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OBJECTIVE AND SUBJECTIVE EVALUATION METHODS FOR
SELECTED ASPECTS OF FAX IMAGE QUALITY

An image transmitted especially with Fax over IPvie can be potentially influenced by many
mechanical and electronic distortions. This caulsesmnotivation for image quality estimation using
objective rules. This paper presents a novel agpré@objective multimodal images comparing. Our
idea is to determine the visual image quality meady combining partial measures from component
algorithms operating on specified image featuraspresented solution, we apply four such algo-
rithms to successfully analyze image contrast, stess, granularity, and noise in relation to the
original image. To determine statistical influerafethese features on perceived image quality, we
have conducted a survey of over 5000 Mean Opinmre3 (MOS). The results of objective measure
are mapped on these perceived scores to finalirbtverall MOS of the transmitted image, which
further enable fax service quality estimation.

1. INTRODUCTION

The ,Fax over IP” service [9][10] allows for tranitimg facsimile image over an IP
network (like the Internet). As the transmissioryrba carried using the UDP protocaol,
no guarantee is given on reception of complete éniraigprmation. Depending on encod-
ing type — this may result in introducing sevenaagie distortions and (in consequence)
an imperfect reconstruction of the original image.

The main idea of the system is to elaborate afdeedools to objective image qual-
ity assessment. Mapping between objectively obthvedues and the Mean Opinion
Score — MOS [7], can be assured by the subjecsts.t

Subjective tests of the images quality should elaoted on the diverse and numer-
ous groups of experts. Results of the tests staldd one calculating the MOS, for all

" AGH University of Science and Technology, Deparitref Telecommunications.
™ Telekomunikacja Polska S.A.



the distorted pictures. In order to assess, howngly few distorted parameters influ-
ence the MOS, each test should include evaluatfoa single as well as a multi-
distorted images (multi-distorted means that mioaa bne parameter was distorted, e.qg.
contrast and granularity). The images are prefewedokelong to the standardized digi-
tized image set [8].

Methodology for the different methods of the subjectests is described in [6]. The
first method, called Double Stimulus Impairment |8ca DSIS, operates on the five-
level impairment grading. The reference imagevuggs shown with the distorted one.
Assessment of the images quality refers to thediish level, not the absolute image
quality. The second method is called Double Stimuiontinuous Quality Scale —
DSCQS. The picture quality is assessed on a cantgquality scale from excellent to
bad. Experts are not informed which picture isréference one, absolute image quality
is assessed.

Correct methodology for the subjective tests cdferdidepending on the specific
test requirements. In order to fulfill the requikmts, existing method can be used di-
rectly as well as a composition of a few of thesexg methods can be applied.

2. OBJECTIVE EVALUATIONS OF DISTORTION ASPECTS

The authors have developed methods for objectiakiaiing four distortion aspects:
contrast, sharpness, granularity and noise. Thbadelogies used for evaluation are
presented in this section.

2.1. CONTRAST

Each single pixel on the image has its own lumiedacel ranging from ‘0’ to ‘255'.
Value ‘0’ means black and ‘255’ means while coldistogram is the figure that illus-
trates how many pixels from the whole picture, hgpecific luminance level. Value ‘0’
at the left side of the histogram indicates the Imemnof the black pixels, and simultane-
ously, ‘255" at he right, the number of the whilggls. Hence, histogram is a distribu-
tion of the pixels’ brightness for the entire pietu

When a picture has a pure contrast, on its histodhere is only a narrow range of
the pixels’ brightness. With the expanding stratthhis range picture’s contrast im-
proves. Maximum range of the values on the histogreeans the best possible contrast.

Usually any losses of the contrast have alway®sbadjinature and refer to the whole
picture, not only to a particular area. Hence, figngalculated histogram, it is easy to
compare images’ contrast. A decline in the contaggtears as a narrow of the image
histogram.

In order to compare contrast, script uses menti@iede method, but not directly.
Time and resources consuming method of the imagednam calculation is replaced



with a simpler solution. Histogram of the refererared the distorted image is being
normalized by a suitable method. Afterwards, twinspaf the images (one pair consists
of the images and its normalized equivalent) aiagbeompared with the use of the

PSNR metric. PSNR metric returns similarity levethe dB scale. Result of the PSNR
values subtraction stands for the comparison italiogubtraction in the dB scale is

equal to the division in the linear scale). Applagghroach assures insensitivity to any
other image distortions.

2.2. SHARPNESS

Sharpness is one of the most significant fact@ashhve an influence on the subjec-
tive opinion about the picture. It is closely refhtto the amount of the details that an
image can provide.

Sharpness is defined as a distance between thelaeiag different tones of colors.
Fig. 1 illustrates bar pattern of increasing spditequency. The top portion represents
reference image with a perfect sharpness, bottpnesents the same image but with a
distorted sharpness. As it is presented on the JFifigher spatial frequency means
lower image sharpness. Clear transitions betwegtkkdnd white stripes appear only
for the lowest spatial frequency (bottom porticdB@nclusion is simple — edge detector
seems to be a good image sharpness indicator. btiges detected on the images
means better image sharpness.

Fig. 1. Bar pattern of increasing spatial frequefsource: [4]).

First step to calculate sharpness is to convelt input images to gray scale. After-
wards, with use of the suitable method all the sdwethe images are detected. A filter
to detect edges is set on the lowest possibletsgéysiwhat means that only sharp and
clear edges will be detected. Meantime, an auyjliantirely black image is created.
Next step is to compare both images with the btask with a use of the PSNR metric
(just as mentioned in 2.1, in dB scale). It carpbeceives as a absolute edges amount
indicator since the images are compared with @ dtick one. The result of the sub-
traction of the PSNR values defines the sharpnasparison value, which is returned

as the output of the script. Applied approach @&ssuwsensitivity to any other image
distortions.

2.3. GRANULARITY

Two images showing the same object, having exdbtlysame dimensions, can
present completely different quality — can provodenpletely different amount of the
details. The reason why it can happen is a falihef pixels number on the image.



Explaining in other words, the effective size of #ingle pixel on the image can sig-
nificantly increase, which will result in the higtegranularity of the picture. The type
of the distortion being discussed applies to thelalpicture, does not have a local
nature.

Calculation of the image granularity is performadaifew steps. At the beginning,
a number of random points are chosen from the imageting from each point, total
number of the pixel-changes is calculated for thgi®al or horizontal lines (pixel-
change appears when at least one of the R, G a@lugw is different form the previ-
ous one). The maximum number of the pixel-changeslf lines is the picture reso-
lution. It is slightly possible, that the real (nvaxim) value of the image resolution
will not be discovered as not the whole image #sdaeing analyzed. However, it is
not a problem since the same lines are analyzetheoiboth images (reference and
distorted). As a result of the granularity compamigprocess, a quotient of the maxi-
mum found resolution for reference and distorteégen is obtained. Applied ap-
proach assures insensitivity to any other imag®diens.

2.4. NOISE

Noise distortions can be evaluated using the Hophika [3]. Hosaka plots are ob-
jectively calculation comparison metrics, allowifay evaluation of a noise level —
DY) - introduced during image transmission. Thesadevel is being evaluated in
pixel blocks divided into a couple of classes -nfr@x2 to 16x16 (see Fig. 2).
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Fig. 2. An example Hosaka plot indicating the nalstortion level



The area of the Hosaka plot is related to the nieisel. The shape of the Hosaka
plot specifies if the noise distortions are introed for details (represented by small
blocks) or for larger, homogenous areas (largeksloc

3. SUBJECTIVE MEAN OPINION SCORE MAPPINGS

In the research described in this paper a DSI®p&frating on the five-level im-
pairment grading has been used. A scale descrip&blals is easy to understand for
people (we all use words, not numbers, to deschipgs) but it has no mathematical
meaning. The way of mapping the verbal answer onbaus is just a matter of con-
vention. The only mathematical property of the a@dnswers is that they are ordinal
i.e. “bad” is better than “unaccepted”, but workar “average”. Since a distance
between “bad” and “unaccepted” or “bad” and “avefagannot be found (everyone
has their own measure of these differences), ventmalers modeling in the same way
as length or speed is a common mistake [1].

In order to model such values properly, a more ggmaodel than a simple regres-
sion model has to be used [1]. A model used inphjzer is a GLZ (Generalized Lin-
ear Model) with an ordinal multinomial distributi@md a logit link function. An idea
of GLZ models is described in [5], where a differerbetween categorical, categori-
cal ordinal and continuous variables is given.

An important property of the GLZ model used in thaper is that it does not de-
scribe MOS directly but a probability that a pautar distortion results in a particular
answer. Note that more than one answer is possitiée people are different and the
only thing that can be found is a probability oparticular answer. Knowing the
probability of a particular answer makes possibledmpute a MOS value.
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Fig. 3. An example test picture with noise distanti
An interesting observation made during this rede&@¢hat a variation of possible
answers given for the same picture is very higke @hly reason is that different peo-
ple understand words “bad”, “average” etc diffehgnEor example Fig. 3 presents a
picture with noise distortion for which 2 from 1&savers were “unaccepted” and 7
“very good”.

The analysis of data with a high variation has ¢ordpeated and carefully tested.
Therefore, the analysis followed an algorithm:

1. Obtained data have been cleaned i.e. if a thategiven an answex for better
picture andb for a worse one and—a >1, all tester’s answers have been removed.

2. Cleaned data have been split up in order tambtaining set and test set.

3. On the basis of Schwarz criterion the best Gladeh has been chosen.

4. The comparison of the obtained GLZ model distiin and test set according
to Pearsony” test has been done. If the obtained model hapassted the test, other
model has been analyzed or a different functiodistbrtion has been used.

The final model describes a probability as a fuorcof particular distortion. Note
that the probability is different for each answer Z, 3, 4 or 5), therefore five differ-
ent probability functions represent the final résMIOS value is given by

MOS(d) = p,(d) +2p,(d) +3p,(d) +4p,(d) +5ps(d), 1)
whered is a distortion value.

A different result that can be given by knowing fm®bability functions is the
most probable answer MPA i.e. the answer that vergiby more testers than any
other answer. Note that extreme values have infle@m a mean value, such as MOS



is, and therefore MOS for Fig. 3 equals 4.2 (lithere than good), even if 7 of 15
answers were 5 (very good). MPA can be used adtemative for MOS since it is
not under the influence of extreme values. Of c®UKPA is not a perfect measure
since most users can mean only 21% of them.
MOS (blue line) and MPA (red line) have obtainedrfdifferent distortions; the
values have been presented in Fig. 4.
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Fig. 4. MOS and MPA obtained for different distorts.

All MOS functions are decreasing functions of iragimg distortion (for granular-
ity a higher value of x axe is obtained for lesstalited picture). The most interesting
is the range for which MPA values are differentnfrd or 5, since for this range a
picture was distorted strongly enough that mospfeaoticed some differences but
still could accept the picture. A deep analysid#fA function shows that noise and
granularity distortion is less linear than thesd¢aoted for sharpness and contrast.
"Less linear” means that an interval for which MIR4uals 3 is not the same as an
interval obtained for MPA equals 2.

Fig. 4.d shows that even for small distortions Mi®3ess than 5. The reason is
that some testers give answer 4 or even 3 for fargiédentical to the original one
(sic!). Therefore it is almost impossible to obt&tOS=5. One can conclude that
some people do not give answer “very good”. Ondtieer hand almost all people



answer “unacceptable” for highly distorted pictudsce for almost all presented
distortions MOS value for high distortions is 1very close to 1.

4. CONCLUSIONS

Driven by a need of automatic image quality assessra set of image quality
analysis methods was designed. Algorithms for dbjedesting of contrast, sharp-
ness, granularity and noise were developed. Cdritraseasured using the histogram
analysis and PSNR metric. Sharpness is measuneg edge detection. Granularity is
assessed by analysis of resolution and noise isuneg with use of Hosaka Plot. In
order to calibrate the objective assessment medtsmties of subjective tests was run.
The subjective tests were performed according ¢olThJ-T recommendations. The
results of objective were analyzed and a procesnaifel finding was applied with
aid of GLZ data analysis method. Finally, a setsoftware tools was developed,
which is capable of evaluating the quality of am@® in a scale which is complimen-
tary with human reception.

5. FURTHER WORK

As the further work, methods for evaluating threerenimage distortion aspects
(geometric deformations, colour accuracy and grgsaccuracy) are planed to be
worked out. Then, the next step will be developntdra software tool for comparing
the transmitted (original) and the received (retmcsed) images. The tool will spec-
ify distortions at the reconstructed image and th&m in the subjective MOS scale.
It is also expected for the tool to be able to exeselected tests described in [2].
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METODY OBIEKTYWNEJ | SUBIEKTYWNEJ OCENY WYBRANYCH SPEKTOW
OBRAZU FAKSOWEGO

Obrazy transmitowane przyyciu ustugi Fax over IP magzostd@ znieksztatcone wskutek dziatania
czynnikdw mechanicznych lub elektronicznych. Zapewie odpowiedniej jalkiei transmisji wymaga
wigc obiektywnej miary jakéri obrazéw na etapie wdfania ustugi. Artykut przedstawia nowe pciabég
do zagadnienia obiektywnej wielokryterialnej ocejajosci obrazu. W przedstawionym rozwaniu
zastosowano cztery algorytmy skladowe dla celowian&ontrastu, ostr@i, ziarnistgci oraz szumu.
Dla statystycznego oszacowania wptywu tych sktaddwya postrzegarjakos¢ obrazu przeprowadzono
ser 5000 bada subiektywnej oceny MOS. Obiektywne wyniki algorgim zostaly zmapowane na
oceny subiektywne dla oszacowaniai&owej oceny catego obrazu, co pozwoli na @gekasci ustugi
Fax over IP.



