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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.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént'may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on the ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as wellvas information about ISO's aglherence to
the World Trade Organization (WTO) principles in‘the Technical Barriers to Trade| (TBT), see
www.iso.org/iso/foreword.html.

This|document was prepared by Technical Comniittee ISO/TC 42, Photography.

This[fourth edition cancels and replaces the‘third edition (ISO 15739:2017), which has been technically
revided.

The main changes are as follows:
— geveral terms and definitiohs have been modified, added, and deleted (see Clause 3);

— ¢alculation procedures\of camera noise, signal-to-noise ratios, and DSC dynamic range have been
fevised for measurément accuracy (see Clause 6);

— presentation of results has been specified expressly (see Clause 7);
— dlescription'of noise component analysis has been revised to be more detailed (see Annex A);

— 1neasurement method of visual noise has been revised to model the human visual slystem more
losely (see Annex B);

— method for removing low frequency variations from the image signals has been revised and changed
from informative to normative processing (see Annex C);

— description of procedure for determining signal-to-noise ratio has been revised (see Annex D);

— introduction of perceptually uniform mapping of visual noise to noisiness JND has been added (see
Annex F).

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.

© IS0 2023 - All rights reserved v


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=4501c4fe35f34534a230b67ec10a6203

ISO 15739:

2023(E)

Introduction

Noise is an important attribute of electronic still-picture imaging. If noticeable levels of noise exist
in the images captured by a camera, then detail textures of objects are lost in reproduction and the
visibility of the images is degraded. Therefore, measurement methods for noise are very important and
are needed to provide important information relevant to evaluating image fidelity and the visibility of
noise in captured images. Measurement methods are also important for assessing camera performance
relative to these image quality factors.

The primary sources of noise in captured images are photon shot noise, dark current shot noise,
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Low frequency variations may be introduced in the captured image due to lens shading and non-
uniform test chart illumination. Since these variations can influence the noise measurement a method
for removing low frequency variations from the image is provided in Annex C.

Annex D provides a recommended step-by-step procedure for determining the signal-to-noise ratio.

Annex E des

cribes recommendations for practical viewing conditions for various output media.

Annex F introduces perceptually uniform mapping of visual noise to noisiness JND.
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Photography — Electronic still-picture imaging — Noise
measurements

1 Scope

This document specifies methods for measuring and reporting the noise versus signal level and dynamic
rangpof digitat stittcameras-ttapptiesto botirmonochrone amd cotour etectromnic digitat still cameras.

2 Normative references

The following documents are referred to in the text in such a way that sonie or all of their content
constitutes requirements of this document. For dated references, only the edition cited [applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

ISO 354, Standard atmospheres for conditioning and/or testing — Specifications

ISO 7589:2002, Photography — Illuminants for sensitometry — Specifications for daylight, jncandescent
tungsten and printer

ISO 12232:2019, Photography — Digital still cameras —~DPetermination of exposure indek, ISO speed
ratings, standard output sensitivity, and recommended exposure index

ISO 14524, Photography — Electronic still-picture.cameras — Methods for measuring opto-electronic
conversion functions (OECFs)

ITU-R BT.709-6, Parameter values for the HDPV Standards for production and International programme
exchange

IEC §1966-2-1, Multimedia systems and equipment — Colour measurement and management — Part 2-1:
Coloyr management — Default RGB.colour space — sRGB

IEC 41966-2-1/Amd.1:2003, Multimedia systems and equipment — Colour measurement and jmanagement
— Pgrt 2-1: Colour management — Default RGB colour space — sRGB — Amendment 1
3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

[SO dnd [E€maintain terminological databases for use in standardization at the following gddresses:

— [S@D0nline browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

31

camera opto-electronic conversion function

camera OECF

relationship between the input scene log luminances and the output pixel values for an opto-electronic
digital capture system

Note 1 to entry: The unit of luminance (L) is cd/m2. Log luminance is dimensionless, expressed as log;, (L/L),
where Ly =1 cd/m?.

©1S0 2023 - All rights reserved 1
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clipping value
pixel value that remains constant for further increases in exposure (highlight clipping value) or for
further decreases in exposure (dark clipping value)

3.3
digital still
DSC

camera

camera that produces a digital still image from the digitized output of a solid-state photo sensor and

records the

digital still image using a digital memory, such as a removable memory card

3.4

DSC dynamfic range

ratio of the input signal (luminance or exposure) saturation level to the minimum input signalleve| that
can be captured with a signal-to-temporal noise ratio of at least 1

3.5

exposure time

total time period during which the photo sensor is able to integrate the light from)the scene to forjm an
image

3.6

focal plane|opto-electronic conversion function

focal plane|OECF

relationship between the input focal plane log exposures and the output pixel values for an ppto-
electronic djgital image capture system

Note 1 to entyy: The unit of exposure (H) is Ix's. Log exposure is dithensionless, expressed as log,, (H/H,), where
Hy=1lxs.

3.7

image senspr

electronic device which converts incident electromagnetic radiation into an electronic signal

Note 1 to entfy: A complementary metal oxide'semiconductor (CMOS) image sensor and a charge coupled device
(CCD) image sensor are examples of image sensors.

3.8

noise

unwanted vhriations in the response of an imaging system

3.8.1

total noise

all the unwanted vafiations, consisting of fixed pattern noise (3.8.2) and temporal noise (3.8.3), df the
values in th¢ image-signals captured by a single exposure

Note 1 to entfy:The procedure in this document for calculating the total noise requires multiple frames.

3.8.2

fixed pattern noise

FPN

unwanted spatial pixel variations of the values in the image signals which remain constant from frame
to frame given the same illumination, aperture value, integration time, and ISO sensitivity setting

Note 1 to entry: Most fixed pattern noise (FPN) varies in digital number with sensor gain and ISO sensitivity
setting and cannot, therefore, be considered static relative to exposure. There are three classes of fixed
pattern noise, (1) static with integration time, for example, pixel FPN, column FPN and row FPN, (2) varies with
integration time, for example dark current FPN, but static from frame to frame, and (3) signal dependent FPN
such as photo response non-uniformity (PRNU), but still static from frame to frame.

© IS0 2023 - All rights reserved
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Note 2 to entry: PRNU is a pixel to pixel gain mismatch. It is normally expressed as a percentage of signal because
itis a gain error. It is static from frame to frame and, thus, contributes to fixed pattern noise but its magnitude is
a function of signal level. It is, therefore, considered as a signal dependent FPN.

3.8.3

temporally varying noise

temporal noise

unwanted variation in the values of the image signals that changes from frame to frame due to sensor
dark current shot noise, photon shot noise, analogue processing, and quantization

3.9

noise spectrum
curve or equation which expresses the image noise as a function of two-dimensionaliithage spatial
frequencies

3.10
saturation
condiition where the camera output signal reaches the maximum valid (not clipped or bloormed) value

3.10]1
expqsure saturation
minimum focal plane exposure that produces the maximum valid_(hot clipped or blooned) camera
outppt signal

Note [l to entry: The exposure saturation is expressed in lux-secands (1x:s).

3.10,2
luminance saturation
minimum scene luminance that produces the maximum valid (not clipped or bloomed) camera output
signdl

Note [l to entry: The luminance saturation is expressed in candelas per square meter (cd/m?).
Note 2 to entry: The luminance saturationnis:determined for a fixed exposure setting of the camera under test.

3.11
signal-to-noise ratio
ratio| of the input signal (luminance or exposure) level to the root mean square (rms) noife level, at a
particular signal level

Note |l to entry: In this:doCument, the output pixel value is converted to an input signal level by|applying the
inverse OECF. The average of the input signal levels corresponds to the scene luminance (focal plane exposure)
valug when capturing’an image. Unwanted variations exist in the converted input signal level th:lt are centred
about its average\This variation in input signal level is noise and is measured as the rms value.

Note |2 to entry: This is typically expressed as a graph or table showing the signal-to-noise ratio|versus input
signall leve] for the full range of input signal levels.

3.12
test density

spectrally non-selective transmittance filter used to reduce an input luminance to a predefined ratio of
the unfiltered luminance

4 Test conditions

4.1 General

The following measurement conditions should be used as nominal conditions when measuring the
noise of a DSC. If it is not possible or appropriate to achieve these nominal operating conditions, the
actual operating conditions shall be listed along with the reported results.

©1S0 2023 - All rights reserved 3
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4.2 IMlumination

4.2.1 Characteristics

The noise measurements shall indicate whether illumination conforming to the standard photographic
daylight or tungsten illuminant was used. ISO 7589 describes the procedures for determining if the
characteristics of the illumination used in a specific noise determination test are an acceptable match

to the standard photographic daylight and tungsten illuminants.

4.2.2 Daylight illumination

For daylight]

daylight illuyminant specified in ISO 7589:2002, Table 1 shall be used. This illuminant is defined 3

product of t
ISO standar

of the illumination shall conform to CIE illuminant D55.

4.2.3 Tun

For tungste}

tungsten illiminant specified in ISO 7589:2002, Table 2 shall be used. This illuminant is defined a

product of t
temperaturg
lens. For me
shall confor
colour temp

4.2.4 Uni

The illumin
in Clause 5.
influx radia
40° or more|

Additional {
sources, or
charts, or th
the mean va

NOTE In|
operator bac
can be accon
avoids such 1|

measurements without the camera lens, illumination conforming to the ISO sensiton]

he spectral power distribution of CIE Illuminant D55 and the spectral transmittance
l camera lens. For measurements with the camera lens in place, the spectralcharacter

gsten illumination

1 measurements without the camera lens, illumination conformihg to the ISO sensitomn

e average spectral power distribution of experimentally heasured sources havinga c
e of approximately 3 050 K and the spectral transmittance of the ISO standard ca
asurements with the camera lens in place, the spectral characteristics of the illumin
n to the average spectral power distribution of experimentally measured sources hay
erature of approximately 3 050 K.

formity of illumination and reflection test‘¢hart illumination geometry

htion should meet the uniformity requiréements of the measurement procedures desc
For reflection test charts, the sources are positioned so that the angular distributi
fion is at its maximum at 45° to the'test chart normal, and is negligible at angles of less
than 50° to the normal, at any point on the test chart.

hielding of the camera.ifnay be necessary to prevent stray illumination from the
from other reflections,\entering the camera lens. The illuminance incident on refle
e luminance used to'illuminate transmission charts, shall not vary by more than 2 %
lue over the surface-area of the chart as defined in ISO 14524.

particular, if @transmissive chart is used, light from the chart can reflect off the camera or c3
k to the surfaee of the chart and be imaged by the camera. Such reflections need to be avoided|

pflections.

4.2.5 Lightsource amplitude variations

etric
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mera
htion
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bn of
than

light
ction
from

mera
This

plished by shrouding the camera with black cloth and having the operator stand in a position that

The light source shall be fixed-level with combined short-term and supply amplitude variations of less

than +2 %.

4.3 Temperature and relative humidity

The ambient room temperature during the acquisition of the test data shall be 23 °C + 2 °C, as specified
in [SO 554, and the relative humidity shall be 50 % * 20 %. Additional measurements at 0 °C and 40 °C
are recommended. The normal camera operating temperature (internal rise above ambient) shall
be achieved before beginning the tests. If the ambient temperature varies throughout the room, for
example as aresult of heat generated by light sources, the ambient room temperature shall be measured
at a distance of between 0,1 m and 0,2 m from the camera under test at the same height.
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White balance

For a colour camera, the camera white balance shall be adjusted, if possible, to provide proper white
balance (equal RGB signal levels) for the illumination light source, as specified in ISO 14524.

NOTE In the visual noise measurement specified in Annex B, a colour cast can result in some
introduced into the calculation of visual noise values.

4.5

Infrared (IR) blocking filter

If required, an infrared blocking filter shall be used, as specified in ISO 14524.

errors being

4.6
The |

4.7

If the
the 1}
and {
swit

Photosite integration time

pbhotosite integration time should not be longer than 1/30 s.

Compression

DSC includes any form of lossy compression, the compression shall-be disabled, if pos
oise measurements. If the compression cannot be turned off, then'measurements sho
he compression level reported with the noise measurement result, for example, the ad
th setting (fine, standard, etc.) and the approximate averageshumber of bits per pixel.

5 Noise measurement procedures

5.1

Thes
and {
or ex

On a
folloy

On ¢
used
and 1
depe

NOTH
differ

5.2

General

e measurement procedures shall be used ta determine the noise, the midtone signal-td
he DSC dynamic range. The method of:fneasuring noise on the spatially uniform field
posure) will be dependent on the type-of camera and its level of exposure automation.

|1 cameras, the test chart and meadsurement methods described in 5.2 shall be used ¢
ving cases.

ameras having manual-exposure control, the measurement methods described in

when exclusion of seen€ dependency is required. On cameras having manual expo
emovable lenses, the'measurement methods described in 5.4 shall be used when excli
ndency, in addition\to scene dependency, is required.

Readersare referred to ISO 14524 for the details about dependency of scene and lens that
ences between these three measurement methods.

Measurement of a DSC using a test chart

bible, during
hld be taken
tual camera

-noise ratio,
(luminance

xcept in the

5.3 shall be
bure control
1sion of lens

tharacterises

5.2.1 General

These measurements shall be used for all cameras except in the cases when dependency of scene and/
or lens is required.

5.2.2 OECF measurement

The camera opto-electronic conversion function (camera OECF) shall first be measured in accordance

with
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5.2.3 Adjustment of illumination

For a camera that generates 8-bit per channel sRGB encoded signals, as defined in IEC 61966-2-1, the
light source should be adjusted to give a pixel value equal to 118 from the background of the centre
portion of the OECF test chart defined in ISO 14524. The test chart background shall be rendered to a
pixel value of not less than 110 and not greater than 130.

If the camera is unable to deliver a pixel value in the range specified above, for example due to automatic
exposure control, then the transmittance (or reflectance) of the central portion of the OECF may be
varied. For a transmissive chart, the central portion of the chart may be replaced by a neutral density
(ND) filter. For a reflective chart, an ND reflectance patch can be placed over the central portion of

the chart. T
transmittan
density ND
camera will
will result i
the original
is still unab
was unable
delivered sh

For a camer
give an outp
background|

NOTE If

appropriate feutral density filter can be used to cover the cameraexposure control sensor, in order to adju

chart backgr

5.2.4 Test

The test chd
either trans
lightest pat

the requiredl encoding value. In most cases, this requires a high-contrast transparent chart and
illumination.

recommend|

5.2.5 Non

Non-uniforn
noise level, 4
higher than
that are les
required sp

retramsmittarrce{reftectance)of thefitter{patchj-ts-mittatty setectedtoapproxinmat
ce (reflectance) of the chart background. If the chart background level exceeds 130;al
filter (higher reflectance patch) is selected. The automatic exposure control system g
select a lower exposure level to compensate for the increase in light from the ehart.
h a lower chart background level. Note that the chart background level is teasured
background area of the test chart and not from the replacement ND filter. If the ca
le to deliver a pixel value in the specified range, then it shall be reported that the ca
Lo deliver the required test chart level and the pixel value of the chartbackground tha
all be reported.

a that generates signals in other colour encodings, the light.source should be adjust
ut pixel value equal to the encoding values that correspond to a perceptual midtone fqg
of the OECF test chart. The perceptual midtone value achieved should be reported.

the digital camera uses a separate camera exposure_control sensor, as shown in Figure

bund signal to the required level.

chart

rt shall be a camera OECF test chart-in accordance with ISO 14524. The test chart c{
missive or reflective (see Figure A).The chart shall have sufficient density range so thg
'h is at or above the camera highlight clipping value when the test chart background|

A high-contrast transmissive 20 patch OECF test chart with a contrast ratio of 10,00
ed.

-uniformity and image structure spatial components

hity in the tést'chart density patches shall be less than one tenth of the expected ca
nd any image structure spatial components shall be at a spatial frequency of atleast 10 t
the camera limiting resolution. If the spatial components in the test chart have freque

thafsthis level, then either the chart size in the image shall be decreased to achiev|
htial frequenc1es or the image of the target shall be defocused, S0 that the structure

not affect thie
maximum li

the
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f the
This
from
mera
mera
was

bd to
r the

2, an
5t the

in be
t the
is at
back
D:1 is

mera
imes
ncies
e the
does

mltlng resolutlon a chart w1ll support When the chart fllls the camera frame

5.2.6 Camera lens focus

out the

The test target should be correctly focused by the camera under test. The target may be slightly out of
focus, if necessary, to fulfil the requirements of 5.2.5.
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5 4
a) Test arrangement using a transmissive test chart
3
// 7
6 —_—
/ )
5 4
b) Test arrangement using a reflective test chart

Key
1  yniform fixed level light source
2 diffuser
3 testchart
4 damera under test
5 dameralens
6  45°uniform illumination
7  4dditional shi€lding

Figure 1 — Test chart noise measurements

5.3 Measurement of a DSC having manual exposure control

5.3.1 General

These measurements shall be used for cameras that use manual exposure control, or exposure control
based on a separate exposure control sensor, when exclusion of scene dependency is required.

5.3.2 OECF measurement

The camera OECF shall be measured according to 1ISO 14524.

©1S0 2023 - All rights reserved 7


https://standardsiso.com/api/?name=4501c4fe35f34534a230b67ec10a6203

ISO 15739

:2023(E)

5.3.3 Adjustment of illumination

The light source and diffuser shall be adjusted to give the maximum unclipped level from the camera.
If necessary, an appropriate neutral density filter should be used to cover the camera exposure control
sensor in order to adjust the signal level to provide the maximum unclipped level from the camera. In
some circumstances, it may not be possible to reach the maximum unclipped level due to the limitations
in the resolution of the exposure adjustment or in the light source used. In this case, expose the uniform
field in such a way that the exposure is increased by the smallest possible step from the exposure
leading to the maximum unclipped level so that the output signal is “just clipped.”

5.3.4 Test densities

A set of test
should corr4

of the lightegst patch shall provide a signal level that is at or above the maximum unclipped level

the camera.
darkest pat

provide a “black reference” signal level to determine the DSC dynamic range.

Test densiti¢s shall completely cover the field of view of the camera.

5.3.5 Diffuser setting

The diffusel

focus distamce of the camera under test, to prevent diffuser blemishes from influencing the

measureme

5.3.6 Camera lens focus

If the camerf lens focus is adjustable, it shall be set . to infinity.
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densities shall be used to provide signal levels to determine the camera OECF. The den
espond to the densities of the patches from a test chart specified in ISO 14524.Fhe de

shall be uniform and close to the camera, preferably-less than one tenth of the mini

bities
nsity
from

The density of the darkest patch should be greater than or equal to 2,0. If the)density of the
th is less than 2,0, then a test density of 2,0 density (1 % transmittance) shall be us

bd to

mum
hoise

hts. The diffuser may be illuminated by either tran§missive or reflective light (see Figufe 2).

sive uniform fixed level light source

reflective uniform fixed level light source

test density

camera lens

camera under test

camera exposure control sensor
digital image sensor

Figure 2 — Uniform field noise measurements
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Measurement of a DSC having a removable lens

5.4.1 General

This measurement shall be used for cameras having manual exposure control, or exposure control
based on a separate exposure control sensor, and removable lenses, when exclusion of lens dependency,

in ad

dition to scene dependency, is required.

This method involves the exposure of the DSC sensor directly to specific quantities of uniform
illumination with the lens removed. The illumination shall have the spectral characteristics specified
in 4.2 and shall be produced by a small source at a distance, such that the largest dimensions of the

sour
Figu
incid
5.4.2

The f
with

5.4.3

The 1

5.4.4

The {
the c

Key

ce and the sensor are no greater than one twentieth of the distance between them,
e 3. Reflective surfaces shall not be placed where they could cause additional illumi
ent on the sensor.

OECF measurement

ocal plane opto-electronic conversion function (focal plane OECF) shall be measured in
[SO 14524.

Adjustment of illumination

pecifications described in 5.3.3 shall be applied.

Test densities

est densities specified in 5.3.4 shall be used. Théy shall completely cover the area ex]
amera lens is removed.
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camera under test

ens removed

digital image sensor

Figure 3 — Illumination for cameras with removable lenses
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6 Calculation of metrics

6.1 General

The measurements obtained using the noise measurement procedures defined in Clause 5 are converted

to reported

noise values as follows:

For the test chart case according to 5.2, a minimum of eight images shall be captured in a single

session. The mean pixel value and the noise level shall be determined from an area of not less
than 64 pixels x 64 pixels in the centre of each of the density patches of the test chart specified in
[SO 14524.

For the

easurements made according to 5.3 and 5.4, a minimum of eight images shall be Capt

for eacl} exposure or test density, respectively. The mean pixel value and the noise level shg
determined from an area of not less than 64 pixels x 64 pixels in the centre of each of th€ imag

The method for determining the noise values is specified in 6.2. An estimate of the{perceived no
computed uking rms values measured in the input signals linearized from the camera output sig
The input-r¢ferred signal-to-noise ratios and the DSC dynamic range are determined using the
values as spgcified in 6.3 and 6.4, respectively.

NOTE 1
and fixed pa
variations in|

The noise measurement procedures described in this document are{ntended to measure the tem

ftern noise standard deviations spatially over the image. They assume the temporal and s
the mean pixel values are negligible, since these variations<are minimized due to the follg

ured
1l be
es.

se is
nals.
hoise

poral
batial
wing

measuremenf condition requirements:

a) Frame t¢ frame variation in mean pixel value can be introducedddue to lighting flicker or changes in cdmera
operatinjg temperature and camera power supply. The illumination and temperature requirements spefified
in this dpcument will minimize these variations.

b) Spatial lpw frequency variation in mean pixel value over the patch can be introduced due to non-unfform
test chart illumination and lens shading. The requirement for illumination uniformity is specified ip this
document and a method for removing low frequency variations from images is provided in Annex C.

NOTE 2  Iffitis required to include the effects efframe to frame variations in the calculation of temporalfnoise

standard dev
frames. In th
pixel values d

6.2 Noise

iation then the standard deviation of individual pixel values needs to be calculated across mu
b case that temporal and/orspatial variations are required to be analysed, line/curve fitting
f the patch across multiple frames by regression will give relevant information.

6.2.1 General

The camera
Or exposure
with ISO 14

noise shall be determined using the rms values measured in the input signals (lumin
D ljnearized from the camera output signals by applying the inverse OECF in accord
5242), For luminance measurement cases described in 5.2 and 5.3, the input signals an

Itiple
to all

ance
ance
e the

luminance v

alues converted ncing the inverse camera QECE and the method of dpfprmining theca

era

noise is described in 6.2.2. For exposure measurement cases described in 5.4, the input signals are

1) The noise calculation procedure was revised from ISO 15739:2017 in which camera noise values were
measured in camera output signals and then converted to input-referred noise values to determine signal-to-noise
ratios and DSC dynamic range. In this document camera output signals are first converted to input image signals and
then camera noise values are determined. The purpose of the revision was to improve measurement accuracy so
that it was in accordance with ISO 12232:2019 and to revise the calculation procedure for the signal-to-noise ratios
and the DSC dynamic range.

2) The method of converting camera output signals to input signals using inverse OECF in accordance with
ISO 14524, referred to as “linearization” in this document, has been used in many TC42 documents (e.g. ISO 12233).
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the exposure values converted using the inverse focal plane OECF, and the method of determining the
camera noise is summarized in 6.2.3.

NOTE Linearization is used to invert recorded output signals to signals linearly proportional to scene
luminance/focal plane exposure, under the assumption that the measured OECF curve approximately represents
the opto-electronic conversion characteristics of the camera under test. Approximation error may be caused

mainly by adaptive/local tone mapping processes during image capture.

6.2.2 Determining the noise for luminance measurements

For monochrome cameras, the camera noise, ¢

line
line

o

whet
with
Annd

For d

from|
and 4

If the
RGB
shall
be c(
sRGH
conv

Then
B-Y ¢

2|rlzea from monochrome output values, and shall be measured as the standard dev
rized luminance values given by Formula (1):

noise» shall be determined by the lumin

P hoise =0 (L)

e L is the linearized luminance signal. The DSC image signals shall be‘linearized in
ISO 14524, and the linearized luminance signal, L, shall be filtered\using the filter

x C prior to determining o,,ise to remove low frequency variatiois-ffom the image si

olour cameras, the camera noise, 0., shall be determined by the luminance valug

output-referred colour image signals, such as the sRGB and\sYCC signals defined in IH
Amd.1, which are used in many DSCs.

ance values
ation of the

e8]

accordance
provided in
bnal.

s linearized
C 61966-2-1

DSC provides output-referred sRGB colour signals,"these signals shall be converted o linearized

signals in accordance with I1SO 14524. If the DSC ptitput signals are sYCC image signalf
be converted to sSRGB image signals using IEC 61966-2-1/Amd.1. The sRGB image signa
nverted to linearized RGB signals in accordance with ISO 14524. If the DSC image sig
colour signals, they shall be converted to.the required signals, using an appropriate
brsion and rendering process if necessarty, prior to performing the noise analysis.

, these image signals in linearized-RGB, Ly, L;, and Lg, are converted to image signj
hannels using Formula (2) with-the weighting that shall comply with the coefficie

, the signals
Is shall then
nals are not
colour space

ls in Y/R-Y/
nts given in

ITU-R BT.709-6:

Ly =0,2126xLg +0,7152%xL; +0,0722x Ly (2)
whette Ly is the luminance channel signal. The value of the camera noise, 0., shall Qe computed
using Formula (3),4Qs)Specified in ISO 12232:2019, 6.3.3, by calculating the square root of the weighted
sum pf the variances in Y/R-Y/B-Y channels:

sh~2 2 2
FroiseSN02 (Ly )+0,279%02 (Lg — Ly )+0,088x02 (Lg — Ly ) 3)

IAQieir

The

Annex C prior to determining ¢

NOTE 1

filbarad oo
T

4 aund T rad o+h HrS
Ty, oIt L TeCTCO O STTg trCTIIeeT

noise

rprovided in
to remove low frequency variations from the image signals.

The input signals linearized from the output signals using the inverse of camera OECF are expressed

as luminance values (cd/m?), and the rms values are calculated in these input signals for camera noise
derivation. Note that applying the inverse function of log;, on the OECF-inverted signals is necessary to calculate
the linearized input signals. In determining the signal-to-noise ratios and the DSC dynamic range, the unit is
cancelled out and they are dimensionless.

NOTE2  Formula (3) is used to obtain an estimate of the perceived noise in the image. The weights of o (Ly ),
0(Lg —Ly), and o(Lg—Ly) were determined empirically using psychophysical experimentation and
approximate the human visual system sensitivity to noise in the different channels[2].
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6.2.3 Determining the noise for exposure measurements

For the case where the focal plane OECF has been measured using the method described in 5.4, the
camera noise shall be determined by the exposure values linearized from camera output signals in
accordance with ISO 14524. The measurement method described in 6.2.2 shall be applied.

NOTE

The input signals linearized from the output signals using the inverse of focal plane OECF are

expressed as exposure values (Ixs), and the rms values are calculated in these input signals for camera noise

derivation.

6.3 Signal-to-noise ratios — large area

6.3.1 General

Signal-to-ndise ratio is the ratio of the input signal (luminance or exposure) level to the nms'noise

at a particu
signal-to-no

For the met

at a luminaty
noise ratio 1
In method §

specified in
using the te

The total nd
the DSC sigr

For luminance measurement cases, the method for-determining the reference luminance ang
luminance V

procedures
measureme
which the si
to-noise rat

6.3.2 Det
ratio

For the case
the referend
of 245 on tl
as defined

Formula (4)

Srer =0

where

S

ref

I

OECF™

12

ar signal level, and it can be measured at any signal level. In 6.3, measurement methg
fise ratios at a particular mid-tone signal level are specified.

hods described in 5.2 and 5.3, the signal-to-noise ratio is determjned from data capt
ice that is 13 % of the reference luminance. For the method desctibed in 5.4, the sign
s determined from data captured at an exposure that is 13 % of the reference expo
.2, the signal-to-noise ratio is determined by using the defisity patches on the test

[SO 14524. In methods 5.3 and 5.4, the exposure and luminance are varied respective
5t densities specified in 5.3.4.

ise is converted to an input-referred signal-to-noise ratio for the density, and report
al-to-noise ratio.

alue at which the signal-to-noise ratio is~¢alculated is described in 6.3.2. The calcul
for the signal-to-noise ratios are described in 6.3.3, 6.3.4, and 6.3.5. For expq
ht cases, the method for determining the reference exposure and the exposure val
gnal-to-noise ratio is calculated,ahd the calculation procedures for determining the si
os are summarized in 6.3.6.

ermining the reference-luminance and luminance value for calculating signal-to-1

e luminance shallbe determined as the log luminance value corresponding to a pixel
ne camera OEEF curve. This applies to camera systems that generate 8-bit sRGB si

level
ds of

ured
hl-to-
sure.
thart

ly by

bd as

| the
Ation
sure
le at
onal-

10ise

where the camera-OECF has been measured using the methods described in 5.2 andl 5.3,

ralue
bnals

n [EC 61966-2-1. The log luminance value at the reference luminance is expressed as
=1
cek (1 ‘ 4
(D] e (4)
is the log luminance value at the reference luminance;
is the pixel value;
1 isthe inverse function of the camera OECF.
© IS0 2023 - All rights reserved
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If necessary, an interpolation function may be used to determine the reference luminance value.

NOTE A pixel value of 245 is used for determining the reference luminance instead of the maximum pixel
value of 255. This is because cameras typically have a higher level of compression in their OECF curve in the
region of their maximum output value and a more precise reference luminance value can be determined at a
lower pixel value.

For a camera that generates images in other colour encodings, the reference luminance shall be
determined as the log luminance value corresponding to a pixel value that is 91 % of the linearized
camera highlight clipping value.

EXAMPLE1 In the ROMM colour encoding space, the log luminance value is determined at the linear ROMM
Valuj equal to 91 % of 1,0 or 0,91. This corresponds to an integer value of 3886 In the 12-bit nonjinear ROMM
colour space.

If th¢ camera is a multi-spectral system, the reference luminance shall be determinedArom|the channel
with|the highest signal level.

EXAMPLE 2 A camera system that creates 8-bit SRGB images is given as an example, resulting inl a pixel value
of 24} at input log luminance values of 2,65, 2,56, and 2,61 for the red, green, andblue channels, respectively. The
refergnce luminance is measured from the green channel because the pixel value of the green chdnnel reaches
245 hefore the red and blue channels. The reference luminance is equal to 2;56.

The [total, fixed pattern, and temporal signal-to-noise ratios-afe specified to be measured at the
lumihance value that is 13 % of the luminance at the reference/luminance. This can be gxpressed as

Formula (5):
hsnr =0,13X Ly (5)

where

Lsng  is the luminance at which the total, fixed pattern, and temporal signal-to-noise ratios are
measured;

L

of 1S theinverse logarithm efthe log luminance value at the reference luminance,|S,¢ -

Taking logarithms of both sidesin Formula (5), the relationship between the log luminarce values is
expressed as given by Formula{6):

$SNR =Srer T710810.(0513) (6)

r

whette Sgyp =10870-(Lsyr ) and S o =1081g (Lyer ) - Thus, on the camera OECF curve, the ljiminance at

which the total; fixed pattern, and temporal signal-to-noise ratio is measured may simply beldetermined
as th log lumiriance value that is |log (0,13)| below the reference luminance, S q¢.

6.3.3 C“Determining the signal-to-total noise ratio

The input-referred signal-to-total noise ratio, Q,;,is determined by Formula (7):

Lsnr
Qtotal = (7)
O'total

Where necessary, an interpolation function may be used to determine an accurate estimate of signal-
to-total noise ratio.

©1S0 2023 - All rights reserved 13
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The total noise is expressed using Formula (8):

1 n
2
; Zatotal, j (8)
j=1

O'total =

where

Owtal 1S the standard deviation of the total noise;

Ototal,j 1S the standard deviation of the total noise in the jth image;

n is the total number of images.

Ototal,j is cqlculated as o using the calculation procedure in 6.2 for each image.

6.3.4 Determining the temporal signal-to-noise ratio

The temporal signal-to-noise ratio is determined by measuring the standard deviation of the diffefence
of each image and the average image and applying a correction to estimate the true level of the temporal
noise. The temporal noise is converted to an input referred signal-to-noisé ratio for the density, and
reported as|the DSC temporal signal-to-noise ratio.

The temporal signal-to-noise ratio, Qtemp , is determined by Formula{[9}:

Lsnr
Qtem = 9)
P,
emp

The temporal noise is expressed using Formula (10):

n_ 2
Oremp =\ —7 Odiff (10)

where

Otemp | is the standard deviatiod of the temporal noise;

Ogi | is the root mean sqdare of the standard deviations of the pixel values of all the differ¢nces
of the average andthe individual images that make up the average.

Here, o is expressed using Formula (11):

1 2
O giff =\J;Z(7diff,j (11)

WhereGdlff‘. e s ettt - = et = Sttt - ——te it e — e o b = the
j™ image, and is calculated as o, using Formula (3). The average image and the difference of the
average image and the jth image are calculated in Y/R-Y/B-Y image signals after conversion from
linearized RGB signals of each image.

6.3.5 Determining the fixed pattern signal-to-noise ratio

The fixed pattern signal-to-noise ratio is determined by measuring the standard deviation of the
average image and the standard deviation of the difference of each image and the average image. The
fixed pattern noise is converted to an input-referred signal-to-noise ratio for the density, and reported
as the DSC fixed pattern signal-to-noise ratio.

14 © IS0 2023 - All rights reserved
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The DSC fixed pattern signal-to-noise ratio, Qfp » is determined by Formula (12):

L
Qp, =% (12)

Gfp

The fixed pattern noise is expressed using Formula (13):

2 1 o
Ofp :\/Gave — o Odiff (13)

where

Of, is the standard deviation of the fixed pattern noise;

O ISthestandard deviation of the pixel values of the average of n images.

is calculated as 0,5, using Formula (3) for the average image.

ave

The fixed pattern noise is also expressed in Formula (14) using the total\noise and the terhporal noise
deriyed by Formulae (8) and (10):

_ |2 2
Gfp =4/O'total _Gtemp (14‘)

The ¢lerivation of Formulae (10) and (13) shall be as shown'ih Annex A.

6.3.4 Determining the exposure values and the signal-to-noise ratios for exposure
measurements

For the case where the focal plane OECF has been measured using the method describefl in 5.4, the
reference exposure shall be determined. as*the log exposure value corresponding to a pixel value of
245 on the focal plane OECF curve. The(term “luminance” shall be substituted for “expodure” and all
references to camera OECF shall be(replaced by focal plane OECF. The method described in 6.3.2 to
6.3.5 shall be applied to determine the exposure value for calculating the signal-to-noise fatios and to
calcylate the signal-to-noise ratios.

6.4 | DSC dynamic range

6.4.1 General

DSC fdynamic range is determined as the ratio of the input signal (luminance or exposurd) saturation
level[to the minimum input signal level that can be captured with a signal-to-temporal noige ratio of at
least|1.

The method for determining the DSC dynamic range for luminance measurement cases is flescribed in
6.4.2, and the method for exposure measurement cases is summarized in 6.4.3.

6.4.2 Determining the DSC dynamic range for luminance measurements

For the case where the camera OECF has been measured using the methods described in 5.2 and 5.3,

the DSC dynamic range is determined as the ratio of the luminance saturation level, L, , and the
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min ’

Formula (15):

Lmin

Otemp

>1

The DSC dynamic range, Dy, is given by Formula (16):

with a signal-to-temporal noise ratio of at least 1, expressed by

(15)

(16)

For the method in 5.2, the luminance saturation level, L

sat ’

shall be the luminance level of the-patch

with the lowest luminance level in the test chart, such that less than 50 % of the pixels in‘@ytniform
luminance fegion of interest (ROI) of the patch increase in digital value, when compared t
corresponding pixel values in the ROI of the patch in the test chart whose luminangétevel (der
differs by one incremental step.

The incremental step change shall increase the luminance level of the patch by)no more than
(0,333 step)|and should increase the luminance level by no more than 10 % (0,137 step).

The test chart to be used shall be confirmed to meet this requirement for the incremental step.

EXAMPLE 1
specification
requirement

The ROI sha|

The pixel pd
which the o
with the sarg

EXAMPLE 2

corner pixel,
and y=y, d
Lens shadin
of lens shad

saturation 1
5.2.

NOTE
accuracy of t

For the met

A 20 patch OECF test chart with a contrast ratio of 10000¢1 recommended in 5.2.4, v
example can be derived using the parameters shown in\SO 14524:2009, Annex A, meef]
for the 13th to 20th patches.

[1 be 64 pixels x 64 pixels, as defined in SO 14524,

sitions in the ROI of each patch shall be referenced using a relative coordinate syste
rigin of the system is situated at the same-relative location in each region. The pixel v
he relative coordinate in the ROI of two.patches shall be compared.

A representative case is that each"RO1 coordinate has its origin, x=0 and y =0, at the to
and a pixel value at x =x(; and y =2, of the ROI of a patch is compared to a pixel value at X
f the ROI of the next patch.

o may affect the luminance saturation level determined using the test chart. If the infly
ing on the uniformity) of pixel values in a ROI is noticeable, determining the lumin
bvel using the method 5.3 described below is recommended instead of using the meth

The varying effect of lens shading on pixel value uniformity of patches in the test chart may affe

ne luminance saturation level determined.

hodifn'5.3, the luminance saturation level, L shall be the lowest luminance level,

sat ’

the
sity)

6 %

rhose
s the

m in

hlues

p left
= XO

ence
ance
od in

ct the

such

that less than"50 % of the pixels in a ROl increase in digital value, when the luminance level is incrg

ased

by one incremental step.

The incremental step and the ROI size specified for the method in 5.2 shall be applied for the method in

5.3.
When black

level clipping prevents the direct measurement of L,

the minimum luminance level may

be estimated by measuring the camera signal-to-temporal noise ratio using a 2,0 density “black

reference” a

L

s expressed in Formula (17):

min = Otemp,2

(17)

where Oy, » is the black temporal noise measured with the density patch or the test density of 2,0

density.

16

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=4501c4fe35f34534a230b67ec10a6203

The

ISO 15739:2023(E)

black temporal noise is derived in a similar way to the temporal noise in 6.3.4.

6.4.3 Determining the DSC dynamic range for exposure measurements

For the case where the focal plane OECF has been measured using the method described in 5.4, the DSC
dynamic range is determined as the ratio of the exposure saturation level to the minimum exposure
level that can be captured with a signal-to-temporal noise ratio of at least 1.

The measurement method for the method in 5.3 described in 6.4.2 shall be applied with the term
“luminance” being substituted for “exposure.”

NOTE YWiremrthe TXpPOUSUTe teveltsarecomntrotted b_y the DSt itTs 1528 eferabtethatthe TXpPOUSUTe tevel is mainly
contrjolled by adjusting the exposure time, while the f-number of the lens and the ISO sensitivity)setting of the
DSC ylemain the same.
7 Presentation of results
7.1 | General
The minimum requirement is to specify and report the midtone signal-to-total noise ratio and the
DSC |[dynamic range of the digital camera under test. In additign, the midtone signal-toqnoise ratios
corr¢sponding to the fixed pattern and temporal noise components can be expressed [ndividually.
The measurement of visual noise defined in Annex B shall.not be performed and reported in place of
the midtone signal-to-total noise ratio. It may, however, béyperformed and reported together with the
midtpne signal-to-total noise ratio. When it is performed, the test method and reporting of the results
shallfbe carried out as specified in Annex B.
7.2 | Signal-to-noise ratios
For Juminance measurement cases, the midtone signal-to-total noise ratio is reported as a ratio
determined in 6.3.3 with luminance values specified in 6.3.2. The temporal signal-to-noise ratio and
the fixed pattern signal-to-noise ratig are reported as ratios determined in 6.3.4 and 6.3.5, 1espectively.
For gxposure measurement cases, these signal-to-noise ratios are determined in 6.3.6.
7.3 | DSC dynamic range
The PSC dynamic rangelis feported as a ratio determined in 6.4.2 and 6.4.3.
In addition to repofiting the DSC dynamic range as a ratio, the DSC dynamic range may also|be reported
as a flensity range(or in terms of f-stops. If reported as a density range, then the DSC dynamic range is
given in Formuila (18):

DR,densty = 10glO (Lsat )—10g10 (Lmin ) densities (18)
If reported in terms of f-stops, then the DSC dynamic range is given in Formula (19):

lo Lo )—1lo L
DR f-stop = 810 (Lsat ) —10810 (Linin ) f-stops (19)
’ log10(2,0)
810 (4
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Annex A
(normative)

Noise component analysis

A.1 Object

A.1.1 General

The object of this analysis is to show that the true levels of the noise components can be estimated [from
a number of/ samples and the average of those samples. In principle, it is possible to reduc¢e the number
of images cdptured to just two. However, this increases the statistical uncertainty of'the noise valye.

The noise in an image from a digital camera consists of a fixed pattern component and a tempqrally
varying conmjponent. It is assumed that the two noise components are not correlated and the relationship
for the total|noise is as shown in Formula (A.1):

2 _|2 2
Ototal = D-fp +6temp (A1)

A.1.2 Analysis

The following notations are used for the noise componentanalysis:

pj(x,y the jth uniform field digital image;

P (X, the fixed pattern component of the images p; (x,y);

Ptemp,j (X,) the temporally varying component of the jth image pj(x,y);

Pave (X, 1) the average image determined from n uniform field images p; (x,y)}
Apj(x,y) the difference between p,,. (x,y) and p;(x,y);

Ototal, j the standard deviation of p; (x,y), total noise of the jth image;

Ciotal the root mean square of oy, ;, total noise;

Ofp the standard deviation of pg, (x,y), fixed pattern noise;

Otemp, j the standard deviation of pp, ;(x,y), temporal noise of the jth image;
Otemp the root mean square of oy, ;, temporal noise;

Oave the standard deviation of p,.. (x,y);

Oiff, j the standard deviation of Ap; (x,y);

O diff the root mean square of o ; -
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The set of n uniform field images, p; (x,y), where x=1---M, y=1---N, and j=1---n, are captured by
the camera under test and the average of these images, p,,.(x,y), is found. The average image,

Pave (X,¥),1s given by Formula (A.2):

Pave (X, )= Zp, X,y) (A2)
and its variance by Formula (A.3):
 MNT 12
2
Pave Zm 2 \‘pave( 'y MN 2 pave X, Y)J (A.3)
x,y=1 x,y=1

The pet of n difference images, Ap;(x,y), j=1---n, between p,..(x,y) and each'individual image,

p;j(¥,y), is given by Formula (A.4):
AP (X,¥)=Paye (x,¥)=p; (x,y) (A4)

The yariance of each difference image, Ggiff_]-, is described by Formula (A.5):

L M 2

2

Vit = 3N 1 DA (xy)-o Z Ap; (x,y) (A.5)
x,y=1 xy 1

and the average variance of the difference images, oﬁiﬂr, can be determined from Oﬁiff,j ds expressed

by Farmula (A.6):

Udlff— Zadlff j (A.6)
] =1

Lastly, the total noise variance, Gtzotal,j ,of the individual images, p; (x,y),is described by Formula (A.7):

;M MN 2

2

Frotal,j = v 1 Z B (x 2 (x,y) (A7)
x,¥=1 x,y=1

and the average totalfioise variance, Gtzotal' as given in Formula (A.8):

o

rtotal Zatotal Ji (A.8)

In thie analy51s that follows the fixed pattern and temporal noise standard deviations, og)| and Gepyy,,

are calculated using only 0., 04, and the number of uniform field digital images used, n. The

analysis does not require prior knowledge of the fixed pattern and temporally varying noise
components, pg, (X,y) and premp j (X, ).
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The jt" uniform field image, pj (x,y), can be expressed in terms of the fixed pattern and temporally
varying components, as follows in Formula (A.9):

P (X,¥)=pg, (X,¥)+Premp,j (X, 1)

(A9)

The average image of n images, p; to p,, is analysed. Since the fixed pattern part of the image is, by
definition, equal for all images, the pixel values of the average image are as given by Formula (A.10):

pave (X'

The Bienayr
to the sum d
variance of {

Note that, W

T
;Zptemp,j (X'.V)

1 1
y>=;2pj (x,y)=pgp (x,y)+
j=1 j=1

né formulalldl states that the variance of the sum of uncorrelated random variables is ¢
f their variances. Since there is no correlation of the temporal noise of différent image
he pixel values of the average image is given by Formula (A.11):

1 n
2 2
fp + 2 Zo-temp, j

rhen a random variable is scaled by a constant, its variarce is scaled by the square d

constant. The temporal standard deviation of each image in the set'of n images is assumed to b

same. Ifthe
as shown in

2

mean of the variances of the temporal noise is denoted\as O'tzemp ,then o}

Formula (A.12):

can be exprg

Thus, 04,
temporal ng

1] 1<

2 2

fp T ZO temp, j
n nj=1

2 1 2
fp+;O-temp

consists of the fixed pattern noise plus an additional, residual contribution due t
ise.

\.10)

bqual
5, the

h.11)

f the
e the

ssed

\.12)

b the
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A.1.4 Temporal noise

The temporal noise is determined by analysing the standard deviation of the difference of each image
and the average image. The pixel values of the difference images are given by Formula (A.13):

Apj(x,y) [ Zp, X y)} pj(x,y) [ D Premp,j (X, y)} Ptemp,j (X,¥) (A.13)
j=1
Note that, by defmltlon, the fixed pattern component of the noise is equal for all images, and therefore,

cancels out in the expression for the difference image. The formula for the difference image can be re-
written as Formula (A 14):

1
Apj(x,y)= Z Premp.i (X V) +—Premp, (X,) = Premp,j (%,)
nz =1,i#j

:_ 2 ptempl X,y)- ( jptemp](x y)

111¢]

(A.14)

The yariance of the pixel values of the difference image, oﬁiff,]-, is then‘calculated. Using the Bienaymé
formjula, we can express the variance of the difference image by Eermula (A.15):

o

2
2 1Y 2
P diff,j = 2 2 Gtempl ( _;J Otemp, j (A.15)
i=1,i#j

The fnean of the variances of the difference images,is-then calculated. To do this, we first work out the
sum pf the variances of the difference images as follows in Formula (A.16):

n
:;‘Gdlff] 2 2 O-templ +2( _} O-temp]

=1 j=1 n i=1,i#j
n n
_1 2
__22 z O tempi Zatemp j
n , :
=1\ i=1,i#
/ { (A.16)
n
n— 2 n—
:[ 2 ) O'temp, j +[ ) Zo-temp]
-4 n

n—1 L 2
S n Zo-temp,j
Jj=1
The 1]nean of the variances of the pixel values of the difference images is then given by Formula (A.17):

n-1 L 2 n-1 2
Gdlff - chlff j ( 2 ) O-temp,j :( n jo-temp (A.17)
n .
J=1

j =1
The standard deviation of the temporal noise is thus given by Formula (A.18):

)
Otemp =477 Odiff (A.18)

2

Note that Oiep,

n/(n-1) takes into account the lack of correlation between the images mentioned above.

is not equal to the mean of the variances of the difference images and the factor
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A.1.5 Fixed pattern noise

Substituting the expressions for Gczﬁff and O'tzemp in Formula (A.12) the value for ofve can be re-

expressed as given by Formula (A.19):

2 2, 1 >
Oave =0fp + Eadiff (A.19)

Using this result, the standard deviation of the fixed pattern noise can be obtained as given by

Formula (A.20):

1

2 2
Ofp :\/Uave — o Cdiff (4.20)

NOTE If|the fixed pattern noise standard deviation is much smaller than the temporahnoeise stapdard
deviation, it may be possible, with a small number of samples that the sample uncertainty, resilts in the(fixed

pattern nois¢ being the square root of zero or a negative number. The solution is to increase the number of
samples.

A.2 Method using eight images

A.2.1 Step-by-step description
a) Firstallthe images are linearized.

b) The sedond step is to calculate the average image and evaluate the standard deviation of the
averagelimage, 0. -

c) The thigd step is to calculate the difference of eachimage and the average image.

d) The foufth step is to calculate the standard-deviations of the pixel values of the difference injages
to give pyifr j, where j =1to 8.

e) The fifth step is to calculate the mean of all squared standard deviations of the difference images

by Formula (A.21):

8
2 _IgL2
Odiff = 5 ZG diff , j (A.21)
j=1
f) The stapdard deviation’of the temporal noise is then calculated by Formula (A.22):

[8 2
O'temp 7 7Gdiff (A.22)

Th t o A d Azttt o A C b o Lo nd otk nsnen i o 3 aleylot d by rxaaalo 221
g € Stapaareaeaeviationorthnexea pattCTr I oSt s tarturatCt oy T oTora (729

1
5

2 1 2
Ofp =4/Cave _7O-diff (A.23)

A.2.2 Evaluation of the method using example data

A.2.2.1 Example data

Table A.1 shows an example of the mean pixel values of eight images, example standard deviation
values, Oy, j, for each image, and the standard deviation of the pixel values of the difference of each of

the eight images and the average image. Note that the method described in this example also applies to
aregion from an image of an OECF test target corresponding to a single patch on the target.

22 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=4501c4fe35f34534a230b67ec10a6203

ISO 15739:2023(E)

Table A.1 — Example noise data for eight images

Dimensions in cd/m?2

Im;lge Mean pixel value Ototal,j | Odiff,j

1 91,27 2,17 1,91

2 91,04 2,18 1,92

3 91,05 2,10 1,87

4 90,96 2,14 1,89

5 90,95 212 1,89

6 90,89 2,13 1,92

7 91,10 2,12 191

8 91,13 2,19 1,93

A.2.2.2 Evaluation

Step|1 The mean pixel value of the average image is 91,05 (fcom Table A.1) and the standard
deviation of the pixel values of the average of the-eight images is given|as 1,01, i.e.

=1,01.

Gave

Step|2 to 4 The mean of the squared standard deviations'af the eight difference images {s 3,63 (from
Table A.1),i.e. 6%, = 3,63.

Step|5 Formula (A.22) yields 2,04 for the standard deviation of the temporal noise, i.e. pie, = 2,04.
Step|6 The standard deviation of thefixed pattern noise can be calculated according to

Formula (A.23), og, =0,71.

The result of the calculation can be verified by checking that the squared sum of the temppral and the
fixed pattern noise results in the totalnoise shown in Table A.1.

The gquare root of the sum of the squares of the temporal and fixed pattern noise is 2,16 anfl the square
root pf the average of the squares-of the total noise from Table A.1 is 2,14.
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Visual noise measurements

B.1 General

This annex ;Lrovides a method for measuring the visual noise level3)4 that is based on the algorithin for
measuring §canner noise described in References [11][12]. The visual noise is evaluated as‘an output
referred noise, unlike the camera noise described in 6.2 used for determining signal-to-ngiseratioy and
DSC dynamic range. The general steps of the method are given below.

a) Animage of the OECF target is taken as described in 5.2.

b) The RGB image is converted into the opposite colour components whité*black, red-green| and
yellow-blue via XYZ.

c) Visual noise level measurements are designed to correlate well withythe visual appearance of npoise
in imagps, so it is appropriate to measure images that represent the intended colour appearance
on some¢ specified reference medium, and for some specified.reference viewing conditions| The
specificimethod provided in this annex measures the visual noise level of images encoded usinig the
sRGB cqlour encoding defined in IEC 61966-2-1.

NOTE Images in other colour encodings can usuallybe converted to sRGB, for example using ICC dolour
manageiment as defined in ISO 15076-1. If the reference\niedium and viewing conditions for other encodings
are very|different from the sRGB reference display and viewing conditions, the visual noise measureipents
obtained by converting to sSRGB and applying the nrethod in this annex will not necessarily correlate with
the visual appearance of noise in the original.images.

d) The impage data of each density patch is converted to the spatial frequency domain using the
discretg Fourier transform.

e) The noife spectra are weighted\wusing the contrast sensitivity functions (CSF) of the human eyp ata
specific|viewing angle with tespect to the image height. The weighted spectra are converted|back
to the spatial domain usingthe inverse discrete Fourier transform.

f) The ima3ge is then coenverted back into XYZ and from there into the uniform L*a*b* colour space,
defined|by the CIEFZL

g) The squiare root of the weighted sum of the three filtered noise variances for each axi$ are
calculated.

The flow diagranrimFigure Bt showsa hightevetcomparisomr betweenr the processing i thretmman
visual system and the visual noise algorithm.

3)  The method of measuring the visual noise level was revised[171118] from ISO 15739:2017: a) CSF was changed
avoiding XYZ calculation being out of its range; b) Colour space for measuring visual noise was changed from L*u*v*
to L*a*b* because of having better perceptual uniformity for larger colour differences assumed for higher ISO
sensitivity settings, being more robust in calculation at very dark colours, and being more commonly used in imaging
industry; c) Visual noise calculation formula was changed from the weighted sum of the standard deviations to the
square root of the weighted sum of the variances, and the weighting coefficients were adjusted, to match the human
visual system more closely.

4) Visual noise level measured using the method specified in this document is three to five times smaller than
visual noise level measured for the same image using the method specified in ISO 15739:2017. Attention is drawn
to this difference in referring to measured visual noise data.
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Figure B.1 — Human visual system and corresponding visual noise algorithm
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B.2 Algorithm used for the visual noise measurements

B.2.1 RGB

to XYZ(E)

The R, G, and B signals are as defined in the sRGB standard IEC 61966-2-1. The R, G, and B pixel values
of the image are linearized using the sRGB characterization Formula (B.1), as originally defined in

[EC 61966-2-

Cl =Cn/

G Z[(Cn

1:1999, Formulae (4), (5), and (6).

C,=C,
where

These lineai
originally d¢

Xpes

Ypes

Zpes
The veiling
re-normaliz
to XYZ(E) u

efined in [EC 61966-2-1:1999, Formula (7).

£10,212 6 0,7152 0,072 2 |-| Gepep

12,92 for C,, <0,040 45
+0,055)/1,055]**  for C, >0,040 45
Cm

the R, G, and B sRGB image pixel values;

the maximum sRGB pixel value, e.g. 255 for 8-bit per component sRGB;
the normalized nonlinear R, G, and B sRGB values;

the normalized linearized R, G, and B sRGB values.

ized sRGB values are converted to the normalized XYZ(B65) values using Formula (B.

0,412 4 0,357 6 0,180 5| [ Rpgp

0,0193 0,119 2 0,950 5] | Bsrgn

(B.1)

V), as

(B.2)

rlare (0,2 cd/m2) defined in IEC 6196652-1 for the reference viewing condition is added and
ed with the display white point luminance (80 cd/m2). These values are then convq
bing Formula (B.3). A chromaticadaptation transform (CAT) matrix to convert XYZ v
from illuminant D65 to E using the linearizedBradford transformation is derived.

brted
hlues

Xg 1,050 30 0,027 10 0,023 29 Xpes 0,950 4
Y |={[0,039 09 0,972 94 =0,009 27 m 80| Ypgs [+0,2| 1,000 0 (B.3)
+0,
Zg -0,002 41 0,00266 0,917 89 Zpes 1,088 9
The linearized Bradford matrix used to derive the CAT matrix is given in Formula (B.4):
[ 0,8951_0,2664 -0,1614
Mgpp =| -0,7502" 1,7135 0,0367 (B.4)
| 0,0389 -0,0685 1,0296
NOTE1  ThebP6&5chromaticityfortheveilingglareterminFermula{B3schesenforsimpheityAdifferent
chromaticity can be used for the veiling glare if desired.
NOTE 2  If the image data are not in the sSRGB colour encoding space and an ICC profile is present, then the

image data is

26

converted directly into XYZ(E) values without first converting the data to sRGB.
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B.2.2 XYZ(E) into opponent space AC,C,
The tristimulus values, Xg, Yg, and Zg, are transferred into the opponent space, 4, Cy, and C,, using
the matrix given by Formula (B.5):

A 0 1,0 0 Xg

C; |=/1,0 -1,0 0 || Yg (B.5)

C, 0 04 -04]|Zg
The opponent colour space, 4, Cq, and C,, is described in Reference [11].

B.2.3 Discrete Fourier transform (DFT)

Using the discrete Fourier transform, the set of opponent responses, A, Cq, and C,,13$ trangferred from

the spatial domain into the frequency domain, 121, 6'1 , and 62 .

A —2T 54
L DFT A
¢, —C; (B.6)
(‘2 DFT éz
NOTH The units of frequency are cycles per pixel.

B.2.4 Applying the contrast sensitivity function

In the frequency domain, each response is weighted by a set of corresponding spatial responses of the
human visual system. There are many aspects thatiaffect the contrast sensitivity of the hurhan eye. It is
necepsary, therefore, to select a set that is represéntative of typical viewing conditions. A seft of contrast
sensitivity functions closely based on the CSF-functions specified in Reference [13] was selected for this
document. The CSF used for the luminance channel is based on the work of Movshon and the CSF used
for tlﬁz chrominance channels is modelleédon data sets provided by Van der Horst and Poirgon.

The function used to model the CSFfor the luminance channel, 4, is given by:

Wium (f)=1 forf=0

(a- fC)-e-bf (B.7)
Wium (f)= % forf>0

wherfe the variables.used are given in Table B.1:

Table B.1 — Variables used for the luminance CSF function

Luminance channel (A) variables
75
0,2
0,8

102,16

Xl | |R

The frequency, f,is specified in units of cycles per degree of visual angle.

NOTE1 The luminance contrast sensitivity function described by Formula (B.7) is suited primarily to DSCs
that introduce low levels of image noise into the captured image.

NOTE2 The value of the CSF for the luminance channel is defined to be 1 at f=0 so that the average

luminance value before Fourier transform and the average luminance value after CSF application and inverse
Fourier transform are to be the same.
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The function used to model the CSF for the chrominance channels, C; and C, is given by:

—by 1 —b, €2
_aj-e bif +a,-e baf™* _s
K

Winrom (f) (B.8)

where the variables used are given in Table B.2.

Table B.2 — Variables used for the chrominance channel CSF function

 rariables G G
a 109,141 3 7,032 8
b, 0,000 4 0
o 3,424 4 4,258 2
a, 93,597 1 40,691
b, 0,003 7 0,1039
¢ 2,167 7 1,648 7
K 202,738 4 40,691
S 0 7,038

The contrast sensitivity functions are shown plotted in Figure B.2:
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Key
X  frequ

Y densitivity

Before applying the CSF~models to the frequency data computed in B.2.3, the data nee
convperted from units, ef cycles per pixel to the units of cycles per degree of visual angle. TH
frequiency that cam-be represented in an image, according to Nyquist, is 0,5 cycles per pixe
convert the frequency in cycles per pixel into the cycles per degree that is used for f
sensitivity of.the human eye, we need to know the size of each pixel (pixel pitch) in the
viewed by\the observer and the viewing distance. The viewing angle, o, subtended by one

giverr by:

ency (cycles/degree)

Figure B.2 — Contrast sensitivity functions of the human eye used in ISO 157

39

1 to be first
e maximum
. In order to
he contrast
inal picture
pixel pitch is

P 180° P
tan(a)=5:>a= arctan D
T

where
P

D

is the pixel pitch;

is the viewing distance.
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The frequency in cycles per degree is given as:

1
f{ cycles } =f{cycles} o (B.10)
degree pixel

The image is then filtered using:

Ao = AW,

Crp=CWea (B.11)

sz =CWe ,
where Wy | Wc 1, and W, are circularly symmetric two-dimensional CSFs generated from the
corresponding one-dimensional CSFs. W, corresponds to the CSF given in Formula (BZ}.with the
coefficients|in Table B.1. W ; and W, correspond to the CSFs given in Formula (B:8) with the
coefficientsffor C; and C,, respectively, in Table B.2.
B.2.5 Inverse Fourier transform

Each compg
transform. ]

nsated response is transferred into the spatial domain by the inverse discrete Fo
'his is expressed as:

121 inverse DFT A
f f
A ipverse DFT
Cie Cie (
A ipverse DFT
Cof Cof
NOTE Tlhe output of the inverse discrete Fourier transform contains only real values and does not co

complex valy|

B.2.6 Opp

The three o
YE’ and ZE
Xg
Yg
Zg

B.2.7 XYZ

The values
matrix equa

Xpes

Ypes |=|—0,038 27

Zpes

eS.

onent space AC,C, into XYZ(E)

pponent colour responses, 4¢, C; ¢, and C; ¢, are transferred into tristimulus values
using a matrix equal to the inverse of Formula (B.5). The matrix is given as:

1,0 1,0 O
1,0 0 0
1,0 0 -2,5

(E) to XYZ(D65)

Ag
1 Crs
Co

g, Ypand Zg are transferred into the tristimulus values, Xpg5, Ypgs, and Zpgs, us
| to.the inverse of the matrix in Formula (B.3). The matrix is given as:

urier

B.12)

ntain

3.13)

ing a

0,95315 -0,026 61 0,023 92| | Xg
1,028 85 0,009 42 || Yg

0,002 61 -0,003 05 1,089 49| | Zg

If any tristimulus values are negative, then they are clipped to be zero.

B.2.8 XYZ(D65) to L*a*b*

The tristimulus values are converted into the CIE L*a*b* colour space as follows:

L =116

30

Y

i[5

)_16
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. =500M%J_f (YLH

X
(B.16)
b =200| f r —f Z
YI’I Zn
where
f(s)=%s fors>0,008 856
16
f(s)=7,787xs+—— fors<0,008 856
116
and for the D65 white-point:
X,=0,950 5
¥,=1,00 (B.17)
Z,=1,089 1

B.2.9 Determining the standard deviation for each grey patch

The standard deviations of the colour noise along the three axes,of the uniform colour spade, L* a* and
b*, are given as:

1 N
_ _2 _ 2
(TL* = N_li:1(XL*i XL*)

N
_ |1 T2
(Ta* = E;(Xa*i —Xa*) (B18)

L X
2

(7*:—Ex*_—x*

b N—1I,:1(bl b*)

whette N is equal to the number of evaluated pixels in the patch. The requirement for N is|specified in
B.3.1]

B.2.10 The weightéd sum representing the visual noise

The YVisual noisé’is defined as the square root of the weighted sum of the three colour noie variances
along the L*a%¥/and b* axes. The formula to determine the visual noise value is as follows:

I =702 +(0,338x0 e ) +(0,395% s )2 (B.19)

NOTE1 The weighting coefficients in Formula (B.19) are used to derive visual noise values combining rms
values in L* a* and b*colour channels. These were determined empirically using psychophysical experimentation
and represent the human visual system sensitivity to noise in the different channels, in combination with CSF
characteristics for the three channels, in the whole visual noise calculation process. Although o« is more

weighted than O« in Formula (B.19), the noise along the yellow-blue axis is less weighted than the noise along

the red-green axis in the overall calculation of visual noise. This is because the effective bandwidth of the CSF in
the €y channel is much narrower than in the € channel as shown in Figure (B.2).

NOTE 2 See Footnote 4) in B.1 regarding differences between the measured visual noise levels using

the method described in this document and the measurements obtained using the method specified in
[SO 15739:2017.
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:2023(E)

visual noise to noisiness JND.

NOTE 4
variations in

the luminance level of images displayed on a monitor.

B.3 Visual noise measurements

B.3.1 Test conditions

The test ch

rt and the capturing conditions shall comply with 5.2. A high contrast back illumi

Readers are referred to Annex F for the informative introduction of perceptually uniform mapping of

There is ongoing researchl[9[20] that is investigating the dependency of perceived noise levels on

ated

transmissiv

In determin
shall be equ

B.3.2 Eva

The test im4
shall be calg

NOTE

B.4 Repdg

The visual 1
each patch d
as compute
noise level f
note in (B.1
first column
noise level fi

In addition,
be reported
of the pixel §

When repor
In the case

specified in
values are ¢

Sd
in this docun

e 20 patch OECF test chart with a contrast ratio of 10,000:1 is recommended.

ing the standard deviation for each grey patch described in B.2.9, the number of pixel
hl to or greater than 64.

Juation of visual noise

ge shall be in the sRGB colour encoding space or with an ICC profilesThe visual noise
ulated in accordance with B.2.

urce code created using Matlab®3) that performs the visual noise‘fieasurement algorithm spe
ent can be accessed from www.iso.org/15739.

rting the results

oise shall be reported in a table where the first column is the average sRGB pixel valu
fthe OECF chart, the second column is the L¥¥alue corresponding to the average pixel {
l using Formulae (B.1), (B.2), (B.3), (B.14}; and (B.15), and the third column is the v
pbr that patch. If the original input image-is in a colour encoding space other than sRGH
C)], then the average pixel values foreach patch in the original image shall be included i
of the table. In this case, the converted average sRGB pixel value, the L* value and the v
br that patch shall be reported in‘the second, third, and fourth columns of the table.

the maximum sRGB pixel(value, the viewing distance and the size of the output pixel
The output image heightiand the pixel count for the image height may be reported in
ize. A sample evaluation of the visual noise for an sRGB image is shown in Table B.3.

ting the measurement method the edition of ISO 15739 that was used should be spec
[hat visual nejse values are reported, together with visual noise values using the md
a previoussedition of ISO 15739, the report shall clarify from which edition the visual

hlculated.e)g., by using symbols V,q4, V43, €tc.

Table B.3 — Example visual noise data

5, N,

ralue

rified

e for
ralue
isual

[see
n the
isual

shall
blace

ified.
thod
hoise

Average sRGB Li Visual noise
- ightness
pixel value level
L *
C Vv
1,3 11,2 0,3
2,4 11,4 0,3
5,8 12,1 0,5
12,4 13,4 0,6
28,0 17,6 1,5
53,5 26,6 24

5) Matlab 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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Table B.3 (continued)

ISO 15739:2023(E)

Avgrage sRGB Lightness Visual noise
pixel value level
L *

c 4
76,3 35,3 2,6
93,2 41,8 2,7
116,0 50,5 2,6
135,3 57,7 2,3
1600 66,8 2.4
173,7 71,7 2,1
196,4 79,9 1,8
209,3 84,4 1,6
223,8 89,4 1,2
233,7 92,8 1,1
245,3 96,7 0,6
252,8 99,2 0;3
255,0 100,0 0
255,0 100,0 0

Maximum sRGB pixel value = 255

Viewing distance =1 000 mm

Size of output pixel = 0,266 mm

© IS0 2023 - All rights reserved

33


https://standardsiso.com/api/?name=4501c4fe35f34534a230b67ec10a6203

ISO 15739:

2023(E)

Annex C
(normative)

Removing low frequency variations from the image signals

C.1 General

Many DSCs ¢xhibit lens shading, which is characterised by a slowly varying centre to edge intensit
off. Non-uniform test chart illumination can also introduce low frequency variations in the.capt
image. Thege non-uniformities shall be removed from the image signals before measuringthe 1
since they degrade (increase) the measured noise standard deviations.

The 13 x 13 tap FIR high-pass filter specified in this annex shall be used to be convolved wit
linearized inage signals, Ly, Ly —Ly, and Lg —Ly, to remove the low frequency variations fron

image signdls. The spatial frequency response of this FIR filter greatly attemuates the lowest i

spatial freq

The high-p4

encies, including the non-uniformities described above.

ss filter shall be applied only to the evaluation of the total, fixed pattern, and tem

signal-to-nojise ratio. It should not be applied to visual noise measurements. This is because at

image resol
contrast sen
such as com

tions, the filter will affect the range of frequencies inthe region of the peak of the lumin
sitivity function given in B.2.4. Alternative methods for removing low frequency varia

pensation by capturing a uniform white board sheuld be considered.

y roll
ured
oise,

h the
h the

nage

poral
high
ance
kions

C.2 Appljcation of the high-pass filter
The 13 x 13 tap high-pass FIR filter shall be applied to the linearized image signals, Ly, Lgr —Ly} and
Lg — Ly, pripr to computing o0, - Table C.0 displays the bottom-right quadrant of the 13 x 13 kprnel
that shall bg used. The whole 13 x 13 kernel is defined by reflecting the bottom six rows about the first
row, and then reflecting that result abotit the first column. Since the table values are redundant and
symmetric, pnly the bottom right quadrant is specified here. Negative filter output values shall npt be
clipped to zg¢ro prior to computing\o,gise -
NOTE The 13 x 13 FIR filtet.removes the DC component of the image, and thus, the mean signal value cannot
be computed|from the filter gutput values.
Table C.1 — High-pass filter kernel (lower right quadrant)
0,996 926 0,006 47 -0,007 4 -0,006 09 -0,009 6 -0,003 82 -0,009 p4
-0,006 47 -0,006 64 -0,012 23 -0,0058 -0,007 3 -0,005 48 -0,008 p3
-0,007 4 -0,012 23 -0,001 73 -0,009 89 -0,00571 -0,007 06 -0,007 18
-0,006 09 -0,005 8 -0,009 89 -0,007 92 -0,003 56 -0,009 76 -0,003 59
-0,009 6 -0,007 3 -0,00571 -0,003 56 -0,009 64 -0,006 54 0,000 124
-0,003 82 -0,005 48 -0,007 06 -0,009 76 -0,006 54 -0,000 44 0,000 412
-0,009 64 -0,008 93 -0,007 18 -0,003 59 0,000 124 0,000 412 -0,000 13
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