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Abstract— The HEVC standard supports thirty five intra
prediction modes. Intra mode prediction in HEVC uses
prediction of pixel values within a frame. The edges of the frame
give high energy prediction residues. This standard is used for
reducing the high energy prediction residues after intra
prediction. This paper proposes a new method for encoding the
high energy prediction residues using a Mode dependent Fuzzy
vector quantization (MDFVQ). The Fuzzy clustering method is
used to generate the code book from the training sequences. The
MDFVQ code book is optimized by using rate-distortion (RD)
optimization criteria.
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I.  INTRODUCTION

HEVC is the efficient video coding developed by
JCT-VC (Joint collaborative Team on video coding). The intra
prediction in HEVC is still limited in parts of an intra frame
where there are lots of details, texture, edges present.

By extrapolating the reference pixel intensities from
previously reconstructed frame blocks, the intra prediction is
performed in H.264 and HEVC video coding schemes. In a
block of pixel intensities predicted using planar or DC mode,
the residues will have homogeneous patterns. If the block of
pixels predicted using angular prediction modes, high energy
prediction residues with directional structures are generated.

In [1], directional transform followed by an adaptive
coefficient scanning procedure is used to encode the high
energy prediction residues. In [3], a vector quantization based
code book is developed through iterative training procedure to
model the intra prediction residues.

In our proposed technique, the same procedure as
given in [3], mode dependent but fuzzy vector quantization is
followed. The code books for encoding the residues are
developed using stochastic optimization technique PSO
(Particle swarm optimization) algorithm. The PSO [2] model
is used to design the code book for vector quantization. In
PSO, particles (codebooks) alter the values based on their
previous experience to generate the code book.

Il. FUNDAMENTALS OF MDVQ BASED RESIDUE
CODING

One of the efficient data compression techniques is
Vector quantization method, which exploits correlation
between vectors. In the vector quantization very difficult to
find the best matching code word in the code book. The mode
dependent vector quantization (MDVQ) is illustrated in Fig 1.
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Figl. Illlustration of MDVQ based residue coding

In the mode dependent vector quantization process,
initially the image divided into NxN block which are used in
intra prediction. The MDVQ method is used to generate the
code books for encoding the residual signal, which are
performed after intra prediction in the image block. The code
books are learned from the training vectors. The matching
codeword corresponding index only sends to the receiver.
After that the quantization error will be processed by the DCT
transform and entropy encoding.

I11. PROPOSED MDFVQ SYSTEM

The proposed work encoder and decoder diagram are
shown in Fig 2(a) and Fig 2(b), the key frames are extracted
from the input video and the HEVC standard is used to predict
the intra modes in the initial frame of the video. The HEVC
standard using the block sizes from 4x4, 8x8, 16x16 upto 64 x
64 pixels. First | frame is chosen as a key frame.
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Fig 2(a).Block Diagram of Proposed Encoder
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Fig 2(b). Block diagram Proposed Decoder

A. Intra mode Prediction Process

The prediction process is used to remove spatial
redundancy. Intra-prediction is the process to predict pixels of
picture frame. Intra-picture prediction uses neighborhood
pixels for predicting the picture block. Before intra-prediction,
frame must be divided. The Intra-picture prediction uses the
previously decoded boundary samples from spatially
neighboring block in order to predict a new prediction block
PB. HEVC [6] employs 35 different intra modes to predict a

PB(Prediction Block). There are 33 angular modes, a planar
mode and a DC mode. The Table 1 shows the mode name with
their corresponding intra prediction mode index.

Table 1 Intra mode Prediction

INTRA PREDICTION MODE INDEX
MODE NAME
PLANAR MODE MODE 0
DC MODE MODE 1
ANGULAR MODES MODE 2 to 34

The angular mode extrapolates the samples from the
reference samples as given in Fig 3 in order to achieve lower
complexity.
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Fig 3. Reference Samples Rx,y used to predict the
pixels Px,y
The Predicted Sample is referred as the Pxy and the
reference Sample is referred as the Rxy. The angular mode is
used the following formula to predict the pixel values.

Py =(32-W, )R, +W, R, +1 (1)

i+0
va =(v.d)&31 -
I=X+C,
(4)

where X, y are the spatial coordinates; the sub pixel
location in between R and Ri+1 ,0 is assumed; Cx and Cy
represent pixel parameters corresponding to x and y
coordinates; Wy represent the weight/weighing parameter of
weighed prediction; i stands for reference sample index; >>’
denotes a bit shift operation to the right and & denotes logical
AND operation.

The flowchart for compression is shown in Fig 4. The
flowchart is describes the compression process at the encoder
side.
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Fig 4. Flowchart for compression

The flowchart for decompression is shown in Fig 5. The
flowchart is describes the decompression process at the
decoder side.
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Fig 5.Flowchart for decompression

The planar mode is improved in order to preserve
continuities along the block edges. The value of each sample
as given in Fig 4 of the PB is calculated assuming an

amplitude surface with a horizontal and vertical smooth
gradient derived from the boundaries samples of the
neighboring blocks. The planar mode equations (5), (6), (7)
are used to predict the sample values.

P, =PV +PH,_ +N>>log,(N)+1 ©®)
Xy — x,y+ x’y—}— >> ng +

PV, =(N=Y)R, o +YRoy., (6)
PH,, =(N-X)R,, +XRy, @)

Where x and y denoted location of sample; N is stand
for total number of sample; V is for vertical and H is for
horizontal; R stands for reference samples. The DC mode is
efficient to predict plane areas of smoothly varying content in
the image.

B. Computation of Residues

The sum of absolute difference (SAD) is computed for
each mode. The mode is selected based on the minimum SAD.
The Residual prediction is the difference between original
pixel values and predicted pixel values.

N N
SAD=>>|X,, =Y., | (8)
i-0 j=0 ’
di,j:Xi,j_Yi,j 9

Where Xi; referred as the Original pixel values and Yij;
referred as the predicted pixel values ,The residual signal can
be predicted by using formula (8).

C. Quad Tree Decomposition

Quad tree decomposition divides the input image into four
equal sized square blocks. The HEVC standard uses a quad tree
partitioning method. Quad tree decomposition for a set of

points P in a square Q =[X,, 1 X, X [Y, Y, 1 is, If

| P |<1, it represents the quad tree single leaf. Otherwise Qne,
Qnw, Qse and Qsw will be the four quadrants [5].

Xona = (Xosg = X W2 Y0g = (Vi Y, /2 (20)
Pe={PecP:P, > X P >Y,, | @b
Pw ={PeP:P, <X P, >Ype) (12
PSWz{PePZPXSXmidAP 2 Yo } (13)
PSE:{PEP:PX>deAPy SYmid} (14)

The quad tree consists of root node v; Q stored in v. each
internal node has precisely four leaf nodes. In quad tree
decomposition of x-y plane is recursively subdivided into the
four quadrants. The four smaller quadrants may be of any
shape like square or rectangular. This partitioning is known as
Q-tree. Initially the threshold value is set with the minimum
block size. For each block, the mean value is computed and
compared with the threshold value. If the mean of the block is
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maximum, the block is further split into number of quadrants
otherwise it doesn't split the block.

IV. RESIDUE CODING USING MDFVQ

The pixel intensity values of each of these blocks
forms a multi-dimensional vector known as the training
vector. The basic objective of vector quantization is to classify
these training vectors into clusters. The centers of these
clusters are known as codebook vectors. The codebook vectors
need only be stored or transmitted as the original image can be
reconstructed from the information contained in the codebook,
thus resulting in compression. To reconstruct the image, the
training vectors are replaced by their closest codebook vectors.
Clustering is an important data processing, it attempts to
subdivide a random data set into subsets or clusters, such that
the intra-cluster similarity is maximized, while minimizing the
inter cluster similarity [4]. The fuzzy c-means (FCM)
algorithm is used to assign the pixels in each cluster. The
flowchart for fuzzy c-means algorithm is shown in Fig 6.

The most powerful and quantization technique used for
the image compression is vector quantization (VQ).The intra
prediction residuals can be represented in the form of vectors.
The residual signal vectors quantization process is performed
based on the intra prediction modes. The MDFVQ (Mode
Dependent Fuzzy Vector Quantization) based residue coding is
performed after the intra prediction.

Mode-dependent codebooks are learned from a training
set of residue vectors in the encoding procedure, each K-
Dimensional input vector

X =Xy, Xy e Xy ) 15)

To find the distortion between the input vector X; and it
codeword V; is the squared Euclidean Distance is given in (16).
Let X=(x1, x2...xN) indicates an image with N pixels to be
divided into ¢ clusters, where x; represents data. The iterative
optimization of algorithm that minimizes the cost function
given by

NGC
I=2 24

j=1i=1

2
X; —ViH

(16)

1

- (17)
e (%= v, ||yt
o Ul X =V ”J

The code word V; represents the input vector X and the
Index i

ZN:uiijj
v, = 1=
Zuijm
j=1

1
Where ujj represents the membership of pixel x; in the ith
cluster, vi is the ith cluster center, and m is a constant. The
residual signals are encoded by using a MDFVQ method.
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Fig 6. Flowchart of FCM
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V. EXPERIMENTAL RESULTS

In this section, we present the experimental results of
intra  prediction methods, Quad tree decomposition,
quantization and encoding process. The key frames of video
initially decomposed into 4x4, 8x8 and 16x16. A complete
Macro block size is 16x16.

The HEVC standard is used to predict the intra modes in |
frame of Akiyo newsreader.avi is shown in Fig 7. | frame
encoded by using Vector Quantization method. The
compressed frame is shown in Fig 8.

Compressed | Frame

Fig 7. Intra Prediction modes in Akiyo | frame Fig 8. Compressed Frame

The Akiyo newsreader | frame gives the PSNR value is
19.4990dB.The quad tree decomposition in Akiyo newsreader
frame as shown in Fig 9. The quad tree decomposition
performed on the Akiyo newsreader frame with the minimum
dimension 1 and threshold value 0.10.

Quadtree Decoded Image
QT Decomposition

MSE:18.90
Threshold: 0.10 PSNR: +35.37 dB
MinDim: 1 CR: 2.06

Original Input Image

X SRR i
) i IRy Lun +
Fig 9.Quad tree decomposition of Akiyo frame threshold 0.10

The quad tree decomposition performed on the Akiyo
newsreader frame with the minimum dimension 1 and
threshold value 0.30 as shown in Fig 10.

Quadtree Decoded Image
QT Decomposition

MSE:160.06
Threshold: 0.30 PSNR: +26.09 dB
MinDim: 1 CR: 2.51

Original Input Image

Fig 10. Quad tree decomposition of Akiyo frame threshold 0.30

The quad tree decomposition performed on the Akiyo
newsreader frame with the minimum dimension 1 and
threshold value 0.50 as shown in Fig 11.

Quadtree Decoded Image
QT Decomposition

MSE:416.70
Threshold: 0.50 PSNR: +21.93 dB
MinDim: 1 CR: 10.02

Original Input Image

Fig 11. Quad tree decomposition of Akiyo frame threshold 0.50

The HEVC standard is used to predict the intra modes in |
frame of Foreman.avi is shown in Fig 12. | frame encoded by
using Vector Quantization method. The compressed frame is
shown in Fig 13.

Encoding | Frame

Compressed | Frame

Fig 12. Intra Prediction modes in | frame Fig 13. Compressed Frame

The foreman video | frame gives the PSNR value is
27.9410 dB. The quad tree decomposition performed on the
foreman frame with the minimum dimension 1 and threshold
value 0.10 as shown in Fig 14.

Quadtree Decoded Image
QT Decomposition

MSE:18.75
Threshold: 0.10 PSNR: +35.40 dB
MinDim: 1 CR: 1.76

Original Input Image
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Fig 14. Quad tree Decomposition of foreman threshold 0.10

The quad tree decomposition performed on the foreman
frame with the minimum dimension 4 and threshold value
0.30 as shown in Fig 15.
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Quadtree Decoded Image
QT Decomposition

MSE:240.19
Threshold: 0.30 PSNR: +24.33 dB
MinDim: 4 CR: 25.51

Original Input Image

| o]
Fig 15. Quad tree decomposition of Foreman image threshold 0.30
VI. CONCLUSION

In our experiment, foreman.avi and Akiyo newsreader

video sequence are taken for showing frames intra prediction
using HEVC. The quad tree partitioning is performed on the
Akiyo newsreader video frame and foreman video frame with
different threshold values. Mode dependent Fuzzy Vector
Quantization is used for coding the high energy residues after
intra prediction of frames. This method provides better PSNR
values and coding efficiency than the other methods along
with improved quality of the video.
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