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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
committ

ISO technical committees. Each member body interested in a subject for which a technical
ee 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.

Internat

The mai

Standards adopted by the technical committees are circulated to the member bodies for voting.

Publicat
casting 3

In excep
that whi
decide b}
Report i
consider

Attentio

patent rights. ISO shall not be held responsible for identifying any‘or all such patent rights.

ISO/TR 1

ISO 1732
Colour ch

— Part

— Part

onal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Partp.

In task of technical committees is to prepare International Standards. Draft Internationgl

on as an International Standard requires approval by at least 75 % of the thember bodigs
vote.

Fional circumstances, when a technical committee has collected data ofa-different kind from
Ch is normally published as an International Standard (“state of the art®, for example), it mgy
 a simple majority vote of its participating members to publish a Technical Report. A Technical
entirely informative in nature and does not have to be reviewed until the data it provides are
ed to be no longer valid or useful.

1 is drawn to the possibility that some of the elements of-this document may be the subject pf

7321-2 was prepared by Technical Committee ISOLTC 42, Photography.

1 consists of the following parts, under the general title Graphic technology and photography -
aracterization of digital still cameras (DSCs):

1: Stimuli, metrology and test procedures

2: Considerations for determining scéne analysis transforms

© ISO 2012 - All rights reserved
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Introduction

Digital still cameras (DSCs) have become the predominant means of photographic image capture, but
the nature of the image data produced by different cameras, or even by the same camera operating in
different modes, is quite variable. This variability can cause problems in workflows, miscommunications
and interoperability issues.

This Technical Report provides information about methods for determining scene analysis transforms,
which are transforms that convert raw image data to scene-referred image data. This information is
pfovided In the form of a Technical Report because there are a number of choices to be made when
dptermining scene analysis transforms. These choices are influenced by the subject matfer being
photographed (including the scene illumination), the scene adopted white and the adopted |white of
the scene-referred colour encoding to be used, aesthetic choices regarding scene analysis colgur error
inimization, and other considerations. It is not possible to provide more specific fecommendations
bcause the spectral responses of DSC colour analysis channels do not, in general, match those of a
rpical human observer, such as defined by a CIE standard colourimetric observer: Nor do the r¢sponses
F different DSCs ordinarily match each other. This Technical Report outlines considerations relevant to
lhe determination of scene analysis transforms based on the minimizationof errors in specifi¢d colour
paces. The DSC characterization data obtained using ISO 17321-1 senve'as the raw DSC image|data.

e J o3

wn ct

pod understanding of this Technical Report requires that the ‘three fundamental mode$ of DSC
beration be distinguished: the raw mode, the scene-referred mode, and the output-referred mogle. When
berating in the raw mode, a DSC records image data that isqmost closely related to the sensor rfesponse.
bme types of processing may have been performed, such.as’dark current subtraction, defect{removal
nd colour filter array interpolation, but neither a scéne analysis nor a colour rendering tfansform
hs been applied. Any encoding transform typically censists of only a non-linearity to better plign the
hantization intervals with the image noise charaetéristics, and possibly some form of compression.

= O D0 NOo o O

(hen operating in the scene-referred mode, a-DSC records image data that represents an estimate of
lhe scene or focal plane image relative colourimetry, typically with white balancing to the ¢ncoding
Hopted white. The image data has not undergone colour rendering for some anticipated outpufmedium
nd viewing conditions. In order to produce output-referred images intended for reproduction, it is
bcessary to either apply a colour réndering transform directly to the scene-referred images, ot convert
lhem to a working colour space whére the desired colour rendering is applied. Camera contro|s or raw
Focessing software can offer some aesthetic choices when converting to scene-referred, but the results
Fsuch choices need to be viewed through the intended colour rendering transform in order tojsee their
ffect on the final output(The image data are encoded prior to applying the colour rendering transform,
nd are therefore not@n -encoding of the intended output colourimetry. At present, few DSC{ offer an
1-camera scene-reférred mode, although some camera raw processing applications have this capability.

L O OT LS D W o

—e

(hen operating in the output-referred mode, the DSC controls are set to achieve the desired output
rectly, thereby incorporating the colour rendering, and in many cases a reference output device
hcoding (Such as for a CRT monitor) in the image file. When operating in this mode the DSC en¢odes the
plourimetry of the intended output on the reference medium, not scene-referred colourimefry. Also,
e otputreferred colourimetry can be in different encodings, with different reference media, and in
$me cases will need to be colour re-rendered and/or re-encoded to produce different reprodyctions.

oo o<

(=

S

The information provided in this Technical Report is intended to help camera and raw processing
software manufacturers, professional photographersand colour measurementapplicationsto determine,
communicate about, and select DSC scene analysis transforms. However, it will often not be practical for
end users to determine scene analysis transforms themselves. In addition to the requirement for raw
DSC image data, relatively sophisticated and expensive measurement equipment is required to obtain
chart patch spectral reflectance or radiance, illumination source spectral power, and DSC spectral
sensitivity (as described in ISO 17321-1).
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Figure 1 — Generic image workflow for digital photoegraphy
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Graphic technology and photography — Colour
characterization of digital still cameras (DSCs) —

Part 2:

Considerations for d . lusi :

Scope

hsed on the minimization of errors in estimated scene or focal-plane colourimetry, i

1
This Technical Report provides information about methods for determining scene analysis trg
b
cprresponding colourimetry. These transforms are limited in applicability to'raw DSC image d

This Technical Report concerns only the creation and encoding of scene-referred and focal-plane
ithage data. It does not address the encoding of output-referred imdge ‘data. It also does nof
information relating to the specification of metadata items describing intended artistic adju
cplour rendering and viewing.

This Technical Report does not address how to choose adopted white points or how to proce
r¢ferred image data to produce output-referred image data.

This Technical Report is not intended to be comprehénsive or complete; it is an overview int|
ehable improved practices and communications.

Definitions

1

bsolute colorimetric coordinates

tistimulus values, or other-colorimetric coordinates derived from tristimulus values, w
nhimerical values correspend’to the magnitude of the physical stimulus

2
Fpr the purposes of this document, the folowing definitions apply.
2
a

vilue should corresperd to the luminance, not the luminance factor (or some scaled value thereof).

2{2

aflapted white

coplour stimulus that an observer who is adapted to the viewing environment would judge to be
athromatic and to have a luminance factor of unity; i.e. absolute colorimetric coordinateg
opsefyver would consider to be a perfect white diffuser

I'ms

nsforms
ncluding
hta.

referred
provide
stments,

bS scene-

ended to

here the

EKAMPLE If the colourimetric coordinates used are CIE 1931 standard 2° observer tristimulus values, the Y

berfectly
that an

Z

I'e'1 I'ne adapted white can vary within a scene.

NOTE 2 Noassumptions should be made concerning the relation between the adapted white and meas

urements

of near perfectly reflecting diffusers in a scene, because measurements of such diffusers will depend on the
illumination and viewing geometry, and other elements in the scene that can affect perception. It is easy to

arrange conditions for which a near perfectly reflecting diffuser will appear to be grey or coloured.

NOTE 3  See adopted white (2.3).
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2.3

adopted white

spectral radiance distribution as seen by an image capture or measurement device and converted to
colour signals that are considered to be perfectly achromatic and to have an observer adaptive luminance
factor of unity; i.e. colour signals that are considered to correspond to a perfect white diffuser

NOTE1 The adopted white can vary within a scene, if such variation is supported by the imaging system.

NOTE 2 The adopted white is not required to be an estimate or approximation of the adapted white. For
example, ifascenelit by tungsten illumination is captured usmg a DSCwith the white balance setto D55 (dayhght)
the adopl Ll WIllLE Wlll UU UDD UuL LIlU duapwu WIllLC Wlll UU LlUbBI LO d LUIIgS eIl lllu[IllIldIlL LU B lDU /DD‘J oLuu O
Tungsten|or CIE I[lluminant A).

NOTE 3 | See adapted white (2.2).

2.4
scene analysis transform spectral limit
mappingof spectral (monochromatic) colours as captured by a DSC and transformedto‘a scene-referrgd
colour encoding using a specified scene analysis transform

2.5
colour component transfer function
CCTF
single vqriable, monotonic mathematical function applied individually to one or more colour channe|s
of a cololir space

NOTE1 | Colour component transfer functions are frequently used\to account for the non-linear response offa
referencel device and/or to improve the visual uniformity of a colourspace.

NOTE 2 | Generally, colour component transfer functions will\be non-linear functions such as a power-law (i
“gamma”) function or a logarithmic function. However, in some cases a linear colour component transfer functign
will be uged.

@

2.6
colour gamut
solid in @ colour space, consisting of all-those colours that are either: 1) present in a specific scen,
artwork) photograph, photomechanical or other reproduction; 2) capable of being created using|a
particuldr output device and/or meditim

NOTE See scene analysis transform spectral limit (2.4).

2.7
colour matching functions
tristimulus values of menochromatic stimuli of equal radiant power

[CIE Publication 17:4, 845-03-23]

2.8
colour pixel reconstruction
algorithrmth poptiated-e —image-recordfromthe : 3¢ . T\ 4
type sensor by 1nterpolat1ng Values for each colour at each pixel location, also known as demosaicing or
colour pixel interpolation

29

colour rendering

mapping of image data representing the colorimetric coordinates of the elements of a scene or original
to image data representing the colorimetric coordinates of the elements of a reproduction

NOTE Colour rendering generally consists of one or more of the following: compensating for differences

in the input and output viewing conditions, tone scale and gamut mapping to map the scene colours onto the
dynamic range and colour gamut of the reproduction, and applying preference adjustments.

2 © IS0 2012 - All rights reserved
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2.10
colour space
geometric representation of colours in space, usually of three dimensions

[CIE Publication 17.4, 845-03-25]

211
corresponding colorimetry
colorimetric coordinates for samples that produce a visual match with different viewer adaptation states

E A}\"{PLE Clll Ulllatib adaytatluu tl auofux 1115 cst;luatc LUIICD}JUlldillS LU}UHI illlctl_y fUl ViCVVills Y ndltlons
where only the adapted white chromaticity is different. Colour appearance models can be used'to| estimate
corresponding colourimetry where more aspects of the viewing conditions are different. The colouragpearance
njodel is used to calculate appearance correlates for one viewing condition. The inverse of the colour agpearance
model is then used to calculate colourimetric coordinates for a second viewing condition from the colour
appearance correlates.

2112
djigital still camera

dpvice which incorporates an image sensor and which produces a digital Signal representing a sti]l picture

NOTE A digital still camera is typically a portable, hand-held devicé; The digital signal is usually retorded on

age datawhichrepresents the colorimetric coordinates of the elements of an image that has undergone
cplour rendering appropriate for a specified real or ¥irtual output device and viewing conditions

NOTE1 The output referred image data are referred to the specified output device and viewing conditions. A
gle scene can be colour rendered to a variety effoutput-referred representations depending on the anpticipated
ofitput viewing conditions, media limitations, and/or artistic intents.

NOTE 2  Output-referred image data can-become the starting point for a subsequent reproduction prpcess. For
example, sRGB output-referred image'data are frequently considered to be the starting point for the ¢olour re-
r¢ndering performed by a printer designed to receive SRGB image data.

2{14

raw DSC image data
ithage data produced by-or'internal to a DSC that has not been processed, except for A/D conveysion and
the following optionalsteps: linearization, dark current/frame subtraction, shading & sensitiyity (flat
field) correction, flare removal, white balancing (e.g. so the adopted white produces equal RGB yalues or
np chrominancg), missing colour pixel reconstruction (without colour transformations)

NOTE Seé scene-referred image data (2.17).

2|15
sgene

spbectral radiances of a view of the natural world as measured from a cpnr‘ifind vanfqgn pninf in space

and at a specified time

NOTE A scene can represent an actual view of the natural world or a simulation of such a view.

2.16
scene analysis transform
transform that converts raw DSC image data to scene-referred image data

© IS0 2012 - All rights reserved 3
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scene-referred image data
image data which represents estimates of the colorimetric coordinates of the elements of a scene

NOTE 1

Scene-referred image data can be determined from raw DSC image data before colour rendering

is

performed. Generally, DSCs do not write scene-referred image data in image files, except possibly in a special mode
intended for this purpose. Typically, DSCs write standard output-referred image data where colour rendering has

already b

NOTE 2
colourim

een performed.

Scene-referred image data typically represents relative scene colourimetry estimates. Absolute scene

atEv-es ata nbacalculatad aling foctor Tho coaling foot o nbadarivad ooy S d 4

Apl

informatijon such as the image OECF, FNumber or ApertureValue, and ExposureTime or ShutterSpeedValue tagg.

NOTE 3
device, n

pat 21 nolao 1 £
Tty eStHate S Cai-pe-carcturateer TS o ..n.uuu& TottoTT Tt .n—uqu, et caipe-aeFvearFeaaattiorf

Scene-referred image data can contain inaccuracies due to the dynamic range limitations of the|captu

analysis grrors due to capture device metamerism. In some cases, these sources of inaccuracy can be’significan

NOTE 4
adopted ¥

The transformation from raw DSC image data to scene-referred image data depénds on the relatiy

adopted yvhite is inappropriate, additional errors will be introduced into the scene-refexred image data. The

errors ca
colour en|

NOTE 5
also corrg
different

roding used for the incorrect scene-referred image data has adequate precision and dynamic range.
The scene can correspond to an actual view of the natural world, or-assimulation of such a view. It cz

Hesired scene. Any such scene modifications should leave the infage in a scene-referred image state afj

should bg done in the context of an expected colour rendering transformd.

2.18

tristimylus values
amountg of the three reference colour stimuli, in a given trichromatic system, required to match th
colour of the stimulus considered

[CIE Publication 17.4, 845-03-22]

NOTE
2.19

See colour matching functions (2.7).

working colour space

colour s

bace encoding in which.éperations such as image edits, enhancements or colour renderiy

are perf¢rmed

NOTE 1

NOTE 2

The image state in.@working colour space can change as operations are performed.

If operations-performed in a working colour space are guided by viewing the image on a medium, th

medium gnd the assogidted viewing conditions become the reference for the resulting image.

NOTE 3

See celoutr matching functions (2.7).

ise from various sources, quantization, optical blurring and flare that are not corrected fof, and coloyir

vhites selected for the scene and the colour space used to encode the image data.If the chosen scene

1 be correctable if the transformation used to produce the scene-referred image'data are known, and the

spond to a modified scene determined by applying modifications/to an original scene to produce sonpe

[e
L.
ye

be

n

d

g

ht

3 Go
The goal
— Toli

s of this Technical Report are as follows.

st the fundamental colour-related characteristics of DSCs.

— To document some methods and parameters used for the conversion of raw DSC image data to scene
or focal plane colourimetry estimates

— for the case where scene analysis transforms are determined using spectral measurements, and

© ISO 2012 - All rights reserved
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— for the case where scene analysis transforms are determined by capturing test targets.

— To provide recommendations for specifying the encoding of scene and focal plane colourimetry

t— Fund Feol lated-BSCcl e

Qb

S¢

Qb

.1 Camera gain

hmera gain is the ratio of the digital count obtained to the sensor exposure for thelinear regi
ensor and analogue-to-digital converter response range.

2 Camera dark current

hmera dark-current is the digital counts recorded in the absence of any sensor exposure.

estimates.

To provide recommendations for metadata to be included in scene-referred image files

or other

specified locations, communicating the colour-related characteristics of the capture device, the

scene analysis transform used, and the colour encoding used.

The sensor exposure can be either a photometric exposure or an integrated channel rad
exposure, but different gains will typically result for each type of exposture.

Neutral balance is achieved by adjusting the channel gains, either'in’analogue or digital pr

If the sensor or the encoding of the sensor signals is non-linear, the gain will be a functi
Sensor exposure.

Even for a sensor with inherently linear response,“a non-linear encoding can be used
advantage of noise statistics to reduce the bit-depth \required to encode the sensor signals

In use, digital cameras can offer selectable gaifis or apply automatic gain control in at
maintain normal signal levels when different Exposure Indexes (Els) are used. Likewise, s
or automatic channel gains are typicallyiised to achieve a satisfactory neutral balance
characterization of raw mode camera-behaviour, the overall and channel-specific camg
need to be fixed, i.e. any automatic gain and white balance needs to be disabled.

Generally, automatic gain controVis not applied when a camera is set to raw mode ope

on of the

iometric

bcessing.

bn of the

to take

tempt to
blectable

For the
ra gains

ation, to

provide the maximum capture.dynamic range. It is assumed that any desired overall gain o neutral

balance will be applied later.

Different gains applied to address the use of different Els or neutral balances are applied
sensor signals, prior, to any non-linear encoding.

Dark-eurrent is typically a function of the sensor temperature and integration time.

The dark current value can be an average over the sensor (or some area of the sensor), ¢

to linear

r can be

dat H pa | H 11l H H A | 1 £ 11 ol 1d L tad &
UCTLCTIIIImncu vilr da PCI lJlACl Udolo uolus UdlI N 11T dllIT CAIJUDUI CS. I'TUVVU VLT, 1L S1TUUIU DT 11ULCU U

dark current is noisy, it is highly desirable to average multiple dark frames.

at since

Many cameras perform dark current subtraction in the analogue domain, before digitization, in

which case the average digital dark current can be close to zero.

Use of an encoding that supports negative values preserves the statistics of the dark current

after subtraction.
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4.3 Focal plane opto-electronic conversion function (FP OECF)

The FP OECF isthe functional relationship between the digital count obtained and the sensor photometric
exposure for the selected adopted white spectral radiance distribution.

— In order to account for the spectral characteristics of the optics, the FP OECF should be determined
with the camera lens, filters and other optical elements in place, i.e. using the alternative focal plane
OECF determination method specified in [SO 14524.

— Ifthe dark current is not subtracted before encoding, it will be included in the FP OECF.

4.4 CJmera opto-electronic conversion function (Camera OECF)

The Canjera OECF is the functional relationship between the digital count obtained andthe scenje
luminange (or luminance factor) for the selected adopted white spectral radiance distribution.

— The(difference between the Camera OECF and the FP OECF usually results from lénsflare.

4.5 Camera flare average percent

For a pafticular camera configuration, the camera flare average percentls) the typical average flare
exposur¢ as a percent of the mean exposure for each channel.

— In sqme workflows camera flare information is not required; matiual compensation is performed 4s
needed or a typical value for the type of camera being used is.assumed.

4.6 Camera spectral sensitivities (including non-removable optical elements)

The camegra spectral sensitivities are the functional relationship between the wavelength of the exposing
radiation and the resulting linearized digital count¢for each channel, including compensation for the
power of exposing radiation at each wavelength.

~

— Whdn capturing narrow-band illuminatien with the camera to determine the spectral sensitivitigs
the exposure settings need to be chesen to avoid clipping on any channel (while providing
reaspnable signal levels) and then should not be changed (to minimize the effects of aperture and
shutfter setting variations).

— The camera spectral sensitiyitiés need to be determined after dark current subtraction, and in the
case|of a non-linear response after FP OECF inversion.

— The pxposingradiatien power compensation can be achieved by either adjusting the radiation pow¢
or i1} the case of liieat (or linearized) camera response by adjusting the digital values consistent
witH the measured-incident power.

=

4.7 Rdmovable optical element spectral transmittances

The spedtral transmittances of any removable optical elements, such as lenses and filters, used on the
camera, or in the case of a standard filter with published spectral transmittances, the filter designation.

— In many cases, acceptable results can be obtained if the [SO 7589 standard lens transmittances are
assumed.

6 © IS0 2012 - All rights reserved
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Scene analysis transform parameters

5.1 Determined using spectral measurements

When scene analysis transforms are determined using spectral measurements, the following
parameters are used.

Tristimulus value definition (e.g. CIE 1931 2° observer)

Adopted white spectral radiance distribution

NOTE The adopted white spectral radiance distribution need not be the same as that\of
illumination, or any object in the scene. The adopted white spectral radiance distributionis thg
power distribution that is considered to be neutral in the scene and converted to the adopted wh
scene-referred colour encoding.

Training spectra spectral radiances and tristimulus values under the scene illumination

— It is generally preferable to choose training spectra that simuldte. the spectral rad
real-world colours of interest. If these are not available monochrematic stimuli can b
ensure the entire spectrum is reasonably well analysed.

NOTE Standard databases of object spectra often do not represent real-world spectra well be
measurements are not taken in situ. The actual spectral radiancés of objects in scenes are strongly i
by locally transmitted, scattered, and reflected light, and can{Change substantially if the objects ared
from their environment. For example, a blade of grass in a lawn is much greener than an isolated on|
the local illumination in the lawn is very green due to light from the other blades of grass.

Scene-referred colour encoding adopted white ¢hromaticity (if different from scene adopt
chromaticity) and white balance transform applied to training spectra tristimulus values tg
aim tristimulus values

Form of the scene analysis transform-(e.g. 3x3 matrix) to the scene analysis colour space

— The scene analysis colour spacéneeds to be linear with respect to scene radiance or fo
irradiance, e.g. CIE XYZ with'some specified adopted white or some linear colourimeti

Error minimization

— Colour space, ircliiding the transform from the scene analysis colour space to t
minimization(olour space.

— If monocliromatic colours are used, it is recommended to use an RGB colour space wi
linear.-€olour component transfer function for better perceptual uniformity, such as
rootfunction.

— <Research has shownl21] that monochromatic primaries with wavelengths of 450, 540
NM work well, although other primaries such as ITU-R BT.709 or RIMM RGB primarig

the scene
e spectral
ite of the

ances of
b used to

cause the
hfluenced
removed
e because

ed white
produce

cal plane
ic RGB.

he error

th a non-
a square

and 620
ks can be

used. Different primary choices will usually produce different results making the sellection of

41 (] : Pl 1 ol 1 :
LIIC CITOT T ZdUIUIT COI0UTL SPdLC dIT dCSULHITUIU LITUICE.

— If a colour space is used where the colour space values are determined relative to a specified

white point (such as with CIE L*a*b* or CIE L*u*v*), both the aim and camera colo

ur space

values must be normalized to be relative to the same colour space white point. Typically this
white point will be substantially lower than the camera white clip in order to provide headroom

for the capture of above-white colours.
— error minimized (e.g. least square error)

— training spectra weights (if not all equal)
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— constraints (generally it is a good idea to enforce neutral preservation when the scene analysis
transform is determined).

NOTE
and error minimization parameters will produce the same scene analysis transform.

If the camera spectral sensitivities are colour matching functions, different training spectral radiances

5.2 Determined using test targets

When scene analysis transforms are determined using test targets, the following parameters are used.

Trist
Scen

Targ

are ¢nly used to verify appropriateness of patches)

Dest

whitle balancing transform applied to patch tristimulus values to produce aim tristimulus values

Scen

Er

Car]era flare handling
rar

1mulus value definition (e.g. CIE 1931 2° observer)
e adopted white chromaticity

et patch spectral radiances and tristimulus values under scene illumination (spectral radiances

t is generally preferable to choose test patches that simulate the spectralhradiances of redl
world colours of interest. Note that there is no benefit to choosing test patehes that only simulate
the colourimetry of real-world objects of interest (unless the camera spectral sensitivities are
colour matching functions).

[est patches that are created using a limited set of colorants (Such as those produced usiy
ronventional photographic or printing processes) should ¢be avoided when creating scer
hnalysis transforms to be applied to images of real-worldscenes. If such patches are used, th
scene analysis transforms determined will be highly tuned to the spectral characteristics p
the colorants used and can produce unacceptable analysis errors for objects with substantial
Hifferent spectral characteristics.

< = D 0

ination adopted white chromaticity (if differentfrom scene adopted white chromaticity) and

e analysis transform form (e.g. 3x4 matfix) to the scene analysis colour space

Che scene analysis colour space is.typically linear with respect to scene radiance or focal plarne
rradiance, e.g. CIE XYZ with some)adopted white or some linear colourimetric RGB.

minimization colour spdce (e.g. CIE L*u*v* or CIE L*a*b*)

ncluding the transform from the scene analysis colour space to the error minimizatign
Colour space.

f a colour space is used where the colour space values are determined relative to a specifigd
white point'(such as with CIE L*u*v* or L*a*b*), both the aim and camera colour space valugs
must.be hormalized to be relative to the same colour space white point. Typically this white
point will be substantially lower than the camera white clip in order to provide headroom for
[hé’capture of above-white colours. T

Error metric (e.g. mean or maximum AE*uv or CIE AE*ab)

Patch weights (if not all equal)

Constraints (e.g. neutral preserving)

NOTE
radiances and error minimization parameters will produce the same scene analysis transform.

If the camera spectral sensitivities are colour matching functions, different target patch spectral
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6 Scene analysis transform determination using spectral measurements

Scene analysis transforms can be determined using spectral measurements by performing the

following steps:

a) Adapt the training spectra tristimulus values to be relative to the destination adopted
applying the white balancing transform (if necessary).

b) Convert the white balanced aim tristimulus values to the error minimization colour space

white by

ol 1o 4] 1 1 1 i 4] i o " 1 £ i A P
C LAILUIALT T LalliClda CUIUUL CIIAIIIITH TCSPUIISTS  TU LT T AlIIIg SPtilld Uy TITSU HITUItIp

response value for each channel for each training spectrum.

d) Apply the channel gains necessary to produce the selected adopted white tethe calculat
response values to produce white balanced linear response values.

respectto the aim values after the neutral-balanced linear response values are converted to

g Figure 2 below, the transform for the image on the top left used CIE XYZ as the error mini

he transform for the image on the top right used a non-linear RGB error minimization colour sp

Sz -Q

with AE*uv error minimization of the Macbeth CslourChecker™ patches, weighted equally. T
oh the lower right is a virtual colour checker dvith the aim patch values for comparison. A
were converted to SRGB colourimetrically for@nclusion in this Technical Report. Note that the
rhages contain some uncorrected illumination falloff.

—

ying the

camera channel spectral sensitivity, the removable optical element spectral transmittance, and the
training spectral radiance vectors, and then summing the resulting vectors to obtain@ysingle linear

ed linear

e] Using regression (or iteration, if necessary), determine the scene amalysis transform thiat, when
applied to the neutral-balanced linear response values produces the'smallest weighted efror with

the error

minimization colour space, using the selected error metric andsubject to the selected congtraints.

mization

plour space, with least-squares error minimization of spectral training spectra and equal weighting.

ace, with

ast squares error minimization of monochromatic training spectra and illuminant power weighting.
he transform for the image on the lower left used CIE L*u*v* as the error minimization coldur space

he image
|1 images
raptured
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Macbeth® ColorChecker Color Rendition Chart Macbeth® ColorChecker Color Rendition Chart

I

Macbeth® ColorChecker Color Rendition Chart

)
Figure 2 — Scene-referred images of a MacbeE olourChecker™1) produced from the same rayw
image data but using different scene analysis transforms

&

7 Scene analysis transform &‘termination using test targets

O

7.1 Procedure C)

Scene anfalysis transform%\% be determined using test targets by performing the following steps:

a) Meapure the tri @llus values of the test target under the scene illumination from the camera
lescopic instrument.

position usiné
— ['he c%) ance angle of the instrument should be small enough, and the test target patchgs
ar a?ﬁough so each patch can be measured individually with some margin for alignment errd

W, b b b sl 1 £ e 1 4o V2 milo) P s Yo) 4 H 11
- NMTASUTITIICIIU IS T UITITIILS WILIT dIT dITgIT UL dALLTPLAIILT UTLWETITU. O dIIU 47 dI T LYy PDILdITy USTU.

]

— The edges of the patches should be avoided when taking measurements.

— Care should be taken to minimize and/or correct for measuring instrument flare. One way to
achieve this is to use a black mask that covers the chart and surrounding area except for the
patch being measured. However, care should then be taken to ensure the mask does not obstruct
any illumination falling on the patch being measured.

1) Macbeth ColourChecker™ is an example of a suitable product available commercially. This information is given
for the convenience of users of this document and does not constitute an endorsement by ISO of this product.
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— In non-critical applications, it can be acceptable to measure the test target patches using a
different measurement geometry, but this will often result in incorrect measurements because

NOTE

of viewing flare. Likewise, it can be acceptable to measure the test target patch

spectral

reflectances or transmittances and calculate tristimulus values for the illumination, but this
can produce incorrect values when the test target has patches that exhibit fluorescence.

Errorsinscene analysis, especially those thatresultin saturation increases, can sometimes appear

more pleasing when viewed directly, but should generally be avoided because colour rendering transforms
will assume a preferential saturation boost has not been incorporated into the scene-referred image data.

Adaptthe test patchrtristimutus values to be Tetative to the destimatiom adopted witite by
the white balancing transform (if necessary).

Convert the white balanced aim tristimulus values to the error minimization colour space

Capture an image or images of the test target under the scene illumination.

applying

The camera data should be “raw” or native camera RGB. Cameras that deliver Rec 709|data are
performing internal colour processing to a CRT display, producingoutput-referred imjges, the

use of which is not recommended.

Image data can be linear, or encoded using a function such-as a log or gamma. Ideallly, linear

image data should be 12-bits per channel or more. Log or gamma image data should
per channel or more.

be 8-bits

To avoid colour shifts, data compression, if used, should be near lossless. The quantization used

in some lossy compression methods can cause nmiinor colour shifts.

The image data needs be saved prior to anycolour conversions or adjustments.
The following should be recorded or included in the image metadata:

— The test target make, model and serial number

— The camera make, modehand serial number

— The camera settings‘needed to be able to set the camera to exactly the same operation

— Any lenses and-filters used

— The lights, gels and power levels used

Average multiple pixels in each patch, and potentially from the same patch in multiple images,
noise and averdge out other sources of variability. Pixels near the edges of the patches should be

Apply thelinverse of the Camera OECF to the average patch values to produce neutral-
scene‘referred linear response values.

to reduce
bxcluded.

balanced

The Camera OECF should be determined according to ISO 14524, using a test targ¢t with a

dynamic range that spans that of the colour characterization test target. If the ca

era lens

g)

fallott 1s corrected, 1t can be acceptable to use other testtargets for camera OLECE determination,

including neutral patches incorporated in the colour characterization test target.

The illumination and neutral balance used when determining the camera OECF shoul

d also be

used for the camera characterization, but slight neutral balance differences can be addressed by
also regressing separate channel gains for neutral patches on the colour characterization test

target (assuming both the OECF and colour characterization neutral patches are truly

neutral).

Using regression (or iteration, if necessary), determine the scene analysis transform that, when
applied to the scene-referred linear response values produces the smallest weighted error with

© IS0 2012 - All rights reserved
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7.2 Test target characteristics

7.3 Capturing images of test'targets

12

respect to the aim values after the linear response values are converted to the error minimization

colour space, using the selected error metric and subject to the selected constraints.

— Generally it is recommended to include an offset in the matrix to address any differences in

dark current and flare from the camera when the OECF was determined.

— With test target characterization, maximum error can be a better choice for minimization than
mean error because mean error minimization can result in unacceptably large errors for some

colours, while maximum error minimization will typically have less effect on the mean error.

Test|targets can be reflective or transmissive. For pure camera characterization, a transmissive te
targpt is recommended. A transmissive test target can produce a much higher dynamicjrange f
determining the OECF, and a larger colour gamut. For in-the-field calibration and characterization
reflgctive test target is recommended. The reflective test target can more easily capture the actu
scenje illumination, but will usually have a smaller dynamic range and colour gamut.

Test[targets should use colorants (dyes or pigments) for each patch, with each colorant having it ow

unique spectral characteristics (reflectance or transmittance). Ideally these spectral characteristi¢

shoyld be similar to those of important colours to be captured. When patches are made from a sm3
nu

With transmissive targets, scattering should be minimized, which can favour the use of dysg
ovel| pigments.

Test|targets need to be optically stable; resistant to fadirig.or other changes caused by illuminatio
ultrgviolet or infrared, temperature and humidity.

Test[targets should not affect the polarization of the illumination or emit polarized light.

Test|targets need to be clean, free of lint, dust, smoke residue, fingerprints or other smudges, whic
ever] when barely visible, can alter the measuted colour of the patches.

Reflective test targets should generally:be non-glossy and transmissive test targets free of surfac
refldctions (i.e. captured in a dark environment). Usable reflective targets include the 24 patd
Macbeth ColourChecker™.

The entire test target-heeds to be captured without obstruction of the target or the illumination.

The [test target needs to be lit with the lights, gels and power levels for which the scene analys
trangform is desired. The resulting characterization is only valid for these spectral characteristidg
Notg that lights that measure at the same correlated colour temperature or chromaticity can haxv
vast]y different spectral power distributions and therefore result in different characterizations.

The [test target needs to be evenly illuminated. Reflection targets should be illuminated at 4

er of colorants, the effective number of colour samples is only the'small number of colorantg.

LS

=

h

IS

e

5

degrees from two opposing directions, except in daylight where the illumination of the sun at an

angle of 45 degrees should be sufficient.

To get a good representation of average camera flare, the test target should be surrounded by the
average spectral power from the scene. It should not be placed on an unusual colour in the scene. For
average scenes, the test target should be placed on a large neutral grey card, illuminated identically

to the test target.

The test target needs to be exposed to avoid clipping of any channels.

The test target should be captured with the camera equipped with the optics that will be used in
practice (lenses and filters), including any UV, IR, polarization, ND or colour conversion filters. The
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exception is when a filter is used to intentionally alter the look of the resulting image, for example a

warming filter, as otherwise the characterization will neutralize the effect of the filter.

To avoid lens falloff and other off-centre camera behaviour, the test target should be centr
camera field of view and cover 15 % to 30 % of the image width.

For accurate capture of the test target colours, the image should include at least 200 pixel
patch colour, excluding the edges of the patch.

Evaluate the noise and evenness of an image of a test target as follows:

ed in the

s of each

w0

1) Make a copy of the image of the test target

2) Calculate the average image colour code value per patch excluding near the edgesof th
3) Replace the actual code values per patch with the average code value per patch.

4) Subtract the original image values, and amplify the difference image for €valuation.

5) Examine the resulting image.

— If the test target is unevenly lit, the resulting image will’show colour or grey g
in each patch.

— Ifthe test target is slightly stained, the stains will show up more clearly.

— A well-captured test target will show only noise 'with no distinct marks or patterys.

Applying the scene analysis transformiand encoding

Cene analysis transforms are applied as follows?

Apply the inverse of the FP or Camera-OECF to the camera values to produce linear respon
(if necessary).

Subtract the dark current (if megessary).
Remove the estimated aveérage camera flare (if desired).

— The average cameratlare can be removed by including a per-channel offset in the scens
transform. Hewever the average camera flare is image specific. When processing il
scene-referfed, it is better to separate out the camera flare subtraction which is imagg
from the scene analysis transform which is adopted white specific.

— Note_that if the Camera OECF inverse was used for linearization, the flare subtract
difference between the flare present in the Camera OECF measurements and the e
average flare for the particular image, and can be positive or negative for each channe

le patch.

radients

wn

e values

analysis
mages to
e specific

ed is the
stimated
.

Apply the channel gains necessary to produce the selected adopted white to the linear

[esponse

1 | 11 1 a1 1
vdliucs tU prouuctc llCutl dIFUdIdIICTU TTIICAl TTSPUILIST VAIUCTS.

— If, after gain or OECF inversion the exposure range for any channel goes higher than that for the

lowest channel, those channels should be clipped to the exposure value for the lowest

channel.

This produces a neutral clipping ceiling, and in the case where camera clipping occurred
on capture avoids artefacts resulting from the matrixing of clipped channel data with
unclipped channel data.

Alternately, clipped channel information can be estimated from unclipped channel data
using proprietary methods.

e) Applythesceneanalysistransform tothelinear encoding colourspace, based onthe encoding primaries.
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f)

g)

10 Suggested metadata for scene-referred colour encodings

10.1 Camera characteristics

10.2 Cdlour encoding characteristics

10.3 Image specific characteristics

14

Scale the linear colour space values to place scene highlights and mid-tones at reasonable levels.

— This scaling is only preliminary, and should be re-evaluated later by viewing the image using
the intended colour rendering transform and reference display.

Apply any encoding colour component transfer function (not applicable for linear colour encodings).

Considerations for selecting scene analysis transforms

The

Expected spectral characteristics of scene colours to be captured

Needls for accurate analysis of specific objects in the scene

Scerje analysis transform spectral limit produced

— PDifferent scene analysis transforms result in different spectral to colourimetric mappings

Colojur noise amplification

Camlera gains (in the case of linear response) or OECFs (imrthe case of non-linear camera responsg)
Camlera dark current

Camgera flare average percent
Camgera spectral sensitivities

Remfovable optical element spectral transmittances or standard designation

Colopur encoding primaries (the nine relative tristimulus values)
Colour component transfer function (if not linear, including any black or white scaling)

Encqding adopted @vhite chromaticity (for interpreting appearance)

Adopted white spectral power distribution (in the scene or at the focal plane, as applicable)

Scene aduytcd white-Jaminanee
Scene analysis transform applied, including any clipping or extrapolation of channels
Scene analysis transform determination parameters

Image state (scene- or focal-plane-referred; i.e. is camera flare included)
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