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splitting of a coding unit in intra-coded frames is 
determined depends on the texture homogeneity of 
the video in the pixel domain and the splitting of its 
neighbouring coding units. On the other side, early 
skip mode and merge mode finding techniques have 
been proposed in [3].  Now a days, some researchers 
have started adopting machine learning to speed up 
the HEVC encoder. More recently, a decision tree 
based technique has been intended to minimize the 
complexity of the HEVC encoder [4]. In [5] Support 
vector machines have been used. A method depends 
on k nearest neighbours has been intended to find out 
the CU splitting [6].  
Another method which can give a higher complexity 
reduction for transcoding is to use the correlation 
between coding information of the input and output 
video. Given the differences between HEVC and 
previous video coding standards in their block 
structure, motion estimation and residual information 
coding, traditional transrating techniques cannot be 
directly applied to HEVC. A transrating technique for 
HEVC based on machine learning has been proposed 
in [7]. Therefore, several techniques using machine 
learning for fast transcoding from H.264/AVC to 
HEVC have been proposed [8], Notice that the 
machine learning based techniques in [8] are used in 
heterogeneous video transcoding, in which the input 
and output video are encoded using different 
standards.  
 
III. ENCODER OPTIMIZATION TECHNIQUES 
 
There are two main types of encoder optimization 
techniques which are based on input video 
information. In one technique we use the input video 
information to encode the video and in another 
method we do not use input video information. 
 
A. Fast encoding excluding the coding information 
of the input video 
Following fast encoding techniques do not use coding 
information of the input video. 
 
1. Texture Homogeneity 
In HEVC, the tree shaped coding unit (CU) is 
acquired to permit recursive splitting into four same 
sized blocks. At every depth level (or CU size), it 
allows up to 35 intra prediction modes, including a 
planar mode, a dc mode, and 33 directional modes. 
The intra prediction through exhaustive mode search 
utilized in the test model of HEVC (HM) effectively 
increases coding efficiency, but gives in a very large 
computational complexity. This technique gives a fast 
CU size decision algorithm for HEVC intracoding 
and this algorithm is suggested to speed up the 
process by decreasing the number of candidate CU 
sizes necessary to be examine for every tree block. 
The suggested algorithm divided in to the following 
two aspects: 1) An early resolution of CU size 
decision with flexible thresholds is refined based on 

the texture homogeneity.2) Second aspect for intra 
prediction on large CU size is suggested which is 
based on the combination of texture property and 
coding information from neighbouring coded CUs 
[2]. 
 
2. Early merge and skip mode 
In the HEVC encoding process, the coding tree unit is 
repeatedly split into the 8×8 size coding units (CUs) 
from the 64×64 size CU. With increase in the number 
of sizes of the CUs, the number of coding modes has 
been highly increased, which gives high 
computational complexity in the HEVC encoder. In 
this proposed technique an early MERGE mode 
decision technique to decrease the computational 
complexity of the HEVC encoder is described. 
Firstly, depending on the all-zero block (AZB) and 
the motion estimation (ME) data of the INTER 
2N×2N mode, an early MERGE mode decision is 
suggested for the root CUs (i.e., 64×64 size CUs). 
After that, an early MERGE mode decision is 
suggested for the children CUs (i.e., 32×32, 16×16, 
and 8×8 size CUs) by seeing the mode selection 
correlation between the root CU and the children 
CUs. To improve the computational complexity 
reduction, when the root CUs are encoded in the non-
MERGE modes, the AZB and the ME information 
are alsoutilized for early termination of the children 
CUs [3]. 
 
3. Data Mining 
In data mining technique a set of procedures for 
determining whether the partition structure 
optimization algorithm should be finished early or go 
to the end of an complete search for the best 
arrangement. The projected schemes are depends on 
decision trees acquired through data mining 
techniques. By removing intermediate information, 
such as encoding variables from a training set of 
video sequences, three sets of decision trees are built 
and implemented to avoid running the Rate distortion 
optimization (RDO) algorithm to its full range [4].  
 
4. Support Vector Machine(SVM) 
This is SVM based fast CU decision algorithm. Five 
features, including the depth of neighbouring CUs 
(left and upper), average pixel difference on CU 
boundary (left and upper), pixel variance of current 
CU, variance of the mean of sub-CUs, and number of 
edge points, were selected for training SVM models. 
To improve the prediction of SVM, this work used 
artificial neural network (ANN) to find how the five 
features could impact on classifications. The 
examination results showed that the variance-type 
features were the most controlling factor while the 
number of edge points only had understandable 
impact at depth 0. So the edge characteristic was 
removed from SVM model training. 
The rest of characteristics were divided into 3 types, 
i.e. depth type, difference-type, and variance-type, for 
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3 different SVM models. A per the ANN analysis, the 
prediction results of depth-type, difference-type, and 
variance-type SVM models were assigned weights 
with 0.2, 0.2, and 0.6 respectively to form the final 
SVM result (Result All). In addition, the influence of 
every characteristic was different at each depth. This 
work used distinct SVM models to every depth to 
increase the prediction accuracy. Additionally, a 
threshold was set for edge point (EP) to find whether 
depth 0 should be reserved for RDO process, even if 
the final result of SVM was early splitting. The edge 
point examining was beneficent to keep the 
background region to be encoded with large CU size 
as the original best partition. The intra CU depth 
decision was made based on Table 1 [5].  
 

Condition Operation  

ResultAll ≤ 0.2 
Early 

Termination 

Do RDO process 
at current depth 
and no further 

splitting 

0.2 ≤ 
ResultAll ≤1 

  

ResultAll 
=1&& Depth 
=0&& EP < 

40 

Unsure 
Original HEVC 

encoding 

ResultAll =1 
Early 

splitting 

Split into next 
depth without 

RDO process at 
current depth 

Table 1 
 
5. K nearest neighbours based method 
The HEVC’s high computational complexity 
increases concern about the computational burden on 
real-time application. In proposed technique a fast 
pyramid motion divergence (PMD) based CU 
selection algorithm is given for HEVC inter 
prediction. The PMD characteristics are calculated 
with predicted optical flow of the down sampled 
frames. Theoretical examination shows that PMD can 
be utilized to help choosing CU size. A K nearest 
neighbours method is utilized to find the CU splitting 
[6].  
 
B. Utilizing the coding information in the input 
video to speed up the encoder 
Following encoding techniques uses the coding 
information of the input video 
 
1. Machine Learning (Homogeneous transcoding) 
To include the recently developed High Efficiency 
Video Coding (HEVC) standard in real-life network 
applications, effective transrating algorithms are 
necessary. In this method a fast transrating algorithm, 
based on the early prediction of the partition split-
flags in P pictures is proposed. Utilizing machine 
learning techniques, the correlation between co-

located partitions at different quantization is 
examined. This outcomes in a model which predicts 
the split-flag and gives the associated prediction 
precision so that the splitting process in the 
transcoder is improved. At every partition depth, the 
model shows whether the full rate-distortion cost 
judgements should be performed at the current depth, 
or if the partition can be very necessary [7]. 
 
2. Machine-learning (Heterogeneous transcoding ) 
Since the HEVC codec has evolve into an ITU-T and 
ISO/IEC standard, efficient transcoding from prior 
standards, such as the H.264/AVC, to HEVC is very 
necessary. The goal of this method is to develop a 
faster transcoder from H.264/AVC to HEVC. The 
transcoder is built around a fixed two-stage 
transcoding. In the first stage, called the training 
stage, entire re-encoding is achieved while the 
H.264/AVC and the HEVC information are 
assembled. This data is then utilized to form a CU 
classification model that is utilized in the second 
stage (called the transcoding stage) [8]. 

 
Figure 2: Flowchart of the CU decision algorithm [8] 

 
IV. COMPARISON OF THE RESULTS 
 
Seven methods of encoding are compared in the 
table. These methods are categorised into two 
categories. 
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Parameter 
Reduction in 

computational 
complexity (%) 

BDBR 
increases (%) 

SVM 46.50 2.2 
K nearest 

neighbours 
43 1.9 

Early merge 
and skip mode 

58.96 0.32 

Data mining 65 1.36 
Texture 

homogeneity 
67 1.08 

Machine 
Learning 

75.69 6.74 

Table 2 
 
K nearest neighbours method gives the least 
reduction in computational complexity and the least 
increase in BDBR is in the early merge and skip 
mode method. The machine learning (Homogeneous 
Transcoding) method gives 75.69% reduction at the 
cost of increase in BDBR by 6.74. The texture 
homogeneity algorithm gives 67% complexity 
reduction at the cost of increase in BDBR by 1.08. 
  
V. CONCLUSION 
 
The maximum complexity reduction is achieved in 
the method which utilizes the coding information of 
the input video. Machine learning (Homogeneous 
Transcoding) method which uses the information 
from the input video for encoding gives better results 

than the methods which do not utilizes the 
information from the input video for encoding. 
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