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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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Introduction

There are many circumstances under which it is desirable to quantify image quality in a standardized fashion
that facilitates interpretation of results within a given experiment and/or comparison of results between
different experiments. Such information can be of value in assessing the performance of different capture or
display devices, image processing algorithms, etc. under various conditions. However, the choice of the best
psychometric method for a particular application may be difficult to make, and interpretation of the rating scales
produced by the numerical analyses is frequently ambiguous. Furthermore, none of the commonly used rating
techniques provides an efficient mechanism for calibration of the results against a standardized numerical
scale or associated physical references, which is desirable when results of different experiments are to be

com
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pared or integrated.

20462-1, ISO 20462-2 and this part of ISO 20462 address the need for documented means of fetermining
e quality in a calibrated fashion. ISO 20462-1 provides an overview of practical psychophysics and aids

in identifying the better choice between the two alternative approaches describedcin’ 1ISO 204p2-2 (triplet
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plementary and together are sufficient to span a wide range of practical appli¢ations. ISO 204

the intent of these methods to produce results that are not merely direetional in nature, but ar
rms of relative or fixed scales that are calibrated in terms of just noticeable differences (JNDs)
ificance of experimentally measured stimulus differences is readily@ascertained.

quality ruler method described in this part of ISO 20462 is\particularly suitable for measu
rences exceeding one JND. The ratings given by an observer.can be converted to JND values
er than having to wait until the entire experimental data setyhas been collected and analysed. F
suitable reference stimuli, the quality ruler method permits the results to be reported using t
ity scale (SQS), a fixed numerical scale that:

is anchored against physical standards;
has one unit corresponding to one JND;and
has a zero point corresponding to anlimage having little identifiable information content.

ection prints calibrated against the absolute SQS, which are referred to as standard refer
S), will be available at the Standards Resources link at www.imaging.org. Digital Reference S
blso be provided at the Standards Resources link at www.imaging.org. These images, when dis
-quality monitor and viewed correctly, will have approximately known absolute SQS values, an
vn relative SQS values(JNDs). Included with the images will be software for running softcopy
briments. This part.of ISO 20462 also describes how users can conveniently generate their
I images with corréct relative calibrations and, if desired, calibrate them absolutely against the

International”Organization for Standardization (ISO) draws attention to the fact that it is g
pliance wijth this document may involve the use of US Patent Numbers 6,639,999 and 6,658,139
ualityruler given in Clauses 4 to 6.
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parison method[2l814]) and this part of ISO 20462 (quality ruler method[®]). TheSe two techniques are

-2 and this

of ISO 20462 document both specific experimental methods and associated data reduction ftechniques.
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takes no position concerning the evidence, validity and scope of this patent right

The holder of this patent right has ensured ISO that he is willing to negotiate licences under reasonable and
non-discriminatory terms and conditions with applicants throughout the world. In this respect, the statement of
the holder of this patent right is registered with ISO. Patent inquiries may be addressed to:

General Council and Senior Vice President
Eastman Kodak Company

345 State Street

Rochester, NY 14650

USA
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Attention is drawn to the possibility that some of the elements of this document may be the subject of patent rights
other than those identified above. ISO shall not be held responsible for identifying any or all such patent rights.
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Photography — Psychophysical experimental methods for
estimating image quality —

Part 3:
Quality ruler method

1 [Scope

Thig part of ISO 20462 specifies:

a) |the nature of a quality ruler;

b) |hardcopy and softcopy implementations of quality rulers;
c) |how quality rulers may be generated or obtained; and

d) [the standard quality scale (SQS), a fixed numerical scale that may‘be measured using quality|rulers.

2 |Normative references

The]| following referenced documents are indispensablé’for the application of this document| For dated
references, only the edition cited applies. For undated réferences, the latest edition of the referenced document
(including any amendments) applies.

ISO|3664, Graphic technology and photography — Viewing conditions

3 [Terms and definitions
For [the purposes of this document;:the following terms and definitions apply.

31
artgfactual attribute
attripute of image quality-that, when evident in an image, nearly always leads to a loss of overall inpage quality

EXAMPLES Noise, aliasing.
NOTE The.commonly used terms “defect” and “impairment” are similar in meaning.

3.2
attrjbute
aspectZdimension, or component of overall image quality

cf. artefactual attribute (3.1) and preferential attribute (3.11)

EXAMPLES Image structure properties such as sharpness and noise; colour and tone reproduction properties such as
contrast, colour balance, and relative colourfulness; digital artefacts such as aliasing, contouring, and compression defects.

3.3

digital reference stimuli

DRS

set of digital images used in the softcopy ruler, which vary in sharpness and are calibrated against the standard
quality scale (SQS) when suitably displayed and viewed

NOTE The DRS will be available at the Standards Resources link at www.imaging.org.

© 1S0O 2012 — All rights reserved 1
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34

image quality

impression of the overall merit or excellence of an image, as perceived by an observer neither associated with
the act of photography nor closely involved with the subject matter depicted

NOTE The purpose of defining image quality in terms of third-party (uninvolved) observers is to eliminate sources of
variability that arise from more idiosyncratic aspects of image perception and pertain to attributes outside the control of
imaging system designers.

3.5
instructions

set of directfonsgiventotheobserver-forperforming-thepsychophysicatevatmatiomtask—————

3.6
just noticepble difference
JND
stimulus difference that leads to a 75:25 proportion of responses in a paired comparison task

cf. quality JND (3.13)

3.7
magnitudel estimation method
psychophysical method involving the assignment of a numerical value to each teststimulus that is proportionpl to
image qualily; typically, a reference stimulus with an assigned numerical value\s present to anchor the rating scale

NOTE The numerical scale resulting from a magnitude estimation experiment is usually assumed to constitute a fatio
scale which,|ideally, is a scale in which a constant percentage change in.value corresponds with one JND. In pradtice,
modest deviations from this behaviour occur, complicating the transformation of the rating scale into units of JNDs without
inclusion of ynidentified reference stimuli (having known quality) amang‘the test stimuli.

3.8
multivariate
(series of tgst or reference stimuli) varying in multiple. attributes of image quality

3.9
observer
individual performing the subjective evaluation task in a psychophysical method

3.10
paired compparison method
psychophygical method involving-the choice of which of two simultaneously presented stimuli exhibits grgater
or lesser image quality or an@ttribute thereof, in accordance with a set of instructions given to the observer

even

bctly

NOTE 2  However, if a series of stimuli having no large gaps are assessed, the differences between more widely
separated stimuli may be deduced indirectly by summing smaller, reliably determined (unsaturated) stimulus differences.
The standard methods for transformation of paired comparison data to an interval scale (a scale linearly related to JNDs)
perform statistically optimized procedures for inferring the stimulus differences, but they may yield unreliable results when
saturated responses are included in the analysis.

3N

preferential attribute

attribute of image quality that is invariably evident in an image, and for which the preferred degree is a matter
of opinion, depending upon both the observer and the image content

EXAMPLES Colour and tone reproduction properties such as contrast and relative colourfulness.

2 © 1S0 2012 — All rights reserved
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NOTE 1 Because the perceived quality associated with a preferential attribute is dependent upon both the observer
and image content, in studies involving variations of preferential attributes, particular care is needed in the selection of
representative sets of stimuli and groups of observers.

NOTE 2  The term “noticeable” in “just noticeable difference” is not linguistically strictly correct when applied to a
preferential attribute, but is nonetheless retained in this part of ISO 20462 for convenience. For example, the higher
contrast stimulus of a pair differing only in contrast might be readily identified by all observers, whereas there might be a
lack of consensus regarding which of the two images was higher in overall image quality. Nonetheless, if the responses
from the paired comparison for quality were in the proportion of 75:25, the image chosen more frequently would be said to
be one JND higher in quality. The JND is best regarded as a measurement unit tied to the predicted or measured outcome
of a paired comparison.

31

psychophysical method
experimental technique for subjective evaluation of image quality or attributes thereof, from’which stimulus
differences in units of JNDs may be estimated

cf. magnitude estimation method (3.7), paired comparison method (3.10), quality ruler method (3.14),
and|triplet comparison (3.23)

313
qu:lity just noticeable difference
quality JND

megdsure of the significance or importance of quality variations, carresponding to a stimulus difference that
leads to a 75:25 proportion of responses in a paired comparisoftask in which multivariate stimuli pairs are
assessed in terms of overall image quality

NOTE See attribute JND (3.3) and quality JND (3.14) in ISO-20462-1:2005 for greater detail.

quality ruler method
psy¢hophysical method that involves quality or.attribute assessment of a test stimulus against|a series of
red, univariate reference stimuli that diffefby known numbers of JNDs

conient or subject matter of an image, or a starting image from which multiple stimuli may be produged through
diffgrent experimental treatments

NOTE JTypically, stimuli depicting the same scene are compared in a psychophysical experiment becguse it is the
effe¢t of the treatment that is of interest, and differences in image content could cause spurious effects. In [cases where
scerje-content is not matched, a number of scenes should be used so that scene effects may be expected tolaverage out.

317

standard quality scale

SQsS

fixed numerical scale of quality having the following properties:

a) the numerical scale is anchored against physical standards;
b) a one unitincrease in scale value corresponds to an improvement of one JND of quality; and

c) a value of zero corresponds to an image having so little information content that the nature of the subject
of the image is difficult to identify.

© 1S0O 2012 — All rights reserved 3
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NOTE

SQS1 (primary SQS) denotes values obtained through assessments traceable to the standard reference

stimuli (SRS). SQS; (secondary SQS) denotes values obtained through assessments traceable to the digital reference
stimuli (DRS) or the average scene relationship (see 7.2).

3.18

standard reference stimuli

SRS

set of reflection prints used in the hardcopy quality ruler, which vary in sharpness and are calibrated against
the standard quality scale (SQS)

NOTE

The SRS will be available at the Standards Resources link at www.imaging.org.

3.19
stimulus
image pres
reference s
NOTE T

3.20

bnted or provided to the observer either for the purpose of anchoring a perceptual assessment (a
imulus) or for the purpose of subjective evaluation (a test stimulus)

'he plural is stimuli.

suppressi
perceptual
thereby re
have had i

NOTE
attribute, it

3.21
test stimul
image pres

NOTE 1

3.22
treatment
controlled g
be investiga

EXAMPLES
image captu

NOTE i
of such effeg
effect of the
noise and re

3.23

n
ffect in which one attribute is present in a degree that seriously, degrades image quality
ces the impact that other attributes have on overall quality, compared to the impact they w
the absence of the dominant attribute

and
puld

o generate reference stimuli that are separated by a specified.number of JNDs based on variations infone
Il be necessary to ensure that other attributes do not significantly'suppress the impact of the varied attripute.

s
bnted to the observer for subjective evaluation

[he plural is test stimuli.

r characterized source of the variations between test stimuli (excluding scene content) that afe to
ted in a psychophysical experiment

Different image processirig algorithms, variations in capture or display device properties, changgs in

e conditions (e.g. camera.exposure), etc.
Different treatments may be achieved through hardware or software changes, or may be numerical simulafions
ts. Typically, a series of treatments is applied to multiple scenes, each generating a series of test stimuli|The

treatment may.then be determined by averaging the results over scene and observer to improve signgl-to-

Huce the likelihood of systematic bias.

triplet co

rgparison

psychophysi

ality

or an attribute thereof, in accordance with a set of instructions given to the observer

NOTE

3.24
univariate

The triplet comparison method is described in more detail in ISO 20462-2.

(series of test or reference stimuli) varying only in a single attribute of image quality

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=086ff8dc503be6adea585457b171c0d9

ISO 20462-3:2012(E)

4 Quality ruler experiments

4.1 General properties of quality rulers

A quality ruler is a univariate series of reference stimuli depicting the same scene and having known stimulus
differences expressed in JNDs of quality. The reference stimuli are presented to the observer in a fashion
facilitating:

a)

b)

Both hardcopy (Clause 5) and softcopy (Clause 6)

ISO|

the identification of the reference stimuli closest in quality to the test stimulus; and

the comparison of the test stimulus to those reference stimuli under rigorously matched viewing conditions.

20462. Ruler images may be generated by the user (Clause 7). Reflection prints varying in' sha

[ rtaosy s 5y sty s tmnstors oty s s sescrnd

implementations of quality rulers are described'i this part of

rpness and

calibrated against the SQS are referred to as standard reference stimuli (SRS) (Clause 8): ‘Analogous digital
images, suitable for softcopy display, are referred to as digital reference stimuli (DRS).

The| SRS may be used as ruler images or used to calibrate user-generated ruler.images on an abgolute basis,
as distinguished from the relative calibration described in Clause 7.

4.2 Experimental conditions and reported results

Reduirements regarding observer selection, test stimulus properties, instructions to the obseryer, viewing
congitions, and reporting of results are set forth in ISO 20462-1«

NOTE 1 Sample instructions to the observer for quality ruler_experiments are provided in informatjve Annex A
(harflcopy), informative Annex B (softcopy binary sort paired comparison), and informative Annex F (softcqpy slider bar

mat
The

Rep
or n|

NOT
In a
obsé
are

rule

The
wer
sha
usin

SQS
the

hing). An example of results from quality ruler experiments*is provided in informative Annex E.
viewing requirements of ISO 3664 shall be mgt, except as modified in ISO 20462-1:2005, 4.4

orted values of quality in JNDs or SQS units(shall be specifically identified if they are calculated fro
ore of which fall at one of the ends of, orloutside, the range of the quality ruler from which they weg

E 2 Values based on ratings outside the range of the ruler will be less reliable because of extrapol
jdition, when test samples fall within.a JND or two of the high quality end of the ruler, a slight bias m3

hssessed using a quality ruler.ifmay be desirable to degrade all the test stimuli slightly by blurring (in
varying in sharpness) to_allew headroom for test stimuli that are preferred over the reference stimulus.

pedigree of the rulers used shall be reported, which entails specifying whether they are SR
b otherwise generated. If the latter, the attribute varied in the rulers shall be stated. If such ru
'pness, the méethod of calibration shall be stated, which shall either be by comparison with SRS
g the average'scene relationship (see 7.2).

b values.determined using the hardcopy SRS, or quality ruler images that have been judged dirg
SRS, ‘and so are rigorously calibrated, shall be denoted as primary SQS (SQS4) values.

m data 20 %
re derived.

ption effects.
y result from

rvers avoiding use of ratings outSide the ruler range. When preferential attributes (e.g. of colour and tone feproduction)

he case of a

S, DRS, or
lers vary in
or DRS, or

ctly against
bQS values

dete

rimined using the DRS, or quality ruler images that have been judged against the DRS, or the ave¢rage scene

relationship (see 7.2), and so are less rigorously calibrated, shall be denoted as secondary SQS (SQS>) values.

4.3 Attributes varied in quality rulers

Clause 7 describes the generation of reference stimuli for rulers varying in sharpness, through modification of
the modulation transfer function (MTF) of the system generating the images. Quality rulers may alternatively
vary in other attributes, although only one attribute shall change within a given ruler. Alternative attributes that
are varied in a quality ruler should be artefactual in nature.

NOTE The variation of preferential attributes within quality rulers is discouraged because of the additional variability
associated with such attributes. Sharpness has been selected as the reference attribute because of several desirable
characteristics:

a) itis easily manipulated through image processing;
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b) itis correlated with MTF, which is readily determinable;

c) it has low scene and observer variability; and

d) it exerts a strong influence on quality in practical imaging systems.

Quality rulers varying in attributes other than sharpness shall be calibrated by having their reference stimuli
rated against quality rulers varying in sharpness and meeting the criteria stated in this part of ISO 20462. The
calibration experiment shall meet the specifications set forth in ISO 20462-1 and in this part of ISO 20462, with
the exception that data from a minimum of 20 observers shall be averaged to determine the calibration.

5 Hardc

5.1 Physical apparatus

The hardco

a) a slidipg or translating fixture onto or into which a series of reference stimuliymay be mounte

inserte
b) atests

c) abase

d) anillunmination system; and

e) ahead
test an

The ruler sk
direct comp
stimuli, the
between th

opy quality ruler implementation

py quality ruler apparatus shall consist of the following:

d (the ruler);
timulus fixture in close proximity to the ruler;

surface upon which the ruler and the test stimulus fixture are attached;

rest or other device constraining the viewing distance (the distance from the observer’s eye tg
d reference stimuli).

all be constructed so that the observer may easijly slide it to bring any of two reference stimuli
arison with the test stimulus. In this triangulaf\configuration of one test stimulus and two referg
llumination level, illumination angle, viewingydistance, and viewing angle shall be sensibly matg
e three stimuli. These features are illustiated in Figure 1.

i or

the

into
nce
hed
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ruler track

Figure 1 — Example of a hardcopy quality ruler apparatus

illumination angle shall fall between 30° and 60° and should be 45°. The viewing distance t¢ any of the
e stimuli shall be constrained by the headrest or equivalent mechanism to a range not exceeding 4 % of
value of the arithmetic\average viewing distance. The range of the viewing distances of the thrge stimuli at
ven observer head position shall not exceed 2 % of the arithmetic average viewing distance. The viewing
e should be normal to the stimulus surfaces and shall be within 10° of being perpendicular. Specular
ctions from the-stimuli shall not be visible from the observer’s position.

E Achieving the closely matched viewing conditions of the test stimulus and the two reference (ruler) stimuli in
riangular.configuration (which facilitates rating interpolation by the observer) is simplified if the physical geparation of
hreé.stimuli is minimized. Because some rulers may contain landscape (horizontal) format images and others portrait

form

at-(vertical) images, it may be advantageous for the test stimulus fixture to translate vertically. To match viewing

angles between the test and reference stimuli, the receiving surface of the test stimulus fixture may have to be tilted.

5.2

The
tran
of a

Reference stimuli

reference stimuli shall be ordered from highest to lowest quality from left to right in a horizontally
slating ruler or top to bottom in a vertically translating ruler. These stimuli should be spaced by increments
pproximately three JNDs. Each stimulus shall be labelled with an integer, and the observer shall provide

© 1S0O 2012 — All rights reserved 7
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ratings interpolated to the nearest integer value, which should correspond to approximately one JND scale
resolution. The integer labels shall be chosen so that negative ratings are unlikely.

NOTE 1 The use of two interpolating positions between stimuli (for example, stimuli labelled three units apart with
interpolation to one unit) has been found to yield a uniform and unbiased use of the numerical ratings, whereas when three
interpolation positions are available, the numbers corresponding to the reference stimuli and those halfway in between can
be used more frequently than those at the one-quarter or three-quarters positions. This result, combined with the difficulty
of making evaluations more precise than one JND, leads to the recommendation that the reference stimuli be separated
by approximately three JNDs.

NOTE 2  One suggested set of integer labels are 3, 6, 9, ... from high to low quality.

6 Softcopy quality ruler implementation

6.1 Phydical apparatus
The softcopy quality ruler apparatus shall consist of the following:

a) one or|more emissive devices such as video monitors with the necessary hardware and/or firmware to
displaylimages;

b) a keypad or other means of data entry by the observer;

c) a headrest or other device constraining the viewing distance [the distance from the observer’s eye td the
monitof faceplate(s)]; and, optionally,

d) alightipg system for controlling the surround illumination to influehce the state of adaptation of the obsefver.

When two iflentical digital images are displayed simultaneously on the display device(s), their appearance ghall
be sufficiently similar that in paired comparisons for quality, the more frequently chosen image position| (for
example, thie right monitor) shall not be selected more than 60 % of the time.

To minimiz¢ structural artefacts associated with thie display, the viewing distance shall exceed 2 500 x| the
monitor ling spacing (or pixel centre separation)! The viewing distances (from the observer’s eye to| the
faceplate af the centre of the image) shall be constrained by the headrest or equivalent mechanism to a rgnge
not exceedipng 4 % of the value of the arithmetic average viewing distance. The range of the viewing distarjces
at a given opserver head position shallmotexceed 2 % of the arithmetic average viewing distance. The viewing
angle shall pe within 10° of being perpendicular to the display faceplate at the centres of the images. The apgle
subtended by the centres of the images from the observer’s position should not exceed 30° to avoid requfring
the observgr to turn their head.fe’change their view from one image to the other.

6.2 Refefence stimuli
The reference stimulisshould be spaced by increments of approximately one JND.

At viewing (listances greater than 63,5 cm, the DRS are spaced more closely than one JND at higher quplity
levels. Usefs-Can omit some of the stimuli to increase the increments toward one JND, with the intentign of
reducing judgment time and fatigue. However, users should retain one or two stimuli that are likely to be higher
in quality than any test samples, to avoid the bias mentioned in 4.2, Note 2.

The maximum precision of a single determination is plus or minus one-half of the reference stimulus spacing.

6.3 Controlling software

The software that controls the display of test and reference stimuli and records the data shall provide the
following functions, listed in sequential order:

a) selection of the test stimulus to be evaluated;

b) random selection of the display position of the test stimulus;

8 © 1S0 2012 — All rights reserved
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selection of the initial reference stimulus to be provided;

display of the selected stimuli at their selected positions;

accepting input from the observer;

selection of a new reference stimulus based upon the observer’s response;

display of the new reference stimulus, which replaces the previous one;

-3:2012(E)

repetition of e) to g) until a final rating is designated by the observer or is inferred by an algorithm;
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recording of the final rating; and
return to a) for a new test stimulus, until all test stimuli have been evaluated.

selection of the test stimulus a) should be random except that test stimuli may.be’groupe
hich case the group order should be random, as well as the treatment order. The“selection
rence stimulus c) should be random.

above functionality should be provided using one of two approaches:

1) slider bar matching or a similar technique, as exemplified by the graphical user interface (G
accompanying the DRS; or
2) binary sort paired comparison.

he slider bar technique, user input in Step e) shall be.enabled by GUI features such as sli
bns, etc., which cause the reference image to be updated in a few tenths of a second or les
Ltime visual feedback to the user, who seeks to mateh.the quality of the test image. Step h) shall
5UIl buttons or equivalent allowing the user to regord the rating and proceed to the next stimul
mented by buttons or equivalent allowing theiebserver to indicate that the test image is highe
ity than any reference image if appropriate~ The software should prevent accidentally “clicking
bssment, for example, by deactivating the “Done” button until the slider bar has been moved. In
ware should also record the initial refefence image displayed (which should have been randon
the amount of time taken by the observer to rate the sample.

In the binary sort paired comparisan technique, the following requirements and recommendations
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ce of the new reference stimulus f) shall be based upon the previous responses of the obse
ent test stimulus. The new reference stimulus shall be higher (lower) in quality than the high
ity reference stimulus.identified by the observer as being lower (higher) in quality than the
e adjacent reference-stimuli (in terms of their order of quality) have received different rating
fest stimulus (the\higher quality reference being preferred to the test stimulus, which was chos

loweér quality refetence), the condition of h) is met and the process shall terminate for that test stin
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mmended.that the new reference stimulus f) be chosen so that it falls approximately halfway

lowgst qualityvwreference stimulus preferred over the test stimulus and the highest quality referen
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chosém-over the test stimulus, so that an approximately binary search is carried out. Until som
ulus™has won (lost) a paired comparison with the test stimulus, the highest (lowest) qualit
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informative Annex C.
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Generation of quality ruler stimuli

General requirements

Excluding the effect of the attribute varied within the quality ruler, the reference stimuli shall have high image
quality, with pleasing colour (if applicable) and tone reproduction, and an absence of significant degradation
from artefacts under the existing viewing conditions.

NOTE

qual

ity of the attribute varied within the ruler.
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7.2 Modulation transfer functions (MTFs)

The MTF of the complete imaging system generating a reference stimulus for a quality ruler varying in sharpness
shall be characterized by measurement of neutral test targets and/or equivalent calculations based upon linear
systems theory. MTFs shall be determined in both horizontal and vertical orientations, at the centre of the
image area (on-axis) and at one or more points halfway between the centre of the image and the corners of
the image (50 % field position). In computing the overall system MTF, the on-axis position shall have a weight
of 3/7 and the off-axis position (or mean of positions) a weight of 4/7, and the field-weighted horizontal and
vertical MTFs shall be weighted by 1/3 and 2/3, the higher weight being assigned to the poorer MTF, which
shall be defined to be that with lesser mean modulation transfer from 0 to 30 cycles per degree (CPD) at the
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scene contgnt, excellent colour and tofe)reproduction, and no evident sources of quality loss other than

shall be cor

sQs,

The differer
system MT

NOTE2 R

umber). However, in this application, Formula (1) is only being‘used to represent a possible shape of an
em MTF, so & is better regarded as being reciprocally related,to system bandwidth.

bs of verifying whether the shape of a system MIF conforms sufficiently closely to the shap
an equivalent k value shall be determined by{finding the value of £ such that the area unde
mula (1) equals that under the system MTF over the frequency range of 0 to 30 CPD. The |
rmula (1) for the value of k£ so derived shallbe referred to as the aim MTF. The system MTF sha
to be within conformance and valid for-Use if the mean fractional modulation transfer of the sys

ary standard quality scale (SQSg) value associated with a given value of k for an image with tyy
hputed via Formula (2).

| 17249+ 203792k114950k2 —3571075k°

(1<100k < 26)
578 31304 k + 357 372k?

cein qualitydNDs between two reference stimuli depicting an average scene and having conforr]
Fs shall be.computed as the difference between the scale values produced by Formula (2).

igure,2 shows the behaviour of Formula (2). For demonstration purposes, a series of values of k£ were ch

giving three

Fs over each of the frequency bands.0 to 5, 5 to 10, ..., and 25 to 30 CPD agree to within 0,03.

bserver.

MTF so determined shall closely conform to the shape of the monochromatic MTF of anen-pxis
mited lens, m(v), which is given by

2 [eos™ (kv)—kv1-(v)? | kv <1

n (1)
0 kv >1

spatial frequency in CPD at the eye of the observer;

b constant.

or a diffraction-limited lens, the constant £ would equal the preduct of the wavelength of light and the|lens
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NDJincrements of quality according to Formula (2) (these values were 104 x k= 100, 245, 320, 392, 469,

and 666). The associated MTF curves from Formula (1) are plotted in Figure 3, with the lower & values corresponding to
the higher MTFs.
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Figure 2 — Plot of Formula (2)
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Figure 3 — MTFs from Formula (1) spaced by three JNDs

The deviations of the system MTF shapes within a single ruler series should differ from the aim MTF shapes in
as consistent a fashion as possible to minimize errors in the computed differences in JNDs.

If the system MTFs are not within conformance, the reference stimuli shall be calibrated in the same fashion as
would stimuli varying in an attribute other than sharpness, as described in 4.3.

7.3 Scene-dependent ruler calibration

To reflect the different dependence of quality on attribute level in different scenes, quality rulers depicting
different scenes should be individually calibrated in JNDs by presenting them as test stimuli in a quality ruler
experiment against SRS. If a quality ruler is not so calibrated, but rather Formula (2) is used to assign JND
values, results obtained from the ruler shall be averaged with results from at least two other rulers, and none

© 1S0O 2012 — Al rights reserved 1
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of the scenes depicted in these rulers shall be of a type expected to have unusually strong or weak quality

dependenc

NOTE

ies on the attribute varied.

By averaging the results of several ruler scenes, potential biases caused by using the calibrations for an

average scene may be mitigated. Scenes with important high-frequency information, such as some landscapes, are likely
to have stronger than average quality dependencies on MTF. Conversely, scenes with particularly limited bandwidth, like
some portraits, are likely to have quality change more slowly with MTF than would be the case for an average scene.
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The physical standards associated with the SQS scale are referred to as standard reference(stimuli (SRS).
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ard quality scale (SQS) determinations

a fixed numerical scale of image quality that is anchored against physical standards. The-scale U
JNDs and more positive values indicate higher image quality. An SQS value of zerey¢orrespd
having so little information content that the nature of the subject of the image is difficult to ider

ets of the SRS reflection prints, which vary in sharpness, will be available at the Standards Resources i

anied by software for running softcopy quality ruler experiments. The DRS are calibrated based on
he relationship (see 7.2). Further information on the generation and-application of the DRS, as well ag
bftware, can be found in Reference [10].

rimental requirements for measuring primary SQS1

s shall be determined through a hardcopy quality ruler experiment using SRS. The experiment s
ecifications set forth in ISO 20462-1 and this patt of ISO 20462, with the following exceptions.

wing distance shall be 406 mm, with tolerances as given in 5.1.

pm a minimum of 20 observers and six scenes shall be averaged to determine a reported S
br an experimental treatment.

'he more stringent scene and obsérver number requirements for reporting SQS1 values, compared to
eflects the absolute rather than relative nature of the scale. Individual stimuli may be annotated with an §

ith a particular experiméntal treatment, such as an attribute level, a device, an algorithm, etc.

rimental requirements for measuring secondary SQS»

SQS values\(SQS2) shall be determined using a quality ruler method in which the reference ima
" have been calibrated against the DRS in accordance with 4.3, or have been calibrated base
scene-telationship (7.2). The experiment shall meet the specifications set forth in ISO 20462-1
SO 20462, with the following exceptions.
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bets of DRS for softcopy display will also be made available at the Standards.Resources link at www.imaging.

the
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have been assessed by at\least 20 observers, as described here, but their values may not be reportgd in

ges
i on
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a)

The DRS shall be viewed on a high-quality display at a viewing distance for which they are calibrated,

subject to the tolerances given in 6.1. Other reference images shall be viewed at the distance for which
they are calibrated, subject to the same tolerances.

b)

should) be averaged to determine a reported SQS3 value for an experimental treatment.

12

Data from a minimum of 10 observers and three scenes shall (and preferably 20 observers and six scenes
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(informative)

Sample instructions for a hardcopy quality ruler experiment

The following is an example of the instructions that might be read by the test administrator to the observer in a
hardcopy quality ruler experiment. Text in italics directs the administrator to perform certain actions and so is
not fead aloud. Examples of the results from this experiment are shown in Annex E.

—

Display the quality ruler depicting Scene #1 for demonstration purposes.

Firs| 5 and make

you

, | would like to thank you for participating in this study. Please put on the lab coat.and glove
'self comfortable in the chair in front of the viewing table.

In th
of th
cau

is experiment, you will be evaluating the overall quality of prints made fromfimages that have ¢ne or more
e three colour planes shifted out of register. This misregistration may afféct the image sharpngss and may
e various image artefacts. Let me show you some examples of these.images.

Givg the subject preview Print #1.

Some images you will see may exhibit only small or even unfioticeable levels of unsharpness|and colour

fringing around edges. For example, in this image, look at thexwindows in the building on the right.

Givg the subject preview Print #2.

Sonpe images may appear as two or more sharp, celoured images offset from each other as in|this scene.

Notice the horizontal edges in the lipstick cases in'this image.

Do you have any questions about the attribute\that you will be judging today?

You
you
qua
qua
diffd

will be evaluating these samples using a quality ruler like the one in front of you now. The ru
with a series of prints at differentevels of quality, produced by variations in sharpness. Th

er provides
b ruler print

ity decreases from left to right; however, the ruler numerical values increase from left to right, to reflect

ity degradation. The numefical values are defined so that one unit is approximately one jus
rence. Here is how you use the ruler:

noticeable

a) |Place the testimagé-flat in the holder above the ruler. Slide the ruler right or left to permit comparison of the
test sample with different ruler images, which should be underneath the test sample for a valid gssessment.

b) |Locate the pasition of equality on the ruler such that each print farther right is lower in quality than the test
image, and'‘each image farther left is higher in quality.

c) |Readoff the number of the position of equality. If this position falls in between two ruler printg, as it often

will, ‘please select an intermediate number from the ruler scale. For example, if the point of €

quality is in

hetween the ruler pr‘infe “12” and “1 R"’ bhut is claoser to “1’)"’ you migh+ Qeeign the tast prinf 2 v/

lue of “13”.

If you feel a test print is higher in quality than the “3” print on the ruler, you may assign it an integer value less
than 3. If the test print is lower in quality than the “21” print, you may assign it an integer value greater than 21.

When you are finding the point of equality on the ruler, it is important to consider overall quality. It may help
to imagine that the image is one that you treasure, and you have a choice of two prints of that image: one is
misregistered, whereas the other is unsharp. Compare the test print with different ruler prints and decide which
one you would choose to keep. From these comparisons, identify the position on the ruler from which prints to
the right are less desirable than the test sample, and those to the left are more desirable.

Note that although some misregistered images may simply appear unsharp, please do not just match the
sharpness of the test and ruler images. It is important to concentrate on assessing overall quality, because
most of the misregistered images will show artefacts in addition to unsharpness.

© 1S0O 2012 — All rights reserved 13
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Let me show you how | would evaluate one print.

Evaluate preview Print #3 for the observer.

Finally, please disregard any physical damage such as scratches on the test prints during your evaluations.
Do you have any questions at this time?

Answer questions, then begin test.

14 © 1S0 2012 — All rights reserved
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Sample instructions for softcopy ruler experiments using
binary sort paired comparison
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observer in

a S¢

not

Tha

Int

tech
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a)

b)
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Dert
The

ftcopy quality ruler experiment. Text in italics directs the administrator to perform certain actio
Fead aloud.

nk you very much for participating in this study. Please wear the black gown provided 1o reducs

his experiment, you will be evaluating the overall quality of a series of images-using a psy
nique called the softcopy quality ruler. Please remember there are no right erwrong answers
asking you which image you perceive as having higher overall quality.

This is how we are asking you to evaluate the test images:

A pair of images will be presented to you on the two monitorstin front of you. For each pair
reference images, we ask you to indicate which image you-perceive to be of higher overall
enter your decision by pressing either the LEFT or RIGHEF key on the entry keypad.

The test images shown on one monitor represent different cases of tone reproduction. Thes
can make the images appear “snappy” or “flat,” and they can also determine how colourful
appear. In addition, some images were rendered\lighter or darker in overall tone. During this
will be evaluating 12 different tone variations:ifeach of six different scenes.

You will be comparing each test image with a series of reference images appearing on the ot
These reference images all have the same tone scale and colour rendering; however, each i
different sharpness. We ask you to-'select the image you perceive to be of higher overall qualit
prefer if you were allowed to keep only one image. In some cases the image pairs may appear
however, you should make a_choice.

When you have completéd the series of comparisons to evaluate a given test image, a tone
indicate you are evaluating a new test image. Note that the monitors on which the test image an
images are displayédywill change in a random fashion.

honstrate how_yol would evaluate an image using the first trial image.
re are two-other features of the system of which you should be aware:

If yousfeel you made an incorrect response and would like to re-evaluate the image you a

s and so is

e stray light.

Chophysical
hbecause we

of test and
quality. You

e variations
the images
Eession you

ner monitor.
mage has a
and would
ery similar;

vill sound to
d reference

re currently

to contmue with the experiment.

evaluatlng press the REDO key. This will restart the evaluation sequence for the current im@
ké any action

ge you are

If you feel you want to re-evaluate a previous image that is not currently on the screen, press the PREV
key. Each time you press the PREV key you will index back one test image. When you have reached the

image you want to re-evaluate, evaluate it just as you normally would. When your evaluation i

s complete,

the tone will sound. You can then index forward, using the NEXT key, to where you were prior to your
detour. The system remembers all your intermediate responses. You can hit the NEXT key until the system

stops indexing forward; it will not index past an image you have not evaluated.

Review Table B.1 with the observer and be sure they are comfortable with the keypad functions.

© 1SO 2012 — All rights reserved
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Table B.1 — Instructions for conducting the evaluation

If the following is true:

Then press this key:

You perceive the left image to be higher in overall quality LEFT
You perceive the right image to be higher in overall quality RIGHT
You want to restart the evaluation of the current test image REDO
You want to re-evaluate any previous test image PREV
You want to return to your current test image after a re-evaluation NEXT

| will be lea

ing this set of instructions and the table with vou for reference during the experiment. Do vou have

any questiol
Please eva
Watch the ¢
Do you hav,

Please feel
softcopy ru

Start the ex

Do you hav
experiment
telephone g

uate the next few trial images for practice.

bserver evaluate several test images from the trial sequence.

er, we will end the trial, and you can begin the actual experiment.

n the table behind you.

hs about how the keypad is used to enter your responses and control the system?

e any questions about the changes in tone reproduction occurring in the test images?

periment when the observer is ready. Stay until the observer has evaluated five images.

free to evaluate some more of the images in the trial set. When you fée} comfortable using| the

b any questions about any part of the experiment? If not, | will be’leaving to let you proceed witH the
If you have any questions during the experiment you may:¢ontact me at extension 12345 usind the

16
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Sample code of a binary search routine for the softcopy quality ruler

The pseudocode shown below conducts a binary search for the point of equivalence between a testimage and a
softcopy quality ruler. It is assumed that the testimage has already been displayed on a randomly chosen monitor.

The
The
retu
inte
hav
bas

The
vari
ima
high
are

rule

reference images in the softcopy quality ruler are indexed from 1 to num_ref from highest to lo
function ran_uni is a uniform pseudorandom number generator over the open range zero to

rned values are greater than zero and less than one). The function nint rounds a real number to
jer. The variable string choice, having a value of either “test” or “reference”, iscthe image i
ng higher quality by the observer. The variable qual_test is the output rated quality) in JNDs or
bd upon the ruler calibration array qual_ref [num_ref].

algorithm randomly selects a starting ruler image index, which provides’ the initial value of
hble cur_ref, the current reference level. The integer variable min_ref is the index of the lowest
pe that has been chosen as being higher in quality than the test image; whereas max_refis the
est quality ruler image that has been chosen as being lower in quality than the test image. The
initialized to values of 0 and num_ref +1, respectively, which-represent positions just outside

I levels. After each paired comparison, cur_ref and either.min_ref or max_ref are updated. Th

ternmpinated when min_ref and max_ ref differ by one.

If th
was
extn
and

*ini
min
ma

cur |

do |

e test image was chosen in preference to the highest quality ruler image, or the lowest quality
chosen in preference to the test stimulus, the guality rating is linearly extrapolated. The inte
ap is set to 0 if the rating is interpolated, 1 if thé#ating is extrapolated past the high-quality end
2 if extrapolated past the low-quality end.

ialization;

| ref=0;

_ref =num_ref + 1,

ref = nint(0,5 + num_ref Xran_uni(seed));
rform binary search,

ntil (max_refs min_ref = 1);

display réference_image[cur_ref];

obtairchoice;

vest quality.
bne (i.e. the
the nearest
Hentified as
SQS values

the integer
[uality ruler
index of the
be variables
he extreme

process is

ruler image
jer variable
of the ruler,

if (r\hnir\n — “rnfnrnnr\n”) +hnn;

min_ref = cur_ref;

else if (choice = “test”) then;

max_ref = cur_ref;
endif;

cur_ref = nint((min_ref + max_ref) / 2);

enddo;

*co

mpute quality rating;

© 1SO 2012 — All rights reserved
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if (min_ref = 0) then;

extrap = 1;

qual_test = (3 x qual_ref[1] — qual_ref[2]) / 2;

else if (max_ref = num_ref + 1) then;

extrap = 2;

qual_test = (3 x qual_ref[num_ref] — qual_ref[num_ref —1]) / 2;

else;
extrap
qual_tg

endif;

0;

st = (qual_ref[max_ref] + qual_ref[min_ref]) / 2;

18
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Annex D
(informative)

Calibration of the standard quality scale (SQS) and its reference stimuli

This annex describes how the SQS was defined and calibrated, and how the SRS and their MTF aims were
generated. A large number of reflection prints representative of consumer and professional photography were
assembled. These stimuli spanned essentially the full range of quality realized in such images, and| they varied
widely in the levels of many different artefactual and preferential attributes of image quality. These stimuli were
assessed for overall quality by expert observers using magnitude estimation, thereby generating a|preliminary
numerical scale. Small groups of very similarly rated stimuli clustered around each 6fya number of scale
pos|tions, which spanned the full range of the numerical scale, were identified. These groups were|individually
rank-ordered for overall quality by both trained observers and representative consumers. For gach pair of
stimuli within a group, the probability of the stimulus with the higher scale value being chosen|in a paired
conjparison was deduced from the rankings given to each stimulus by each obsefver. The resulting probability
wag converted to JNDs using Formula (B.2) from ISO 20462-1:2005, Anngx-B; which is repeated here.

12 . _
UNDs = —sin 1(\/E)—3 (D.1)

The|resulting value for each stimulus pair was plotted against the scale value difference between the stimuli. As
the pcale value difference increased (indicating a larger qudlity difference between the stimuli), thg¢ probability
of the higher scale value stimulus being chosen increasgd accordingly. A smooth curve was fit fhrough the
datg, and the stimulus scale value difference predicted-to yield 75:25 proportions was read off the plot. This
valye is called the JND increment of the scale, and-it is the rating scale difference that corresppnds to one
JND of stimulus difference. This procedure was-fepeated for each of the other groups, and the rejsulting JND
increments were plotted against the average.scale value of their associated group of stimuli. These data were
fit well by a straight line from the lowest to/the highest scale values, providing a continuous fungtion of JND
increment versus scale value.

The| next step was to convert the preliminary rating scale to a final scale of JNDs of quality. This was
accpmplished using the following'equation REF _Ref89951205 \r \h [6]:

N

ds’

= + D.2
0(s) = 0+ | 5, () (D-2)
Sr
whdre
s is the scale value,
o(s) is the quality in JNDs at s,
Sy is 2 roforance valiie that mgpe o n”
As(s) is the JND increment, which in this instance was linearly related to s.

The integrand is an infinitesimal scale value change divided by the JND increment at that scale value, which has
units of scale values per JND. The integrand thus corresponds to infinitesimal JNDs, which are accumulated
by the integral starting at the reference position. The choice of the reference mapping, which is arbitrary, was
made as follows. The point on the rating scale at which it became difficult to identify the nature of the principal
subject matter in the image was mapped to an SQS value of zero JNDs. On this scale, a typical excellentimage
might have a value of approximately 30 JNDs. Calibrated primary physical standards were constructed using
the multivariate images that were rated in this experiment.

To construct SRS, series of univariate images were made by progressively blurring high fidelity scene captures.
These MTF series were assessed for quality by trained experts, using the primary multivariate standard.

© 1S0O 2012 — All rights reserved 19
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Regressions of quality versus an MTF-based objective correlate of sharpness were obtained, allowing, for this
family of MTF variations, interpolation to arbitrary quality positions. From this relationship, the MTFs given in
7.2 were derived.

JNDs are proportional to z-scores, which are mean stimulus differences divided by the standard deviation of
the perceptual process (often called discriminal dispersion). Thus, JNDs are perceptual signal-to-noise ratios
that depend on both the physical differences between stimuli (signal) and the assessment variability (noise).
Consequently, a constant physical stimulus difference measured in multiple psychophysical experiments will
yield unequal JND values if the discriminal dispersion varies between experiments. Perceptual variability is a
function of the observers, the task being performed, and the nature of variation among the stimuli. For example,
assessment of overall quality, multivariate stimuli, and preferential attributes is more disperse than evaluation
of individuaLattributes, univariate stimuli and artefactual attributes, respectively. As described above, thexJNDs
and SQS values of this part of ISO 20462 are based upon assessment of overall quality of stimuli yaryifg in
many attribptes, both artefactual and preferential in nature.

20 © 1S0 2012 — All rights reserved
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Annex E
(informative)

Example of results from quality ruler experiments

This annex provides examples of the types of results obtained from a quality ruler experiment. The
for the first experiment described here were given in Annex A. The artefact under study in this

instructions
experiment

wag misregistration of colour records. The treatments consisted of shifts of one or more colour
integral numbers of pixels. A primary series of treatments involved shifts of the green record.only
varying from sub-threshold to seriously degrading. Ancillary treatments included moderatg shifts
recgrd, the red record, and both records simultaneously in orthogonal (90°) and in oppasite (180°
Each treatment was applied to 12 different pictorial scenes, which were rated against‘a hardcopy
by 20 observers. Null stimuli having no misregistration, and so identical to one of{the quality rulg
werg included to test for observer bias. These null stimuli were assigned quality loss values

vales for other stimuli were determined by difference. By assigning empirically optimized “weig
coldur record, an objective metric of visual misregistration, expressed as a-subtense at the obser
arc{seconds, was computed for each treatment. Figure E.1 depicts the fesults, pooled over all ob
scefnes. A regression with a 95 % confidence interval is based upon-the’green record shift data o
The| ancillary treatment data (squares) falls within the regression«cenfidence interval, supporting

records by
in amounts
of the blue
directions.
nuality ruler
r positions,
bf zero and
ts” to each
ver’'s eye in
servers and
nly (circles).
the general
geometries
and scenes
b observers
g the 25 %
be reported
hs, meeting

correlation of the visual subtense metric with perceived quality loss ffom misregistration for different]
of djfferent colour records. Figure E.2 depicts regression curves derived for subsets of observers
to show the impact of their variability. In addition to the regression curve from Figure E.1 for averag
and|scenes, in Figure E.2 curves are shown for the 50-%.more (less) sensitive observers assessi
mosgt (least) susceptible scenes, which lie below (above) the average curve. These results may
bechuse each datum is based upon (12 scenes x.25,%) x (20 observers x 50 %) = 30 determinatio
the minimum criterion of ISO 20462-1.
Y
5 -
0 fo
X
45
-10
-15
-20
-25 | | J
0 50 100 150
Ny
LI
Key
X visual misregistration, arc-seconds

Y JNDs of quality

NOTE
Dekker, Inc. (see Reference [7]).

Figure E.1 — Results pooled over all scenes and observers
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