	ITU - Telecommunications Standardization Sector

STUDY GROUP 16 Question 6

Video Coding Experts Group (VCEG)

_________________

Fourteenth Meeting: Santa Barbara, USA, 24-27 September, 2001
	Document  VCEG-N33

Filename: VCEG-33.doc

Generated: 18 Sept. ’01


	Question:
	Q.6/SG16 (VCEG)

	Source:
	Min-Cheol Hong
School of Electronic Engineering
Seoul, Korea
Young Man Park
LG Electronics
Seoul, Korea
	Tel:
Fax:
Email:

Tel:
Fax:
Email:
	(822) 820-0716
(822) 821-7653
mhong@e.ssu.ac.kr
(822) 526-4401
(822) 526-8436
ympark@lge.co.kr

	Title:
	Dynamic Search Range Decision for Motion Estimation

	Purpose:
	Proposal


1. Introduction

In Austin meeting, it has been shown that motion estimation and compensation functions are major burden of H.26L encoder complexity [2]. It is well known that motion search range is important parameter to determine the coding efficiency and the encoding computational cost [3]. In TML8, motion search range is determined by user’s input option (full search), by reference frame information (faster search), or by block type and reference frame (fastest search) at macro-block level. However, total encoding power is still huge and therefore it is necessary to develop a motion search range decision algorithm for reducing encoding time. This material proposes a new dynamic motion search range decision to dramatically reduce complexity of motion estimation, while keeping subjectively and objectively similar quality to current full search motion estimation.

2. New Dynamic Motion Search Range Decision

In general, motion vectors of blocks within a macro block are highly correlated with those of its neighboring blocks. According to the property, this contribution proposes a dynamic motion search range decision algorithm in order to reduce encoding complexity. Let us define that motion vector components  (horizontal and vertical) of neighboring 4(4 blocks, A, B,C  shown in Figure.1 are (mv_A_x, mv_A_y), (mv_B_x,mv_B_y), (mv_C_x,mv_C_y), and input search range is ‘input_search_range’.

The first step of proposed dynamic search range decision is to determine the maximum absolute value of motion vector components of the neighboring blocks. It is,
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In Eq. (1), if a neighboring block is outside of image, it is replaced by input_search_range.

‘max_mv_ABC’ in Eq. (1) works well as a dynamic motion search range if blocks of macro-block E have similar motion vector components. However, motion search range in Eq. (1) causes serious motion vector estimation error in non-stationary moving areas. Furthermore, when all A,B,C have ‘0’ motion vector components, the degree of motion vector error is very serious, resulting in ‘avalanche effects’ to next block until intra coded block is encountered. In order to avoid the problem, search range is modified such as
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In Eq. (2), multiplication by 2 to max_mv_ABC is used to reduce motion vector error in non-stationary moving areas. For new search range to be inside pre-determined input search range, the following procedure is performed:
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TML8 defines three modes for motion search range, such as, full search, faster full search, and fastest full search using reference frame and block type. Combing the information, motion search range of blocks in macro block E is classified as

If(full_search_range = unrestricted mode)

curr_search_range = new_search_range

else if(full_search_range = reference frame mode)

curr_search_range = new_search_range / (min(ref_frame,1)+1)

else  curr_search_range = new_search_range / ((min(ref_frame,1)+1)*min(2,blocktype))    (4)
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Fig 1. Example of block position


3. Experimental Results

The proposed dynamic search range decision algorithm has been tested with several sequences, resolutions, frame rates, and bit rates. In order to evaluate encoding complexity, the following criterion was used:
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In Eq. (5), maximum search range of the proposed algorithm is same to that of TML8.  From Eq. (3), it is of ease that the gain of encoder complexity increases as frame rate is lowered, and as video sequence has less non-stationary moving areas. The following is the input option for simulation.

MV Resolution: 1/4 pel

Number Reference Frames: 5

Slice Mode: not used

Symbol Mode: UVLC

Restriction Search Range: 1 (Reference Frame)

RD Optimization: not used

Loop Filter: used

Detained performance comparison is in VCEG-N33.xls. Also, demonstration will be shown in the meeting.
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