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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
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hsk of technical committees is to prepare International Standards. Draft International Stand

in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
the technical committees are circulated to the member bodies for voting:“Publication as
| Standard requires approval by at least 75 % of the member bodies casting avote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

1 was prepared by Technical Committee ISO/TC 42, Photography.

Consists of the following parts, under the general title Phategraphy — Psychophysical experimg
" estimating image quality:

Overview of psychophysical elements
Triplet comparison method

Quality ruler method
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Introduction

There are many circumstances under which it is desirable to quantify image quality in a standardi
that facilitates interpretation of results within a given experiment and/or comparison of resul
different experiments. Such information can be of value in assessing the performance of differen
d|splay deV|ces |mage processmg algorlthms etc. under various condltlons There are a

and magnltude estimation, which might be con5|dered as candidates for experlmentally meas
quality. Several textbooks! 11 [31 14118181 [12] have reviewed these and other methods and-havd
asspciated data reduction techniques, which usually are based upon the approach ‘o Thur
anajogous reasoning. However, the choice of the best method for a particular application may b
makle, and interpretation of the rating scales produced by the numerical analyses(is ‘frequently
Furthermore, none of the commonly used techniques provides an efficient mechanism for calibn
resylts against a standardised numerical scale or associated physical references, which is des
results of different experiments are to be compared or integrated. The value of new calibrated p
methods in developing comprehensive models of imaging system qualityshas been demonstrated
workl®l that contains more detailed discussions of many of the informative topics superficially
hergin.

Thel| three parts of ISO 20462 address the need for documented means of determining image
calibrated fashion. Part 1 provides an overview of practical psychophysics; specific experimental n
asspciated data reduction techniques are described in Part2 (triplet comparison methodI81[10])
(quality ruler methodl®). Informative Annex A aids in idenfifying the better choice between the twq
methods of Parts 2 to 3, which are complementary, and together are sufficient to span a wid
applications. It is the intent of these methods to produce results that are not merely directional in
are [expressed in terms of relative or fixed scales\that are calibrated in just noticeable differenceg
that|the significance of experimentally measuréd stimulus differences is readily ascertained.

1:2005(E)
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Scope

e quality. This part of ISO 20462

defines the units by which image quality is quantified (just noticeable differences, or JNDs);

obtained from rating experiments;

provides a flow chart for choosing the preferred psychophysical method for determining inj
from among those defined in subsequent parts of [SO 20462.

Normative references

following referenced documents-are” indispensable for the application of this document,
rences, only the edition cited applies. For undated references, the latest edition of the
iment (including any amendménts) applies.

3664, Viewing conditions — Graphic technology and photography

Terms and definitions

the purpose,of this document, the following terms and definitions apply:

factual attribute

pute of image quality that, when evident in an image, nearly always leads to a loss of overall im

EXAMPLE Examples of artefactual attributes include noise and aliasing.

NOTE The commonly used terms defect and impairment are similar in meaning.

3.2

attribute
aspect, dimension, or component of overall image quality

cf. artefactual attribute (3.1) and preferential attribute (3.12)

© I1SO 2005 — All rights reserved
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EXAMPLE

33
attribute ju

Examples of image quality attributes include image structure properties such as sharpness and noise;
colour and tone reproduction properties such as contrast, colour balance, and relative colourfulness; and digital artefacts
such as aliasing, contouring, and compression defects.

st noticeable difference

attribute JND
measure of the detectability of appearance variations, corresponding to a stimulus difference that leads to a
75:25 proportion of responses in a paired comparison task in which univariate stimuli pairs are assessed in
terms of a single attribute identified in the instructions

cf. quality yNB-(3-+4
NOTE 1 As an example, a paired comparison identifying the sharper of two stimuli that differ only in theircgener

system modulation transfer function (MTF), would yield results in terms of sharpness attribute JNDs. If the! MTF cu

differed mor
observers’ a
judgement re
discussed in

NOTE 2 |
stimuli in agg
of attributes,
stimulus diffg
case corresp

NOTE3 /
images diffe
stimulus diffg
certain of hig|

3.4

categorica
psychophys
least some
attributes th

NOTE L
difficult to co
categorical {
possible to u
broad range
have been fg

3.5

otonically and did not cross, the outcome of the paired comparison would depend primarily upon
bility to detect changes in the appearance of the stimuli as a function of MTF variations, with little or no V
quired of the observers. The relationship between paired comparison proportions and stimulus differenc
greater detail in Annex B.

f observers are instead asked to choose which of a pair of stimuli is higher in ovérall image quality, and

rather than focussing on one aspect of image appearance, it is observed experimentally that larger obje
brences (for example, MTF changes) are required to obtain a 75:25 proportion of responses, which in
onds to a quality JND.

ing by one attribute JND is unlikely to be confident that hecaryshe has detected the sample differeng
rence of approximately three JNDs is usually needed for an-observer of average sensitivity to feel reasor]
or her assessment.

sort method

ical method involving the classification ef.a stimulus into one of several ordered categories
of which are identified by adjectives of-phrases that describe different levels of image qualit
ereof

[he application of adjectival desctiptors is strongly affected by the range of stimuli presented, so that
mpare the results of one categorical sort experiment to another. Range effects and the coarse quantizati
ort experiments also hinder- cenversion of the responses to JND units. Given these limitations, it ig
hambiguously map adjectival-descriptors to JND units, but it is worth noting that in some experiments whe
of stimuli have been presented, the categories excellent, very good, good, fair, poor, and not worth keg
und to provide very roughly comparable intervals that average about six quality JNDs in width.

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

NOTE

he”purpose of defining image quality in terms of third-party (uninvolved) observers is to eliminate sourc

hting
rves

the
alue
ES is

f the

regate are multivariate, such that the observer should make value judgements-gfithe importance of a number

ctive
this

JND is a statistical quantity, derived from a number of observations. An observer assessing a single pair of

e. A
ably

, at
y or

it is
n of
not
rea

ping

with

ps of

variability that arise from more idiosyncratic aspecls of image perception and pertain 1o attribuies outside the confrol of
imaging system designers.

3.6
instruction

S

set of directions given to the observer for performing the psychophysical evaluation task

3.7

just noticeable difference

JND

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

cf. attribute JND (3.3) and quality JND (3.14)
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3.8

magnitude estimation method

psychophysical method involving the assignment of a numerical value to each test stimulus that is proportional
to image quality; typically, a reference stimulus with an assigned numerical value is present to anchor the
rating scale

NOTE The numerical scale resulting from a magnitude estimation experiment is usually assumed to constitute a ratio
scale, which, ideally, is a scale in which a constant percentage change in value corresponds with one JND. In practice,
modest deviations from this behaviour occur, complicating the transformation of the rating scale into units of JNDs without

inclusion of unidentified reference stimuli (having known quality) among the test stimuli.

3.9

mu‘tivariate

desgribing a series of test or reference stimuli that vary in multiple attributes of image quality.
3.1(

observer

individual performing the subjective evaluation task in a psychophysical method

3.11
paifed comparison method

psy¢hophysical method involving the choice of which of two simultaneotsly presented stimuli exh
or lgsser image quality or an attribute thereof, in accordance with a set of instructions given to the ¢
NOT

E Two limitations of the paired comparison method are as follows.

a) |If all possible stimulus comparisons are done, as is usually the Case, a large number of assessments ar:
even modest numbers of experimental stimulus levels [if¥-levels are to be studied, N(N — 1)/2 paired
are needed].

If a stimulus difference exceeds approximately 1,5 JNDs, the magnitude of the stimulus difference cann
estimated reliably because the response saturates as the proportions approach unanimity.

be deduced indirectly by summing ‘smaller, reliably determined (unsaturated) stimulus differences. 71
ods for transformation of paired,comparison data to an interval scale (a scale linearly related to JN

preferential attribute
attripute of image quality that is invariably evident in an image, and for which the preferred degres
of opinion, depending upon both the observer and the image content

EXAMPLE Examples of preferential image quality attributes include colour and tone reproduction prope
confrast apd\relative colourfulness. Because the perceived quality associated with a preferential attribute
upon beth the observer and image content, in studies involving variations of preferential attributes, parti
needleéd-in the selection of representative sets of stimuli and groups of observers.

bits greater
bserver

e required for
comparisons

ot be directly

ever, if a series of stimuli having no large.gaps are assessed, the differences between more widely separated stimuli

he standard
IDs) perform
esults when

is a matter

rties such as
s dependent
cular care is

NOTE

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 1ISO 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.

3.13

psychophysical method

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

© I1SO 2005 — All rights reserved
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cf. categorical sort (3.4), magnitude estimation (3.8), paired comparison (3.11), quality ruler (3.15), rank
ordering (3.16) and triplet comparison methods (3.24)

3.14

quality just noticeable difference
quality JND

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

NOTE 1

See Notes for attribute JND (3.3).

NOTE2 1
of significand
predicting hg
drawing the

observers wguld perceive overall quality as a function of one or more stimulus variations, and so is a more useful qud

in optimizing
quality of an
quality JND9
expressed in

stimuli are rated against a series of appropriately calibrated reference stimuli, as in the quality’ruler method.

3.15

quality ruler method

psychophys
ordered, un
NOTE L

3.16

rank ordering method

psychophys
or decreasi

3.17

reference stimulus

image prov
stimuli in sy

NOTE 1

3.18

scene
content or
through diff

NOTE 1

[he attribute JND is a measure of detectability of appearance changes, whereas the quality JND is a(mea
e or importance of stimulus differences in terms of their impact on quality. An attribute JND is a useful un
w observers would react to an advertisement showing images carefully matched in all respects’ but one,
attention of the observer to the attribute varying. In contrast, a quality JND is useful for predicting

imaging system design, where different attributes should be balanced against one \ancther. The oV

, Whereas the same is not true of attribute JNDs. Therefore, it is often highly~desirable to obtain re
quality JNDs, even if the stimuli being assessed are univariate in nature. This.ean be accomplished fif

ical method that involves quality or attribute assessment of a test stimulus against a serie
variate reference stimuli that differ by known numbers of\JNDs

[he quality ruler method is described in more detail in IS@'20462-3.

ical method involving the arrangement by.an observer of a series of stimuli in order of increa
g image quality or an attribute thereof; in accordance with the set of instructions provided

ded to the observer for the(purpose of anchoring or calibrating the perceptual assessments of]
ch a manner that the givenratings may be converted to JND units

[he plural is reference 'stimuli.

subject matter of an image, or a starting image from which multiple stimuli may be prody
brent experimental treatments

[ypically, stimuli depicting the same scene are compared in a psychophysical experiment, because it is

sure
it for
and
how
ntity
erall

image may be predicted from a knowledge of the impact of each attribute in isolation;-expressed in terms of

sults
test

s of

sing

test

ced

the

effect of the

treatimient tat IS Ol Interest, ara alierences 1 1image COrtent CoOuld Cause SPUrious elrects. 1M Cases

ere

scene content is not matched, a number of scenes should be used so that scene effects may be expected to average out.

3.19
standard q
SQs

uality scale

fixed numerical scale of quality having the following properties:

a)

the numerical scale is anchored against physical standards;

b) aone unitincrease in scale value corresponds to an improvement of one JND of quality; and
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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

NOTE The standard quality scale is described in more detail in ISO 20462-3.

3.20

stimulus

image presented or provided to the observer either for the purpose of anchoring a perceptual assessment (a
reference stimulus) or for the purpose of subjective evaluation (a test stimulus)

NOTE The plural is stimuli.

3.21
suppression
pergeptual effect in which one attribute is present in a degree that seriously degrades image [quality and
thereby reduces the impact that other attributes have on overall quality, compared to\the impact| they would
havge had in the absence of the dominant attribute

NOTE To generate reference stimuli that are separated by a specified number of JNDs based on varigtions in one
attrilbute, it will be necessary to ensure that other attributes do not significantly suppress)the impact of the attripute varied.

3.22
test stimulus
imape presented to the observer for subjective evaluation

NOTE The plural is test stimuli.

3.23
tregtment
confrolled or characterized source of the variations>between test stimuli (excluding scene content) that are to
be ipvestigated in a psychophysical experiment

EXAMPLE Examples of treatments includé.different image processing algorithms, variations in capture or display
devite properties, changes in image capture.conditions (e.g. camera exposure), etc.

NOTE Different treatments may, be achieved through hardware or software changes, or may ke numerical
simylations of such effects. Typically;:a series of treatments is applied to multiple scenes, each generating a[series of test
stimpli. The effect of the treatmentumay then be determined by averaging the results over scene and observer to improve
signpl to noise and reduce the likelihood of systematic bias.

3.24
triplet comparison
psy¢hophysical method that involves the simultaneous scaling of three test stimuli with respe¢t to image
quality or an attribute thereof, in accordance with a set of instructions given to the observer

NOTE The triplet comparison method is described in more detail in ISO 20462-2.
3.25

univariate
describing a series of test or reference stimuli that vary only in a single attribute of image quality

4 Specification of the experimental conditions and results

4.1 Observer characteristics

Observers shall be free of any personal involvement with the design of the psychophysical experiment or the
generation of, or subject matter depicted by, the test stimuli.

© I1SO 2005 — All rights reserved 5
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Observers shall be checked for normal vision characteristics insofar as they affect their ability to carry out the
assessment task. In most cases, observers should be confirmed to have normal colour vision and should be
tested for visual acuity at approximately the viewing distance employed in the psychophysical experiment.

The number of observers participating in an experiment shall be reported. If the data of any observers are
omitted from the analysis because of indications of difficulties with the task, the number omitted, and the
criteria upon which exclusion was based, shall be reported. The percentage of observers excluded should not
exceed 15 %. At least 10 observers shall (and preferably 20 should) contribute data to the analysis. Criteria
for selection of observers, and notable characteristics of the observer group as a whole, should also be
reported.

NOTE xamples of information regarding the observer group that might be reported include demographic data, |evel

of experiencg in image evaluation, technical training if pertinent to a particular imaging application, etc.

4.2 Stimulus properties

The numbelr of distinct scenes represented in the test stimuli shall be reported and shalltegual or exceg¢d 3

scenes (an
preferably g
the importa

The nature
subjective
properties (

present at @ constant level in the test stimuli should also be reported:lf reference stimuli are provided to

observer, a

NOTE
even if they
processing s|

H

4.3 Instn
The instruc
experiment
are no calib

range of s
differences

The task ag
attribute thq
the nature
reported.

NOTE 1 )
stimuli to be

 preferably should equal or exceed 6 scenes). If fewer than 6 scenes are‘\used, each shal
epicted or alternatively briefly described, particularly with regard to properties that might influe
nce or obviousness of the stimulus differences.

of the variation (other than scene content) among the test stimuli shall be described in

erms (image quality attributes) and objective terms (stimulus<{treatment or generation). O
f the stimuli or their generation that might be expected tonfldence the results obtained eve

Examples of stimulus properties or aspects of their generation that might affect the outcome of an experi

eps that could amplify certain types of signal or noise’

uctions to the observer

ions shall state what is to be evaluated by the observer and shall describe the mechanics of
bl procedure. If the test stimuli vary only in the degree of a single artefactual attribute, and t

imulus variations should-be shown to observers before they begin their evaluations, and
between the preview-images should be explained.

signed to the abserver shall be reported, making clear whether evaluation of overall quality o
reof was requested, and specifying which psychophysical method was used. The extent to w
of the variation of the stimuli was demonstrated and explained to the observers shall alsg

5 in a quality ruler experiment, their pedigree shall be specified in accordance with ISO 20462-3.

| be
nce

both
ther
en if
the

ment

wvere invariant include presence of serious artefacts that might cause suppression, and application of image

the
nere

rated reference stimuli presented to the observer, then the instructions shall direct the observer to
evaluate th¢ attribute varied, rather than_to evaluate overall quality. A small set of preview images showing

the
the

Ir an
hich
be

'hefenare various viewpoints regarding the extent to which the instructions should identify the variatio

presented to the observer. One danger in not identifying the attributes being varied is that an observer

Imay

s in

fail to recognize the nature of the stimulus differences until a particularly obvious example of an attribute is encountered,
causing a ftransition from a state of insensitivity to one of sensitivity. Because the goal of most investigations is to
determine responses at a steady state or equilibrium condition, rather than to characterize transient behaviour, dramatic
changes in observer perception in the middle of an experiment are normally undesirable.

NOTE 2 If stimuli are univariate or vary only in a small number of attributes, merely asking the observer to assess the
overall quality of the stimuli does not guarantee that the observer will make the desired value judgement rather than
evaluating the attribute appearances in an artificial and analytical manner, potentially leading to results in units that are
intermediate between attribute and quality JNDs. A helpful tactic in such cases is to ask the observer to imagine that the
image represents a personally treasured moment, and to compare images (whether test and reference stimuli or multiple
test stimuli) based on which they would prefer to own, if they could have only one. This approach may help to place the
observer in the proper frame of mind to assess overall quality.

© I1SO 2005 — All rights reserved
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Viewing conditions

Viewing conditions shall be consistent with ISO 3664 except for the following relaxed criteria.

a)

For print viewing, the illuminance level shall be between 375 Ix and 2 500 Ix.

NOTE 1
critical (P1) evaluation. This part of ISO 20462 allows intermediate values as well.

For print viewing, the surround surfaces shall exhibit no specular reflections from the observer'

-1:2005(E)

ISO 3664 permits ranges of 375 Ix to 625 Ix for practical (P2) evaluation and 1500 Ix to 2 500 Ix for

s position.

The
viey
viey
sho

The
sim
qua
sho

NOT
with
cong
valu
disp|
diffe]
cong

NOTE 2
any angle.

ISO 3664 requires that the surround surfaces be matte, and therefore exhibit no specular

For print and transparency viewing, the special colour rendering index (CRI) should.équal or
and the metamerism index should be C or better (visual) and less than 4 (UV). If these criteria
the type of illumination employed shall be specified.

NOTE 3 In this part of ISO 20462 , the unchanged ISO 3664 requirement that the-routinely tabulated
value shall equal or exceed 90 is considered sufficient for pictorial image. quality evaluation. 1ISO
requires that the special CRI and metamerism criteria above be met. These miare stringent criteria are a

image quality evaluation.

For monitor viewing, if the white point u’,v’ chromaticities<are closer to D50 than D65, the
luminance shall exceed 60 cd/m?2; otherwise, it shall exceed 75 cd/m?2.

NOTE 4 ISO 3664 requires that the white point luminaneé exceed 75 cd/m? regardless of white point
notes the potential difficulty of meeting this criterion at lower correlated colour temperatures.

ing distance (measured from the eye of the observer to the stimulus) shall be reported. As
ing conditions not specified in ISO 3664 _but thought to influence the perception of the stimuly
Lld also be reported.

viewing conditions at the «physical locations assumed by multiple stimuli that are
Llitaneously shall be matched\to a degree such that critical observers see no consistent di

Uld be able to view each,stimulus merely by changing his or her glance, without having to move

E5 For example;.during a triplet comparison of three test stimuli, or a quality ruler comparison of a
two reference stimuli between which the test stimulus falls, three stimuli in three nearby physical
idered by the<bsérver at the same time. To avoid bias, at these three physical locations the illuminati

ayed at -€ach of the three locations would exhibit no consistent differences in attributes of image q
Fences.in, perspective, such as whether the left or right side of an image appears minutely foreshortg
idered(to be of significance in determination of quality.

reflections at

exceed 80;
are not met,

general CRI
3664 further
bpropriate for

critical assessment of graphic arts colour appearance matching, but are more restrictive than is necessary for overall

white point

balance, but

illuminance level (reflection prints) or white™point luminance (transparencies, softcopy vigwing), and

pects of the
s variations

compared
ferences in

lity between identical stimuli’presented simultaneously at each of the physical locations. The observer

their head.

test stimulus
ocations are
bn tristimulus

bs, viewing. distance, viewing angle, flare, etc. should be matched to sufficient tolerances that identical images

uality. Trivial
ned, are not

4.5

Experimental duration

To avoid fatigue, the median duration (over observer) of an experimental session, including review of the
instructions, should not exceed 45 min, and shall not exceed 60 min. Individual observers who require more
than 60 min to complete the assigned task shall be allowed the option of returning at another time to finish the
test.
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4.6 Results

Stimulus differences or averages of stimulus differences (over scene) for various treatments shall be reported
in JND units, to the nearest 0,1 JND. A value shall not be reportable unless it is computed from at least
30 individual determinations (scenes multiplied by observers and by repetitions). If the instructions direct the
observer to assess an attribute rather than overall quality, the JNDs shall be identified as attribute JNDs;
otherwise, they should be stated to be JNDs of quality. If the presence of calibrated reference stimuli permits
the determination of SQS values (ISO 20462-3), they shall also be reported to 0,1 units and shall be subject to
the same minimum assessment number constraint.

NOTE 1 If 10 observers assess some number of treatments in 3 scenes each, then pooling the data for each treatment

over scene gnd observer will allow the 30-determination requirement to be met exactly. If 20 observers assess treatn]

in 6 scenes
data.

NOTE 2  The above requirement is intended to adequately reduce potential errors from experimental uncert

through suffi

select obserper and stimulus groups that are representative, so that biases are not introduced-into the analysis.

example, av

the mean terjdency of the group of observers chosen were accurately quantified, but no amountof‘averaging could co
for the bias resulting if the range of inter-observer variation of the selected group were unrepresentative of the popul

as a whole.

4.7 Sum

A list of thg information to be reported from a psychophysical experiment is provided in the table below.
order of thg tabulation follows that of the discussion in Clause 4 abeve. An example of a report is providg

Annex C.

pach, separate results could be quoted for subsets of observers and scenes containing at least 25 %-9

Cient averaging of multiple determinations. However, it is the responsibility of the experimental design

braging over a number of observers might control the effect of intra-observer variability’ satisfactorily, so

mary of reported quantities

Table 1 — Summary of.reported quantities

Number of observers participating

Number of excluded observers and(feasons for exclusion

Criteria for selection of observers

Vision tests administered4o\observers

Pertinent characteristics-of observer group

Number of scenes

Depiction (preferably) or description of scenes if fewer than six in number

Subjectiveand objective nature of variation among test stimuli

Other, properties of test stimuli that might affect outcome of experiment

Pedigree of reference stimuli if present

Stimulus property observer was instructed to evaluate

ents
f the

Rinty
br to
For
that
rrect
htion

The
d in

Psychophysical method employed

Extent of explanation of the stimuli differences to the observer

llluminance (prints) or white point luminance (transparencies, monitors)

Stimulus size

Stimulus type (reflection print, transparency, monitor image)

Viewing distance (from the observer’s eye to the stimulus)

Unspecified viewing conditions affecting perception of stimulus variations

Treatment differences in attribute JNDs, JNDs of quality, or SQS values
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Selection of an appropriate psychophysical method

1:2005(E)

There are a number of commonly used psychometric methods such as paired comparison, rank ordering,
categorical sort, and magnitude estimation. Each of these methods, as well as those described in subsequent

part
tripl
thei
this
This
pro

The

of three stimuli each, which encompass all possible pairs of treatments of a(given scene. The cor

JNO
JNIO
effig
ther
smg

In t
stim
The
sup
sub
qua
rest

In many applications, either the triplet.comparison or the quality ruler approaches may be satis

tripl
JNO
qua
qua
adv
thar
qua

lity and/or for producing results calibrated(fo the standard quality scale (SQS), facilitating co

Jity ruler experiment need not be repeated in subsequent studies. The quality ruler method is|

lity ruler methed) permits the results to be reported using the SQS. With effort, SQS ¢

Uf thID :IItUIIIatiUI IG: Stdlldald, :-IGD Dtlcllgthb dlld VVUG:\I ICTOSST S, VV:-I;LJ:-I al'c d;DUUDDUd ;II AI
bt comparison method of ISO 20462-2 and the quality ruler method of ISO 20462-3 are compl
- properties, and one or both should provide a satisfactory approach in most applications:\Fhe
annex is to aid in the choice of the better method, in cases where one or the other is-distinctl
is accomplished by first very briefly describing each method, and then contrasting the m
iding a simple decision flow chart.

triplet comparison method, described in ISO 20462-2, involves scaling each jof'a minimum nur

s after data collection is complete may be compromised if gaps betwéen adjacent stimuli g
s, or if too many pairs of stimuli differ by > 1,5 JNDs, causing saturated responses. The met
ient for numbers of stimuli of the form N = 6K + 1 or N = 6K — 3 (where K is a positive intege
e is no duplication of pairs within the triplets. This method is_particularly suitable for precisely
Il quality or attribute differences.

ne quality ruler method, described in 1ISO 20462-3, test stimuli are rated against a series ¢
uli having known separations in JNDs, so the observers’ responses can be converted to JNDs
quality ruler method entails an initial effort to generate or to obtain reference stimuli and tqg
borting hardware or software; however, once @n experimental set-up is in place, it may be
sequent studies. This method is particularly\suitable for characterizing stimuli that vary sig

Its between different experiments.
bt comparison method is better, for precisely measuring smaller quality differences (on the g
), whereas the quality rulerrmethod is preferred when larger stimulus differences (multiple JND

ntified. The triplet comparison method is somewhat simpler, although most of the effort in setti

hntageous in allowing,observer responses to be converted to JNDs instantly with a lookup t
waiting until all@ata are collected and can be analysed as a set. With suitable reference

detd
qua
as

Th
giv

rmined using{the triplet comparison method, by including reference stimuli of known SQS
ity nearlyidentical to that of the test stimuli, and constraining the viewing distance and other
quired-in.the quality ruler method.

flow"chart given in Figure A.1 provides some guidance regarding which method is more st

ex D. The
ementary in
purpose of
y preferred.
ethods and

hber of sets
nputation of
xceed ~1,5
hod is most
r), because
determining

f reference
in real time.
set up the
reused for
nificantly in
mparison of

actory. The
rder of one
s) are to be
Ng up a first
sometimes
able, rather
stimuli, the
an also be
b that have
parameters

itable for a
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Chief priority quantification of small stimulus differences (about one JND) » Use triplet comparison

Yes

No

Y

Standard quality scale (SQS) results required

Yes

Use quality ruler

Y

No

A J

Simplicity of experiment more important than quantification of
multiple-JND stimulus differences or real-time determination

Yes

» Use triplet comparison

No
\

Use quality ruler

10

Figure A.1 — Selection of an appropriate psychophysical method
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Stimulus differences, paired comparison proportions, and JNDs

Following Thurstonel'!l, perception is generally modelled as a variable or noisy process, rather than a
determ|n|st|c phenomenon Image quallty oran attrlbute thereof may be regarded as a dlmenS|on of stimulus

varig

ass
ther
stin

=ssment is quantified by the stimulus value that on average would have produced that samg
the outcomes of a number of assessments of a single stimulus can be represented as“a’di
ulus values. This perceptual distribution will be peaked near the actual stimulus value-.and will

breadth reflecting the uncertainty in the perceptual process. A paired comparison is modelled as 3

of o
two

For
blur|
sha
No.

alw

pro

dist
dist
and
exc
beirn

The
two
equ
equ
diffd
dist
(mal
valy

he stimulus value, then a perception of the other stimulus value, followed by a comparison of {
values, and a decision based upon the sign of their difference.

red. A numerical scale of blur might be defined so that increasing) blur (and therefore
pness) corresponds to increasing value. Suppose Stimulus No. 1 ‘has a blur value of 7,0 a
2 has a blur value of 9,0. If perception were a deterministic phenomenon, then Stimulus |
ys be identified as being the sharper stimulus in a paired,*comparison of the two stin
abilistic model, however, the perceived degree of blur ofeach stimulus is represented b
ibution centred upon their actual blur values. If the perceptual distributions both were normal
ibutions with standard deviations of 2,0 blur value unitsjthe two distributions would overlap c
in some pairs of samples drawn from the distributions) the perceived blur value of Stimulus

ped that of Stimulus No. 2, causing the observer to identify the objectively more blurred Stimu
g sharper, an error.

distribution of differences between samples)drawn from two distributions is given by the convo
distributions. The convolution of two «normal distributions is again a normal distribution hay|
bl to the difference of the starting distribution means and a variance (square of the standar:
bl to the sum of the variances of the two starting distributions. In our present example, the di
rences of blur values between those drawn from the Stimulus No. 1 and the Stimulus No. 2
ibutions would have a mean-value of 7 -9 =-2 and a dispersion of (22 +22)12~ 2,8 blur
king the stimulus difference,2,0/2,8 ~ 0,70 standard deviations). As long as the difference in pe|
es has a negative value, the observer would correctly identify Stimulus No. 1 as being s

probability of a correct answer is equal to the fractional area of the difference distribution lying to th

orig

n (x = 0) and hence having a negative sign.

To generalize this{result, it is convenient to refer to a normal distribution having zero mean and u

dev
dist
the
the

ation. Instefms of this distribution, the probability of a correct response is the fractional
ibution<to.the left of the absolute stimulus difference, expressed in multiples of the standard

example, consider two stimuli differing only in the degree to which a(common initial imagge

individual
b sensation,
stribution of
have some
perception
he resulting

has been
decreasing
nd Stimulus
No. 1 would
nuli. In the
y a peaked
(Gaussian)
bnsiderably,
No. 1 would
us No. 2 as

jution of the
ng a mean
d deviation)
stribution of

4 perceptual

value units
rceived blur
harper. The
e left of the

hit standard
area of the
deviation of
h that lies to

differefce distribution, which are usually called z-values. The fractional area under a distributio
left of a particular value is glven by a cumulatlve dlstrlbutlon functlon (CDF) The CDF ¢

bf a normal

distr works, and is
related to what is called the error functlon In the present example, the normal CDF at z = 0,70 is 0,76, so the
stimulus difference just slightly exceeds one JND, which would yield a 75:25 proportion.

In practice, the outcomes of paired comparison experiments are not always accurately described by assuming
a normal difference distribution. Systematic discrepancies are observed at larger stimulus differences, which
imply that the tails of the difference distribution are relatively more extensive than those of a normal
distribution, so that larger stimulus differences are needed to drive paired comparison proportions towards
unanimity than would be anticipated. In addition to this inaccuracy, there is also imprecision in the
determination of values in the tails of a normal distribution. In a typical application, a paired comparison
proportion would be used to determine the unknown stimulus difference (e.g. the quality difference). Because
the slope is low in the tails of the distribution, a small change in the observed proportion can cause large
changes in the deduced stimulus difference. For example, if 39 of 40 observers agree which stimulus is higher
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in quality, the deduced stimulus difference would be about two z-units or about three JNDs. However, if the
lone observer changed his or her single assessment so that the result was unanimous, the deduced stimulus
difference would become infinite. The combination of inaccuracy and imprecision in the tails of a difference
distribution begins to compromise the reliability of deduced stimulus differences from direct paired comparison
when the two stimuli differ by more than approximately 1,5 JNDs.

Given the inaccuracy and imprecision in the tails of difference distributions, and the lack of an analytical
expression for the CDF of a normal distribution, it is convenient to adopt a different function to model the
difference distribution. The angular distribution closely resembles the normal distribution at small stimulus
differences, but has truncated tails at larger stimulus differences, which bound deduced stimulus differences
and their uncertainties, allowing regression analyses of the data to be performed rigorously without requiring

signal-depe
stimulus be

za(p)

where the §
JNDs by d
obtained by

JNDs +

where the
computed
differences
shapes.

:m[sirﬂ(@)

ndent weighting!<l. The relationship between the angular deviate z; and the probability of & g
ng selected in a paired comparison p is given by Reference [7]:

|

ngle from the arcsine function is in radians. Angular (or other) deviate units| may be converte
viding the observed stimulus difference by the difference corresponding) to one JND, whig
setting p equal to 0,75. Using Equation (B.1), this procedure yields:

T

4

12

~Zsin™ (\/;)—3

T

| _z(p) _
z(0,75)

deduced JND values range from +3 to —3. For modest stimulus differences, the numbe
UNDs will depend only slightly upon which distribution is assumed, but for larger stim
significantly different answers result from different:distributions, reflecting the variations in thei

ven

B.2)

r of
ulus
- tail

12
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Example of a report of a psychophysical experiment

In this example, a psychophysical experiment has been performed using the triplet comparison method. The
stimuli depict 5 scenes, the 13 treatments of which differ in the exposure provided by a digital still camera.

Su

Table C.1 — Example report of a psychophysical experiment

H 4 Lol o £l ook H ol ol HUGA H £ 4o
AT TAPTTITTITTIU CUUTU UT USTTUT TTT UTTITTITIT Ty TTCULUINTITITTTUTU TAPUSUTT TTTUTLT S TUT UTTC Lallicliq.

a)

b)

d)

e)

f)

observers were chosen based upon usage of digital images in their profession (10)of 16) or otherwise.
Scenes: Five scenes were represented in the test stimuli; these depicted:

1)
2)
3)
4)
3)

Scenes 1), 3), and 5) contained slowly varying areas of blue sky [1) and 3)] or skin tones 5) in which

a house and yard;

a dinner party inside a restaurant (flash illumination);
a couple standing at a scenic overlook;

an indoor high school basketball game; and

a formal portrait.

was sensitive to overexposure.

Treatments: The treatments of each scene-consisted of a series of 13 camera exposures separated
stop increments. The resulting images \were rendered such that a selected scene midtone mapped

shadows at the more extreme exposures.

were being studied, Thestudy was carried out using the triplet comparison method.

of the stimuli.was restricted to 406 mm through the use of a padded headrest. The illuminance at the
stimuli was) 700 Ix.

not found to be statistically different, and so the results presented are averaged over all 5 scenes and 1

Observers: Seventeen observers participated in this study. Data from one observerfwére exclud
analysis because the ratings provided did not vary systematically with treatment nor 'did they correlate well with
those of the remaining 16 observers. All observers were tested for normal colour vision“and were confirmed to have
high visual acuity with corrective lenses, if any, at the viewing distance employed in this study (4

noise level were particularly evident. Scenes 2).and 5) contained important highlight detail the appeara

visual density. The final prints varied/subjectively in noisiness and in the degree of detail in the hi

Instructions: The observer§S were directed to rate the stimuli based upon their overall quality. T
variations in noise level (and shadow and highlight detail were demonstrated to the observers us
samples, and the differénces in appearance that they might see were described verbally while the prev

Viewing: The glassy reflection prints (101 mm x 152 mm in size) were placed on a rack mounted @
table, which was/angled to produce a = 45° illumination angle and a perpendicular viewing angle. View

Results: The treatment ratings in JNDs of quality, relative to the peak quality observed, are tabulated as a function
of eamera exposure index. The data for professional and amateur observers were computed separat

ed from the

06 mm). All

\variations of
hce of which

by one-third-
fo the same
Ohlights and

he range of
ing preview
ew samples

n a drafting
ing distance
plane of the

bly but were
b observers.

Results

50
2,4

64
-1,5

80
-0,8

100
-0,3

Exposure index 125

0,0

160
0,0

200
-0,1

250
-0,2

320
~0,4

400
-0,7

500

JNDs of quality -1,1

640
-1,6

800
-2,2
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