
FAST AND EFFICIENT INTRA CODING TECHNIQUES FOR SMOOTH REGIONS IN 

SCREEN CONTENT CODING BASED ON BOUNDARY PREDICTION SAMPLES 

 

Sik-Ho Tsang, Yui-Lam Chan, and Wan-Chi Siu 

 

Centre for Signal Processing, Department of Electronic and Information Engineering 

The Hong Kong Polytechnic University 

Hung Hom, Kowloon, Hong Kong 
 

ABSTRACT 

 

This paper presents fast and efficient intra prediction 

algorithms for screen content coding (SCC).  The proposed 

algorithms focus on smooth regions frequently appeared in 

screen content videos, which have the characteristics of 

noiselessness. All the samples in a noiseless smooth region 

exhibit exactly the same pixel value. We then propose two 

intra coding techniques for noiseless smooth regions in SCC 

based on the smoothness of the boundary samples which are 

used for intra prediction. Our proposed algorithm can reduce 

computational complexity by at most 26.7% while keeping 

nearly the same video quality. Moreover, by removing the 

redundant coding bits for intra prediction modes, 

computational complexity can be further reduced to at most 

53.3% in terms of encoding time with bitrate reduction up to 

1.2%. 

 

Index Terms— HEVC, Intra Prediction, Screen Content 

Coding, Smooth Region 

 

1. INTRODUCTION 

 

With the proliferation of thin-client devices as well as cloud 

technology, computer screen sharing applications such as 

remote desktop, virtual desktop, video conferencing with 

document sharing, slideshows sharing, etc., have become 

widespread nowadays [1]. As a result, new challenges on 

screen content coding (SCC) for limited network bandwidth 

has emerged as one of the hot research topics in the aspect of 

video coding. SCC has become an extension of High 

Efficiency Video Coding (HEVC) [2], related call for 

proposal (CfP) [3] has also been launched by ISO/IEC 

JTC1/SC29/WG11 and ITU-T SG16 Q6 in January 2014. An 

SCC test model [4] has also been developed recently, and 

final draft of the standard will be expected in 2015.  

Screen content videos which are mainly generated by 

computers have different characteristics from natural videos 

taken by cameras. Natural videos are composed of image 

blocks which have continuous-tone characteristics, and they 

usually contain camera noise even in smooth regions. 

Conversely, screen content videos consist of image blocks, 

textual blocks and noiseless smooth blocks. For textual 

blocks, they have discontinuous-tone characteristics which 

contain a complex structure including sharp edges with high 

contrast.  For noiseless smooth blocks, all the samples have 

the same value without any noise since they are computer-

generated. 

Numerous SCC research works have been done but they 

have been mainly focusing on the coding of textual blocks. 

Though textual blocks have many complex structures, they 

have limited number of colors. By making use of this feature, 

the work in [5-7] proposed a base color and index map 

(BCIM) or palette mode which divides a textual block into 

color data and structural data, and encode them separately. 

The color data consists of few major colors which are 

predicted from color table or from neighboring block whereas 

the structural data is represented by an index map. However, 

it is quite waste of bits to encode a noiseless smooth block by 

signaling the major colors and index map. Another SCC tool 

referred to as intra block copy (IntraBC) also proposed in [8-

10]. This tool efficiently encodes the repeated patterns 

appeared within the same frame by performing intra motion 

estimation and compensation. However it is unreasonable to 

signal a block vector for noiseless smooth blocks. 

In HEVC, 35 intra prediction modes are defined for 

predicting the block based on the neighboring boundary 

samples [2,11]. It provides high compression efficiency for 

image blocks as well as noiseless smooth blocks. However, 

the one Most Probable Mode (MPM) index or one remaining 

mode is still required for coding noiseless smooth region. 

While there were research works [12-14] for coding smooth 

regions, their purpose is only for natural video coding and 

depth image coding where smooth blocks always contain 

camera noise or depth estimation noise which is not the case 

in SCC. 

Therefore, Chen et. al [15] proposed a new mode called 

single color mode recently. If the single color mode is used 

for a particular coding unit (CU), a sample candidate list is 

derived from boundary samples. Zhang et. al [16] introduced 

an Independent Uniform Prediction (IUP) mode at CU level, 

a set of commonly used colors is found out at slice level to 

derive a candidate list. Both [15-16] choose a sample from 

the list to fill in the whole CU. The one obtaining the smallest 

rate distortion (RD) cost is chosen as the optimal candidate. 

As a consequence, one additional signaling flag and one 
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associated candidate index are coded at CU level to indicate 

the use of these two modes.  

In this paper, we propose to encode noiseless smooth 

CUs in a faster and efficient way. We start by introducing the 

conventional intra prediction modes in HEVC. We then 

proceed to present how we encode noiseless smooth CUs 

with faster encoding speed and redundant rate removal. 

Finally, experimental results for our proposed scheme are 

shown followed by conclusions. 

 

2. INTRA PREDICTION IN HEVC 

 

In HEVC [2,11], there are 1 DC, 1 planar, and 33 directional 

prediction modes which form 35 intra predictions modes in 

total. In addition, 2N×2N and N×N prediction are supported 

for each CU size in order for more flexible intra prediction. 

Nevertheless, for each sample sj in CU, it is predicted by 

boundary samples pi shown in Fig. 1. 

To reduce the computational complexity of testing all 35 

intra prediction modes by RD optimization (RDO), rough 

mode decision (RMD) [17] is applied to select a subset of 

candidate modes with lower RD costs by sum of absolute 

differences of Hadamard transformed coefficients. Then 

RDO is performed for that subset of candidate modes to 

choose the optimal one. 

 

 
Fig. 1. Illustration of intra prediction for an CU in HEVC 

using boundary samples. 

 

3. PROPOSED SIMPLE INTRA PREDICTION WITH 

REDUNDANT BITS REMOVAL 

 

Intra prediction in HEVC is a very efficient intra coding 

tool for natural videos as there is high spatial correlation 

between pixels. Nevertheless, considering the case of coding 

noiseless smooth CUs in SCC, it is found that all boundary 

samples, 𝑝𝑖 , are exactly having the same value, i.e.: 

 
𝑝𝑖 = 𝑝𝑖−1 ∀𝑝𝑖 ∈ {𝑃 | 𝑖 ≥ 1}   (1) 

 

where P is the set of boundary samples for CU. Then, all 35 

intra prediction modes provides the same predicted samples 

for that particular CU. Thereby, RMD and RDO processes are 

totally redundant. Moreover, the MPM index or the 

remaining mode coded for that CU is also redundant. It is 

noted that a block candidate is defined as BSB, if condition (1) 

is satisfied. 

 

3.1. Analysis of noiseless smooth regions 

 

As intra prediction in HEVC depends on the size of transform 

unit (TU) and the range of TU size is from 4x4 to 32x32, the 

percentage of noiseless smooth non-overlapping rectangular 

blocks of different sizes from 4x4 to 32x32 are shown in Fig. 

2. Herein we define a block candidate as noiseless smooth 

blocks, BSC, if the following condition is satisfied: 

 
𝑠𝑗 = 𝑠𝑗−1 ∀𝑠𝑗 ∈ {𝑆 | 𝑗 ≥ 1}   (2) 

 

 

where 𝑠𝑗  and S are the samples to be predicted and the 

corresponding set respectively. In Fig. 2, 

“BasketballDrillText” and “ChinaSpeed” are the sequences 

with large amounts of natural videos and computer graphic 

respectively, the probability of containing noiseless smooth 

blocks within the sequence, P(BSC), are very low. Whereas, 

for the other sequences, P(BSC) are relatively much higher 

which can be up to 65%. The reason is that these sequences 

are captured screen contents, which comprise map, document 

or slideshow, and they contain large amount of noiseless 

smooth regions. From Fig. 2, another observation is that, 

higher P(BSC) is obtained in the smaller block size. 

Furthermore, the conditional probability of all samples 

within the blocks are equal (i.e. condition in (2)) given that 

all boundary samples are equal (i.e. condition in (1)), 

𝑃(𝐵𝑆𝐶|𝐵𝑆𝐵), is also investigated and depicted in Fig. 3. It is 

observed that there are very high correlations between pixels 

within the block and boundary pixels even for large block size 

in which  𝑃(𝐵𝑆𝐶|𝐵𝑆𝐵) can be achieved up to 99%. 

Based on the analysis of boundary samples for noiseless 

smooth regions, two techniques are proposed in this paper. 

One is Simple Intra Prediction (SIP) for speeding up the 

encoding process, and the other is Redundant Bits Removal 

(RBR) for improving the coding efficiency. 

 

 
Fig. 2. Percentage of noiseless smooth blocks. 
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Fig. 3. Percentage of noiseless smooth blocks given that 

boundary samples are equal. 

 

3.2. Simple Intra Prediction (SIP) 

 

When the boundary samples of the current CU satisfy (1), all 

samples within the predicted CU can be filled by the 

boundary samples with the MPM index selected. Therefore, 

RMD and RDO processes [17] mentioned in Section 2 can be 

skipped. Besides, intra reference smoothing [2,18] for 

boundary samples can also be skipped since values of all 

boundary samples are exactly the same. 

When the distortion of predicted CU is equal to zero, the 

predicted CU is perfectly reconstructed as it is a noiseless 

smooth CU. Early termination can also be achieved by 

skipping the testing of the palette mode [7] and the IntraBC 

mode [8-9] to further reduce the complexity of encoder. Fig. 

4 shows the flowchart of our proposed SIP. It is noted that 

SIP is conformed to the HEVC standard. 

 

3.3. Redundant Bits Removal (RBR) 

 

Since only single intra prediction mode is utilized in SIP, 

MPM index or the remaining prediction mode are redundant 

to be coded for noiseless smooth CUs. We propose to skip the 

coding of MPM index or the remaining prediction mode if 

boundary samples satisfy (1). Hence, no additional signaling 

bits are required to code the noiseless smooth CU as 

compared with [15,16]. 

Thus, the CU syntax is adaptively changed according to 

the smoothness of boundary samples. At the decoder side, to 

decode a CU which is coded by the conventional intra 

prediction, boundary samples should be reconstructed first in 

order to determine whether RBR is used for that particular 

CU. Fig. 5 illustrates the decoding process of CUs in which 

bitstreams are encoded using RBR. 

 

4. EXPERIMENTAL RESULTS 

 

To evaluate the performance of the proposed algorithms, we 

perform simulation on the testing sequences 

“BasketballDrillText” (832x480), “ChinaSpeed” 

(1024x768), “SlideEditing” (1280x720), and “SlideShow” 

(1280x720) which belong to Class F YCbCr 4:2:0 standard 

test sequences for SCC [19], as well as sc_map (1280x720), 

sc_programming (1280x720), and sc_slideshow (1280x720) 

which are RGB/YCbCr 4:4:4 standard test sequences for SCC 

[20].  We have integrated our proposed SIP and RBR into the 

screen content coding test model of the HEVC reference 

software HM-15.0+RExt-8.0+SCM-2.0 (Hereby SCM-2.0) 

[4]. All experiments were conducted with all-intra (AI) SCC 

configuration with IntraBC with fast search enabled [9] and 

palette mode enabled [7] using quantization parameters (QP) 

of 22, 27, 32 and 37. The experiments were performed on a 

computer with Intel Core i7-4770 3.39GHz CPU and 8GB 

RAM. 

TABLE I tabulates the experimental results for all testing 

sequences using Bjontegaard delta PSNR (BDPSNR), 

Bjontegaard delta bitrate (BDBR) [21] and delta encoding 

 

 
Fig. 4. Flowchart of Simple Intra Prediction (SIP). 

 

 
Fig. 5. Flowchart of decoding CU for bitstreams encoded 

using Redundant Bits Removal (RBR). 
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time (∆Time) of our proposed SIP and SIP+RBR against the 

conventional SCM-2.0. For the proposed SIP, encoding time 

can be reduced by up to 48.0% while only negligible loss in 

PSNR of at most 0.039dB or increase in bitrate of 0.39%. We 

can observe that SIP is a fast intra coding approach with 

nearly no loss in video quality. For the proposed SIP+RBR, 

encoding time can be reduced by up to 53.3% as well as with 

at most 0.088dB PSNR improvement, or equivalently 1.2% 

bitrate reduction. As 𝑃(𝐵𝑆𝐶|𝐵𝑆𝐵) is very high, up to 99%, it is 

valuable to improve the coding efficiency for noiseless 

smooth regions. It is noted that for RGB testing sequences, 

the speed up is much larger than YUV 4:4:4 testing 

sequences. This is because our proposed algorithms would 

also skip the additional in-loop color transform [22] in the 

conventional intra prediction which provides much higher 

coding efficiency for RGB testing sequences. 

 

5. CONCLUSIONS 

 

In this paper, we presented a fast intra coding approach for 

noiseless smooth regions in screen content coding. Based on 

the statistical analysis of the boundary samples and the 

samples of noiseless smooth blocks, SIP is designed to speed 

up the encoding process by skipping the RMD and RDO as 

well as skipping the palette mode and IntraBC mode when 

distortion of the predicted block is equal to zero.  

Furthermore, redundant intra coding bits are removed for 

noiseless smooth blocks using RBR. Experimental results 

show that the proposed techniques can speed up the encoder 

while improving the coding performance for SCC. As the 

computational power is increased at the decoder side 

nowadays, we believe that making use of statistics of 

reconstructed data, such as boundary samples in this paper, 

could be the next stage to further improve the compression 

efficiency against HEVC. 
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