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Abstract. Super resolution technique was first proposed for enhancing the 
image resolution, and then it was expanded to video sequence for obtaining a 
higher resolution video from low resolution input. Recently, super-resolution 
based video coding has emerged as an important research topic as the image 
resolution increases rapidly and the downsampling coding is very efficient for 
bit rate reduction. With the super-resolution algorithm, we can encode the input 
video with low resolution at lower bitrate and reconstruct a high resolution 
video efficiently at the decoder side. In this paper, a block adaptive super 
resolution based coding framework is proposed for video coding. In the 
proposed scheme, block adaptive downsampling and upsampling with super-
resolution is selected based on the rate-distortion cost decision, where the 
distortion caused by super-resolution algorithm in the reconstruction process is 
also included. Experimental results show that the proposed scheme is very 
promising for high resolution coding. 
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1   Introduction 

Super resolution (SR) was first proposed for enhancing the image resolution, through 
which a high resolution image can be reconstructed from one or more low resolution 
images. It has been widely researched because of a variety of applications, such as 
how to get better visual effect for displaying a SD (Standard Definition) video on a 
HD (High Definition) TV system. Many super resolution algorithms have been 
proposed in the recent years, and according to the number of images used for super-
resolution reconstruction, it can be classified into two classes, single frame super 
resolution and multi-frame super resolution. For single frame super resolution, 
interpolation is the most intuitive approach for SR image reconstruction. In [1]-[4], 
adaptive interpolation techniques are used to spatially adapt the interpolation 
coefficients to match the local structures around the edges well. Wang and Ward [5] 
proposed to use the gradient to get the edge direction and the best correlation pixels 
with the interpolated pixel. Zhang and Wu [6] proposed to adaptively fuse two 
interpolation results in two mutually orthogonal directions using the statistics of a 
local window. Hong et al. [7] proposed to identify only five edge directions to 
maintain the geometry and sharpness of image and perform an adaptive combined 
zero order, bilinear interpolation and an adaptive Gaussian filter. In [8], Li and 
Orchard proposed to use the covariance of the low-resolution image to estimate the 
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high-resolution image covariance, which represents the edge direction information to 
some extent, and proposed a Wiener-filtering like interpolation scheme. The main 
advantage of interpolation SR is that the computational complexity is low, making 
real-time applications possible, but it will cause blurring or staircase artifacts in edge 
area [9].  For multi-frame super-resolution, besides interpolation motion estimation 
takes an important role in the quality of super-resolution image. Barreto et al. [10] 
gave an in-depth performance evaluation between the block-matching and the optical 
flow based motion estimation algorithm. After motion estimation, joint temporal-
spatial interpolation is used to get high resolution image. Ur and Gross [11] used the 
generalized multichannel sampling theorem of Papoulis and Brown to perform a non-
uniform interpolation. Alam et al. [12] utilized a weighted nearest neighbor 
interpolation method. Nguyen and Milanfar [13] proposed a wavelet interpolation for 
interlaced two dimensional data.  

Later, super-resolution was expanded to the video coding. Callico et al. [14] 
modified an existing hybrid video encoder platform to add SR based on a non-
uniform interpolation method. Yet it is more like a post processing for super 
resolution than a real super-resolution encoder, because the reconstructed super-
resolution image is not involved into the encoding framework. D. Barreto [15] 
proposed a region based super-resolution video coding framework. The authors found 
that flat areas, particularly when there is no motion, can be recovered using simple 
interpolation techniques. However, areas with no motion and texture are most affected 
by the downsampling and compression process. So the authors proposed to segment 
the image into flat, motion or texture region, and different super resolution scheme is 
used for downsampling and upsampling. In [15], the segmentation information will be 
transferred to the decoder side. It can be seen that the proposed region based super 
resolution coding scheme has better adaptivity, yet it is still not adaptive enough 
because it encodes the whole sequence with downsampling, and super-resolution 
doesn’t always work well for all blocks in the region. In [16] and [17], block based 
adaptive downsampling/upsampling coding has shown better performance for low 
bitrate coding. The performance of downsampling coding was also analyzed well in 
[16], which is more suitable for low bitrate coding as the distortion of discarded 
information is very difficult to compensating at high bitrate. More efficient 
downsampling/upsampling method will do help to improve the performance of high 
bitrate coding, but the previous researches do not pay much attention to this point.  

In this paper, a block adaptive super-resolution coding is proposed. In the proposed 
scheme, block adaptive downsampling coding is selected based on the rate-distortion 
cost decision, where the distortion caused by super-resolution algorithm in the 
reconstruction process is also included. In the proposed scheme, the blocks are 
classified into flat, motion and non-motion blocks by using the spatial or motion 
features of the reconstructed downsampled block. As the decoder can also get the 
reconstructed downsampled block, the segment information need not be transmitted to 
the decoder as [15] and the bits saving is achieved. Experimental results show that the 
proposed block adaptive super resolution coding scheme can achieve better 
performance than the traditional coding without downsampling, which may be a very 
promising scheme for future high resolution coding.  

The rest of this paper is organized as follows, in Section 2, the block adaptive low 
complexity super resolution coding scheme is detailed; experimental results are 
provided in Section 3, and Section 4 concludes the paper. 
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2   Block Adaptive Super Resolution Video Coding 

Figure 1 shows the proposed block-adaptive super resolution coding framework. The 
input macroblock may be downsampled in horizontal, vertical, or both directions 
respectively, and the downsampled macroblock will be coded as a new macroblock 
mode as [17]. But different from [17] where only the rate and distortion of the 
downsampled block was estimated, in the proposed scheme the downsampling mode is 
selected with rate-distortion optimization (RDO) mode decision method. In the 
proposed RDO mode decision process, the distortion of the downsampled block and 
the distortion of reconstructed block which was discarded in the downsampling process 
both are computed. As referred in [15], the performance of super-resolution does relate 
with the region characteristics. In the proposed scheme the blocks are classified into 
three kinds of blocks: flat, motion and non-motion blocks. For flat blocks, bilinear 
interpolation is used to reconstruct the discarded blocks. For motion blocks, an adapted 
SR method is used. For non-motion blocks, the edge preserved algorithm in [8] is used. 
As the block classification is based on the reconstructed downsampled blocks, the 
decoder can do the same processing correspondingly and the classification information 
need not be transmitted to the decoder as side information. 

 

 

Fig. 1. Proposed block adaptive super-resolution coding framework. DSMD: Downsampling 
Mode Decision; T/Q: Transform/Quantization; IQ/IT: Inverse Quantization/Inverse Transform; 
EC : Entropy Coding; BC: block classification; SRR: Super-resolution Reconstruction; FM: 
Frame Memory; ME/MC: Motion Estimation/Motion Compensation. 
 

The proposed scheme can be implemented in the following steps: 
 

Step 1. Downsampling and coding of the downsampled block.  
As shown in Table 1, three kinds of downsampling mode are defined: only 

horizontal or vertical downsampling (8x16, 16x8) mode, and both horizontal and 
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vertical downsampling (8x8) mode [16][17]. Here, simple decimation filter is used for 
downsampling, for example, for horizontal downsampling, every other sample in the 
horizontal direction is kept for downsampling coding.  

Table 1. Macroblock based downsampling Mode 

Downsampling Mode Description 
0 No downsampling 
1 One 16x8 block after vertical downsampling  
2 One 8x16 block after horizontal 

downsampling 
3 8x8 block after both horizontal and vertical 

downsampling 

 
The block adaptive super resolution coding method is implemented into AVS 

(Audio Video coding Standard) reference software (http://www.avs.org.cn/fruits/ 
software/rm52j_r1.zip). AVS is a video coding standard established by China AVS 
working group, which has the similar framework as the state-of-the-art video coding 
standards, such as H.264. In this paper, the block adaptive super resolution coding is 
only used for P frame coding, as it is easy for implementation and performance 
verification. The downsampling coding mode is coded jointly with the macroblock 
prediction mode as shown in Table 2. For P_L0_16x8_down coding mode, only one 
16x8 macroblock partition is coded, including one 16x8 motion vector and 
coefficients of two 8x8 DCT blocks. After prediction, transform and entropy coding, 
the RD cost of downsampled block is calculated as:  

iii RDJD ×+= λ                                                         (1) 

where i is the downsampling mode as listed in Table 1 from 1 to 3. When i is 0, the 
RD cost of original macroblock mode is calculated. Di is MSE between the original 
blocks and the reconstructed ones in the downsampled macroblock. Ri is the bits used 
to encode the downsampled block, including header bits and coefficient bits.  

Table 2. Macroblock modes for block adaptive super resolution coding 

Macroblock  Mode Description 
0 P_L0_16x16 
1 P_L0_L0_16x8 
2 P_L0_L0_8x16 
3 P_8x8 
4 P_8x8ref0 
5 P_L0_16x8_down 
6 P_L0_8x16_down 
7 P_L0_8x8_down 
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Step 2. Block classification.  
The block classification is based on the features of the reconstructed downsampled 

block. The block is classified into three categories: flat, motion and non-motion 
blocks. A joint spatial and temporal motion features [15] [18] block classification 
method is used in this paper. For each reconstructed downsampled 8x8 block, 8x8 
transform is used to calculate the sum of AC coefficients.  

||
63

2
,∑

=
=

i
ijj ACS ,                                                               (2) 

where j is the 8x8 block number in the downsampled macroblock. i is the coefficient 
index in the zig-zag scan order. If Sj is less than a threshold Tf, the block is identified 
as flat block, otherwise the block is classified into non-flat block. In the paper, the 
threshold value of Tf is 100. For non-flat blocks, we need further differentiate them as 
motion or non-motion blocks. As for non-motion blocks, the spatial information is 
more important for super-resolution reconstruction, while for motion blocks the 
temporal motion information should be considered too. To differentiate the motion 
and non-motion blocks, the motion difference between the reconstructed block and 
the prediction block is calculated as:  
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where Yj,k,l  is the reconstructed block signal, and Xj,k,l is the predicted 8x8 block 
sample derived with the transmitted motion vector. After the calculation of (3), the 
block is classified into motion block which is well predicted, if SADj is in a region 
[Tml, Tmu], otherwise it is viewed as non-motion block, which may be a stationary 
block or non well-predicted block. In the paper, the threshold value of Tml and Tmu is 
dependent on quantization step. The flowchart of the block classification algorithm is 
also shown in Fig. 2.  
 
Step 3. Super-resolution reconstruction and distortion calculation of the reduced 
block.   

As said above, for different kinds of blocks different super-resolution is used. For 
flat blocks, bilinear interpolation is used for upsampling. For non-motion blocks, the 
edge preserved algorithm proposed in [1] is used, because of the low complexity for 
real time video coding. For motion blocks, adapted super-resolution reconstruction 
algorithm is used for upsampling. As shown in Fig. 3, the samples of downsampled 
block are projected to the corresponding high resolution grid first. For the reduced 
samples, it is constructed as:  

)()()(-)() (  )( x',y'ex,yRx'', y''Rx', y'gx, yRx, ySR +=+=          (4) 

(x, y) is the reduced sample position in the high resolution image. SR(x, y) is the 
reconstructed reduced sample. R(x, y) is the reference sample for the reduced sample 
derived with the motion vector of downsampled block. g(x’,y’) is the downsampled 
block sample paired with (x, y) sample in the high resolution image and R(x”, y”) is 
the corresponding reference sample.  
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Step 4. Rate distortion optimization mode decision for downsampling coding.  
After the super-resolution reconstruction of the reduced block, the whole rate-

distortion cost of the downsampling coded macroblock can be calculated, 

uiii DRDJD +×+= λ , 

where Du is the distortion between the reduced block and the reconstructed one. The 
best mode minimizing the RD cost is selected. 
 

 

Fig. 2. Proposed block classification scheme 

 

Fig. 3. Adapted super resolution scheme for motion blocks 
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3   Experimental Results 

The proposed block adaptive super resolution coding method is implemented into 
AVS reference software (http://www.avs.org.cn/fruits/software/rm52j_r1.zip) for P 
frame coding. It was tested on 720p and 1080p test sequences. 100 frames are coded 
for each test sequence. The first frame is coded as I frame and remained frames are 
coded as P frame and 2 reference frames are used. Intra mode is disabled in P frame 
as only inter mode super-resolution coding is supported so far.  
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Fig. 4. R-D curves on 1080p test sequences (a) Bluesky (b)Pedestrian_area 

Fig. 4 shows the RD curves for test sequences. From the curves, it can be seen that 
the proposed scheme can achieve coding gain at low bitrate as shown in [17], 
moreover it also shows obvious coding gain at high bitrate, where the PSNR is even 
higher than 40dB. Table 3 shows test results on more test sequences. 
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Table 3. Test results on more test sequences 

Sequence Format Bitrate saving (%) BDPSNR(dB) 
Bluesky 1080p 4.78 0.20 
Pedestrian_area 1080p 13.62 0.37 
Night 720p 5.49 0.19 
Harbour 720p 1.29 0.06 
Crew 720p 21.91 0.79 

Average 9.42 0.32 

 

 
(a) 

 
(b) 

0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 
0 0 0 2 0 0 3 0 0 0 0 0 2 1 3 0 
0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 3 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

(c) 

Fig. 5. Visual quality comparison between the original sub-image and super-resolution reconstructed 
sub-image for Night sequence. QP=28. (a) original 256x128 sub image; (b) super-resolution 
reconstructed sub image; (c) down-sampling mode map for the sub-image. 

 



1056 S. Ma et al. 

Fig. 5 shows the subjective results between the original sub-image and the 
reconstructed sub-image with super-resolution. The sub-image size is 256x128, and 
Fig. 5 (c) shows the downsampling mode map for the sub-image. The super-resolution 
reconstructed macroblocks also show good visual quality as the original ones. 

For the complexity of the proposed scheme, as the super-resolution method for flat, 
motion, and non-motion blocks is simple interpolation operation, so the complexity of 
the proposed scheme is not high, it is suitable for real time video coding.  

4   Conclusions 

This paper proposed a block adaptive low complexity super resolution video coding 
scheme. In the proposed scheme, block adaptive downsampling and upsampling is 
selected based on the rate-distortion cost decision, where the distortion caused by 
super-resolution reconstruction is also included. The block upsampling mode is 
adaptive with the block spatial and motion features, which is decided according to the 
reconstructed downsampled block and need not be transmitted to the decoder side as 
overhead information. Experimental results show that the proposed scheme can 
achieve significant performance improvement at low bitrate coding, up to 0.79dB. It 
may be a very promising scheme for future high resolution coding. In the future, we 
will extend it to B frame coding, and more efficient super-resolution reconstruction 
method for motion blocks will be studied.  
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