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Objective Measures for Detecting Digital
Tiling

Dwight Melcher, Stephen Wolf

1.0 Introduction

This contribution describes an extension of the objective measurements of video quality
(presented in [1]) that specifically detects the “tiling” or “blocking” artifacts produced by
many digital coding systems.

1.1 General Observations

The development of extended measurepéaisically detect blocking is motivated by the
following observations:

Current spatial measures detect both blocking and blurring combined. However, from
informal analysis of subjective data, it is clear that viewers subjectively rate blocking
and blurring differently. Anecdotal evidence suggests viewers find tiling more objec-
tionable than blurring. A measure that separates blocking and blurring into two compo-
nents is an advantage, since models using separate components could weight the two
differently, resulting in higher correlation between the objective and subjective mea-
sures.

The spatial information measurements currently used are based on the gradient image
produced by Sobel filtering each frame of video [1]. The standard deviation of the mag-
nitude of the pixels in thgradient image is used as a feature. Features are then com-
pared in the source and degraded images to form a parameter. The parameter is then
used in a model in order to quantify therceiveddegradation between the two input
images.

Current measures compress each frame in the video stream into two numbers. This is a
highly desirable property of the feature extraction process, since the feature data can be
easily transmitted between test instruments over a low bandwidth serial link. The down
side of the high level of compression is that too much information is being carried by
these features, whichakes it difficult to separate components of the feature that might

be more useful if weighted differently.

1.2 Extensions to Spatial Features

This section describes additional low-bandwildthtures that can be used for measuring
tiling artifacts. These features are an extension of the basic spatial information (SI) fea-
tures described in [1] and [4].
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In order to separate out information that is relevant tasmengtiling effects, several
attributes of the Sobel gradiergerators can be exploited. From vector analysis, it is
known that the gradient vector points in the direction of maximum rate of change of a
functionf at (,V). The gradient is the vector:
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Whereh andv are the horizontal and vertical directions, respectively. Ag@ndS|, are

the partial derivatives dfwith respect td andy, respectively. If is an imageSh, andS|,

can be computed using Sobel filtering as described in [1]. The current spatial features use
an approximation of the magnitude of the gradient vector to characterize the edge content
of an image:

Of = ‘Slh‘ + ‘SIV‘

However, the direction of the gradient vector is also an important quantity. fBlcéat
of the gradient vector dfat (,v) is given by:

Sl,
O(h, v) = atan—
S|,

In summary, the gradient image contains both edge magnitude and angle information,
which is derived from th&l, andS|, components of the Sobel filter. The edge magnitude
information is used in the current set of spatial features to characterize the edge content of
a video image. The remainder of this contribution is devoted to an extension of the current
features thatakes advantage of the angle information present in the gradient image in
order to detectecific artifacts such as digitaling.

2.0 Gradient Magnitude and Angle Histogram

In order to make explanation of the new features more clear, this section presents a
method of creating a two dimensional histogram that makes it possible to visualize both
magnitude and angle information at once.

While computing the gradient image, one can accumulate a 2-dimensional histogram.
Each bin in the histogram is identified bytaandv coordinate. For a pixel in the image,

the two components of the gradient are computed, yiel8ngndS|, at that pointSk,

andSl|, are then used as the coordinates of a bin in theghasto The bin at coordinate

(Sk, S\) is incremented. This process is repeated for all pixels in the image. The result is
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a histogram that shows both the distributionste@nsityanddirection of the edges in the
image.

The histogram can be displayed as a noXa¥lplot. By assigning different values of

color or intensity to the values of the bins, one can see how the distribution of angles in the
gradient image varies. Figure 1 shows an example image and its gradieituceagnd

angle histogram. Lighter pixels in the plot indicate bins with higher values.

One can view the histogram as an extension of the Sl feature [1] into a 2-dimensional
function that is computed from an image. Since it is convenient to talk about the histogram
in terms of angles and radii, later discussions are done in terms of polar coordinates. We
define a function SIH( 8) wherer is the magnitude of the gradient, &his the angle of

the gradient and SlH@) is the number of pixels in the gradient image whose gradient
radius and angle isand®, respectively. In all of the equations bel®ts assumed to be
between 0 andr2

0,0 r

FIGURE 1. An Image and nt Magnitude and Angle Histogram,
SIH(r,0)

Objective Measures for Detecting Digital Tiling February 3, 1995 3



T1A1.5/95-104

2.1 Features extracted from SIH(0)

This section describes features that can be computed from 8)H{at are useful for
detecting digital tiling.

The basic method for extracting the features is to select various ranges for the values of
and6, then compute some simple statistics from §IB) based on these ranges. An area

of particular interest is that containing the principal axes of thednato, where horizon-

tal and vertical edges produce a resp&nse.

Tiling artifacts appear as faint horizontal and vertical edges added to an image. Accord-
ingly, tiling artifacts tend to icrease the value of SIH@) wheref lies along one of the
principal axes (e.g. whefe=kmt/ 2,k=0, 1, 2, 3). Figure 2 and Figure 3 show how

SIH(r, 6) changes for an image exhibiting tiling. Theame in Figure 3 has been chosen

by the T1A1.5 committee as an example of the “blocking” or “tiling” impairment [3]. The
important thing to note about the two histograms is that the histogram for the tiling-
impaired image has a distinctly moreugtlike” srape, indicating that there is a clustering

of points around the horizontal and vertical axes. This observation is the basis for the for-
mulation of the features given below.

A feature whose value increases as the number or sharpness of horizontal and vertical
edges increase is given as:

1
Oy = E)EJZZSIH(r,e) r
r e

kTt
0<c,sr<c, 0 = E(k=0,],2,3

Wherer and6 are as defined above aagandcy, are clipping limits, ang is the number

of pixels in the imagent the number of pixels in the summation). This deais a

weighted sum of the bins that accumulate horizontal and vertical edges in the gradient
image. The lower clipping limit is used ttestrict the computation toragion where the
approximations of anglare more accurate (note that since the Sobel gradient filter pro-
duces only integeaipproximations of thgradient, ag becomes small the angle calcula-
tion becomes very coarse, making it difficult to use these low level values to accurately
characterize the line orientations of the image.) Td&yping limits can also be used to
“focus” the measurement to ince only those edges of a desired intensity. Empirical evi-
dence indicates the value foy should be from 5 to 20, depending on the source material

1. There are many other parts of the histogram that are of potential interest. One such part is the main diag-
onals (45, 135, 225, 315 degrees), where digital impulse noise is accumulated. Such noise is produced by
pixel dropouts or pixel errors. This paper is concerned mostly with horizontal and vertical areas of the histo-
gram and doesn’t explore these other ideas.
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FIGURE 2. Source Image (NULL impairment) and Gradient Angle Histogram. The image is taken from the
draft ANSI standard test scenes [2].
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FIGURE 3. The image from Figure 2 after passing though a VTC system. Note that the image exhibits tiling and
blurring (this image was selected by Committee T1A1.5 as an example of the tiling impairment [3]) The gradient
angle histogram shows a distinctive “plus” shape compared to the histogram in Figure 2.
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being processed. In practice, it is useful to include a small wedge of a few degrees around
horizontal and vertical axis. This allows for slight variations in the angle calculations that
are caused by noise.

It should be noted that tlyg,, feature characterizedl of the horizontal and vertical edges

in an image, natural as well as those produced by tiling. This feature also tends to decrease
in value as the image becomes blurry and increase in value as the image suffers tiling (just
as the original SI measurement [1]).

In order to produce a parameter that moeaity separates blurring from tiling, a fews
that characterizes the edge content of the imatj@ut the inclusion of horizontal and
vertical edges is used:

Ohy = EDZZSIH(r, 0) [r

r 6

kTt

0<casrscb e:tZ,k=O...7

Thegy,y feature is computed over the entire histogram, excluding the horizontal and verti-
cal angles. It also excludes the exact diagonal angles, since these angles tend to accumu-
late low level impulse noise as described above.

2.2 A Composite Ratio Feature

A composite feature can be formulated that usegyhandgy,, feaures in eder to
enhance information related to tiling in the image. Throughout the discussion below, HV
refers to “horizontal and vertical’. One possible feature, denotd®] isygiven by:

R = ghv+€

ghv‘ te

Wheree is a small constant (usually on the order of 1) that is used to stabilize the value of
R asg;,, becomes small. The feature is the ratio of the HV edge content of the image

and the non-HV edge content. As the number of HV edges becomes high in relation to the
non-HV edges in the image, the valueRahcreases (visually, an increase in R increases
the “plus-like” appearance of the histogram, as guFe 3.)

2.3 Combining the Features into Parameters

Three basic features have belmscribed that can be used to characterize the horizontal
and vertical edge content of an imagg), the non-vertical and non-horizontal edges
(gny) and the relative amounts of HV vs. non-HV edges in an infage (

Objective Measures for Detecting Digital Tiling February 3, 1995 7
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These features alone cannot be used to measure the tiling content of an image. The fea-
tures must be computed on the source and degraded images and compared in order to dis-
cover if tiling has been added to the degraded images.

The three basic featuressdeibed in the previous sectiane computed frame-by-frame

on the source and degraded video images. This produces a time history of the features for
both the source and degraded sequences. However, faurases of the following dis-
cussion, only one frame of video each of source and degraded is considered. The frames
are assumed to be corresponding frames from egedns{i.e. the frames are assumed to
have been selected from time aligned video sequences.)

In order to compare the source and degraded video frame, the features are combined into a
parameterusing the form:

Wheres denotes the feature computed from the source video framd,isutige feature
computed from the degraded video frame. fHselting value is called a parameter. In this
case, the parameter measures the fractionareifte between thewsoe and degraded
features. So, for example, if there is no change in the featuvedrethe source and
degraded images, the valueRoivould be 0, indicating no change. This form of parameter
(the error divided by the source reference) has proven to be one of thesefaktor
quantifying video distortions [1].

One parameter that is useful for detecting tiling is as follows:

ThePy,1 parameter becomes negative when the proportion ofddé<in the degraded

image is greater than the proportion of HV edges in the source image. Note that in the case
of digital tiling artifacts, faint HVedges are added to the degraded image, resulting in a
more negative value fdt, ;.

Two more parameters of the same form can be computed from thefggveres:

~ 9hvs™ 9hva _ 9hvs hvd

P P

hv2 hv2'

ghvs ghv‘ s

In this case, th®},» andPy,,» parameters measure separately the fractional change in the
HV edges and the non-HV edges, respectively. This allows one to examine these changes
between source artegraded images in isolation. These parameters exhibit responses to
blurring that are similar to the response of thp&8ameter presented in [1]. Idagraded

image is hlirred (and no extra edges are added to it) the values of these parameters will
increase by roughly the sarfraction, indicating a global reduction in edge energy in the

8 February 3, 1995 Objective Measures for Detecting Digital Tiling
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degraded image. However, suppose the degraded image is blurred, but also has extra HV
energy added in the form of digital tiling. Sirfég,, is not affected by HV edgeB;,,»

retains the same value as in the first case. However, concepjyaliyll decrease by the

same amount &g, 4, and them,, qwill be increased by some amount that is proportional

to the amount of edge energy added by the tiling. These observations are the motivation
behind the next parameter, which is the difference betwed?,{beandPy,,» parameters :

th4 = th2’ - th2

The Py, 4 parameter detects the relative change in HV edggéise relative change in non-

HV edges. The idea is that if both the HV and non-HV edge features change by the same
fraction, some global degradation has occurred to the image (such as unifornglb

all edges in the image, as mentioned above.) In this cad®, thandP,,,, paramegrs

will track, since they arpresumably affected by the degradation in the same manner. This
results inPy, 4 taking on a value close to zero.

However, if the non-HV edge parametBf,) stays constant, and the HV edge parame-
ter (P2 decreases (possibly becoming negative), the indication is that some extra HV
edges are being added to the degraded oﬁfplumse extra HV edges are likely the result
of tiling being added to the degraded image. HeRgg, tends to increase as the amount
of tiling increases in the degraded image.

Figure 4 through Figure 7 present a series of degraded images with varying degrees of til-
ing and blurring. Table 1, “Feature and Parameteud&for Images,” on page 13 shows

the computed values for the images in this paper. Note that for the images which exhibit
tiling, the Py,,,1 andPy,, 4 parameters show a marked respoigg4(strongly negative, and

Phva strongly positive) compared to the images with little or no tiling. In all cases, the
source image is the NULL impairment frongkire 2.

2.4 Conclusions

This contribution presented several objective measurements that can be used to detect dig-
ital tiling. A two-dimensional hisigram of the gradient angle and magnitudes of an image

can be created and used as the basis for extracting new features. Two basic features can be
extracted from the hisgpam and these features can be combined in a variety of ways and
compared in source and degraded videzagts to characterize the tiling content of the
degraded video. An example was presented that shows that the preseateeter values
respond in the presence of tiling in the degraded video.
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FIGURE 4. Image compressed using JPEG with a quality level of 25 (CIJPEG -Q 25) Notice
that some minor blocking and contouring is visible.

FIGURE 5. Image compressed using JPEG with a quality of 5 (CIJPEG -Q 5). Note that
tiling artifacts are evident.

February 3, 1995 11



T1A1.5/95-104

il

FIGURE 6. Image compressed using MPEG1. Compression parameters were set to give
approximately 400Kbps on a 256x243 grayscale video stream with no interframe coding.

FIGURE 7. Image blurred by several passes of a low-pass filter.
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TABLE 1. Feature and Parameter Values for Images

Degradation 9hv 9hv R Phva Phv2 Phvz Phva
NULL 5.5 30.6 0.19 n/a n/a n/a n/a
T1A1 8.2 16.3 0.52 -1.7 -0.50 0.47 0.95
CIPEG-Q25] 7.8 28.5 0.29 || -0.48 -0.41 0.07 0.48
CJPEG -Q5 12.4 22.8 0.56 || -1.9 -1.3 0.25 1.5
MPEG1- 10.0 16.4 0.62 -2.2 -0.82 0.46 1.3
400kbps

Blurry 3.21 19.6 0.18 0.04 0.42 0.36 -0.06

Notes: Calculations were performed using the following values. All angles were folded
into the 0° to 45° area of the SIH histogram. ghgandgy,, features are scaled by the
number of pixels in the image (which is identical for all images.)

Edge Filter  Sobel

Cay 10

Cp max

HV A6 0° to 5° (for computation adj,)
non-HVAB 6° to 40° (for computation af,)
3 0.5
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