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Abstract. Designers of imaging systems, image processing algo-
rithms, etc., usually take for granted that methods for assessing
perceived image quality produce unbiased estimates of the viewers’
quality impression. Quality judgments, however, are affected by the
Jjudgment strategies induced by the experimental procedures. In this
paper the results of two experiments are presented illustrating the
influence judgment strategies can have on quality judgments. The
first experiment concerns contextual effects due to the composition
of the stimulus set. Subjects assessed the sharpness of two differ-
ently composed sets of blurred versions of one static image. The
sharpness judgments for the blurred images present in both stimu-
lus sets were found to be dependent on the composition of the set
as well as the scaling technique employed. In the second experi-
ment subjects assessed either the overall quality or the overall im-
pairment of manipulated and standard JPEG-coded images contain-
ing two main artifacts. The results indicate a systematic difference
between the quality and impairment judgments that could be inter-
preted as instruction-based different weighting of the two artifacts.
Again, some influence of scaling technique was observed. The re-
sults of both experiments underscore the important role judgment
strategies play in the psychophysical evaluation of image quality.
Ignoring this influence on quality judgments may lead to invalid con-
clusions about the viewers’ impression of image quality. © 2001
SPIE and IS&T. [DOI: 10.1117/1.1335529]

1 Introduction

The impact of experienced quality on the acceptability
of media is one of the main reasons why in the field of
electronic imaging there has always been much interest in
methods and tools for assessing and predicting perceptual
image quality’~" In the last two decades, the prospect of
being able to predict the viewer's quality impression di-
rectly from the physical image has elicited a large variety
of so-called objective quality metrics, i.e., measures gener-
ated by algorithms which aim to correlate well with quality
judgments of human observers. The complexity of these
algorithms has gradually increased in time by incorporating
increasingly more properties of the early human visual sys-
tem and, more recently, higher level cognitive processes
(e.g., attention, memo)y'’ The main reasons for this trend
are the relatively low correlation between most of the ob-
jective measures and the viewers’ judgments and the fre-
quently observed scene dependency of the objective mea-
sures. Looking at this trend, it is surprising to realize that,
in general, the problems encountered with objective mea-
sures are attributed to the limited capacities of the algo-
rithms and not to the quality judgments. Apparently, there
is an implicit assumption that quality judgments are a faith-
ful representation of quality impressions. But is that always

Present-day technology begins to make it feasible to com-the case? And does it hold for generally accepted standard-
municate complex information in a natural, dynamic way. ized evaluation techniques like the ones recommended by
In the coming years, for example, electronic imaging tech- the International Telecommunication Uni¢GiU)?
nology is expected to contribute substantially to the devel- Recommendation 500 of the International Telecommu-
opment of communication media that must lead human ob-nication Union/Radio CommunicatigiiTU/R)® is probably
servers to believe that they are actually present in thethe most frequently cited document in the field of image
environment displayed (e.g., virtual space tele- quality evaluation. This document describes, among others,
conferencing, immersive televisiof). At the same time,  scaling methods and viewing conditions for assessing the
persisting limitations in transmission bandwidth and data perceived quality of television pictures in a standardized
storage will keep on forcing system designers to employ way. The objective of these methods is to generate opinion
high levels of data compression introducing content- scores reflecting the viewers’ quality impression. To date,
dependent temporal fluctuations in the quality of informa- subjective evaluation is regarded as the most effective and
tion presentatiod. When annoying to the end user, such reliable way of assessing image quality, especially because
quality fluctuations may seriously threaten the acceptability widely used objective measures like root-mean-squared er-
of new media. ror and peak signal-to-noise ratio are, in general, not able to
provide a good indication of perceived qualtty.

As already suggested above, designers of imaging sys-
This paper is a slightly modified version of an invited paper presented on the tenth t€MS, image processing algorithms, etc., usually take for
anniversary of the IS&T/SPIE conference on Human Vision and Electronic Imaging, granted that such quality ratings are unbiased estimates of
26-29 January 1998, San Jose, CA. the viewers’ quality impressiohln general, this will not be

- ) ) ) the case. In his boogensation and Judgment: Complemen-
Paper HVEI-03 received Dec. 23, 1999; revised manuscript received July 11, 2000;
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tary Theory of Psychophysic8aird™® points out that in
psychophysical experiments subjects’ responses are deter-
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mined not only by the percept itself but also by the judg- itself but also on the other stimuli to be judged in a session.
ment strategies induced by the experimental procedures. A€ontextual effects due to stimulus spacing or frequency of
a consequence, the same stimulus may elicit different re-occurrence of stimuli have been found to have a substantial
sponses under varying conditions. Quality judgments are nainfluence on the results of a single stimuligs “direct”)
exception to this rule as will be shown in this paper. scaling experimentS The question becomes whether and, if

What can be done about this apparent malleability of so, to what extent contextual effects are present when com-
opinion scores? One possibility is to identify the sources of plex stimuli, e.g., digitally coded images of natural scenes,
this context-dependent flexibility and to control them by are evaluated.
meticulously specifying the conditions under which experi-  In practice, the composition of the stimulus set to be
ments have to be carried offt’® According to  evaluated on, for example, image quality is often fixed and
Gescheidet? this agrees with “...the approach of the sen- cannot be manipulated. Accordingly, contextual effects due
sory scientist whose goal is to obtain unbiased scales ofto stimulus spacing may seriously threaten the reliability
sensory magnitude to study sensory processes such as surand, particularly, the validity of the outcome of such a qual-
mation, inhibition, adaptation, and sensory channelg.” ity assessment. It was, therefore, decided to limit the inves-
183). A possible disadvantage of this approach is its inabil- tigation to the possible influence of stimulus spacing. In the
ity to generalize to other conditions. An alternative ap- experiment, subjects were instructed to assess the perceived
proach is to accept the malleability of opinion scoPé$ sharpness of low-pass filtered versions of one static image.
and to establish rules for deriving quantitative measures ofThe advantage of this image material is that the mapping
perceived quality from context-dependent quality judg- from Gaussian spatial filtering to perceived sharpness can
ments. This “...represents the approach of the cognitivebe predicted quantitativef’~*® The influence of stimulus
scientist whose goal is to understand the process of judgspacing on the evaluation of perceived sharpness was mea-
ment. To these investigators, biased responses influencedured for the following three scaling techniques: single
by context are interesting—even welcome—and no doubtstimulus scaling, double stimulus scaling and a scaling pro-
represent the way most People make judgments outside theedure based on difference judgmefitsomparison scal-
laboratory” (Gescheidet? p. 183. It is in line with this ing”). Note that these techniques represent the three kinds
approach to assume that judgment strategies have such aof evaluation methods recommended by the International
impact on quality ratings that ignoring their influence may Telecommunication UnioiTU).2
lead to invalid conclusions about the viewers’ impression
of image quality. 2.2 Method

The objective of this paper is to demonstrate the influ- )
ence judgment strategies can have on quality judgments. T¢-2-1  Image material
this end, the results of two experiments are presentedThe sharpness of the static image of a terrace scene was
These experiments were specially designed for this purposenanipulated using a Gould deAnza Image Processing Sys-
and concern two well-known issues in the field of judgmen- tem IPS8400. The video signal obtained by scanning the
tal processe¥) namely, the influence of context, in this slide of this scene was digitized with 8 bits/pixel on a grid
case the composition of the stimulus gekperiment 1,  of 512x512 pixels. During the experiment, however, only
_and t_he influ_ence of instruct!ons, in this C_ase quality V_erSUSthe central part of the scene was d|sp|ayed (476
impairment judgmentgexperiment 2 The image material 471 pixels). Low-pass filtering the original with the aid
consisted of blurred versions of one static image in eXPeri- of 5 two-dimensiona(2D) separable binomial filter gener-
ment 1 and both manipulated and standard JPEG-coded imateq plurred versions of the original image. The resulting
ages in experiment 2. In the General Discussf8ec. 4 it perceptual strength of blur is related to the standard devia-

is argued that the influe_nce of judgmen; strategies can P&ion of the corresponding Gaussian kerfe) expressed in
demonstrated not only in specially designed experlmentspixe|s) by the following equatiot1&

but also in “normal” experiments. As an illustration, the
results of a third experiment are briefly mentioned. The g —1_ ((g/g)2+1) 0% (1)
goal of that experiment was to link instantaneously per-

ceived quality to overall quality judgments of MPEG-2- \yheres, denotes the perceptual strength of blur agdan
gﬁﬁg:égee%r(iﬁ?;ﬁgg&nmnfgr ?err;g;)iggl;;?ocgégzrrae“snt?es be interpreted as the standard deviation of the eye’s internal
ing the importance of strong impairments. S\(jlumng kerneI: In the present study;, was fixed at a
alue of 0.73(Fig. 1, left-hand panel There were two sets
of blurred images, which had seven images in common.
2 Experiment 1: Contextual Effects in Sharpness The perceptual strength of bli8, of these seven images
Judgments ranged from O(the original image;c=0) to 0.58 (o
) =4.07) in regular steps of about 0.1. Accordingly, these
2.1 Introduction images were evenly distributed with respect to their per-
Scaling is one of the most efficient methods for assessingceived (un)sharpnesgFig. 1, filled symbols A stimulus
perceived image quality and its underlying dimensions set with a negatively skewed distribution was created by
(sharpness, brightness, colorfulness, )&cExperiments  adding 15 comparatively unsharp imagésg. 1, right-
with simple stimuli such as squares, circles and dot patternshand panel, open symbols in upper dovsimilarly, a
have shown, however, that the outcome of a scaling experi-stimulus set with a positively skewed distribution was cre-
ment is susceptible to contextual effetts® That is, the  ated by adding 15 comparatively sharp imadegy. 1,
response to a stimulus depends not only on the stimulusight-hand panel, open symbols in lower now
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Fig. 1 Left-hand panel: Perceptual strength of blur S, as a function of spread parameter o. Filled
symbols denote the seven images that belong to the negatively as well as the positively skewed
stimulus set. Right-hand panel: Schematic representation of the negatively and positively skewed
stimulus sets.

2.2.2 Procedure 2.2.3 Subjects

The black-and-white images were displayed on a 70 HzEight inexperienced subjects in the age from 20 to 28 years
interlaced Barco CCID7351B CRT monitor placed in a participated in the experiment. They had normal or
dark room in front of a dimly lit “white” background. The corrected-to-normal vision. Their visual acuity measured
monitor was corrected such that the screen luminance wasith the aid of a Landolt chart at a distanckSom varied
linearly related to the optical density of the original slide. between 1.5 and 2.5. Four subjects took part in both the
The images were presented s after whith a 9 cd/nd single stimulus scaling experiment and the comparison
adaptation field appeared on the screen. This luminancescaling experiment. The other subjects carried out the
level was the average luminance of the test images. View-double stimulus scaling experiment.

ing conditions were in accordance with ITU Recommenda-

tion 5008 The subjects viewed the monitor at a distance of

about 1.5 m. At this distance, the pixel size is about 1 min 2.2.4 Data analysis

of arc. This implies that under these experimental condi- The possible influence of the stimulus spacings on sharp-
tions the pixel structure was just not visible. During a ses- ness judgments was analyzed with the aid of Parducci's
sion, the subjects saw the images of either the positively orrgnge-frequency modé?:2° This model states that subjects
the negatively skewed stimulus set. The sharpness of thesgang to cover the perceptual range under investigation by
images was assessed in three ways: single stimulus scalinghe whole response scale and at the same time try to use
on a ten-point numerical category scale ranging from 1 each category an equal number of times. This implies that
(lowest sharpnegso 10 (highest sharpnessdouble stimu-  category judgments are a compromise between two prin-
lus scaling using the same ten-point numerical categoryciples, namely, a range principle postulating that each
scale and comparison scaling. For the double stimulus astimylus is judged in relation to the extreme stimuli that
well as the comparison scaling experiment reference im-form the stimulus range and a frequency principle postulat-
ages had to be introduced. In these experiments each trighg that the same number of stimuli is assigned to each
consisted of a test and a reference image that were dis?:ategory. Judgment; . of stimulusi in contextc is as-
played sequentially with an intervaf @ s between the two sumed to be the Weighted sum of these two principles, or
5 s presentations. After each trial the subjects had to rate '
the sharpness of the two images on two separate ten-poin

numerical scales in the case of double stimulus scaling andﬁi,c:w* Rict(1-wW)*Fic, (2)
the difference between the perceived sharpnesses on a

single scale ranging from-10 (the first image is much  whereJ; . is the category judgment linearly transformed to
sharper than the second orte 10 (the second image is a scale running from 0 to 1. Range valRg, is related to
much sharper than the first onie the case of comparison perceptual strengts, by means of the following equation:
scaling. Before the results obtained by the double stimulus

method were analyzed, the ratings for the test and the ref5 _ o o o

erence imagéthe original with S,=0) were always sub- Ri.e= (S~ Smine)/(Smaxe = Sminc): @

tracted. Three images wit§,=0, S,=0.29 andS,=0.58 . .
were used as references in the comparison scaling experi'—n which Sm.‘“vc a_ndS“axc are the perceptual str_engths_ (.)f the
treme stimuli. The frequency vallg . of stimulusi in

ment. Per session the subjects assessed the difference X ,C
sharpness between the 22 images of either the positively ofOntextc is related to the rank; ¢ of this stimulus, or
negatively skewed stimulus set and each of these three ref-

erence images. Fie=(ric—1)/(N.—1), 4
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Fig. 2 Sharpness judgments for the images that were present in both the negatively and positively
skewed stimulus set. Left-hand panel: Data for one subject (CD). Vertical bars denote twice the
standard error of the mean. Data are based on eight repetitions. Right-hand panel: Sharpness judg-
ments averaged across subjects. The judgments have been linearly transformed to a scale running
from O to 1. The average standard error of the mean is 0.02 and 0.03 for the positively skewed and
negatively skewed set, respectively. Error bars have not been added because the standard errors of
the mean are smaller than the size of the symbols in the figure. Dotted line indicates predicted results
in the absence of contextual effects.

N, being the total number of stimuli in contegt In the  they are part of the positively skewed stimulus §&g. 2,
present Study, frequency Va"Ee‘C increased with the per- I’ight—hand panel ThIS tren(-j is in accordance with Parduc-
ceptual strength of blurg). At the same time, sharpness Ci's model. To quantify this phenomenon, the valuevof
judgment J; . decreased with the perceptual strength of was d_etermlned by fitting Eq6) to the averaged data. The
blur. The original image, for example, had the lowest rank resulting values were: 0.240.09 (“=0.80; 95% confi-
number but the highest sharpness judgment. To settle thiglence interval: 0.570.92 for the single stimulus method
discrepancy, judgmeny; . in Eq. (2) was replaced by “1 ~ and 0.71-0.06 %=0.91; 95% confidence interval: 0.57
—Jic.” —0.83 for the double stimulus method. These values de-

In the present study the extreme stimuli were always theviate significantly from one, implying that there is a context
same(Fig. 1. Hence, the range values are independent of effect. At the same time they are significantly higher than
stimulus spacing. Furthermore, the frequency values are0.5, suggesting that the contextual effects observed with
based on the perceptual strength of blur, whereas the subnatural images will not be as strong as those observed with
jects evaluated the sharpness of the images. Taking this int@imple stimuli‘®

account, the Welghtlng factaw, reflecting the influence of The left-hand panel of Fig. 3 shows the differences in
context effects, can easily be derived from E@, (3) and  sharpness, as judged by one subject, for the seven images
(4). This results in the following expression: belonging to both stimulus sets and the three references.
Again, similar results were found for the other subjects.
W=1-=(Ji neg~Ji,pod/ (Fi,pos~ Fi neg): ) The data in Fig. 3 indicate that sharpness judgments ob-

tained via comparison scaling are hardly influenced by the
yComposition of the stimulus set. This implies that for this
scaling procedure the influence of stimulus spacing is neg-

where pos and neg represent the positively and negativel
skewed stimulus sets, respectivelywiequals one, then the

judgments are independent of stimulus spacingy i$ less e e ) . e
than one, a clear context effect is present. For simple“g'ble' This is confirmed by the finding that fitting E(f)

stimuli, the value ofw varies around 0.8 In the present to the data did not yield a significant relation between
1 " o 7] 1 7] 2 __
study, the value ofv was estimated by fitting the following ~ Ji,neg~Ji,pos” @Nd “Fi pos—Fj neg’ (r°=0.02). The re-

expression to the experimental data: sulting value of weighting factow is almost one, namely
0.98+0.03(95% confidence interval: 0.921.05. A simi-
(JinegJi,pod = (L=W)(Fj pos— Fi neg- (6) lar result has been reported for simple stimuli provided a
single perceptual dimension is involved in the
2.3 Results judgments:*2

The left-hand panel of Fig. 2 shows the unprocessed data o It can be argued that the nonexistence of a context effect
| For comparison scaling is a trivial finding because the dis-

one subject for the single stimulus condition. It denotes the = - ; : .
sharpness judgments for the seven images that were prese A'bUt_'on of the d|fferen_ces in perceptual strength .Of blur is
in both the negatively and positively skewed stimulus set.! entical for the tvvp stimulus .sets. Fortunately, this can be
Comparable results were obtained for the other subjects irfchecked as the differences in perceptual strength of blur
both the single stimulus and double stimulus condition. The Si—S; can be calculated for every combination of test im-
general trend in the data is that the images in the middle ofagei and reference imagieby means of Eq(1). Suppose
the blur range are consistently judged sharper when theythat difference judgment;; is related toS; andS; by the
appear in the negatively skewed stimulus set than whenfollowing equation:
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Fig. 3 Sharpness judgments obtained by comparison scaling for the images that were present in both
the negatively and positively skewed stimulus set. Left-hand panel: Difference judgments for one
subject (SY). Data are based on eight repetitions. The references are images with S,=0 (lower
curve), S,=0.29 (middle curve) and S,=0.58 (upper curve). The average standard error of the mean
is 0.31 and 0.32 for the positively and negatively skewed set, respectively. Error bars have not been
added because the standard errors of the mean are smaller than the size of the symbols in the figure.
Right-hand panel: Sharpness judgments averaged across the curves for the three references and
subjects. The judgments have been linearly transformed to a scale running from O to 1. Averaging
across the curves for the three references results in estimates of sharpness that according to the
additive functional measurement model of Anderson (see Ref. 35) represent perceived strength of
sharpness but for a linear transformation. Dotted line indicates predicted results in the absence of
contextual effects.

|Jij|:W*(|Si_sj|)/0-58+(1_w)* Fij (7) procedure the influence of stimulus spacing is negligible,
(2) there are no differences between the single and double
where|J;;| is linearly transformed to a scale running from 0 stimulus method with respect to their sensitivity to contex-
to 1 andFj; is the frequency value based on the whole set tual effects due to stimulus spacing, af®l contextual ef-
of 66 test-reference pairs. Then weighting coefficisran fects observed with natural images are not as strong as
be estimated because the other parameters are known. Fighose observed with simple stimuli. Recent experiments
ure 4 presents the difference judgments as a function ofhave extended these conclusions to other scenes and to col-
S —§; for the test images belonging to both stimulus sets. ored images.
For both conditions the judgments are linearly related to the  |n 1997, a comparable experiment was carried out by a
calculated differences in blur implying no context effect consortium of four laboratorie§CCETT, France, SPTT,
due to stimulus spacing. This is confirmed by the estimatedsyjitzerland, CRC, Canada, and IRT, GermgifyTheir

value ofw: 0.95+0.14 (*=0.988. test material consisted of MPEG-2-coded video sequences
) ) at varying bit rates. Three ITU-recommended methods
2.4 Discussion were tested, viz., double-stimulus continuous quality scale

The present study shows thd sharpness judgments ob- method (DSCQS, double-stimulus impairment scale
tained via comparison scaling are hardly influenced by themethod(DSIS), and comparison scalifgThe results agree
composition of the stimulus set, suggesting that for this with those of the present study in that a weak, almost neg-

9 v v 9
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Fig. 4 Judged difference in sharpness as a function of calculated difference in perceptual strength of
blur (S;—S)). Judgments have been averaged across subjects. Vertical bars denote twice the stan-
dard error of the mean.
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ligible context effect w=0.89) was found for the compari- 3.2 Method
son scaling method and a much stronger effect(0.73) .
for the DSIS method. In contrast with the double-stimulus 3-2-1 /mage material
data in Fig. 2, no context effect was found for the DSCQS The image material consisted of JPEG-coded black-and-
method. white versions of five pictures of natural scenes taken from
A possible explanation for the last-mentioned result is a Kodak Photo CD test disk. These pictures were sampled
the kind of scale employed in the DSCQS method: a 10 cmwith 8 bits/pixel on a grid of 51 480 pixels. During the
graphical scale divided into five equal intervals with de- experiment, only part of the pictures was used (240
scriptors(“bad,”..., “excellent”) as labels of the catego- x 480 pixels) in order to allow for the simultaneous display
ries. However, sharpness judgments obtained by singlegf two images on one screen. The goal of manipulating the
stimulus scaling using different rating scalésn-point nu-  3pEG coding was to vary independently the perceptual
merical category scale, five-point numerical category scale,sgrength of two artifacts: blockinesappearance of artifi-
five-point category scale with the Dutch equivalents of the ¢jg| rectangular blocks, especially in uniform regipasd
ITU recommended descriptors as labessiggest that the  inging (appearance of light and dark artificial lines in the
magnitude of the context effect due to stimulus spacing yicinity of edges. In standard JPEG codiffythe percep-
does not depend on the kind of response scale empfSyed. ) strength of both artifacts decreases monotonically with
This conclusion can be generalized to graphical scaling;the value of quality factoQ. This factor represents the
Schifferstein and Frijtef found no differences between a gegree of quantization of the 64 discrete cosine transform
seven-point numerical scale and a line scale during the aSTDCT) coefficientsF (u,v) and varies between (highest
sessment of the sweetness of various solutions of SUCTOS& o mpression, lowest q'ualbt nd 100(lowest compression
These results do not rule out the possibility that a combi- jighest quality. WiIIemser?%jl observed that blockiness is

nation of a graphical scale and certain descriptors, €.9., the.5 sed mainly by quantizing the DCT coefficients at the
ones employed in DSCQS but not the ones employed Mowest spatial frequencigsic-component (0,0) plus low-

DSIS, eliminates contextual effects due to stimulus Spac'frequency ac-componen(1,0), F(0,1) andF(1,1), i.e.,

ing. A X ;
The finding that the number of categories has no effect Tequency bands 0 and 1 in Fig. This observation led to
the idea of creating images in which blockiness could be

on the influence of stimulus spacing agrees with experi- "~ "~. , i . . .

mental data gathered with simple stimtfit> These studies varied without mtro_dycmg ringing by applying lo® fac-

also demonstrated, however, that this insensitivity to the tOrS dto DdC:]' coeffflments mh thehthrIeDeC_Irowesftf_ f_requerllcy

number of response categories relies on the kind of context?@"ds and higiQ factors to the other coetficients. In

effect involved. For example, the contextual effects due to his study, theQ factor was set equal to 20, 30 or 40 for the

the varying degree of occurrence of the stimuli were three Ipwer freq_uency bands and 80 for the other ones.

strongly influenced by the number of categoriedt is not 1 nese images will be referred to as the manipulated JPEG-

known whether this also holds when complex stimuli like coded images. Th? rest of the test images consisted of stan-

natural images are evaluated. dard JPEG-coded images wq;hfacto.rs equal to 20, 30 and
40. At theseQ factors blockiness is the most prominent
artifact. The reference was a JPEG-coded image With

3 Experiment 2: Quality Versus Impairment factor equal to 80. This image is almost free of distortions.
Judgments
3.1 Introduction 3.2.2 Procedure

Experiment 1 has shown that judgment strategies can influ-The viewing conditions are comparable with those in ex-
ence the evaluation of the perceived quality of images com-periment 1, except that the processed images were dis-
prising one varying attribute. It is reasonable to expect thatplayed on a calibrated 50 Hz noninterlaced BARCO CRT
this will also occur for images varying along multiple di- monitor and that the subjects were seated at a distance of
mensions. For example, Boschman and Roiiave found  about 0.9 m from the screen. At this distance, the pixel size
that individual differences in quality judgments of visual is about 2 min of arc. This distance was chosen because it
display units can be understood as a subject-dependenis the “natural” distance for watching JPEG-coded images
weighting of underlying perceptual attributes like sharpnesson a monitor. The luminance of the adaptation field was 13
and brightness contrast. Experiment 2 elaborated on thiscd/n? being the average luminance of the test images. Half
finding by asking subjects to evaluate both manipulated andof the subjects evaluated overall quality and the other half
standard JPEG-coded images. The JPEG-coding algorithnoverall impairment. In both conditions half of the subjects
produces several artifacts at high levels of data compres{irst performed a comparison scaling experiment and then a
sion, the most prominent ones being “blockiness” and single stimulus scaling experiment, whereas the reverse
“ringing.” 2%2’In the present study, the algorithm was ma- holds for the other subjects. In both experiments quality/
nipulated such that the amount of blockiness could be var-impairment was assessed on an 11-point numerical cat-
ied independently of the amount of ringifyThe subjects  egory scale ranging from (ho difference; lowest quality/
were instructed to assess either the overall quality or theimpairmeni to 10 (largest difference; highest quality/
overall impairment of these “manipulated” images as well impairmenj. PerQ factor three stimulus pairs were created
as standard JPEG-coded images. The observed differences be used in the comparison scaling experiméht:one
between quality and impairment judgments could be inter- pair of reference imageo distortiong and standard JPEG-
preted as an instruction-based different weighting of the coded imageblockiness plus ringing (2) one pair of ref-

two artifacts. erence imagéno distortion$ and manipulated JPEG-coded
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Frequency bands with Q-factor equal to 100

Fig. 5 Left-hand panel: DCT frequency bands. Right-hand panel: Impression of the perceptual
strength of blockiness and ringing for images in which the Q factor was equal to 100 (i.e., size of the
quantization step equal to one) for at least two frequency bands. For the remaining frequency bands
the Q factor was equal to 20. Adapted from Willemsen (see Ref. 28).

image (blockiness only, and (3) one pair of standard compare the difference judgments of pairs consisting of the
JPEG-coded imagéblockiness plus ringingand manipu-  reference image and standard JPEG-coded images with

lated JPEG-coded imagdblockiness only. those of pairs consisting of the reference image and ma-
_ nipulated JPEG-coded images. Ideally, the difference of
3.2.3 Subjects these differences should be equal to zero for qudbiyth

Twenty inexperienced subjects in the age from 18 to 28 differences are based on blockines®id positive but di-
years participated in the experiment. They had normal orminishing with increasin@-factor for impairment. In con-
corrected-to-normal vision. Their visual acuity measured trast with these predictions, Fig. 6 demonstrates that the
with the aid of a Landolt chart at a distanceSom varied difference of differences is always positive for impairment

between 1.0 and 2.5. and quality. This implies that both quality and impairment
. _ judgments of JPEG-coded images are based on blockiness
3.3 Results and Discussion and ringing. However, the influence of ringing is larger for

Based on research in the field of human decision making,impairment than for quality when subjects started with
Willemserf® hypothesized that quality judgments are deter- comparison scalingFig. 6, left-hand pangl This can be
mined by the most prominent attributiglockines$ and that interpreted as an instruction-based different weighting of
impairment judgments are based on all attributelscki- the two artifacts. The observed difference in judgment
ness and ringing A sensitive test of this hypothesis is to strategy disappears when subjects begin with single stimu-

1 v 1 v
- Impairment (comp. scaling) @ 2 Impairment (comp. scaling) @
g Impairment (direct scaling) A = Impairment (direct scaling) A
g o8| Quality (comp. scaling) O g 08 Quality (comp. scaling) O
g Quality (direct scaling) A g Quality (direct scaling)
B &
E 06 | % 06 F
5 5
< 04} 2 oat
: :
% 02 § 02}

0 . : : 0 : : .

10 20 30 40 50 10 20 30 40 50

Q-factor Q-factor

Fig. 6 Q factor and the difference of difference judgments for perceived quality (open symbols) and
impairment (filled symbols). Data have been averaged across scenes and subjects. Difference judg-
ments were obtained either directly via comparison scaling (circles) or indirectly via subtracting the
category ratings of the reference and test images (triangles). In each condition, measured/calculated
difference judgments were divided by the largest obtained difference before determining differences of
difference judgments. Left-hand panel: Comparison scaling followed by single stimulus scaling. The
average standard error of the mean is 0.07. Right-hand panel: Single stimulus scaling followed by
comparison scaling. The average standard error of the mean is 0.06.
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Fig. 7 Difference judgments of pairs consisting of standard and manipulated JPEG-coded images.
Solid and dotted lines have been taken from Fig. 6. Vertical bars denote twice the standard error of the
mean. For comparison, the difference judgments of pairs consisting of reference and standard JPEG-
coded images have been included (open squares). Left-hand panel: Difference judgments measured
before single stimulus scaling. Right-hand panel: Difference judgments measured after single stimulus
scaling.

lus scaling (Fig. 6, right-hand pangl Interestingly, the  appeared that this could be understood by assuming two
judgment strategy induced by the first employed scalingjudgment strategies, namely, a strong emphasis on the
procedure transfers to the second procedure. This procesworst parts of a sequence and a recall advantage for the
appears to be independent of the nature of the first scalingnost recently presented matefi#l>® (“recency effect).
procedure. These strategies were modeled by nonlinear averaging us-

In Fig. 7 the difference judgments of the stimulus pairs ing a Minkowski-power weighting procedifeand an ex-
consisting of standard and manipulated JPEG-coded imageponentially decaying weighting function. The good fit be-
are compared with the calculated differences shown in Fig.tween model predictions and overall judgments supports
6. The fair agreement between these two data sets implieshe usefulness of this approach.
that transitivity holds for comparison scaling. The results  In conclusion, the research described in this paper un-
also suggest that ringing has a relatively strong influence onderscores the important role judgment strategies play in the
overall judgments, in particular during comparison scaling psychophysical evaluation of image quality. Ignoring this
of overall impairment, despite the fact that blockiness is the influence on quality judgments will undoubtedly lead to
most prominent artifact. This is in line with the results of invalid conclusions about the viewers’ impression of image
scaling experiments with similar image material showing quality. This implies that, in general, knowledge about
that atQ factors varying between 20 and 40 ringing is not judgment strategies is indispensable in designing and im-
the most prominent artifact but still an artifact that is diffi- proving evaluation techniques.
cult to neglect®
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