| mage Quality Assessment using | mage Detailsin Frequency
Domain

MUHAMMAD IBRAR-UL-HAQUE*, MUHAMMAD TAHIR QADRI**, AND NAJEEB SIDDIQUI**
RECEIVED ON 19.12.2015 ACCEPTED ON 16.08.2016

ABSTRACT

Thisresearch proposesaRR (Reduced Reference) DIQAM (Detailed mage Quality Assessment Meter)
for DCT (Discrete Cosine Transfor m) based compressed images. DCT techniquedividesimagein sub
blocksto achieveimage compression.Therefore, it degradesthel Q (Image Quality) by introducingthe
distortionscalled blockinessand blurrinessin thecompressed image.l n thetelecommunication systems
scenario, thesystemsavailablebandwidth islimited. Theproposed | Q assessment techniquerequires
fewer imagedetailsparameterscalled RR parameter sat thereceiver, rather than thecompletereference
image. Thispaper suggestsamethod for receiving end to estimatethe objectivequality of ther eceived
imagein frequency domain.Theproposed | Q meter startsby takingtheimagethrough edgedetection
method, then convertingit intofrequency domain by Fourier transform and estimatingtheimagedetails.
Theimagedetailscalculationsincludethevertical and horizontal ac harmonicsaswell asall other ac
coefficientspresent in theimage. It hasbeen shown in the presented wor k that using dc coefficientswith
theother ac coefficientsfurther improvesthequality assessment.Thecalculated strength of coded image
detailsat receiver iscompared with thereceived RR parameter for theestimation of distortions, blockiness
and blurriness. Theaccur acy of thedesigned RR DIQAM algorithmisproved by corrdatingtheestimated
objectivevaluesof thedistortionswith theL 1 VE imagedatabase? subj ective DM OSvaluesof blockiness
and blurriness. Theresultsobtained by the proposed techniquear ewel matched with theL I VE database
valuesand provide 94-96% correlation.

KeyWords: Image Processing, | mage Quality Assessment, DC Coefficients, AC Coefficients,
Blockiness, Blurriness, Reduce Reference.

1. INTRODUCTION
easurement of picture quality is primarily isto automatically estimate the objective image or video
important for many image processing quality in precise agreement with subjective human visual
applications. The existing 1Q estimation quality judgment. The objective |Q meters are divided
methods can be divided into subjective[1] and objective into the FR (Full Reference) mode, RR modeand NR (No
methods[2]. The purpose of quality evaluation algorithm Reference) mode [2,3]. The 1Q degrades due to the
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different compression techniques. The DCT based JPEG
[4] and WT (Wavelet Transform) based PEG2000 are
different standards of image compression [5]. The DCT
based procedure is lossy, which introduces different
distortions or artefacts due to the block based
compression [6,7]. These artefacts are blockiness and
blurriness. At block boundaries, discontinuitiescomefrom
the blockiness due to the process of quantization and
blurriness reduces the image sharpness [4].

Number of researchers have adopted different
methodologies and contributed substantial study in the
area of picture quality assessment, and progressis made
intheir particular domains. The algorithm’s objective |Q
assessments should be closely matched or highly
correlated with subjective human judgments, despite of
the kind of artefact corrupting the image. Usual FR 1Q
assessment method of PSNR (Peak Signal to Noise Ratio)
and M SE (Mean Square Error) [8], between acompressed
image and related reference are not in conformity with
supposed quality measurements. Lei et. al. [9] havegiven
FR mode FSIM (Feature Similarity) index reference 1Q
assessment method, established on the information that
HV'S (Human Visual System) uses mainly according to
theimagelow level features. The primary element of FSIM
isthe PC (Phase Congruency), a dimensionless measure
of the local structure. The image GM (Gradient
Magnitude) is used as the secondary element for the
contrast information, in FSIM. A frequency DM (Distortion
Measure), and additive NQM (Noise Quality Measure)
[10]. Total of 779 distorted imageswere eval uated by about
24 human subjects and subjective statistical evaluation
in [11]. Several FR, 1Q assessment algorithms
performances are evaluated by 1Q data obtained from
about 25,000 human quality judgments. An 1Q assessment
technique using RR method is proposedin[12]. Distorted
1Q is measured by comparing normalized histogram of
both the distorted and reference image.

In this work we present the results of RR objective
DIQAM method, using imagedetailsin frequency domain.
The blockiness and blurriness distortions are measured
as quality metrics. The evaluation of the performance of
DIQAM algorithmsistested with L1V E image database2
[13] based on human | Q evaluation. The database contains
the subjective scores for 233 blocky and 174 blurred
images.

This paper is structured as follows: Section 2 gives the
general system model for detailed 1Q assessment. Section
3 represents the results of the algorithm, which are
discussed in Section 2.1, 2.2 and 2.3. We wrap up our
paper in Section I V.

2. GENERAL SYSTEM MODEL FOR
IMAGE QUALITY ASSESSMENT

The system model proposesaDIQAM using image details
infrequency domainin reduced or partial reference mode.
In this technique instead of full image, only few of the
reference parameterscalled RR parametersarerequired at
receiver end for the judgment of DCT based coded
IQ.DCT compression reduces the size of image, but due
to block based technique, the blockiness and blurriness
distortionsare aso introduced in theimage.lQ ismeasured

by calculating these two distortions.

To display the blockiness and blurriness artefacts in
compressed images, the example image in Fig. 1,
carnivaldolls.bmp istaken from LIV E image database 2
[13]. Fig. 1(a) showsthe actual referenceimage, whileits
blocky and blurred versionsare givenin Fig. 1(b-c).

The proposed general DIQAM quality meter model is
represented in Fig. 2. The process begins by reading the
LIVEimagein RGB format and convertsit to grayscale.
Only luminance information of the image is used for

estimating the maximum or peak values of harmonics. At
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the block boundaries, discontinuities or abrupt changes
(or luminance changein pixels) comefrom the blockiness
or blurriness. Then the Sobel edge detection process is
applied on the compressed image. It filtersout the useless
information by identifying the pixels discontinuities and
the points in image at which the brightness changes
sharply. After this the image is divided in 32x32 pixels
blocks and then frequency domain transformation is
performed for theimage.

(c)BLURRY IMAGE
FIG. 1. CARNIVALDOLLS.BMP IMAGE [13]

Theidea of blockinessis understood by taking the ideal
32x32 pixelshlocky image of Fig. 3(a), hasrepetitive blocks
in columns and rows. The harmonics are shown in its
transformed version in Fig. 3(b). By taking FFT the
horizontal, H and vertical, V harmonics are easily
identified. The 32x32 pixelsblock sizeischosen here, for
the reason that it is multiple of 8x8 pixelsfixed standard
DCT block size. If 16x16 pixelsblock sizeisselected, then
there are only two blockiness harmonics and are not
sufficiently spaced out from each other. Therefore we
picked 32x32 pixelssize of theblock inwhich thereare 4™,
8" and 12", three harmonics (or coefficients) and areeasily
distinguishable. Because they are reasonably apart from
each other and we are able to get more accurate results.
Finally the different | Q assessment techniquesare applied
on of the transformed image.

Compressed or Coded
Image

Actual or Reference
Image

Transmission End Receiving End

\4 \4

Reference RGB Image to
Gray Scale Conversion

Coded RGB Tmage to
Gray Scale Conversion

A 4

Ref Edge Detection Coded Edge Detection
Reference_Edge Coded_Edge
v v
Block by Block Block by Block
Processing Proccssing
A 4 A\ 4

Fast Fourier Transform
(Fouricr Analysis)

Fast Fourier Transform
(Fourier Analysis)

Tmage Quality Asscssment using
Different Image Details

FIG. 2. GENERAL SYSTEM MODEL FOR DETAILED IMAGE
QUALITY ASSESSMENT IN FREQUENCY DOMAIN
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21 Image Quality Assessment using

Harmonic Analysis in Frequency
Domain

Due to the fixed block size DCT based compression;
harmonicsareintroduced in theimage. These harmonics
are repetitive in rows and columns. Therefore, the 1Q
assessment can be done by calculating the harmonicsin
horizontal and vertical directions. Fig. 4 illustrates the
System model of 1QAssessment in RR mode using
harmonic analysis. From the general model of Fig. 2, after
obtaining the transformed image by FFT block, the
harmonics strength is calculated.

The harmonics strength (HV arengih © ) Of reference image
at transmission end, also called RR parameter iscomputed
by Equation (1) as[14]:

Spatail
(a). REFERENCE IDEAL 32X32 PIXEL BLOCKY IMAGE IN
SPATIAL DOMAIN

Strength of Barmonics m Blocky blocks
i 3rdVertical Harmonic, VI2——> 1
ndVertical Hrmanic, V8- 2d Horizontal Harmonic, HS
Ist Vertical Harmonic, V4—>

Ist Horizontal Harmonic, H4

3rd Horizontal Harmonic, HL2
] 1 I I 1 1
5 ! 15 .Y & I
Horizontal Harmonic
(b). FFT OF THE IDEAL 32X32 PIXEL BLOCKY IMAGE
SHOWING HARMONICS

DC Component

FIG. 3. IDEAL BLOCKY IMAGE AND ITS FOURIER
TRANSFORM [14]

(V4+V8+Vi12)ref
16
2V
i=1

(H4+H8+ H12)ref

HVstrength_ref =

16 @
> H,
i=1

Where, H,, H,, H,, are horizontal and are V,, V, V , are
vertical harmonics. Similarly, the harmonics strength

(Hvstrength_cod
using Equation (2) as[14]:

) for coded image at receiving end, iscomputed

(V4+V8+V12)cod = (H4+H8+H12)cod
Hvstrength_cod = 16 + 16 (2)
_ZlVi 2 H
i= i=1

|Q metric can be defined by:
|Q=BlockinessIndex + BlurrinessIndex €)

The blockiness and blurriness are obtained by different
RR parameters, presentedin Figs. 4-5,7 inthe next sections.

The amplitude strength of these harmonics is increased
(where blockiness occurs) or decreased (where blurriness
occurs) in coded image. Thisisidentified at thereceiver,
through the comparison of these harmonics strength
obtained from coded and reference image. The ratio
HV

strength_cod

HV

strength_ref

iscompared withthe single RR ratio parameter

of referenceimage.

For model of Fig. 4, RR Blockiness is obtained by

equation4, whenHV _ i co SHV srength,ref?
Blockiness=HV__ . - HV_ o e @)
and Blurrinessisfound when HY gt co0<HY srengit re by
Equation (5)

Blurriness=(HV . = HV g ood) ®

By the use of Equation (3), total summation of thesevalues
of all blockswill produce the actual combined artefacts
estimated objective blockiness/blurriness value, called
|Q metric.
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2.2  ImageQuality Assessment using other

ac Coefficientsin Frequency Domain

The system model of 1Q assessment in reduced reference
mode using other ac coefficientsisrepresented in Fig. 5.

The image details are also present in remaining ac
coefficients other than the horizontal and vertical
harmonicsintheimage. Fig. 6 shows, other ac coefficients
present in transformed image between horizontal and
vertical harmonics of the 32x32 pixels ideal reference
blocky image of Fig. 3(a).

The value of these remaining ac coefficients can also be
used for |Q estimation. In the transformed image obtained

Transmission End Receiving End
Reference Coded
Transformed Image Transformed Image
v v
Calculation of Harmonics . .
(RR Parameter) Calculation of Harmonics
Comparison
o e
» -
RR Blockiness Extracted Coded
Parameter Blockiness Parameter
Blockiness Index
Combined ARTEFACT
Quality Estimation
(By harmonic)
Blurriness Index
RR Blurriness Extracted Coded
Parameter Blurriness Parameter
> <

FIG. 4. SYSTEM MODEL OF IMAGE QUALITY ASSESSMENT
INREDUCED REFERENCE MODE USING HARMONIC
ANALYSIS

by FFT, the other ac coefficients strength is calculated.
The strength of other ac coefficients (AC
between horizontal and vertical harmonics is computed

otheris(rengthjeef)

as RR parameter at the transmission end. Also the
computation for the strength of other ac coefficients at

the receiving end, AC is computed.Then

other_strength_Cod

reference image RR parameter, Ather_strm_]lth_Ref is

compared with the coded imageAC | For model

ther_strength_Cod"
2 of Fig. 6 using other ac coefficients, for the case when

AC > AC

other_strength_Cod other_strength_Ref’

Blockiness = (AC

other_strength_Cod -

A CotherfstrenglhﬁRef) (6)

and when AC

other_strength_Cod< Cotha’_strength_Ref !

Transmission End Receiving End

Coded
Transformed Image

Reference
Transformed Image

v \ 4

Extraction of Reference Image
Details/Other ac Coefficients
(RR Parameter)

Coded Image Details/Other
ac Coefficients Extraction

Comparison

()

»
>

dl
-
RR Blockiness

Parameter

Extracted Coded
Blockiness Parameter

Blockiness Index

Combined ARTEFACT
Quality Estimation
(By Other ac Coefficients)

Blurriness Index

RR Blurriness
Parameter

Extracted Coded
Blurriness Parameter

» P
> <

FIG. 5. SYSTEM MODEL OF IMAGE QUALITY ASSESSMENT
INREDUCED REFERENCE MODE USING OTHER AC
COEFFICIENTS
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AC

BI urriness = ACother_strength_Ref - other_strength_Cod (7)

The actual combined objective blockiness/blurriness
artefactsvalue gives|Q metric, obtained by the summation
of these two values using Equation (3).

2.3  Image Quality Assessment using DC
Coefficientswith Other ac Coefficients
in Frequency Domain

System model of |Q assessment by combined blockiness
and blurriness artefactsin RR mode using dc coefficients
with other ac coefficientsisshownin Fig. 7. Intheimage
of 32x32 pixels blocks, other than harmonics and ac
coefficients there is a dc coefficient block as well in the
image. The strength of this dc coefficient is calculated
and added with other ac coefficients of the image to
measure more accurate results of blockiness and
blurriness for 1Q assessment.

For the model 3 of Fig. 7, when ACDC
ACDC

>
other_strength_Cod

other_strength_Ref’

Blockiness= ACDC -ACDC

other_strength_Cod other_strength_Ref (8)

and blurriness is obtained, when ACDCotherﬁs(rengthﬁCod<
ACDC

other_strength_Ref’

Blurriness = ACDC - ACDC

other_strength_Ref other_strength_Cod (9)

Strength of Harmonics in Blocky Blocks

Othﬁh\
10 ac Coeff
20 -
30

10 20 30
32x32 pixels image showing harmonics

FIG. 6. FOURIER TRANSFORM OF IDEAL 32X32 PIXELS
BLOCKY IMAGE SHOWINGOTHER AC COEFFICIENTS

Final 1Q metric of Equation (3) is obtained by the
summation of these two objective blockiness/ blurriness

artefactsvaluesfrom Equations (8-9).

Theabove presented methodsin2.1, 2.2, 2.3 usethe LIVE
database? [13] for 233 different coded image sequences.
The database provides the DMOS (Differential Mean
Opinion Scores) of each sequence. Then the test is
performed for our designed algorithm of reduced reference
DIQAM meter, objective blockiness values on the
subjective DMOS scores of LIV E image database2. The
method of blurriness measurement aso uses the LIVE

Transmission End Receiving End

Reference Coded
Transformed Image Transformed Image

Extraction of Reference Both Coded image details/ Both

DC & Other ac Cocfficients (DC + Other ac Coefficients)
(RR Parameter) Extraction

Comparison

7 e
-
RR Blockiness Extracted Coded
Parameter Blockiness Parameter

»
»

Blockiness Index

Combined Artefact
Quality Index
(By DC + Other ACCoefficients)

Blurriness Index

RR Blurriness Extracted Coded
Parameter Blurriness Parameter

v

P
<

FIG. 7. SYSTEM MODEL OF IMAGE QUALITY ASSESSMENT
IN REDUCED REFERENCE MODE USING DC
COEFFICIENTS WITH OTHER AC COEFFICIENTS
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database? [13] for 174 different blurred coded image
seguences. The database has the blurriness values for
each image. Ultimately, the testing has been donefor our
designed RR, objective blurriness values with the
subjective blur scores of L1V E image database?.

3. RESULTS

The objective values of the blockiness and blurriness
distortions for the designed 1Q assessment meter are
measured through the programming in Matlab software.
The algorithm for RR blockiness and blurriness quality
meter is developed. The designed DIQAM algorithm is
tested on the L1V E image database? [ 13]. By comparing
the correl ation coefficient of our blockinessand blurriness
values with subjective DMOS scores, the quality of the
designed algorithm for blockinessis proven.

Table 1 showsthe DIQAM results of objective Blockiness
correlation wih subjective DMOS scoresfor blocky LIVE
database2. Column 3(blockiness due to both blocky and
blurry blocksin image) shows, a matching of 94.69% is
obtained using harmonic analysis and 91.76%is obtained
byusing other ac coefficients. But highest similarity
96.35% isachieved by using dc coefficientswith other ac
coefficients.

Similarly Table 2 represents the DIQAM results of
objective Blurriness correl ation wih subjective blur scores
for blurry LIVE database?. It showsamatching of 93.67
and 91.65% by harmonic analysis and byusing other ac
coefficients respectively. As for the case of blockiness,
highest similarity of 93.50% for blurrinessdistortionis
achieved by using dc coefficients with other ac
coefficients.

TABLE 1. IMAGE QUALITY ASSESSMENT USING OBJECTIVE BLOCKINESS CORRELATION RESUTS WIH SUBJECTIVE
DMOS SCORES FOR BLOCKY LIVE DATABASE?2

Image Details Required for Proposed DIQAM

Blockiness
(Correlation Resuits wih LIVEDMOS Scores)
(Due to only Blocky Blocks in Image)

(%)

Blockiness
(Correlation Results wih LIVE DMOS Scores)
(Due to Both Blocky and Blurry Blocks in Image)
(%)

For Modél of Fig. 4

By All Other AC/H+V + DC Coefficient

i i 94.53 94.69

By using Harmonics

For Model of Fig. 5
By Average of(All Other AC/H+V) 85.81 91.76
For Model of Fig. 7 0231 0635

TABLE 2. IMAGE QUALITY ASSESSMENT USING OBJECTIVE BLURRINESS CORRELATION RESUTS WIH SUBJECTIVE
BLUR SCORES FOR BLURRY LIVE DATABASE2

Image Details required for Proposed DIQAM

Blurriness

(Correlation Resuits wih LIVE Blur Scores)
(Due to only Blurry Blocks in Image)

(%)

Blurriness
(Correlation Resuits wih LIVE Blur Scores)
(Due to both Blocky andBlurryBlocks in Image)
(%)

For Modél of Fig. 4

By All Other AC/H+V + DC Coefficient

. . 93.60 93.67

By using Harmonics

For Modéel of Fig. 5
By Average of (All Other AC/H+V) 89.74 91.65
For Model of Fig. 7 9261 050
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4. CONCLUSION

Inthisresearchwork anovel low complexity RR, DIQAM
method established on frequency domain transforms is
proposed. The quality assessment method is easy to
execute and efficiently estimates the blockiness and
blurriness distortions in the images compressed using
DCT (JPEG).The performance of the proposed 1Q meter’s
objective blockiness and blurriness results is compared
with L1V E image database? subjective DMOS and blurred
scores. The proposed metrics provide a comprehensive
new objective 1Q measurement method which also
efficiently accommodates the available, image
communication medium bandwidth.The obtained
correlation results of around 94-96% indicate that the
proposed quality meter technique can be executed well in
objective RRIQ assessment. It is appropriate technique
for real-time applications.
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