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1.  Project title :
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3.  Abstract: 
Motion estimation is the vital process for video compression. It divides each video frames into equally sized blocks and performs block-matching. Compression is thus achieved by coding the relative displacements or motion vectors of blocks between successive frames. In block-matching motion estimation, search pattern with different shapes or sizes and center-biased characteristics of motion vector distribution have large impact on the searching speed and quality performance. We found that the cross-center-biased is the most dominant characteristics than the diamond-center-biased and the square-center-biased characteristics from most of the real-world video sequences. In this project, we propose various novel algorithms using a cross-shaped pattern as the initial step and other search patterns, such as diamond-shaped or hexagonal, as the subsequent steps for fast block motion estimation. These algorithms could thus provide faster searching speed and smaller distortion error than the other popular fast block-matching algorithms, in which cross-center-biased characteristics is unexploited.
Part II
Details of the Project Proposal
1.
The project objectives (please itemize) and long-term significance :

Block-based motion estimation is the crucial part of any video encoding system as it significantly reduces the storage and also affects the encoded quality. Unfortunately, it consumes up to 80% of the computational power of encoder if the brute-force full search algorithm (FS) is straightforwardly applied. Many researchers pay significant efforts in reducing the computations meanwhile try to retain high quality. Some algorithms try to reduce computations by reducing the number of checking points in the search region such as the well-known three-step search (3SS).  In addition to reduction of checking points, some algorithms employ particular patterns, such as the diamond search (DS) with diamond-shaped patterns, and some take advantage of the center-biased nature of most real-world sequences, such as the new three-step search (N3SS), four-step search (4SS) and block-based gradient descent search (BBGDS). With the preliminary intensive analysis on motion vectors probabilities distributions of most representative sequences, which contain various kinds of motion content, we found that the most dominant biased characteristics is cross-center-biased one, which attains over 96% and 91% occurrence in both diamond-center-biased and square-center-biased distributions, respectively. The major objective of this project is to develop various novel algorithms using a cross-shaped pattern as the initial step and other search patterns, such as diamond-shaped or hexagonal, as the subsequent steps for fast block motion estimation. With the cross-center-biased characteristics being exploited by using initial cross-shaped search pattern, algorithms could achieve faster searching speed and keep smaller prediction error as most real-world sequences are found highly cross-center-biased motion vector distributions.

Besides the motion vector distributions analysis, the search patterns also play an important role in motion estimation. For example, the DS algorithm outperforms other popular algorithms as its proposed diamond-shaped patterns try to model the ideal circle in estimating all possible directions of motion between successive steps. In this project, we will further investigate other search patterns, such as hexagonal patterns, followed with the initial cross-shaped pattern, they could result in better performance by using proper patterns for different motion directions. That is, if we truncate all possible motion directions into four directions of up/down and left/right, our newly proposed hexagonal search patterns could fit the object in interest or textural movements in the either horizontal or vertical motions. They are also possible to be combined with the diamond-shaped patterns to cover two more motion directions of diagonal ones between successive steps and thus improve the prediction accuracy. On one hand, all proposed hexagonal patterns contains two points lesser than the diamond-shaped one. Therefore, these associated search algorithms could result in much faster searching speed with similar or even better quality. On the other hand, the number of points required for advancing between successive steps is becoming more and more significant in terms of regularity, especially for hardware implementation. In DS, there is either 3 or 5 points for adjacent steps. Our proposed diamond, hexagonal and their combinational search algorithms, only require consistently 3 more checking points between successive steps. Combining the initial cross-shaped pattern, they could find small motion vectors and fit the most cross-center-biased real-world sequences and outperform their original versions in both searching speed and quality. Vigorous simulations will also be conducted to show the efficiency of our algorithms using the upcoming MPEG-4 coder. 
2.
Background :

Block-matching motion estimation is the cardinal process for many motion-compensated video coding standards [1-5], in which temporal redundancy between successive frames are efficiently removed. It divides frames into equally sized rectangular blocks and finds out the displacement of the best-matched block from the previous frame as the motion vector to the block in the current frame within a search window (w). However, the motion estimation could be very computational intensive and can consume up to 80% of computational power of the encoder if exhaustively evaluating all possible candidate blocks. Many researchers pay significant efforts in reducing the computations meanwhile try to retain high quality. Some algorithms try to reduce computations by reducing the number of checking points in the search region such as the well-known three-step search (3SS) [6].  In addition to reduction of checking points, some algorithms employ particular patterns, such as the diamond search (DS) with diamond-shaped patterns, and some take advantage of the center-biased nature of most real-world sequences, such as the new three-step search (N3SS) [7], four-step search (4SS) [8], block-based gradient descent search (BBGDS) [9] and the diamond search (DS) [10, 11] algorithms, etc.

In 3SS, N3SS, 4SS and BBGDS, rectangular search patterns of different sizes are employed. As the center-biased global minimum motion vector distribution characteristics, more than 80% [7] of the blocks can be regarded as stationary or quasi-stationary blocks and most of the motion vectors are enclosed in the central 5(5 area for w = (7 (as depicted in Fig.1).
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	Fig.1 Normalized motion vector probabilities distribution on sequence “Football”.


Based on center-biased nature in real-world sequences, N3SS proposes the first step of 3SS to evaluate 8 extra neighboring candidates and employs halfway-stop technique to achieve significant speedup on sequences with stationary or quasi-stationary blocks while 4SS and BBGDS just use smaller square patterns to fit the center-biased motion vector distribution characteristics of the real-world sequences. Among them, DS employs diamond-shaped pattern, as shown in Fig.2, and results in fewer search points with similar distortion performance as compared to N3SS and 4SS. Basically, DS performs block-matching just like 4SS. It rotates the square-shaped search pattern by 45( to form a diamond-shaped one and with its size kept unchanged throughout the search before the new minimum block distortion measure (BDM) reaches the center of the diamond. Similar to 4SS, it requires 3 checking points for advancing from any diamond-faces and 5 checking points for advancing from any of the four diamond-corners.

	
[image: image2.wmf]Large diamond-shaped pattern (LDSP)
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	Fig.2 The large and small diamond-shaped patterns used in the DS algorithm


The merits that DS yields faster searching speed can be regarded to (1) the diamond-shaped pattern, which tries to behave as an ideal circular coverage for considering all possible directions of an investigating motion vector, and (2) fewer checking points in the final converging step (only 4 instead of 8 as compared to square-shaped pattern BMA like N3SS and 4SS.) Without any exception, all conventional fast BMA are based on the convexity of uni-modal error surface assumption of the BDM [12]: the BDM of the matching blocks increases monotonically away from the global minimum distortion. To minimize the distortion trapped by local minima, DS keeps unrestricted number of steps instead of step-size convergence during advancing to the subsequent optimal point of the search pattern. Therefore, DS outperforms other fast BMA in both searching speed and prediction quality.
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	Fig.3 Over 96% of motion vector distribution possesses cross-center-biased characteristics in the central 5(5 diamond-center-biased area.


In this project, we propose two approaches to overwhelm the performance of the DS and thus even other fast BMA. In addition, these two approaches can be combined to give much better performance. Firstly based to our preliminary statistical analysis on the motion vector probabilities distributions, which contains various kinds of motion content, we found that the cross-center-biased characteristics of motion vector distributions attains over 96% and 91% in the diamond-center-biased and square-center-biased distributions as shown in Fig.3. Thus, various novel algorithms using a cross-shaped pattern as the initial step and other search patterns, such as diamond-shaped or hexagonal, as the subsequent steps for fast block motion estimation will be proposed in this project. Secondly based on ideal circular search pattern for all possible motions, various kinds of hexagonal search patterns will be proposed to trigger the relatively higher occurrences of horizontal and vertical directions of motions. They could also combined with the diamond-shaped patterns to cover eight relatively possible directions of an ideal circular search pattern. Thus, totally four hexagonal search algorithms and two combinational diamond-hexagonal search algorithms will be proposed. With the consideration of the dominant cross-center-biased characteristics, an initial step with a cross-shaped pattern will be introduced to further enhance the searching speed and quality of these corresponding six algorithms. In addition, two novel cross-diamond search algorithms will be proposed to outperform the original DS algorithms. Totally, these 14 novel algorithms, which perform unrestricted number of steps, will also be compared against the proposed six-step cross-square search algorithms, in which cross-center-biased behavior is exploited in the 4SS algorithm. In conclusion, fifteen novel algorithms will be proposed to exploit the cross-center-biased of most real-world sequences.

3.
Project plan and methodology : 

A. Cross-center-biased analysis on sequences with different motion content.

The proposed algorithms in this project are fundamentally motivated by the preliminary analysis on the motion vector probabilities (MVP) distribution. Therefore, an intensive analysis of MVP distribution is the first step to be conducted for different formats and dimensions of sequences consisting of various kinds of motion content. Below are the proposed measuring approaches and analysed result on six well-known MPEG-1 SIF/CIF sequences using full search algorithm (FS) with spiral block-matching style within a search window w = (7 and mean absolute distortion (MAD) as the block distortion measure (BDM) is employed. For other formats and dimensions of sequences, we have to measure the cumulated probabilities at corresponding absolute distances |p| (p
[image: image4.wmf]Î

w) from the center of the search window, as shown in Table I. The notations used for measuring MVP include horizontal ( ( ), vertical ( | ) and diagonal ( \ ) directions, and also include square-shaped (□), diamond-shaped (◊) and cross-shaped (+) patterns for different central regions. Table I shows the typical example and analysis approach for the SIF/CIF format. Larger dimension of search window such as w = (15 and other formats such as CCIR601/525 could also be conducted for an in-depth analysis of motion trends.
	Absolute distance from search center
	0
	1
	2
	3
	4
	5
	6
	7

	Total probabilities (%) at corresponding checking-point within the search window

	Probability ( ( )
	45.4366
	7.9385
	1.2978
	0.7278
	0.4577
	0.1816
	0.6976
	0.2608

	Probability ( | )
	45.4366
	15.7148
	4.3695
	3.7543
	0.8557
	0.6792
	0.3990
	0.7129

	Probability ( \ )
	45.4366
	2.7608
	0.8397
	0.3356
	0.1276
	0.0334
	0.0921
	0.2325

	Probabilities and cumulated probabilities (%) of different patterns at different radius (pel)

	Probability (□)
	45.44
	71.85
	81.80
	89.56
	92.83
	95.09
	97.32
	100.00

	Probability (◊)
	45.44
	69.09
	77.52
	85.45
	89.40
	92.50
	95.24
	97.03

	Probability (+)
	45.44
	69.09
	74.76
	79.24
	80.55
	81.41
	82.51
	83.48

	Conditional probabilities (%) between different patterns at different radius (pel)

	Probability (◊ | □)
	100.00
	96.16
	94.76
	95.40
	96.30
	97.28
	97.86
	97.03

	Probability (+ | □)
	100.00
	96.16
	91.39
	88.47
	86.77
	85.62
	84.78
	83.48

	Probability (+ | ◊)
	100.00
	100.00
	96.44
	92.74
	90.11
	88.01
	86.64
	86.04


Table I. Average motion vector probabilities distribution measured at absolute distance from the center of the search grid using 6 CIF/SIF image sequences for search window (7.

B. Proposed cross-shaped pattern for initial step of block-matching algorithms.

Let CCB, DCB and SCB represent the cross-center-biased, diamond-center-biased and square-center-biased characteristics describing the motion vectors distributions. In Fig.3, the CCB characteristics are evidently observed besides the DCB or SCB ones. Based on conditional probabilities shown in Table I, we obtain the following inequalities at the critical distance |p| = 2 pels:

P(+|◊) 
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 P(◊|□) > P(+|□), for 0 
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(1)

P(◊|□) > P(+ | ◊) > P(+|□), for 2 < |p| < |w| .




(2)

From Eqn.(1), within the central 5(5 area, CCB characteristics in the DCB distribution is found even higher probabilities than the DCB one in the SCB distribution. This implies a cross-shaped search pattern could further optimize the search in finding small motion vectors with radius |p| < 2 pels than the diamond search algorithms (DS) [10,11]. In contrast, by Eqn.(2), the central diamond-shaped pattern with radius |p| > 2 pels works more efficiently on larger motion vectors. As P(+|◊) always gives about 5% more than P(+|□) for the central 5(5 area, it implies the real-world sequences possess higher CCB characteristics in the central DCB area rather than the SCB one. Thus, a cross-shaped pattern (CSP) with |p| = 2 pels, as shown in Fig.4(a), is proposed on the top of DS and termed cross-diamond search (CDS).

B.2 The proposed searching steps for cross-diamond search algorithm 

Cross-diamond search algorithm (CDS) differs from DS by (1) performing a cross-center-biased CSP in the first step, and (2) employing a halfway-stop technique for quasi-stationary or stationary candidate blocks. Below summarizes the proposed procedures of the CDS.

Step(i) Starting: A minimum block distortion measure (BDM) is found from the 9 search points of the CSP located at the center of search window. If the minimum BDM point occurs at the center of the CSP, the search stops. Otherwise, go to Step(ii).

Step(ii) Half-diamond Searching: Two additional search points of the central LDSP closest to the current minimum of the central LDSP are checked, i.e. two of the four candidate points located at ((1, (1). If the minimum BDM found in previous step located at the middle wing of the CSP, i.e. ((1, 0) or (0, (1), and the new minimum BDM found in this step still coincides with this point, the search stops. Otherwise, go to Step(iii).

Step(iii) Searching: A new LDSP is formed by repositioning the minimum BDM found in previous step as the center of the LDSP.  If the new minimum BDM point is still at the center of the newly formed LDSP, then go to Step(iii) (Ending); otherwise, this step is repeated recursively.

Step(iv) Ending: With the minimum BDM point in the previous step as the center, a new SDSP is formed. Identify the new minimum BDM point from the new 4 candidate points, which is the final solution for the motion vector.

Fig.4(b) shows the typical example of the proposed cross-diamond search algorithm. An alternate version of CDS, and termed CDS2, is also proposed for better quality in which full-diamond searching is conducted in step(ii).
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(b)

	Fig.4 (a) Cross-shaped pattern for the initial step, (b) Each candidate point is marked with the corresponding step number, in which only one is found to be the minimum BDM point (unfilled). Unrestricted search path of CDS for MV (-5,+2).


C. Hexagonal Search Algorithms

	
[image: image10.wmf]Large hexagonal pattern for

horizontal motion (LHP-H)


(a)
	
[image: image11.wmf]Large hexagonal pattern for

vertical motion (LHP)


(b)
	
[image: image12.wmf]Small hexagonal pattern (SHP-H)

for horizontal slight motion


(c)
	
[image: image13.wmf]Small hexagonal pattern (SHP-V)

for vertical slight motion


(d)

	Fig.5. Proposed hexagonal search patterns for triggering horizontal and vertical motions of vigorous/slight motions.


From Table I, besides the cross-center-biased behavior of most real-world sequences, it is also observed most real-world sequences possess higher motion activities along the cross-shaped pattern (CSP), i.e. horizontal and vertical directions. This may due to the panning of camera or most natural movements of objects are in horizontal and vertical components, which may occur nearly or simultaneously to form nearly horizontal or vertical movement. In order to trigger these two major movements, we propose two large hexagonal search patterns (LHP-H/LHP-V) for vigorous motion, as shown in Fig.5(a) and (b), while two small hexagonal search patterns (SHP-H/SHP-V) for slight motion, as shown in Fig.5(c) and (d). LHP-H is designed to trigger horizontal activity as there are two checking points located at 1 pel and one located at 2 pels away on both sides of the vertical axis of search area. These three checking points could efficiently trigger the motion in horizontal than the vertical one, which is depended on only two checking points located at 2 pels away on both side of the horizontal axis. LHP-V, SHP-H and SHP-V possess similar characteristics of LHP-H but in their orientations. The proposed search procedures for the four hexagonal search algorithms (HSA) are similar to that of DS, which keeps the new minimum as the center for the next step. The advantages of using our hexagonal patterns are (1) two checking points lesser than DS’s and (2) their associated HSA involve consistently 2 points between adjacent steps.
D. Diamond-hexagonal Search Algorithms

It is impossible to know sequences in advance for either horizontal or vertical motion, especially for real-time applications. In order to fully utilize the characteristics of the HSA algorithms proposed in (C), we propose to combine the two large hexagonal patterns (LHP-H/V) with the diamond-shaped patterns (LDSP/SDSP) to cover eight possible directions of motion, and termed the large diamond-hexagonal search algorithm (LDHSA). The proposed LDHSA could provide faster searching speed than the original DS and HSA and even better search quality as it could trigger the motion trend of objects in interest by either using LDSP for diagonal activity or LHP-H/V for horizontal/vertical. The variant of LDHSA uses small hexagon patterns (SHP-H/V) and termed DHSA. This DHSA could outperform the LDHSA in both searching speed and prediction quality as it targets for most real-world sequences with less vigorous motion. Even if the coding sequence is vigorous one, it could also be handled by two successive steps of 2(3=6 checking points to behave the larger coverage of one LHP-H/V step. In addition, it favors implementations in hardware/software since it requires consistently 3 more points between adjacent steps. Fig.6 shows the searching approaches of LDHSA and DHSA.
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	Fig.6 searching approaches of (a) Large diamond-hexagonal search algorithm (LDHSA) and (b) DHSA


E. Cross-center-biased search pattern to hexagonal and directional polygonal 

The initial cross-shaped pattern (CSP) is proposed for the HSA, DHSA and LDHSA algorithms described in part (C) and (D) in order to exploit the cross-center-biased characteristics of most real-world sequences. Similar to cross-diamond search algorithm (CDS), CSP, LDSP will be conducted in advance to their original versions. Again, first-step stop and second-step stop exist in all cross-center-biased variants.

F. Cross-Square Search Algorithm

As all the proposed algorithms are performed in unrestricted number of steps, the initial cross-shaped pattern (CSP) is proposed to the well-known four-step search (4SS) [8] for the sake of complete comparison with using restricted number of steps, i.e. six steps in which it starts from cross-shaped, diamond-shaped and original four rectangular steps of 4SS. Again, halfway-stop technique also exists in this proposed cross-square search algorithm (CSS).

Planning time chart

Summer 2003
	Jun 2003
	Research on Palm programming tools 
Study on outstanding palm dictionaries 

	Jul 2003
	Research on Pocket PC programming 
Download and get familiar with embedded visual tool
Project Planning 

	Aug 2003
	Get familiarize with embedded visual tool




Semester A
	week 01
	Decision on new project direction - Using PPC to access MySQL database
Understanding MySQL database structure
Research on MySQL database access

	week 02
	

	week 03
	

	week 04
	Install and study Visual Embedded Visual c++

	week 05
	Reset project direction - Implement PPC dictionary independent on database system
Research on text-based searching algorithm 

	week 06
	Finish coding for basic dictionary with Binary Tree 

	week 07
	

	week 08
	Finish coding for basic dictionary with Hashing

	week 09
	

	week 10
	Implementation of Previous and Next words lookup

	week 11
	Research on other searching algorithm

	week 12
	

	week 13
	(prepare for sem A examination)


Semester Break
	week 01
	Finish coding for basic dictionary with sequential search

	week 02
	Improve searching speed by file indexing

	week 03
	Implementation of Searching history


Semester B
	week 01
	Study previous project Chinese Voice Synthesizer
Research on possibility of using Microsoft Speech SDK
Implementation of Searching history

	week 02
	

	week 03
	Implementation of learning kit 
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