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Introduction


Video is a series of image frames that capture the motion of objects. Those frames can be either analog
 (films) or digital (image files.) Frame rate is the term describing the number of frames displaying or recording
 per second
. More frames captured produce smoother object motions. As the video recording technology developed rapidly, the frame rates (number of frames capture in a second) of camera increases from 6 frames per second to more than 120 frames per second
. Since objects and their movements in the frames may not vary much in seconds, there may be some redundant information among the frames. Video compression is a technology making use of the redundant information for minimizing the video size.


This paper consists of two parts. The first part describes the concepts of video compression and then researches on some basic video compression techniques. The second part introduces a new video compression idea called “Cutting-Sandwich Approach” which improves the video compression rate and state the details of the technique.
Concepts of Video Compression


Video compression is based on two principles. The first one deals with the spatial redundancy existing in a single frame. It is known as intra-frame compression. This compression method codes a frame independently. The second one deals with the information similarity among a number of neighboring frames. As the paper described before, the information of a sequence of frames captured within seconds may not vary much, so similar frames can be coded together for reusing of similar information. This method reduces the temporal redundancy among frames is called inter-frame compression.
Generally, there are four kinds of frames – naming I-frame, P-frame, B-frame and D-frame. When a number of similar frames coded together, some of them is taken as the reference of the others and does not reference any other frame. This frame is called I-frame (intra-frame). All information of this frame will be recorded totally for intra-frame compression, such that it can be fully reconstructed by itself. While a frame referencing another frame (predecessor,) and it needs the information of the referencing frame to reconstruct itself. This frame is called P-frame (predictive frame.) P-frame can also be the reference frame of the others.
B-frame (bidirectional predictive frame) and D-frame (DC coefficient frame) cannot be reference frames. They merely use the information of other frames to reconstruct themselves. B-frame references 2 other frames. Its information is based on a predecessor (I or P frame) or a successor (I or P frame.) D-frame stores the DC coefficient of the frame, comparing with a reference frame. But the D-frame coding method is dropped from the innovation of MPEG-2 scheme and no longer is used, so I will not further discuss it in this paper
.

[image: image78.wmf]
Figure 1 – the relation of the coding order of the frames


To achieve the best compressed rate, the coding order of the frames is different from the display order because the coding schemes of the frames are different and their information is depending on the others. There is more than one acceptable coding sequence but a main rule should be followed – the referenced frames should be coded before their referencing frames. For example, figure 1 shows the display order of a series of frames and the arrows show the relation of their coding order. Therefore, frame 1 should be coded before frames 5 and 9 (but the order of frames 5 and 9 do not matter.) Frames 1 and 5 should be coded before frames 2, 3 and 4 (but the order of frames 2, 3 and 4 do not matter.) Again, the approach of video compression is eliminating the video file size for storage or for transferring through the network; the encoding speed of a file can be slow. Only the decoding rate should be considerably faster for video display
.
Intra-frame Compression


The intra-frame compression of video frames is similar to the techniques for image compression. It includes DCT, chroma-subsampling, Huffman coding, run-length coding, etc. This paper will skip the details on each technique and its implementation methods because they can be applied flexibly for optimizing performance. Intra-frame compression is only applied for referenced frame (I-frame.) This can be either lossy or lossless.
Inter-frame Compression

As the information of a frame is reconstructed by referencing other frames, inter-frame compression is usually lossy (and sometimes lossless
.) The information loss cannot be restored. If the information loss is over a certain level, (which will be defined in the coding scheme,) intra-frame compression will be used instead of inter-frame. The choice of the referenced frame (I-frame) is important; it affects the level of information loss of its referencing frames and also the compression performance. The following are some techniques that usually used for inter-frame compression:
Frame Differencing

A frame is comparing with its predecessor pixel by pixel. If the difference between them is small (a few pixels,) the encoder will send the code represents frame-differencing with the coordination of the specific pixels and the difference.
Frame Segmentation and Block Differencing


Frames are divided into equal-size non-overlapping blocks. A block is a square or rectangle region of pixels. Each block of the frame is compared with its predecessor’s. If the number of difference pixels is smaller than a certain number (a search threshold.) The compared blocks are assumed as the same (send a code represent block differencing.) The quality of image restore is depending on the block size and the search threshold.
Block Matching and Motion Vector

[image: image2]
Figure 2 – Search Region and Motion Vector


Similar to block-differencing, blocks of a frame (marcoblocks of the target frame) is used for comparing. However, the blocks of the referenced frame are not defined. The marcoblock of the target frame is comparing with the overlapped blocks of the referenced frame in a predefined region (search region
.) If the block difference is similar, the blocks are assumed to be the same. A code representing block matching will be sent with the motion vectors, which are the co-ordination displacement of the block. The overlapping and search approaches vary in difference schemes. They will affect the efficiency of the encoding rate.
Object Coding


[image: image3]

Figure 3 – objects of a frame


Frames are scanned for finding objects of a frame (only suitable frames with a few objects.) Objects of the frame and the background are treated separately. These objects can be rescaled, rotated or reposition. If the image of a frame is determined as reusing of these objects and background, a few codes (objectvectors) can be used to represent the frame.
Cutting-Sandwich Approach


The Cutting-Sandwich approach introduces two other framing dimensions for video compression such that the compression rate may be improved. This approach improves the performance of inter-frame compression and the intra-frame compression rate in some cases. By introducing some insignificant size of bits in the coding scheme, the scheme can apply both the traditional and new approach for better compression rate. This new approach is good for video compression keeping high-quality images
 such as DVD movies.
Cutting-Sandwich Algorithm

The Cutting-Sandwich approach reads a number of frames as a block of frames (named CUBE hereafter,) reframing them in two extra dimensions before coding. For example, we have three 3x3 pixels frames (i.e. frame 1 contains pixels 1.1-1.9, frame 2 contains pixels 2.1-2.9 and frame 3 contains pixels 3.1-3.9.)


[image: image4] 
[image: image5] 
[image: image6]
We will reframe the pixels vertically (named V-CUT hereafter) and horizontally (named H-CUT hereafter) for producing two extra sets of frames as following:
V-CUT set
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H-CUT set

[image: image10]  
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[image: image12]
For each set of frames, we apply the standard video-compression scheme for getting rid of the redundancy. Then we select the set with the best compression performance for the CUBE. We repeat this procedure CUBE by CUBE until all frames are compressed.
Motivation and Advantages
[image: image1]
The introduction of new dimensions for reframing is based on both assumptions on photography and computer scientist’s experience. Video is a number of frames capturing the motions of the objects within the screen. Based on my programming experience, I-frames are commonly used in coding for compressing some high-quality videos because the image matching / block matching rates are low. The low matching rates usually due to numbers of objects in the screen moves inconsistently. For example, in the following scene, the two basketball players have lots of detail movements in every seconds and the basketball keeps rotating, so it is so difficult to do inter-frame compression. Only the edges of frames can apply block matching since the players are moving in the center. It is impossible to use object oriented approaches since objects, such as the ball, the heads, hands and bodies of the players (except the background) moves quickly. Therefore, most of the frames will be coded as I-frames. However, the intra-frame compression of each frame may not be good since the color pattern of the images of the frame is random.
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Photographers usually focus the main objects at the center of the screen. Those main objects will not change within a few seconds. If we can take the V-CUT or H-CUT of the frames, frames of the edges (for example, the first line from the top) will get highly repeating pattern and their intra-frame compression rate will be very high. The compression rate of a frame on the middle will be also better than the original compression rate of a frame because fewer colors are used in the middle.

For frames with steady images or with a few moving objects, doing compression in V-CUT or in H-CUT may also get similar or better compression results in some cases. We will examine the details by 3 kinds of examples in the following sections. For calculation convenience, the following examples will take ten 10x10 pixels images with few colors.
Case for Steady Image
Tradition Approach
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The above is the sequence of frames with steady images. Since all frames are the same, we can take the first frame as the reference frame (I-frame) and let the others (P-frame) referencing it. For the I-frame, we take the full information of the frame for intra-frame compression. However, the intra-frame compression is low because the color pattern of the frame is random. For a P-frame, we copies every blocks from the I-frame because the frames are totally the same. The total information for all frames = Information of 1 frame + (number of frames – 1) * copy bits for a block * number of blocks in a frame. In this case, since the length of copy bits is short only the information of the frame is significant.
Sandwich Approach (H-CUT)
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For the Sandwich (H-CUT) approach, we reframe all frames horizontally (for example, the pixels in the first lines of the frames are transformed in frame 1.) In this case, the similarity of the frames will become lower (the block matching rates may still high, such as frames 1 and 3 are the same, and frames 6 and 7 are similar.) However, for the intra-frame compression on each single frame, it is very high. Only the first line of each frame could be taken into account, the other lines are copies of the first. Therefore, the total information of all frames = number of lines in the original frame * (information of a line of frame + number of frames in the original series * copy bits of a line) = information of an original frame + number of lines in the original frame * number of frames in the original series * copy bits of a line. Since the length of copy bits is short, the total information is approximately equal to the information of an original frame, which is what we get from the traditional approach.
Case for Few Movement Objects

Traditional Approach
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We take the square object on the top of the picture as the moving object in this case. For these frames, 1 object (9 pixels) and a background (100 pixels) can be used to restore all their information. By observing, the intra-frame compression rate of the background is low. Therefore, the total information of all frames = information of the object + information of the background + number of frames * copy bits for objectvectors. Since the copy bits are not significant, the total information is similar to that of the objects and the background.
Sandwich Approach (V-CUT)
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The above frames are the V-CUT frames of the moving object images. The object can be reused with different backgrounds. In this case, although the similarity of the backgrounds is low (only frames 1 and 3 are the same and frames 9 and 10 are similar,) the intra-frame compression rate of the background frames is so high (only the one row of the frame should be taken. Therefore, the total information of all frame = information of the object + number of rows in an original frame * (information in a row * number of frames in the original sequence + copy bits for objectvectors) = information of the object + information of an original frame * number of frames in the original sequence + number of rows in an original frame * copy bits for objectvectors. As ignoring the copy bits, we get the similar result as the traditional approach.
Case for Objects with lots of Detail Movements

Traditional Approach
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This above frames is used to demonstrate the poor compression rate of frames with objects with lots of detail movements. Let’s consider different colors represent different objects. Each of the frames has some variations from the previous because objects in the frames move slightly and randomly. For video compression of high-quality video, inter-frame compression cannot be performed because the blocking matching rate is low (with small search threshold.) Also, object coding approach cannot be used because information of the objects in the frames changes.  Therefore, all information should be stored as intra-frames. Intra-frame compression rate of each frame is low because colors of the images do not have any pattern.

Sandwich Approach (H-CUT)
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If we take Sandwich (H-CUT) approach of the previous series of frames, two main improvements can be done for the intra-frame compression result. First, framing the pixels in the similar position (in the same line / row) increases the chance to have good patterned frame. For example, we get a highly compressed frame (frame 10,) which is the edging lines of the original frames. Second, the number of colors / frame decreases significantly. All the frames used for the traditional approach have 6 colors / frame while all the frames used for the Sandwich approach have at most 4 colors / frame. Decreasing the number of color used in a frame increases the compression rate. For example, coding of 6 colors/symbols needs 3 bits while coding of 4 colors (symbols) needs 2 bits. For a frame with 100 pixels, the difference is (3 – 2) * 100 = 100 bits. Although this kind of calculation over-simplifies the intra-frame compression scheme, but improvement still apply for using fewer color codes.
Implementation


To integrate the Cutting-Sandwich approach with the traditional one, frames should be first read into a 3 dimensional buffer (CUBE.) The number of frames should be well-determined for the compression performance. A good choice may be equal to the shorter side of a frame
. For example, if a frame has 640 * 480 pixels, 480 frames are taken in a CUBE. Then we should apply general video compression scheme (e.g. mpeg) for the CUBE in the three different dimensions (one for traditional approach, one for V-CUT Sandwich approach and one for H-CUT Sandwich) and stores the results separately. By comparing their compression rate, we store the best one with 2-bit prefix code for defining the choice of dimension. For example, 00 for traditional approach, 10 for V-CUT, 11 for H-CUT and 01 for reserved. In this way, decoding can be performed simply and efficiently.

[image: image73]

Coding Scheme of V-CUT for 1st CUBE, H-CUT for 2nd CUBE and 3rd CUBE.
Worst Case Analysis

The worst case in introducing the Sandwich approach is the traditional approach performs the best for all CUBEs. So that the extra 2-bit for determining the coding dimension are useless comparing with not introducing the new approach at all. However, the size of introducing bits is insignificant at all. By considering video of 640 * 480 pixels frames, 480 frames are treated as a CUBE with 2 extra-bit is added. Then 2 / 480 = 0.004 bits are added per frame. Comparing with information of a 640 * 480 pixels frame, the increasing on the file size tends to be 0%.
Conclusion

This paper covers the draft ideas of the introduction of Cutting-Sandwich approach for video compression. All the contents should be further developed and examined. Further questions and technical problems may be raised while people study about the ideas. There are three potential questions that people might ask: first, the new scheme needs to decode a full CUBE for displaying, will it affect the video smoothness? For video display, buffer is needed to pre-read numbers of frames for decoding ahead for video smoothness, so a CUBE is exactly good for buffering. Second, the load of coding scheme is approximately 3 times as the traditional approach, so will it heavily slow down the encoding rate? Surly, the new scheme will increase the encoding rate but encoding speed does not matter for video compression
. And good hardware and software approaches may help the rate. The examples provided in this paper is not strong, are there any other better examples? No single example can show the evidences for whether the new approach is good, so computer program is suggested to be built for doing tests on files.
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3rd cube info





2nd cube info





1st cube info








� This paper will not cover anything on analog images, which cannot be compressed unless they are transformed to digital.


� This paper will consider the frame rate of recording but not the displaying rate since actual video size depends on the recording rate (number of frames captured per second) only.


� Wikipedia, Video, 30th April 2006, � HYPERLINK "http://en.wikipedia.org/wiki/Video#Number_of_frames_per_second" ��http://en.wikipedia.org/wiki/Video#Number_of_frames_per_second�


� Wikipedia, Video, 30th April 2006, � HYPERLINK "http://en.wikipedia.org/wiki/Video#Number_of_frames_per_second" ��http://en.wikipedia.org/wiki/Video#Number_of_frames_per_second�


� All the information covered in this section is sourced from the following scholars’ writing:


D Gall, MPEG: A video compression standard for multimedia applications, Communications of the ACM, 34(4):46-58, 1991. 


T Sikora, MPEG digital video-coding standards, IEEE Signal Processing Magazine, 14(5):82-100, 1997. 


N Brady, MPEG-4 Standardized Methods for the Compression of Arbitrarily Shaped Video Objects, IEEE Trans on CSVT, 9(8):1170-1189, 1999. 


R Koenen, MPEG-4 multimedia for our time, IEEE Spectrum, 36(2):26-33, 1999. 


D Salomon, Data Compression – The Complete Reference (3): 645-687, Springer, New York, 2004.


� The coding scheme for D-frame is still reserved in the current video compression technologies but it is seldom used in actual situation.


� Real-time video transferring is exceptional, both the encoding and decoding rate should be fast for playing the video smoothly.


� Inter frame compression can be lossless, or some parameters can be set when coding for achieving a lossless result.


� The size of the search region will affect the number of bits used for representing the motion vector.


� The image matching rate of high-quality video is low, so the chance of using I-frame for coding a frame is much higher than low-quality one.


� This is not proved. It is based on the observation of the author. Also, this is designed for more efficient hardware / software approach.


� As described at the early section, only decoding rate is important. The decoding rate of the new approach should be similar to the traditional one.





