples in a gray background is beyond the scope of this report,
see for example Richter (20064, b, ¢)
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2.Three modifications of the reference system SRSO00 for applications

There are three modification of the reference system SRS00 with the CIELAB LCH* data (L* =
50, C*,, = 100, h,, = 30, 90, 150, 210, 270, 330). Six modified hue angles 26, 92, 162, 217,
272 and 329 seem to be more appropriate according to different experimental results for the
elementary hues. This system is called the Natural Reflective System NRSO00. The value 00 is
used for the lightness L*\ = 0 for black N. In ISO/IEC 15775 for practical applications the
lightness L* = 18,01 and L*,, = 95.41 is used as reference for media Black N and White W. In
the reference system SRS00 the chroma is equal to the lightness difference between White W
and Black N. Therefore in the application case according to ISO/IEC 15775 the CIELAB
chroma C*,, reduces from 100 to 77,4.

As a result three modifications of the reference system SRSO00 will be studied. SRS18 with a
reduced chroma and NRS100 and NRS18 both with changed elementary hues compared to
SRSO00 and SRS18.

We will study both absolute CIELAB data LCH* = LAB*LCH* and relative CIELAB data nce* =
lab*nce* and rgb*; = lab*rgb*;.

relative CIELAB (a% , b* ) diagramsof the four systems: NRS00, SRS00, NRS18, SRS18
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Figure 2: Relative CIELAB (a*,, b*,) diagram of four systems

Figure 2 shows the relative CIELAB (a*,, b*,) diagram of four systems NRS00, SRS00, NRS18
and SRS18. In Fig. 2 both the systems NRS00 and NRS18 as well as SRS00 and SRS18 are
equal. The systems SRS00 and SRS18 use the standard 60-degree hue angle difference and
the systems NRSO0 and NRS18 the elementary hue angles of the CIE-test colours no. 9 to 12
of CIE 13.3 (Colour Rendering) for CIE illuminant D65.
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rgb*z \y data of maximal colours M of the four systems: NRS00, SRS00, NRS18, SRS18

Natural reflective system: NRS00 Standard reflective system: SRS00
* *
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Figure 3: Relative rgh*; data of four systems NRS00, SRS00, NRS18 and SRS18

Figure 3 shows the relative rgb*; coordinates of the four systems NRS00, SRS00, NRS18 and
SRS18. Both the systems NRS00 and NRS18 and SRS00 and SRS18 are equal in Fig. 3,
which uses relative (r) coordinates (a*, b*,) and lab*rgb*;.

CIELAB data LCH%, of maximal colours M of the four systems: NRS00, SRS00, NRS18, SRS18

Natural reflective system: NRS00 Standar d reflective system: SRS00
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Figure 4: LCH*,,data in CIELAB (a*, b*) diagram of four systems
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Figure 4 shows the LCH*,, data of maximum colours M in the CIELAB (a*, b*) chroma diagram
for the four systems NRS00, SRS00, NRS18 and SRS18. Both the systems NRS00 and
SRSO00 have the larger chroma of the value 100 compared to NRS18 and SRS18 with the
chroma of the smaller value 77,4.

Relative CIEL AB data nch*,, of maximal coloursM of the four systems: NRS00, SRS00, NRS18, SRS18
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Figure 5: nch*,, data of maximum colours M in the relative CIELAB (a*, b*,) diagram
Figure 5 shows the nch*),, data of maximum colours M in the relative CIELAB (a*, b*,) diagram
for the four systems NRS00, SRS00, NRS18 and SRS18. Both the systems NRS00 and
NRS18 and SRS00 and SRS18 are equal in Fig. 5 which use relative (r) coordinates (a*,, b*,)

and includes the lab*nch* data.

3. Relative coordinates rgb*; or nce* and linear relation to CIELAB LCH*

Colours can be specified by three coordinates for example in CIELAB by two sets of
equivalent data L*, a* and b* (LAB*) or L*, C*,,, and h,, (LCH?*). In the following the set L*, C*,,

and hy, is preferred and we call this set LCH*.

Two new sets of coordinates rgb*; and nce* will be defined by linear relations to the CIELAB
LCH* data. A graphical relationship is shown first and later the equations are given in all
directions of the following list. Therefore we will study the following three cases:

Data set given Data sets to be calculated

LCH* nce*, rgb*;
rgb*, LCH*, nce*
nce* rgb*;, LCH*
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Figure 6: Colour of ared hue in CIELAB (C*,,, L*) and relative (c*, I*) diagrams.
Figure 6 shows colours of a red hue in absolute CIELAB (C*,;,, L*) diagrams (left) and in
relative CIELAB (c*, I*) diagrams (right). The coordinates used are CIELAB chroma C*,,,

CIELAB lightness L*, blackness N* and whiteness W* (left) and relative CIELAB chroma c*,
relative CIELAB lightness I*, relative blackness n* and relative whiteness w* (right).

The following equations are valid with the lightness L*y and L*, of Black N and White W:

relative lightness F=[L*—=L*1/[L*w—L*] 1)
relative chroma c*=C*p / Capm 2
relative blackness nt=1-[*+05c*]] 3)

Remark: If the lightness L* of the maximum colour M is not equal to 0,5 (L*y + L*\)
then the relative triangle lightness t* instead of the relative lightness I* must be used in
this equation, see the equations in Fig. 12.

relative whiteness w*=1-n*-c* (4)
blackness N* =100 n* (5)
whiteness W+ =100 w* (6)

For the calculation of the intended relative coordinates rgb*; and the elementary hue number
e* the CIELAB hue angle h,, and its location relative to the elementary hues RIGB is
necessary.

In a good approximation the four elementary hues are defined either by the six hue angles

between 30 and 330 degrees or by the four CIE-test colours no. 9 to 12 of CIE 13.3 for RIGB
and the intermediate hues C’' = g50b and M’ = b50r.
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Elementary colour CIELAB data, CIE tristimulus values and CI E chromaticity for the
and CIE illuminant | CIE standard illuminant D65 and D50 and the 2 degr ee observer

ClE-test colour| Il. L* ar b* C*ap hap X Y VA X y

09, Red R D65 (40,04 58,98 28,32 65,43 25,7|20,64 11,27 4,34 |0,5693 0,3110
10, Yellow J 81,30 -2,99 71,82 71,89 92,4|54,89 59,01 12,02 | 0,4359 0,4686
11, Green G 52,27 -42,40 13,64 44,54 162,2|12,15 20,38 15,34 | 0,2538 0,4258
12, Blue B 30,52 1,21-46,35 46,37 271,5| 6,24 6,45 27,59 | 0,1550 0,1601
09, Red R D50 (41,88 62,00 31,82 69,69 27,2|23,31 12,42 3,24 |0,5982 0,3188
10, Yellow J 81,97 1,81 7159 71,61 88,5|58,84 60,24 9,50 | 0,4576 0,4685
11, Green G 51,62 -41,12 11,52 42,70 164,4| 12,10 19,81 11,95 | 0,2759 0,4515
12, Blue B 29,20 -5,28-49,34 49,62 2639| 525 5,92 21,25 |0,1621 0,1825
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Figure 7: CIELAB data of CIE-test colours for CIE standard illuminant D65 and D50
Figure 7 shows CIELAB data and other CIE data of the CIE-test colours no. 9 to 12 for the CIE
standard illuminant D65 and the CIE illuminant D50.

The CIELAB hue angles of the elementary colours are h,, = 25,7, 92,4, 162,2 and 271,5
degree. In some cases hue angles and CIELAB values which are intermediate between Green
G and Blue B and intermediate between Blue B and Red R are necessary. These two colours
are called Cyan blue dash C’ = g50b an Magenta red dash M’ = b50r.

In a first good approximation the hue angles of the six colours are located on a regular
hexagon with 60 degree difference in the CIELAB (a*, b*) chroma diagram. For a better
agreement with visual data instead of the hue angles between 30 and 330 the elementary hue
angles 26, 92, 162, 217, 272 and 329 are used.

RJGC'BM’ RJGC’'BM’

hexagon

Absolute
Space

L*,a*,b*

SRS18

AE*=4.62

Elementary colours RIGB

2 mixed colors C’=g50b
ZE230-5 ZE230-6

RJGC'BM’ RJGC'BM’
hexagon hexagon

Elementary colours RIGB
2 mixed colors C’'=g50b, M’ =b50r

Absolute Relative
Space

L*, a*, b*

N R 818 AE*=4.62

AE*=4.62

Elementary colours RJIGB Elementary colours RIGB

2 mixed colors C’=g50b, M’=b50r 2 mixed colors C’=050b, M’ =b50r
ZE230-7 ZE230-8

Figure 8: Absolute and relative CIELAB chroma data of systems SRS18 and NRS18
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Figure 8 shows the absolute and relative CIELAB chroma data of the systems SRS18 and
NRS18. The hue angles of the system SRS18 are regular between 30 and 330 degree. The
system NRS18 uses the hue angles 26, 92, 162, 217, 272 and 329 degrees. Fig. 8 includes 16
step colour series between White W and the six chromatic colours. The CIELAB colour
difference between two adjacent steps is calculated as AE*,, = 4,62.

4. Interpretation of the rgb*; coordinates and linear relation to nicwd*

The elementary hues are used for the definition of the rgb*; coordinates. The rgb*; data have

the three values 1 00, 0 1 0 and 0 0 1 for the maximum colours X=R, G, B of the elementary
hues Red R, Green G and Blue B.

Elementary hue Red R: linear
relation lab*rgb*; — lab*ncw*
1,0

Elementary hue Red R: linear
relation lab*rgb* 3 — lab* nicwd*

10 e =1-*

08 08 blackness= 1 - brilliantness

c-=1-n*-w*
0,6 chromaticness =1-blackness
— whiteness

0,6

0,4
wr=1-d*

0,2 whiteness = 1 — deepness

(0]
n* =1 - max(rgb*); c* = max(rgb*;) — min(rgb*;) Colour R: n*=0,2; c*=0,4; w*=0,4
Part 1 YE721-1 Part 2 YE721-2

Elementary hue Green G: linear Elementary hue Blue B: linear

relation lab* rgb* 3 — lab* nicwd* relation lab*rgh* 3 — lab* nicwd*

1,0 n*=1-i* 10 n*=1-i*

0.8 blackness= 1 - brilliantness 0.8 blackness= 1 - brilliantness
ct=1-n*-w* c=1-n*-w

0,6 chromaticness =1-blackness 0,6 chromaticness =1-blackness
SR ANEESS — whiteness
0,4 0,4
w=1-d* w*=1-d*
0.2 whiteness = 1 — deepness 0.2 whiteness = 1 — deepness

0,0 (0X0]
Colour G: n*=0,2; c*=0,4; w*=0,4 Colour B: n*=0,2; ¢c*=0,4; w*=0,4
Part 3 YE721-3 Part 4 YE721-4

Figure 9: rgh*; data and linear relation to relative blackness n* and relative chroma c*
Figure 9 shows example rgb*; data and the linear relation to relative blackness n*, relative
chroma c*, relative whiteness w*, relative brilliantness i* and relative colour deepness d*.

Fig. 9 shows in part 1 and 2 colours of the elementary hue Red R and in part 3 and 4 colours
of the elementary hues Green G and Blue B.
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5. Examples of user friendly colour notation nce* and linear relation to rgh*;

The colour notation nce* is more user friendly compared to rgb*; and we will study the linear
relation between nce* and rgb*;. Additionally the transformation between the elementary hue
number e* and the elementary (unique) hue text u* and the CIELAB hue angle hyy, \ = H*y is
given.

User friendly colorimetric colour notation ncu* or nce* and linear relation to threergb*; data

n* relative blackness

c* relative chroma

u* elementary (unique) hue text
e* elementary hue number

5 steps

n* = 0,25 Chromatic
5 steps A\f =0
Ssteps € =1
Black N e -
n* =1 relative chroma c*
¢=0 ¢*=050

examplefor colour notation:

ncu* = 0,25 0,50 r25j
or
nce* = 0,25 0,50 0,0625 (=0,25/4)

rgb*3y=110 H*\ = 45 degree
3=90degree =(30+0,25*60)degree
rgb*3 =010 rgb'sr=100
"6 = 150 degree *z =30 degree
colour F; &

rgb*3g =001, H*g=270 degree

relative opponent ( r*, j*) chroma diagram

u*; =j00g Aj*
€ ;=025 .
’ u* =r25j
. M _ e =0,0625
u*s = g00b u*r =r00j _

e*c =0,50 R =000 *

u*g = b00r
e5=0,75
relative CIELAB ( a*,, b*,) chroma diagram
b*r rgb*3'M =1 0,25 0

rgb*3 = 0,750,375 0,25
n*=1-r*=025
c* =r*3 - b*3 =0,50

ZE210-3

Figure 10: Example nce* data and relation to rgb*; data for the system SRS00

Figure 10 shows example nce* data and both the relation to rgb*; data and to the CIELAB hue
angle H*, = hy, . The relation is equal for the systems SRS00 and SRS18. The n* and c* data
define the largest and smallest value of the rgb*; data. In the case that the maximum colour M
is located between R and J it is valid for the example:

rs=1-n*=0,75
g*3=1-n*-c*+c*0,01 ux,
= w*+c*g*3y=0,25+0,500,25=0,375
*g=1-n*—c*
=w*=0,25

The number u*,, changes between 00 and 99 for the hue series between elementary Red R
(u* = r00j) and nearly Yellow J (u* =r99j).

The value of g*;3 y, of the Maximum colour M is equal to the elementary hue text number u*,=25
divided by 100. Above and in Fig. 12 g*; is calculated from w*, c*, and g*;3 .

The hue text number u*, is also used to calculate the CIELAB hue angle h,, y = H*y. In the

example the CIELAB hue angle of M is located between the hue angles of R and J. Therefore it
is valid

Napm=Napr + 0,01 U* [ gy 3 —hypr 1 =30+ 0,25[90 - 30 ] =45 = H*
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User friendly colorimetric colour notation ncu* or nce* and linear relation to threergb*; data

n* relative blackness relative opponent ( r*, j*) chroma diagram
c* relative chroma U* 1= 100g A J*
u* elementary (unique) hue text e*J—_é)ZF?
e elementary hue number = u* = r25i
M _ e =0,0625
n*=0 F _
ct=0 u*G = goob u*R =r00j
WhiteW € =050 e R =0,00 |+
5 steps
n* = 0,25 Chromatic
M u*g = b00r
5 StepS n*=0 e*B =0,75
Ssteps ¢ =1 relative CIELAB ( a*,, b*,) chroma diagram
Black N ¢ aati h I’gb*3J =110 AD r rgb*3’M =10,250
* = * i * =
n*=1 relative cnromac H*, = 92 degree H*m 42degre*e
c=0 c*=0,50 M =(25+0,25*67)degree
F o =
rgb* =010 rgb’3p =100
H*g = 162 degree H'= = 25=degree
examplefor colour notation: colour E: &%
ncu* = 0,25 0,50 r25j rgb*s = 0,75 0,375 0,25
or n*=1-r* =025
nce* = 0,25 0,50 0,0625 (=0,25/4) rgb*3g =001; H*z=272degree c* =r*3 - b*; = 0,50

ZE210-7

Figure 11: Example nce* data and relation to rgb*; data for the system NRSO0

Figure 11 shows example nce* data and both the relation to rgb*; data and to the CIELAB hue
angle H*, = h,, . The relation is equal for the systems NRS00 and NRS18. Compared to
Fig.10 the data nce* data and the calculated rgb*; data are the same but the hue angle h,,
has changed. In the example the CIELAB hue angle of M is located between the new hue
angles of R and J. Therefore it is valid

habm = hapr + 0,01 Uy [Nap s —hapr ] =25 +0,25[92 - 25| = 42 = H*,

We conclude: According to the experimental results of Evans (1974) colours of cero relative
blackness n* and cero blackness N* are located for all hues on a line which connects in the
CIELAB space the white point (C*,,, L*) = (0, 100) with the point (C*,;,, L*) = (100, 50).

In Fig. 10 and 11 an additional line connects the black point (C*,,, L*) = (0, 0) with the point
(C*,p L*) = (2100, 50) and then a colour triangle in produced. The colour with the coordinate
(C*apm: L*\) = (100, 50) is called the maximum colour M. The CIELAB chroma and the CIELAB
lightness of the six colours RIGC'BM is equal, therefore:

CIELAB chroma of maximum colour M C*apm = 100
CIELAB lightness of maximum colour M L*y =50

For any colour with any CIELAB chroma C*,, and any CIELAB lightness L* of the same hue
(hap=const) the equations (1) to (6) in section 3 are valid. These equations for example allow to
calculate relative chroma c*, relative lightness I* and relative blackness n*

10
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6. Transformation between 3 sets of coordinates

We will transform between the three data sets LCH*, nce*, rgb*; in the following directions:

Data set given Data sets to be calculated
LCH* nce*, rgh*;
rgb*; LCH*, nce*
nce* rgb*;, LCH*
Equations: colorimetric datatransfer from LCH* (CIELAB) to nce* and rgb*s
Given: CIELAB data of any colour L*, C*gp, hgy= LCH* = LAB*LCH* or L*, a*, b*
CIELAB datal*y, C*gyx, hapx, @ x, b*x of eigth basic colours X = RIGC' BM’NW
Aim: nce* and rgb* 3 elementary colour data of the given colour (in example M located between R and J)
CIELAB Hue angle of maximum colour M habMm = hap (0<=hgp<=360) @
Relative device hue angle ratio of M oM = [hab,M - hab,R] / [hava - hab,R] 2
CIELABdaIaL*M,a*M,b*M,C*abiM of M L*m=opm L*3+ (1-opm) L*R (©)]
a‘y =opm aygt (1-oym)ar C)
b*m =owm b g+ (1-am) bR (®)
Crapm =[ @ m?+ bry2] 12 (6)
relative lightness of the given colour *=[L*-L*n]/[L*w - L*N] (@
relative chroma of the given colour " =Cah/ CapMm (8)
relative triangle lightness of the given colour t=1*-[L*m-L*n]/[L*w-L*N]C*+05¢c (9
relative blackness of the given colour n=1-t*-05c* (10)
relative whiteness of the given colour wF=1-n*-c* (11)
elementary hue angle of the given colour e* =function [ hgp ] (with table or equation) (12)
relative rgb* 3 data of M r*sm=omr3g+(l-oym) rsr (13
g'am=om g 33+ (1- o) g* 3R (14)
b*3m =om b33+ (1-am) b*3Rr (19
relative rgb* 3 data of the given colour r*3=w"+c*r*gy (16)
g*3=W* +Cc* g*3Mm 17)
b*3=w* +c* b*3m (18)

ZE180-3

Figure 12: Transfer from LCH* (CIELAB) data to nce* and rgbh*; data

Figure 12 shows the transformation between the LCH* (CIELAB) data and the relative data
nce* and rgb*; Figure 12 is based on the assumption, that the eight CIELAB data of the six
chromatic and the two achromatic colours X=RJGC'BM’ NW are given. The example assumes
further that the given hue angle is between the hue angle of Red R and Yellow J. In other cases
the colours R and J have to be replaced, for example by J and G.
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Equations: colorimetric data transfer from nce* to elementary colour data rgb*; and LCH*
Given: nce* data (similar NCS) of any colour nce* = lab*nce* (in example M located between R and J)
CIELAB datal*y, C*gyx, hapx, @ x, b*x of eigth basic colours X = RIGC' BM’NW
Aim: Elementary colour datargb*3and LCH* (CIELAB) of the given colour
relative whiteness of the given colour wF=1-n*-c* 1)
relative triangle lightness of the given colour t*==1-n*-05c* (@)
CIELAB hue angle of maximum colour M hapMm = function [ € ] (with table or equation) (3)
Relative device hue angleratio of M om = [hapm = hap Rl / [hab, 3~ hab R (G)]
relative rgb* 3\ data of M ‘am=om 33+ (1l-om) r'sr (5
g*3m=omM '35+ (1-am) g* 3R (6)
b*3m =om b*3 5+ (1-am) b*3R ™
relative rgh* 3 data of the given colour r*3=w*+c* gy ®)
g 3=wW" +c* g'zm )
b*z=w" +c* b3 (10)
CIELAB dataL*y, a*, b* 1, C*gpm Of M L*m =op L*3+ (1-op) L*R (1)
a‘y =omagt (1-oym)ar (12)
b*m =om b* g+ (1-onm) b*R 13
Crapm =[ a w2+ bry?] Y2 )
relative lightness I* of the given colour *=t*+c*[L*m - L*n]/[L*w-L*N] - 05C (15)
CIELAB data LCH* of the given colour L* =L*n+1* [ L*w - L*N ] (16)
Cap=c" CapMm an
hap = Nap m (18)
ZE211-3

Figure 13: Transfer from nce* data to rgb*; data and LCH* (CIELAB) data
Figure 13 shows the transformation from nce* to rgh*; data and CIELAB LCH* data. The

example assumes that the given hue angle defined by e* is between the hue angle of Red R
and Yellow J.

Equations: colorimetric data transfer from rgb*; to nce* data and LCH* data
Given: Elementary colour data of any colour rgb*g = lab*rgb*3 (in example M located between R and J)
CIELAB datal*y, C*gyx, hapx, @ x, b*x of eigth basic colours X = RIGC' BM’NW
Aim: nce* = lab*nce* (similar NCS) and LCH* (CIELAB) data of thegiven colour (0<=¢e*<=1)
relative chroma of the given colour c* =max|[rgb*3] —min[rgb*3] D
relative blackness of the given colour n* =1-max|[rgb*3] 2
relative triangle lightness of the given colour t*=1-n*-05c* 3
relative red-green chromain standard system s a* = r*3cos(30) + g*3cos(150) 4
relative yellow-blue chromain standard system s b*;s= r*3sin(30) + g*3sin(150) + b*3sin(270) 5)
hue angle in standard system s haps=arctan [ b*s/ a*g] (0<=hgys<=360) (6)
CIELAB hue angle of maximum colour M hap M = function[ hgp g]  (with table or equation)  (7)
elementary hue number of the given colour e* = function [ hgym | (with table or equation) (8)
Relative device hue angle ratio of M oM = [hab,m = hap,Rl / [Nab,g = Nab,R] 9)
CIELAB datal*p, a*p, b*im, C*ghm Of M L*m=om L*3+ (1-oyy) L*R (10)
a'm=omay+ (1-om) @R (1)
b*m =om b* g+ (1-am) bR 12)
Crapm =[ a*m? + bry?] Y2 (13)
relative lightness I* of the given colour F=t*+c* [L*y-L*N]/[L*w-L*N]-05c* (14)
CIELAB data LCH* of the given colour L* =L+ I [ LA - Ly ] (15)
Crap=C* Capm (16)
hap = habm (17)
ZE211-7

Figure 14: Transfer from rgb*; data to nce* and LCH* (CIELAB) data
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Figure 14 shows the transformation from rgb*; data to nce* data and LCH* (CIELAB) data.The
example assumes that the given hue angle defined by rgb*; is between the hue angle of Red R
and Yellow J. In the case of a 60 degree system (either SRS00 or SRS18) the hue hy, , of the
maximum colour M is identical to h,y, ¢ which is calculated by equations (4) to (6) in Fig. 14. In
the case of the systems NRSO0 and NRS18 the CIELAB hue angle h,, , of the maximum
colour M may be taken either from a table with 360 entries for h,, s and the corresponding hue
angle h,y, \ or the CIELAB hue angle h,, \, may be calculated by equations, see Fig. 16.

Figures 12 to 14 are based on the assumption, that the eight CIELAB data of the six
chromatic and the two achromatic colours X=RJGC'BM’ NW are given. The example assumes
further that the given hue angle is between the hue angle of Red R and Yellow J. In the general
case the location of the given hue angle has to be compared with the six hue angles of
X=RJGC’'BM'’ and this defines the two neighbouring colours, for example G and C’, to be used
for the calculations according to the equations in Fig. 12. to 14.

7. Transformation between CIELAB hue h,, and elementary hue number e*

The transformation between the CIELAB hue h,, and the elementary hue number e* or the
elementary hue angle hy,;, o will be studied.It is appropriate to use either equations or tables for
the transformation from h,, to e* or the inverse direction.

Equations: colorimetric transfer from CIELAB hue angle hy, to elementary hue number e*
Given: CIELAB hueangle hg, (0 <=hgp<=360)
CIELAB hueangles hgy ex of four elementary colourseX = RIGB

Aim: Elementary hue number e* of thegiven colour (0<=¢e*<=1)
Calculate elementary hue angle h, ¢ in one of five possible cases for hg, (0 <= hgy<=360):

If 0<=hgy<hgher hap,e =270 + 90 [ 360 + hgp — hap e] / [360 + hah er = NaheB] (1)
If Nab,er <= hab < Nab,e) hap,e = 0+ 90 [hap = hap eR] / [Nab, e~ hab eRl 2
If hap 63 <= ey < Ny 5 hap,e = 90 + 90 [Ngy — hapy el / [Nay,eG ~ Nap,ed] 3)
If Nab,eG <= hapy <hap eB hap,e = 180 + 90 [hah — hap,eG] / [hab,eB ~ hab,eGl 4)
If hah,eB <= gy < 360 hap,e = 270 + 90 [hgy — hap eB] / [360 + hah eR — Nah e8] (5)
Elementary hue number € = hgy e/ 360 (0<=e*<=1) (6)

Inver se equations: transfer from elementary hue number e to CIEL AB hue angle hy,
Given: elementary huenumber e (0<=e*<=1)

CIELAB hueangles hgy ex of four elementary colourseX = RIGB
Aim: CIELAB hue angle hg, of the given colour (0 <= hgp<=360)

Elementary hue angle hap e = 360 &* (0<=e*<=1) (1)
Calculate CIELAB hue angle hgp, in one of four possible casesfor e* (0<=e* <1):

If 0,00 <= e* <0,25 hap = hap er + [Nap.e/ 901 [Nah,e3~ Nab erl (2i)
If 0,25 <= e* < 0,50 hab = hap e3+ [Nab,e / 90 — 1,00] [hap e — hab,edl (3i)
If 0,50 <=e* <0,75 hab = hap e3+ [Nap,e / 90 — 2,00] [hap oG — hap,edl (4i)
If 0,75 <=¢e* < 1,00 hab = hap,e3+ [Nab,e/ 90 — 3,00] [hgp eG — Nab el (5i)
only if hg, >= 360 then: hap = hgp — 360 0<=hgy<=360 (6i)

ZE200-3

Figure 15: Transformation between CIELAB hue h,, and elementary hue e*

Figure 15 shows the equations for the transformation between the CIELAB hue angle h,, and
the elementary hue number e* and in the inverse direction. The solution depends on different
cases for the CIELAB hue angle h,, or the elementary hue number e* in the inverse case, see
Fig. 15.
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8. Transformation between standard hue angle h,, s and CIELAB hue angle hy,

Inverse equations: transfer from standard hue angle hy, s to CIELAB hue angle hy,
Given: standard hueanglehgy s (0 <=hgys<=360)
CIELAB hueangleshg, s x of six standard colourssX = RIGC'BM’

Aim: CIELAB hue angle hg, of the given colour (0 <= hgp<=360)

Remark:

The standard hue angle hay, s is usualy calculated from the datargh* 3

relative red-green chromain system s a*g= r*gcos(30) + g*3cos(150)

relative yellow-blue chromain systems  b*,g= r*3sin(30) + g*3sin(150) + b*3sin(270)

hue angle in standard system s hap,s=arctan [ b*yg/ a*s]

Calculate CIELAB hue angle hgp, in one of seven possible cases for hgy g (0 <= hgp g < 360):

If 0<=hgys< 30 ha = hap sM* + [Na,s+360 = hap s '] [hab 5 R+360 — hap s m°1/60  (1i)
If 30<=hgps< 90 Pab = Nab,sR * [hab,s ~ hab,s R [Nab,s,3 ~ hap,s RI/60 (2)
If 90 <= hgy <150 hab = hap,s,3+ [Nab,s — Nab,s,d [Nab,s,G — hab,s,1/60 (3i)
If 150 <= hgy s < 210 hah = hab 5,6 + [Nab,s ~ hab s,Gl [Nab,s,c’ — Nab,s,c1/60 (40)
If 210 <= hgy s < 270 han =haps,c + [Nab,s — Nab,s,c’] [Nab,s,B — Nan,s,c'1/60 (5)
If 270 <= hap s < 330 hab = hap,s B + [hab,s = Nab,s B [Nab,s M’ ~ Nab,s,81/60 (6i)
If 330 <= hgy 5 < 360 hap = hap s, M +360 + [hah s = hap s M'] [Nap,s R+ 360 — hap s \M71/60 (7i)
only if hg, >= 360 then: hap = hgp — 360 0<=hgy<=360 (8i)

ZE201-3

Figure 16: Transformation between standard hue angle h,, ; and CIELAB hue angle h,,
Fig. 16 shows the transformation equations between the standard hue angle h,, s and the
CIELAB hue angle hgy,.

The equations of Fig. 16 are only necessary, if the rgb*; data are given in the systems
NRSO00 or NRS18 with a non regular hue angle distribution. For NRS00 or NRS18 the hue
angles are 26, 162 and 272 degrees for the elementary hues Red R, Green G and Blue B. In
the regular case of the systems SRS00 or SRS18 the hue angles are 30, 150 and 270 degrees
for the elementary hues Red R, Green G and Blue B. In this case the hue angle h,, s is

identical to the CIELAB hue angle h,,. It is valid in this case:
Nap, s = ap (for SRS00 and SRS18)

Special tables include all three hue angles hy, h,, o and hyy, ¢ for the four systems (N/S)RS00
and (N/S)RS18 with a hue difference of Ah,, = 10, see the URL (1 page, 50 kByte)

http://www.ps.bam.de/ZE22/10L/L22EOONP.PDF

According to Miescher (1969) the standard deviation for the determination of the elementary
hues is four steps, if a 400 step hue circle of a mean high chroma C*,,about 80 is used.
Therefore the use of three tables with the hue angle differences of Ah,, = 1, Ah,,. =1 and
Ahyy, o = 1 is appropriate for all applications.

For the hue tables for the systems SRS18 and SRS00 see the URL (4 pages,130 kByte)
http://www.ps.bam.de/ZE24/10L/L24EOONP.PDF

For the hue tables for the systems NRS18 and NRSOO see the URL (4 pages,130 kByte)
http://www.ps.bam.de/ZE25/10L/L25E0ONP.PDF

9. Summary

Linear equations are shown which transform from absolute CIELAB LCH* data to relative
CIELAB nce* and rgb*; data if the CIELAB LCH* data of eight reference colours are given.

There are inverse transformations and therefore the coordinates nce* and rgb*; are device

independent. The coordinates nce* describe visual properties like relative blackness n*,
relative chroma c*, and the elementary hue number e*.
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