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ABSTR.ACT 

This work focuses on the low bit rate video coding used in \ideo conferencing 

system. .A simplified segmentation based coding approach is exponed to H 263 and 

MPEG-1 standards. This approach uses the motion information to separate the moving 

objects from the rest and segments the moving macroblocks into objects Based on the 

features of video conferencing sequence, the encoder is optimized so that more bits are 

spent on theses moving objects and the others are treated as background Therefore, it 

saves a lot of bits. The encoder can select the objects by their sizes or let the \iewer select 

them. The quality of the output is fine by our observation. 
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CHAPTER I 

INTRODUCTION 

Digital video is a very exciting field for any visual communication systems. In the 

past two decades, research and product development in visual communication have 

advanced very rapidly. Because the encoded digital image produce voluminous data, the 

bandwidth of the communication channel is still a bottleneck for the visual communication. 

Therefore, the video data compression technology has drawn a lot of attention of 

researchers. 

1.1. Video Compression Standards 

Video sender and receiver work together in a communication system. The sender 

converts the video signal into compressed data stream, and the receiver decode that data 

stream and reconstruct the video image. In general, the format that the sender and the 

receiver use to represent the compression data is standardized so that the representation is 

understood by all other systems. 

l . l . l . MPEG Standards 

The Motion Pictures Experts Group (MPEG) standards are perhaps the most 

widely used for coding of video data. The group has proposed several standards. The 

oldest one is known as MPEG-1, a standard for storing moving pictures and audio on 



storage media at the rate of up to 1, 5 Mbit/s. A number of techniques are used by its 

encoder to achieve this coding rate. The first is to select an appropriate spatial resolution 

for the signal. It then uses a block-based motion compensation technique to reduce the 

temporal redundancy. Motion compensation is used for causal prediction of the current 

picture from the previous picture, for non-causal prediction from a future picture, or for 

interpolative prediction using the previous and future pictures The difference signal, 

giving the prediction error, is fiirther compressed using the discrete cosine transform 

(DCT) to remove spatial correlation and is then quantized. Finally, the motion vectors 

combined with the DCT information, are coded using variable length codes [Chiariglione, 

96]. This coding scheme is called hybrid coding. The detail of hybrid coding is discussed 

in Chapter II. An outline of MPEG-1 encoder is shown in figure 1.1. 
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Figure 1.1. MPEG-1 encoder. 

MPEG-1 standard was optimized for low resolution video formats, given in SIF 

format (360x240). MPEG-1 does not support interlaced format signals [Atul. 93] 



MPEG-2 is a standard for coding of digital television image [Chiariglione, 96]. 

MPEG-2 coding scheme is almost the same as that of MPEG-1. But, MPEG-2 was 

designed for relatively high resolution, images given in CCFR 601 format (720x480), and 

its encoder produces 4 to 9 Mbit/sec. MPEG-2 also supports interlaced format, it is a 

standard for digital television [Chiariglione, 96].^ 

MPEG-4 is a standard for muhimedia applications. The MPEG-4 project aims to 

establish a universal, efficient coding of different forms of audio-visual data, called 

audiovisual objects. It provides the possibility for the user to process those objects, such 

as the content of the image, the segmentation and the texture [Chiariglione, 96]."* 

MPEG-7, called "Muhimedia Content Description Interface," is a content 

representation standard for information search [Chiariglione, 96].^ The search materials 

includes: still pictures, graphics, audio, moving video, and information about how these 

elements are combined in a multimedia presentation ('scenarios', composition information). 

Special cases of these general formats include: facial expression, personal characteristics 

[Chiariglione, 96].' MPEG-7 is an extension of MPEG-4. 

1 • 1.2. Telecommunication Standards 

Another group, known as ITU Telecommunication Standardization Sector (ITU-

T or CCITT) developed standards for visual telecommunication. Its standard, H.261, is 

designed for audio-video communication at the bit rates of px64 Kbit/sec, where p is a 

positive integer. The group has also provided a new standards, known as H.263, which is 

designed for the bit rates lower than 64 Kbit/sec. 
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H261 is perhaps the most widely used international \ideo compression standard for 

video conferencing. The standard is really suitable for applications using circuit switched 

networks as hs transmission channels, such as ISDN channel [Crowcroft. 96] The coding 

scheme is similar to that of MPEG-1. 

H.263 succeeds H.261 In H 263. half pixel level precision for motion estimation 

and overlapped motion compensation are used [Schaphorst. 96] So. H.263 can achieve 

higher compression ratio, and it is suitable for analog telephone line as well as ISDN 

In general if the bit rate is expressed as px64 Kbit see. where p<30, the 

communication is termed as low bit rate. If the bit rate is lower than 64 Kbit sec, it is 

called ver>' low bit rates. 

As a telecommunication standard, R263 is mamly used in \ideo conferencing 

system. A video conferencing system and/or video phone is an integration of dedicated 

audio and video data which has provisions for real-time interaction. With the increase in 

the a\ailabiht\" of network bandwidth, visual communication will grow Likewise, there 

will be continued interest in low cost video phone system based on ISDN channel. 

64Kbits/sec or analog telephone line. 28.8 to 56.6Kbit/sec Because of these reasons, the 

research on the low bit rate coding (10 to 128 Kbits/sec), suitable for video phones, is 

hiojilv desired 

1.2. Low Bit Rates Coding 

To reduce the channel bandwidth requirements, low bit rate encoders should 

compress video data highly. For example, transmission of a video data in CEF format may 
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need a bandwidth of 37x10^ Bits/sec [Li, 94]. If the same sequence is to be transmitted 

on ISDN or analog line, the compression ratio should be at least 1000:1. 

It may be impossible to compress the fiill TV signal to achieve coding at that low 

bit rate. Fortunately, the image sequence generated by a video phone is not that complex. 

A typical video phone generated image sequence has three characteristics: (1) Fixed scene 

content; typically a scene contains the facial image of the speaker and there is very little 

change from the beginning to the end. (2) Limited motion; changes between two 

successive image is very little and is generally limited to face. (3) Special requirements for 

visual information; The main objective in visual communication is to transmit the facial 

expressions of the speaker. This information remains unchanged over several frames. 

Hence, a number of frames can be dropped. 

The combination of these characteristics can be exploited to realize very high 

compression of the visual information. 

1.3. Existing Research on Low Bit-rates coding 

There are three kinds of video compression scheme. These are classified as wave

form-based, model-based and segmentation-based coding. 

In the wave-form-based coding, compression is performed directly on the two 

dimensional image data. The data is usually compressed using an algorithm based on 

orthogonal transformation, and the previous frame is used to predict the current frame to 

obtain the motion compensation, such as that in MPEG-1. 



To achieve low bit rate, a number of improvements have been suggested to 

enhance classic motion compensation methods, for example, motion estimation w ith half 

pixel boundary [Li, 94], and coding the motion vector data differentially [Garcia. 96]. 

Because large quantization step size is used to achieve low bit rate, decoded image 

suffer due to block artifact. Block boundary overlapped motion has been studied to 

remove the block artifact [Garcia, 96]. Another method is to use multiple steps to relieve 

from the block distortion [Ngan, 96]. 

In model-based coding, there is a predefined set of image models, and the encoder 

selects a suitable model to represent the image signal [Luis, 96]. In theoPr', this approach 

should achieve very high compression ratio. MPEG-4 is base on this kind of scheme. 

But, only a very limited types of images can be coded using models [Luis, 96]. 

In segmentation-based coding, the image is split in several regions of possibly 

different shapes, and the contour and texture parameters describing the region boundaries 

are encoded [Li, 94]. In most case, the shape of a contour is ver\- complex, and it takes 

many bits to code the contour. For details on how to compress different shaped of 

regions, see [Eryurtiu, 95]. 

1.4. Research Topic of This Thesis 

The objective of our research is to find ways for fiirther compression which suit for 

visual communication such as in video phone. In such system, the images are relatively 

simple. Therefore, model-based or segmentation-based coding is suitable for video data. 

However, the existing standards for visual communication such as H.261 and H.263 use 
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wave form (or pixel) based encoders, because there exist extensive understanding of image 

processing and compression. In this thesis, we attempt a simphfied segmentation based 

approach and try to export it to MPEG-1 and H. 263. 

In our research, a segmentation algorithm is developed which uses the motion 

information to find the moving objects. Since, in the video phone system the motion is 

mainly caused by the speaker, in this research, the encoder is optimized so that more bits 

are spent on these moving objects, and the others are treated as background. It saves a lot 

of bits. 

We conduct our experiments on a video sequence, "son", which is a MPEG movie 

showing two persons talking with a forest scene as the background. It contains some 

complex motion in the foreground and the zooming of the background. The other 

sequence is "earphone". This is a video sequence of mobile video phone. 

All the experiments are done using a MPEG-1 encoder. The encoder is modified so 

that it can simulate a H.263 encoder, except the advanced coding modes of H.263. 

In this report, we give an introduction for video coding in Chapter II. Chapter II 

also presents a brief overview of H.263 standard and its difference with MPEG-1. Chapter 

III describes the details of the algorithms developed here. Chapter IV presents 

experiments resuh and Chapter V contains the conclusion. 



CHAPTER II 

VIDEO CODING AND H 263 STANDARD 

The main stream of video coding standards, MPEG-1, MPEG-2, H.261 and H.263 

are all governed by some hybrid coding schemes. The features of the hybrid coding 

determine the efficiency of the encoder. 

For low bit rate coding, it is not possible and nor necessary to transmit all 

information of the sequence. In some coding schemes, part of the information is skipped 

by the encoder, the reconstructed image may be a little different from the original, and 

some distortion may even be seen by the observer, but it can be tolerated to some extent. 

These coding schemes are called lossy coding. The target of lossy coding is to achieve a 

good trade off between the quality and bit rate of the sequence. Although the quality is 

depended on the subjective feeling of the observer, and there are some method to measure 

the fidelity of the still image, define a metric to measure quality of a video sequence is still 

an open question. 

Lossy in the image sequence depends on the bit rate. In most case, the encoder 

uses the given bit rate to control the coding process. The encoder can influence the bit rate 

by dropping less or more information, depending on the content of the sequence. 

Therefore, we want a smooth relationship between the bit rate and the quality so that the 

encoder can adjust the bit rate without sudden degradedness of the quality. For most of 

the encoders, quantization is used for bit rate controlling. 
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In this research, a MPEG-1 encoder is used to simulate certain features of the 

H.263 encoder, because available documents on the MPEG-1 describes it clearly, and both 

MPEG-1 and H.263 use very similar coding scheme. However, H 263 encoder is 

designed for low bit rate coding. To use a simulator, the MPEG-1 encoder used here 

would be modified for it to work properly for our experimental algorithms. 

For constructing a simulator of H.263 encoder, in this chapter, we give a brief 

comparison of the two standards. By this comparison, we also found that the some 

features of H.263 standard are closely related to the features of a typical video phone 

sequence. 

2.1. Hybrid Coding 

In a video sequence, pixels are mostly not independent from each other. The video 

data stream has some inherent statistical or deterministic relations in both temporal and 

spatial domains, and there exist many types of redundancies. Therefore, several 

techniques have been developed to avoid these redundancies. 

One of the redundancies is called the spatial redundancy. It is due to the 

dependency between neighboring pixels. In practice, the values of all pixels in a 

neighborhood are very close. This indicates that signal energy is evenly distributed over 

image blocks, and pixels are highly correlated. There exist orthogonal transformations 

which can redistribute the signal energy into a small number of components. For encoding 

the images, only the components with significant energy need to be coded. This alone 

results in significant compression. Discrete cosine transformation (DCT) is a well-studied 



method for packing energy into few pixels A brief introduction to DCT and a 

compression algorithm in a video encoder is given in [Lakhani, 96]. 

The redundancy in the temporal domain is called temporal redundancy In video 

conferencing, it is assumed that there is little movement of the object between consecutive 

frames of the image sequence [Ayyagari, 94]. So, the previous frame can be used to 

predict the current frame. 

A low bit rate video compression system should compress both temporal and 

spatial redundancies. One such scheme, "hybrid coding," is a combination of 

transformation coding and predictive coding. There are three kinds of hybrid coding, 

hybrid coding I, hybrid coding II and hybrid coding III, as shown in Figure 2. 1 [Li, 94]. In 

hybrid coding II, a transformation is followed by a prediction set, as in Figure 2.1 (b). 

Hybrid coding I places the transformation part inside the feedback loop of the predictive 

coding, as in Figure 2.1 (a). The current version of hybrid coding is hybrid coding 111. It 

is a motion-compensated DCT scheme (MC-DCT), as shown in Figure 2.1 (c). The most 

important feature of the hybrid coding III scheme is that the original image is used for 

motion estimation, then, the reconstructed image is used for motion prediction, as shown 

in Figure 2.1 (c). Because motion estimation uses the original image, its predicting ability 

is more efficient than hybrid coding I. 

In practice, the DCT coefficients take more bits than motion vectors. So, saving 

DCT coefficient bits is very important. Hybrid coding III has more accuracy motion 

estimation, and is more effective than hybrid coding I. 
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Figure 2.1. Three kinds of hybrid compression scheme. 

In some coding standards, such as MPEG-1, MPEG-2 and H.263, the encoder 

perform motion estimation at half pixel level. This way, motion vectors take more bits 
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than one pixel precision motion estimation, but, because of high accuracy of motion 

estimation, the code length of DCT coefficients reduce to much less than one pixel 

precision. 

2.2. H.263 Standard and Its Comparison With MPEG-1 

H.263 standard is designed for a very low bit rate compression. It means that the 

encoder must skip some image information so that to achieve the assigned coding rate. 

Therefore, it uses some lossy coding schemes such as quantization, dropping of frames 

and subsampling pixels. The main objective of the encoder is to realize a good tradeoff 

between the compression ratio and the visual quahty of the video. 

2.2.1. H.263 Standard 

H.263 encoder has four stages to process a video signal. These are: 

1. Motion estimation and compensation, 

2. Transformation, 

3. Quantization, and 

4. Entropy Coding. 

A combination of stage 1 and stage2 is rehed in the hybrid coding loop. 

2.2.1.1. Picture format 

The picture format of input and output frames is one of QCIF(I 76x 144), 

CIF(352x288), 4C]IF(704x576), and 16CIF(1408x 1 152) [Schaphorst, 96]. Since the 
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encoder can subsample the input pictures for low bit rate compression, the output frame 

size may be smaller than that of input. 

2.2.1.2. Data Stream Structure 

The video data is arranged in a hierarchical structure which is divided into four 

layers. From top to bottom, these layers are: Picture, Group of Blocks, Macroblock, and 

Block. For example, as shown in Figure 2.3, a CDF format picture has 18 groups; each 

group has 22 macroblocks and each macroblock has four luminance blocks and two 

chrominance blocks. A block is a 8x8 pixel array [Schaphorst, 96]. The data within a 

layer is divided into a layer header, indicating the property of the layer, and the data of the 

next lower layers. 

Macro-Block 

Luminance 
Block 

Chrominance Block 

Group 

Figure 2.3. CIF picture format 
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2.2.1.3. Picture layer 

The picture header indicates the picture type (PTYPE) and the number of dropped 

pictures before this one. The header of the picture layer also provides the quantizer, 

denoted as PQUANT, used as the defauh quantizer for the whole picture. Typically, a 

picture header takes about 60 bits. 

2.2.1.4. Group layer 

A block group is a set of macroblocks. The encoder may choose an empty group 

header or use it for external means [Schaphorst, 96]. Sometimes, the header may indicate 

the quantizer, GQUANT, used for this group rather than the quantizer given by the picture 

header. A group header takes about 30 bits. 

2.2.1.5. Macroblock layer and block layer 

The header of a macroblock indicates the coding technique used here, such as 

INTRA block (meaning this block is coded independently), or P-block (meaning this block 

is predicted with respect to the previous frame). Other than these choices, the encoder 

may choose the advanced mode to code this block if the decoder agrees. The code of the 

motion vectors of the macroblock is also a part of this header. The motion vector takes 

2-26 bits and the whole macroblock header take about 20-50 bits. 

Data for block layers contains the DCT coefficients of this block. In most cases, it 

is about 0-500 bits for each INTER 8x8 block, and it will take more bits if it is coded as 
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INTRA. For each macroblock. the total DCT coefficients take about 0-3000 bits. It is 

dependent on the accuracy of motion estimation and the quantizer. 

2.2.1.6. Picture Types 

For a given frame, there are four choices for the encoder, i.e.. code it as an 

I-fraine, P-frame. PB-frame or discard the frame altogether. In the I-frame mode, the 

picture is coded without prediction, i.e., data blocks are coded in FNTR.A. mode. In the P-

frame mode, data of the macroblocks may be predicted using the previous picture. A PB-

frame consists of two pictures coded as one unit, the first one is predicted from the 

previous frame like a P-frame and the next one, called B-picture, is bidirectionally 

predicted, as the interpolative prediction in MPEG-1 [Schaphorst, 96]. 

2.2.1.7. Macroblock type and block type 

The encoder can choose one of following types to code a macroblock: 

1. INTRA: the block or macroblock is coded independently. If the picture type is 

I-frame, every block is coded as INTRA. 

2. INTRA with 5 quantizer: the block is coded as FNTTRA but the quantizer step 

can differ by ±2 from the group quantizer, GQU.\NT, or picture quantizer, 

PQUANT 

3. INTER: this block is predicted by the previous frame. It can be adopted in 

both P-frame and PB-frame. 
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4. INTER but no code: the inter block is represented completely by the data of 

the reference block; the coefficients of differential block are not transmitted. 

5. INTER with 6 quantizer: the quantizer can differ by ±2 from group quantizer, 

GQUANT, or picture quantizer, PQUANT. 

6. B-block: used in PB-frame. This kind of block is predicted by both of previous 

decoded picture and the P-block within the same macroblock. 

7. B-block but no code: this block can be represented completely by the data in 

the forward and back ward reference blocks; the coefficients of differential 

block are not transmitted. 

8. Advanced motion prediction mode: Each 8x8 block has a motion vector in this 

mode. There four vectors for each macroblock. Four vectors use more bits, but 

give better prediction, and hence reduce the bit rate. In this mode, overlapped 

block motion compensation (OBMC) is used for the luminance part of the P-

frame. It computes a weighed average value taking both the current block and 

its neighbors for reducing block artifacts. Overlapped motion compensation 

allow large quantizer step size without block artifice. 

2.2.2. Comparisons of H.263 and MPEG-1 

The comparisons here not only show us the possibility that the MPEG-1 encoder 

can be used to simulate an H.263 encoder, it also gives us a strong impression that the 

H.263 is optimized for real time and low bit rate applications. 
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2.2.2.1. Motion Compensation 

Because the motions in low bit rate coding are slower than those in movies, in 

H.263, the range of motion vector is restricted to [-16, 15.5]; and the same is 

extended to f-3 1.5, 3 1.5] in the unrestricted mode [Schaphorst, 96]. 

According to MPEG-1 standard, there is no strict limitation of the range of motion 

vector, but the reference block carmot point outside the picture boundary. 

In both standards, determination of the best marched motion vector is unspecified, 

and both allow motion estimation at half pixel precision. 

In addition, H.263 also has advanced motion prediction. Because of the subsample 

in spatial domain, a macroblock in H.263 may contain more detail than that in MPEG. 

Sometimes, forcing all four blocks of a macroblock to use one motion vector is not 

reasonable. Advanced prediction mode can, somehow, solve this problem. 

2.2.2.2. Picture type and Block type 

The biggest difference between the two standards may be that, in H.263, the 

picture type is chosen by the encoder, but, in MPEG-1, the picture type is given by a 

picture group structure (GOP). Generally, the H.263 encoder codes a higher number of 

pictures in P-frame mode than that by the MPEG-1 encoder, because H. 263 is normally 

used for slower motion appHcations. 
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Table 2.1 presents a summary of macroblock types for the two standards. As 

shown in Table 2.1, MPEG-1 has more coding modes. It allows each macroblock to have 

its own quantizer and the Interpolated picture is more fixable than that of H. 263 Because 

H.263 require a real time implementation with low hardware cost, it is simpler than 

MPEG-1. 

2.2.2.3. Lossy Coding 

Other than the quantization, the H.263 encoder can drop all the DCT coefficients 

so that only the macroblock header is coded. Or, the encoder can drop a macroblock as 

whole, leave only one bit to indicate that this macroblock is discarded. The encoder also 

can discard at most 6 sequential frames [Schaphorst, 96]. In MPEG-1, the encoder cannot 

drop frames, because it is not designed for low bit rate coding. 

The MPEG-1 standard provides a quantization matrix for quantization of DCT 

coefficients to reheve the block distortion. The H.263 standard does not provide any such 

matrix, but it uses overlapping motion compensation for block distortion. It is simpler 

than quantization matrix. 

In H.263, it is possible to use the same PQUANT for all frames and a CTQUANT 

for a group of macroblocks. The quantizer of a Macroblock is given as a 6 quantizer. 

Thus, the quantizer of a macroblock can only differ by ±2 from that of the PQUANT or 

GQUANT [Schaphorst, 96]. In MPEG-1, there are two kinds of quantization step sizes, 

SQuant and M-Quant. As a defauh, the macroblocks in the same shce use the same step 
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size. But, a macroblock can adapt to any step size denoted as M-Quant. Setting a step 

size for each macroblock may take more overhead. 

2.2.3• Construction of H.263 Encoder Simulator 

In this research, we only touch the normal coding features of the H.263 encoder; 

therefore, a MPEG-1 encoder is enough to simulate them. 

As shown in Table 2.1, except in the advanced modes, the number of the other 

coding modes of H. 263 is smaller than that of MPEG-1. In MPEG-1, the M-INTRA 

mode can code a macroblock as INTRA with a specified quantizer. It is enough for 

simulating the mode in H. 263. The MPEG-1 encoder can drop any INTER macroblock 

so, it can simulate the H.263 encoder by dropping macroblocks. The M-INTER mode of 

MPEG-1 can simulate the INTRAR mode of H.263. 

The picture type of MPEG-1 is defined by the structure of the picture group. So, 

in the research, a special picture group is used. The group size is the same as the total 

number of frames. Only the first frame is defined as a frame, and all the others are defined 

as an INTRA frames. If the encoder wants a frame other than the first one to be coded as 

INTRA frame, the MPEG-1 encoder can code all the macroblocks of this frame as but it 

sill sets the picture type as INTER. Similarly, if the encoder wants to discard a frame, it 

can code it as an INTER frame but it drops all the macroblocks of this frame. Therefore, 

we should expect the first one, any other frames in the video sequence can be coded as 

INTRA, INTER or discarded, as in H. 263. 
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Because the quantization matrix is only used in MPEG-1 encoder, and the 

Huffman table used for MPEG-1 is different from that of H.263. The experiment result 

may be different from that of a real H.263 encoder. But, we can still compare the coding 

efficiencies of different algorithms by this simulator. 
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Table 2.1. Comparisons of picture types and macroblock types in MPEG-1 and 
H.263. 

MPEG 
Frame type 

INTRA 

Predicted 

-

Interpolated 

Macroblock type 
INTRA 

INTRA M-Quant 
INTER 

Inter frame 
(zero motion vector) 

INTER no code 

INTRA 

INTER M-Quant 
Inter frame M-Quant 

INTRA M-Quant 

Interpolative no code 

Interpolative 

Backward no code 
Backward 

Forward no code 
Forward 
INTRA 

Interpolative 
M-Quant 

Backward M-Quant 
Forward M-Quant 

H.263 
Frame type 

INTRA 

Predicted 

PB-frame 
(B-block only) 

Macroblock type 
INTRA 

INTER 

INTER no code 
INTER 4V 
INTER - Q 

INTRA 
INTR.A -Q 

No code 
No vector 
No code in 

B-block 
Code and \'ector 

in B-Block 
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CR-\PTER III 

CODING STRATEGY 

Mdeo conferencing sequence is different from mo\ie. Its features can be used to 

achieve high compression ratio In this research, we pick up some features and use them to 

let the encoder drop macroblocks as many as possible. Of course, these features should be 

analyzed first, then, we construct an approach based on them Finally, by the data 

collected from the sequence, '"son", an usefiil algorithm is developed here. 

3.1. Problem Statement 

3.1.1. Features of \'ideo conferencing 

For video phone sequence, there is no scene change, and the camera generally 

remains focused on one speaker. In the case of mobile video phone, the camera undergoes 

limited motion such as zoom, pan and vibration. Therefore, the movement is mainly 

controlled by the speaker [Li. 94]. 

At a low bit rate coding, it is impossible to avoid coding distortions In practice, 

coding distortion are visible to some extent, but these can be tolerated For example. 

1. The system is not expected to provide all the detail of the image. 

2. Due to the quantization, the brightness and color combination in reconstructed 

image may be shghtly different from the original. Decoded image sequence is 

still acceptable, unless these is an obvious block artifacts. To produce higher 
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compression, the quantizer step size is set as large as possible without 

introducing the block distortion. 

3. The code bits should describe the foreground. Since the distortions on the 

background can be ignored sometimes. 

4. It is not necessary that decoded image sequence present as exactly the same 

way in the original motion. Encoding of a fast movement may be represented 

as a progressively movement. 

3• 1.2. Coding Approach 

Because the viewer of a video conference is generally interested in the action of 

the speaker, which is the main object in the image sequence. Most of the code bits should 

be used to encode the speaker. H.263 is a wave form based coding standards; it cannot 

encode model based segmentation information, nor can it perceive the real objects in the 

image. However, by the features of video conferencing, in most case, the motion is mainly 

caused by the speaker. It is a character of the main objects in the image. So, it can help the 

encoder to find the main objects. 

In practice, a video phone encoding system is expected to capture expressions of 

the speaker [Li, 94], and smaller objects which move slowly can be ignored. However, It 

is not valid in every case, for example, the speaker may close eyes without making any 

other change in the facial expression. Therefore, the encoder need to code only a small 

number of fast changed objects only. Hence, a low bit rate encoder should model the 

major objects of the video sequence. 
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The problem is that the pixel based encoder cannot model the real object, so the 

clusters of moving macroblocks are treated as objects by the encoder In most case, these 

clusters are corresponding to the real objects in the video conferencing sequence and its 

size is related with the size of the real object . 

In our research, we tr\' to describe the main objects of the given video sequence as: 

(1) these objects which sustain the significant change in the sequence and (2) the size of 

the objects is considerably large. Assuming that the background remains relatively 

unchanged, the encoder need only code the main objects. 

It is vet}' adequate to treat only the significantly changed objects as the main 

objects. If the main objects remain still or move very slowly for a number of frames, the 

encoder may have difficulty to find them just by the detection of changed macroblocks 

from one frame to the next alone, if so. it may treat the them as part of background. Note 

that it is really not necessar\' to code ever\' slight change in the position of the main 

objects, so long, the over all motion objects is coded. 

Therefore, we define the main objects as those changing significantly and are of 

considerably large size. It makes encoder ver\' feasible. 

Logically, the encoder need to code only the changing section of the image, since it 

is the basic idea of any hybrid video coding scheme. If the macroblocks incurring no 

changes or a very small changes are ignored, encoder would also not have to waste bits of 

the overhead of the macroblocks. If the encoder could also ignore the motion caused by a 

jerk in the camera or ignore who cause httle change in the change on the background, the 

encoder could save even some more bits. 
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This approach also helps in achieving a better bit rate control For a better bit rate 

control, the compression-quality curve should be as smooth as possible In wave-form-

based coding, the quantization is the only control parameter. But, for very low bit rate 

coding, quantization alone is not enough. The other choice for the encoder is drop a 

number of macroblocks of each frames or some frames altogether. If the encoder code 

only a few objects for each frame, it may have a new approach besides quantization and 

dropping frame to reduce the bit rate. 

With this much understanding of the video input, we can now consider our 

approach: The encoder should divide each frame in sequence and detect segments which 

change from one frame to the next, then, only some of the changed segments will be 

coded. 

3 1.3. Research Topic 

The main focus of our research is to help the encoder to identify sections of the 

video frames which need not be coded. To do so, we propose an algorithm to identify 

macroblocks which have changed since the previous frame. The goal is to ignore all 

macroblocks with "no" changes as much as possible. Next, we propose a heuristic to 

divide the frame into few segments (objects), so that changed macroblocks are part of one 

or more objects. As stated in the previous section, the number of such objects is generally 

very small in video phone sequence. Finally, we use another heuristic to decide which of 

the objects should indeed be coded. Thus, we meet the objective to skip as many 

macroblocks as possible from coding. 
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Concluding the problem stated, there are three topics, which are: (1) changed 

macroblock detection, (2) parting the changed macroblocks into segments and (3) 

selection of these segments for coding. 

There many approaches can be used for detection and partition of changed 

segments, such as the algorithms used in model based encoder and segmentation based 

encoder. But, these algorithms cannot be used here due to their the computational 

complexity. In this research, we hope the encoder utilize the information generated by 

hybrid coding scheme to achieve our target. 

The selection of objects is based on the viewer's feeUng. The encoder should code 

the objects in which the viewer is interested. Some experiments have be done to compare 

the quality of different selection algorithm and the result is discussed in Chapter IV. 

3.1.3.1. Detection of Changed Macroblocks 

In hybrid coding scheme, there are two ways to find if the macroblock has 

changed. One is the motion vector of the macroblock. If its motion vector is nonzero, it 

means the macroblock has changed. The other one is the content of the motion 

compensated macroblock. If there exist some nonzero pixels in the motion compensated 

macroblock, the macroblock has changed. Due to low bit rate encoding, we are only 

interested in the significant changes. If the changes are barely noticeable by the viewer, 

obviously, these changes can be ignored by the encoder. 
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So, there should be two thresholds, one for motion vectors and other for motion 

compensated macroblocks, and either one of them can be used to find the changed 

macroblocks. 

For motion vector, the threshold is obviously its radius. For motion compensated 

macroblock, right now, there is no suitable parameter to measure changes. So, we define a 

measurement of our own. 

We do not expect to derive a perfect algorithm finding the moving macroblocks. If 

an non-moving macroblock is detected as a moving macroblock, it does not effect the 

video quality. But, if some moving macroblocks are ignored by the encoder, it will hurt the 

visual quality. Therefore, we should make sure that all the macroblocks changing 

significantly which belong to one or more objects are coded by the encoder. However, it 

may increase the bit rate. 

3.1.3.2. A Segmentation Heuristic 

To achieve high compression ratio and low bit rate, the encoder should not code 

all objects in the image, which may have changed. So, it should do segmentation and 

identify objects which must be coded. As shown in Figure 3.14 (b), the man's face is 

connected with his body, right arm and a tree on the background. We hope they can be 

coded separately, or, for low bit rate coding, the encoder can only code the face and drop 

the rest. 

However, the segmentation produces some unavoidable error. There are two kinds 

of segmentation error. One is due to the case that the encoder combines two objects into 
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one. It would hurt the compression ratio, but cause no coding error. The other one is due 

to the division of one physical object into to two or more parts. If this object is moving, 

and all of its parts are coded or discard, it creates no problem. But, if only one part is 

coded and other parts are ignored, it may cause unacceptable distortion in the images. 

Figure 3.1, only half of the face coded, where there is same changes in whole face. 

Again, we face the same problem seen during the detection algorithm. If the 

segmentation algorithm cannot be accuracy enough, a safety coefficient should be used. 

Then, more objects should be coded to make sure the main objects in the image are coded 

completely. As a resuh, less compression ratio is achieved. 

Figure 3.1. The encoder only codes half of the face. It is the worst distortion. 

For video conferencing applications, the number of main objects in each frame is 

generally very small. In most case, there is only one main object in each frame. However, 

coding only one object for each frame may cause some fatal distortion due to the 

segmentation error, as seen in Figure 3.1. Therefore, about 2 to 4 objects may be coded. 
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and this number can be used as bit rate control parameter. The safest way for selection of 

these objects is to code all objects spanning more than two 2 macroblocks. So that every 

macroblock belonging to the same object is coded. Certainly, it will increase the code 

size. Experiments dealing with difference selection method will be presented chapter IV. 

In this research, a simple heuristic is used and the thresholds are selected careftilly 

to produce such a good image quality output. 

3.2. Changing Macroblock Detection 

The output of hybrid coding scheme is used for changed macroblock detection. 

For motion vector, its radius can be used as a threshold, and we should define a suitable 

value for this threshold. For zero motion compensated macroblock, we should find a 

metric first. For pixel based encoder, the variance of luminance are mostly used as a metric 

of the "power" of the macroblock, and, the DCT code length can be used to measure the 

change of the macroblock from that in the previous frame. In this experiment, these two 

metric will be compared. 

The macroblocks with non-zero motion vector can be treated as changed 

macroblocks. The variance and DCT code length of these changed macroblocks can be 

used to find out which one is suitable as a threshold. 
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3.2.1. Statistic Characters Of Changing Macroblock 

3.2.1.1. Motion Vector and Average Variance 

The average variance of a macroblock can be used to measure the "power" of this 

macroblock. We try to relate the motion vectors and the variance of zero motion 

compensated macroblocks. This relationship is exhibited using an experiment. 

"Son" video sequence was used for this experiment, because the motion in this 

sequence is relatively complex. It has two main objects and a detailed background. 

This experiment computes the distributions of the variance of so called zero 

motion compensated macroblocks. Result are shown for 90 frames of CIF size. We found 

that there were 22848 macroblocks with zero motion vectors, about 65% of total 

macroblocks. 

Figure 3.2 describes the resuh of the experiment. As, if the motion vector length 

greater than 1 pixel, the distribution of the variance are totally different from that for the 

zero motion vectors. It seems that the macroblocks with motion vector larger than 1 pixel 

are more likely to be different from that in the previous frame. 

Figure 3.3 is the percentage of macroblocks above a given value of variance. The 

macroblocks with zero motion vector and motion vectors above 1 pixel are compared in 

Figure 3.3. As shown in Figure 3.3, the percentage of zero motion vector drops steeply 

after the variance greater than 7. If we set 7 as a threshold, 94% of macroblocks with 

motion vectors greater than 1 pixel are marked as changed, whereas 84% of macroblocks 

are marked in the case with zero motion vectors. 
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Figure 3.2. The distribution of variance for different motion vector length. 

Obviously, some macroblocks with zero motion vectors may have changed. But, 

84% is large enough. We want a threshold that can be used to separate the changed 

macroblocks from the others, but, we do want it ignore the macroblocks with little 

significant changes so that the encoder can save more bits. 

By experimenting pixels of some blocks, we found that the variance metric is not 

sensitive to any edge inside the block. We explain it by using an example given in Figure 

3.4. It shows a bright square in a 8x8 block. If the size of the bright square change one 
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pixel, it will cause an edge in the zero motion compensated block, see Figure 3.4(c) Since 

the bright square does not move, the motion vector is zero. It is a typical case for most of 

the changing macroblocks with the zero motion vector. 
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Figure 3.3. The percentage of macroblocks above a variance threshold 
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(a) Reference Block (b) Current Block (c) Zero Motion Compensated Block 

Figure 3.4. An example of a changing block. 

For the block shown in Figure 3.4(c), the average variance is 3.03. From the 

curves in Figure 3.3, we find that above 99.4% of macroblocks' variances are above this 

value for both zero motion vector and non-zero motion vectors. It is very unlikely that 
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99.4%) of macroblocks incur significant change. But the change shown in Figure 3.4 is a 

real significant change, because it can be perceived by human eye. 

Conducting this experiment, we found that variance alone is not suitable to be used 

as a threshold to separate the changed macroblocks from the rest, because it is not 

sensitive to the edges. 

As that shown in Figure 3.2, when the motion vector length is greater than 1 pixel, 

the distribution of variance are totally different from those with zero motion vectors. So 

the length of 1 pixel may be a good threshold to detect changed macroblocks. 

3.2.1.2. Motion vector with DCT coefficients code length 

Since the variance alone cannot be used to separate the changed macroblocks from 

the rest, in this section, we study the suitability of the DCT coefficients as possible 

candidates for the same. 

The experimental resuhs are shown in Figure 3.5. 

For this experiment, the DCT coefficient code length was computed for blocks 

with different motion vectors. Since the DCT coefficient code length is depended on the 

quantizer. For video conferencing applications, the quantizer step size is set as large as 

possible without introducing block artifacts. We set all the quantizer step size to 26 for all 

the coefficients. 

As shown in Figure 3.5 and based on the DCT code length, the distribution of 

blocks with motion vectors greater than 1 pixel is quite different from that with zero 

motion vectors. This observation marches the observation for the previous experiment. 
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Notice that the graphs of code length are sharper than that for variances .A.s shown 

in Figure 3.6, if we set 8bits/macroblock as a threshold, 95% of macroblocks with more 

than 1 pixel motion vector are above this threshold, and, only 39%) of those with zero 

motion vector are above this threshold. Comparing with that in Figure 3 3, the code length 

used as threshold should be much better than the variance. 
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Figure 3.5 The distribution of code length of DCT coefficients versus different motion 
vector length. 
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Figure 3.6. The percentage of macroblocks above the code length threshold. 

Another reason for the code length based threshold to perform is better than the 

one based on variance is that former one is sensitive to the edges. Figure 3.7 gives the 

DCT of the block given Figure 3.3(c). The DCT algorithm used here is the same as the 

one used by the MPEG-1 encoder. (For simplicity, each DCT coefficient is muhiplied by 

8.) Figure 3.7(b) gives the block after the quantization. The MPEG-1 encoder will take 49 

bits to code those coefficients, or it will take 292 bits for the whole macroblock 

(6 blocks). It means the DCT coefficient based threshold is very sensitive to this kind of 

small edge. 

In Figure 3.6, for those with motion vector more than 1 pixels, the curve is a 

straight line. But, for macroblocks with zero motion vector, it is steep for blocks using 0 

to 20 bits/macroblock, then it become very flat and it is lower than 20%). Consider that the 

zero motion macroblocks take about 64% of total macroblocks, 20 bits/macroblocks can 

pick out over 50% of macroblocks. 
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(a) The DCT coefficients of figure 3.3(c) (b) The result of quantization 

Figure 3.7. The resuh of DCT of Figure 3.4 (c). 

Actuarially, 20bits/macroblock is a very small number for DCT code length. In 

some cases, we found that the encoder can even drop all macroblocks whh DCT code 

length less than 20 bits and its effect may not be noticed by human eye. For example, in 

Figure 3.8, both (a) and (b) use 26 as the quantizer step size, but in Figure 3.8 (b), all the 

macroblocks with DCT code length less than 20 were skipped by the encoder It is 

difficuh for a viewer to find any noticeable difference between Figure 3.8 (a) and (b). 

( a) Coded with Quant = 26 

Figure 3.8. The resuh of dropping all macroblocks with DCT code length < 20. 
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(b) Coded with Quant =̂  26. and drop all 
macroblocks with DCT code length less than 20. 

Figure 3.8. Continued. 

As that discussed in the research issue, we want a safety threshold to make sure it 

can find out all significantly changing macroblocks. Here, we found that even a very small 

threshold, 20bits/macroblocks, is enough for separating the changing macroblocks from 

the others and saves considerable bits. 

In the following experiments, 20 bits/macroblock is used as the threshold for 

changed macroblock detection. By the resuh shown later, the quality of reconstructed 

images is acceptable. 

Be advised that this threshold depends on the quantizer step size. Before using it 

for any quantization step size, one should study the issues of the DCT code length vs. 

different quantizer step size. Figure 3.9 gives result of an experiment for the same. 
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Figure 3.9. Total bhs of DCT coefficients whh different quantizer step size. 

Since the DCT code length depends on the resuh of the run length coding as well 

as entropy coding, we do not have a fiinction that can be used to predict the DCT code 

length using the quantizer step size. 

Hence, it should be a topic for fiarther study if the graph of Figure 3.9 can be used 

for all video sequence. In our research, we used h as a look up table to convert the DCT 

coefficients code length from one quantizer step size to another step size. As shown later 

in the Chapter IV, this table worked well for another video sequence, "earphone", that we 

need for our experiment. 
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3.2.2. Detection of Changed Macroblocks 

The heuristic presented here uses two threshold, one is the motion vector greater 

than 1 pixel, and the other is DCT code length greater than 20bits/macroblock. If a 

macroblock satisfies either of the thresholds, h is marked as changed. 

( Begin) 
T is the threshold for DCT 

MaA Changed 

Mark No Changed 

( End ) 

Mark Changed 

( End ) 

Mark No Changed 

( End ) 

Mark Changed 

( End ) 

Figure 3.10. Changing macroblock detection algorithm. 

If the macroblock's motion vector is nonzero but less than 1 pixel, h must be a half 

pixel length motion vector in its x-direction, y-direction or both. For this kind of 

macroblocks, if the DCT code lengths after motion compensation are greater than the 

threshold, it can be marked as changed. If not, the encoder can still ignore h, because, in 

most cases, the viewer cannot perceive such a small poshion change. 
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(b) The difference of it from the previous frame. The changing macroblocks are 
marked by D. 

Figure 3.11. Macroblocks changing detection. 

However, if there is consistent motion of half pixel length through a number of 

frames, h is likely to be noticed by the viewer. So, we should try to mark such 

macroblocks as changed. The algorithm presented in Figure 3.10 considered this shuation. 
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Figure 3.11 shows a frame used to explain this detection algorithm. First, it gives 

the original frame, then shows changed macroblocks. Our algorithm captured almost all 

the changed macroblocks. 

3.3. Segmentation of Video Sequence 

Recall that we want only some of the changed objects to be coded. As stated 

before, the viewer is interested only in the main objects of any image. In most cases of 

video conferencing, the main objects are typically very large objects, and, one image may 

have more than one such objects. The segmentation algorithm tries to separate the main 

objects from the rest. 

Since H.263 encoder uses a pixel based coding, h cannot find the real physical 

objects. Hence, some segmentation error is unavoidable. 

The information used for segmentation should base on the hybrid coding scheme. 

The encoder should not just mark all connected macroblocks into one object. It 

should separate them, so that it can drop more macroblocks without affecting the quality, 

at the same, saving code bits. 

3.3.1. Algorithm Description 

For our experiments, we developed a heuristic that if two objects overlap each 

other, and the width of the "neck" is less than half of the "diameter" of both objects, the 

encoder should try to separate them into two objects. The "diameter" is defined as the 

41 



length of the side of a largest square inside the objects. It simplifies the computation This 

concept is shown in Figure 3.12. 

( i \ f 
Width 

V 

^ 
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Diameter 

Width < Diameter/2 

Figure 3.12. Separate one connected section into two objects. 

To determine the diameter of objects, a set of shding windows are used in 

decreasing order. Their sizes are 16x16, 8x8, 4x4, 2x2, 1x2, 2x1 and 1x1 square 

macroblocks. The encoder uses these windows from larger to smaller and scans the image. 

At any time, if all the macroblocks in a sliding window is marked as changed, the encoder 

puts them as one object, and mark the object whh the size of the window. If there are 

other macroblocks already belonging to this object, the encoder merges the all 

macroblocks into that object. But, the smaller sliding window cannot merge two objects 

marked by a larger sliding window, because, at this moment, the smaller sliding window is 

just at the "neck" poshion. Because the shding windows' size are equal to 2^, where p is 

an integer, whenever the "neck" is smaller than half of the "diameter," these two objects 

will be separated. 
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SegmentationO 

} 

Scan _Windo\v(16. 16); //scan \Mth 16macroblocks b> 16 macroblocks window 
Scan _Wmdovv(8. 8): //scan with 8 macroblocks by 8 macroblocks window 
Scan _Window(4. 4); //scan with 4 macroblocks by 4 macroblocks window 
Scan _Window(2. 2); //scan with 2 macroblocks by 2 macroblocks window 
Scan Window (2. 1); //scan with 2 macroblocks by 1 macroblock window-
Scan Window (1. 2); //scan with 1 macroblock b> 2 macroblocks window 
Scan _Window(l. 1): //scan with 1 macroblock b> 1 macroblock window 

Scan_Window(winSize_.\, winSize_>) 
{ 

WindowSize = winSizex + winSize_v'; 

//scan the w hole image 
//HEIGHT and WIDTH are the size of the image, for CIF. they are 22 and 18. 

for(j=0.j<=HEIGHT-winSize_v.j++) 
for(i=0:i<=WlDTH-winSize_\:i++) 
{ 

if there is a no changed macroblock in the window 
return: 

if the macroblocks are belong to at least two objects 
and the tow objects are marked by some larger slid window s 

return; 

Merge all the macroblocks inside this window as an object; 

if some macroblocks are belong to an object marked b> a larger slid window 
Mark this new object with that slid window's size; 

else 
Mark this new object with current slid window's size; 

} //end of the for loop 

//end of scan window 

Figure 3.13. The algorithm of segmentation. 

For example, if both the "diameter" of the objects shown in Figure 3.12 are 2, 

they will be marked as two different objects by a 2x2 sliding window. .Afrer the 2x2 

window scans the whole image, a 1x2 or 2x1 window cannot merge them together 

because they are marked by a window larger than 1x2 or 2x1. Finally, these two objects 
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are separated by this algorithm. The detail of the algorithm is shown in Figure 3.13, and 

the Figure 3.14 is an example of the resuh of the segmentation. 

(a) Original Image 
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(b) The resuh of changing detection 

Figure 3.14. Segmentation result. 
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(c) The resuh of segmentation. The numbers indicate the size of the objects 

Figure 3.14 Continued. 

3.4. Summary 

Since the encoder is interested in objects changed significantly and are of 

considerable size, it can drop many macroblocks and thus save code bits. 

There are two kinds of macroblocks dropped. Some of them are not changed; 

these can be dropped wkhout hurting the quality. Since in H.263, the encoder also codes 

heads of macroblocks as part of the code, dropping one macroblock can save 20 bhs of 

the overhead. The other kind of macroblocks are those which have changed. Dropping 

them can save more bhs, but the encoder cannot drop only a section of macroblocks of a 

changed object. As shown in Figure 3.1, the encoder should drop ehher the whole object 

or code h fially. 
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The first step of our encoder is the detection of changed macroblock. Then the 

changed macroblocks are used for segmentation heuristic. 

One pixel is used as a reasonable threshold for these macroblocks with nonzero 

motion vectors. Shown by both Figure 3.2 and Figure 3.5, this kind of macroblocks is 

different from the rest. On the other hand, 1 pixel of distance can be noticed by the viewer. 

Twenty bits/macroblock for the coed length is a good threshold for those with zero 

or small motion vectors. Using this threshold, the encoder drops considerable number of 

macroblocks and save many bhs of overhead, and at the same time, dropping them does 

not affect the quality. For further compression, the encoder can even drop DCT 

coefficients of the macroblock which should be coded, if hs DCT code length is less than 

20. 

For the macroblock with small motion vector, less than 1 pixel, the previous frame 

is considered, if there is a consistent motion at this poshion, this macroblock should be 

marked as changed. 

The INTRA macroblocks are still coded as INTRA. 

A simple segmentation algorithm is developed here. It is suhable for the pixel 

based encoder, but, the segmentation error is unavoidable. 

There are two kind of possible methods for the encoder to select objects to be 

coded, one is for selecting the number of objects coded in each frame, the other is for 

selecting the objects of considerable size. Or, the encoder can let the user to select the 

objects if h works in an interactive system. The resuh of how objects are selected are 

given in Chapter IV. 
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Finally, if we want the threshold to be used for other video sequences, the 

relationship of DCT code length versus quantization should be studied. Here, the 

segmentation algorithm only use the changed macroblocks' position information. For 

more accuracy, the content of each macroblock may be considered. 

Because we did experiment on one video sequence to determine the thresholds, 

our algorithm and the thresholds may not be expected to make it suhable for all video 

sequences. However, after some fiarther research work, h can be usefial for low bh rate 

coding. 
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CHAPTER IV 

OBJECT SELECTION AND EXPERIMENTS 

After the encoder has detected the changed objects in the frames, h should select 

to code them. The selection should depend on the subjective characters used by viewer. 

This chapter studies different selection algorithms and compares their performance. 

As stated in last chapter, the encoder should code the objects of considerable size. 

It can use one of two criteria: One is the maximum number of objects to coded in each 

frame, and the other one is by using a pre-defined threshold for the size of objects. 

4.1 • Object Selection Based on it Size 

In order to develop some guide lines for objects size, we conducted a few 

experiments. A video sequence, named "son", was chosen. The sequence shows two 

persons engaged in communication. Their movements are typical for a video conferencing. 

4.1 • 1 • Selecting only by the Size of the Objects 

In this experiment. The number of macroblocks to be coded is used as the 

threshold. The resuhs are shown taking rectangular objects of size between 1 and 96 

macroblocks. 
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Table 4.1. The resuh of selecting objects by size 

Threshold 
(Mblocks) 

Size >= 1 
Size >= 4 
Size >= 8 

Size >= 16 
Size >= 24 
Size >= 32 
Size >= 48 
Size >= 96 

Percentage of MB 
Coded 
40.4% 
38.9% 
37.8% 
36.1% 
34.7% 
33.1% 
31.5% 
24.0% 

Percentage of MB 
Dropped 
59.6% 
61.1% 
62.2% 
63.9% 
65.3% 
66.9% 
68.5% 
76.0% 

DCT Bits per 
Macroblock 

13.0 
12.9 
12.8 
12.7 
12.6 
12.5 
12.4 
12.2 

From the resuhs given in Table 4.1, one can observe that the detection algorithm 

drops about 60% of the macroblocks, if h code all the changed macroblocks. Total 

macroblocks dropped is at most 67%, if the threshold is set to 32 macroblocks. At the 

same time, the output quality remains practically unchanged since the encoder still use 

about the same numbers for DCT per frame. If 67% of macroblocks are dropped, and 

dropping a macroblock saves 20 bhs, then the encoder also saves about 5300 bits of 

overhead as part of headers for each frame in the CEF format. 

By observing the coded video sequence, we found that dropping objects of size 

smaller than 8 macroblocks does not really affect the quality of the output. Further, since 

the face of a person in the sequence is between 20 to 30 macroblocks, as the threshold 

increases to 16 or 24 macroblocks, the motion of the speaking person become less 

smooth. As the threshold increased to 32 to 48 macroblocks, some of the frames are 

dropped totally, because there is no moving objects larger than this threshold. At this 

point, the objects are still coded completely. As the threshold is set larger than 48 

macroblocks, only the very large motion, such as the flill body motion or zooming, are 
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coded; in this case, all the motion details are lost. With this threshold, some of the objects 

are not even coded completely. The distortions, shown in Figure 3.1, are seen in this case 

As the threshold becomes larger than 32 macroblocks, some of the frames are 

dropped. The quality worsens when every two frames or more are dropped. It happens 

when the encoder does not detect the large changed objects, and therefore, may drop even 

5 or 6 continuous frames. The effect is seen as irregular. Therefore, the threshold should 

not be set much larger. 

We also observed that the code size is not proportional to the number of 

macroblocks coded. As the number of dropped macroblocks increase, the average code 

length of macroblocks also increase (for example, 32 to 50 bhs per macroblock 

corresponding to the threshold from 1 to 96 macroblocks). The reason is that the 

macroblocks dropped in the previous frame also affect the accuracy of the motion 

compensated prediction. 

Therefore, we concluded that: 

1. A threshold on the size of changed object should be set from 8 to 32 

macroblocks. In this range, most of the motions are smooth and continuous. 

2. Using this segmentation algorithm, the encoder is also able to code each 

moving object completely in this range. 

3. Using the proposed range for threshold, if the coding bh rate is decreased, the 

changes in image quahty is also smooth. If a large threshold is used, although 

the compression ratio increases, but the movement of objects become less 

smooth. 
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4.1.2. Limhing the Number of Coded Objects in Each Frame 

In this experiment, the largest objects in each frame is coded, but the encoder 

hmits the number of such objects, Resuhs are shown in Table 4.2. 

Table 4.2. Restricting the number of the objects in each frame 

Threshold 
1 Object 

2 Objects 
3 Objects 
4 Objects 

Percentage of MB 
Coded 
31.1% 
35.0% 
36.9% 
37.9% 

Percentage of 
MB Dropped 

68.9% 
65.0% 
63.1% 
62.1% 

DCT Bits per 
Macroblocke 

12.2 
12.6 
12.8 
12.9 

The overall quality and bh rate of the output remain almost the same as in the 

resuh of experiments discussed before, except the movement of objects is slightly 

smoother than those encoded using the algorithm in the last section. If there is no coded 

objects in some frames, the observer sees that video sequence is frozen for a short 

moment. But, if every frame has some moving objects, h seems that the moving objects 

attract the observer's attention resuhing that the effect of dropping of the other objects are 

ignored by the viewer. 

If the encoder restricts only one object coded for each frame, sometimes, the 

encoder cannot code this object completely due to the segmentation error. If the encoder 

can code four objects for each frame, the coding quality is almost the same whh that of 

original sequence. Because the content in video phone sequence is simple, coding four 

objects for each frame is enough. 

In conclusion, we found that: 

1. If we let the encoder code two or more objects, the encoder can code most of 

objects completely. 
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2. The more objects are coded in each frame, the more detail of the motion is 

transmitted. As that in the previous experiment, h also provides an approach 

for bit rate controlling. 

3. The motion in the experiment is more smooth than that in previous experiment 

at the same bh rate. 

4.2. Interactive Selection of Objects for Coding 

Although, it is very difficuh for the encoder to find the physical objects, as in an 

interactive system the encoder should let the user select the interesting section. In a video 

phone sequence, objects such as the speaker, are set at relatively fixed position in the 

image. So, the user can give encoder the poshion of his interested area so that the 

encoder can spend more bhs for the section in which the user is interested. 

In practice, the encoder cannot just code the macroblocks inside interesting 

sections only. If h tries do so, some objects across the boundary of interesting sections 

may appear spliced. In this experiment, the encoder selects all the objects that overlap with 

the interesting section. 

"Carphone" sequence is used in this experiment. The sequence represents a video 

phone communication. The reason for using this sequence is that the face of the speaker is 

relatively large compare with the size of the frame and the poshion of the speaker is fixed 

from beginning to the end. 

The quantizer step size was set to 12. So, the threshold of DCT code length is 

about 45 bits/macroblock, comparing whh the threshold of 20 bits/macroblock used in the 
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previous experiment, when the quantizer step size is 26. Figure 3.9 is used as a look up 

table. The resuhs of change detection and segmentation algorithm are shown in Figure 4.1 

As shown in Figure 4.1 (b) and (c), the change detection and segmentation 

algorithm used for "son" sequence still can be used for this sequence. The speaker's face 

is the interesting area in this experiment. The left top comer of the area is (32, 48), and 

the right bottom comer is (64, 80), as shown in Figure 4.1 (a). 

(a) The original image. The interesting section is marked by O. 

Figure 4.1. The resuhs for "earphone" sequence. 
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(b) The resuh of changing detection. 
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(c) The resuh of segmentation. 

Figure 4.1. Continued. 

The sequence is coded by a normal encoder, an encoder which codes at most two 

objects and an encoder which selects the objects overiapping whh the interesting area. The 

result is shown in Table 4.3. 
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Table 4.3. The resuh of Car phone sequence 

Algorithm 
Normal Encoder 

2 Objects 
Interesting Section 

Percentage of MB 
Coded 
100.0% 
32.4% 
23.9% 

Percentage of MB 
Dropped 

0.0% 
67.6% 
76.1% 

DCT Bits per 
Macroblock 

40.6 
32.8 
16.2 

It is very difficult for the encoder to find the physical objects in the video 

sequence, but, h is easy for the viewer. As shown in Table 4.3, coding the interesting area 

drop about 76% of the macroblocks and save more bhs, where coding two objects per 

frame can drop 67%. 

Figure 4.2 (a) presents the PSNR of the sequence coded by the normal encoder 

and Figure 4.2 (b) is that coded by an encoder which only codes the objects that overlap 

whh the interesting area. It should be noticed that the PSNR is not suhable for 

measurement of the coding quality at low bh rate, as stated in Chapter II. However, it can 

still be used if we know the poshion of the interesting object. 

From the Figure 4.2 (a), we found that the PSNR of interesting area is slightly 

lower than that of the average value of all image at the beginning. But, in Figure 4.2 (b), 

the PSNR of the interesting area is higher than the average PSNR from the begiiming to 

the end. It means the encoder spends more bhs for the interesting area than that of the 

background. From Table 4.3, the DCT coefficients of the sequence that the encoder only 

code the interesting area takes about 65% of code bhs of that coded by normal encoder, 

where the over all PSNR only decrease about 2 dB, from 33dB to 31 dB. Actually, the 

degrease of PSNR is caused by that the changing detection algorithm ignores some 

insignificantly changing macroblocks inside the interesting area. It does not really affect 
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the quahty of the image, as that stated in chapter III. By our observation, the coding 

quality inside this area is the same as that coded by normal encoder 

The PSNR of over all image is decrease about 5 dB, from 33 dB to 28 dB It 

means the encoder has saved a lot of bhs on the background. 

From this experiment, we found a new approach of interactive coding. As the 

viewer can tell the encoder the location of the interesting section in the video sequence, 

more bits are saved. 

36 
PSNR 

35.5 

SSI-

SI.5 

All Image 

- Interesting Area 

0 80 160 240 S20 400 
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(a) Normal Encoder 

Figure 4.2. The PSNR of the over all image and the interesting area. 
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(b) The encoder selects the objects overlapping with the interesting area. 

Figure 4.2 Continued. 

4.3. Experiment Results 

After these three experiment, we found that: 

1. By using object selection algorithm, the encoder can drop a considerable 

number of macroblocks without hurting the quality of the sequence. 

2. Restricting the number of objects coded in each frame is slightly better than 

using a size threshold. 

3. The most efficient way is to let the user select the interesting section of the 

image. 
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However, because a MPEG-1 encoder is used in these experiments, the accurate 

number of bhs of each sequence may be different from that coded by a H.263 encoder. 

But, because the coding mode used in these experiments is the same as that of a H.263 

encoder, these algorithms can still be used for a H. 263 encoder and the results should be 

the same as these resuhs. 
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CHAPTER V 

CONCLUSION 

5.1. Changing Objects' Coding 

The content of a video phone sequence is simpler than that of a movie. Therefore, 

the changes in macroblocks can be used to find moving objects in a video phone sequence. 

Based on this idea, a simple algorithm is developed, which can segment the frames so that 

the encoder codes only the selected moving objects. 

For conclusion, our coding strategy is as foUows. 

1. Coding only the changed macroblocks does not affect the quality of 

the video output. 

2. For an ideal segmentation algorithm, the encoder should code each object 

completely. 

3. In apphcations such as a video phone, the movement is mainly caused by the 

speaker. Ignoring objects in size smaUer than the face of the speaker does not 

effect the quality of the image. 

4. Since the encoder can be hmited to code the selected objects only. There is a 

possibility that the user can assist in selection the interesting sections in video. 

5. Our algorithm also provides a new way for bits rate controlling. 
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5.2. Coding Efficiency 

Proposed algorithm can also be used to achieve high coding efficiency because 

only the main objects in the video sequence are coded. For example, in case of the "son" 

video sequence, h is able to skip about 65% of macroblocks. If the user can identify 

interesting sections of the image, h can save even more. For "earphone" sequence, if the 

user can select the speaker's face as the interesting area, the encoder can drop about 76% 

of macroblocks. 

5.3. Further Research Directions 

Because the encoder cannot detect physical objects in the video input, if the 

background objects are connected whh the foreground objects, h is possible that encoder 

may code all objects. Therefore, an accurate segmentation is the key point for high 

compression ratio. For more effective segmentation algorithm, the motion pattern and the 

texture information should be used. 

For designing a better algorithm, relationship between the DCT coefficients code 

length and quantizer step size should be studied, or, the best way is to establish a metric to 

measure changed macroblocks based on the output of DCT transformation alone. 

This method can be used much better. Because this method can help the encoder 

find changed objects, h can be used to develop new algorithms for low bh rate coding. 
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