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Abstract : When a bitstream of the higher bitrate is 

converted to the lower bitrate through the transcoding 

process, the ROI (Regions of Interest) can be considered. 

We classify the ROI as the groups of macro-blocks with 

non-zero motion vectors. For simple implementation, the 

motion vectors are not additionally estimated, but extracted 

from the coded bitstream of the higher bitrate before 

trascoding. Then, a proposed method assigns a specific 

quantization step-size differentially according to the ROI 

within a video. The picture quality can be increased by 

applying the quantization step-size as a small value 

relatively for the ROI compared with the non-ROI. We can 

find the result that the proposed method gives the improved 

picture quality by assigning the quantization step-size 

differentially. 
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I. INTRODUCTION 

 For both the homogeneous and heterogeneous 

transcodings, the bitrate reduction may be needed when the 

original higher bitrate cannot be accepted. The bitrate 

reduction algorithm converts from high bitrate bitstream to 

lower rate bitstream. Although there are several methods for 

bitrate reductions [1-6], the re-quantization method is well 

used because of the simple implementation and a less 

processing time.  

 All of transcoding methods deal with proper 

allocation of bitrate or quantization step-size in order to 

satisfy good picture quality or high PSNR (Peak Signal to 

Noise Ratio) on the constraint of the limited bitrate after 

transcoding. However, it is insufficient to meet the need of 

picture quality for ROI (Regions of Interest) within video 

sequence.  

 The several methods [7-12] have been researched 

for ROI coding, such as a classification of the foreground 

and background, a detection of the human face, a 

determination based on user attention model. However it did 

not include the bitstream transcoding schemes. 

 We propose a new transcoding method that makes 

better video quality relatively in ROI. ROI is classified to 

the moving regions. For searching moving regions, we use 

the coded information within the bitstream before 

transcoding. If the coded information before transcoding is 

used to find ROI, then the extra complexity is not needed. 

First, the non-zero motion vectors of each macro-blocks are 

grouped to separate the zero motion vectors. Then the 

groups with large numbers of non-zero motion vectors are 

set to ROI, the groups with small numbers of non-zero 

motion vectors are set to the non-ROI. 

 The organization of this paper is as follows. 

Section II provides the conventional relationship of bitrate 

and quantization step-size for transcoding. In Section III, the 

proposed transcoding method is described for improving the 

subjective picture quality by properly allocating the 

quantization parameters dependently on the ROI. Section IV 

shows the simulation results of the proposed method about 

quantization parameter compared with the conventional one. 

In Section V, we summarize the main results.  

II. RELATIONSHIP OF BITRATE AND 

QUANTIZATION STEP-SIZE FOR TRANSCODING 

 The previous researches [13,14] showed the 

relationship between bitrate and quantization step-size for 

transcoding, a linear relative formula as a logarithmic 

function between bitrate (R) and quantization step-size 

(Qstep), 

RabQstep loglog                                  (1) 

 where, b and a are dependent on the video 

characteristics. Also a transcoding algorithm has been 

presented which updates the model parameters given for the 

previous picture or slice using an approximated relationship 

between bitrate and quantization step-size according to the 

coded picture-type. That is, if a target bitrate in bits per 

second, BRt(bps) is given in the case of already an encoded 

bitrate BR1(bps) in bits per second, then target quantization 

step-size Qstept is obtained from following equation. 
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where, the value of a is approximated by the previous coded 

results. 

 Also our previous research[12] has proposed the 

transcoding method to control the picture quality depended 

on the subjectively ROI. The subjectively ROI determined 

using motion vectors were classified by following four 

different cases in the aspect of subjective importance. 

(1) Central focus video: The focus is on the central regions 

rather than the whole frame in the case where object 

movement is primarily in the central regions of a 

picture. The background may either be fixed or moving 

uniformly through camera panning. This can be 

considered a default type if a frame is not classified into 

the other three types because humans tend to 

concentrate their viewpoint on the central region of a 

video. 

(2) Peripheral focus video: The region of interest is focused 

on the contour in the case where the scene is being 

zoomed-out. The representative motion vector values of 

the top and bottom regions have non-zero values while 

those of the central regions are approximately zero. 

(3) Upper focus video: The region of interest is in the upper 

regions in the case where object movement is located in 

the upper regions of a picture. The representative 

motion vector values in the upper regions of a frame 

have non-zero values with zero values in the lower 

regions. 

Transcoding Method for Regions of Interest 
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(4) Lower focus video: The region of interest is in the 

lower regions in the case where object movement is 

located in the lower regions of a picture. The 

representative motion vector values at in the lower of a 

picture have non-zero values with zero values in the 

upper regions. 

 After the above classification of picture for the 

subjectively interest regions, the value of quantization step-

size was differently assigned according to the location of 

slice of picture. 

III. PROPOSED TRANSCODING METHOD FOR ROI 

 We propose a new transcoding method that makes 

better video quality relatively in ROI. ROI is classified as 

the groups of macro-blocks with non-zero motion vectors. 

For getting the motion vectors, we use the coded 

information within the bitstream before transcoding. First, 

the non-zero motion vectors of each macro-blocks are 

grouped to separate the zero motion vectors. Then the 

groups with large numbers of non-zero motion vectors are 

set to ROI, the groups with small numbers of non-zero 

motion vectors are set to the non-ROI. 

Step1) Grouping the non-zero motion vectors of macro-

blocks for the bitstream before transcoding 

Step2) Eliminating the group with small numbers of non-

zero motion vectors. The small number of macro-blocks are 

not important to give the subjective picture quality. 

Therefore, in this paper, the group having less than 15 

macro-blocks is eliminated from the group of non-zero 

motion vectors. 

Step 3) Classifying the ROI. ROI is the non eliminated 

groups and the others the non ROI. The groups of large 

number of non-zero motion vectors is only considered to 

ROI. 

Step 4) Reassigning the quantization step-size. For the ROI, 

the quantization step-size is assigned to lower value than the 

target quantization step-size of Eq. (2), but for the non-ROI, 

the higher quantization step-size is assigned. 

 tQstepQstep ,  for ROI                           (3) 

 tQstepQstep ,  for Non-ROI                   (4) 

 where, Qstep is final assigned quantization step-

size, and  is a constant.  can affect to the difference in 

the quantization step-size between the maximum and the 

minimum values. A large value of  makes the large 

difference of picture quality between ROI and non-ROI. 

 

 
Fig 1. Grouping of macro-blocks according to non-zero 

motion vectors 

 
Fig 2. Eliminating of Grouped macro-blocks 

 

 
Fig 3. Classified ROI and Non-ROI 

IV. SIMULATION RESULTS 
 The JM [15-18] that is a standard coding software 

tool of the H.264 was used to the simulation where Foreman 

video with horizontal and vertical resolutions of 352 and 

228 pixels was selected.  

 The B-picture is not included due to the use of the 

H.264 baseline profile, and 15 pictures are configured as one 

GOP in which the video applies 60 pictures. The number of 

slices is the same as for each picture and that are determined 

by 18 along the vertical direction.  

 The quantization step-size was differentially 

applied for each macro-blocks by using the value of 

determined in Eq. (3,4). Also, the coding was performed as 

an objective bitrate for the original video based on four 

different  of Eq. (3,4) , such as 2, 4, 6, and 8, from the 

classification of the difference between the maximum and 

the minimum values of the quantization step-size.  

1)  Measurement of the objective PSNR 

 This paper investigated the PSNR (peak signal to 

noise ratio) that is an objective picture quality criterion. The 

conventional method applied a bitstream coded with of 

1.5Mbps, is transcoded to the bitrate of 0.8Mbps. Then, the 

quantization step-size was differentially assigned with the 

unit of macro-blocks using the proposed method for the 

Foreman video, according to the criterion of subjectively 

ROI.  

 Table 1 shows the average value of the PSNR for 

60 pictures after transcoding in the Foreman video and 

maximum difference of quantization parameters within 

picture is set to 2, 4, 6 and 8. It can be seen that the values of 

the PSNR decreased according to the differential application 

of the quantization step-size among macro-blocks compared 

to the method that applies the same quantization step-size 

values for all macro-blocks within same slice. In the case of  

 =6, the PSNR was decreased about 0.07dB, and it was 

decreased about 0.28dB for the  =8.  
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Table 1. Average PSNR for the bitstream coded with of 

1.5Mbps, is transcoded to the bitrate of 0.8Mbps. 

 

 

 

 

 

2)  Measurement of subjectively picture quality 

 For measuring of the subjective picture quality, we 

used DSCQS (Double Stimulus Continuous Quality Scale) 

[19]. According this method, the assessors are positioned at 

a distance from the monitor equal to three times the diagonal 

length of the monitor used to display the videos. They then 

observe two videos in sequence on the monitor; one is an 

original video and the other is a video either using the 

conventional method or the proposed method. The 

presentation order of the original and processed videos was 

random. 

The presentation of the test material: 

1 Video A (Original or Processed)  12s, 

2 Gray                                 3s, 

3 Video B (Processed or Original)  12s, 

4 Gray                                3s 

 Assessors evaluated the picture quality of both 

videos using an ITU-R quality scale (Excellent=5, Good=4, 

Fair=3, Poor=2, Bad=1) [12,20]. 

The final subjectively picture quality assessment score was 

calculated from the mean over all assessors; 

              (5) 

 where   is score which is determined by each 

assessor, and N is number of assessors. 

 The measurement of the subjectively picture 

quality was performed by distributing reconstructed videos 

to 10 assessors without notification of the methods and the 

ROI. We got the same average score of the subjectively 

picture quality obtained from 10 evaluators as shown in 

Table 2. 

 

Table 2. Results of the subjectively picture quality for the 

bitstream coded with of 1.5Mbps, is transcoded to the bitrate 

of 0.8Mbps . 

Conventional  

method 

Proposed method,   

2 4 6 8 

3.0 3.1 3.2 3.4 3.3 

 

 In the results, because the Foreman video showed 

no movements in the background and some movements at 

the central region, it represented good picture quality in the 

aspect of a subject manner based on the assigning of the 

quantization step-size with ROI of the central moving 

regions. The desirable difference between the maximum and 

the minimum values of the quantization step-size between 

ROI and non-ROI was 6. If the difference between the 

maximum and the minimum values showed more than 8, 

then the subjectively picture quality was getting worse.  

 Although the objective PSNR value that is the 

average value of the entire picture slightly was decreased for 

the differential assign of the quantization step-size within 

the video sequence according to ROI, the subjective picture 

quality that has a focus on interest points within the video 

sequence was increased. It means that the measurement of 

objective picture quality only will not fully satisfy the visual 

picture quality of human being. In addition, it is possible to 

present an improvement effect in picture quality by applying 

the results of the evaluation of subjective picture quality to 

the objective picture quality while there is no change in 

bitrates.  

 Fig .4 illustrates the reconstructed picture of 

Foreman video for the bitstream coded with of 1.5Mbps, is 

transcoded to the bitrate of 0.8Mbps with conventional 

method and the proposed methods of different   . When 

 =6, the subjective picture quality of Foreman video 

looked better relatively. When  =8, although the 

subjectively picture quality of ROI was getting best, the 

subjective picture quality of non-ROI was getting the 

coarsest picture quality level. 

 
(a) Reconstructed frame of conventional method 

 
(b)Reconstructed frame of proposed method,  =4 

 
(c)Reconstructed frame of proposed method,  =6 

 
(d) Reconstructed frame of proposed method,  =8 

Fig. 4 Comparison of the four reconstructed frames of 

Foreman video 

 

Conventional  

method  [dB] 

Proposed method,  [dB] 

2 4 6 8 

37.83 37.81 37.76 37.70 37.55 
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V. CONCLUSION 
 This paper classified ROI and non-ROI within the 

video according to motion vectors. The moving regions of 

non-zero motion vectors is set to focus region, then 

quantization step-size (parameter) is assigned to the focus 

regions differentially compared to the non focus regions. 

Proposed method obtained an improvement effect in 

subjective picture quality compared to the conventional 

method through the intensive application of the quantization 

step-size. 

 Although this study focused on the H.264 video 

coding, it can be directly used to other video coding 

standards including the HEVC[21]. In addition, it can be 

expected that this research will be extensively applied with 

other various bitstream transcoding techniques. 
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