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Abstract
H.264 video compression technique is currently one of the most widely used video codec for
video compression and transmission. It is very important to maintain the quality of video with
compression. Our research work mainly focuses on finding the various artifacts caused in the
video due to compression using H.264 video technique. Blocking, ringing and flickering are
the main artifacts found in the H.264 compression. Blocking and ringing are reduced mostly
with the use of in loop filter in the H.264 codec. Even though blocking and ringing are
reduced successfully, flickering is still seen in intra coded frames. Flickering is a temporal
artifact which is otherwise known as mosquito noise is caused by change in the luminance
values of the stationary region due to use of various prediction techniques . We propose a
temporal median filter which can successfully reduce flickering effect in the H.264 video.
The performance of the proposed filter is evaluated using sum of squared difference (SSD)
metric.

Keywords: H.264, Artifacts, Blocking, Ringing, Flickering, Temporal, SSD.
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Chapter 1
Introduction
1.1 Introduction
In twentieth century, mobile equipment (ME) is mainly used for speech purposes. Mobile
phones are used to transfer speech data from one device to another. As years passed by,
development in the chip technology has allowed more complex circuits to be implemented on
smaller chips known as integrated chips (IC) and this development in chip technology plays a
major role in the current generation of mobile equipment where video streaming is in great
demand.
Mobile equipment in the current generation is not only used for speech transfer but also for
watching a video, video telephony, video streaming and live streaming. Video streaming
requires a lot of complex circuits, bit rate etc. Implementing these complex circuits requires a
lot of space which may not be provided by the mobile telephone manufacturers. The
development in the chip technology has helped the mobile telephony manufacturers and
researchers working on the video streaming to easily implement complex circuits on
integrated chips which can be easily deployed in the mobile phones.
Video telephony can be done through some software’s such as for example Skype where the
video is compressed to a major extent; the compressed data is transmitted and is displayed to
the end user. Video streaming is watching a video sequence from the websites where the
videos are uploaded and saved in the website servers. Some of the frequently used video
streaming sites are youtube.com, skycrickethighlights.com etc. Live streaming can be used to
watch live telecasts happening at any part of the world in our computer. Some of the websites
providing live streaming are youtube, NDTV etc. All the above mentioned video streaming
applications require lots of space and bandwidth to be transmitted. But the mobile
manufacturers are provided with limited bandwidth and space.
Hence video compression is required where the video sequence is compressed to major extent
and is transmitted using less bandwidth than what is required for transmitting the
uncompressed video sequence.
The video researchers are facing a real challenge in fulfilling the requirements of the end user
whose ultimate aim is to watch a high quality video sequence. The end users are not
interested in knowing about the compression rate, bit rate etc., of the video sequence.
Providing a good quality video at lower bit rate, higher compression ratio is a challenging
task to the researchers working in video domain. A combination of technology advances,
market expansion and increased user expectation is driving more demand for better quality
video.
Original video sequence requires a lot of storage space and high bandwidth for transmission.
Hence the video sequence has to be compressed, encoded and then decoded by the end user
to view the video sequence.
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Compressing a video sequence requires software which reduces the storage capacity of the
corresponding video sequence and can be transmitted using lesser bandwidth. The
compression software or technique consists of an encoder and decoder where the encoder
converts video into a compressed format and the decoder convert compressed video back into
an uncompressed format.
There are a number of video compressing techniques which vary with each other in terms of
compression ratio, complexity etc. H.264 is the latest video compression technique among all
the existing compression techniques and has several advantages over them.
We will learn in detail about the H.264; H.264 encoder, H.264 decoder and H.264 syntax in
the later sections of our thesis work.

1.2 What is H.264?
H.264/ MPEG-4 Part 10/ Advanced Video Coding is an open video compression standard
which is currently the most commonly used codec for compression, storage and transmission
of high definition video [1]. H.264 provides a set of tools that can be used in different ways to
compress and transmit visual information. H.264 is a block based motion compensated codec
standard, which is developed as a combined effort from ITU-T (International
Telecommunication Union) and ISO (International Organization for Standardization). H.264
is the name used by the ITU-T and MPEG-4 part 10 is the name used by the ISO. H.264 is
developed for use in high definition systems such as Blu-ray, HDTV and HD DVD.H.264
offers better quality at less storage space compared to MPEG-2 and MPEG-4.
H.264 compression standard is preferred more over existing standards (MPEG-2, H.263, and
MPEG-4 Part 2) because of several advantages like less storage space requirement, low
bandwidth usage and better video quality.

1.3 Objective:
In our thesis work, our main objective is to study about the encoding and decoding processes
done in H.264 and to find out the causes of occurrences of these artifacts and to design a
suitable method to reduce the flickering artifact.

1.4 Research Questions
1. What are the factors affecting the quality of H.264 coded video?
2. What are the methods to improve the quality of H.264 coded video?
3. When does flickering occur and what can be done to reduce it in H.264 coded video?
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1.5 Research methodology
As H.264 coding is a lossy compression technique, there are many losses due to the
quantization of transform coefficients in DCT. This quantization factor and different
prediction methods used in H.264 give rise to artifacts like blocking, ringing and blurring.
The main factors which affect the video quality are Bitrate, Quantization Parameter,
Prediction Methods, Frame Rate and Frame Size.
The most dominant artifacts in the H.264 coded video are Blocking, Blurring and Ringing.
There are also artifacts like flickering and noisiness which doesn’t have much effect on the
coded video. But in some cases flickering causes a serious threat to the quality of the H.264
coded video.
Flickering occurs mainly due to the coarse quantization from frame to frame and is mainly
observed in static regions of the frame. Flickering also occurs due to different prediction
techniques from frame to frame and is most annoying when intra only coding is used
compared to periodically inserted intra frames.
We proposed a post processing method which uses temporal median filtering which gives a
relatively less flickering compared to previous methods. Temporal median filter takes
previous, present and future frames into consideration.

1.6 Preface
Our thesis report is organized into six chapters where we discuss in detail about the flaws in
H.264 compressed videos and we proposed a research methodology in order to overcome
these flaws. We start with the introduction to video compression, their advantages and
disadvantages and shortly regarding the existing compression standards.
Chapter 1 deals with the introduction to H.264 compression standard in detail and its
advantages over the currently existing compression standards. In next subsection we discuss
our thesis objective followed by our research questions and then by our research
methodology.
Chapter 2 deals with the description on video codec (encoder and decoder), its block
diagrams and detailed description of the various processes done in encoder and decoder part
individually and how the final compressed output video is achieved.
Chapter 3 deals with the artifacts caused in H.264 videos in detail and some of the methods
which are previously implemented to reduce these artifacts.
Chapter 4 deals with the flickering artifact, its causes, some of the methods which are already
implemented by several researchers to reduce flickering and the flickering measuring metrics
which are used by these researchers.
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Chapter 5 deals with the proposed method, what is done and how is it successful in
minimizing the flickering artifact and a short discussion about how our proposed method is
superior over currently existing methods in terms of minimizing flickering.
Chapter 6 deals with the experimental setup and results part. We give you a short description
of the type of videos that are used and the conditions in which these videos are tested.
Flickering is tested using SSD metric and the results are tabulated.
Chapter 7 deals with the conclusion of our thesis work and to what extent we are successful
in achieving our objective.
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Chapter 2:
Technical Background of Video Codec
2.1 What is a video codec?
A video codec (encoder + decoder) encodes the video sequence into a compressed bitstream
and decodes this to reproduce an exact or approximated copy of the original video sequence.
If the decoded sequence is identical to the original sequence, it is a lossless compression
technique else it is a lossy compression technique. H.264 is a lossy compression technique.
A video encoder performs three functions: Prediction, Transformation and Quantization and
Encoding. A video decoder performs the complementary process of the encoder i.e. decoding,
inverse transformation and reconstruction. A typical video codec is as shown below:

Figure 1. The H.264 video coding and decoding process [1]

The ultimate goal of video codec is to represent a compressed video sequence with less
number of bits and with high fidelity. In general, lower bit rate gives a lower video quality at
the decoder. Hence the goal of the video codec manufacturers is to provide a codec which
gives a better video quality at the decoder at lower bit rates.

2.2 H.264 Encoder :
A H.264 encoder takes raw video sequence as input data and gives an encoded bitstream as
output. In H.264, data is processed in units of blocks known as macroblocks (MB). In the
encoder, a prediction macroblock is subtracted from the original macroblock to form a
residual macroblock which is transformed and quantized and encoded to bitstream which is
stored or transmitted. The quantized data are rescaled and inverse transformed and added to
prediction macroblock and the reconstructed macroblock is stored for future predictions.
16

Figure 2. Typical H.264 encoder [1]

2.2.1 Prediction

For every macroblock, a prediction is created using the data from the previously coded data
or data from the current frame and is subtracted from the original macroblock to form a
residual macroblock which contains less information and therefore can be stored using less
number of bits. An accurate prediction gives a residual macroblock with less data and hence a
better compression ratio. The encoder forms a prediction of the macroblock based on the
previously coded data from the current frame using intra prediction or from other previously
coded data using the inter prediction.
The encoder supports a wide range of prediction techniques- inter prediction, intra prediction,
multiple prediction block sizes, multiple reference frames and special methods like Direct
and Weighed prediction.

Figure 3. Prediction: Flow diagram [1]
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2.2.1.1 Intra prediction:

In intra prediction, the macroblock is coded from the previously coded data from the current
frame. The intra prediction is based on the principle that for a typical block of luma or
chroma samples, there is relatively high correlation between samples in the block and
samples that are immediately adjacent to the block [1]. Therefore intra prediction uses
samples from the previously coded data to predict the values in the current block. Data
outside the current slice or frame is not considered.
H.264 intra prediction offers nine prediction modes for 4*4 luminance (luma) blocks, nine
prediction modes for 8*8 luminance blocks and four prediction modes for 16*16 luminance
blocks. H.264 uses Rate Distortion Optimization (RDO) technique to select the best mode
among the nine prediction modes which gives a good quality video at lower bit rates. The
mode which gives less value for Rate Distortion (RD) cost is considered as the best
prediction mode.
The encoder should process all the nine prediction modes for a 4*4 luma block and has to
select one among the prediction mode which gives less Rate Distortion cost. The encoder
going through all nine prediction modes shows the computational complexity of the encoder
and for every 4*4 luma block, an overhead bit has to be transmitted to the decoder to state
which mode has been used in encoding the respective 4*4 luma block. Hence Rate Distortion
(RD) performances of an intra-frame coding are less than inter frame coding.
Prediction efficiency and cost of signalling the prediction mode are related to the choice of
intra prediction block size. Smaller intra prediction block size gives better prediction
efficiency but increases the cost of signalling the prediction mode as more number of
overhead bits are required to be transmitted to the decoder. Larger block sizes give less
accurate prediction but decreases the cost of signalling the prediction mode as less number of
bits are needed to be transmitted.
2.2.1.2 Inter prediction:

In inter prediction, the macroblock (MB) is coded from the previously coded data from
previous or future frames (neighbouring frames). Inter prediction is based on the principle of
predicting a block of luma and chroma samples from a picture that has been coded and
transmitted, a reference picture [1]. Inter prediction removes temporal redundancy from the
neighbouring frames and therefore achieves high compression rate.

2.2.2 Transform and Quantization:

We know that visual distortion is introduced into the signal as a trade off for higher
compression performance. Prediction stage in H.264 is lossless. Hence distortion occurs in
the transform/quantization process. Mismatch between the encoders and the decoders are
quite common in many codec’s. In H.264, the transform and quantization processes are done
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to minimize the computational complexity and to avoid mismatch between encoders and
decoders.
Previous standards for image and video compression used two dimensional Discrete Cosine
Transform (DCT). A two dimensional discrete cosine transform is given by:
ேିଵ
ܺ ൌ  σேିଵ
௫ୀ σ௬ୀ ܥ௫ ܥ௬ ܻ௫௬ 

ሺଶାଵሻ௬గ
ଶே



ሺଶାଵሻ௫గ
ଶே

Here, Yxy are the input coefficients and Xij are output image or residual samples.
During the computation of the DCT, some irrational factors, 

గ
ଶே

have to be approximated

which significantly brings mismatch between the encoder and decoder implementations.
Hence H.264 uses a Core Transform, an integer transform which is based on integers and
hence the drift between the encoder and decoder implementations is eliminated. Hence in
H.264, blocks of residual samples are transformed using a 4*4 or 8*8 integer transform, an
approximate form of Discrete Cosine Transform (DCT).
The output of the transform, block of transform coefficients, is quantized (i.e. rounding off by
dividing with an integer value). H.264 uses a scalar quantizer. The integer which is divided is
known as the Quantization Parameter (QP). A higher value of QP means that more
coefficients are zero resulting in high compression at the expense of poor image quality.

2.2.3 Bitstream Encoding:

In general, coding of a video signal produces a number of values that must be encoded to
form a compressed bitstream [1]. These values are converted into binary codes using Variable
Length Coding (VLC) and thus obtained encoded bitstream can be easily stored and
transmitted.
Some of the values which are to be encoded include quantized transform coefficients,
information to enable the decoder to re create the prediction, information about the structure
of compressed data and information about complete sequence.

2.3 Decoder Process:
In H.264 decoder, the complementary of the H.264 encoder is done i.e. bitstream decoding,
rescaling and inverse transform and reconstruction. The decoder should know in advance
about the structure of the encoded bitstream [1]. A small drift in encoder and decoder results
to a bad reconstructed signal [1].
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Figure 4. Typical H.264 decoder [1]

2.3.1 Bitstream Decoding:

The compressed bitstream is received by the video decoder and the decoder decodes each of
the syntax elements and extracts the information like quantized transform coefficients,
prediction information, etc [1]. The information is further used for reversing the coding
process and recreates the sequence of video images.
2.3.2 Rescaling (inverse quantization):

The quantized coefficients are rescaled, i.e. each coefficient is multiplied with the
Quantization Parameter (QP). The rescaled coefficients are similar but not exactly the same
as the original coefficients.
2.3.3 Inverse transforms:

Here the inverse transform combines the standard basis patterns, weighed by the re-scaled
coefficients, to re-create each block of residual data. Inverse DCT is used to create an image
block by weighing each basis pattern according to coefficient value and combining the
weighed basis patterns. These blocks are combined to form a residual macroblock. Losses
occur due to forward quantization. Hence the reconstructed blocks are not same as the
original blocks. Quantization step size is inversely proportional to the difference between
original and reconstructed blocks.
2.3.4 Reconstruction:

The decoder forms a similar prediction to the one created by the encoder using the previously
coded data from the current frame using intra prediction or from the previously decoded
frames using inters prediction. The decoder adds the prediction to the decoded residual to
reconstruct a decoded macroblock.

20

Figure 5. Reconstruction flow diagram [1]
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Chapter 3:
H.264 Artifacts
Artifacts are the unwanted noise signals which appear in the video due to compression. H.264
is a lossy compression standard which uses DCT technique for the compression of video
signals which causes various artifacts in the output. The main artifacts which were
significantly observed in the H.264 compression standard are blocking, ringing and
flickering. Blurring is also observed during very low bit rate compression and also due to
source related error.

3.1 Blocking:
Blocking is the discontinuity caused along the block boundaries due to the coarse
quantization of the transform coefficients [2]-[8]. It is observed as horizontal and vertical
edges appearing in video frame.
The main reasons for the occurrence of blocking can be:
1) The block based integer discrete cosine transforms (DCT) in intra and inter frame
error coding [2].
2) The motion compensated prediction [2].
The motion compensated prediction decreases the correlation between the inter blocks
causing discontinuities near the blocks [2]-[4].
For the minimization of blocking artifacts there are two popular approaches, post filtering and
in loop filtering. Post filtering is done only outside the coding loop after the output buffer
where as loop filtering is done within the loop. There are many advantages and disadvantages
between post filtering and loop filtering. Post filtering are optional and gives freedom in
implementation of decoder but loop filtering is done with in loop. Loop filers maintain the
quality of the video.
Comparatively Loop filter has certain advantages over the post filters. loop filters doesn't
require extra frame buffer as post filters [2] and also the loop filter improves the objective
and subjective quality of the video to a certain extent [2]. The major drawback of the loop
filter is that it occupies the one third computational complexity of the decoder [2].
Peter list et al [2] proposed an adaptive deblocking filter which is widely used in H.264 video
codec.
It is an in loop filter in which they defined a parameter called Boundary-Strength (Bs). Bs is
an integer value depending upon the modes and coding condition of the adjacent blocks as
shown in the Table 1 [2]. Depending upon the Bs value each block is either strongly filtered
(if Bs=4) or lightly filtered (if Bs=1,2,3) and left alone if Bs=0. It is highly successful in
improving the subjective and objective quality of the video.
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Table 1. Block modes and conditions based on Bs value [2]

Bs
Block modes and conditions
One of the block is intra and the edge is a 4
macroblock edge.

One of the block is intra.
One of the blocks has coded residuals.
Difference of block motion ≥ 1
Luma sample distance.
Motion compensation from different
reference frames
Else

3
2
1
1
0

Hao-song Kong et al [3] proposed an edge map adaptive post filter in which they applied a
one dimensional Gaussian filter at the edge boundaries depending upon the local variance
values of the boundary.
Mahdi Nazam Bojnordi et al [4] proposed a fast two dimensional filter for blocking
minimization. In this they considered Band of pixels (BoP) instead of Line of Pixels (LoP) as
in [2] by which they improved 40% of speed at an expense of 0.15% degradation in quality.
Similarly, [5,6,7] proposed different deblocking filters by reducing the complexity of [2] at
the expense of quality degradation. M.Anto Bennet et al [8] proposed a pseudo random noise
mask filtering for the blocking reduction. In this two different filtering methods were
proposed, one for the flat regions and the other for the complex regions.

3.2 Ringing
Ringing is a similar kind of artifact as blocking. Ringing artifacts are the distortions observed
along the sharp edges in low energy areas of the image. An example for the occurrence of
ringing artifacts is shown below using the NBC_Clip6 sequence.

Figure 6. Ringing artifacts caused by block effects [10] (a) Ringing artifacts around players; (b) Ringing artifacts around
bottom logo and scoreboard; (c) Ringing artifacts around shapes (lines and squares)
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Ringing artifacts are observed around high textured figures against homogeneous areas [10].
In figure the ringing artifacts can be observed around players, above the score board and
around the shapes on the grass field [10].
The main cause for the occurrence of these artifacts is due to the coarse quantization of the
high frequency DCT coefficients [3,8,9].
There are many methods proposed for the removal of ringing artifact in image resizing such
as the use of cosine filter, an exponential filter, vandeven filters and also an adaptive median
filter which helps in reducing ringing without blurring. Latest of all, H.Lim et al[9] proposed
an overshoot ripple filter (OR filter) for the removal of flickering which gives good results
comparatively of the previous ones.
Hao -Song Kong et al [3] proposed a method for the removal of ringing in video
compression.
In this method they identify the edge block and apply an adaptive de-ringing filter for the
edge block.
Cheng et at [10] proposed a subjective optimization technique for the removal of ringing. In
this they proposed a pixel identification algorithm for the identification of affected pixels
(target pixels) and a distortion compensation algorithm for the improvement of those target
pixels.

3.3 Flickering:
Most annoying artifacts occurring in video processing such as blocking and blurring are
reduced using the H.264 standard but gives rise to a new artifact known as flickering.
Flickering is a common artifact found in old black and white film sequences caused due to
temporal discontinuity of luminance values from frame to frame [13]. It is a noticeable
discontinuity between an intra frame and its preceding inter frame [12]. Flickering is mostly
noticeable more in the background than in the object regions with motion [13]. H.264 video
coded sequences exhibit flicker artifact at low to medium bit rates [12]

The main causes of flickering are:
1) Different accuracy loss of transform coefficients by the quantization process from
frame to frame [13].
2) Difference in intra prediction modes between successive frames [12].
Various methods for the reducing flickering are implemented and are discussed in detail in
the next chapter.
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Chapter 4:
Different methods for measuring and reduction of flickering
4.1 Comparison of different methods of flickering reduction:
Lots of research work has been done over flickering and various methods have been
implemented by various researchers to reduce the flickering effect in H.264 compressed
videos. H.264 has an in loop filter which reduces the blocking and ringing artifact. So many
flickering reduction methods are based on filtering the videos. Some of the reduction methods
are pre filtering methods and some of them are post filtering methods.
Yang et al [11] proposed a non linear post filtering method where a pixel corresponding to
the current frame is filtered making use of its neighbouring pixels in previous and subsequent
frame. To calculate flickering intensity, Yang used Sum of Squared Differences (SSD)
metric.
J.Yang et al [11] proposed a pre processing method using the kalman filtering algorithm for
the reduction of flickering artifact.
A random noise in the original sequence generates a different quantization error frame by
frame. The proposed method using Kalmar filter removes this noise and thus different loss of
quantization between successive frames is reduced and then flickering effect is minimized.
Y. Kuszpet et al [12] proposed an adaptive post processing method for reduction of flickering
effect.
J.X.Yang et al [13] proposed a non linear post filtering method for reduction of flickering
effect.
This method proposes a non linear post filtering method that applies robust statistics to
suppress the flickering effect in H.264 coded sequences.
K.Sandeep et al [14] proposed a flickering reduction algorithm using sparse directional
transforms.
This algorithm is based on the principle that when a signal corresponds to a sparse
representation in an appropriate transform domain which is chosen adaptively based on local
signal statistics, flicker and noise which are spread over the entire domain can be reduced by
enforcing sparsity.
S.S.Chun et al [15] proposed a flickering reduction method which selects the best intra
prediction mode.
This selection mode uses a modified distortion measure for rate distortion optimized mode
selection that does not only consider the distortion between the input and the reconstructed
27

macroblocks, but also the frame consistency of distortion between two successive frames to
reduce flicker in intra coded frames.
J.X.Yang et al [16] proposed a robust filtering technique for reduction of flickering effect in
H.264 video coded sequences.
Yang proposed a temporal post filter using a robust statistical model to reduce the temporal
fluctuation and to preserve the motion sharpness of the reconstructed video.
Table 2: Previously implemented methods for flicker reduction

S.no

Title of the paper

Post/pre
processing.

1

A non linear post filtering
method for flicker
reduction in H.264/AVC
coded video sequences.
Flickering effect reduction
for H.264/AVC Intra
Frames.

Non linear post
filtering method.

2

3

Post processing for flicker
reduction in H.264/AVC.

4

Robust filtering technique
for reduction of temporal
fluctuation in H.264 video
sequences.
Flicker reduction in intra
coded frames of
H.264/AVC.

5

Pre processing
method using
Kalman
filtering.
Post processing
technique.

Temporal post
filtering method.
(RSTF)
Modified
distortion
measure for
RDO decision.

How flickering
is measured
1) SSD
2) PSNR
Flickering Score

Steps:
1)Smoothness
score
2) Flat difference
score.
3) Flicker score.
1) SSD
2) PSNR
SSD.
(An extra term
Sflicker is used).

Frame
structure while
measuring
flickering
1) I
2) IPP
3) IPPPPP
4) IBBPBB
All Intra coded
frames.
Periodlically
inserted Intra
frames.

Comparison
between RSTF,
Huber and
different filters.
I
IPPPP

4.2 Different methods to measure flickering:
There are several flicker measuring techniques which are implemented by various researchers
to measure the amount of flickering caused in a video. Some of the most prominent methods
are Sum of Squared Difference (SSD), Flickering score and the most common Peak Signal to
Noise Ratio (PSNR) method. A detailed explanation about each method is given below.
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4.2.1 Metric 1:

Sum of Squared Difference (SSD):
The sum of squared difference (SSD) can be defined as the difference between original pixel
values of the current macroblock and those of previous macroblock [15]. It can be written as:
ߜ݊

= σሺ௫ǡ௧ሻఢூሾ݂ሺݔǡ ݐሻ െ ݂ሺݔǡ  ݐെ ͳሻሿ2

where ߜ݊ denotes the SSD, In denotes the nth macroblock to be coded in the video at time
instant t, f(x,t) denotes the pixel values at coordinates x= (x0,x1).
Yang et al [11] denotes SSD as Sflickering and it is given as follows:

Sflickering

=

ଵ
ௗሺூሻ

σሺ௫ǡ௧ሻאூ ሾ݁௧ ሺݔሻ െ  ݁Ƹ௧ ሺݔሻሿ2

I = { Ii ȁ σሺ௫ǡ௧ሻאூሾ୲ ሺሻሿ 2 < τ , i = 1,2,....,N}

݁௧ ሺݔሻ = | ft (x) – ft-1 (x) |

݁Ƹ௧ ሺݔሻ ൌ| ݂መ௧ (x) - ݂መ௧ିଵ(x) |

Here, Sflickering denotes the SSD value and card(I) denotes the cardinality of I. Card(I)
represents the number of low motion macroblocks in frame. Higher value of Sflickering means
higher flickering intensity. ݁௧ ሺݔሻ represents the difference between two temporally adjacent
pixel values.

4.2.2 Metric 2:

Flickering score:
The main cause of flickering is due to temporal fluctuation between the luminance values in a
block. It is majorly seen in the blocks with static regions than in the blocks with motion.
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Yang et al [13] calculates the flickering intensity in terms of the ratio between the difference
in pixel values between the original and reconstructed image.
The flickering score is given by,

Flickering Score =

หመ౪ ሺ୬ሻିመ౪షభ ሺ୶ሻหା
ห౪ ሺ୬ሻȂ౪షభ ሺ୬ሻหା

for blocks satisfying {| ft (x) – ft-1 (x) |}2 < TH.

where ft(n) denotes the luminance value of the nth block of tth frame and መሺሻ denotes the
luminance value of the reconstructed block after compression [13]. Since flickering is
dominant in static regions, flickering score is calculated only for the blocks whose luminance
values are less than a threshold value (TH), as these blocks are stationary blocks. If the value
of flickering score is 1, then flickering does not occur.
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Chapter 5:
IMPLEMENTATION
5.1 Proposed Idea
From the figure it can be observed that flickering is caused due to the difference of the
transform coefficient in stationary region. So our main aim in order to reduce Flickering in
the video is to decrease the difference between the Transform coefficients in the stationary
part from frame to frame. In order to achieve this we propose a temporal median filter which
is applied in the stationary region.

(a)

(b)
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(c)
Figure 7: a) difference sequence of the original frame. (b) difference sequence of the reconstructed sequence with QP30
(c) difference sequence of the reconstructed sequence with QP38.

5.2 Proposed Method
The architectural model of the proposed method is shown in the figure. It consists of two
units, first is the H.264 Encoding and decoding of the input video and second is post
processing of the reconstructed video. All the desired parameters like quantization
parameter(QP) and the prediction methods are set in this unit. In second unit we apply
temporal median filter to the reconstructed video. Median filter is applied only in the region
whose luminance values are less than the values of the threshold .The threshold limit is set in
such way that only the stationary region of the frame is selected. The detailed view of Post
processing unit is explained in the next section.

Figure 8: Architecture of proposed method

33

5.2.1 Post Processing Unit

There are two main steps in the post processing unit:
x
x

Selection of the stationary region of each frame by setting a threshold.
Applying Temporal median filter.

STEP 1:
Finding the stationary blocks in a video is an important part as flickering is dominant in
stationary blocks compared to the blocks with motion. The luminance values of macroblocks
with size 16*16 or 8*8 of a current frame are subtracted from the luminance values of the
macroblocks with same dimensions from the consecutive frame. Let us denote the difference
by ‘e’. The square of this difference is calculated and denoted as ‘I’. Now, the blocks with I
value less than a threshold value (TH) are said to be stationary blocks.
An example of stationary blocks representation is shown below in figure. Here the stationary
blocks are shown as zeros (dark blocks).

Figure 9: Representation of stationary blocks (zeros represent the blocks without motion)

STEP 2: TEMPORAL MEDIAN FILTER
The median filter is one of the most widely used filter in digital signal processing. It runs
over the signal entry by entry. It is based on the principle of high correlation of adjacent
frames. The block diagram of the temporal median filter is shown in the figure. In this filter
the current pixel (i,j) of the stationary region of each frame in reconstructed video is filtered
with pixel (i,j) of the previous and next frame of the reconstructed video i.e
median(m1,m2,m3).
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Figure 10: Block diagram of Temporal median filter
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Chapter 6
Experimental Set Up and Results
6.1 Experimental Set Up
In order to test our method, we selected three test videos of different formats CIF, QCIF, SIF
i.e., container_cif, Suzie_qcif, tt_sif. We used JM 18.3 for encoding the videos and FFMPEG
for the decoding of videos. The conditions for the encoding of the videos in the JM are shown
in the following table.
Table 3: Experimental Conditions

Encoder
Decoder
Profile
Type of Videos
Name of the videos
Number of frames
Prediction method
Quantization Parameter(QP)
Rate Control

Joint model (JM) encoder Version 18.3
FFMPEG
Baseline
CIF,QCIF,SIF
Container_cif,Suzie_qcif,tt_sif
112 for tt_sif,150 for the rest of videos
Intra prediction with various intra periods.
20,24,28,32,36
Off

We used metric 1 in the chapter 4 for the calculation of the flickering score. The SSD metric
is developed using MATLAB R2012a. As discussed in the previous chapters flickering is
mostly seen in intra predicted videos. Hence we use intra prediction method for coding the
test videos.

6.2 Results:
The results obtained for various videos with various test conditions were shown in Table 4,
Table 5, and Table6. In table 4 the results for the container sequence are shown for various
QP values 20,24,28,32,36. In the first column, SSD_Recon indicates the SSD value between
the original video sequence and the reconstructed video sequence using JM encoder with
different QP values. In the column 2 SSD_PostProcessing shows the SSD value between the
original video and the reconstructed video after post processing using the proposed temporal
median filter.
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Table 4 : Results for container sequence

Quantization parameter
20
24
28
32
36

SSD_Recon
1.5395
2.3708
3.5225
5.4881
8.7875

SSD_PostFiltering
0.8104
0.9896
1.1918
1.4169
1.6211

Table 5 shows the SSD results for the table tennis video tt_sif sequence for various QP values
20, 30, 38, and 44.
Table 5: Results for ‘tt’ sequence

Quantization parameter
20
30
38
44

SSD_Recon
3.7819
13.3751
19.3580
28.6135

SSD_PostProcessing
2.9003
7.8805
10.9167
13.1444

Table 6 shows the results for the video sequence suzie_Qcif for various QP values 20, 24, 28,
32, and 36.
Table 6: Results for ‘suzie’ sequence

Quantization parameter
20
24
28
32
36

SSD_Recon
1.8216
2.8864
4.0024
5.5868
7.2688

SSD_Postprocessing
1.669
2.0809
2.5566
3.0822
3.4846

From the above Table 4, 5, and 6 it can be observed that the effect of flickering increases
with the increase of QP value. The effect of flickering is more in the table tennis video as it
has more stationary region throughout the video when compared to others which also
indicates that the effect of flickering is more in the videos which has more stationary region
in the entire length.
As mentioned before flickering is mainly occurred Intra only coding, we tried to find the
effect of flickering with variable intra period i.e., if intra period is 1 then in coding first frame
will be only I and the rest of the frames will be P frames and if intra period is 4 then every
fourth frame will be I frame.
For example
Intra period =1 then frame structure will be IPPPPPPPPPPP…….
Intra period =4 then frame structure will be IPPPIPPPI……
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The table given below shows the SSD values for the reconstructed video and post filtered video at
various quantization parameters and various intra periods.
Table 7: Results for ‘tt’ sequence at various intra periods

Intra period
1

4

10

Quantization parameter
20
30
38
44
20
30
38
44
20
30
38
44

SSD_RECON
3.7819
13.3751
19.3580
28.6135
4.3568
11.5846
16.4614
22.8921
4.2365
11.1673
15.5634
19.5422

SSD_POSTFILTERING
2.9003
7.8805
10.9167
13.1444
3.0207
8.6052
11.6343
14.2062
3.0764
8.6404
11.7585
14.1737

In order to show the improvement with the proposed method, we see the increase in the Delta
(ο) value between the SSD_RECON and SSD_POSTFILTERING.
οܵܵ ܦൌ

ܵܵܦைௌ்ிூ்ாோூேீ െ ܵܵܦோாைே
ܵܵܦோாைே

The average percentage of the οܵܵ ܦvalues for each video sequence is as below
x
x
x

Container = -72.3%
Suzie
= -40.0%
TT
= -46.6%

In the above the negative value indicates the percentage of flickering reduces with
comparison to the flickering existed before using the post filtering and after using the post
filtering.
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Below figures shows a frame of tt_sif video sequence and also before and after the
application of post processing filter.
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Figure 11: Output: Original frame, reconstructed frame before post processing,
reconstructed frame after post processing(Top to bottom)

From the figure 11 it can be observed that the proposed filter significantly improves the
quality of the video with little blur along the edges of the motion region.

.
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Figure 12: Difference between the consecutive reconstructed frames
before filtering, after filtering (Top to Bottom)

Figure12 shows the difference sequence between the frames of the video before and after post
processing. It can be observed from the figure that the proposed filter considerably reduces
the flickering, which can be inferred from the reduced white dots in the figure after filtering.
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Chapter 7:
Conclusion:
In our thesis work we started with learning how the H.264 video codec works and the various
prediction techniques used in them for the compression of the video. Our research work
continues with finding what are the various artifacts caused in the H.264 video codec
compression and the reasons behind them. The main artifacts caused in the H.264 video
coding are Blocking, Ringing, Flickering and Blurring. Blocking and ringing are more
annoying during the low bit rate compression and they are successfully reduced by the use of
Adaptive in loop filter. The various reasons and methods to reduce the blocking and ringing
are discussed in the Chapter 3.
Flickering is the temporal artifact seen in H.264 and we address various reasons for the cause
of flickering in chapter 4.We has also explained various metrics used to measure the
flickering. We proposed a temporal median filter which is very simple and less complex
compared to previous methods and also it is very successful in reducing the effect of
flickering considerably. From the Δ SSD values it can be observed that we were able to
decrease the flickering by 50% approximately in all the video sequences. The proposed
method is validated using the SSD metric which is mostly used metric for measuring the
temporal fluctuations.
Even though we have reduced considerably 50% of the flickering our proposed gives rise to
little blurring along the region of the motion, this can be consider as the future work. Also
more future work should be done in improving the metric for calculating the flickering in the
compressed videos.
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