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Image and Video Quality Assessment Using Neural Network and SVM
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Abstract: An image and video quality assessment method was developed using neural network and support

vector machines (SVM) with the peak signal to noise ratio (PSNR) and the structure similarity indexes used

to describe image quality. The neural network was used to obtain the mapping functions between the objec-

tive quality assessment indexes and subjective quality assessment. The SVM was used to classify the im-

ages into different types which were accessed using different mapping functions. Video quality was as-

sessed based on the quality of each frame in the video sequence with various weights to describe motion

and scene changes in the video. The number of isolated points in the correlations of the image and video

subjective and objective quality assessments was reduced by this method. Simulation results show that the

method accurately accesses image quality. The monotonicity of the method for images is 6.94% higher than
with the PSNR method, and the root mean square error is at least 35.90% higher than with the PSNR.
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Introduction

More and more digital images and videos are being
captured, transmitted, and used in computer systems
worldwide. Most images and video sequences are
compressed with losses before transmission. Therefore,
methods are needed to evaluate image quality with the
reconstructed images quality directly reflecting the
performance of the compression method, much atten-
tion has been placed on objective quality assessments
which reflect the subjective image and video subjective
quality with the main task being to reduce the offset
between subjective and objective assessments. Images
and video are assessed based on the human visual sys-
tem (HVS), but the HVS is more complicated than the
peak signal to noise ratio (PSNR) and some physio-
logical and psychophysical characteristics of the HVS
are not yet well understood. PSNR does not involve
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much characteristic information concerning the image,
so distinct differences occur between the PSNR and the
subjective image quality. The structure similarity
(SSIM) method accesses the structure similarity be-
tween the original signal and the reconstructed signal'' .
Here, the images are classified based on neural net-
work (NN) and support vector machines (SVM) first.
The PSNR and SSIM are used as indexes describing
the image and video sequence quality. Motion and
scene changes are described with the mean absolute
difference (MAD). Results using the image database of
the University of Texas and common video sequences
show that the method can accurately assess subjective
quality™.

1 PSNR and SSIM Analysis

PSNR is defined as

M N A
PSNR =10 lg[2552MN/ZZ[a(i,j)—a(i,j)]z ](1)
i =1

=1 j=

where M represents the number of rows in the image,
N represents the number of columns in the image,
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a(i,j) is the pixel value of the original image, and
a(i, j) is the pixel value of the distorted image. PSNR
is the most common index for assessing signal quality

and is valid for most images, but has some weaknesses.
For the simplest case, if the following is true,

aG, j)-a@)|=|at.N-aGp)| @)

Then
ai(i, ) =ax(i, j) or 3)
ai(i, /) +a(i, j) = 2a(i, /) 4)

where t;l(i, j) and l;z(l', j) are two distorted images
with the same PSNR in which ai(i, j)and a2(, )

may not be equal and may even look quite different.
Such error needs to be reduced so that PSNR can be
more effective for assessing quality. This analysis fo-
cuses on how to reduce the worst case scenarios. SSIM
provides a good approximation of the image distortion
by measuring structural information changes with the
assumption that the HVS is highly adapted to extract
structural information from the viewing field. If x and
y represent images, then the SSIM is defined as
SSIM(x, y) = [ (x, NI [c(e, NV [s(e, T (5)
where I(x,y), c(x,y), and s(x,y) are the lumi-

nance, contrast, and structure comparison functions
with a, f,7>0. SSIM(x,y) is then a quality as-

sessment index. In reality, the mapping functions be-
tween SSIM(x,y) and I(x,y), c¢(x,y), and s(x,y)
are nonlinear and probably quite different from Eq. (5).
As a result, there are points whose objective and sub-
jective assessments differ, which limits the perform-
ance of this image quality assessment method. If the
assessments of these points were modified and there
were less such points, the objective results would be
more closely related to the subjective assessments. For
this reason SSIM and PSNR are used together here to
get a better quality assessment"°.

2 Quality Assessments Using Neural
Network and SVM

The neural network and SVM methods were combined
to set up a new method with two image quality as-
sessment indexes, PSNR and SSIM. The flow chart is
shown in Fig. 1.
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Fig.1 Image quality assessment method

The image quality assessment is divided into train-
ing and testing parts’). In the training part, the isolated
points were analyzed with the mapping functions be-
tween the objective and subjective quality assessments
obtained using the neural network. In the testing part,
the isolated points were identified and the testing im-
ages was then assessed by using the new method.

2.1 Isolated points analysis and mapping
functions for assessing image quality

Definition 1
objective assessments, if the offset between the as-
sessments is larger than a threshold, V7, then the im-

In the correlation of the subjective and

age corresponding to that point in the curve is defined
as an isolated point.
1st evaluation (space distance):

IMOS —EVA =V, (6)

subjective objective

2nd evaluation (slope ratio):

(Mossubjective /EVAobjective) ; VT 2
or
(Mossubjective /EVAobjeCtive) g 1/VT (7)

where V.. is the threshold which may be derived from
tests, MOS

and EVA

is the subjective quality assessment,

subjective

is the objective quality assessment. In

objective
this section, the 2nd evaluation method is used with the
correlation between the subjective and objective as-
sessment shown in Fig. 2.

The isolated points were denoted by “+” in Fig. 2.
From the above definition, the training data set was di-
vided into two subsets, a normal set and an abnormal set.
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Fig. 2 Correlations of subjective and objective
assessments

Then the training subset is used to train the back-
propagation (BP) neural to obtain the mappings for the
PSNR-MOS count and the SSIM-MOS count. The
number of isolated points can also be controlled by ad-
justing the threshold in definition Eq. (7). Different
kinds of images can be assessed by using different
mappings according to the structure in Fig. 3.

— | Adjust weight | | BP neural | ! Outputl
SSIM | (eav_predict) network | | or
| I output2
L Mapping functionsJ'

Fig. 3 Mappings for various kinds of image quality
assessments

PSNR and SSIM were combined as a weighted sum
before using the BP neural network,
eav_predict = pPSNR + sSSIM ®)
where p and s are weights derived from experiments.
For normal samples, p=0.4 and s=0.6 . For ab-
normal samples, p=0.4 and s=0.6. The BP-NN then

uses the training data to obtain the final mapping func-
tions by adjusting the weights among the network
nodes.

2.2 Isolated points predictions with the SVM
classifier

The isolated points were defined using the subjective
quality assessment, MOS In reality, there are

subjective *

often no subjective assessments for assessing image
quality. Therefore, isolated points were identified using
an SVM classifier, which classifies samples into two
kinds without using MOS The SVM uses a

subjective *
kernel function to map the data in the input space to a
high-dimensional feature space where the data be-
comes linearly separable. The SVM determines a
generalized optimal classifying plane with the follow-
ing form,

y=f(x;a) =Z(a: _ai)(xi “x)+b=

> (a ~a)K(x,x) + b ©)

where K(,)=(x;-x) is a kernel function satisfying
the Mercey theory, b is a constant, and a and a are
the optimal results of a quadratic programming (QP)
(891 Here, the SVM classifier used the results
of an isolated points analysis. Then the image to be as-

problem

sessed was classified into one of various kinds of im-
ages with different classification values. A result of
“Positive one” means that image quality is assessed in
the normal way. “Negative one” means that abnormal
assessment of the image quality is made and isolated
points are generated. The distance between these two
kinds is the largest spread predicted by the SVM
classifier.

3 Video Quality Assessment

Video quality can be assessed using a single image
quality assessment with motion information included.
Since the video display speed was fixed, the video mo-
tion information mainly refers to the changes. The
mean absolute difference (MAD) between two con-
tinuous video images was used to describe the motion
degree[lo].

Since the luminance and chroma play different roles
in the HVS, in the YUV space luminance and chroma
contribute differently to the final value of MAD given
by

MAD, =0.7MAD, (i) + 0.15MAD,, (i) +
0.15MAD,, (i) (10)
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where MAD, (i) is the MAD value of component ¥,
MAD,, (i) is the MAD value of component U and
MAD, (i) is the MAD value of component V.

Then
p. =MAD,,, /MAD, (11)

i=1,...,n. The degree of motion or scene

i+l
where
changes, £, is used to describe the motion in the

video. For example, for Quickchange.yuv and Slow-
change.yuv with 4:2:0 video format, the scene changes
and motion in Quickchange.yuv were more severe than
in Slowchange.yuv. The video motion degree is shown
in Fig. 4, where the horizontal axis is the number of
frames and the vertical axis is the change degree.
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Fig. 4 Degree of motion for two sample videos

Then the video sequence quality is assessed using
output =

video

(output, + output, ) . B
n-2 n-2
(2 +Y ﬂij (2 +Y ﬂ’}
i=1 i=1
where i is the sequence number of frame.

4 Results

x output

i+2°

The correlation between the subjective and objective
quality assessments using the present method is shown
in Fig. 5.

The results in Fig. 5 show that the number of iso-
lated points is lower in the output-MOS curve using
the present method than that in the PSNR-MOS or
SSIM-MOS curves. Table 1 lists the statistical data
from the Video Quality Experts Group (VQEG) final
report””! used to evaluate the performance of image
quality assessment methods with two methods to de-
scribe the isolated points. 7, is the linear correlation co-
efficient between the objective assessment value and
MOS. Then r, provides an evaluation of the prediction
monotonicity. The outlier ratio evaluates the prediction
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Fig. 5 Correlation of subjective and objective quality
assessment

consistency of a method. The root mean square error
(RMSE) evaluates the prediction accuracy.

Table 1 Statistical data for image quality assessment

Method p Outlier RMSE
PSNR 0.8979 0 0.3053
SSIM 0.9601 0.3947 0.4860

Present method 0.9640 0 0.1952

With the same level of prediction consistency, #,
(monotonicity) of the present method is 7.42% higher
than that of the PSNR method, and the RMSE is
36.06% higher than that of the PSNR.

The objective assessment of the distorted image in
Fig. 6 derived from the present method was 0.63 with
the PSNR being 28.7 dB and SSIM being 0.98. The
highest score was 1 without any loss between the two
images. The quality of Fig. 6b is much worse than that
of Fig. 6a, but Fig. 6b is still distinguishable. Therefore,
the results of the present method are closer to the sub-
jective quality assessment.

Totally 70 quarter common intermediate format
(QCIF) video sequences and 25 common intermediate
format (CIF) video sequences were used for the video
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(b) Distorted
Fig. 6 Original and distorted images

(a) Original

quality assessment. Table 2 lists 7, the outlier ratio,
and RMSE for the three methods. The results show
that r, of the present method is 10.47% higher than
with the PSNR and the RMSE is 10.48% higher than
with the PSNR with the consistency being far better
than with the PSNR method.

Table 2  Statistical data for the video quality assessment

Method p Outlier RMSE
PSNR 0.6559 0.6000 0.4912
SSIM 0.7075 0.2421 0.3238

Present method 0.7246 0.0316 0.3864

5 Conclusions

The concept of isolated points was developed to better
define image quality. The isolated points analysis was
used to develop a neural network and SVM based
image quality assessment method using PSNR and
SSIM as two image quality indexes. Tests show that
the method more accurately reflects image quality and
reduces the number of isolated points in the perform-
ance curve. To get more accurate assessment, more
HVS characteristics should be analyzed to develop
high-performance quality assessment methods!'"*'%.

References

[1] Fang Z, Bovik A C. A universal image quality index. /EEE
Signal Processing Letters, 2002, 9(3): 81-84.

(2]

(4]

(3]

(6]

[10]

(1]

[12]

Tong Yubing, Yang Dongkai, Zhang Qishan. Video quality
assessment methods overview. Journal of CAD & Graph-
ics, 2006, 18(5): 735-741. (in Chinese)

ITU-R Recommendation BT. 500-10 (2000). Methodology
for the subjective assessment of the quality of the televi-
sion pictures. 2000.

UTexas’s image database and common video sequences.
http://live.ece.utexas.edu/index.htm. University of Texas,
USA, 2005.

Final report from the Video Quality Experts Group on the
validation of objective models of video quality assessment.
http://www.vqeg.org. 2004.

Zhou Wang, Bovik A C. Image quality assessment: From
error visibility to structural similarity. /EEE Transactions
on Image Processing, 2004, 4(13): 600-612.

Zhou Wang, Bovik A C. Structure approached to image
quality accenmet. In: Handbook of Image and Video Pro-
ceesing, 2nd Ed. New York: Academic Press, 2005.

Zhang Li, Zhou Weida, Jiao Licheng. Walvelet support
vector machine. /[EEE Transactions on System, Man, and
Cybernerics—Part B: Cybernetics, 2004, 34(1): 34-39.
Vapnik V N. An overview of statistical learning theory.
IEEFE Transactions on Neural Networks, 1999, 10(5): 988-
999.

Li Guiling, Wang Nannan, Zhang Qiang. Study of moving
image quality evaluation base on MPEG-2 system. Journal
of Tianjin University, 2001, 34(5): 573-576. (in Chinese)
Sanghoon L P, Bovik M S, Foveated A C. Video quality
assessment. /[EEE Transactions on Multimedia, 2002, 4(1):
129-132.

Wang Nannan. Objective quality evaluation of digital
video. In: The 2000 IEEE APCCS. Tianjin, China, 2000:
791-794.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 1
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /SABAEN44
    /SAKURAalp
    /Shruti
    /SimSun
    /STSong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


