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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 prog¢edures used to develop this document and those intended for its further maintenance ay

describefl in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for th
different| types of ISO documents should be noted. This document was drafted in accordance with tk
editoriallrules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attentiof is drawn to the possibility that some of the elements of this document maybe the subject
patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Details
any patent rights identified during the development of the document will be in the_Introduction and/
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list of patent declarations received (see www.iso.org/patents).

e name used in this document is information given for the conveniénce of users and does n
e an endorsement.

xplanation of the voluntary nature of standards, the-meaning of ISO specific terms arg
bns related to conformity assessment, as well as infermation about ISO's adherence to t}
de Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org
vord.html.
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iment was prepared jointly by Technical Committee ISO/TC 42, Photography.

1l parts in the ISO 19567 series can be founid on the ISO website.

Any feedpack or questions on this document should be directed to the user’s national standards body.
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ected version of ISO/TS 19567-2:2019 incorporates the following correction:
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Introduction

In a general context, texture refers to the visual and tactile surface quality derived from the physicality
of a material and the roughness or graininess of its surface. For digital still camera images, texture is
restricted to the visual surface quality and the characteristic of texture reproduction in the captured
image can be interpreted as the reproduction of the low contrast fine details. This document specifies
the measurement of how cameras reproduce texture defined as low contrast fine details.

The on going tendency to utilize smaller sensors with higher pixel counts in some cameras leaves
a[very small amount of lIght reaching each individual pixel. WIith the signal getting smallef and the
npise level remaining at a certain level, it is necessary to reduce the noise in the image procesying after
capturing the image. Although the algorithms used for noise reduction have been developed oyver time,
they are still not able to differentiate texture in the actual scene from the unwantednoise infroduced
by the capturing system. This decreases the image quality and it is therefore helpful to have 3 method
tq measure the loss of texture. Texture may also be enhanced to increase thesa¢utance of the image.
The texture reproduction is dependent on frequency and contrast because thénoise reduction and the
atutance enhancement, etc., are nonlinearly dependent on the values of the-surrounding pixels.

This document specifies methods to measure texture reproduction using test charts with a stochastic
pattern. Annex A talks about the differentiation of this documentdrom ISO/TS 19567-1, whjch deals
w{ith cyclic pattern. The test charts described here are based on ¥andomly arranged circles of various
siizes and colour with a limited contrast. This provides a target with known structure anfd spatial
sfatistics similar to natural images. The measurement results‘are presented in SFR (Spatial Frequency
Response) curves from which a single value representing the'overall texture content is derived.

I} general if one measured SFR is greater than the ‘other across all measured spatial frequencies, a
lqrger amount of texture is reproduced in the corre§ponding image. If two SFRs have a crossoyer point
and the larger SFR depends on the frequency range, relative ordering of texture preservatioh quality
less clear. Comparison of the measurementiresults can provide important information about the
r¢lative texture reproduction of the capturediimages.

—
175

While the measurement method specified in this document is for objective evaluations of texture
r¢production for images, their relatiofiship to subjective evaluations of texture reproduction with visual
perception is important to give attention, since image quality for camera/photograph users generally
agcords with subjective evaluation. Annex C explains possible inconsistency between meaqurement
r¢sults using the method ,described in this document and subjective evaluations, due to |different
condition of noise, with experimental results for images.
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TECHNICAL SPECIFICATION ISO/TS 19567-2:2019(E)

Photography — Digital cameras —

Part 2:
Texture analysis using stochastic pattern

Scope

1

This document specifies a protocol to measure the texture reproduction in images“captured and
ptrocessed by digital cameras including cameras in other devices e.g. in camera phohes:

T

his document specifies protocols for the measurement of texture reproductiofi-ising test charts with
stochastic pattern.

NPTE The measurement method specified in this document is for ‘objective evaluations of texture
rgproduction, of which the results are sometimes inconsistent with subjectiveevaluations (See Annex ().

2| Normative references

There are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following'terms and definitions apply.
[40 and IEC maintain terminological databases for use in standardization at the following addresses:

— SO Online browsing platform: available at http://www.iso.org/obp

— IEC Electropedia: available at'http://www.electropedia.org/

31
texture
Idw contrast fine detailsy which appear in objects

EKAMPLE Lowcontrast fine details, which is visible in foliage, fur, sand, textiles, grass, or masonry{ surfaces.

3|2
t¢xture reproduction
r¢sponseiirthe output image of cameras to the texture of the object in the scene

4 Test conditions and methaods

4.1 General

The measurement shall be carried out using digital images of the texture test chart captured by a
digital still camera.

The following measurement conditions should be used as nominal conditions when measuring the
texture reproduction of a digital still camera. 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.

© IS0 2019 - All rights reserved 1


http://www.iso.org/obp
http://www.electropedia.org/
https://standardsiso.com/api/?name=bbec833b8b3ca7a6b572834255997534

ISO/TS 19567-2:2019(E)

4.2 Environmental conditions
The measurement shall be carried out in the following environment unless otherwise stated:

— Temperature: 23 °C = 3 °C.

4.3 Apparatus and hardware

Either a reflective chart or a transmissive chart may be used. The light flux from the target shall be
diffuse and shall not include any specular component.

Each test chart shall be specified, together with the lighting conditions such as illuminance, luminan¢e
and colofir temperature of illumination.

4.4 Arrangement of measuring equipment

4.4.1 Reflective test chart

The arrgdngement of the measuring equipment for a reflective test chart shall be set up as shown |n
Figure 1| The camera shall be positioned so that it casts no shadow on the'chart. The lamps shall be
positiong¢d at an angle which avoids direct specular reflection from the test.chart entering the camerd.

18% grey surround filling the field of view of'the

camera

Dead leaves chart with markers
(1/4 to 1/5 of the image height)

Key
1 lamp
2 digitpl camera

3 baffles to prevent direct illumination of the camera lens by the lamps

oo 1 Axprangamannt of o caasin g ot nad fos o flaction tact oot
LY ‘6“‘ < L Ee Y 9y ullsblllblll Ul IIfvdaoul ...6 \a\.l“l}’lll\«lll. IUL TUIILCLLIVO tLoLT LiidIr

4.4.2 Transmissive test chart

The arrangement of the measuring equipment for a transmissive test chart shall be set up as shown in
Figure 2.

2 © IS0 2019 - All rights reserved
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Lightbox with diffuser

Dead leaves chart with markers filling 1/4 to
1/5 of the image height surrounded by 18 %
gray background filling the field of view

Kpy

[EnN

digital camera

Figure 2 — Arrangement of measuring equipment fortransmissive test chart

4{4.3 Lighting

The default colour temperature of the illumination shalkbe 5 700 K + 1 000 K. For specific measy
aldifferent colour temperature may be required. In ¢his case the colour temperature shall be
tqgether with the results. Any illuminance level of the test chart may be applied for the

the case of transmissive chart, from 57,3 cd/m? to 115 cd/m? for 18 % grey) is recommend
the measurement has no specified special purpose (e.g. low light performance). Non-unifd
illumination on the chart shall be lessithan 10 %. The light source(s) should be positioned td
uhiform illumination and produce-ng’glare or specular reflections from the target. A flickel
spurce is not recommended as it\may cause banding artefacts to occur in the captured imag
cise of using a flickering lightisource, although it is not recommended, the exposure time shz
shorter than one period of the'flickering to minimize the banding artefacts caused by the light|

4.4 Camera settings

4

The exposure showld'be adjusted to give the output value for the background grey near the cen
nleasured charf'te be the value corresponding to the input value defined below in the camerg
colour space;

(inputluminance for grey) = (max input luminance) x (grey reflectance)

[rements
reported
texture

r¢production measurement, however the illuminance level in the range from 1 000 I1x to 2 (00 Ix (in

ed when
rmity of
provide
ing light
re. In the
111 not be
source.

[re of the
's output

1966-2-1

For pvnmp]p inthe case of an sSRGB camera the output Y for 18 04 grey is 118 (R-hif) (an 1EC

and its amendment for details).

The deviation of the exposure should be between +5 % and -10 % of the aforementioned target

exposure. For example, when the output colour space of the camera is sSRGB 8-bit, the mean out
Y value for the 18 % grey should be 118 (8-bit) +2, -6.

put luma

The exposure shall be in the range of the aforementioned deviation when the measurement results of
multiple cameras are compared. (Annex B explains the basic concept for this stipulation.) The exposure

may be adjusted by the exposure bias setting of the camera, or by adding a white or black ca
test chart.

White balance should be adjusted to render the centre of the image as neutral as possible.

© IS0 2019 - All rights reserved
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The focusing shall be in the best practically attainable focus.

For a camera with user selectable compression ratio (e.g. JPEG), the compression ratio should be
minimum to minimize the artifacts of compression. The texture reproduction for raw DSC image data
should be measured for the output of the software that converts raw DSC image data into the final
images. The name and the setting of the software shall be reported with the results of the measurement.

» o«

Other settings, such as “sharpness”, “noise reduction”, shall be in the default mode (factory shipping
condition) if those settings are not reported.

4.5 Test Chart

4.5.1 (General

“Test chgrt” shall be “Dead leaves chart with markers” dominating less than a quarter and greater thgn
a fifth of{the image height surrounded by an 18 % background. The field of view of the\Camera shall he
covered by the 18 % grey background. The dead leaves chart (also known as spilled coins chart) consisfs
of circle§ with a random size and colour laid on top of each other. See Figure 3 for)a representation pf
the dead|leaves chart.

A vectorlfile of the recommended reference texture chart in EPS format, approximately 8 000 x 8 000
pixels infsize is available at:

http://sthndards.iso.org/iso/ts/19567/-2/ed-1/en

The chaft can be printed in various sizes, resolutions and\eontrast versions. However to reagh
comparaple results the following instructions shall be used when capturing the chart. In order not to
measure| the resolution of the chart but the resolution of<the camera the smallest circles in the chaft
shall be [significantly smaller than the pixel of a camera’it is projected on. The largest circle in the
image shall cover at least 50 pixels in diameter. The contrast of the chart should be +9 % around 18 %o
reflectar]ce.

Additionpl charts at different mean grey and contrast levels may be used in addition to the aboye
mention¢d 18 % * 9 % grey one.

The size of the Dead leaves with markers should be square and it should cover at least 350 x 350 pixe]ls
of the camera under test. To fulfil-this and the image height requirement the number of pixels of the
camera ynder test shall have moré-than 1 400 x 1 400 pixels. In case the camera under test has fewer
pixels the height can be largepthan a quarter of the field of view which shall be reported together with
the results. For cameras with;very low distortion it may cover the whole image but generally it should
only cover a quarter of the-image height to minimize potential distortion for registering the image with
the original structure.The pattern can also be smaller and integrated into multi-purpose charts. It fis
recommeénded to placé it close to the centre of the field of view to avoid lens performance related issues.

The chapft shall-be“printed in a size that the actual printing resolution (not just the smallest printgd
dot) is af least’double the camera sampling rate under the above mentioned chart and image height
requirenpents. The provided sRGB encoded image shall be printed in a colour managed way to ensure
the correcttomatamdcotour range:

4.5.2 Chart generation

The procedure for generating a list of circles for the dead leaves target is fairly straightforward and
is in part outlined in Reference [10]. It is based on an occlusion model, with circles generated with a
uniform distribution in digital level in the range between 0,09 and 0,27 of the maximum digital output
level for each colour channel in a linear (in reflection or transmission) encoded image. A probability
distribution should be selected that achieves a power spectral density that closely approximates 1/f2,
which makes the chart scale-invariant. This can be accomplished with circle radii chosen according to
a 1/r3 probability distribution, although there shall be an upper and lower bound for the radii (r,,;, and
I'max F€spectively) to avoid full coverage by the smallest or largest circles, as discussed in Reference [10].

4 © IS0 2019 - All rights reserved
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Typically, r;, is chosen such that the image size of the smallest circles will be much less than the image
pixels when the target is projected onto the camera sensor array; r,,, is selected to be much larger
than r;,, but generally not larger than the width of the dead leaves image in the chart, W. The centre
of each circle is randomly placed on a square canvas of width W + 2r . .; during the actual rendering
(printing) phase it is assumed that only the centre W x W area is reproduced. Circles whose entire area
falls outside of the inner W x W image are obviously excluded from the final list.

Figure 3 — ](ejca()i leaves chart with markers (central part of the test chart)

N

5 Analyti@proach
5{1 G@Y;

Tex ?eproductlon is measured from an image of the dead leaves target as described in this technical
S]pu%lcatlon The frequency characteristics of the texture reproduction are measured fox various
frequencies using a full reference method with the known spatial information of the pattern to obtain
the complete transfer function.

To be able to neglect the local influence of geometric distortion on the target, the test pattern shall
cover less than one quarter and more than one fifth of the image height and shall be located as close to
the image centre as possible.

The dependency of the evaluation on the distortion has been tested for distortion levels of the Dead
Leaves chart up to 3 % local geometric distortion according to ISO 17850. Any significant distortion
above 3 % caused deviations in the measured spatial frequency response curve. Therefore this
measurement method is only valid for distortion levels of the Dead Leaves chart up to 3 %. Distortion
levels above that would need to be corrected prior to performing this analysis but be aware that
distortion correction may affect the SFR measurement. In the case that distortion correction is

© IS0 2019 - All rights reserved 5
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performed for the measurement; the notification that distortion correction is performed for the

measure

NOTE

ment shall be reported with the measurement result.

Some cameras perform internal distortion correction without notification to the user. In these cases

the correction is treated as part of the camera characteristic.

5.2 Measurement method

The measurement is performed as follows.

— Step
colo

luminance channel Y. Also the reference data shall be reduced to a single luminance channelY. The

factg
diffe

Y =0,

— Step
the f

— Step
Refe
2 to
Form
the ¢
vect
refel

1: The 1image data shall be linearized using either the tone curve information of the outppit
ir space or a dedicated OECF measurement as stated in [SO 14524 and be reduced to a sing|e

rs shown in Formula (1) are consistent with the SRGB standard IEC 61966-2-1. They are slight]y

rent from other ISO TC 42 standards but more recent and more accurate.
2126R+0,7152G+0,072 2B ¢}
2: The corners of the dead leaves target shall be located with at least halfa pixel accuracy using

pur markers placed in the corners of the target.

3: The vector version of the reference data shall be transformed projectively as described
rence [11] to fit the image data using the corners of the targetas located in the image data in st¢
calculate the transformation matrix [M [see Formula{(3]] by solving the matrix shown
ula (2)(1] (uy_4|v,_,) are the coordmates oI'J the target yeftices in the image and (x;_4|y1-4) a}
orresponding coordinates of the reference vector datavertices. The projectively transformg
br data of the reference is then converted into an uncompressed or lossless compressg
ence image with the same pixel count as the testiimage using a raster image processor.

Qoo ST S

In case of using the Qt open source platform the vector-raster conversion is performed the following

way] The class QPainter is needed for drawing-the circles, choosing a brush (Qt::solidPattern) and

a pen (Qt::SolidLine) with a pen width of 0,80-pixels. The resulting reference image can be saved byy

using the class QPixmap.

up ) [xy y1 1 0 0 0 =xquy —yquy| (a
V1 O 0 0 X1 yl 1 —X1V1 —ylvl b
u, X, Yy, 1 0 00 —Xxyup, —youp c
V2 0 0 0 Xz yz 1 —X2V2 —y2V2 d

_ X 3
us X3 y3 k0 0 0 -x3uz3 -—ys3u3 e
vs | | 0 0%0 X3 y3 1 —Xgvz —y3vz| | f
Ug | |Xgsya 1 0 0 0 —xquy —yuuy| | g
va | 400 0 0 x4 ya 1 —Xxuvy —yava| | A

1 1
[M ]proj =ld e f (3)
g h 1
— Step 4: For further processing, image and reference shall be cropped square so that the image edge

length is 2™ pixels, where m is an integer, and the reference shall be cropped to the matching image

area

and not contain any parts of the marker. The cropped square image area with i, x i ., pixels

shall cover the largest area possible of the dead leaves chart excluding markers. In addition, the

resp

ective mean value Y is subtracted from both, image and reference [see Formula (4)]. To avoid

leakage, a window function [Formula (5)] with the parameter r = 0,25 is applied to the crops,
strongly decreasing from the edge to prevent losing too much image information.
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Yim :Yim_E @)
Yief =Yref —Yref
1 2 r
E{1+cos(7”[x—r/2:|)} OSX<E
w(x)=11 %Sx<1—% (5)
1 h r
Ei1+cos(‘7”|_x+1—r/2”} 1_ESX<1

with x being the horizontal normalized coordinate of the pixel around which the windew i§ created
with the pixel count ranging from 0 to i, -1 normalized by i ... The same hasto-be applied to y
which is the normalized vertical coordinate to get to a two dimensional window.

— Step 5: The signals of image Y(f;, f,) and reference target X(f;, f,) shall.be calculated ysing the
Fourier transformation on the mean-corrected and windowed 2-D data. Based on Y(f,, f,) pnd X(f},
f,), the cross power density ¢y ,.,(fp,, f,) of target and image and theuto power density @iy ,.o(f1,
f,) of the target are calculated as éescribed in Formula (6): )

Oxx org (fnr fo ) =X (fur fo ) X (fur fo)
Ovx org (fn £ )=Y (fur fo ) X (fo o f)

— Step 6: A smoothing step on the cross power densit¥.¢yx oro(fy, f,) and the auto power density ¢y
orgUns fi) shall be performed by transforming them'back into the spatial domain, then applying a
narrow window [see Formula (7]]. The results ar€then transformed into the frequency domain again.

(6)

_ _ 2mn 47mn 67n _
w(n)=ag—a; cos(—N )+a2 cos(—N )+a3 cos(—N ) 0<n<N-1

with the coefficients:

ay=0,35875
0 (7)
a; =0,488 29
a,=0,14128
a3 =0,01168

with n being the. pixel coordinate around which the window is created and N being thg width/
height of the window.

—+ Step 7: Tooobtain the transfer function H(f,, f,), the ratio of the cross power density ¢yx(f}, f,)
of targetyand image and the auto power density ¢yx(f}, f,) of the target shall be deterntined see

Formula (8):

By p,)= 2 te) (®)

£ £\
YXX\Jh'Jv)

— Step 8: Finally, the average (ringmean) of the real part of the 2D transfer function H(f,, f,) shall be
determined for each frequency resulting in the 1D representation SFR(f) of the modulation.

The arithmetic mean of the 2D-DFT (discrete fourier transform) over all possible directions is
computed, resulting in a one dimensional profile. This procedure called "ringmean" is calculated in
these steps:

1) Calculate a matrix "2D-Freq". This matrix is the same size as the 2D-DFT, each entry
corresponds to the spatial frequency at that position, depending on the distance to the DC
component [frequency = (0,0)].

© IS0 2019 - All rights reserved 7
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2) Define evenly spaced bins based on the selected pixel count in a range of frequency = 0 to
frequency = 0,5 cycles per pixel.

3) Every entry in the 2D-DFT is sorted according to the 2-norm of the corresponding frequency
vector (f,, y) and its real component is placed into the matching bin.

4) The arithmetic mean of each bin is calculated.

The resulting SFR(f) is normalized by the value at the frequency f ..,

frorp =3+ (P
norin N
izl | S Marker registration
(SRGB) :
l Crop !
Image Dead Reference E
Leaves (sRGB) (RGB_linear) !
i
. o Reference i
Linearisation . 1
(Y-linear) v
Spatial  gJ Marker pdsition
\ 4 W matching
Image Dead Reference
Leaves (Y linear) (Y_lin_matched)
Subtract mean //
Window // Fourier

¥ transformation W
Y(f,.f,) X(f,. 1)

\/

(DYX,org(fL ’f; )

XX_orgt/Jh Wy

l Smoothing in spatial domain

(DYXiorg(fil 'f;/ )
XX_orgl h]:l ‘(’ f) _ q)YX,org(fh 'fv)
B G)XX_org(f;n ’f:/ )

H(f,. 1)
l ringmean[ R (H(f, , f,))]

SFR (f)

Figure 4 — Flow chart of the SFRy; algorithm

6 Presentation of results

6.1 SFR curve

The measurement results shall be presented as a graph of the texture modulation over the frequency,
see Figure 5. The performance of the digital cameras can be compared using the SFR. Given SFR
measurements of two different image data, if one measured SFR is greater than the other across all
measured spatial frequencies, then a larger amount of texture is reproduced in the corresponding image.
On the other hand, if the greater SFR depends on the frequency, then the superior texture reproduction
in a subjective evaluation is dependent on the frequency structure of the image. Comparison of the

8 © IS0 2019 - All rights reserved
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measurement results can provide important information about the relative texture reproduction of the
captured images.

The SFR curve for presentation shall be the average of a minimum of four replicate SFR measurements
of a dead leaves chart. In high noise conditions, local fluctuations of SFRs tend to occur. In this case,
sufficient number of replicate SFR measurements should be averaged. Averaging SFR curves is done by
averaging response values of replicate measurements for each frequency.

The linearization method shall be reported together with the result. In the case of comparing the
texture loss of cameras, the same linearization method shall be used.

Y
16

ISO 160(
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AN
AN

08\—\
BANN
\\

0 ¥ T T >
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;\\\} 1S0 6400
%]
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Y SFR §\®
- iso100 \O
_ is0600 N~
\\0

_ is06400 O
NPTE These images were l@u rized using the inverse of the tonal output curve for the colour encdding.

Figure 5 — Example-of the result of dead leaves measurement with sensitivity settings as
spec1f1.@)n ISO 12232 (Frequency values in line pairs per picture height)

6/2 Singl Qg;merlcal values

6|2

. neral
X

N i i texture
reproduction of a camera it is necessary to look at and interpret the full SFR curve. On the other hand,
some single numerical values described below are able to be derived from the SFR curve. Relations
in certain extent between these values and visual evaluations might be expected by theoretical
consideration, however it is important to pay attention that the relations are not verified.

6.2.2 SFR10

SFR10 is the spatial frequency that leads to an SFR of 10 %. The SFR10 value is correlated with the
maximum texture frequency that is reproduced.
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6.2.3 SFR50

SFR50 is the spatial frequency that leads to an SFR of 50 %. While the SFR10 value relates to the
maximum texture frequency, it does not reflect the SFR in lower spatial frequencies that correlate with
the perception of sharpness. Sharpening can have an impact on the SFR50 value.

NOTE

Be aware that the SFR50 value is only an indicator for the strength of the sharpening. To reflect the
sharpness in general it is necessary to look at more than just one modulation level.

6.2.4 Texture acutance

6.2.4.1

Texture gcutance is basically calculated as the integral under the SFR curve from 0 to Nyquist frequeng
divided By the integral for the ideal SFR curve which is 1 from 0 to Nyquist frequency [Se€ Eormula (1

and (11)

one mod|
contrast

General

|. This simple texture acutance is usable as an alternative for MTF50. It reflects more thg
ulation/frequency pair. For a specific viewing condition the SFRs may be multiplied with t}

Nyquist
[ ser(s)ar
A=19 : (1
Nyquist
j 1df
0
Nyquist
| SFR(f)-csfium (f)df
A= Nyquist (1
[ esfum (£)df
When thg texture acutance is used the related viewingicondition used to apply the CSF shall be reporte
6.2.4.2 | Applying the contrast sensitivity furiction

In the fr¢quency domain, each response (s weighted by a set of corresponding spatial responses of t}
human vfisual system. There are many aspects that affect the contrast sensitivity of the human eye.
is necesdary, therefore, to select a set-that is representative of typical viewing conditions. The CSF use
for the Iyminance channel is based.on the work of Movshon.

The fundtion used to model the CSF for the luminance channel, 4, is given by:

csflu

where the variable$ used are given in Table 1.

The freq

10

n(f)=a.fc.e—bf (1

Table 1 — Variables used for the luminance CSF function

sensitivity function (CSF) of the human eye [See Formula (12)]. Be aware that the textur
acutancd is also impacted by sharpening.

S <

1S

e
It
d

Luminance channel (4) variables
a 1
0,2
0,8

uency, f, is specified in units of cycles per degree of visual angle.
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Figure 6 — The contrast sensitivity function of the human eye used in this standard

Before applying the CSF models to the frequency data computed in Step 8 of 5.2, the data need tp be first
¢onverted from units of cycles per pixel*to’the units of cycles per degree of visual angle. The njaximum
flequency that can be represented in‘an image, according to Nyquist, is 0,5 cycles per pixel.|In order
tqg convert the frequency in cycles per pixel into the cycles per degree that is used for the|contrast
s¢nsitivity of the human eye we need to know the size of each pixel (pixel pitch) in the findl picture
vlewed by the observer and the-viewing distance. The viewing angle, @, subtended by one pixsl pitch is

glven by Formula (13)

(o)

tan(a)=%:>(x=180 arctan(%] (13)
n

wihere
P dsithe pixel pitch;

D™ is the viewing distance.

The frequency in cycles per degree is given as:

1
f{ cycles } - f{ cycles} E (14)
degree pixel

NOTE The assumption in this calculation is that the image is displayed on a “theoretical display” with
unlimited resolution but not resampled. For real viewing the physical display resolution as well as the SFR of the

display has an impact and may require the image to be resampled which also affects the acutance.
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Annex A
(informative)

Differentiation of cyclic pattern and stochastic pattern

ages are captured at lower light levels, affects the reproduction of fine detail. For systems
hon linear noise reduction applied to the images the resolution measurement described-in the
n standard ISO 12233 is sufficient. A relatively high contrast oriented structure like a stantgd
sinusoidal Siemens star can be used to describe the detail reproduction of these systems.

non linear noise reduction is used the related algorithm tries to differentiate the noisge
bd into the picture by the camera sensor and electronics from structures inithe original scene.
ies to delete only the noise without affecting the scene structures. Thedewer the contrast pf
ture in the original scene and the less oriented it is the more difficult if is for the algorithms {o
iate it from noise.

s relatively easy to produce and analyse ISO/TS 19567-1 which ‘describes sinusoidal cyclic
that are reduced in contrast. This has been the first reliable’approach on how to measure the
tion of low contrast structures and that way to characterizeé the reproduction of texture.

at the latest generation of noise reduction algorithms\it becomes clear that these algorithnﬁs
|

described in ISO/TS 19567-1. They apply a different noise reduction to these structures thdn
ures that have no identifiable orientation and therefore are closer to the characteristics pf
is was the reason to create this document foeusing on stochastic pattern.

ugh this document may in the future be sufficient to describe the texture loss in general [it
bme cases be interesting to differentiate the behaviour of systems on oriented and stochastjic
bs. Therefore it makes sense to Keep and use both approaches for the full picture on noige
h and texture reproduction of a cainera system.

.1 shows an overview of-structure of texture. Structure with high autocorrelation in one
is categorized as oriented’structure, which includes multiburst and siemens star used in the

stic structure, whichincludes dead leaves used in the chart specified in this document.

The terms in<Figure A.1 are different from the terms in ISO/TS 19567-1:2016, Figure A.1, for the
pgorization purpose. “Oriented structure” in this document corresponds to “Structured texture” jn
D567-1, and Less-oriented/stochastic structure” in this document corresponds to “Non-structured/
pxture” inSO/TS 19567-1.

12
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Annex B
(informative)

Exposure condition for the measurement

ex is provided in order to explain the concept of the exposure conditions which is specified

in4.4.4.

The frequency characteristics of the output image for low contrast charts are dependent on the-inp
amplitude to the image processing of the camera because the input signals are enhanced ©or, reduce
nonlineafrly by the noise reduction etc. depending on the amplitude and the frequency.-The exposur
the camera directly influences the input amplitude for the low contrast chart®e-the exposur
condition influences the result of the texture reproduction measurement. Lower exposure tends to giy

value of

worse te

noise reduction. In order to give a fair comparison among multiple cameras, tie.exposure condition |

limited i

Figure Bl1 and Figure B.2 show how the input amplitude and output ¥, value are influenced by t}
exposur¢ which varies from +5 % to -10 % of the target exposure when the output colour space is sRG

8-bit (se

Figure B|2, the input amplitude is proportional to the exposure and the output Y value varies dependiy
on the e¥posure. The output Y value for the 18 % grey is 118 (8=bit) for the target exposure and it varig

from 120 (8-bit) to 112 (8-bit) for the exposure between +5,% and -10 % of the target exposure. Thiis

the outp

14

kture reproduction because the smaller amplitude with high frequency isseften reduced by t}

n the range between +5 % and -10 % of the target exposure.

e [EC 61966-2-1:1999, 5.3 and [EC 61966-2-1/Amd 1:2003,)F.5). As shown in Figure B.1 any

1t Y value for the 18 % grey is specified in the range shown in 4.4.4.

18
S
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Figure B.1 — Input amplitude and output Y value depending on the exposure
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