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Abstract- High Efficiency Video Coding HEVC/H.265 is a futuristic standard for video compression with the promise of 
video quality standards at approximately 50% lower bit rates. Over the past decade, MPEG and H.264/Advanced Video 
Coding were standards used for compression widely in various multimedia applications. They provided extensive support for 
a variety of image and video resolutions with comfortable compression standards. However, with the increasing demand for 
high quality video resolutions like High Definition/Ultra High Definition (HD/UHD) these standards could not provide 
comparable compression efficiency. HEVC due to its increased flexibility in hybrid coding structures is suitable to 
accommodate high quality content like HD/UHD. However, this increases the complexity of computations up by 10 times as 
compared to H.264/AVC. The computations are mainly for selection of appropriate Coding Units (CU) in order to view the 
video content without compromising on quality. Machine learning is a viable solution for coding unit selection as it can 
learn/analyze patterns through extracted features from any data set. In this paper, a machine learning based algorithm using 
Support Vector Machine (SVM) is proposed with an attempt to select the appropriate coding units and to eliminate 
unnecessary computations. 
 
Index Terms- AVC, Coding Unit (CU), HEVC, machine learning.  
 
I. INTRODUCTION 
 
Over the past decade, MPEG and H.264/Advanced 
Video Coding were standards used for compression 
widely in various multimedia applications. According 
to statistical data provided by CISCO “Video on 
Internet” consumed about 70% of online traffic in 
2014 and it is set to increase by 80-90% by 2018. In 
contemporary times there is a growing demand for 
high resolution video formats like HD/UHD. HD 
(High Definition) and UHD (Ultra High Definition) 
are resolution standards with high perceptual and 
immersive video qualities which provide a very rich 
viewing experience and hence are getting popular by 
the day. They have applications such as IMAX, HD 
video surveillance for security purposes, network 
video streaming for online video streaming and 
movies, HDTV and UDTV broadcasting for television 
channels and Blu-ray CDs. A HD/UHD (resolution 4k 
to 8k) @ 120 frames per second video will produce 
11.5 Giga Byte per second raw data. Similarly, 
uncompressed video capture in a High Definition 
camera requires a lot of space. For a HDCAM 
@720p@ 60 fps produces approximately around 396 
GB in an hour and the requirement of storage space in 
a hard disk for a HDCAM @1080p@ 60 fps is 834 
GB. As the data volume increases the network 
requirements to transfer the videos, the storage 
requirements to store and distribute them also 
increases drastically affecting current network and 
bandwidth provisions. Hence, efficient compression 
mechanisms are required in order to reduce the size of 
HD and UHD videos without affecting the video 
quality. The joint collaborative team of experts on 

Video Coding (JCT-VC), a joint activity of ITU-T WP 
3/16 and ISO/IEC JTC 1/SC 29/WG 11, was set up in 
April 2010 to address the requirements for next 
generation video coding standard. The resultant 
standard is High Efficiency Video Coding [1], also 
known as HEVC/H.265 an enhanced and superior 
standard for video compression. The idea of HEVC is 
to offer the same video quality as AVC but at better 
compression ratio. As compared to the earlier 
H.264/AVC standard it achieves 35-43% more bit rate 
reduction with same reconstructed video quality [2]. 
 
II. CODING STRUCTURE OF HIGH 
EFFICIENCY VIDEO CODING 
 
A. Hybrid Coding Structure 
High Efficiency Video Coding (HEVC) standard for 
video compression is based on a hybrid coding 
architecture. The standard has three important units 
which are the Coding Units (CU), Prediction Units 
(PU) and Transform Units (TU). The Quad tree 
structure Coding Unit (CU) as defined by the JCT-VC 
uses a variable block size prediction which helps to 
notably improve the compression ratio as it 
contributes to significant bit reduction. This is 
achieved through the implementation of variable size 
block predictions of coding units and through the 
decision on which depth of the quad tree is to be 
explored. The depth decision for coding units (CU) 
and the flexibility to decide whether a particular block 
in a quad tree is to be split or not contributes to 
significant performance improvement. In HEVC, a 
picture is partitioned into multiple number of Coding 
Tree Units (CTU) which can have variable sizes 
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ranging from 8x8 up to 64x64 depending on 
complexity of the content present. The CTU is the 
used as the basic unit of coding the quad tree. The 
CTU is further partitioned into smaller sized CUs 
recursively until required and the entire picture can be 
represented as a quad tree. The CTU with quad tree 
depth 1 can be split into 4 coding units with size 
32x32. This process can recursively be continued till 
we reach to quad tree depth 3 which will have 64 
coding units with size 8x8. Thus, inside the CTU a 
quad tree split can be done flexibly which ultimately 
and conclusively depends on the depth being explored. 
Each leaf node in HEVC block based structure of 
coding tree is called a CU. Big size CUs (64x64 or 
32x32) will automatically improve the performance as 
homogeneity is likely to occur. Each CU can further be 
divided into several Prediction Units (PU) and 
Transform Unit (TU). Hence, the quad tree 
partitioning contributes to the decision on whether to 
split particular blocks or not and is an important 
decisive factor to bring down the bit rate reduction 
contributing to efficient and noteworthy compression. 
 
B. Rate Distortion Optimization 
The Rate Distortion Optimization (RDO) process is 
the most time consuming process in High Efficiency 
Video Coding standard as it involves a number of 
computations for various depths corresponding to 
different levels in a quad tree and selecting the one 
with the least cost. 
  
C. Intra Coding and Inter Coding 
Intra coding deals with reduction of spatial 
redundancy in frames whereas inter coding deals with 
reducing the temporal redundancy between 
consecutive frames. Both the redundancies are 
necessary to be exploited as it will lead to better 
compression ratios. For inter coding generally, motion 
vectors and block-matching schemes are enough to 
measure the distortion between consecutive frames 
whereas intra coding frames are generally coded as a 
whole because they are considered as a fresh reference 
points in video sequences. 
 
III. EXISTING WORKS ON MACHINE 
LEARNING 
 
Machine learning is widely applied in artificial 
intelligence, pattern recognition and signal processing 
as it has ability to learn/analyze patterns from given 
data sets and produces notable accuracy up to 99%. 
This accuracy improves as the size of the data set 
increases. Also machine learning and training is 
ideally an offline process saving a lot of time in 
real-time scenarios. 
 
In [3], the authors have introduced and evaluated a 
novel machine learning approach for reducing the 

complexity of intra macro block (MB) coding as MB 
coding mode decisions have correlation with adjacent 
MBs and sub MBs for AVC/H.264. H.264 can select 
the best mode using the rate distortion optimization 
(RDO process). This technique searches the best 
possible mode out of all possible available modes 
amongst 64x64 and 4x4 macro blocks and hence the 
complexity of this process is very high. In this paper, a 
machine learning based algorithm has been proposed 
as an alternative solution to computation of rate 
distortion cost. Machine learning is used to develop 
decision trees for MB mode decisions without having 
to evaluate all possible modes. The C4.5 algorithm is 
used for building classifiers which are further 
expressed as decision trees. These decision trees act as 
simple if-else statements that require negligible 
computing resources. Many machine learning 
schemes have been proposed to decide the depth of the 
Coding Unit. A weighted SVM scheme proposed in 
[2], firstly describes the use of a wrapper based 
approach to extract the features of video stream. The 
wrapper class method assesses a subset of features in 
the video and according to usefulness ranks them. An 
offline trained SVM CU splitting model is loaded 
which predicts class label of current CU. This SVM is 
optimized by assigning weights as difference of Rate 
Distortion (RD) costs due to misclassifications. In [4], 
the authors have proposed a rate distortion 
optimization (RDO) algorithm for efficient intra 
coding which exploits the spatial redundancy in a 
frame. This algorithm selects the optimal coding block 
size by using a data mining classifier based on 
previous training. The RDO in HEVC uses the brute 
force approach which evaluates all possible 
alternatives from coding units and selects the CU with 
the least RDO as final CU blocks to be split. The 
algorithm for CU partitioning proceeds as follows, 
initially a node is created for the original 64x64 block 
in a decision tree structure. If the classifier determines 
with the variance feature set that the 2Nx2N CU has 
not to be split then the RDO only for 2N and N sizes 
are computed bypassing the computations of all other 
lower resolution CUs. In [5], the authors have 
proposed an algorithm using machine learning for 
optimal CU size selection. The rate distortion (RD) 
cost at various depths is calculated and co relation 
between metrics such as Mean Squared Error (MSE) 
and Number of Encoded Bits (NEB) with optimal CU 
size selection is analyzed. The CU splitting is modeled 
as a binary classification problem and classified with 
the help of a Support Vector Machine (SVM). In [6],  
the authors have proposed a machine-learning based 
fast coding unit (CU) depth decision method for 
HEVC which optimizes the complexity allocation at 
CU level with given RD cost constraints. The quad 
tree CU depth decision process is modeled as a 
hierarchical three level binary decision problem which 
will be consisting of multiple binary classifiers with 
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different parameters.  Depending on the classifier 
conditions, a flexible structure has been explained to 
appropriately select the CU. For instances with 
uncertain prediction, a full RDO calculation where the 
“try all and select the best” strategy is used as identical 
to the original HM model. Thus we can conclude that 
all existing algorithms with the exception of [6], use a 
single classifier in order to classify the samples. 
 
IV. PROPOSED METHODOLOGY 
 
A. Statistical Analysis 
In HEVC, the luma coding tree block supports quad 
tree depth decisions for 4 depth levels from 0-3.  The 
number of possible partitions available at each depth is 
a factor of 4i. Thus, the total number of options for 
coding unit (CU) selection is from 1+4+16+64= 85 
different CU partitions. The final selection of coding 
units (CU) can be derived by using features from the 
data set. This can be implemented by using a Support 
Vector Machine (SVM) which will select the 
important features and use them to classify the 
incoming samples. The distinguishing factor in using 
a Support Vector Machine is its immense capability to 
process huge volumes of data. Also, it is an extremely 
robust way of classification of samples and can handle 
a small amount of outlier/noisy data without affecting 
the other data making it a good choice for 
classification of video sequence data.  

 
B. Intra Coding and Spatial Redundancy 
Intra coding deals with spatial redundancy in images 
and is a valuable metric for good quality video. In a 
coding unit we will firstly analyze the probability of 
where can unnecessary computations be skipped as it 
will help improve the coding efficiency and contribute 
to higher compression levels. Image sequences with 
higher levels of activity should be treated differently 
from sequences having lower or medium levels of 
activity. For intra coding, especially for HD/UHD 
standards HEVC uses macro blocks of size 64*64 as 
defined in its hybrid coding structure. The image and 
coding units (CU) which contribute to the image can 
be described as divided into homogeneous and 
non-homogeneous sections which should be coded 
differently. If we can exploit the coding units in a 
depth wise manner at levels D0 for 64*64 CU, to D1 
for 32*32, D2 for 16*16 and D3 for 8*8 CU and 
decide the corresponding CUs which need to be coded 
we can reduce a lot of computations. Fig.1. is a 
representation of how coding units can be represented 
in an image whenever there is variance among 
sub-blocks and its quad tree split up to various depth 
levels depending on classification into homogeneous 
or non-homogeneous sections. Classification into 
homogeneous or non-homogenous blocks can be based 
on features like variance where zero variance between 
sub-blocks reflects no activity regions and hence no 

further splitting. However, the non-homogenous 
classified coding units need to be explored for further 
depths. 
 

 
 
C. Working of the Algorithm 
The proposed algorithm uses a two level classifier 
performing a classification initially based on the 
feature “variance” and selects the coding units which 
are divided into homogenous and non-homogenous 
sections using a Support Vector Machine. In Fig.2. 
after exploration at depth level 0 across all 64*64 
blocks the selected homogenous blocks are skipped 
from further exploration and coded. For the 
non-homogenous blocks further exploration would be 
required which is done recursively for all those coding 
units which are non-homogeneous in the next depth 
level 1. This will continue till max depth level 3 and 
till all the coding units at all levels for the current 
frame get classified into homogeneous or 
non-homogeneous regions.  
 

 
 
CONCLUSION 
 
From the above discussions a machine learning, multi 
classifier based approach has been proposed to reduce 
the number of computations and the complexity 
reduction in depth decision making for coding unit 
(CU) exploration. Also, it can be further experimented 
and analyzed that the classification process can be 
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parallelized in order to reduce the time for 
computations as SVM is capable of handling huge 
data sets and performing classifications recursively in 
an efficient manner. 
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