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SUMMARY  Next generation codecs, benchmarked by the H.264/AVC
standard, are providing substantial compression efficiency for the coding
and transmission of video. Coupled with technologies offering larger trans-
mission bandwidths over DSL, wireless and satellite networks, the capabil-
ity of delivering high quality video services to the home is now a reality.
The perceptual quality of the content delivered over communications net-
works will be crucial in ensuring a first-class customer experience. It is
therefore important to assess the advantages and disadvantages of the op-
tional features offered by next generation codecs. This paper describes a
subjective assessment that was carried out to investigate the perceptual ef-
fects of switching the in loop de-blocking filter within the H.264/ AVC
CODEC on or off. Although the filter is believed to substantially improve
the perceptual quality of video, it has been suggested that in some cases
negative perceptual effects can be produced. The H.264/AVC architecture
allows de-blocking to be switched off in cases where there are limited pro-
cessing resources or it is considered a negative perceptual effect may be in-
troduced. This paper describes a study that examined the perceptual effects
of de-blocking by employing a standardised subjective assessment method-
ology. The Absolute Category Rating (ACR) method was used to capture
Difference Mean Opinion Scores (DMOS) for a range of video. Content
was selected to span a wide and representative range of coding complexity.
This content was then encoded at a variety of bit-rates to represent high,
medium and low qualities. Results were used to examine the end-user per-
ception of video quality when the de-blocking filter is switched on or off.
The experimental design allowed the overall effects of the de-blocking filter
to be examined and additionally the relationship between content and qual-
ity on the filter performance. The experiment found that the performance
of the de-blocking filter was content-dependent. Results were used to dis-
cuss the advantages and disadvantages of in-loop de-blocking and there is
an examination of content properties (e.g. spatial and temporal complexity)
that influence the performance of de-blocking.
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1. Introduction

H.264/AVC [1] is the most recent video coding standard and
emerged from a joint project between the ITU-T video cod-
ing experts group (VCEG) and the motion picture experts
group (MPEG). The new standard has set the benchmark
for next generation codecs. Empirical studies have shown
H.264/AVC can achieve 50% coding gain over MPEG-2,
47% coding gain over H.263 baseline, and 24% coding gain
over H.263 high profile encoders [2]. This improved coding
performance has created a path for high quality video ser-
vices to be delivered over DSL, wireless and satellite net-
works. The possibility of triple play (voice, data, and video)
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down a single access line is now a service that can be of-
fered by telecommunications companies. There is scope
for broadcasters to reduce the bandwidth requirements per
video channel in order to increase the number of chan-
nel offerings or support HDTV content. Packaged media
providers can also offer an increased quantity of content as
higher compression efficiency creates more free space per
disk. More importantly, satisfying customer requirements
for higher perceptual quality can be achieved. When con-
sidering customer requirements for quality it is essential to
understand the techniques and features offered by new video
coding standards and assess not only their advantages but
also their potential disadvantages.

H.264/AVC is known to be considerably more com-
plex to implement than previous coding standards. The
H.264/AVC baseline decoder has been shown to be 2.5 times
more complex than the H.263 baseline decoder [3]. This
complexity introduces a high processing power requirement
making it unsuitable for real time implementations on some
current digital signal processing (DSP) devices [4]. Profiles
are available in baseline, main and extended and are split
into two distinct layers, the video coding layer (VCL) and
the network adaptation layer (NAL). The VCL is inherently
similar to previous video coding standards (MPEG-2 and
MPEG-4). Translational block-based motion compensation,
transform based residual coding, scalar quantization, ad-
justable quantization, ziz-zag scanning and run length vari-
able length coding of quantized transform coefficients are
all included in baseline, main and extended profiles. The
improved coding performance is achieved by some signif-
icant changes in the inherent features plus the addition of
advanced coding functions. Primarily a much more flexi-
ble model for motion compensation supporting the use of
multiple reference frames and several block search sizes is
implemented. Additionally motion vectors can be specified
with 1/8 pixel accuracy. New coding features include inte-
ger DCT replacing floating point DCT. This offers reduced
blocking, ringing and encoder-decoder mismatches in the
reverse transform [2]. The standard also features a more
complex context-based arithmetic coding (CABAC) for en-
tropy coding.

H.264/AVC also specifies the use of an improved de-
blocking filter within the motion compensation loop. The
de-blocking filter can be switched on or off depending on
coding requirements to reduce blocking artefacts. Block-
ing is one of the most common artefacts produced by video
compression and is a common characteristic of block-based
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transform codecs. Two methods of de-blocking are cur-
rently used and are classified by their implementation inside
or outside the coding loop. Filters within the coding loop
are appropriately referred to as ‘in loop filters” while filters
outside the coding loop are known as ‘post filters.” Loop
filters have been empirically shown to improve both the ob-
jective and subjective quality compared to filters outside the
coding loop [5]. In this work both objective and subjective
measurements were made. However the objective measure-
ments were based on the PSNR which is known to correlate
poorly with the actual perceived quality of video [6]. The
subjective measurements have been by ‘golden-eye’ judg-
ments from expert users which are very far from being rep-
resentative of the average home user. The typical home user,
typically referred to as ‘Novice users’ in the literature, are
known to be less sensitive to distortions, and to be less crit-
ical of perceptual quality, than an expert eye [7], [8]. Fur-
ther, ‘golden eye’ tests are often performed by individuals
who are closely associated with a technology, product or
service and are thus open to the change of bias. Neverthe-
less, it has been suggested that in specific cases using de-
blocking can actually introduce degradations in perceptual
quality [4]. Unfortunately, this study provides no empirical
evidence to indicate when any depression in quality may be
introduced by the de-blocking process.

Because the in loop de-blocking filters are applied
within the motion compensation loop of the encoder the fil-
ter must also be applied at the decoder. This requirement
introduces several issues in the coding process and imple-
mentation. For generic loop filters the encoder and decoder
must use an identical filter. This introduces a limitation for
interoperability unless standardised filters are used, like in
the H.264/AVC standard. In-loop filters more importantly
increase the complexity of the codec. There is a subsequent
increase in requirement for bus bandwidth [3].

A recent study [9] examined the perceptual quality
of H.264/AVC de-blocking when applied to CIF content,
employing a novel subjective method known as the User
Feedback Quality Measurement Method (UFQ). This study
found variable results for the performance of de-blocking
and suggested that for some content users fall into two
groups. This bi-modal distribution in subjective ratings is
inconsistent with established subjective methods that tend
follow normal distribution. The results of this study are of
interest and question the requirements for de-blocking when
there is need for performance optimisation in H264/AVC
CODECS. Predominantly, there has been little published re-
search to investigate the end-user perception, measured by
a standardised subjective assessment procedure, of standard
resolution video content with an in loop de-blocking filter
applied. This paper describes a subjective quality study that
was designed to examine the perceptual effects of switching
the de-blocking filter on or off within the H.264/AVC codec.
A selection of video material spanning a wide range of cod-
ing complexity was encoded at various bit-rates to represent
high, medium and low quality. The aim of this study was
to assess the performance of the de-blocking on a variety
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of content at a range of quality levels. Two basic research
questions were addressed. Firstly, to what extent does de-
blocking improve the perceptual quality of H.264 encoded
video, as indicated by subjective measurements? Secondly,
if there are instances where de-blocking introduces negative
perceptual effects, how can the causes be characterised?

2. Method
2.1 Participants

Subjects were recruited from a pool of employees working
for British Telecom at Adastral Park, Ipswich, UK. A total
of 15 subjects took part in the test, 4 females and 11 males.
All subjects worked in the telecommunications industry but
had no experience of video coding or issues related to video
quality. None of the subjects had taken part in a subjective
test for at least 6 months. Subjects were screened for the
following:

e Normal (20/20) visual acuity (Snellen Test)

e Normal colour vision (Ishihara Test)

o Sufficient familiarity with the language to comprehend in-
structions and to provide valid responses

2.2 Apparatus

Each subject completed the test in a sound insulated cabinet.
Test scenes were presented to subjects on 21" Sony profes-
sional grade monitor (BVM-20F1E). Rating scales were vi-
sually presented after each clip on the monitor. Subjects
provided quality ratings using a Bluetooth number pad. The
Bluetooth number pad was connected to a PC outside the
cabinet where the results were stored. This PC was also
used to store and play the video content.

2.3 Stimuli

The subjective study consisted of 9 reference scenes chosen
to span the range of coding complexity. Each scene was full
resolution (720 x 576 pixels) and full frame rate (25 fps).
All of the scenes except one were interlaced. Each refer-
ence scene was encoded to represent three quality levels,
high/medium/low, using the H.264 AVC codec. The experi-
menter was responsible for selecting the quality levels. Ad-
ditionally each scene was encoded twice, once with the de-
blocking filter switched on and once with the filter switched
off. There were a total of 63 scenes presented in the test; 9
reference scenes and 54 test scenes. The 54 test scenes con-
tained each of the 9 scenes encoded at 3 quality levels with
the filter switched on or off. To obtain the three different
quality levels across the test scenes, bit-rates ranging from
200 kbps to 4000 kbps were used. For the low quality scenes
a bit rate of 200k was used. For medium quality scenes bit
rates were either 500 k or 1000 k. For the high quality scenes
bit rates between 1500k and 4000k were used. The test
scenes were stored on a ClipStationPro digital video player
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Table1 Reference scenes (720 X 576 pixels, 25 fps, PAL).

Scene Characteristics
ID #

Duration

Interlaced/

(seconds) Progressive

1# High Detail, High Motion, 8 Interlaced
Panning

2# High Detail, High Motion, 8 Progressive
Fast Panning, 2 Angles.

3# High Detail, High Motion, 8 Interlaced
Panning, Zooming

a# High Motion, Panning, 8 Interlaced
2 Camera Angles

5# High Detail, High Motion. 8 Interlaced

6# High Detail 8 Interlaced

7# High Detail, Low Motion 8 Interlaced

8# Low Motion 8 Interlaced

o# Low Motion 8 Interlaced

in uncompressed 4:2:2 format. Table 1 describes the char-
acteristics of the reference scenes used.

2.4 Design

The experiment was a repeated measures three way design
(9 (content) x 2 (filter) X 3 (quality)). Subjects provided
data in every condition. The three factors were Content, Fil-
ter and Quality. There were nine levels in the Content factor
(1#, 2#, 3#, 4#, S#, 6#, 7#, 8#, and 9#). There were two lev-
els in the Filter factor (ON or OFF). There were three levels
in the Quality factor (High, Medium, and Low). The de-
pendent variable in the experiment was the difference mean
opinion score (DMOS).

2.5 Procedure

The single stimulus 5 grade quality scale (ACR) was se-
lected as the subjective testing methodology. This single
stimulus methodology has been defined by experts working
in the field of video quality [10],[11]. The ACR method
is characterised by a series of short test sequences presented
one at a time. Each test sequence is then rated independently
on a discrete five grade category scale. The method specifies
that after each presentation the subjects are asked to evaluate
the overall quality of the scene shown using the descriptors:
Excellent, Good, Fair, Poor, and Bad. The category scale
used to select the quality of each scene is shown in Fig. 1.
For analysis purposes each of the descriptors was coded with
the values 1 (poor) through to 5 (excellent). These numer-
ical codes were included on the voting dialog as they indi-
cated which button the subject was required to press on the
Bluetooth number pad. The time pattern for the stimulus
presentation is illustrated by Fig. 2. In this study there was
no limit on the time available for subjects to vote.

Subjects were seated 6 picture heights away from the
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4 GOOD |
3 FAIR |
2 FOOR. |
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Fig.1 Voting dialog for ACR methodology.

~5s ~3s ~8 ~X

Next Assess

Scene Quality
prompt grey scene vote

Fig.2  Time schedule for ACR methodology.

monitor which is in line with ITU-R Rec. BT.500-11 [12].
Subjects were given written instructions prior to starting the
test. The test session for this assessment lasted approx-
imately 20 minutes, including training. The training ses-
sion consisted of four practice scenes. The four scenes used
within the practice session spanned the quality and content
that was used within in the test. The content used in the
training session was not replicated in the main assessment.
Results from the practice session were collected but not
used in the results analysis. Presentation of test scenes ran-
domised across subjects according to a pseudo-Latin square
design. The function of this randomisation was to reduce
any contextual effects that might be introduced by the order
of scene presentation [13]. Reference scenes were included
in the test but their presence was not made explicit to the
subject.

3. Results

For each test scene a DMOS was calculated by subtracting
the test scene MOS from the corresponding reference scene
MOS. This procedure is know as hidden reference removal
(HRR) and was proposed to be used within ACR testing by
the Video Quality Experts Group [11]. A previous study
using single stimulus continuous quality evaluation utilised
HRR to improve the stability of subjective quality assess-
ments [14]. In the case of the ACR methodology, HRR is
applied to provide improved stability in the subjective data.
This is achieved by calculating subjective quality ratings rel-
ative to a benchmark or standard quality provided by the
reference sequence. It is worth noting that the proposed
advantages of HRR have yet to be established empirically.
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Fig.3  Comparison of DMOS for the de-blocking filter ON or OFF. Ver-
tical and horizontal bars indicate the 95% confidence intervals for each test
scene for the filter on (horizontal bars) or off (vertical bars).

The use of HRR here is in accordance with the experienced
judgement of the Video Quality Experts Group. When in-
terpreting DMOS, the reader should be aware that smaller
values indicate higher opinions of video quality. Therefore
a DMOS of 0 represents no subjective difference between
the reference scene and test scene. A DMOS of 100 indi-
cates maximum difference in quality between the reference
and test video. In this subjective test, some DMOS were
negative due to the fact the highest quality test scene was
rated higher than the reference scene. Negative DMOS were
marginal and are known to occur at high fidelities in subjec-
tive assessment methodologies [14]. As the negative DMOS
values were marginal, they were included in the data analy-
sis. Figure 3 shows the DMOS for all test scenes when the
de-blocking filter was switched on or off.

Figure 3 illustrates that there is clear clustering of
DMOS in three areas. These three areas represent a distinct
definition of content encoded to represent high, medium and
low bit-rates. The initial distribution of DMOS in Fig.3
shows that in some test conditions the DMOS is lower (bet-
ter perceptual quality) when the filter was switched on;
for other conditions, DMOS is lower when the filter was
switched off. As a quality indicator of the subjective data,
the distributions of the 95% confidence intervals were cal-
culated and are shown in Fig.3. The average confidence
interval was +0.403 DMOS units.

Figure 4 displays DMOS scores for each individual
scene. Initially Fig.4 reveals there are some clear differ-
ences in DMOS for particular clips. Recall that higher
DMOS scores represent a lower subjective opinion of qual-
1ty.

For content encoded at low bit rates, scenes 4#, 7#,
and 9# were rated perceptually better quality with the de-
blocking was switched on. For all other scenes encoded
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at low bit rates there was no perceptual difference for de-
blocking switched on or off.

For content encoded at medium quality bit-rates scenes
1#, 5# and 9# were rated with a higher perceptual quality for
de-blocking switched on. However, for scenes 2#, 6#, and
8# there was a higher perceptual quality when de-blocking
was switched off. For other scenes encoded at medium bit-
rate there was no perceptual difference indicated by DMOS
ratings.

For the majority of scenes encoded at high bit rates
there were no differences when de-blocking was switched
on or off. However two scenes, 5# and 8#, showed consid-
erably lower perceptual quality when de-blocking was on.

To investigate the results more conclusively a three way
repeated measures ANOVA was performed. Table 2 dis-
plays the F- and p- values for all of the main effects and in-
teractions in this subjective study. There were main effects
for two of the factors, Content and Quality. These effects
were expected as content was selected to span a wide range
of coding difficulty and quality levels were selected to rep-
resent high, medium and low qualities. There was no main
effect for the filter factor. There was an expected interaction
effect between Content and Quality. There was however no
overall interaction effect between Content, Filter and Qual-
ity.

Additionally there were was no interaction effect be-
tween Filter and Quality. However there was a significant
interaction effect between Content and Filter. Figure 5 dis-
plays the interaction plot for Content and Filter.

The scenes within Fig. 5 have been listed along the ab-
scissa according to the largest positive difference in DMOS
between switching the filter on or off. Scenes listed clos-
est to the ordinate have better perceptual quality when de-
blocking was switched off. Scenes farthest away from the
ordinate are those that have better perceptual quality when
the filter was switched on. Ordering scenes this way pro-
duces a mid-point in Fig. 5 (Scene 3#) where it appears there
is a threshold in which one direction de-blocking has a neg-
ative effect and in the other it has a positive effect. Identify-
ing the characteristics of content either side of this threshold
would create a useful mechanism to flag when de-blocking
is appropriate. This mechanism would require the develop-
ment of a metric that detects characteristics of content that
produce negative perceptual effects when de-blocking is ap-
plied.

4. Discussion

The three-way repeated measures ANOVA described in the
results section show a significant interaction between scene
content and filter. The results found that turning the de-
blocking filter on produced both positive and negative ef-
fects on perceptual quality ratings. These results show
that the performance of the H.264/AVC de-blocking filter
is content-dependent. Previous research has suggested that
it is possible for de-blocking to produce negative Perceptual
effects [4].
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Fig.4 DMOS for individual scenes at high, medium and low qualities with the de-blocking filter

switched on or off.

A recent study [9] suggested that for identical content
with de-blocking on or off, subjects fell into two groups.
For some subjects there was a preference for de-blocking
on, however a second group of subjects indicated a prefer-
ence for de-blocking off. This bimodal distribution of sub-
jective ratings was suggested for both low and medium mo-

tion content. For high motion content there was found to
be no clear user preference for applying de-blocking or not.
This study employed a non-standardised subjective testing
method. This method required to subjects to state a prefer-
ence when presented with a series of identical tests scenes
with variable de-blocking filter settings. It should be noted
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Table 2  F- and p- values for main effects and interaction effects.
df F-Value p-Value
Content 8 5.279 <.0001
Filter 1 0.62 ns
Quality 446.852 <.0001
Content * Filter 8 2.037 <.05
Content * Quality 16 | 13.486 <.0001
Filter * Quality 2 2.405 ns
Content * Filter * Quality 16 1.648 ns
2.50
2.00 =
1.50
a \ ~—0-— Fiter ON
2 —8— Filter OFF
1.00
o
0.50
0.00

6# 8H# S# 2# 3 4A# 1# TH O#

Scene

Fig.5 Interaction plot of Content X Filter for DMOS. DMOS shown
have been averaged across all three levels of Quality. Scenes ordered along
abscissa according to (Filter ON DMOS—Filter OFF DMOS).

that the unusual distribution of subjective ratings may have
been a consequence of the methodology applied. Although
the conclusions derived by the authors pose interesting ques-
tions to the requirements and suitability of de-blocking the
data from this study fails to provide clear evidence on the
performance of H.264/AVC de-blocking. The work reported
here provides a more extensive evaluation of the perceptual
effects of H.264/AVC de-blocking. The present work exam-
ined a wider range of content and considered factors beyond
solely motion in effecting de-blocking performance. Addi-
tionally, the present work used a standardised subjective test
method requiring subjects to provide ratings of video qual-
ity for all test scenes. Unfortunately no direct comparisons
could be made between the results from [9] and this study
due to the methodologies used and lack of statistical data
presented.

Given the results of this present study, a useful feature
of the H.264/AVC codec would be to automatically decide
whether de-blocking should be applied. Such a decision
could be based on a flag within the header of unprocessed
video which is then read by the encoder. Useful deployment
of this flag is dependent on whether video characteristics
can be identified that improve or worsen perceptual quality
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when de-blocking is applied. Identifying these video char-
acteristics may provide a set of criteria that can serve as
guidelines when deciding to switch de-blocking on or off.
The properties of the test scenes used in this study were ex-
amined in an attempt to identify characteristics indicative of
whether de-blocking is beneficial or detrimental to percep-
tual quality

For test scenes 2#, 5#, 6# and 8# it was apparent that
perceptual quality was worse when de-blocking was ap-
plied. Degradations in these scenes were characterized by
an over smoothing of detailed regions resulting in a blurring
effect and general loss of detail. Figures 6 and 7 illustrate
two synchronous frames from scene 8# encoded at 200k
with de-blocking on or off. In Fig. 6 the scene was encoded
with de-blocking applied and in Fig. 7 no de-blocking was
applied. It is clear to see that the frame in Fig. 6 has con-
siderably less detail than Fig.7 due to an over smoothing
effect. The subjective results of this study would indicate
that for some content an over smoothing effect and loss of
fine detail is less preferable than blocky images that retain
fine detail. However it should be noted that examining sin-
gle frames in an unrealistic method of evaluating trends in
subjective ratings.

As an initial basis of characterising these scenes, the
spatial and temporal complexities were calculated for each
of the reference scenes used in this subjective study and are
outlined in Table 3. Spatial and temporal measures were
derived from an objective video model designed by British
Telecom [16]. There was no obvious association between
complexity and the perceptual effect of de-blocking. Scenes
that are negatively affected by the filter share similar charac-
teristics of high spatial complexity and low temporal com-
plexity. However filtered scenes with large positive percep-
tual effects also share similar characteristics of high spatial
and low temporal complexity. The only difference between
these scenes, displaying negative and positive effects, is the
presence of zooming and panning within the scene. The
scenes with the largest negative perceptual effects all in-
cluded prominent zooming effects and, to a lesser degree,
panning. A possible reason for the negative perceptual ef-
fects therefore may be caused by characteristics of low spa-
tial and temporal complexity coupled with zooming within
the scene.

The performance of the in-loop de-blocking filter may
be adversely affected by zooming due to the method em-
ployed to reduce blocking artifacts. The de-blocking algo-
rithm smoothes the edges of macroblocks to attenuate the
perception of artificial boundaries. During a zooming scene,
most of the macroblocks are assigned motion vectors point-
ing in the same direction for a particular amount of time.
If in-loop filtering is activated on these blocks, their edges
are subsequently smoothed followed by a movement in the
direction of their motion vector. In the next frame, pixels
defining the macroblock edges are going to be located in-
side or outside the macroblock. If the in-loop filtering is still
applied, smoothing will be applied to the new pixels defin-
ing the macroblock edge. This could ultimately produce an
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Fig.7  Scene 8# without de-blocking applied.
effect of blurred pixels propagating along a motion vector. less residual pixels to code than in a zooming scene. There-
The same effect might be noticeable on panning scenes, al- fore during a zoom scene de-blocking should be applied less

though in a less visible way because simple panning creates strongly to reduce blurring effects.
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Table 3  Spatial and temporal complexity of each reference scene.
Scenes ranked according to filter ON DMOS—Filter OFF DMOS.
Scene Perceptual Effect  Spatial Temporal
ID # of Filter Complexity Complexity
6% - 43.00 4.71
8# - 38.89 5.94
5# - 20.55 8.60
2# - 30.46 7.96
3# = 19.16 11.98
a# + 27.85 11.53
1# + 18.39 15.30
7# + 36.02 7.02
o# + 36.04 3.53

5. Conclusion

This study identified both negative and positive effects of
H.264 in-loop filtering on subjective perceptual quality rat-
ings. The tests, using standard resolution video, found a sig-
nificant interaction between the de-blocking filter and scene
content. From the results of this study it is concluded that
the performance of the H.264/AVC in-loop de-blocking fil-
ter is content-dependent, and that application of the filter
can on occasion introduce perceptible degradations to video
sequences.

Degradations introduced by the de-blocking filter were
characterized by an over smoothing of detailed regions re-
sulting in a blurring effect and general loss of detail. We
suggest this could be introduced when de-blocking is ap-
plied to scenes with zooming and low temporal complex-
ities. De-blocking could cause blurring when applied to
scenes with zooming because the macroblock boundaries
constantly change as de-blocking is applied. This could ulti-
mately produce an effect of blurred pixels propagating along
a motion vector. Further study is necessary to fully validate
this claim and to define much more precisely the image char-
acteristics that affect the performance of the de-blocking fil-
ter. Furthermore a metric to quantify panning and zooming
would be needed to determine when to flag the application
of the de-blocking filter to video. Such a tool would be a
valuable option for H.264 encoders so that de-blocking is
only applied to appropriate video content.
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