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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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editorial ru
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es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may\be the subje

ect of

patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Detalils of

any patent rjights identified during the development of the document will be in théjIntroduction af
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the convenience of users and doe
constitute ah endorsement.

For an exp
assessment,
to Trade (TH

The commitftee responsible for this document is ISO/TC 130, Graphic technology, in cooperation wit|
Internationgl Color Consortium.

anation on the meaning of ISO specific terms and\expressions related to confor
as well asinformation about ISO’s adherence to the W.TO principles in the Technical Bar
T) see the following URL: Foreword - Supplementary information
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Introduction

Black point compensation (BPC) is a technique used to address colour conversion problems caused by
differences between the darkest level of black achievable on one device and the darkest level of black
achievable on another. This procedure was first implemented in Adobe Photoshop in the late 1990s.
The International Color Consortium (ICC) and ISO Technical Committee 130 (Graphic technology) have
created this document to allow black point compensation to be used in a consistent manner across
applications.

The purpose of BPC is to adjust a colour transform between the colour spaces of source and destination
[CC prefites;so-thatitretainsshadow-detats-and-utiizesavattable blacldevels—Theprecedure depends
only|on the rendering intent(s) and the source and destination ICC profiles, not on ,any| points in a
particular image. Therefore, the colour transform using specific source and destinatignJCC|profiles and
rendpring intent can be computed once, and then efficiently applied to many images-which yse the same

ICC grofile colour transform pair and rendering intent.

© ISO 2015 - All rights reserved v
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INTERNATIONAL STANDARD

ISO 18619:2015(E)

Image technology colour management — Black point
compensation

1 Scope

This International Standard specifies a procedure, including computation, by which a transform between

ICC
sour

rofitestam be adjusted {compensated J to take Ito account dit ferences between the da
ce colour space and the dark end of the destination colour space. This is referred to“aq

compensation (BPC). The relative colorimetric encoding of ICC profile transforms alread)

mech

lanism for such adjustment of the light (white) end of the tone scale.

2 Normative references

The
indisg
refer

ISO 1]
Part

ICC.1,

3

For t

apply.

3.1
Dest
coor

3.2

Dest
ICC §
spac

3.3
Sour
coor

following documents, in whole or in part, are normatively referénced in this documnj
pensable for its application. For dated references, only the edition cited applies. |
ences, the latest edition of the referenced document (including any amendments) appl

5076-1, Image technology colour management — Architecture, profile format and data
1: Based on ICC.1:2010

:2001-04, File Format for Color Profiles

Terms and definitions

he purposes of this document, the termis and definitions given in ISO 15076-1 and t
V.

inationBlackPoint
linate representing a dark neutral reproducible colour in the destination colour gamut

inationProfile
rofile, containing’the transform from profile connection space to the destination d

h

ceBlackPoint
linate representing a dark neutral colour in the source colour gamut

k end of the
black point
 provides a

ent and are
Ffor undated
es.

structure —

he following

bvice colour

3.4

SourceProfile
ICC profile, containing the transform from the source device colour space to the profile connection space

3.5

RenderingIntent
rendering intent of the conversion from a source ICC profile’s colour space to a destination ICC profile’s
colour space

3.6

LabldentityProfile

real or virtual ICC profile that contains a bi-directional (identity) transform between CIELAB and
PCSLAB

© IS0 2015 - All rights reserved 1


https://standardsiso.com/api/?name=dbdc2205cb8c451633d331dcd44b7396

ISO 18619

3.7
black point
BPC

:2015(E)

compensation

computational procedure by which a transform between the colour spaces of ICC profiles can be adjusted
(compensated) to take into account differences between the dark end of the source colour space and the
dark end of the destination colour space

3.8
L,ab

L* a* or b* component of the CIELAB colour space

3.9
output-cap
CMYK profil

3.10
transform
mathematic

3.11
gamut
range of col

4 Requil

4.1 Consf

The black p
inputs a de
Standard ca

Application;
and ICC prof

NOTE 1

NOTE2 IS

The rendering intent shall-be’one of: RelativeColorimetric; Perceptual; or Saturation. The rend

intent used
Black point

The version

[led DestinationProfile, SourceProfile and-Renderingintent respectively).

This requirement ensures thatprocessing applications will properly process all Version 2 and Ve
4 1CC profileq.

hble CMYK profile
e containing a transform from the ICC PCS encoding to the colour space encoding

purs that a given system is capable of reproducing

"ements

raints
oint compensation procedure defined in this'International Specification shall take {

stination ICC profile, a source ICC profile,"and a rendering intent (in this Internat]

that apply black point compensatior’shall support ICC profiles that conform to ISO 15
iles that conform to ICC.1:2001-04.

D 15076-1 provides a-description of source and destination ICC profiles.

with DestinationProfile shall be the same as the rendering intent used with SourcePH

Compensation is not appropriate for the AbsoluteColorimetric rendering intent.

5 of SeurceProfile and DestinationProfile do not need to match.

hl operations that define the change in representation of a colour betweén'two colour spaces

s its
ional

76-1

rsion

Pring
ofile.

es of

SourceProfil

P and DestinationProfile types shall be Input, Display, Output, or ColorSpace. The typ

SourceProfileand DestinationProjile do not need to match.

DestinationProfile shall contain a transform from the ICC PCS encoding to the colour space encoding.

The data colour spaces of the SourceProfile and DestinationProfile shall be Gray, RGB, CMYK or CIELAB.
The data colour spaces of SourceProfile and DestinationProfile do not need to match.

NOTE 3
in which BPC

operates in these cases is outside the scope of this International Standard.

Some implementations of BPC extend to additional colour spaces or mixed rendering intents. The way

© ISO 2015 - All rights reserved
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4.2 Computation

4.2.1 Outline
Black point compensation shall be performed according to the following procedure:
a) the SourceBlackPoint of SourceProfile shall be calculated as specified in 4.2.3;

b) the DestinationBlackPoint of DestinationProfile shall be calculated as specified in 4.2.4 and 4.2.5;

c) amapping from SourceBlackPoint to DestinationBlackPoint shall be calculated as specified in 4.2.6;

d) the mapping shall be applied in a colour conversion as specified in 4.2.7.
4.2.2 Functions used

4.2.2.1 Colour transform with profiles

T shall denote a function to transform a point in the data colour space of.Profilel to a point in the device
colour space of Profile2, using a rendering intent, such that

W =T (x, Profilel, Profile2, Intent) (@8]
where

X is a point in the data colour space of Profilel;

¥ is a point in the data colour space of ProfileZ;

Intent isthe rendering intent.

4.2.21.2 Darkest colour of a profile

D shall denote a function to provide the darkest colour coordinate in the data colour space pf Profile for
arendering intent, such that

dc = D (Profile, Intent) (2)
wherte
dc is thé darkest colour

Profile <=is'the profile being evaluated,

Intent  is the rendering intent.

dc shall be determined as follows:
A subset of the vertices within the data colour space of Profile, V, shall be defined as follows.
If the data colour space of Profile is Gray
V shall be the set of {(0) (1)}
If the data colour space of Profile is RGB
V shall be the set of {(0, 0, 0) (1, 1, 1)}.
If the data colour space of Profile is CMYK
V shall be the set of {(0,0,0,0)(1,1,1,1) (0,0,0,1) (1, 1, 1, 0)}.

© IS0 2015 - All rights reserved 3
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The darkest colour, dc, shall be the lowest value of L* resulting from applying each element v of the

appropriate
T (v, Profile,
NOTE 1

NOTE 2
inverse polar

V through the following transform:

LabldentityProfile, Intent).

dc is intended to be the value of black or darkest colour in the colour space of Profile.

ity.

4.2.3 Computing the SourceBlackPoint

Determining the darkest colour in this way works for profiles with both the normal polarity and

The SourceH
compute thg

A LocalBlacl
If SourcePro
LocalBIq

If SourcePro
If the dg

Loc

If the datac
LocalBl
The SourceH
Li shall be s¢
If Li is great
SourceB
else

SourceB

4.2.4 Computing the DestinationBlackPoint for ICC profiles that are not LUT-based

If Destinatio|

A LocalBlac

plackPoint is computed by first defining LocalBlack of SourceProfile and then using(th
SourceBlackPoint.

r value for the source colour space shall be defined as follows:

file is an output-capable CMYK ICC profile

yck shall be set to T ((0, 0, 0), LabldentityProfile, SourceProfile, Perceptial)
file is not an output-capable CMYK ICC profile

ta colour space of SourceProfile is CIELAB,

nlBlack shall be set to (0, 0, 0).

blour space of SourceProfile is Gray, RGB, or CMYK,

hck shall be set to D (SourceProfile, Renderinglntent).

lackPoint is then calculated as follows

bt to the L* component of T (LocalBlack, SourceProfile, LabldentityProfile, RenderingInt
br than 50,

lackPoint shall be set to (5050,°0),

lackPoint shall be sebto (Li, 0, 0).

k value for the DestinationProfile data destination colour space shall be determing

hProfileis.not LUT-based, then its DestinationBlackPoint shall be determined as follows:

is to

bnt).

bd as

follows:

LocalBlack shall be set to D (DestinationProfile, Renderinglntent).

NOTE

Only Gray and RGB are valid data colour spaces for a DestinationProfile that is not LUT-based.

The DestinationBlackPoint is then calculated as follows

Lishall be setto the L component of T (LocalBlack, DestinationProfile, LabldentityProfile, RenderingIntent).

© ISO 2015 - All rights reserved
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If Li is greater than 50,

DestinationBlackPoint shall be set to (50, 0, 0),

else

DestinationBlackPoint shall be set to (Li, 0, 0).

4.2.5 Computing the DestinationBlackPoint for ICC profiles that are LUT-based

4.2.5.1 Overview

If DeftinationProfile is LUT-based, then its DestinationBlackPoint shall be determined as folles:

InitiglLab, inRamp, and outRamp shall be calculated as specified in 4.2.5.2.

If outRamp is not valid as specified in 4.2.5.3,
DestinationBlackPoint shall be set to (0, 0, 0),

else fif RenderingIntent is RelativeColorimetric, and the outRamp meets the mid range §traight test
gpecified in 4.2.5.4,

IDestinationBlackPoint shall be set to InitialLab,

else

DestinationBlackPoint shall be determined as specifiéd in 4.2.5.5.

© ISO 2015 - All rights reserved
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Computing the
DestinationBlackPoint
(DBP) for profiles that
are LUT-based (4.2.5)

Computation of
parameters (4.2.5.2)

Is outRamp No
valid?
(4.2.5.3)
Rendering
intent = No
Relative
Colorimetric
Is mid
range No
straight?
(4.2.5.4)
\4 V
Determine DBP
DBP = InitialLab using curve fitting DBP = (0, 0, 0)
(4.2.5.5)
V2
Mapping from
SourceBlackPoint to P
DestinationBlackPoint ~
(4.2.6)

Figure 1 — DestinationBlackPoint computation logic sequence

© ISO 2015 - All rights reserved
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4.2.5.2 Computation of parameters

4.2.5.2.1 InitialLAB Calculation

If RenderingIntent is not RelativeColorimetric, then InitialLab shall be set to (0,0,0), else InitialLab shall
be calculated as follows:

If the colour space of DestinationProfile is CMYK

LocalBlack shall be set to T ((0,0,0), LabldentityProfile, DestinationProfile, Perceptual)

If theg
1
If the
I
Initig

If thd
be sd

If the

4.2.5
inRa
ka sh
kb sh
inRa

inRa

, ] ¢ DostinationProfilois CIELAB,

ocalBlack shall be set to (0,0,0).

data colour space of DestinationProfile is Gray, or RGB,

LocalBlack shall be set to D (DestinationProfile, RenderingIntent).

ILab shall be set to T (LocalBlack, DestinationProfile, LabldentityProfile, Renderinginte

data colour space of DestinationProfile is CMYK, then the a* and.b* components of Ini
tto 0.

L* of InitialLab exceeds 50, then the L* component of InitialLab shall be set to 50.

.2.2 Calculation of inRamp

mp (a list of L* values) shall be calculated as follows:

all be min(50, max(-50, a* component of [nitialLab),

all be min(50, max(-50, b* component of InitialLab),

mpLab shall be a list of Lab valueS interpolated from (0, ka, kb) to (100, 0, 0) in 256 equ

mp shall be a list of the L* camponent values from inRampLab.

nt).

bl steps,

tialLab shall

(3

4.2.5.2.3 Calculation of outRamp
BT i§ a transform that'cenverts CIELAB colour values from CIELAB space to destination device colour
space to CIELAB spaceyas shown in Figure 2.
BT (%) shall be defined as
T (y, DestinationProfile, LabldentityProfile, RelativeColorimetric)
where
X is a CIELAB colour value;
y is the result of the transform T (x, LabldentityProfile, Destina-
tionProfile, RenderingIntent);
LabldentityProfile is as defined in 3.6;
DestinationProfile and Render- are as defined in 4.1.
ingIntent
© IS0 2015 - All rights reserved
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Device
Colour
Space

outRampLal
of inRampLd

outRamp sh

If outRamp i
increasing.’]
by looping f
the minimuy

pseudo cods:

for (I =

outRam

where
first
last
4.2.5.3 Td
When outRqd
Destination}
4.2.5.4 Td

Figure 2 — BT transform

b
11 be set to a list of the L* components of outRampLab.

s not monotonically increasing, its values shall be modified tomake the list monoton
[his adjustment shall not change the last (lightest) value in thielist. This can be accompl
rom the second to last element to the first element of outRamp and setting the ith elemg
m of the ith element and the element just after the ith element. This is shown in the follo

last - 1) to first)

b[i] = min (outRamp[i], outRampl[i+1])

indicates the first index of outRamp;

identifies the last indek of outRamp.

st for outRamp vatid

mplfirst] is notyless than outRamp[last] then the outRamp is considered invalid an
plackPoint shiatl-be set to (0, 0, 0).

st for midrange straight

following te
as defined b

The test for

shall be set to a list of transformed Lab values found by applying BT to eachyof the elements

cally
shed
nt to
wing

(4)

] the

ntent is RelativeColorimetric and the outRamp is valid as determined by 4.2.5.3, the

y 4.2.5.5.

midrange being straight is as follows:

Assume that midrange is straight

MinL shall be the value of the first element of outRamp

MaxL shall be the value of the last element of outRamp

For all index values i in inRamp and outRamp

If ((inRampli] > MinL + 0,2 x (MaxL - MinL)) and

© ISO 2015 - All rights reserved
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(abs (inRampli] - outRampli]) = 4))

then

midrange is not straight.

If midrange is straight (as determined above) then the DestinationBlackPoint shall be the same as
InitialLab. Otherwise, the DestinationBlackPoint shall be determined as specified in 4.2.5.5.

4.2.5.5 Computation of DestinationBlackPoint using curve fitting

This

sub-clause defines how to calculate DestinationBlackPoint ncing curve FiH’ing of

inRamp and

OoutR

YRan|

b

fora
whet
]
]

The {
for li

If Re

Othe

If th
Dest1

Othe
quad

Y

using

mp.
p shall be set to a list of values:

Rampl[i] = (outRampli] - MinL) / (MaxL - MinL)

| valid index values i

e

MinL, = outRamp(first);
lax. = outRamp(last).

hadow curve points, SP = { (inRamp]i], yRampl|i]) }8hall define a set of (inRamp]i], yRan
mited range of index values of i as follows:

hderingintent is RelativeColorimetric therisshadow points are points defined by ind
0,1 <yRampl[i] < 0,5),

rwise shadow points are points defined by indices i where (0,03 < yRampli] < 0,25).

ere are fewer than 3 points in-SP then curve fitting cannot be applied to the dg
nationBlackPoint shall be set'to (0, 0, 0).

rwise the scalar values(a,b, c, shall be determined by using a least-squares error algoj
ratic curve of the following form:

=ax2+bx+c

r the shadow-curve points, SP, as the set of input values to the algorithm.

A value ofiz shall be determined to define the DestinationBlackPoint as follows:

If (al

$fo) < 1 E-10)

(5)

np[i]) points

ces [ where

Ita, and the

ithm to fita

(6)

z  shall be set to max (0, min (50, -c / b)),

else

d shallbesetto (b2-4ac).

i

f(d< =0)

7z shall be setto 0,

else

© ISO

z  shall be set to max (0, min (50, (-b + sqrt (d)) / (2 a))).
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NOTE 1

z has been assigned to the root of the quadratic with the positive gradient. This is either the upper or

lower root depending on the sign of a.

The DestinationBlackPoint shall be set to (z, 0, 0).

Figure 3 shows an example of estimating the DestinationBlackPoint using curve fitting. This figure shows
anexample outRamp, therange of shadow points, the fitted quadratic curve,and the DestinationBlackPoint.

NOTE 2  Curve fitting is actually performed using yRamp which is a scaled version of outRamp.
L*out
60 [ ]
: outRarhp
50 ¢ X
1
: -
40 - '
: fitted quadratic
: curve
307 o
-S 1 EEE LR LR LR by
S
1 : :
Qg H .
E 1 ' N
g =g
20 S g
L _g : 2.
£ 2
2 i
! ©
=g i
Gt .
o, ;
Y
5/ L*out=min(ouRamp)
7 —— —— —— —— —
/ 1
N
0 I’ I Y L I I L I 1 | L*ln
10 20 30 40 50 60

Figure 3 — Example Curve Fitting

4.2.6 Computing the mapping from SourceBlackPoint to DestinationBlackPoint

The mapping from SourceBlackPoint to DestinationBlackPoint shall be accomplished as follows:

10 © IS0 2015 - All rights reserved
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Only the L* components of the SourceBlackPoint and DestinationBlackPoint values are used, while the a*
and b* components are ignored.

Ypst shall be obtained by converting the L* component of DestinationBlackPoint to a PCSXYZ Y value
using the formula below,

Ysrc shall be obtained by converting the L* component of SourceBlackPoint to a PCSXYZ Y value using

t

he formula below:

scaleXYZ shall be setto (1 - Ypst) / (1 - Ysrc),

offsetXYZ shall be set to (1 - scaleXYZ) * W.

whef
w
and
Y

Y

4.2.7

Blac}
apply

The §
Rend
XYZS

A bla
X

The
conv]

e

=(0,9642; 1,0000; 0,8249), which is the PCSXYZ white point,

=((L +16) / 116)3, ForL>8
=Lx(((8+16)/116)3)/8, for0<L<8

Applying the black point compensation in a colour.¢onversion

L point compensation is applied at the point in the colour transforms where output 1}
ring SourceProfile are used as the input for applying DestinationProfile as follows:

ourceProfile data colour space value shall be converted to PCSXYZ using SourceProfile
eringlntent, (including conversion from PCSEAB to PCSXYZ when the ICC profile’s PCS
RC shall be the PCSXYZ value resulting frem this conversion.

ck point compensated PCSXYZ value (XYZpsT) shall be calculated using the Formula (
YZpst = scaleXYZ * XYZsgc + offsetXYZ

XYZpsT value shall be converted to device colour space using the DestinationProfi
ersion from PCSXYZ to RCSLAB when the ICC profile’s PCS is PCSLAB.

results from

hccording to
is PCSLAB).

7):
(7)

e, including

© ISO 2015 - All rights reserved
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